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Abstract

High levels of government debt raise the question to what extent the
private sector will be willing to absorb the additional government debt that
would finance future fiscal stimuli. One alternative is to money-finance such
stimuli by letting the central bank buy the additional bonds and perma-
nently retain these on its balance sheet. In this paper, I investigate the ef-
fectiveness of such money-financed fiscal stimuli when the central bank pays
interest on reserves, and focus on the case where reserves and bonds are not
perfect substitutes. I show for several New Keynesian models that money-
financed fiscal stimuli have zero macroeconomic impact with respect to debt-
financed stimuli, despite reducing funding costs for the consolidated govern-
ment. Finally, I investigate the quantitative impact of money-financed fiscal
stimuli for an extension where this ‘irrelevance result’ is broken, and find

that the impact is substantially smaller than in the literature.
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1 Introduction

With high levels of government debt in many advanced economies, the question
arises to what extent the private sector will be willing to absorb the additional
government bonds that would finance future fiscal stimuli. An alternative policy is
to money-finance such stimuli by letting the central bank buy the additional bonds
and permanently retain these on its balance sheet (Gali, [2020b)). While the core
argument in favor of such money-financed stimuli is to prevent effective debt-GDP
ratios from increasing further (Buiter and Kapoor, 2020; [De Grauwe and Diessner),
2020)), an important related question is whether such stimuli are more effective in
expanding economic activity than debt-financed fiscal stimuliﬂ

Figure [1] highlights why such money-financed fiscal stimuli are likely to be
financed by interest-paying reserves rather than non-interest-paying money. From
the figure it is clear that similar balance sheet expansions after the Great Financial
Crisis (GFC) have been financed by such reserves, as non-interest-paying money
(“Currency”) shows no substantial deviation from trendﬂ Moreover, we see that
the majority of the monetary base consists of interest-paying reserves.

An important reason for central banks to pay interest on reserves is that it
allows the central bank to simultaneously control the short-term nominal interest
rate and the size of the monetary basef| This contrasts with the case where
central bank money solely consists of non-interest-paying money, in which case
the central bank can either control the money supply or the policy rate, but not
both. In that case, |Gali (2020a) finds money-financed fiscal stimuli to be much
more effective in stimulating the macroeconomy than debt-financed stimuli within

a standard New Keynesian model. The reason is that the subsequent expansion

LOf course, total public debt over GDP would still increase under such a policy, but public
debt held by the private sector would not.

2The equivalent figure for the European Central Bank shows a similar development regarding
the creation of interest-bearing reserves, see Figure 4] in Appendix

3The Federal Reserve motivated its October 2008 decision to pay interest on reserves in
order for commercial banks to be willing to absorb the large amount of freshly created reserves
in unconventional monetary policies, while simultaenously being able to control the Federal
Funds rate: “The payment of interest on excess reserves will permit the Federal Reserve to
expand its balance sheet as necessary to provide the liquidity necessary to support financial
stability while implementing the monetary policy that is appropriate in light of the System’s
macroeconomic objectives of maximum employment and price stability.” Source: https://www.
federalreserve.gov/newsevents/pressreleases/monetary20081006a.htm.


https://www.federalreserve.gov/newsevents/pressreleases/monetary20081006a.htm
https://www.federalreserve.gov/newsevents/pressreleases/monetary20081006a.htm
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Figure 1: The monetary base of the Federal Reserve, which consist of non-interest-
paying money (“Currency”) and interest-paying reserves (“Reserves”). Source:

FRED database.

of the monetary base endogenously decreases interest rates, as a result of which
consumption increases with respect to debt-financed fiscal stimuli. However, a
key question is whether these conclusions carry over when the central bank issues
interest-paying reserves, as doing so allows the central bank to retain control of
the policy rate.

I investigate this question within a relatively standard New Keynesian DSGE

modely with labor as the only production factor. The central bank is financed

through non-interest-paying money and interest-paying reserves (Benigno and Nis-
ticd| [2020)), with the composition of the monetary base endogeneously determined

in equilibrium. The central bank’s assets consist of government bonds, the volume

of which is constant in nominal terms unless the fiscal stimulus is money-financed.
In that case, the volume of bonds is permanently expanded in nominal terms by
the amount of the stimulus , EI’H The central bank transfers all profits
(and losses) in the form of dividends to the fiscal authority, and therefore operates

with zero net worth. The central bank sets the nominal interest rate on reserves

4My results do not rely upon this particular process for the nominal monetary base.

points out that central banks cannot openly act as ‘fiscal principals’ in most
contemporary advanced economies, and can therefore not make transfer payments or pay overt
subsidies to the fiscal authority. Therefore, I model a money-financed stimulus as a stimulus for
which the government bonds issued by the fiscal authority are acquired by the central bank and
permanently retained on its balance sheet, see page 32-33.



following a standard active Taylor rule that is bounded by the Zero Lower Bound
(ZLB), both under a money-financed stimulus and a debt-financed stimulus. I
investigate two types of fiscal stimuli, namely a decrease in lump sum taxes and
an increase in government spending (Gali, 2020a)).

The economy also features financial intermediaries. They are financed by net
worth and household deposits, which are used to acquire government bonds and
central bank reserves. These intermediaries are subject to an incentive compatibil-
ity constraint as in |Gertler and Kiyotaki (2010)); |Gertler and Karadi| (2011)), which
prevents them from perfectly elastically expanding their bond holdings when this
constraint is binding. In that case, a gap emerges between the return on bonds
and reserves, as central bank reserves are not subject to the incentive compatibility
constraint. The fact that reserves are not subject to the incentive compatibility
constraint also causes the interest rates on reserves and deposits to be equal in
equilibrium. Households consume, pay lump sum taxes, provide labor, and save
through non-interest-paying money, deposits, and government bonds, the last of
which are subject to quadratic transaction costs (Gertler and Karadi, 2013)).

My analysis focuses on the case where intermediaries’ incentive compatibility
constraint is binding, as the case where the constraint does not bind is trivial:
in the latter case, the return on bonds and reserves is the same, and bonds and
reserves are perfect substitutes. Therefore, there are zero gains from switching
from debt-financing to money-financing, and the equilibrium allocation in the real
economy is the same for both types of fiscal stimuli[f]

My key contribution is to analytically show that this ‘irrelevance result’ also
applies when reserves and bonds are not perfect substitutes (as a result of the
binding incentive compatbility constraint), despite the fact that the funding costs
of the consolidated government decrease for a money-financed fiscal stimulus (rel-
ative to a debt-financed stimulus). I show this by proving more generally that the
model features so-called ‘extended Ricardian equivalence’, which I define as that
the funding mix between government debt, lump sum taxes and the monetary

base has zero impact on inflation and the equilibrium allocation in the real econ-

SReis (2017) derives this irrelevance result when the central bank engages in quantitative
easing in the absence of a fiscal stimulus, while [Reis and Tenreyro| (2022) derive the irrelevance
result when the central bank engages in a policy of helicopter money. In both papers, the
irrelevance result only holds when bonds and reserves are perfect substitutes.
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omy[] If extended Ricardian equivalence holds, it automatically follows that there
will be zero macroeconomic impact from money-financed fiscal stimuli relative to
debt-financed fiscal stimuli.

Key to the irrelevance result (and extended Ricardian equivalence) is i) that
the central bank retains full control over the policy rate, irrespective of whether
the stimulus is debt- or money-financed, and ii) that the policy rate of the central
bank is the only endogenous variable on which the nominal interest rate on deposits
depends. In that case, households’ consumption-savings decisions are unaffected
by whether the fiscal stimulus is debt- or money-financed, as the expected return on
deposits solely depends on inflation and variables determined in the real economy.
Therefore, inflation and the equilibrium allocation in the real economy can be
uniquely described by the subset of the equilibrium conditions for the real economy
plus the Taylor rule that effectively determines the interest rate on deposits. As
a result, inflation and the equilibrium allocation in the real economy are the same
under debt- and money-financed fiscal stimuli.

A money-financed fiscal stimulus, however, still affects bond prices with re-
spect to a debt-financed stimulus when intermediaries’ incentive compatibility is
binding. The reason is that a financially unconstrained central bank will increase
the demand for bonds, which increases bond prices with respect to a debt-financed
fiscal stimulus (Gertler and Karadi, [2013). As a result, funding costs for the con-
solidated government decrease. Why, then, does a money-financed fiscal stimulus
have no wealth effects on households when the incentive constraint binds? It turns
out that the cash flows between households on the one hand and financial inter-
mediaries and the government on the other, ultimately finance the government’s
expenditures on final goods, a result that I analytically prove. As these expen-
ditures are exogenous, changes in bond prices, intermediaries’ net dividends, and
(the returns on) households’ bonds and deposits ultimately cancel out. Hence, a
money-financed fiscal stimulus does not affect inflation and the equilibrium allo-
cation in the real economy (with respect to a debt-financed stimulus).

I also analytically show that the irrelevance result and extended Ricardian

equivalence continue to hold for several model extensions and variations. Among

"The original Ricardian equivalence result in Barro| (1974) only covers government debt and
lump sum taxes.



these is the two-tiered reserve system that is currently in operation at the Euro-
pean Central Bank (ECB)E] Even though the nominal interest rate on deposits
is no longer exactly equal to the policy rate, the policy rate continues to be the
only endogenous variable on which the deposit rate depends, which is the key
condition for the irrelevance result (and extended Ricardian equivalence) to hold.
Another extension is a model with physical capital in the production function,
where the corporate securities that finance the capital stock are held by uncon-
strained households. In that case, the expected return on corporate securities is
equal to the expected return on deposits in equilibrium, which in turn solely de-
pends on inflation and variables determined in the real economy. Therefore, the
irrelevance result (and extended Ricardian equivalence) carry over to this model
version.

Finally, I explore an extension for which the irrelevance result (and extended
Ricardian equivalence) is broken, and investigate the extent to which the dif-
ference between money- and debt-financed fiscal stimuli is quantitatively impor-
tant. Specifically, I focus on an extension where financial intermediaries not only
hold government bonds and reserves, but also corporate securities that finance
the stock of physical capital [Sims and Wu| (2021)); van der Kwaak| (2023). There-
fore, a direct link emerges between the expected returns on government bonds
and corporate securities, as a result of which additional bond purchases under
a money-financed stimulus decrease the expected return on corporate securities.
As a result, a money-financed fiscal stimulus becomes more effective than a debt-
financed stimulus. However, the difference as measured by the cumulative fiscal
multiplier is equal to 0.26, and is therefore substantially smaller than the difference
of 0.5 found in Gali (2020a). This difference in multipliers is driven by the fact
that the central bank no longer controls the policy rate for a money-financed fis-
cal stimulus in |Gali (2020a). Therefore, a money-financed stimulus endogenously
decreases the expected return at which households can save, which leads to a sub-
stantial expansion of consumption. This effect is absent in my setup, as the central

bank retains direct control of the policy rate under a money-financed stimulus.

8Under this system, commercial banks are required to hold an amount of reserves equal to
a fixed fraction of their deposits. These minimum reserves receive zero interest, while their
reserves in excess of this amount receive the policy rate of the central bank, see https://wuw.
ecb.europa.eu/press/pr/date/2023/html/ecb.pr230727~7206e9aa48.en.html.


https://www.ecb.europa.eu/press/pr/date/2023/html/ecb.pr230727~7206e9aa48.en.html
https://www.ecb.europa.eu/press/pr/date/2023/html/ecb.pr230727~7206e9aa48.en.html

Literature review

Gali (2020a) provides an elaborate review of the literature on money-financed fiscal
stimuli, among which Buiter| (2014]), who analytically shows that a money-financed
stimulus is always and everywhere expansionary. Reis and Tenreyro| (2022)) study
the impact of a helicopter drop of money and focus on the conditions under which
such drops are effective, whereas my money-financing entails a form of permanent
quantitative easing in nominal terms.ﬂ A second difference is that their irrelevance
result only applies to the case where the interest rates on bonds and reserves are
equal, while my irrelevance result also applies to the case where the (expected)
return on bonds is above that on reserves. A final difference is that I also study
money-financed government spending stimuli.

My paper is also related to the literature on financial frictions (Gertler and Kiy-
otaki, 2010; Gertler and Karadi, 2011, 2013), which also studies the effectiveness
of asset purchases by the central bank. A key difference is that the central bank
acquires corporate securities in (Gertler and Kiyotaki (2010)); |Gertler and Karadi
(2011)), while I focus on the central bank acquiring additional government bonds
as in |Gertler and Karadi (2013)). A second difference with my main model version
is that financial intermediaries have corporate securities on their balance sheet, as
a result of which an expansion of the monetary base is no longer neutral when the
incentive compatibility constraint binds. A third difference is that these papers
do not look at the interaction with fiscal stimuli, and solely focus on the impact
of unconventional monetary policies in isolation.

The result that central bank balance sheet policies are neutral when it comes
to financing fiscal stimuli relates my paper to Wallace (1981), who is the first
to show the neutrality of central bank balance sheet policies in complete-markets
models. Key to this neutrality result according to Woodford| (2012) is that “(i) the
assets in question are valued only for their pecuniary returns [..] (ii) all investors

can purchase arbitrary quantities of the same assets at the same (market) prices,

9Specifically, Reis and Tenreyro| (2022) define a helicopter drop as an increase in central
bank liabilities that is dropped on the private sector by a transfer of the same amount. This
contrasts with quantitative easing, which they define as a policy where the additional central
bank liabilities finance an expansion of central bank bond holdings.
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with no binding constraints on the positions.” My irrelevance result, however, also
applies when financial intermediaries are constrained in the amount of government
bonds they can acquire in case their incentive compatibility constraint binds.

My paper is also related to the literature that studies the impact of fiscal stim-
uli. This literature normally focuses on the impact of expansions in government
spending, as Ricardian equivalence typically prevents a decrease in lump sum taxes
to have real effects. The multiplier from a change in government spending is below
or close to unity in standard RBC or New Keynesian models. |Woodford, (2011)
also investigates the size of the multiplier, and analyzes the interaction with mone-
tary policy. Ramey| (2011)) and Ramey| (2019)) survey the theoretical and empirical
literature on the spending multiplier, while Ramey| (2019)) also looks at tax change
multipliers. While the spending multiplier is normally below unity, it increases
above unity in the presence of hand-to-mouth consumers (Gali et al., [2007), when
the utility function is non-separable between consumption and labor supply (Bil-
biie, 2011)), when the economy is at the Zero Lower Bound (ZLB) (Christiano
et al., [2011; |[Eggertsson, 2011)), when the policy regime features an active fiscal
policy and a passive monetary policy (Davig and Leeper, 2011)), and when stimuli
are financed by non-interest-paying money (Gali, 2020a)).

van der Kwaak and van Wijnbergen (2017)) also study the effectiveness of fiscal
stimuli in a model version where financial intermediaries simultaneously finance
the stock of physical capital and hold government bonds. They, however, only
consider a debt-financed government spending stimulus, and do not consider the
interaction with simultaneous bond purchases by the central bank.

Beck-Friis and Willems (2017)) investigate the effectiveness of money-financed
fiscal stimuli in a New Keynesian model with the fiscal theory of the price level,
which they define as a regime in which monetary policy is ‘passive’ and fiscal policy
is ‘active’ in the sense of Leeper| (1991). As money-financed stimuli are very similar
to debt-financed stimuli when fiscal policy is ‘active’, they find comparable output
multipliers, which lie between 1 and 3 on impact. Their analysis differs from that
in my paper, as I focus on a policy mix where conventional monetary policy is
‘active’ and fiscal policy is ‘passive’.

My paper is also related to the literature that separately models the central
bank balance sheet and the budget constraint of the fiscal authority. With the



separation of the two constraints, the transfer policy between the central bank and
the fiscal authority can influence equilibrium inflation. For example, Sims| (2003)
and Sims| (2004)) and Del Negro and Sims| (2015) argue that the central bank might
not be able to control inflation in the absence of support from the fiscal authority,
as the central bank could become insolvent if it were to commit to a certain Taylor
rule. Reis (2013) and Reis| (2015) investigate under what circumstances a central
bank can become insolvent, which is defined as an exploding path of central bank
reserves. Both papers highlight the crucial role of the central bank’s dividend
rule. |Hall and Reis (2015) investigate the implications for central bank solvency
of new style central banking, under which the central bank buys risky assets.
Benigno and Nistico| (2020) investigate under what circumstances unconventional
open-market operations by the central bank are non-neutral, and find that this
crucially depends on the tax policy of the fiscal authority and the remittance
policy of the central bank. My paper does not feature central bank insolvency, as
the central bank’s remittance policy (and fiscal support in case of losses) ensures
that central bank net worth is equal to zero period by period. In addition, the tax
policy is such that it guarantees intertemporal solvency of the government budget
constraint by following a rule in the spirit of Bohn| (1998). Instead, real effects from
money-financed stimuli arise in my model when intermediaries’ binding incentive
compatibility constraint not only features government bonds but also corporate
securities that finance the stock of physical capital.

Next, I will describe the baseline model version in Section [2| and derive my
main analytical results in Section [3| A description of the model extension that is
analysed quantitatively is given in Section {4 with the accompanying calibration

in Section [5} The results are explained in Section [6] and Section [7] concludes.

2 Model

I employ a relatively standard New Keynesian DSGE model with labour as the
only production input. The central bank holds government bonds as assets. These
are financed through non-interest-paying money and interest-paying reserves, with
the composition of the monetary base endogenously determined in equilibrium (Be-

nigno and Nistico, 2020)). The central bank is in charge of the size of its balance



sheet and determines the nominal interest rate on reserves, which is subject to
the Zero Lower Bound (ZLB). All profits and losses are transferred to the fiscal
authority, which obtains revenues from lump sum taxes and issuing (long-term)
government debt as in Woodford (1998, 2001). These revenues are used to fi-
nance liabilities from outstanding government debt and expenditures on the final
good. Financial intermediaries employ net worth and deposits from households to
finance government bonds and central bank reserves. Following |Gertler and Kiy-
otaki| (2010); |Gertler and Karadi (2011), intermediaries are subject to an incentive
compatibility constraint which limits intermediaries’ ability to perfectly elastically
expand their bond holdings when the constraint is binding. As a result, a spread
opens up between the return on bonds and reserves, as a result of which switching
from a debt-financed to a money-financed fiscal stimulus reduces the consolidated
government’s funding costs. Households consume, pay lump sum taxes and pro-
vide labor, and save through non-interest-paying money, deposits, and government
bonds, the last of which are subject to quadratic transaction costs (Gertler and
Karadi, 2013)).

2.1 The Government
2.1.1 Fiscal Authority

The fiscal authority raises revenue from lump sum taxes 74, central bank dividends
d¢, and issuance of government bonds ¢’b;, where ¢° denotes the bond price and
b; the stock of government debt in terms of the price level of final goods. These
government bonds have a flexible maturity structure as in \Woodford| (1998, [2001)).
A bond issued in period ¢t — 1 pays a nominal coupon z. in period ¢, which expo-
nentially declines afterwards at rate 1 — p. Hence, the coupon equals (1 — p) z. in
period t+1, (1 — p)2 x. in period t + 2, etc. As a result, the price of a bond issued
in period t — 1 is traded at a price (1 — p) ¢° in period ¢, where ¢’ is the price of

a bond issued in period t. Therefore, the nominal return ;' ?in period t on a

E;il jﬁjil(l_p)jilwc 1

10The average duration of the bonds is given by: = ET e, — 1A=
i1 e
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bond acquired in period ¢t — 1 is equal to:

5 .
i1

14 =

In that case, the real return r? on bonds is given by:

c+1=p) g 147
1-'-7“?:1‘—’—( - p)Qt: +Tt ’ (2)
Tty Tt

where m, = P,/P,_; denotes the gross inflation rate of final goods. The rev-
enues of the fiscal authority are used to finance outstanding liabilities on bonds
(1 + ) ’b) ¢ ,b;_1, and government purchases g,. Therefore, the government bud-

get constraint in terms of the price level P, is equal to:
qut + T + dgb = 0t + (]. + T?) Qf_1bt—1‘ (3)

Government purchases g; are given by:

log (9:/9) = pylog (g:-1/9) + €41, (4)

where g denotes steady state government spending. Finally, lump sum taxes 7;
follow a process that guarantees solvency of the intertemporal government budget
constraint (Bohn| 1998):

T — T+ wb (btfl — B) — Fd~,-7~'t, (5)
where 7; is given by:
Tt = PrTi—1+ Erty (6)

where ¢, is drawn from a normal distribution with mean zero and standard devi-

ation o, .

2.1.2 Central Bank

The central bank acquires government bonds sf’d’ at a price ¢°, and finances these

assets by issuing non-interest-paying money m¢ and interest-paying reserves ml*.
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Therefore, the central bank balance sheet constraint (in terms of the price level of
final goods P,) is given by:
= sl = i+l g
where p® = P/ P, denotes the size of the central bank balance sheet in terms of
the price level of final goods. In line with reality, the central bank has full control
over the nominal size of its balance sheet. However, it has no control over the com-
position between non-interest-paying money and interest-paying reserves. Instead,
these are endogenously determined by the demand for money from households and
the demand for reserves from financial intermediaries (Benigno and Nisticol [2020)).
The size of the central bank balance sheet is equal to previous period nominal
assets in normal times: P = P,. Therefore, central bank assets in terms of the
price level are equal to pf® = ps® | /m;. However, the central bank has the possibility
to finance additional government purchases or a tax cut in case of a fiscal stimulus.
It does so by buying the bonds that are issued to finance the additional purchases
g — g or 7;. I assume that these additional bonds are permanently retained on the
central bank’s balance sheet (in nominal terms).E| Therefore, central bank assets

(in terms of the price level of final goods P;) are given by{”|

Py _ -
Py = ;1 + tig (g — §) + Kr Ty (8)
Therefore, an expansion in government spending is debt-financed when x, = 0,
and it is money-financed when x, = 1. Similarly, a tax cut is debt-financed when
k, = 0, and money-financed when x, = 1.
The central bank pays the nominal interest rate r;”" on reserves. This nominal

interest rate is given by the maximum of the interest rate r,’ T prescribed by the

HBuiter| (2014) points out that central banks cannot openly act as ‘fiscal principals’ in most
contemporary advanced economies, and can therefore not make transfer payments or pay overt
subsidies to the fiscal authority. Therefore, I model a money-financed fiscal stimulus as a stimulus
for which the government bonds issued by the fiscal authority are acquired by the central bank,
which retains these indefinitely on its balance sheet, see page 32-33.

12Tt will turn out that the precise law of motion for central bank assets does not matter for
the analytical results in Sections [3| and [
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Taylor-rule and zero (in case of a negative value of the Taylor rule):
ry”" = max {O, rf’T} ) 9)
where " is given by:
it =T b (1 — 7)o+ iy Log (y /Y1) (10)

The relation between the nominal interest rate on reserves r;"; and the real return
t—1

on reserves ex post ry is given by:

n,r
1+r>
)

1+7r = -
¢

(11)

As the central bank operates with zero net worth, central bank dividends are equal

to the difference between the return on its assets and liabilities:
1
cb b\ b _bch c ™. R
dy = (1 + Tt) Gy 15¢ 1 — <;t> my g — (L+71f)mgt . (12)

Substitution of central bank dividends into the budget constraint of the fiscal
authority , and afterwards subtracting the balance sheet of the central bank

gives the budget constraint of the consolidated government:

o (bt _ S?,cb) +rtm{ +mf = g+ (1+1)) ¢/, <bt,1 — sffi)—l— (%) m& (1 +r)ymi .
t (13)

From the right hand side of the equation, we immediately see that switching from

debt-financed fiscal stimuli to money-financed fiscal stimuli will reduce funding

costs for the consolidated government when r? > 77 everything else equal.
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2.2 Households

There is a continuum of identical households of measure one that aim to maximize

the sum of current and discounted future utility:

] 1—0c 1+¢ C 1=pm
c -1 h (mt+s) —1
Et ﬁsét s Lt — Xh as + Xm
{SZ:(; * 1—-o, 1+¢ 1—pm

where ¢; denotes consumption, h; labor supply, m¢ households’ holdings of non-
interest-paying money balances (in terms of the price level F;), and & denotes a
preference shock. Households obtain income from providing labor h; at a real wage
rate w,, repayment of government bonds sffl with net real return r?, repayment
of deposits d;_; with net real interest rate r¢, non-interest-paying money m¢ ,
with return 1/m;, and real profits w; from the firms and intermediaries they own.
Household income is spent on consumption ¢;, lump sum taxes 7;, government

b,h . . . .
bonds ¢’s;", deposits d;, non-interest paying money m¢, and transaction costs

from bond holdings %/@b (s?’h — §b7h>2. I follow Gertler and Karadi| (2013), and
assume that these transaction costs are ultimately returned to households, and
therefore do not show up in the aggregate resource constraint. With the above in
mind, households’ budget constraint is given by the following equation (in terms
of the price level of final goods P,):

b,h

1 N2
c+ T+ quf’h +d; + th + 5’% (Sg’h - Sb,h> = why + (1 + 7"?) qgﬁ)—lst—l

1

+ (147 dia + (W—) m |+ wy,
t

(14)

where the net real return on deposits r¢ in period ¢ is linked to the net nominal

interest rate on deposits T?_’dl that was promised in period ¢ — 1 via the relation:

n,d
1472

147 = -
t

(15)

Households are interested in maximizing the sum of expected discounted future
utility subject to the budget constraint , which results in the following rela-
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tively standard first order conditions:

e &o =N (16)
he @ xnhi = c; 7wy, (17)
Si)’h . Et BAt,H-l ( t+1) ¢ = ]_, (18)
b b,h ~
q; + Kp (St — Sb,h)

dt . Et [ﬁAt,t-‘rl (1 + Tg+1):| = 17 (19)

" mC —Pm n,d

Ct L+ry

where SA¢ ;11 = BAiy1 /A denotes households’” stochastic discount factor, with A
the Lagrangian multiplier on households’ budget constraint .

2.3 Financial intermediaries

Financial intermediary j € [0,1] is financed by net worth n;, and deposits d;,

b?f

which finance central bank reserves mf, and (long-term) government bonds s

J
that are acquired at price ¢°. Its balance sheet is therefore given by:

qfs?{ + mft =n;¢+ dj. (21)

Government bonds acquired in period ¢ — 1 pay a net real return 7? in period ¢,

reserves pay a net real return r7, while deposits pay a net real return r?. Net worth
in period t is therefore given by:
b7

nje = (1+1y) qf_lsjf_l +(1+7]) mft_l — (L + 7)) djr. (22)

At the beginning of period ¢+ 1, there is an exogenous probability 1 — ¢ that inter-

mediary j will have to exit the financial sector, in which case intermediary j’s net

worth is paid out to households as dividends (Gertler and Kiyotakil, 2010; Gertler

and Karadi, [2011). Therefore, the continuation value V; (s?j{fl,mft_l,djvt_ﬁ of
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intermediary j is given by:

Vi (3?:g_1, mft_l, dj,tfl) =F, {BAt,tH [(1 - U) Njt+1 + o Vit (sz, mft, dj,t)} } )
(23)
Following (Gertler and Kiyotakil (2010); Gertler and Karadi (2011), financial inter-
mediaries are subject to an incentive compatibility constraint, which implies that
intermediaries’ continuation value must be larger or equal in equilibrium to the

funds that can be diverted by intermediaries:
b, b,
Vi (Sj,g—l’mft—b dﬂ,l) > Moy Sjj ’ (24)

where the term on the right hand side of the constraint denotes the effective funds
that can be diverted by intermediaries, in this case a fraction )\, of intermediary
- b b.f
J’s government bonds g;'s;; .

Financial intermediaries are interested in maximizing the continuation value
7 subject to the balance sheet constraint , the law of motion for net worth
(22)), and the incentive compatibility constraint (24)). I show in Appendix [B.1]that

the first order conditions for bonds, reserves, and deposits, respectively, are given

3?{ o Fy {BAt,t—H [1 =0+ oxi1] (1 + 7"?+1)} =1 f/lt + Ay <1 itu ) ,(25)
t
mft . By {BAt,tH 1 —0+ox41] (1 + rfﬂ)} 1 f/i ) (26)
t
dj: By {ﬁ/\t,tﬂ [1 =0+ oxet1] (1 + 7“?+1)} = 1 —ftu ) (27)
t

where x; denotes the Lagrangian multiplier on intermediary j’s balance sheet con-
straint while y; denotes the Lagrangian multiplier on the incentive compati-
bility constraint (24). The first order conditions for bonds (25)) and deposits (27)
are relatively standard and can be found in |Gertler and Karadi (2011} 2013). We
can infer from the first order condition for reserves that the expected return
on reserves will be equal to that on deposits in equilibrium, and therefore that the

nominal interest rate set by the central bank must be equal to the nominal deposit
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rate faced by households:

T = (28)

Also observe that the return on reserves is dominated (in expectation) by the
return on government bonds, which can be seen by substituting the first order
condition for reserves into the first order condition for government bonds .
Therefore, reserves in my model capture an essential property of money according
to Buiter| (2014)), namely that intermediaries are willing to hold reserves even if the
return on them is dominated by other non-monetary assets. Moreover, switching
from debt-financing to money-financing of fiscal stimuli will reduce funding costs
for the consolidated government. A final observation is that a binding incentive
compatibility constraint is a situation in which an expansion of the central bank
balance sheet (by acquiring additional government bonds) increases central bank
dividends, everything else equal, see equation ((12)), since the (expected) return
from an additional unit of bonds is now above the return on an additional unit of
reserves.

Next, I show in Appendix that financial intermediaries’ incentive compat-
ibility constraint can be rewritten with the help of first order conditions
- (27) in the following way:

Xt = )\bQSS?:{- (29)

As is well known from Gertler and Kiyotaki (2010)); Gertler and Karadi (2011)), this
implies that the size of intermediaries’ bond holdings are limited by the amount
of net worth n;,.

At the beginning of period ¢, a fraction 1 — ¢ of bankers has to leave the
financial sector, and is replaced by a member from the same family (Gertler and
Kiyotaki, |2010; |Gertler and Karadi, 2011). Each new banker receives a starting
net worth, which is equal to x,n:_1 after aggregation. Therefore, the law of motion

for aggregate net worth given by:

n=o0 [(1 +r) giastl + L+ ) mit — (1+7f) dH] +xoner, (30)
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2.4 Production sector

The production sector is modeled as in |Galil (2020al), who employs a standard
New Keynesian production structure with price-stickiness a la (Calvo| (1983)). In
this model, intermediate goods producers operate using a production function that

is concave in labor:
11—«
Yie = zhi (31)

where z; denotes productivity, which follows a lognormal AR(1) process. Inter-
mediate goods producers sell their goods to retail goods producers at a relative
price me; (expressed in terms of the price P; of the final good), and hire labor in
a perfectly competitive labor market at a nominal wage rate W;. Therefore, the

first order condition for labor is given by:
wy = (1 — a) megzihg (32)

where w, = W,/ P,.

Retail goods producer f € [0, 1] acquires intermediate goods, which it trans-
forms into a unique retail good ys; using a one-for-one production technology
Yst = Yir. Retail good f is a unique product, which provides retail goods pro-
ducer f with a monopoly position, and therefore with the power to set the price
Py, for retail good f. However, since final goods producers purchase from all retail
goods producers using a CES production function, retail goods producers operate
under monopolistic competition. Therefore, they maximize expected discounted
future profits, subject to the demand curve y;; = (Pr+/P;)”“ y1, where y; is aggre-
gate demand for final goods and ¢ the constant elasticity of substitution between
two retail goods. Following (Calvo| (1983]), however, each retail goods producer
faces an exogenous probability 1, that he or she will not be able to change the
price of retail goods next period.

Eventually, this results in the following first order conditions, details of which
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can be found in Appendix [B.2}

€ it
new — —_ 33
me = ()2 (33)
S = AMmey + By (5¢pﬂf+151,t+1) ) (34)
EQ,t = /\tyt + E; (5@%”?4:1152,%1) : (35)

The law of motion for the aggregate price index is given by:
1= (1—1) (erw)lie + wpﬂf_l, (36)

while price dispersion D, is given by:
Dyt = (1= 4p) (my™) " + hpm; Dy, (37)

Final goods producers operate in a perfectly competitive market. Therefore,
they take prices of retail goods and final goods as given, as well as aggregate
demand for final goods. As a result, each final good producer only has to choose
how many retail goods yy; to purchase from each retail goods producer. Finally,
aggregating over all intermediate goods producers, I obtain the following aggregate

supply relation:
Dp,tyt = Zth%_a. (38)

As mentioned above, details of the derivations for the above conditions can be

found in Appendix [B.2

2.5 Market clearing & equilibrium

The market for government bonds clears when the supply of bonds b; is equal to

the demand by financial intermediaries 5?’f , households sﬁ’h, and the central bank
b,cb
S

by = sof 4+ Pt 4 b, (39)
The aggregate resource constraint is given by:

Yt = Ct + Gt (40)
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A definition of the resulting equilibrium can be found in Appendix [B.5]

3 Analytical results

In this section, I will analytically prove in Section [3.1]that there is zero impact from
money-financed fiscal stimuli relative to debt-financed stimuli when the central
bank pays interest on reserves, a result I will refer to as the ‘irrelevance result’.
Afterwards, I will discuss in Section some assumptions and two robustness
checks, among which the two-tiered reserve system that is currently in place at

the European Central Bank.

3.1 Main result

In this section, I will analytically prove the main result of the paper, namely that
there is zero effect from money-financed fiscal stimuli relative to debt-financed fiscal
stimuli. To do so, I will prove a more general result, namely that the model in
Section [2|features so-called ‘extended Ricardian equivalence’, by which I mean that
the funding mix between government debt, lump sum taxes and the monetary base
has zero impact on inflation and the equilibrium allocation in the real economy.E
If extended Ricardian equivalence holds, it automatically follows that there will
be zero impact from money-financed fiscal stimuli relative to debt-financed fiscal
stimuli.

I will show below that this extended Ricardian equivalence holds irrespective of
whether or not intermediaries’ incentive compatibility constraint is binding.
This equivalence is obvious when constraint is slack: when the government
decreases lump sum taxes, financial intermediaries can perfectly elastically expand
their bond holdings, as a result of which the bond price will be unaffected. There-
fore, the net present value of future lump sum taxes is unaffected, and households
do not change their consumption-savings choices. As a result, the equilibrium

allocation in the real economy will be the same as in the case where lump sum

13The original Ricardian equivalence in Barro| (1974) only says that the funding mix between
government debt and lump sum taxes has zero effect on the equilibrium allocation in the real
economy.
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taxes are not decreased. Moreover, as government bonds and reserves are perfect
substitutes, there are zero gains to the government from expanding the monetary
base, and the equilibrium allocation in the real economy is the same as without
the expansion (Benigno and Nistico, 2020; [Reis, 2017; |[Reis and Tenreyro, 2022])
However, I will show in Proposition [1{ that the extended Ricardian equivalence
result also holds in case of a binding incentive compatibility constraint , despite
the fact that an expansion of the monetary base decreases funding costs for the

consolidated government.

Proposition 1. The economy in Section[] features so-called ‘extended Ricardian
equivalence’ in the sense that the consolidated government’s funding mix between
money, reserves, government bonds, and lump sum taxes has zero effect on infla-
tion and the equilibrium allocation in the real economy. Therefore, money-financed

fiscal stimuli have zero impact relative to debt-financed fiscal stimuls.

Proof of Proposition[]. 1 can write down a subset of the equilibrium conditions

that uniquely pins down the sequence of quantities {c, b, ys, 9¢}, (shadow) prices

nyr nd nT _r d new — — .
{)\t,wt,mct,rt sty g e, Y 2, Zay, Dy ¢, and exogenous shocks {2, &}

1. Households’ first order conditions for consumption , labor supply ,
and deposits .

2. The relation between the nominal rate and ex post real rate on reserves

and deposits .

3. The relation between the nominal interest rate on reserves and deposits .

4. The nominal interest rate on reserves @ and the nominal interest rate ac-
cording to the Taylor rule (10]).

5. Intermediate goods producers’ first order condition for labor demand .
6. The first order conditions for retail goods producers - .
7. The process for government purchases of final goods .

8. The aggregate supply relation (38)).
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9. The aggregate resource constraint .
10. A lognormal process for the exogenous shocks z; and &;.

Looking at the above conditions, we see that they do not depend on (the variables
related to) the funding mix of the consolidated government budget constraint :
the equations for government debt , lump sum taxes , and the monetary
base do not show up in the above list of first order conditions. Therefore,
inflation and the equilibrium allocation in the real economy do not depend upon
the funding mix between money, reserves, government bonds, and lump sum taxes.

This concludes the proof. O

The key intuition why the funding mix of the consolidated government does
not affect inflation and the equilibrium allocation in the real economy is the fact
that the interest rate at which households save, the nominal interest rate on de-
posits, only depends on inflation and variables determined in the real economy:
the nominal interest rate on deposits is equal to that on reserves in equilibrium,
see equation (28)), which in turn only depends on inflation and output, see equa-
tion ((10). Therefore, households’ expected return on deposits solely depends on
inflation and variables determined in the real economy, and not on any other
endogenous variables related to the government or financial intermediaries. As a
result, inflation and the equilibrium allocation in the real economy can be uniquely
described by the subset of equilibrium conditions related to the real economy and
the Taylor rule, and do not depend on the funding mix between money, reserves,
bonds, and lump sum taxes.

Importantly, observe that Proposition [1| does not depend on whether interme-
diaries’ incentive compatibility constraint is binding or not, as equation does
not show up in the subset of first order conditions. Therefore, extended Ricardian
equivalence also holds when intermediaries’ incentive compatibility constraint
is binding and the return on reserves is below that on government bonds. As a
result, the funding costs for the consolidated government are now affected by the
mix between money, reserves, bonds and lump sum taxes.

This would normally lead to situations that break the original Ricardian equiv-

alence result. For example, the price of government bonds will decrease when the
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government decreases lump sum taxes, as intermediaries can no longer perfectly
elastically expand their bond holdings. In that case, the government has to issue
more government bonds for a given path of expenditures. As a result, the com-
bination of higher bond yields and higher bond volumes changes the net present
value of future lump sum taxes, which normally breaks Ricardian equivalence.

Similarly, it is ex ante unclear why an expansion of the monetary base would
have no effect on the equilibrium allocation in the real economy: bonds and re-
serves are no longer perfect substitutes when the incentive constraint binds,
as the return on bonds is now above that on reserves. Therefore, funding costs for
the consolidated govermment decrease when the central bank expands the mon-
etary base. Moreover, an expansion of the monetary base decreases bond yields,
everything else equal, as a financially unconstrained central bank increases the de-
mand for bonds (Gertler and Karadi, 2013). Therefore, the combination of these
two effects decreases funding costs for the consolidated government, everything
else equal, as a result of which it is ex ante unclear why inflation and the equilib-
rium allocation in the real economy would be unaffected by an expansion of the
monetary base.

Why, then, do changes in lump sum taxes and the monetary base have no wealth
effects on households when the incentive constraint binds? In order to understand
the intuition behind this, I first show in Proposition [2| that the cash flows between
households on the one hand and financial intermediaries and the government on
the other, ultimately finance the (exogenous) government expenditures on final

goods.

Proposition 2. The net impact of the cash flows between households on the one
hand and the government and financial intermediaries on the other is to finance
the exogenous government expenditures on final goods g;. This result does not

depend on the funding mix of the consolidated government.

Proof of Proposition[3. 1start by splitting households’ profits from firm ownership
wy into the sum of households’ profits from non-financial firms w;" 7 and households’

net profits from the financial sector cuf e wy = wy e wtf . Doing so allows me to
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rewrite households’ budget constraint in the following way:

¢ + Wt = U)tht + wff, (41)
where W, is given by:
b bh c 1 bh o )2
W, = n+q/s;” +di+my + 5/@, (st’ - sb,h>
1
_ (1 + ri’) qf_lsffl — (1 + rf) di—1 — (W—) mtc_1 — wf. (42)
t

Therefore, W, captures all the cash flows between households on the one hand and
the government and financial intermediaries on the other. Hence, if W, does not
depend on the funding mix of the consolidated government, then the household
budget constraint will not be affected by changes in bond prices and lump
sum taxes.

Next, I eliminate central bank dividends d5 from the government budget con-
straint by employing equation . Afterwards, I employ the government
budget constraint to eliminate lump sum taxes in equation . Moreover, 1
employ the aggregate law of motion for net worth and the aggregated ver-
sion of intermediaries’ balance sheet constraint , as well as the market clearing
condition for government bonds to show that:

Wt = Gt

see Appendix [B.7] for details. This concludes the proof. O

Hence, Proposition [2|illuminates why there are no wealth effects on households
from changes in lump sum taxes and the monetary base: since g; is given by an
exogenous process, we immediately see that W, does not depend on the funding
mix of the consolidated government. Therefore, we can immediately infer that
there is no wealth effect on households from changes in lump sum taxes and the
monetary base.

Finally, Corollary [1| explains that an expansion of the monetary base will en-

tirely consist of an expansion in central bank reserves:
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Corollary 1. An expansion of the monetary base will entirely consist of an ex-

pansion in central bank reserves with no change in non-interest-paying money.

Proof of Corollary [l Since consumption and the nominal deposit rate do not de-
pend on the funding mix of the consolidated government, we can immediately see
from households’ first order condition that the volume of non-interest-paying
money balances m¢ does not depend on the funding mix. Therefore, it directly
follows that an expansion of the monetary base will entirely consist of an expansion

in central bank reserves. O

3.2 Discussion & extensions

In this section, I will first discuss in Section |3.2.1| several assumptions and smaller
extensions behind the extended Ricardian equivalence result of the previous sec-
tion. Afterwards, I will discuss a larger extension in Section [3.2.2] namely the

two-tiered reserve system that is currently in place at the European Central Bank
(ECB).

3.2.1 Discussion

I start this subsection by observing that the extended Ricardian equivalence result
from Proposition [1] is general in the sense that it does not depend on i) whether
or not the ZLB is (temporarily) binding and ii) on the maturity of government
bonds. First, it does not depend on whether the ZLB is (temporarily) binding
because the central bank has full control of the nominal interest rate on reserves
@, even when the fiscal stimulus is money-financed. This contrasts with the case
where the central bank does not pay interest on reserves, in which case the policy
rate becomes endogenous and beyond the direct control of the central bank (Gali,
2020a).

Second, the extended Ricardian equivalence result does not depend on the
maturity of government bonds, since the first order conditions for government
bonds of households and financial intermediaries (25]), as well as the equations
for the return on government bonds and the government budget constraint

are not included in the equilibrium conditions in Proposition [Il As these are the
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only equations where the maturity parameter p directly or indirectly show up, I
can immediately conclude that the maturity of government debt does not affect
the extended Ricardian equivalence result. A similar argument as for the maturity
of government bonds can be employed to prove that introducing ex ante sovereign
default risk as in |Corsetti et al.| (2013) and |Schabert and van Wijnbergen| (2014)
will not affect the effectiveness of money-financed fiscal stimuli with respect to
debt-financed stimuli, despite the fact that money-financed fiscal stimuli reduce
the probability of sovereign default, see Appendix for a formal proof.E

Finally, I check that the particular form of intermediaries’ leverage constraint
is not the driver behind the extended Ricardian equivalence result. To that
extent, I replace constraint by the following leverage constraint:

d;; < mft + (1 —6y) Q?S?:{- (43)

This constraint says that financial intermedaries can attract one euro of additional
deposits for every additional euro of central bank reserves. However, intermediaries
can at most attract 1 — 6, euros of deposits for an additional euro of government
bonds, as government bonds are typically considered more risky than central bank
reserves. Afterwards, I redo the optimization problem of financial intermediaries
in Appendix [C.2] and show that the nominal interest rate on deposits is still equal
to the nominal interest rate on reserves in equilibrium. Therefore, the key fea-
ture behind the extended Ricardian equivalence result, namely that the expected
deposit rate only depends on inflation and endogenous variables determined in
the real economy, carries over, and Proposition [1} also applies for the alternative
leverage constraint .

4Tn |Corsetti et al.| (2013) and Schabert and van Wijnbergen| (2014)), the wealth effect from
a sovereign default is eliminated because the fiscal authority effectively transfers the gains from
default to households in the form of lower lump sum taxes. Therefore, sovereign default risk
only affects the economy ex ante through bond holders pricing in the default risk. See |van der
Kwaak and van Wijnbergen| (2017) and [van der Kwaak| (2023)) why this also holds when part of
the bonds are held by balance-sheet-constrained financial intermediaries.

26



3.2.2 Two-tiered reserve system

In this section, I introduce the two-tiered reserve system that has been employed
by the ECB since July 2023@ Under this framework, financial intermediaries
face a minimum reserve requirement, which stipulates that they need to hold a
minimum amount of reserves equal to 1% of their deposits. The interest rate on
these minimum reserves is zero, while excess reserves above the requirement are
remunerated at the policy rate.

Therefore, I now distinguish between ‘Minimum Reserves’, which are denoted
by m%R and pay zero nominal interest, and ‘Excess Reserves’, which are denoted
by mftR and pay a real return 1 + rﬁl as in previous sections. As a result, the

central bank’s balance sheet is now given by:

chb _— b beb C MR ER
Dy =qpsy = my +my A+ my

with central bank dividends given by:

1
b by bbb c MR ER
dy = (1 + Tt) Q1551 — (;t) (mt—l + mt—l) — (L +r)m23.
Next, I turn to financial intermediaries, whose balance sheet constraint is now
given by:

b7
grsy] +myt 4+ mEf = nge+ dyy, (44)

with net worth n;, given by:
1
= (L) s ()l (B — (L) dyen (19

As discussed above, financial intermediaries are now subject to a minimum reserve

requirement:
m = 9d;y, (46)

where the parameter 9 captures the minimum requirement of the central bank.
I redo intermediaries’ optimization problem in Appendix and find that the

15The statement in which this policy was announced can be found via: https://www.ecb.
europa.eu/press/pr/date/2023/html/ecb.pr230727~7206e9aa48.en.html.
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resulting first order conditions for bonds, minimum reserves, excess reserves, and

deposits are given by:

S BBl ot oxe (k) = 2 ($25) (an
1 Xt Py

MR
m:, "t By BA l—0o+ = — , 48
Jit t {5 b1 | o+ oXt11] (WHI)} T+ 1+ (48)
mftR O {5At,t+1 [1 =0+ oxi1] (1 + 7":+1)} - 1 fm’ (49)

X &

djt: Ey {5At,t+1 [1 =0+ ox1] (1 + 7“?+1)} = 1 ;Mt -1 (1 _'_tut) ,(50)

where 1; denotes the Lagrangian multiplier on the minimum reserve requirement
(46). Hence, we see that the first order conditions for government bonds and
excess reserves are the same as in Section [2] However, the first order condition
for deposits now features an additional term that captures the impact from the
reserve requirement, while we have an additional first order condition for minimum
reserves .

Next, I show in Proposition |3|that the extended Ricardian equivalence result of

Proposition [1] carries straight over to the case with the two-tiered-reserve system:

Proposition 3. The extended Ricardian equivalence result of Proposition[]] carries

straight over to the case with the two-tiered reserve system.

Proof. Combining the first order conditions for excess reserves and deposits
(50) gives:

P75 = B b = v ol (Fa =)}, G

while combining the first order conditions for minimum reserves (48) and excess

reserves gives:

Uy
L+

1
= E, {5At,t+1 [1 =0+ oxe1] <1 + 7y — — ) } ; (52)
t+1

28



Substitution of equation into equation then gives the following expression:

1
E, {ﬁAt,m 10+ ox) {rfﬂ L~ (1 - T)] } 0.
t+1

Substitution of equations and allow me to rewrite the above equation in

the following way:

1—9)r™" — rn,d
Et {BAt,t—H [1_0'+O'Xt+1] [( ) ¢ t ]} :07

T4+1

from which we immediately see that the nominal interest on deposits 7}’ 4 will be

solely determined by the nominal interest rate on reserves r,"":
it = (1 —0)r". (53)

As the nominal interest rate on reserves continues to be the only endogenous
variable on which the nominal interest rate on deposits depends, Proposition
directly carries over to the case of the two-tiered reserves system (except that
equation is replaced by equation ) This concludes the proof. O

Thus far, I have considered a model version without physical capital in the pro-
duction function. In the next section, I will investigate to what extent the results

carry over to a model version with physical capital in the production function.

4 Model version with physical capital

The model version with physical capital is an extension of the baseline model in
the main text, and is very similar to the way capital is introduced in |Gertler and
Karadi (2011]).

Specifically, the extensions come along three dimensions, the details of which
can be found in Appendix [C.4] First, intermediate goods producers not only
employ labor h; as a production input, but also physical capital. They acquire
the physical capital k;_; at the end of period ¢ — 1 from capital goods producers

at price qf_l, and finance this expenditure by issuing corporate securities s,’f_l =
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k:_1. Agents are willing to buy these corporate securities, as intermediate goods
producers are able to credibly pledge that all after-wage profits will be paid to the
owners of the corporate securities at the end of period t (Gertler and Kiyotaki,
2010)). Therefore, the aggregate supply relation (38]) changes into the following
equation:

D,y = 2k b (54)

Similarly, the first order condition for labor demand now also features capital
kt_li
wy = (1 — a) mezeky by @, (55)

After production by intermediate goods producers has taken place in period t,
wages are paid to workers and the intermediate goods producers sell the (depre-
ciated) capital stock to capital goods producers at price ¢F. As the after-wage
profits are paid to the owners of the corporate securities, the realized return 1+ rf
is given by:

ame 2k i + qF (1 - 9)

147k = - : (56)
di 1

the derivation of which can be found in Appendix [C.4l Capital goods produc-

ers acquire the physical capital (after depreciation) from the intermediate goods

producers at price ¢F, and convert this old capital into new capital. In addition,
capital goods producers acquire final goods i; for conversion into capital goods,
but the conversion is subject to convex adjustment costs. Therefore, the stock of

physical capital at the end of period ¢ is given by:

. 2
_ k(M :
1 9 (it_l 1) ] T¢. (57)

After production of the new capital, capital goods producers sell the new capital

k}t - (1 —5) kt—l +

stock k; to intermediate goods producers at price ¢ at the end of period ¢ for
production in period ¢ + 1. Capital goods producers take the price of capital gF
as given when deciding how many final goods #; to acquire for investment in new

capital. In Appendix[C.4] I show that capital goods producers’ first order condition
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for investment is given by:
i ? i i
2 \14_1 -1 -1
qr lt41 ? b1
By (—t.+ > Vi (—t.Jr — 1)] : (58)
4y (2 U

Finally, I replace the aggregate resource constraint by

1
qt

+ Lk

h=c+u+g. (59)

Below, I will distinguish two cases. The first case is in Section [4.1] and has uncon-
strained households holding the corporate securities issued by intermediate goods
producers. The second case is in Section |4.2] and has balance-sheet-constrained

financial intermediaries holding the corporate securities.

4.1 Households financing the physical capital stock

For the case where households hold corporate securities, the following first order

condition for corporate securities is added:

Ey [BA e (T+r50)] =1, (60)

Next, I show in Proposition [4] that my extended Ricardian equivalence result

extends to a model version with physical capital:

Proposition 4. Proposition[]] carries over to a model where physical capital k; is
used as an input to the production function, and is financed by households holding

corporate securities.

Proof of Proposition[f] The proof is very similar to that of Proposition [I} Specif-
ically, I can write down a subset of the equilibrium conditions that uniquely pins
down the sequence of quantities {ct, by, Ys, gi, s, ki }, (shadow) prices { A, wy, mey, ",

nd nT _r  d new — - k k .
ro sty e, Y 2, Bag, Dy, 1y, @)}, and exogenous shocks {2, &}

1. Households’ first order condition for consumption , labor supply ,
deposits , and corporate securities .
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2. The relation between the nominal rate and ex post real rate on reserves and

deposits and (15).
3. The relation between the nominal interest rate on reserves and deposits .

4. The nominal interest rate on reserves @ and the nominal interest rate ac-

cording to the Taylor rule .

5. Intermediate goods producers’ first order condition for labor demand
and the return on corporate securities .

6. The first order conditions for retail goods producers - .

7. The law of motion for physical capital and capital goods producers’ first
order condition (b8)).

8. The process for government purchases .
9. The aggregate supply relation (54)).
10. The aggregate resource constraint .
11. A lognormal process for the exogenous shocks z; and &;.

Just as in Proposition [1, we see that the equilibrium conditions do not depend on
(the variables related to) the funding mix of the consolidated government budget
constraint : the equations for government debt , lump sum taxes , and
the monetary base do not show up in the above list of first order conditions.
Therefore, the equilibrium allocation in the real economy does not depend upon the

funding mix between money, reserves, government bonds, and lump sum taxes. [J

The intuition behind this model version is similar to that in Proposition [I}
not only does households’ first order condition for deposits ((19)) solely depend on
inflation and variables in the real economy, the first order condition for corporate
securities also solely depends on variables in the real economy. Since the
expected return on corporate securities and deposits are equal in equilibrium,

households’ consumption-savings decisions are unaffected by the funding mix of
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the consolidated government between money, reserves, government bonds, and
lump sum taxes.

At the moment, there is no direct link through which the state of the financial
sector affects the equilibrium allocation in the real economy. This changes when
financial intermediaries finance the physical capital stock by holding the corporate
securities issued by intermediate goods producers (Gertler and Kiyotaki, 2010;
Gertler and Karadi, 2011). In the next sections, I will investigate to what extent

this is quantitatively important.

4.2 Financial intermediaries financing the capital stock

In this section, I consider a model in which financial intermediaries effectively
finance the physical capital stock by holding the corporate securities issued by
intermediate goods producers. Therefore, there is now a direct connection between
the state of the financial sector and the real economy. As a result, money-financed
fiscal stimuli will now result in a different equilibrium allocation in the real economy
than debt-financed stimuli.

Specifically, financial intermediaries now also acquire corporate securities sf,t
at a price ¢¥ in addition to acquiring government bonds and central bank reserves
(Sims and Wu, [2021; van der Kwaak, 2023). Therefore, intermediaries’ balance
sheet constraint is now given by:

afst, +aisil +mll = nj.+ djy. (61)
As a result of holding corporate securities, intermediaries’ net worth in period t is

now given by:
njy = (1+1y) qfﬁlsjt,l—l—(l +77) qffls?:f_1+(1 +77) mftfl— (14 7)) djs—1. (62)

.. . . b ..
Intermediaries’ continuation value V; <s§7t_1, sj:ffl, mi,_, dj7t_1) is given by:

b b
Vi (52?,15717 Sj:{—lv mftfp dj,t—l) =Lk {ﬁAt,tH [(1 —0)njrr1+oVip (5;?@ 8]-,’{7 mft; dj,tﬂ } ;
(63)

Now, in addition to effectively diverting a fraction A\, of government bonds, finan-
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cial intermediaries can also divert a fraction A, of corporate securities |Gertler and
Karadi (2013]). As a result, intermediaries’ incentive compatibility constraint

is now given by:
k b, R k K b b,
Vi <Sj,t—17 Sj,{—lv M1 dj,t—l) > AkGy Sji + Al Sj,{' (64)

In that case, I show in Appendix that the equivalent of equation (29) is given
by:
XMt = )\kqfs;t + )\bqfs?:{. (65)

Finally, market clearing requires that the volume of corporate securities s¥ equals

the aggregate stock of capital k;:
s =k, (66)

Next, I show in Appendix that the first order condition that pins down
intermediaries’ portfolio choice between corporate securities and government bonds
is given by:
E BN [1— o+ oxen] (rfy — i)} = %Et {BALe1 [1— 0+ oxen] (ri — i)}
’“ (67
From the above first order condition, it becomes clear that money-financed fiscal
stimuli will affect the equilibrium allocation in the real economy: since a money-
financed fiscal stimulus affects the (expected) return on bonds 7}, it will also
affect the (expected) return on corporate securities 7, ,. Therefore, it will now
affect the equilibrium allocation in the real economy with respect to a debt-financed

fiscal stimulus.

5 Calibration

I solve the model version with financial intermediaries holding corporate securities
using a first order perturbation around the steady state using the Dynare software
(Adjemian et al) 2011). The calibration largely follows (Gali (2020a), with the
calibration targets displayed in Table [T T set households’ relative risk aversion
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o. = 1, and follow Gali (2020a)) for the subjective discount factor §, the inverse
Frisch elasticity ¢, and the semi-elasticity of demand n. As|Gali| (2020a)) does not
report steady state labor supply, I set it equal to 1/3. T also have to choose a value
for ky, the coefficient in front of households’ quadratic transaction costs, which I
set equal to 0.01, implying that households’ marginal costs from changing bond
holdings is relatively small. Subsequently, I adjust the parameter s;; such that
households hold 80% of government bonds in steady state. This implies that 20%
of bonds are held by financial intermediaries and the central bank, as the central
bank and commercial banks with central bank reserves typically hold a minority
of outstanding government bonds.

I set the average number of periods during which bankers operate equal to six
years or 24 quarters, which implies that the probability ¢ of bankers continuing to
operate is equal to 0.9583, a value in line with |Gertler and Kiyotaki| (2010); Gertler
and Karadi (2011); Gertler and Kiyotaki (2015). I define what I call the ‘adjusted’
leverage ratio ¢/Y = [QfSﬁt + (No/ k) qfs?{ ] /n;¢, and set this adjusted leverage
ratio equal to ¢*¥ = 5 in the steady state, which is in between the leverage ratio
of four found in |Gertler and Kiyotakil (2010); Gertler and Karadi (2011) and six
in |Gertler and Karadi (2013). I set the steady state spread between the return
on corporate securities and government bonds on the one hand, and the return
on deposits on the other equal to 25 quarterly basis points, or 100 annual basis
points following Gertler and Karadi (2011)). Since the steady state spread between
the return on corporate securities and deposits is equal to that between bonds and
deposits, I find that A\, = Ag.

I follow |Gali (2020a) for setting the labor share 1 — «, the Calvo probability
of changing prices 1, and the elasticity of substitution € between different retail
goods producers. I also adopt the value for steady state government debt as a
fraction of steady state output, and the feedback coefficient v, from the level of
government debt on lump sum taxes in equation . Government debt is long-
term, which I capture by setting p = 20 and the coupon payment x. = 0.01
in equation . I deviate from |Gali| (2020a) by setting steady state government
spending over steady state output equal to g/y = 0.2, which is in line with the aver-
age amount of government spending in most advanced economies. The calibration

of the autoregressive process for government spending follows Gali (2020a). I set
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steady state investment over output equal to i/y = 0.2 and adjust the depreciation
rate to hit this target.

The inflation and output feedback parameters of the Taylor rule are set at val-
ues conventional in the New Keynesian literature, as well as the interest smoothing
parameter p, and the standard deviation of the monetary policy shock o,, which
is set to 25 basis points.

I follow (Galil (2020a)) by assuming that the monetary base is equal to 1/3 of
steady state outputm Finally, I set steady state non-interest-paying money m¢®
equal to 10% of quarterly steady state output g, which results in steady state
interest-paying reserves being equal to 1.63 times non-interest-paying money bal-
ances. Such a number seems reasonable given the Federal Reserve monetary base
in Figure [I}

An overview with the calibration targets can be found in Table [T while an

overview with the resulting deep parameter values can be found in Appendix [B.6]

16Observe, however, that my monetary base not only consists of non-interest-paying money,
but also of interest-paying reserves.
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Parameter Value  Definition

Households

153 0.995  Discount rate

O 1 Coefficient of relative risk-aversion

h 1/3 Steady state labor supply

® 5 Inverse Frisch elasticity

i 7 Semi-elasticity of money demand

Kb 0.01 Coefficient HHs transaction costs bond holdings
50 /b 0.8 Steady state bond holdings HHs over total bonds
Financial intermediaries

T 24 Average number of periods that banks operate
E 7k —7d 0.0025 Spread between corporate securities and deposits
E [ — Fd}] 0.0025 Spread between gov’t bonds and deposits

¢l 5 Adjusted leverage ratio

Goods producers

« 0.25 1 - labor share

Uy 3/4 Probability of changing prices

€ 9 Elasticity of substitution

Vi 2.5 Capital adjustment costs

iy 0.2 Steady state investment over GDP

Fiscal policy

g/y 0.2 Steady state gov’t spending over GDP

b/y 2.4 60% of annual GDP

Uy 0.020  Tax feedback parameter from government debt
Te 0.01 Coupon payment bonds

1/[1—=8(1—p) 20 Duration government bonds (quarters)
Monetary policy

T 1 Steady state gross inflation rate

Ko 1.500 Inflation feedback on nominal interest rate

Ky 0.125  Output feedback on nominal interest rate

Pr 0.8 Interest rate smoothing parameter

P /Y 1/3 Steady state CB assets over GDP

m¢ /iy 0.1 Steady state non-interest-paying money over GDP
Autoregressive processes

Py 0.5 AR(1) parameter government spending shock
Pr 0.5 AR(1) parameter tax cut shock

Dr 0.8 Interest rate smoothing parameter

o 0.05 Standard deviation gov’t spending shock

o 0.01y  Standard deviation tax cut shock

oy 0.0025 Standard deviation interest rate shock

Table 1: Calibration targets.
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6 Numerical results

I follow |Gali (2020a) and report the results of a fiscal stimulus that consists of
decreasing the level of lump sum taxes @ by 1% of steady state output on impact
in Figure , and an increase in government spending by 1% of steady state out-
put on impact in Figure 3] In both figures, the incentive compatibility constraint
is always binding. The blue, solid simulations correspond to a debt-financed
stimulus, which is in both figures implemented by setting x, = 0 and x4, = 0 in
equation (8). The red, slotted simulations correspond to a money-financed stimu-
lus, which is implemented in Figure 2| by setting x, = 1 and k4, = 0, and in Figure
by setting k. = 0 and k, = 1.

Let me first discuss the results from the tax cut shock in Figure 2] Under a
debt-financed tax cut (blue, solid line), lump sum taxes are decreased, as a re-
sult of which the fiscal authority needs to issue more bonds. As intermediaries
cannot perfectly elastically expand their bond holdings, a larger supply of govern-
ment bonds decreases the price of government bonds, which leads to capital losses
on intermediaries’ existing bond holdings. As a result, intermediaries’ net worth
decreases (not shown), which tightens intermediaries’ incentive compatibility con-
straint . Therefore, intermediaries have to reduce lending to intermediate
goods producers, as a result of which the capital price decreases. This, in turn,
leads to additional capital losses, which further decrease intermediaries’ net worth.
The impact on the real economy is that investment, output, and inflation decrease.
This mechanism through which capital losses on government bonds affect the real
economy are very similar to that found in other papers that study debt-financed
fiscal stimuli (van der Kwaak and van Wijnbergen, 2017)).

Under a money-financed tax cut (red, slotted line), the government also issues
more bonds, which everything else equal leads to capital losses on banks’ existing
bond holdings (just as for the debt-financed tax cut). However, the demand for
government bonds increases with respect to a debt-financed tax cut as a result
of the unconstrained central bank acquiring more government bonds (Gertler and
Karadi, 2013). This expansion of the central bank balance sheet increases the
bond price, which mitigates intermediaries’ capital losses on existing bonds with

respect to a debt-financed tax cut. As a result, intermediaries’ net worth increases
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Figure 2: Impulse response functions for a tax shock equal to 1% of steady state
output. The additional spending is debt-financed in the blue-solid impulse re-
sponse functions, and money-financed for the red, slotted impulse response func-
tions.
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with respect to a debt-financed tax cut, which increases credit provision to the real
economy. Therefore, the price of capital increases with respect to a debt-financed
tax cut, as well as investment and output, of which the trough is more than halved.

Observe, however, that the quantitative impact of both stimuli is small, as the
trough in output is maximally 0.03% of steady state output under a debt-financed
tax cut. The small quantitative impact of the tax cut becomes further clear from
looking at the cumulative fiscal multiplier p, which I calculate using the same
formula as in |Gali| (2020a):

= Z;io (?Jt+s - ?7)
Zzio (xt-ks - j)j

where € {g,7}, and g and 7; are given by equation (4] and (@]), respectively. The

(68)

results for the tax cut are reported in Table [2| where we see that the cumulative
multiplier is -0.0219 for a debt-financed tax cut, and 0.2397 for a money-financed
tax cut. Therefore, the difference between a money- and debt-financed tax cut is
no longer equal to zero as in Section |3, Instead, a money-financed tax cut increases

the cumulative multiplier by 0.2616 with respect to a debt-financed tax cut.

Tax cut (D) Tax cut (M) Spending (D) Spending (M)
LT debt -0.0219 0.2397 0.9103 1.1719

Table 2: Table displaying the discounted cumulative dynamic multiplier over
the first 1,000 quarters for listed scenarios under a tax cut shock and a government
spending shock. (D) refers to a debt-financed fiscal stimulus, whereas (M) refers
to a money-financed stimulus. Finally, L'T refers to long-term government debt.

Next, I study the impact of an increase in government spending in Figure [3|
For both the money- and debt-financed stimulus, we see that output and inflation
increase. However, the difference between a money- and a debt-financed spend-
ing stimulus seems negligible. The difference between the two seems more clear
(but quantitatively still small) when looking at the price of capital and bonds,
both of which are higher under a money-financed spending stimulus. The mech-
anism through which a money-financed spending stimulus is more effective than
a debt-financed spending stimulus is the same as for a tax cut: money-financing

implies that the additionally issued bonds from the stimulus are acquired by the
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unconstrained central bank, which drives up the price of bonds with respect to
the debt-financed spending stimulus. As a result, capital losses on government
bonds are mitigated, which increases credit provision to the real economy with
respect to a debt-financed spending stimulus. Therefore, we see that investment

substantially increases with respect to a debt-financed stimulus.
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Figure 3: Impulse response functions for a government spending shock equal to
1% of steady state output. The additional spending is debt-financed in the blue-
solid impulse response functions, and money-financed for the red, slotted impulse
response functions.

However, given the small difference in output and inflation between the money-
and debt-financed stimulus, the quantitative effects from the spending stimulus
are first and foremost driven by the spending increase itself, and only to a second

order by the different mode of financing. This becomes also clear by looking at
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the cumulative fiscal multiplier in Table [2] which is equal to 0.9103 for a debt-
financed spending stimulus and 1.1719 for a money-financed stimulus. Just as for
the tax cut, the difference in the cumulative multiplier is equal to 0.2616, which
is relatively large given the small difference in output between the money and
debt-financed spending stimulus. The reason for the relatively large difference is
the fact that output under money-financing is for many quarters above that under

debt-financing after the stimulus has ended.

7 Conclusion

In this paper, I investigate the extent to which money-financed fiscal stimuli are
more effective than debt-financed stimuli when the central bank pays interest on
reserves. By paying interest on reserves, the central bank retains direct control
of the policy rate and the size of its balance sheet. I embed this setup in a New
Keynesian model with financial intermediaries that have government bonds and
reserves as assets, which are financed by deposits and net worth. Intermediaries,
however, are subject to an incentive compatibility constraint as in |Gertler and
Kiyotaki (2010) and |Gertler and Karadi| (2011), which limits the extent to which
they can acquire additional government bonds when this constraint binds. As
reserves are not under the incentive compatibility constraint, the interest rate on
reserves and deposits are equal in equilibrium. A fiscal stimulus is money-financed
when the additional bonds that are issued to finance the stimulus are acquired by
the central bank.

I focus on the case where the constraint binds, as the case where the constraint
does not bind is trivial: in that case, the return on bonds and reserves are equal,
as a result of which these two assets are perfect substitutes. Therefore, it immedi-
ately follows that debt- and money-financed fiscal stimuli are equally effective in
stimulating real economic activity.

My key result is to show that the ‘irrelevance result’ carries over to several New
Keynesian models when the incentive compatibility constraint binds and govern-
ment bonds and reserves are not perfect substitutes, as a result of which a money-
financed stimulus reduces funding costs for the consolidated government. I derive

this result by proving more generally that the model features so-called ‘extended
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Ricardian equivalence’, which I define as that the funding mix between government
bonds, lump sum taxes and the monetary base has zero impact on the equilibrium
allocation in the real economy.

Key to the irrelevance result (and extended Ricardian equivalence) is i) that
the central bank retains full control over the policy rate, irrespective of whether
the stimulus is debt- or money-financed, and ii) that the policy rate of the central
bank is the only endogenous variable on which the nominal interest rate on deposits
depends. In that case, households’ consumption-savings decisions are unaffected
by whether the fiscal stimulus is debt- or money-financed, as the expected return on
deposits solely depends on inflation and variables determined in the real economy.
Therefore, inflation and the equilibrium allocation in the real economy can be
uniquely described by the subset of the equilibrium conditions for the real economy
plus the Taylor rule that effectively determines the interest rate on deposits. As
a result, inflation and the equilibrium allocation in the real economy are the same
under debt- and money-financed fiscal stimuli.

I also analytically show that the irrelevance result (and extended Ricardian
equivalence) carries over for several model extensions and variations. Among these
is the two-tiered reserve system that is currently in operation at the European
Central Bank (ECB). Even though the nominal interest rate on deposits is no
longer exactly equal to the policy rate, the policy rate continues to be the only
endogenous variable on which the deposit rate depends, which is the key condition
for the irrelevance result to hold. The irrelevance result also carries over for a model
version with physical capital in the production function, as long as the corporate
securities that finance the capital stock are held by unconstrained households. In
that case, the expected return on corporate securities is equal to the expected
return on deposits in equilibrium, which in turn solely depends on inflation and
variables determined in the real economy. Therefore, the irrelevance result (and
extended Ricardian equivalence) carry over to this model version.

However, the ‘irrelevance result’ is broken when the physical capital stock is
effectively financed by balance-sheet-constrained financial intermediaries. In that
case, the difference between debt- and money-financed fiscal stimuli, as measured
by the cumulative fiscal multiplier, is equal to 0.26, which is substantially smaller
than the difference of 0.5 found in Gali (2020a). This difference is driven by
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the fact that the central bank in |Gali (2020a) no longer controls the policy rate
when the fiscal stimulus is financed by non-interest-paying money. As a result,
the expected return at which households save endogenously decreases relative to
a debt-financed stimulus, which leads to a substantial expansion of consumption.
This effect is absent in my setup, as the central bank retains direct control of the

policy rate under a money-financed stimulus.
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Appendix “Monetary financing does not
produce miraculous fiscal multipliers”

A Additional figures
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Figure 4: The monetary base of the European Central Bank, which consist of non-
interest-paying money (“Currency”) and interest-paying reserves (“Reserves”).
Source: ECB statistical data warehouse.

B Model equations

B.1 Financial intermediaries

I described in the main text that the maximization problem of financial interme-
diaries is given by intermediaries’ continuation value , subject to the balance
sheet constraint , the law of motion for net worth , and the incentive

20



compatibility constraint :

ax Vi (3?’11}:—17 mft—la djvt*1>
{s] UL 7, t’dJ t
s.t.
V(sbf mk, | d; ) = E{ﬁA [(1—0)71» + oV, (sb’fm d; )]}
t jt—1> j t—1y Yy t—1 t t,t+1 7,t+1 t+1 JR R R )
@il +ml = e+ dj,
nge = (L+r) g sol + @ +r)ymb_ — (1 +7]) i,

R b bf R
Vi ( 85— 17mj7t—17dj,t—l> > Agys .t )\mmj,ta

with A, = 0 in the main text. After elimination of V} (s?:{_l, mk,_, dj,t,1> using

equation , and net worth using the law of motion for net worth , I construct
the Lagrangian:

E = <1+/Lt)Et<ﬁAt’t+1{(1—O')[(1+T?+1)qf ?{ (1+T:+1)TTL

- (1+T§l+1)djt] _'_0-‘/134-1( ]{7m]t7d > })
- Ik (Abqsss,{ - /\mmft>
+ Xt [(1 + rf) qf_lsjt L F A +r))m (1 + rf) djr—1+dj — qfsb-’f — mR] ,

Jit J,t

where p; denotes the Lagrangian multiplier on intermediaries’ incentive compati-

bility constraint , and y; the Lagrangian multiplier on the balance sheet con-
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straint (21)). The first order condtions are then given by:

b.f - b\ b avtﬂ(yt’mytvd >
sip 0 (U4 pe) By § BA [(1—0) (1 + Ttﬂ) g +o T
it
— ot — xeq; =0, (69)
R 6W+1<jt7m]t7d >
mi, o (L4 pe) B S Bl [(L—0) (1+77,,) +o s
it
+ Mgt — x¢ =0, (70)
d a%Jrl(]t?mJt’d )
dj,t . (1 =+ /J,t) Et BAt,t+l — (1 — U) (1 + Tt+1) + o ad —+ Xt = 07
it
' (1)

Employing the envelope theorem, I find that:

a‘/; ( ]t 1 ft 17dj,t—1)

b,f
0s i1

R
MV ( Sji— 17mj,t—17dj7t—1)

amj,tfl

R
% ( Sih— lvmj,t—17dj7t*1)

6dj7t,1

xe (L+1) ap_y,

Xt<1+r:)7

—X¢ (1 + rf) .

Iterating one period forward, and substituting into the first order conditions

- (I71) gives the following first order conditions:

S BB -0+ oxen] (Lr0,)} = = + ( . ) )

mﬁt . Et {BAtﬂH—l [1 — 0 + UXt+1] (]. + T:+1)} = Xt — Am ( H ) ,(73)

dj,t : Et{BAt,t—i—l [1
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Now I assume a particular functional form for the value function , and later

check whether my guess is correct:
b? b
‘/; (Sj,tffl7 mft—l’ djﬂf—l) 77?(],[5) ] ;ff + nt]% R ngdjﬂf? (75)

where n°, nft, and n¢ are given by:

= E{BAhup[l—o+ox] (1+r00) ]}, (76)
nt = E {BA 1[I =0 +oxea] (1 +77) ), (77)
n = E{BA [l =0+ oxea] (1+7(,) ] (78)

Substitution of the first order conditions - allow me to rewrite the value
function in the following way :

Vi ( Sjit— 1amft—1adj,t71) = L fut + >\b1 /_:tut] C],?Sg[ + L fﬂt — )\ml itut] mﬁt
-,
= T (sl i) T (st = )
= 5 itwnj7t + - _’L:tlut ()\bqf 2{ — )\mmft> , (79)

where I used intermediaries’ balance sheet constraint . Next, I distinguish two
cases. In the first, the incentive compatibility constraint is not binding, in
which case p; = 0. In that case, intermediaries’ continuation value is equal to
Vi ( Sit— 1,mft_1, dj7t_1> = x¢n;+ In the second case, constraint is binding. In

that case I can rewrite it with the help of expression in the following way:

Xt Hi b b.f bb.f R
mn.7 1—|—/1, <)‘bqt ]t —)\mm )—)\bqt ]t —)\mmjyt.

I can rewrite this in the following way:

Xt B i ( b bf R)
nig=(1———1] (A — Ammit ),
T4 " < 1+ut) bt it
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which delivers the following expression after further rewriting:

Xl = )\bqtbs?”f — )\mmft. (80)

Next, I use this equation to replace /\bqfs?:f — /\mmft in expression to obtain:
b, Xt Mt

Vi (53‘,{_1, mi_y, dj,t71> = Tt T, X = Xt (81)

Hence we see that the value function of financial intermediary j is equal to

Vi (s?:{_l,mftfl, dﬁ,l) = XuNj4, irrespective of whether the incentive compati-
bility constraint is binding or not. Now that I have solved for the value
function, I check whether my initial guess for the value function is correct by
substituting V; (s?:{_l, mftfl, dj,t,l) = XN into the right hand side of expression

(23):
Vi (3?3{—17 mi, .y, dj,t—l) = E{BMs1[1 =0+ oxe|nje}

Substitution of equation allows me to rewrite this expression as:

Vi <S?:{—1v mft—l: dj,t—1> = B {BAur [l —o+oxen] (1+7741)} qfs?f
+ Et {BAt,t-i-l []_ — 0+ O-Xt-i-l] (1 + ,r{-i-l) } mft

— E{SA =0 +oxin] (1+780)} dj

_ bbb f R, R d
= QS T myy — npdje

Thereby I confirm that the initial guess was correct.
B.2 Production sector

B.2.1 Final goods producers

Final goods producers acquire retail goods s, from a continuum of retail goods

producers f € [0, 1], and convert these into final goods using a standard constant
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elasticity of substitution (CES) function:

U]
vy = { / N ] , (82)
0

Final goods producers operate in a perfectly competitive market. Therefore, they
take the price P, at which they sell final goods as given, as well as aggregate
demand for final goods y;, and the price Py, at which retail goods producers sell
to final goods producers. Final goods producers aim to maximize period t profits

by choosing how many retail goods y;, from each retail good producer f € [0, 1]:

1
max Py, —/ Pf,tyf,tdf7 (83)
0

Yft

subject to their production technology . This results in the standard demand

equation for retail good yy:

Pr\
— [ 2 ) 4
(7 ( 2} ) Yt (84)

Substitution of the demand function (84]) into final goods producers’ production
technology gives the familiar expression for the price level of final goods:

1
Pl = /0 PLdf. (85)

B.2.2 Retail goods producers

There is a continuum of retail goods prodcuers f € [0, 1] who acquire intermediate
goods at a relative price mc; in terms of the price level of final goods, and convert
these intermediate goods one-for-one into retail goods, i.e. y¢+ = v;;. Retail goods
producers produce a ungiue retail good, therefore they are monopolists in the
market for retail good f. However, since final goods producers have a constant
elasticity of substitution between two retail goods, see equation (82)), retail goods
producers operate in an environment of monopolistic competition. Because they
are monopolists, however, they have the power to set the price Py, after which they

supply the amount demanded by final goods producers. Their goal is to maximize
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the sum of expected, discounted future profits. However, following (Calvol| (1983)),
there is a probability v, each period that they will not be allowed to change prices.

Therefore, their optimization problem is given by:

S S S Pf’t
max B, {; B°Ap sty |:(Pt+s - mCt+s> yf,t+s:| } )

fit

subject to the demand schedule , and where 8°Ay;s = F*Aiys/ A denotes
households’ stochastic discount factor, as households are the ultimate owners of
all firms in the economy. Substitution of the demand schedule (84]) allows us to

rewrite the problem in the following way:

t+s t+s t+s .
Py * B\ Pas)

Taking the first derivative with respect to Py;, and denoting the optimal chosen

oo

S S

max F; E B° At e sy,
Pra s=0

price P**", we get the following first order condition:

- prev\ e Yt+s
BSA7 sws < t )

which we can rewrite in the following way:

s NN
;5 At,t+s¢p (m) Yt+s

Next, we write this as:

(6 - 1) Et = GEt

Y

o . i prew —€ Yits
Zﬁ At,t+s¢met+s( : ) ax

P Pnew
s=0 t+s t

Ptnew
By

(e—-1)E, =€k,

[oe) P —€
Z 55At,t+s¢;mct+s (P ‘ ) yt-l-s] .
t+s

s=0

Ptnew B ( € ) Et |:Z§o:0 (6¢p)3 At,t+smct+s (szi 7Tt+k> yt-i-s}
P \e—1 o s s e—1
1 E; [zso (BYp)” Apiss (HZ:1 7Tt+k> yt+s:|
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Defining 7" = P*"/ P,, we can rewrite the above first order condition in its final

form:

€ :1t
new — —_ 87
T (6 — 1) *—‘2t ( )
S = Nmeys + By (B, Sae) (88)
Zor = ANyt Ey (5¢p77t:1152,t+1) . (89)

Now that we have found an expression for the newly chosen price by retail goods

producers, we calculate the price level of the final good P; using equation (85)):

—€ new)l—e new new) 1—€
P = (1= 1,) (PP) ™ 44y (1 — 1) (PR) T 902 (1 — ) (BP)
(90)
Iterating one period back, and multiplying the left and right hand side with 1,

gives the following expression:
—€ new) 1—¢€ new new) 1—¢€
VP =1, (1= 0) (Ptfl ) +¢§ (1 —1p) (Pt 2 ) ‘H/f3( — ) (Pt—:s ) Tt

Looking at the above expression, we see that the right hand side coincides with
the right hand side of equation , except for the first term. Therefore, we can
write equation in the following way:

Pl = (1) (FP) ™ + 4P (91)

Division of the left and right hand side of the above expression by P!~¢ allows us

to obtain the following equation:
= (1 =) (m new) Tt %W?‘l' (92)
Finally, price dispersion D, ; = fo (Pftt> - df is equal to:

Pnew Pnew —€ Ptn_ew —€
Dy, (1_%0)( Pt) +wp<1—wp)( Pt) +wf,(1—¢p)< Pt2> + e
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Iterating back one period, and multiplyingleft and right hand side by %, <h>_

gives the following equation:

P\ P\ Py~
%(Bﬁ %H:%a—%%}{)-wﬂuwg(ﬁ) + o

We see from theright hand side of the above expression that it coincides with the
right hand side of equation , except for the first term. Therefore, we can write
equation (93 as:

prew —€ -Pt—l —€
Dp,t = (1 - ¢p> ( th ) =+ ¢p < P, ) ,Dp,tflv (94)
which we can further rewrite using m}* = P/“/P, and m = P,/P,_; in the
following way:
Dy = (1= 9p) ()" + ¢y Dy, (95)

B.3 Aggregation

B.3.1 Financial intermediaries

Intermediaries’ balance sheet constraint is linear in quantities, as a result of
which aggregation is straightforward:

gist! +mft = +d,. (96)

Since the shadow value y; of intermediaries’ incentive compatibility constraint
is not firm-specific, the aggregation over this constraint is also straightforward, and

results in:

xene = alsy! — Namf, (97)

where we remember that \,, = 0 in the main text.

B.3.2 Production sector

We start by observing from intermediate goods producers’ first order conditions

for labor demand that each intermediate goods producer will choose the same
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amount of labor in equilibrium, i.e. h;y = h;. Therefore, we can write the first

order condition for the wage rate using aggregate labor h;:
wy = (1 — o) mepzehy @, (98)

The knowledge that h;; = h, allows us to integrate over the right hand side of

equation (31)):
1 1
/ zth};adi = zthi_o‘/ di = zh} ™.
0 0

Next, we integrate over the left hand side of equation (31f), where we remember that

€
Yit = Yft = (%) y; via equation , and that the measure of intermediate

goods producers is equal to the measure of retail goods producers, and equal to

1 - 1 1 P —€
/ Yirdi = / Yredf = yt/ (%) df = Dp.1y:.
0 0 0 t

These results allow us to obtain the aggregated version of equation (31)), which is

one:

given by:
Dyyr = zehy . (99)

B.4 Exogenous processes

Productivity z; and the demand shock &, are given by:

log (z:) = p.log(zi—1) + €., (100)
log (&) = pelog(&-1) + e (101)

B.5 First order conditions & equilibrium definition

C bvh b7f R ad Cb b,Cb n TL,d
Let {mt—l78t—1>dt*173t—17mt—17ntflabtflythlapt—last—lart—lart_lapp,tfl} be the

endogenous state variables, while {z;, &, g;} be the exogenous state variables. A re-

. L. ey . . . . b.h
cursive competitive equilibrium is a sequence of quantities and prices {c;, A;, he, mS, 87",

b,f R b b v .d new — = ~ cb bch
Xta,utast 7mt 7nt7dt7Qt7rt7rt7rt7wt7mct77rt7ﬂ-t 7‘—‘1,t7H2,t7Dp,t7yhbtagtJTtuTtapt 7St )

T nd nb
de rpm et et "}, and exogenous shocks {z, &} such that:

1. Households optimize taking prices as given: - (20).
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10.

Financial intermediaries optimize taking prices as given: intermediaries’ bal-
ance sheet constraint , the first order conditions for bonds, reserves, and
deposits - , intermediaries’ incentive compatibility constraint ,
and the aggregate law of motion for net worth .

Intermediate goods producers optimize taking prices as given, from which

we can find the wage rate (98)), and the aggregate supply relation .

Domestic retail goods producers that are allowed to choose prices optimize

taking the input price mc; as given: - , , and .

The bond market clears: .

. The market for final goods clears: .
. The fiscal variables evolve according to: - @

. The monetary variables evolve according to: the central bank’s balance sheet

constraint , the evolution of central bank assets , central bank dividends
, the nominal interest rate on reserves @D, and the Taylor rule .

The relation between the ex post real interest rate and the nominal interest
rate on reserves and deposits hold.

Exogenous processes evolve according to (100]) - (101)).

B.6 Calibration

The numerical values of the deep parameters of the model can be found in Table

Bl

B.7 Formal proof of Proposition

f

Proof. Households’ net profits from the financial sector w; consists of the sum of

net dividends from financial intermediaries A{ and households’ transaction costs

from bond holdings:

1 2
w{ = A,{ + §/€b (Slz’l1 — éb,h) , (102)
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Parameter Value Definition

Households

153 0.995 Discount rate

O 1 Coefficient of relative risk-aversion

Xh 810 Coefficient in front of disutility labor supply
® b} Inverse Frisch elasticity

Xom 5.0715- 1074  Coefficient in front of utility from money

Pm 28.4286 Inverse elasticity from money balances

Kb 0.01 Coefficient HHs transaction costs bond holdings
Sp.h 4.7965 Reference level transaction costs HH bonds
Fin. intermediaries

o 0.9583 Probability of intermediaries continuing to operate
Ak 0.2836 Diversion rate corporate securities

Ab 0.2836 Diversion rate government bonds

Xb 0.0249 Fraction of old net worth for new bankers
Goods producers

« 0.25 1 - labor share

Uy 3/4 Probability of changing prices

€ 9 Elasticity of substitution retail goods

Fiscal policy

Uy 0.020 Tax feedback parameter from government debt
Te 0.01 Coupon payment bonds

p 0.0452 Maturity parameter bonds

Monetary policy

7_r 1 Steady state gross inflation rate

Ko 1.500 Inflation feedback on nominal interest rate
Ky 0.125 Output feedback on nominal interest rate

Pr 0.8 Interest rate smoothing parameter

Autoregr. processes

Pq 0.5 AR(1) parameter government spending shock
Pr 0.5 AR(1) parameter tax cut shock

Pr 0.8 Interest rate smoothing parameter

o 0.05 Standard deviation gov’t spending shock

or 0.01y Standard deviation tax cut shock

oy 0.0025 Standard deviation interest rate shock

Table 3: Parameter values for the baseline version of the model.
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where net dividends from financial intermediaries A{ is given by:
Al =1 —0) [(1 +77) q)- sl (L mE - — (1+7r))d 1} — xpu—1- (103)
Using equation , I can write Af as:
A{—(l—l—rt)qt 13 +(1+rt)mt 1 (1—|—Tt)dt 1 — (104)

Next, I susbtitute equation into expression for households’ net profits
from the financial sector, and substitute the resulting expression into equation
. In addition, I solve for 7; from the government budget constraint , and
substitute the resulting expression into equation as well:

Wt = gt+ (1+’f‘f) q;;_lbt_l—ngt—d6b+q58i)h+dt+mf

1
_ (1+7"t)th 13t 1 (1+7“t)dt 1 — (ﬂ_t)mtc_l
- (1+Tt)Qt 13t 1 — (L +r))m 1+<]—+Tt)dt 1+
gt + (1 +Tt) Gt <bt—l - 35:)7}11 - 5? f1> — ¢ (bt — St’ - 3?’f>

1
- @ = () m - )ml (105

where I employed intermediaries’ aggregate balance sheet constraint to substi-
tute for net worth n; in the third row. Substituting the market clearing condition
for government bonds into equation (105]), I obtain the following expression
for W:

1
W, = gt+(1+7’t)9t 13?0?_%?3?01) dfb"‘mtc_ (_) m?—l_(l‘l’ﬁ)mﬁl‘i‘mf‘

iy
(106)
Next, I substitute central bank dividends into equation ((106)) to obtain:
W, = g — @2 +mf +mlf =g, (107)
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where I employed the central bank balance sheet constraint . This concludes
the proof. O

C Alternative model versions

C.1 Sovereign default risk

In this section, I will introduce the possibility of ex ante sovereign default risk.
I will first describe the model changes, after which I will describe the resulting

equilibrium definition.

C.1.1 Model changes

To introduce the possibility of (partial) sovereign default, I follow |Corsetti et al.
(2013)) and Schabert and van Wijnbergen| (2014). Specifically, I assume the exis-
tence of a stochastic, maximum level of taxation, the realization of which is drawn
from a distribution that is known to agents. Therefore, at the beginning of period

t there is a probability pfef that the sovereign will default:

pil = Fy (%ﬁﬂbﬂb) ; (108)
where Fz denotes the cumulative density function of a generalized beta-distribution
with parameters ay, 35, and byq, (Corsetti et al. 2013) Endogenous variables
that affect the probability of default are b;, the stock of outstanding government
bonds, and output ;.

In case the level of taxes 7y required to service outstanding liabilities is above
the stochastic maximum level of taxation, a haircut ¥, is imposed upon outstand-

ing liabilities. Therefore, outstanding liabilities after the haircut are equal to

"Note that by,qep does not refer to a maximum level of debt, but is a parameter of the default
function. There is only a maximum level of taxation in both |Corsetti et al.| (2013]) and |Schabert,
and van Wijnbergen| (2014)), while there is no limit on the amount of debt the government can
issue. One interpretation of by,q is to think of it as the maximum level of debt in the Maastricht
Treaty, which prescribes that government debt should not be above 60% of GDP. In reality,
FEurozone governments are not constrained in issuing more debt than this, as many Eurozone
countries have debt levels above 100%.
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(1—1,) (1 + rf) @® b;_1. The haircut 9, itself depends on the realization of the

draw for the fiscal limit, and is given by:

(109)

9 — V4er with probability pief
' 0  with probability 1 — p/.

Therefore, the expected return on government bonds r?* at the beginning of period

t is given by:
14t = (1 —pfef> (14 ) +p (1—0) (14717) = (1 _ pfef29> (1+72). (110)

The gains from the partial default are equal to 7" = ¥; (1 +17) ¢/_,b;—1, and are
effectively transferred to households by reducing their lump sum taxes from 7, to
7 = 7, — 7/, In that case, the ex post default budget constraint of the government
is given by:

abe+ 7+ d =g+ (1 —3) (L+7)) q)_ b, (111)

Substitution of 7, = 7, — Y, (1 + rf) qfflbt_l shows that the ex post default budget
constraint is the same as the budget constraint in case of no default.

I assume that in case of sovereign default, a haircut is only imposed on privately-
held government bonds, i.e., the central bank is exempted from incurring a hair-
cut, and will not take the possibility of sovereign default into account. However,
households and financial intermediaries will take into account the possibility of a
sovereign default. Specifically, I employ equation to replace the return on
bonds 1 + r? in equations and by (1 — pfef 79) (1 + 'r’f) Therefore, the
first order condition for households’ holdings of government bonds in the presence

of sovereign risk is given by:

(1 - pﬁ{’(}def> (1 + Tzlt)—&-l) a
Et ﬂAt,H—l = 17 (112)

b b,h ~
q; + Ky <5t — Sb,h)

while the first order condition for intermediaries’ holdings of government bonds in
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the presence of sovereign default risk is now given by:

B { B [ =0+ 0xusa] (1= pi0ues) (1 1840) | = 2 fﬂt Y <1 itu) |
(113)
Following jvan der Kwaak] (2023)), I assume that households recapitalize their finan-
cial intermediaries. However, intermediaries do not anticipate this recapitalization,
which is why they price in the risk of sovereign default. However, the recapital-
ization ensures that the aggregate law of motion for intermediaries’ net worth is
unaffected by a default of the government. Therefore, the law of motion is given

by equation (30]), see van der Kwaak] (2023) for details.

C.1.2 Equilibrium definition

The definition of the equilibrium is the same as in Appendix[B.5] except that there
is an additional variable pf ef , which results in an additional equation, which is given
by equation . Furthermore, the first order conditions for households’ and
intermediaries’ choice of government bonds, equations and , respectively,
are replaced by the first order conditions (112)) and (113]).

C.2 Model version with alternative leverage constraint (43))

The optimization problem of financial intermediaries in Section is given by
maximizing intermediaries’ continuation value , subject to the balance sheet
constraint , the law of motion for net worth , and the alternative leverage
constraint . This results in the following Lagrangian:

o <BAt,t+1{ (1—=0) [(1+774) qfs?j{ + (L4 rf) mfy

(1 + Tfﬂ) dj,t} +oVin (‘95{’ mfta dj,t) })
+ [mﬁ +(1—6) Qi’S?,’f - dj,t]

b, T bv
+ e [(1 +1}) qf_lsjf,l + A +r)ml = (L4 7) djer + djy — qfsjj —ml,
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where p; now denotes the Lagrangian multiplier on the alternative leverage con-

straint (43]). The resulting first order condtions are then given by:

[ 8W+1(]t,m]t,d )
S?{ b B B (1 —0) (1 + 7’115)+1) ¢ +o Py
gt
+ e (1—60)q — xiq) =0, (114)
[ 8‘/;+1<]t’m]t7d )
mft : Et BAt,t—i-l (1 — 0') (1 -+ 7’:+1) +o0o am
gt
+ o —xe =0, (115)
p 8Vt+1<]t7m]t>d )
dj,t . Et /BAt,t-f—l — (1 — CT) (]_ + Tt+1) + 0o 6d
gt
— Mt xe=0, (116)

Employing the envelope theorem results in the same expressions as in Appendix
[B.1] Hence, we get the following first order conditions:

S?{ . {BAt,t—l—l 1 — 0+ oxet1] (1 + Ti)ﬂ)} =xt— (1 —=6p) e, (117)
mft By {5At,t+1 1 — 0+ oxit1] (1 + T:+1)} = Xt — [t (118)
dj,t . Et {BAt,t-i-l [1 — 0o+ O-Xt-‘rl] (1 + ’f’g_,'_l)} = Xt — M- (119)

Therefore, we immediately see that " = "% (equation (28))) carries over to this
model version. Hence, the ‘banking-irrelevance’ also carries over to this model
version.

For completeness, I also solve for the value function. To do so, I again assume
the functional form for the value function, and I also assume that the shadow
values are given by equations - . Substitution of the first order conditions
- allow me to rewrite the value function in the following way :

Vi ( Sji- 1,mft_1,dj,tf1) = Do = (L= 00) pul /s3] + O = ) mify = (e = 1) djs
= Xt <Qf 4 mll, - dj,t) — fu [(1 - 9b) Qf i+ mf - dj,t]
= XtNjt, (120)
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where I apply the Kuhn-Tucker condition to the alternative leverage constraint
to conclude that [(1 —0) q) 5?{ +m, — dj,t} = 0. As intermediaries’ con-
tinuation value V4 (s?:f_l,mft_l,dﬂ,l) = xtn;; and the guess for the shadow
values are the same as in Appendix [B.1] T immediately conclude that the initial
guess is correct.

C.3 Model version with two-tiered reserve system

In this section, we derive the first order conditions reported in Section of
the main text. Before I do so, I observe that as a result of distinguising between

minimum and excess reserves, intermediaries’ continuation value (23)) is now given

by:

b b
Vi (Sjjf—u m%}fl, mfﬁu dj,t—1> = Fy {5At,t+1 [(1 —0) N1+ 0Vigr (3]&{7 m%R7 mff, di,t)} }
(121)

while intermediaries’ incentive compatibility constraint is now given by:
b, MR  ER b b,
Vi (Sj,{—hmj,tflv M1 dj,tfl) > Avg, Sjﬂ{' (122)

Intermediaries’ optimization problem is to maximize the value function sub-
ject to the balance sheet constraint , the law of motion for net worth ,
the minimum reserve requirement , and intermediaries’ incentive compatibil-
ity constraint . Therefore, we obtain the following Lagrangian:

)+ (1)

L = (14 wm)E; <5At1t+1{ (1—o0) [(1 + TfH) qfs?f + (

T4+1

_ (1 —+ rf—l—l) dj,t] + 0-‘/t+1 (S?:{, m%R’ m]E"tR, dj,t) })

b b,
= [Aeg, Sj,{

1
e[l (5) w0 mE — ()
b7
+ djy — Qfsj,{ - mfti|

+ gy (m™ = 9dy,)
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where p; denotes the Lagrangian multiplier on intermediaries’ incentive compati-
bility constraint , X: the Lagrangian multiplier on the balance sheet constraint
, and 1), the Lagrangian multiplier on the minimum reserve requirement .

The first order condtions are then given by:

i v,
s?f D (14 ) B {5At,f;+1 (1—o)(1+rty) g +o 8;}1] } — Mo} — xeq; = 0,
L Jit
(123)
[ 1 oV,
m%R D (T+m) E {ﬁAt,tJrl (1—o0) (m 1) o5 t]\;;] } Xt + ¢ =0,
L +
(124)
[ 8V
mftR (T4 w) E {5At7t+l (1-o0) (1 + Tt—f—l 8 t;lq} }
(125)
’ Ly Vi
djy - (L4 pe) By S BAypsa | — (1 —0) (1+Tt+1)+08d +x: — VY =0,
L gt

(126)

b . .
where I suppressed the argument (s j’{_l, m%}fl, mfﬁ 1> dj,t,1> in the value function

for notational convenience. Next, after employing the envelope theorem, I find
that:

f MR . ER
oV, (3 =1 M1, 15 djz— 1) N b
88”{ 1 - X (1+Tt)qt—17
Js
IV, b,f MR, ER
e 85— My My, dje (1)
= X¢e\ — |,
b’
a‘/t <S‘]7tf 19 m%Rl, ]t 17 1> (1 7’)
= xtl+r),
3m]t 1
b,f MR ER
oV, (Sj,t 1, M 15 Ayt 1) d
= —Xt (]. +Tt)'

odj 1
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[terating one period forward, and substituting into the first order conditions (|{123])
- ([126]) gives the following first order conditions:

5?1{ D By {ﬁ/\t,tﬂ 1 — 0+ ox41] (1 + rf+1)} X + X\ ( Ha )(’127)

L+ L+ u
1 Xt Yy
MR
4 . E S BA 1— = — 128
miy t {5 tt+1 [ o+ UXtH] (7Tt+1) } 11 Mt 11 ,U/t’ ( )
= 129
1 + Mt (129)

mftR D Ey {5/\1‘, 411 — 0+ oxe41] (1 + Tt+1)}
} =

dip + B {BAa[1— 0 +oxe] (L+77)

Ve
e () 90

which coincide exactly with the first order conditions - in the main text.
Now I assume a particular functional form for the value function (121f), and

later check whether my guess is correct:

b,
Vt( " 17m%51,mf51,dj,t—1> =niarsy] 4+t tmi R 4w —nld;,, (131)

where n?, nME nER and nd are given by:

m = E{BMen[l—o+oxen] (1+70)} (132)
nME = {ﬂAt i1 [L— 0+ oxea1) ( > } (133)
ntt = E BN [l —o4oxe] (1+ 7“t+1)} ; (134)

nt = E{BAi [l —o+oxm] (T4+riy)}. (135)

Substitution of the first order conditions (127)) - (130) allow me to rewrite the
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value function in the following way :

Xt M bbf Xt y MR
V ( om L di > = + A + — m;
t\n My G T4 P\ 1+ @i T T+p] 7

i ( Xt >m§-\/€R—{ Xt _19( Py ):|dj,t
14 ’ L+ g L+

_ X <qf§{+m +mi dj,t>+< He )Aqu’{

Y MR
— 1 + /J/t (m]t - ﬂd]7t)
S N Ty (136)

Ttpe 1+M

where I used intermediaries’ balance sheet constraint and applied the Kuhn-
Tucker condition to the minimum reserve requirement to conclude that
Yy (mME —dd;,) = 0.

Next7 I distinguish two cases. In the first, the incentive compatibility constraint
is not binding, in which case y; = 0. In that case, intermediaries’ continua-
tion value is equal to V; ( Sit1s m%ﬂ, mfﬁl, dj,t,1> = X+ In the second case,
constraint (122)) is binding. In that case I can rewrite it with the help of expression

in the following way:

Xt
1+

bbf

b
Mol = Naysii.

TLj,t‘F 1 +

I can rewrite this in the following way:

Xt [t bbf
niy =11 A
1+ t ( 1—|—,u) bt Sjt

which delivers the following expression after further rewriting:

XtTje = /\be ?,{ (137)

Next, I use this equation to replace )\bqfsg-:t in expression ({136]) to obtain:

X
Vi ( S5t 1,m%f'1,mfﬁ1,dj,t_1> = 1 +tut”j,t + ﬁxtng’,t = Xtz (138)
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Hence we see that the value function of financial intermediary j is equal to

V; ( syt myt,mif dj,t,1> = XN, irrespective of whether the incentive com-
patibility constraint is binding or not. Now that I have solved for the value
function, I check whether my initial guess for the value function is correct
by substituting V; ( syt myt,mif dj,t_1) = Xt into the right hand side of

expression ((121)):

MR ER
Vi ( Sjit— 17mj,t—17mj,t—1adj,t—1> = E{BA 1 [l — 0+ oxiq1] nj,t—i—l}-

Substitution of equation allows me to rewrite this expression as:

Vi < S5 —15 m%l?pmfﬁp dj,t—l) = E; {5At 11 [l — 0+ oxiq1] (1 + Tt+1)} qfsgj
+ {BAtt—H [1 =0+ oxi] ( )}mLR
+ Et{ﬁAttH [1 =0+ oxe1] (1+rt+1)}m

- FE; {5At 11 [1— 0+ oXi1] (1 + 7”t+1)} djt

b
= nlapsil + ' EmE + pPRmEE — nld;,.

Thereby I confirm that the initial guess (131]) was correct.

C.4 Model version with corporate securities held by house-
holds

The model version with physical capital is an extension of the baseline model in
the main text. The extensions come along three dimensions. First, intermediate
goods producers do not only use labor as a production input, but also physical
capital. Capital is acquired in the period before production from capital goods
producers. Intermediate goods producers finance the physical capital by issuing
corporate securities to households. Capital goods producers acquire the physical
capital from intermediate goods producers after production of intermediate goods
has taken place, and convert this old capital into new capital. In addition, capital
goods producers acquire final goods for conversion into capital goods, but the

conversion is subject to convex adjustment costs. Afterwards, the new capital
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stock is sold to intermediate goods producers for production in the next period.

C.4.1 Intermediate goods producers

The optimization problem of retail goods producers and final goods producers is
the same as in the main text. The production function of intermediate goods
producers is a constant returns to scale function that is Cobb-Douglas in physical
capital k;;—; and labor h; ;:

Yie = 2k hi (139)

Intermediate goods producers issue corporate securities Sit_l in period t — 1 at
price ¢F ; to acquire physical capital k; ; 1 at price ¢F ; from capital goods produc-
ers. Therefore, the number of corporate securities issued is equal to the amount
of physical capital acquired, i.e. sf,t_l = ki—1. Following Gertler and Kiyotaki
(2010), intermediate goods producers can credibly pledge all after-wage profits in
period t to the holders of corporate securities. At the beginning of period t the
exogenous shocks are realized, among which the productivity shock z;. Interme-
diate goods producers then go to the perfectly competitive labor market, where
they hire labor h; at a wage rate w;. They start producing and sell intermediate
goods at a price mc; to retail goods producers. After production, they sell the
depreciated capital stock (1 — &) k;;—; to capital goods producers at price ¢F, pay
wages wih; ¢, and pay the return (1 + ) ¢f k;;—1 to the owners of the corporate
securities. Therefore, intermediate goods producers profits IT¢ (in terms of the final

goods) is given by:
Hi = mCtZt/{Zicftilhzl’;a + Qf (1 — (5) ki,t—l — wthi,t — (1 + Tf) qfﬁlki,t_l.

As in the main text, labor is hired in a perfectly competitive market. Therefore,

the first order condition for labor is given by:
wy = (1 — a) meyzekiy hy (140)

As mentioned above, all after-wage profits have been pledged to the holders of
corporate securities. Therefore, we can set profits IT¢ equal to zero, substitute the

first order condition for labor (140)), and solve for the return on corporate securities
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1 + 7% which is given by:

amez k&L hiTY gk (1 =6
147k = tethg 1 zl;t Qt( ) (141)
i1

C.4.2 Capital goods producers

After production by intermediate goods producers has taken place, capital goods
producers buy the depreciated capital stock (1 — ) k;_; at price ¢F, and convert the
old capital one-for-one into new capital. In addition, they also acquire i; units of
final goods, which they convert into new capital. However, capital goods producers
are subject to convex adjustment costs when converting final goods into capital, as

a result of which [1 — (v4/2) (i¢/i¢—1 — 1)2] i;. Therefore, newly produced capital

. 2
Yk (23 .
1——({— -1 . 142
2 (it—l > ] K ( )

After production, the new capital k; is sold to intermediate goods producers at

at the end of period t is equal to:

kt == (1 —5) kt,1 +

price gF. Therefore, capital goods producers’ profits II¥ in period ¢ are given by:

. 2
. 2 . .
Hf:(Ifkt—Qf(l_(s)kt—l—ZtIQf [1—%<—t—1) ]Zt_lb

2\t

where I substituted the law of motion for physical capital ((142). Capital goods
producers are interested in maximizing the sum of expected discounted future
profits. As they are owned by households, future profits are discounted using

households’ stochastic discount factor SA; ;4s:

o0 . 2
Yk Ltts . .
E Nppes R qF |1 — = — 1 s — s e |-
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This results in the following first order condition for investment:
i ? i i
1 CeR R CeR Gy
2\ li—1 ()
qr lt41 ? b1
/BAt,H-lt—Jrkl (i> Vi (i — 1)] . (143)
4y (2 U

In addition to saving through non-interest-paying money, deposits, and government

+ Lk

C.4.3 Households

bonds, households can also acquire corporate securities sﬁt at a price ¢ in period
t, where sé‘f?t is expressed in terms of the price level of final goods. These corporate
securities pay a net real return rfﬂ in period ¢+ 1. Therefore, households’ budget

constraint changes into:

1 N2
G +1 + qfsf + qfsg’h +d; + mtc + 51‘% (sf’h — 5b,h> = wihy
bh m¢ |
+ (1 Tf) Grasia+ (1+ rt) 4150+ (1+ Tf) di—1+ ;_ + wy.
t

The first order conditions for consumption, labor, government bonds, deposits,
and non-interest-paying currency are the same as in the main text. The first order

condition for corporate securities is given by:
Ey By (1+77,,)] = 1. (144)

C.4.4 Aggregation

From the first order condition for the wage rate , we immediately see that
all firms will choose the same capital-labor ratio in equilibrium, i.e. k;;—1/h;y =
ki_1/h;. Therefore, the first order condition for labor demand can be written
as:

wy = (1 — ) mezk hy @ (145)
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Similarly, the equation for the ex post return on corporate securities ({141]) can be

written as: " i 5
kX h, ™ + 1—
] 4k = HOE qtk a (1-9) (146)
t—1

Finally, we aggregate equation ({139)) across intermediate goods producers. Aggre-
gation across the left hand side delivers again D, ;1. For aggregation across the
right hand side of equation (139)), we use the fact that k;;—1/hi+ = ki—1/hs:

1 1
/ Ztkgt71h§7;adi = Ztktalhta/ hi,tdi = Ztk'tailhiia.
0 0
Therefore, the aggregate supply relation is given by:
Dyye = Ztktoilhifa- (147)

C.4.5 Market clearing & equilibrium

The market clearing condition for government bonds is still equation from the

main text. The aggregate resource constraint, however, changes into:
Y = Ct+it+gt7 (148)

C.4.6 Equilibrium definition

The equilibrium definition of Appendix is extended in the following way. In
addition to the state variables of Appendix we have two additional state vari-
ables, namely i;_; and k;_;. We have four additional endogenous variables, namely
{rf, qr iy, kt}, as a result of which we have four additional equations, namely ,
(143]), (144), (146).

Moreover, I replace the first order condition for labor demand of intermediate

goods producers by (145). I also replace the aggregate supply relation
by (147). And finally, I replace the aggregate resource constraint by (148)).

75



C.5 Model version with corporate securities held by finan-

cial intermediaries

The conditions derived in Appendix carry over to this section, except the first
order condition for households’ holdings of corporate securities ({144}, which is no
longer part of the first order conditions.

Below, I derive the first order condition for financial intermediaries’ holdings of
corporate securities. To do so, first observe that intermediaries’ optimization prob-
lem is now given by maximizing subject to the balance sheet constraint ,
the law of motion for net worth , and the incentive compatibility constraint
. This gives the following Lagrangian:

L = (1+m)E, <5At,t+1{ (1= o) [(L+rf) afsh, + (U4 i) absyd + (14 r7,) mf,

_ (1+rf+1)djt}+a‘/}+1<]t,s?f,mﬂ,d )})

- M (Ak% gt"‘/\be I;{ Ammft)

b (et af s Qe () dy
b ody— gt — st mf;],

with A,, = 0 in the main text. The first order conditions for bonds, reserves, and
deposits are the same as before, and are given by equations - . However,

we now also have the following first order condition for corporate securities:

koo k Xt [t
sty ot B {BAgn [l —o+oxe] (1+r,)} = T + M\ <1 +ut) (149)

Next, I employ the following particular functional form for the value function ,

and later check whether my guess is correct:
: R k kK bbb R R d
Vi ( Sjt—1 5]{ 1M1 dj,w%l) =M 4y Sje T N4 S ]{ Ty — 1) djy, (150)
where n?, n, and n¢ are still given by equations - ([78), and where 7 is given
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775 = E {5At,t+1 [1 =0+ oxi1] (1 " Tfﬂ)} ) (151)

Following the same procedure as in Appendix then allows me to show that
Vi (5?,7&717 s?:{_l, mftfl, d;ji—1) = Xtnjt, which allows me to rewrite intermediaries’
incentive compatibility constraint as:

b7
X = Akdf 8% + Aog ij - Ammft, (152)
with A, = 0 in the main text.

Finally, I derive equation . To do so, I first employ the first order condition
for deposits to eliminate x;/ (1 + p) in equations and (149)) to obtain:

il B{ B [L =0+ oxen] (e — i) } = N (1 ﬁtﬂ ) - (153)
t

S?,t L B {ﬁAt,tH [1 =0+ oxtt1) (rerl - Tfﬂ)} = Ak (1 ﬁtu ) . (154)
t

Next, I solve for p;/ (1 + u) from equation (154) and susbtitute the resulting

expression in equation (153]), which immediately gives me equation ([67)).

C.5.1 Aggregation

Aggregation over intermediaries’ balance sheet constraint gives:
qF st 4+ ¢bstt +ml =n, +d,. (155)
Aggregation over intermediaries’ incentive compatibility constraint ({152])

Xty = AkaSf + /\quls)sij’f - )‘mmﬁ7 (156)
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with A\, = 0 in the main text. Aggregation over intermediaries’ law of motion for
net worth gives:

nge = [(1+rt)qt 13t 1+<1+Tt)Qt 15 +(1+rt)mt 1 (1+7“t)dt 1]
+ XoMt—1, (157)

C.5.2 First order conditions & equilibrium definition

C k b,f R ~ b b,cb n,d .
Let {mtfpst 17dt 15 St15 St1, My _q, Th— 17bt7177-t717pt7178t LT 177} 17,Dp,tflalt717kt71}

be the endogenous state variables, while {z;,&;, g:} be the exogenous state vari-
ables. A recursive competitive equilibrium is a sequence of quantities and prices

b.f d =
{Ct7)‘t7htamt 78t 7Xt7/~Lt7St7St mt 7nt7dt7Qt7rturt7rt7wtumct77rt77rt 7'—‘1,t7‘—'2,t7’Dp,t7

b,ch T nd nb -
Yty bty Gos Ty T, D0, 807 dS0 r et et e iy, Ky, g 7R} and exogenous shocks {24, &}

such that:
1. Households optimize taking prices as given: - .

2. Financial intermediaries optimize taking prices as given: intermediaries’ bal-
ance sheet constraint , the first order condition for corporate securities
, the first order conditions bonds, reserves, and deposits - ,
intermediaries’ incentive compatibility constraint with \,, = 0, and

the aggregate law of motion for net worth ((157)).

3. Intermediate goods producers optimize taking prices as given, from which
we can find the wage rate ({145]), the return on corporate securities ((146)),
and the aggregate supply relation (|147)).

4. Domestic retail goods producers that are allowed to choose prices optimize
taking the input price mc; as given: - , , and .

5. Capital goods producers’ law of motion for capital (142)) and their first order
condition for investment ((143)).

6. The market for corporate securities clears:

7. The bond market clears: .
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10.

11.

12.

. The market for final goods clears: ((148)).

The fiscal variables evolve according to: - @

The monetary variables evolve according to: the central bank’s balance sheet
constraint , the evolution of central bank assets , central bank dividends
, the nominal interest rate on reserves @D, and the Taylor rule .

The relation between the ex post real interest rate and the nominal interest

rate on reserves and deposits hold.

Exogenous processes evolve according to (100)) - (101)).

79



	Introduction
	Model
	The Government
	Fiscal Authority
	Central Bank

	Households
	Financial intermediaries
	Production sector
	Market clearing & equilibrium

	Analytical results
	Main result
	Discussion & extensions
	Discussion
	Two-tiered reserve system


	Model version with physical capital
	Households financing the physical capital stock
	Financial intermediaries financing the capital stock

	Calibration
	Numerical results
	Conclusion
	Additional figures
	Model equations
	Financial intermediaries
	Production sector
	Final goods producers
	Retail goods producers

	Aggregation
	Financial intermediaries
	Production sector

	Exogenous processes
	First order conditions & equilibrium definition
	Calibration
	Formal proof of Proposition 2

	Alternative model versions
	Sovereign default risk
	Model changes
	Equilibrium definition

	Model version with alternative leverage constraint (43)
	Model version with two-tiered reserve system
	Model version with corporate securities held by households
	Intermediate goods producers
	Capital goods producers
	Households
	Aggregation
	Market clearing & equilibrium
	Equilibrium definition

	Model version with corporate securities held by financial intermediaries
	Aggregation
	First order conditions & equilibrium definition



