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Abstract

The majority of the New Keynesian DSGE literature assumes that the macroeconomic effects of monetary policy can be saƟs-
factorily described by an interest rate rule without addressing the details of the money supply. We invesƟgate whether this
approach remains valid in the presence of inside money created by the banking system. To analyze this issue we present a
framework based on the generalizaƟon of the IS and LM curves to dynamic general equilibrium models. We find that it is
possible to implement a policy based on an interest rate rule even in the presence of inside money, although it requires a
more complex toolkit of monetary policy implementaƟon than it is assumed in models with only outside money. We also show
that despite some current views, the existence of inside money does not invalidate the common macroeconomic wisdom that
investments are linked to savings: both savings and financing maƩer in determining investments.

JEL: E51, E52, G21.

Keywords: monetary policy, interest rate rule, inside money, liquidity, money mulƟplier.

Összefoglaló

Az újkyenesi DSGE irodalomban többnyire azt feltételezik, hogy amonetáris poliƟkamakrogazdasági hatását kielégítően le lehet
írni egy kamatszabállyal anélkül, hogy a pénzkínálatra ki kellene térni. Tanulmányunkban azt vizsgáljuk, hogy vajon ez a megkö-
zelítés érvényesmarad-e a kereskedelmi banki pénzteremtés jelenlétében is. Bemutatunk egy, a dinamikus általános egyensúlyi
modellekre alkalmazható, az IS és LM görbéken alapuló elemzési keretet. Azt találjuk, hogy kereskedelmi banki pénzteremtés
esetén is megvalósítható egy kamatszabályra alapuló monetáris poliƟka, azonban ez egy szélesebb eszköztárat igényel annál,
mint amit azok a modellek feltételeznek, ahol a jegybank teljes kontroll alaƩ tartja a pénzkínálatot. Azt is megmutatjuk, hogy –
ellentétben bizonyos véleményekkel – kereskedelmi banki pénzteremtés esetén is érvényesmarad az uralkodómakroökonómiai
konszenzus, miszerint a beruházások függnek a megtakarításoktól: mind a megtakarítás, mind a finanszírozás számít.
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1 IntroducƟon

Since the financial crisis of 2007-2008, a lot of effort has been made in macroeconomics to incorporate the specifics of the
financial system into the models,¹ however, most of these models typically focus on the role of the banking system in financial
intermediaƟon and neglect the role it plays in the mechanism of money supply, assuming that the total amount of money is
equal to the outside money issued by the central bank.

However, as is well known, themoney stock is not only determined by the central bank, a significant part of themoney supply is
made up of inside money created by the banking system.² The aim of our study is to examine whether the prevailing academic
view that the consequences of banks’ money creaƟon are macroeconomically negligible can be jusƟfied or, on the contrary, all
macroeconomic models without inside money lead to fundamentally different results.

The mainstream academic approach is moƟvated by Poole (1970) who showed that if the money supply is stochasƟc and highly
volaƟle then interest rate control is opƟmal as opposed to money supply control. In this case the stochasƟc fluctuaƟon of
the money supply money can be insulated from the real economy by interest rate control. This result confirmed the view of
macroeconomists that the details of themoney-creaƟng process are secondarywhen aggregate demand is affected bymonetary
policy through the interest rate. However, Poole’s formal analysis was based on outside money, and it was only a conjecture
that his result can be generalized without any problem to any environment with inside money created by the banking system.³

In fact, the current pracƟce of central banks is in line with Poole’s finding and monetary policy is conducted by controlling
interest rates, sƟll central bankers have never been totally convinced by the approach of academic researchers focusing only
on interest rate rules. Although not formally proven, they believe that ignoring the mechanism of money creaƟon and focusing
simply on interest rate rules leads to non-negligible errors in macroeconomic analyzes. According to central bankers, it is not
only important that the central bank does not control the money supply perfectly, but also that the stochasƟc fluctuaƟons in
the money supply are a consequence of the funcƟoning of the banking system and financial markets. This doubt has intensified
since 2008 and central bank studies on the role of the banking system in money creaƟon have proliferated, see for example
Maclay, Radia and Thomas (2014), Deutsche Bundesbank (2017) and Jordan (2018). Furthermore, there is also a more radical
view, e.g., represented by Werner (2016), which totally disagrees with the mainstream academic approach and claims that the
process ofmoney creaƟon is not a negligible detail, and any analysis that omits it is fundamentally flawed. Both the central bank
studies andWerner’s paper focus on the descripƟon of the banking system and themacroeconomic context is only superficially
considered, furthermore, they lack formal models.

Since the above debate is mainly based on conjectures and non-formal parƟal analyses, we create a simple formal macroe-
conomic model to study the effects of inside money and to examine whether the presence of inside money is negligible or
significant from a macroeconomic point of view. Our formal and transparent framework makes it easy to understand the chan-
nels through which the effects of inside money creaƟon take place. We show that the consequences of inside money can be
easily captured by the generalizaƟon of the tradiƟonal IS (“investment-saving”) and LM (“liquidity preference-money”) curves,
which can be interpreted in almost any dynamic general equilibriummacroeconomic model.

The starƟng point of our analysis is the observaƟon that there are two main funcƟons in the modern banking system: financial
intermediaƟon and the provision of transacƟon instruments for economic agents. When a bank provides investment loans from

¹ See, for example, Gertler and Kiyotaki (2015), Clerk et al. (2015) and Boissay, Collard and Smets (2016).
² Although there are macroeconomic models in which themoney creaƟon of the banking system appears explicitly, such as in the studies of Goodfriend
(2004), Godley and Lavoie (2007) chapter 10, Jakab and Kumhof (2019), Piazzesi and Schneider (2018), Piazzesi, Rogers and Schneider (2021), these
are rather excepƟons.

³ Although there is an interpretaƟon that inside money is neglected by theoreƟcal researchers simply because of their lack of knowledge, the apparent
neglect is rather a consequence of the general modeling strategy, namely, that a model should not deal with every detail, only with those that are
essenƟal to the problem under study. In fact, macroeconomics has long recognized that the mechanism of money creaƟon is much more complex
than discussed in introductory textbooks, as, for example, Tobin (1963) aƩests.
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INTRODUCTION

long-term liabiliƟes, it conducts financial intermediaƟon. When it accepts liquid deposits, which are covered by central bank
reserve on the asset side, the bank provides the depositor a transacƟon instrument. However, it is well known that the liquid
liabiliƟes of the modern banking system are not fully covered by central bank reserves: when long-term loans are financed by
liquid liabiliƟes, the two funcƟons are mixed.

Examining the above issue in a macroeconomic context, the financial intermediaƟon of the banking system is part of the rela-
Ɵonship between savings and investments, or, translated into the language of modeling, it is part of the IS block. The provision
of transacƟon instruments is part of the money supply process, i.e. liquid deposits are part of the LM block. From a macroeco-
nomic point of view, the importance of inside money can be captured by the fact that due to the mixing of the two funcƟons
of the banking system, a new relaƟonship is created between the IS and LM blocks.

Inmacroeconomicmodelswith only outsidemoney, the above two funcƟons are clearly separated. The financial intermediaƟon
is independent of the money creaƟon process and is therefore clearly only part of the IS block (see Woodford, 2010). The
independent LM block is determined by the central bank’s money supply and the money demand of economic agents (typically
households). Consequently, monetary policy affects the IS curve only through the interest rate. Since the change of the money
stock has no effect on the IS curve, it exerts its effect by shiŌing the LM curve along the unchanged IS curve. This mechanism
becomes quite different if we add inside money to the model. Changing money stock shiŌs both the IS and LM curves.

But all this is true not only for monetary policy, but also for all exogenous shocks. In models with outside money one can
consider exogenous shocks shiŌing either the IS curve only or the LM curve only. However, adding inside money to the model
creates a new link between the IS and LM curves, and it is no longer possible to affect the two curves separately.

We examine the mechanism outlined above in a simple general equilibrium model. In the model, we deliberately used simpli-
ficaƟons that allow our results to be expressed in simple analyƟcal form, but at the same Ɵme the importance of the elements
relevant to our analysis is preserved.

The central element of our model is the banking block based on Piazessi and Schneider (2018). The banking system provides
investment loans, and its liability side consists of long-term deposits of households and liquid deposits of households and
corporaƟons. Liquid deposits fulfill the funcƟon of a transacƟon instrument, i.e., money. An individual bank has an incenƟve
to use as many liquid deposits as possible to fund investment loans, as they are cheaper. At the same Ɵme, there is a risk
associated with holding liquid deposits, since when a buyer withdraws his deposit from his bank during a transacƟon and it is
transferred to the seller’s bank at the end of the transacƟon, themovement of depositsmust be accompanied by themovement
of central bank reserves. Due to the resulƟng liquidity risk, banks are forced to cover part of their liquid deposits with central
bank reserves. In the model, the money mulƟplier, i.e., the raƟo of total money stock and central bank reserves, is the result
of opƟmal liquidity management of banks. As liquidity and lending decisions, i.e., the provision of transacƟon instruments and
financial intermediaƟon are interrelated in the banking system, this creates a new, addiƟonal relaƟonship between the IS and
LM blocks of the model.

The way we model the banking system is in line with the view of central bankers. For example, Maclay, Radia, and Thomas
(2014) from the Bank of England claim that a large part of commercial bank deposits, which represents money in the modern
banking system, is created during the lending process, when banks create a deposit equal to the amount of credit granted on
the liability side in an autonomous way. But since these deposits are liquid, they can be withdrawn shortly aŌer their creaƟon,
thus the related liquidity risk should bemanaged by holding an adequate amount of central bank reserves. As a result, the total
amount of the money stock is constrained by the availability of central bank’s reserves, and the size of the money mulƟplier is
determined by the liquidity risk management of banks. This approach is fully in line with our approach. Although we consider
the specific form of deposit creaƟon to be of secondary importance, the impact of liquidity riskmanagement onmoney creaƟon
is a key factor in our analysis, and our model of the banking system is basically designed to reflect this.

First, we use the framework described above to study the impact of exogenous macroeconomic shocks in the case of passive
monetary policy, that is, when the supply of central bank reserves is kept fixed. We examine how the responses of the IS and LM
curves to different shocks change in the presence of inside money compared to the benchmark case with only outside money
fully controlled by the central bank. As discussed, since in the former case an addiƟonal relaƟonship is established between
the IS and LM curves, there is always a numerical difference between the results.

Because our model is intenƟonally simple, it has only a limited ability to judge whether the differences between the numerical
results of the two versions are significant. Therefore, we focus on qualitaƟve differences. Specifically, we examinewhen a shock
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has a posiƟve (negaƟve) effect on output in the outside money version, whether this effect remains posiƟve (negaƟve) in the
inside money version as well. We find that despite the quanƟtaƟve differences, the results do not change qualitaƟvely if we
add inside money to the model.

Although the above analysis helps to understand the role of banks’ money creaƟon, it can be rightly criƟcized becausemonetary
policy, if it can, typically does not behave passively. Hence, we examine whether the approach of the New Keynesian literature
is valid, that is whether the macroeconomic effects of monetary policy can be saƟsfactorily described by an interest rate rule
and the IS block of the model without addressing the details of the money supply. Of course, the interest rate rule implicitly
assumes the existence of the LM curve. In a model with only outside money it is always possible to implement such a policy: if
a shock shiŌs the IS curve, the laƩer will intersect the interest rate curve in a different point, but by changing the money supply,
the LM curve can always be shiŌed to be consistent with the new intersecƟon of the IS curve and the interest rate rule.

However, it is not obvious whether this implementaƟon is possible in the presence of inside money. As discussed, in this case
changing money supply shiŌs both the IS and the LM curves, but the implementaƟon requires a policy which shiŌs the LM
curve but holds the IS curve fixed. Of course, if such a policy exists, it must control other variables in addiƟon to the money
stock, such as interest paid on reserves. We show that such a policy mix exists, that is, despite the complexity of the creaƟon of
inside money, it is possible to implement a monetary policy perfectly based on the IS curve and an interest rate rule, although
it requires a more complex toolkit of monetary policy implementaƟon than it is assumed in models with only outside money.

However, the validity of the above equivalence of the inside andoutsidemoneymodels is limited to a certain rangeof the shocks.
Moreover, the policy toolkit required for the appropriate policy is based on a very detailed knowledge of the economy and it
is so complicated that legiƟmate doubts arise that it cannot be applied in pracƟce. Because of that we take a less complicated
approximaƟon of the perfect policy rule and analyse its errors. We find that the error of the approximaƟon is rather small for
most shocks.

As menƟoned, Werner (2016) claims that any analysis that omits inside money is fundamentally flawed.The essence of the
argument is that the modern banking system generates its own resources during lending by out-of-thin-air creaƟon of deposits
and is able to create money essenƟally independently of the central bank’s money supply, so the banking system does not
provide financial intermediaƟon, invalidaƟng the tradiƟonal macroeconomic relaƟonship between investments and savings.
According to this view, investments are not related to savings, what maƩers is financing not saving.

Although his view is significantly different from ours, we consider the macroeconomic consequences of his approach. Out-
of-thin-air money creaƟon can be represented as a special case of our model, if it is assumed that the central bank reserve
inflows and ouƞlows at banks during economic transacƟons just offset each other at the end of the day, so the net change
in reserves is zero for each bank. This assumpƟon implies that banks have no liquidity risk. According to our results, financial
intermediaƟon does not disappear even in this case. This is because the creaƟon of liquid deposits sƟll has a constraint, namely,
the demand formoney by economic agents, as in Jakab and Kumhof (2019). As the banking systemconƟnues to provide financial
intermediaƟon, investments remain linked to savings, in other words, both savings and financing maƩer.

The paper is structured as follows. In SecƟon 2 the model is presented. SecƟon 3 analyzes the adjustment of the IS and LM
curves in response to exogenous shocks if monetary policy is passive. In SecƟon 4 we invesƟgate whether it is possible to
implement a monetary policy determined by the IS curve and the interest rate rule in the presence of inside money. SecƟon 5
discusses the case when instead of implemenƟng perfectly the above policy, it is only approximated. In SecƟon 6 we consider
the implicaƟons of the absence of liquidity shocks in the banking system. Finally, SecƟon 7 concludes.
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2 The model

In the model, households and firms are represented in a standard way. Investments are financed by the banking sector, the
liabiliƟes of which are stable long-term and liquid deposits, with the laƩer playing the role of money in the model. Households’
savings porƞolios include both stable and liquid deposits. Firms also hold liquid deposits for transacƟon purposes. The banking
system has two types of assets: corporate loans and central bank reserves. Banks are acƟvely involved in the money-creaƟon
process, as they hold more liquid deposits than central bank reserves.

Banks are subject to idiosyncraƟc liquidity shocks. If the ouƞlow of liquid deposits from a given bank exceeds the amount of
its central bank reserves, it has to borrow on the interbank market, which is relaƟvely expensive. As a result, banks need to
acƟvely manage their liquidity risk, which is explicitly reflected in the model. The raƟo of liquid deposits to the central bank
reserve, i.e. the money mulƟplier, is determined in the model by liquidity management.

In addiƟon to idiosyncraƟc liquidity shocks, the model also includes aggregate macroeconomic shocks. The model assumes
sƟcky prices: only a subset of firms is able to respond to macroeconomic shocks with their prices in a given period. As a
consequence of sƟcky prices, monetary policy has real effect in the model.

The Ɵming of the shocks and economic decisions within a given Ɵme period is the following: First, firms set prices and some
quanƟƟes on the basis of the expected values of macroeconomic shocks. Then the macroeconomic shocks are realized, some
(but not all) firms can readjust their prices, the product, labor, loan and deposit markets open and monetary policy sets the
relevant interest rate and themacroeconomic allocaƟon decisions aremade. Then the idiosyncraƟc liquidity shocks are realized
and the interbank market opens, where monetary policy is also acƟve.

2.1 PRODUCTION
The producƟon of the final good takes place in three stages. First, an intermediate good is produced using physical capital. Firms
in the input good producing sector use this intermediate good and labor to produce input goods for the final good producing
sector. Finally, firms in the final good producing sector aggregate input goods and sell them for consumpƟon and investment
purposes.

INPUT AND FINAL GOOD PRODUCERS
The input goods (y(j)) are not perfect subsƟtutes and are produced by infinitelymany firms indexed by j ∈ [0, 1] acƟng on amar-
ket described by the concept of the Dixit-SƟglitz type monopolisƟc compeƟƟon. Input goods are produced using intermediate
goods (z) and labor (n) with a quasi linear technology

yt(j) ୀ an (nt(j))
1షഀ ା azzt(j),

where an, az வ 0 and 0 ழ ఈ ழ 1.

The final good y is produced on a compeƟƟve market by a representaƟve firm using infinitely many input goods and a CES
producƟon technology:

yt ୀ ቈන
1

0
yt(j)

ഇష1
ഇ ୢj቉

ഇ
ഇష1

,

where ఏ வ 1.

Because of perfect compeƟƟon, the price of the final good is the CES average of the input prices:

Pt ୀ ቈන
1

0
Pt(j)1షഇ ୢj቉

1
1షഇ

.
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Due to the assumpƟon of perfect compeƟƟon and the constant-return-to-scale technology the final goods producer earns zero
profit.

It can be shown easily that demand for the jth input good is a funcƟon of its relaƟve price and total output:

yt(j) ୀ ቆ Pt
Pt(j)

ቇ
ഇ

yt,

which implies that input goods producers operate on a Dixit-SƟglitz typemonopolisƟcally compeƟƟvemarket.

Some parameters of the model are driven by macroeconomics shocks, the vector of these shocks is denoted by కt. Economic
agents have uniform expectaƟon for the shocks, at the beginning of date t the expected value of the shocks is క0

t . At the
beginning of period t the central bank announces its monetary policy and input good producer firms set their prices, P0t (j).
The aggregate price index becomes P0t , and wages and the price of the intermediate input good are also chosen. The prices
and wages set at the beginning of the period are market clearing condiƟonal on క0

t and the announced monetary policy. The
allocaƟon of goods consistent with themarket clearing prices is the flexible price allocaƟon described in details in Appendix A.5.

As shown in Appendix A.1 the demand for labor is

nt ୀ ቆ Pzt
Wt

an(1 ି ఈ)
az

ቇ
1
ഀ

,

and the demand for intermediate goods is

zt ୀ
yt ି ann1షഀt

az
, (1)

where Pz is the price of the intermediate good,W is nominal wage.

Hence the cost funcƟon becomes
𝒞(Wt, Pzt , yt) ୀ Wtnt ା

Pzt
az
൫yt ି ann1షഀt ൯ .

Since labor demand does not depend on the output, the marginal cost funcƟon is simply

ℳ𝒞t ୀ
Pzt
az
.

Observe that all firms in the input good producing sector face the same marginal cost. Profit maximizaƟon in the Dixit-SƟglitz
type monopolisƟc compeƟƟon model implies the following price formula:

P0t ୀ ణℳ𝒞t ୀ ణPzt
az
,

where
ణ ୀ ఏ

ఏ ି 1 வ 0

is the markup. Since the marginal cost is the same for all firms, prices and producƟon quanƟƟes will also be uniform.

The above formula implies that the relaƟve price of the intermediate goods is constant, that is

pzt ୀ
Pzt
P0t

ୀ az

ణ ,

As a consequence, the flexible price labor demand is a funcƟon of the real wage,

n0t ୀ ቆa
n(1 ି ఈ)
ణw0

t
ቇ

1
ഀ

, (2)

where w0
t ୀ W0

t /P0t andW0
t is the nominal wage set at the beginning of the period.

AŌer seƫng the prices and wages the shocks, denoted by క∗t , are realized. Of course, క∗t is not necessarily equal to క
0
t . Since

the the market of the input good producers can be described by the concept ofmonopolisƟc compeƟƟon, the producers do not
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THE MODEL

have to set the same price which allows sƟcky prices to be assumed. Specifically, we assume that only fracƟon ఊ of input good
producers can adjust their price opƟmally aŌer the shocks, while the other part of the firms (fracƟon 1ିఊ) cannot. Wages are
not sƟcky, they can be adjusted aŌer the realizaƟon of the shocks.

We also assume that firms cannot adjust the quanƟty of zt set at the beginning of the period, they can adjust only labor. Hence
labor demand and the real marginal cost aŌer the realizaƟon of క∗t become

nt ୀ ቆyt ି azzt
an

ቇ
1

1షഀ

, (3)

mc(wt, yt) ୀ wt
డnt
డyt

ୀ wt
(an)

1
ഀష1 y

ഀ
1షഀ
t

1 ି ఈ . (4)

Denote the prices set by firms that can adjust them aŌer the occurrence of the shocks by P⋆t . Then the aggregate price index is
given by

Pt ୀ ൤(1 ି ఊ) ൫P0t ൯
1షഇ ା ఊ(P⋆t )1షഇ൨

1
1షഇ .

Rearranging the previous equaƟon yields

P⋆t ୀ
൤P1షഇt ି (1 ି ఊ) ൫P0t ൯

1షഇ
t ൨

1
1షഇ

ఊ
1

1షഇ
.

The opƟmal price adjustment aŌer the realizaƟon of the shocks:

P⋆t ୀ ణPtmc(wt, yt).

The above equaƟon can be expressed as

൤P1షഇt ି (1 ି ఊ) ൫P0t ൯
1షഇ
t ൨

1
1షഇ

ఊ
1

1షഇ Pt
ୀ ణwt

(an)
1

ഀష1 y
ഀ

1షഀ
t

1 ି ఈ . (5)

The representaƟve final good producer firm earns zero profit due to the constant-return-to-scale technology:

Ptyt ୀ න
1

0
Pt(j)yt(j) ୢj

As a consequence, the aggregate profit of the final and input goods sectors can be expressed as

ஈy
t ୀ Ptyt ିWtnt ି Pztzt,

since the profit of final goods producƟon is zero.

INTERMEDIATE GOOD PRODUCERS

Intermediate good producer firms use only physical capital (k) for producƟon with the following technology on a perfectly
compeƟƟve market:

ztశ1 ୀ Atశ1 ቀkt ିఠk2t ቁ . (6)

Their iniƟal wealth is zero, hence they need bank loan to buy the necessary capital for producƟon. The capital fully depreciates
aŌer producƟon. In order to implement their investment projects, firms need transacƟon instruments, that is, money. We
do not derive firms’ money demand from an opƟmizaƟon problem, we simply assume that their demand for money, i.e. the
demand for liquid deposits, is proporƟonal to the size of their investment projects.

Dz
t ୀ ఎz

tPtkt. (7)
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As a consequence, the intermediate good producer firms’ demand for bank loan will be:

Lt ୀ ൫1 ା ఎz
t൯ Ptkt.

Intermediate good producer solve the following profit maximizaƟon problem,

୫ୟ୶
kt

Pztశ1ztశ1 ି ൫1 ା iLt൯ ൫1 ା ఎz
t൯ Ptkt,

where we assumed that companies do not expect to receive interest income on their deposits because they expect to have to
spend their deposits at the beginning of the Ɵme period in order to carry out investment projects.

Since ztశ1 ୀ Atశ1(kt ିఠk2t ), the first order condiƟon is

Pztశ1Atశ1 ି Pztశ1Atశ12ఠkt ୀ ൫1 ା iLt൯ ൫1 ା ఎz
t൯ Pt,

from which the demand for physical capital is

kt ୀ
pztశ1Atశ1 ି ൫1 ା rLt൯ ൫1 ା ఎz

t൯
2pztశ1Atశ1ఠ

(8)

where pztశ1 ≡ Pztశ1/P0tశ1 is the expected relaƟve price of the intermediate good and rLt is the real loan rate. SubsƟtuƟng this
expression into the producƟon funcƟon yields the supply of ztశ1 as a funcƟon of its (relaƟve) price and the real loan rate.

Although individual firms expect early withdrawal of their deposits, we assume that the aggregate deposit holding of the sector
remains constant, hence contrary to the expectaƟon the realized revenue of the sector contains the interest income (1ା iDt )Dz

t .
Hence the realized aggregate profit of the sector:

ஈz
tశ1 ୀ ൫1 ା iDt ൯Dz

t ା Pztశ1ztశ1 ି ൫1 ା iLt൯ (Ptkt ା Dz
t)

ୀ ൫1 ା iDt ൯Dz
t ା Pztశ1ztశ1 ି ൫1 ା iLt൯ Lt.

2.2 HOUSEHOLDS
Households’ instantaneous uƟlity funcƟon is given by

𝒰 ൫ct, nt,Dh
t , ఍t൯ ୀ

c1షഌt
1 ି ఔ ା ఍t ൫D

h
t /Pt൯

1షഌ

1 ି ఔ ି ఝnt.

where c is consumpƟon, Dh/P is real money holding, nt is labor and ఍t is a Ɵme varying preference parameter.

Households maximize the following objecƟve funcƟon,

୫ୟ୶
ቄct ,nt ,Fht ,Dh

t ቅ

T

෍
tస1

୉t ൣ୻tష1𝒰 ൫ct, nt,Dh
t , ఍t൯൧ ,

subject to the budget constraints:

Ptct ା Fht ା Dh
t ୀ Wtnt ା ஈt ା 𝒟t ା Tt ା (1 ା itష1)Fhtష1 ା ൫1 ା iDtష1൯Dh

tష1,

where

• We assume that the economy only exists for a finite Ɵme, and T is the final date of the economy.

• ୻t ୀ ఉt୻tష1, ୻0 ୀ 1, and 0 ழ ఉt ழ 1 is the Ɵme varying discount factor of households,

• Fh and Dh denotes Ɵme and demand deposits of households, it and iDt are the nominal interest rates paid on them,

• Wtntାஈtା𝒟tାTt is the income of households which consists of labor income (Wtnt), the profit of the producƟon sector
(ஈt ୀ ஈy

t ା ஈz
t ), dividend from banks (𝒟t) and transfer from the government (Tt).

The soluƟon of the above opƟmizaƟon problem is derived in Appendix A.2.
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2.3 THE BANKING SECTOR
The banking block of the model is inspired by Piazzesi and Schneider (2018). The main feature of their model is that the banks
make decisions on their balance sheet facing liquidity risk and subject to a cost funcƟon which we will specify later. Banks can
create liquid deposits, that is money, but this money creaƟon is constrained by the costs of expanding their balance sheet as
well as by the need to maintain a liquidity buffer for future liquidity shocks.

The banking system is formed by a conƟnuum of homogenous banks owned by the households. Banks are operated by inde-
pendent managers, whose decisions are not influenced by the owners. The task of the managers is to maximize the discounted
net real cash flow (dividends) of households. Households take the cash flow stream as given by passively collecƟng posiƟve
cash flow from the banks and providing the necessary resources if the cash flow is negaƟve.

ASSETS AND LIABILITIES OF BANKS
The liability side of the banks’ balance sheet consists of Ɵme deposits (Ft) of households, demand deposits of households
and firms (Dt ୀ Dh

t ା Dz
t ), and loans from the interbank market (Bbt ). On the asset side they hold reserves (Mt), loans to the

intermediate goods producing corporate sector (Lt) and loans to other banks (Blt). The net interbank posiƟon is denoted by Bt
with posiƟve value indicaƟng a net lender posiƟon. Consequently, lending and borrowing can be wriƩen as Blt ୀ ୫ୟ୶[0, Bt]
and Bbt ୀ ୫ୟ୶[0, ିBt], respecƟvely.

The interest rate paid on reserves, interbank loans, corporate loans, demand and Ɵme deposits are denoted by iRt , i
B
t , i

L
t , i

D
t and

it, respecƟvely.

At the beginning of date t the bank collects deposits Ft and Dt, provides loans to firms producing intermediate goods Lt and
borrows reservesMt from the central bank for expected future transacƟonswith other banks. At this stage the interbankmarket
is not open yet, and thus the balance sheet constraint is

Mt ା Lt ୀ Dt ା Ft. (9)

IDIOSYNCRATIC LIQUIDITY SHOCKS
AŌer having decided on their balance sheets, banks are hit by an idiosyncraƟc liquidity shock ෝఒt. This idiosyncraƟc shock is
different from the macroeconomic shocks discussed in secƟon 2.1. The idiosyncraƟc liquidity shock aims to capture the real life
fact that banks’ customers oŌen iniƟate payments to counterparƟes having account at another bank, so the payer’s bank has
to transfer the corresponding amount in reserves to the payee’s bank account at the central bank. We assume that ෝఒtDt has
to be paid by the bank. If ෝఒt வ 0, the depositors withdraw part of their deposits. If ෝఒt ழ 0, new deposits arrive to the bank.
We assume that ෝఒt has a conƟnuous distribuƟon over the [ିఒ̄t, ఒ̄t] interval described by the cumulaƟve distribuƟon funcƟon
G and the corresponding probability density funcƟon g.

Holding reserves is costly because the interest paid on it is less than the interest on corporate loans. Therefore, banks may hold
less reserves than what would cover ouƞlows. Those banks that do not have enough reserves to make interbank payments
have to borrow on the interbank market. If we define the reserve raƟo as ఒt ୀ Mt/Dt, a bank must borrow on the interbank
market ifMt ழ ෝఒtDt or ఒt ழ ෝఒt. That is, a bank with liquidity shock ෝఒt borrows at least B

b ൫ෝఒt൯ amount,⁴

Bb ൫ෝఒt൯ ஹ ෝఒtDt ିMt. (10)

It is assumed that a bank with net deposit ouƞlow does not pay interest on ෝఒtDt. On the other hand, it receives the interest
paid by the central bank on Bb ൫ෝఒt൯.

A bank does not have extra liquidity need ifMt ஹ ෝఒtDt, that is, if ఒt ஹ ෝఒt. In this case the bank can lend part of its excess liquidity
on the interbank market

Bl ൫ෝఒt൯ ஸ Mt ି ෝఒtDt. (11)

A bank with net deposit inflow has to pay interest on ିෝఒtDt and it will lose the interest paid by the central bank on Bl ൫ෝఒt൯.

⁴ The variables Bt(ෝఒt), Blt(ෝఒt), Bbt (ෝఒt) are funcƟons of ෝఒt. Whenever it is necessary to avoid confusion, we will explicitly indicate this in the notaƟon,
and the leƩers without the (ෝఒt) extension will represent the related aggregate variables. However, to simplify notaƟon, when it does not result in
confusion we will omit the term (ෝఒt) even in the case of individual, non-aggregate variables.
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OPERATION COST OF BANKING

The main focus of the banking block in our model is represenƟng liquidity risk management and considering its consequences.
On the other hand, we do not want to provide a deeper understanding of other aspects of banking behavior. Therefore, follow-
ing Cúrdia andWoodford (2016) and Piazzesi and Schneider (2018), we simply posit a reduced-form intermediaƟon technology
represented by a cost funcƟon to capture the operaƟon of banks.

Specifically, we assume the banks’ have the following real cost funcƟon:

఑t ୀ ఑̄ ା ఛL Lt
Pt
ା ఞtథ

L ቆ Lt
Pt
ቇ
2

ା ఛDDt

Pt
ାథD ቆDt

Pt
ቇ
2

ା ఛF Ft
Pt
ିథDLDtLt

P2t
ାథB ൫Bl/Pt൯

2

൫Mt ି ෝఒtDt൯ /Pt
. (12)

The term ఑̄ represents the fixed cost of banking. The second to sixth terms on the right hand side represent the operaƟon cost
of collecƟng deposits and providing loans, including the markeƟng cost.

The Ɵme varying coefficientఞt is a shortcut for capturing the shock to default risk on outstanding corporate loans. In SecƟon 2.1
we do not explicitly model the uncertainty of corporate investment. The representaƟve intermediate goods producer describes
the aggregate behavior of the sector, but we assume that individual firms are subject to idiosyncraƟc profit shocks that are not
explicitly reflected in themodel. The distribuƟon of shocks is such that they do not affect the size of the expected profit, only the
variance of individual profits (meanpreserving spread). Weassume that theworst performing companies go bankrupt, although
this is not reflected explicitly in the model, but the effect of this is captured by the variable ఞt. As the standard deviaƟon of
shocks increases, so does the number of companies that go bankrupt, and this effect is represented by the increase in ఞt.

The term ିథDLDtLt/P2t , (థDL வ 0) can have two interpretaƟons:

• First, as in Piazzesi and Schneider (2018), it takes resources to convince the owners of demand deposits that their claims
are saƟsfied on demand at any Ɵme. Moreover, we assume that convincing depositors is cheaper if the bank owns more
assets to back the commitments, especially if those assets are relaƟvely safe. As discussed above, corporate loans are not
immune to uncertainty and are therefore not considered to be safe assets, but we assume that bankruptcy losses do not
jeopardize the ability of banks to repay their deposits. According to this interpretaƟon having more assets, that is, more
Lt, reduces the cost of deposit creaƟon:

ቆఛD ିథDL Lt
Pt
ቇ Dt

Pt
ାథD ቆDt

Pt
ቇ
2

.

• Just the other way around, according to the second interpretaƟon more demand deposits reduce the cost of lending:

ቆఛL ିథDLDt

Pt
ቇ Lt
Pt
ାథL ቆ Lt

Pt
ቇ
2

.

This approach can be jusƟfied by the following line of thought. Beyond liquidity risk, banks have to manage their solvency
risk aswell. This can be captured by the value-at-risk approach of banks to keep the probability of default within reasonable
limits, as in the models in chapters 2 and 3 of Shin (2010). Taking value-at-risk decisions into account implies that not
only the marginal cost of funding, but also the average cost of liabiliƟes determine lending since ceteris paribus smaller
repayment reduces the probability of default. Therefore, more cheap funding by demand deposits facilitates corporate
lending since the value-at-risk constraint becomes looser and the higher leverage is allowed.
However, this mechanism does not appear explicitly in our model. Instead of represenƟng the above mechanism in detail
we capture this feature by a shortcut, that is, by assuming that Dt reduces the cost of Lt.

The final term represents the cost of interbank lending. Since the interbankmarket is a standardized and organizedmarket, this
cost is not proporƟonal to the magnitude of lending. Rather, this term wants to capture the phenomenon that it is easier to
lend overnight if the bank has abundant liquidity, and it is more difficult if the bank’s liquidity is scarce. This term is posiƟve if
the bank is a net lender on the interbank market and zero if she is a net borrower. We assume that borrowing has no operaƟng
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costs because interbank borrowing is a coercive decision, if the ouƞlow of deposits is large enough and a bank wants to avoid
bankruptcy, it must do so, in which case no sophisƟcated liquidity management consideraƟons are required. However, it is
exactly the sophisƟcated liquidity management that we assume to be costly. Although the denominator can take negaƟve
values for banks that do not have enough reserves to make the necessary transfer payments, the whole term cannot go below
zero, because if a bank is net borrower on the market, the numerator will be zero. As a consequence of this type of cost, banks
with excess liquidity will hold reserves even if the interest on reserves is lower than the interbank lending rate.

OPTIMIZATION PROBLEM OF INDIVIDUAL BANKS

At date t banks collect the principal and interest on their assets and pay the principal and interest on their liabiliƟes. The banks’
net income is the dividend which is transferred to the household sector:

𝒟t ୀ ൫1 ା iLtష1൯ Ltష1 ା ൫1 ା iRtష1൯ ൫Mtష1 ିෞఒtష1Dtష1 ି Btష1൯ (13)

ା ൫1 ା iBtష1൯ Btష1 ି (1 ା itష1)Ftష1 ି (1 ା iDtష1) ൫1 ିෞఒtష1൯Dtష1 ି Pt఑t.

Individual banks take as given the interest rates iRt , i
L
t , it, i

D
t , i

B
t and the price level Pt. The problem of a bank is to maximize the

discounted value of the real dividends paid to the households.

This is basically a staƟc decision. First, banks have only one-period assets and liabiliƟes, therefore the balance sheet and liquidity
constraints contain only date t variables. Second, physical capital formed in the previous period does not constraint the oper-
aƟon of banks, hence the operaƟon cost also contains only date t variables. Finally, there is no accumulaƟon of equity (since
all dividends are paid automaƟcally to the household), as a consequence, banks do not have to take into account expectaƟons
for future variables.

Therefore, at each date t banks solve the following opƟmizaƟon problem:

୫ୟ୶
xt ,Bt

୉t ቈఉ̄t
𝒟tశ1
Ptశ1

ା 𝒟t

Pt
቉

subject to the constraints:

Mt ା Lt ୀ Dt ା Ft,
Mt ି ෝఒtDt ஹ Bt,

and
xt ஹ 0,

where xt ୀ Lt,Mt,Dt, Ft and
ఉ̄t ୀ ఉt

cషഌtశ1
cషഌt

is the discount factor of the household (recall, that banks are owned by households). The first constraint represents the balance
sheet of the bank, the second liquidity constraint is derived from equaƟons (10) and (11).

Here we characterize the most important properƟes of the soluƟon of an individual banks’ opƟmizaƟon problem. For more
details see Appendix A.3.

First of all, the opƟmal soluƟon does not depend on the absolute level of the interest rate, only relaƟve interest rate maƩers,
that is, the spreads between the different interest rates and the interest rate on Ɵme deposits,

୼R
t ≡

1 ା iRt
1 ା it

, ୼L
t ≡

1 ା iLt
1 ା it

, ୼B
t ≡

1 ା iBt
1 ା it

, ୼D
t ≡

1 ା iDt
1 ା it

.

Consider the condiƟons characterizing interbank lending and borrowing (Bt):

୼B
t ୀ ୼R

t ା 2థBఘt if ෝఒt ∈ [ିఒ̄t, ఒt], (14)

୼B
t ୀ ୼R

t ା ఓt if ෝఒt ∈ (ఒt, ఒ̄t], (15)
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where ఓt is the shadow price of liquidity, that is, the Lagrange mulƟplier of the liquidity constraint (MtିෝఒtDt ஹ Bt), and 2థBఘt
is the marginal cost of interbank lending,

ఘt ୀ
Blt ൫ෝఒt൯

Mt ି ෝఒtDt
for all ෝఒt ∈ [ିఒ̄t, ఒt], (16)

The above condiƟons describe a symmetric soluƟon, all banks’ lending on the interbank market have the same ఘt. Later it will
be shown that this symmetric soluƟon is consistent with an equilibrium on the interbank market.⁵

In equilibrium 0 ழ ఘt ழ 1, therefore, the interbank interest rate contains a premium over the reserve rate. Furthermore,
condiƟons (14) and (15) implies that ఓt வ 0, that is, if a bank borrows on the interbank market its liquidity constraint is binding,

Bbt ൫ෝఒt൯ ୀ ෝఒtDt ିMt. (17)

Now consider the opƟmal allocaƟon of assets (Mt, Lt). The first order condiƟon determining reserve holding is the following:

୼R
t ା ఓt [1 ି G(ఒt)] ା థBఘ2

t G(ఒt) ୀ 1 ା ఛF, (18)

recall that G(ఒt) is the probability that ෝఒt ஸ ఒt. The leŌ-hand and the right-hand sides of the above equaƟon represent the
benefit and cost of reserve holding. The first term of the leŌ-hand side is the interest paid on reserves, the second captures
the benefit of not borrowing on the interbank market, the third represents that more reserves will reduce the cost of interbank
lending. The right-hand side reveals that keeping everything else fixed one extra unit of reserves requires one extra unit of
funding.

To get closed form soluƟons we assume that ෝఒt is drawn from a uniform distribuƟon over the interval [ିఒ̄t, ఒ̄t]. As shown in
the Appendix A.3, equaƟon (18) can then be expressed in the following way,

୼R
t ା

ఋt

2ఒ̄t
ఓt ା

చt
2ఒ̄t

థBఘ2
t ୀ 1 ା ఛF, (19)

where ఋt ≡ ୫ୟ୶ ൣ0, ఒ̄t ି ఒt൧ and చt ≡ ୫ୟ୶ ൣ2ఒ̄t, ఒ̄t ା ఒt൧.

The first order condiƟon with respect to corporate loans is the following:

୼L
t ୀ 1 ା ఛ̄L ା 2ఞtథ

L Lt
Pt
ିథDLDt

Pt
, (20)

where ఛ̄L ≡ ఛF ା ఛL. The interpretaƟon of this condiƟon is that the spread of lending rate should reflect the cost of lending.

Considering the liability side, the first order condiƟon determining demand deposits (Dt):

୼D
t ା ఛD ା 2థDDt

Pt
ିథDL Lt

Pt
ା ఓtන

ഊ̄t

ഊt

ෝఒg ൫ෝఒ൯ ୢෝఒ

ୀ 1 ା ఛF ିథBఘ2
t න

ഊt

షഊ̄t

ෝఒtg ൫ෝఒ൯ ୢෝఒ. (21)

The first line of the above equaƟon describes the cost of demand deposits, the interest payment, the operaƟon cost associated
with deposit collecƟon, and the cost of illiquidity, namely that the more demand deposits the bank has the more likely that it
has to borrow on the interbank market. The second line represent the benefits. The first term indicates that demand deposits
are subsƟtutes of other types of liabiliƟes, the second term represents that the more demand deposits the bank has the more
the cost of interbank lending is reduced.

As shown in the Appendix A.3, assuming uniform distribuƟon implies that equaƟon (21) becomes

୼D
t ୀ 1 ି ఛ̄D ି 2థDDt

Pt
ାథDL Lt

Pt
ି ቀఓt ିథBఘ2

t ቁ
ఋtచt
4ఒ̄t

, (22)

where ఛ̄D ≡ ఛD ି ఛF.

⁵ Although the symmetric soluƟon is not the only equilibrium soluƟon.
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EQUILIBRIUM ON THE INTERBANK MARKET

Since the banking sector is homogeneous and banks are similar before the liquidity shock, in equilibrium all banks choose the
same Mt, Lt, Dt, Ft and, as a consequence, the same reserve raƟo ఒt. Since there is a conƟnuum of banks in the model, the
cross secƟonal distribuƟon of ෝఒt can be described by the probability distribuƟon of ෝఒt.

The interbank equilibrium condiƟon is
Blt ା BCBt ୀ Bbt , (23)

where 0 ஸ BCBt ஸ Bbt is central bank lending on the interbank market and

Blt ୀ න
ഊt

షഊ̄t

Blt ൫ෝఒ൯
1
2ఒ̄t

ୢ ෝఒ,

Bbt ୀ න
ഊ̄t

ഊt

Bbt ൫ෝఒ൯
1
2ఒ̄t

ୢ ෝఒ,

where 1/ ൫2ఒ̄t൯ is the uniform probability density funcƟon. EquaƟon (17) implies that

Bbt ୀ න
ഊ̄t

ഊt

൫ෝఒ ି ఒt൯Dt
1
2ఒ̄t

ୢ ෝఒ.

Figure 1
Liquidity demand and supply

In Figure 1 the blue triangle represents Bbt /Dt, the total demand for liquidity per unit of demand deposit on the interbank
market. Since the area of the triangle is equal to ఋ2

t / ൫4ఒ̄t൯,

Bbt ୀ
ఋ2
t

4ఒ̄t
Dt. (24)

In Figure 1 the inflow per unit of demand deposit as a funcƟon of ෝఒt is represented by the dashed line. However, the total
liquidity of potenƟal lenders (ෝఒt ழ ఒt) is greater than the aggregate liquidity inflow, since they can lend their reserves plus the
ෝఒtDt. The total liquidity per unit of demand deposit is represented by sum of the yellow and red triangle, its area is equal to
చ2t / ൫4ఒ̄t൯. Hence the total excess liquidity (TLt) is clearly greater than the market demand for liquidity,

TLt ୀ
చ2t
4ఒ̄t

Dt வ
ఋ2
t

4ఒ̄t
Dt ୀ Bbt .
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Weassumed that each lender supplies the sameఘt fracƟonof its available liquidity as equaƟon (16) indicates. As a consequence,
ఘt ழ 1. The total liquidity supply is equal to ఘt Ɵmes the total liquidity, that is,

Blt ୀ ఘtන
ഊ̄t

ഊt

൫ෝఒ ି ఒt൯Dt
1
2ఒ̄t

ୢ ෝఒ ୀ ఘtTLt. (25)

Now we can express equilibrium condiƟon (23) as

ఘtTLt ା BCBt ୀ Bbt .

Rearranging it yields

ఘt ୀ
Bbt ି BCBt

TLt
ழ 1,

since TLt வ Bbt and 0 ஸ BCBt ஸ Bbt .

Using equaƟon (13) it is easy to show that the aggregate dividend of the banking sector is given by

𝒟t ୀ ൫1 ା iLtష1൯ Ltష1 ା ൫1 ା iRtష1൯Mtష1 ି (1 ା itష1)Ftష1 ି (1 ା iDtష1)Dtష1

ା ൫iBtష1 ି iRtష1൯ BCBtష1 ି Pt఑t,

since

න
ഊ̄t

షഊ̄t

ෝఒDt ୢෝఒ ୀ 0, න
ഊ̄t

షഊ̄t

Bt ൫ෝఒ൯ ୢෝఒ ୀ Blt ି Bbt ୀ ିBCBt .

2.4 THE GOVERNMENT AND THE CENTRAL BANK

MONETARY POLICY

At the beginning of each period monetary policy sets its instruments in such a way that P0t ୀ Ptష1. AŌer the realizaƟon of క∗t
monetary policy adjusts its instruments governed by a standard interest rate rule:

it
i0t
ୀ ቆ yt

y0t
ቇ
ഗy

ቆ Pt
Ptష1

ቇ
ഗഏ

, (26)

where y0t , i
0
t are the real output and the nominal interest rate consistent with the flexible price allocaƟon.

To implement the required policy the central bank has three instruments. First, it determines the total quanƟty of reserves
(Mt) available for banks at the beginning of date t. In pracƟce, the aggregate quanƟty of reserves is oŌen controlled by open
market operaƟons. In our model this opƟon is not available since there is no government debt. Instead, we assume that the
central bank lends to commercial banks before the realizaƟon of the liquidity shock. From the point of view of an individual
bank households ex ante lending Fht and central bank ex ante lending FCBt ୀ Mt are perfect subsƟtutes, thus total Ɵme deposits
(Ft) are the sum of the two.⁶

Second, the central bank sets the interest rate paid on reserves (iR) which determines ୼R
t .

Finally, the central bank lends on the interbank market aŌer the realizaƟon of the liquidity shock (BCBt ) in order to control the
interest rate on the market (iB) which determines ୼B

t .

Mt, ୼R
t and ୼B

t determine ఘt, ఒt and Dt. To see this, rearrange equaƟon (14) to get

ఘt ୀ
୼B
t ି ୼R

t

2థB . (27)

⁶ Perfect subsƟtuƟon implies that lending from households and from the central bank have the same operaƟon cost, see SecƟon 2.3. This is just a
simplifying assumpƟon.
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Combining equaƟons (14) and (15) provides
ఓt ୀ 2థBఘt. (28)

Then subsƟtute the above expression into equaƟon (19)

ఒ̄t ି ఒt

2ఒ̄t
2థBఘt ା

ఒ̄t ା ఒt

2ఒ̄t
థBఘ2

t ୀ 1 ା ఛF ି ୼R
t .

Rearranging it yields a soluƟon for ఒt,
ఒt ୀ m̄tఒ̄t, (29)

where

m̄t ≡
థBఘt(2 ା ఘt) ି 2 ቀ1 ା ఛF ି ୼R

t ቁ
థBఘt(2 ି ఘt)

வ 0.

Furthermore, by using the definiƟon of ఒt,

Dt ୀ
Mt

ఒt
.

As shown,Mt, ୼R
t and ୼B

t clearly defines ఘt, ఒt and Dt However, this is also true the other way round:

୼R
t ୀ 1 ା ఛF ି ఒ̄t ି ఒt

2ఒ̄t
2థBఘt ି

ఒ̄t ା ఒt

2ఒ̄t
థBఘ2

t ,

୼B
t ୀ 2థBఘt ା ୼R

t ,
Mt ୀ ఒtDt.

That is, (Mt, ୼R
t , ୼B

t ) and (ఘt, ఒt,Dt)mutually unambiguously determine each other. As a consequence, it is possible to represent
monetary policy by ఘt, ఒt and Dt as well.

CONSOLIDATED BUDGET CONSTRAINT

The central bank’s profit at date t has two components. First, the difference between the revenue on lending at the beginning
of a Ɵme period and the interest paid on reserves: (1ା itష1)FCBtష1ି൫1 ା iRtష1൯Mtష1. Second, the difference between the revenue
and expenditure related to BCBtష1. Recall that aŌer the seƩlement of interbank payments BCBtష1 is held as a reserve, hence the
central bank has to pay the reserve rate on it, hence this component of the profit is given by ൫iBtష1 ି iRtష1൯ BCBtష1. SinceMtష1 ୀ FCBtష1,
the central banks’ profit:

൫itష1 ି iRtష1൯Mtష1 ା ൫iBtష1 ି iRtష1൯ BCBtష1.

The central bank pays the profit to the central government. We assume that there is no government consumpƟon and the
government’s budget is always balanced, the central bank’s profit is transferred to the household sector:

Tt ୀ ൫itష1 ି iRtష1൯Mtష1 ା ൫iBtష1 ି iRtష1൯ BCBtష1.

2.5 EXOGENOUS SHOCKS

As discussed, there are two types of shocks in the model: macroeconomic shocks, కt, and an idiosyncraƟc liquidity shock ෝఒt.

The vector of macroeconomic shocks consists of the following variables:

కt ୀ ൣఒ̄t, ఎt, ఉt,Atశ1, ఞt, ఎz
t ൧ ,

where ఒ̄t is the upper limit of the liquidity shock’s absolute value, ఎt ≡ ఍
1
ഌ
t is a parameter of households’ money demand, ఉt is

the discount factor of households, Atశ1 is the producƟvity factor in the intermediate goods producing sector, ఞt measures the
risk of corporate loans and ఎz

t is the parameter of firms’ money demand.

MNB WORKING PAPERS 3 • 2022 19



MAGYAR NEMZETI BANK

We will also apply the following notaƟons:

కLM
t ୀ ൣఒ̄t, ఎt൧ ,
కIS
t ୀ ൣఉt,Atశ1, ఞt, ఎz

t ൧ ,

We will define the IS and LM curves later. The shocks in the కLM
t vector have an effect primarily on the LM curve, while those

within the కIS
t have an effect primarily on the IS curve.⁷

The Ɵming of the shocks and economic decisions is the following:

• First, firms set prices and the quanƟty of the intermediate good on the basis of క0
t ,M

0
t , ୼R0

t and ୼B0
t .

• Then themacroeconomics shocks are realized (క∗t ) and the product, labor, loan and deposit markets open and themacroe-
conomic allocaƟon decisions are made. Monetary policy sets it by choosingMt, ୼R

t and announcing ୼B
t .

• Then the liquidity shocks are realized and the interbank market opens.

⁷ It may be somewhat surprising that households’ money demand is primarily affects the LM curve, while corporate money demand primarily affects
the IS curve. We will explain this later.
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2.6 SOLUTION OF THE MODEL

IS, LM, aggregate demand and aggregate supply curves are common graphical tools for solving textbookmacroeconomicmodels
and illustraƟng their operaƟon. However, with the spread ofmodern dynamicmacroeconomicsmodels, they have been pushed
out of the analyƟcal tools of academic research, as they can basically only be applied to staƟc models.

Although they are no longer used as a graphical tool, they conƟnue to help structure macroeconomic thinking, and it is no
coincidence that Galí (2015) calls one of the key equaƟons of his basic model a dynamic IS curve, or that Bernanke, Gertler and
Gilchrist (1999) group the equaƟons of their model into aggregate supply and demand blocks (see pages 1361–1362).

In addiƟon, these tools can be used even in dynamic models: if a certain date is chosen and the values of the predetermined
state variables and expectaƟons are given at this date, then the equilibrium allocaƟons of the model can be calculated and
illustrated with them. For example, Eggertsson and Krugman (2012) solve their model at a given date by construcƟng aggregate
demand and supply curves. Woodford (2010) also illustrates the implicaƟons of financial intermediaƟon in dynamic models by
IS and LM curves.

Woodford’s paper demonstrated that this analyƟcal tool helps understand the macroeconomic aspects of financial intermedia-
Ɵon, although he neglected the issue of the money creaƟon of the banking system. In this paper we generalize this approach to
models with inside money. We think this a fruiƞul approach in this context, since the financial intermediaƟon funcƟon of banks
is part of the IS relaƟonship, while the provision of transacƟon instrument funcƟon is part of the LM relaƟonship. As discussed,
in the presence of inside money, these two funcƟons of the banking system cannot be insulated, which creates relaƟonships
between the IS and LM curves that do not exist when there is only outside money in the model. Thus, we can understand the
macroeconomic significance of inside money by analyzing how the aforemenƟoned relaƟonships change the shape of the IS
and LM curves and their sensiƟvity to monetary policy and other exogenous shocks.

In this paper we present an intenƟonally simple model to be able to express the IS and LM curves as explicit funcƟons. Our
approach can be generalized to more complex models, but in those cases the IS and LM curves can be defined only by implicit
funcƟons.

IS AND LM CURVES

In this model if the value of the state variable ktష1 (which determines zt) and the expected value of households’ income yhtశ1
are known, one can construct the IS and LM curves to calculate the date t equilibrium allocaƟon.

We will assume that tା 1 ୀ T, that is the subsequent period is the final date. This simplifies the derivaƟon of yhtశ1 as a funcƟon
of date t variables. (See Appendix A.5.)

Consider equaƟon (8) and recall that pz ୀ az/ణ. Since expected inflaƟon for date t ା 1 is zero by assumpƟon, rLt ୀ iLt and thus

kt ୀ
az

ഛAtశ1 ି ൫1 ା ఎz
t൯ ൫1 ା iLt൯

2 az

ഛAtశ1ఠ
,

Recall that Lt/Pt ୀ (1 ା ఎz
t )kt. InserƟng it into the corporate loan rate spread equaƟon (20) yields

1 ା iLt ୀ (1 ା it)୼L
t ୀ (1 ା it) ቈ1 ା ఛ̄L ା 2ఞtథ

L ൫1 ା ఎz
t൯ kt ିథDLDt

Pt
቉ . (30)

Combining the above equaƟons provides an expression for kt:

kt ୀ
az

ഛAtశ1 ି (1 ା it) ൫1 ା ఎz
t൯ ൬1 ା ఛ̄L ିథDL Dt

Pt
൰

2 az

ഛAtశ1ఠା 2 (1 ା it) ఞtథ
L ൫1 ା ఎz

t൯
2 . (31)

As the above equaƟon reveals, the nominal interest rate it and monetary policy, represented by Dt determines corporate loans
and the new capital stock. This expression describes the financial intermediaƟon funcƟon of banks, however, as discussed
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in the introducƟon, in the modern banking system financial intermediaƟon cannot be insulated from provision of transacƟon
instruments, as the presence of Dt reveals.

SubsƟtuƟng the balance sheet constraint (9) and terms Lt/Pt ୀ (1ାఎz
t )kt andMt ୀ ఒtDt into equaƟon (12) yields the following

expression for the operaƟon cost of banking:

఑t ୀ ఑0 ା ఛ̄DDt

Pt
ାథD ቆDt

Pt
ቇ
2

ା ఛ̄L ൫1 ା ఎz
t൯ kt ା ఞtథ

L ൣ൫1 ା ఎz
t൯ kt൧

2

ି థDLDt

Pt
൫1 ା ఎz

t൯ kt ା ఑ഊഐt , (32)

where

఑ഊഐt ≡ ఛFఒt
Dt

Pt
ାథBఘt

Blt
Pt

ୀ ቆఛFఒt ାథB
t ఘ2

t
చ2t
4ఒ̄t

ቇ Dt

Pt
,

and the second equaƟon of the above formula is a consequence of equaƟon (25). Observe that ఑t is completely determined by
kt and monetary policy which controls ఘt, ఒt and Dt.

Combining equaƟons (22) and (28) yields

୼D
t ୀ 1 ି ఛ̄D ି 2థDDt

Pt
ାథDL ൫1 ା ఎz

t൯ kt ିஏt, (33)

where
ஏt ≡ థBఘt(2 ି ఘt)

ఋtచt
4ఒ̄t

.

In Appendix A.2 it is shown that real savings is given by the following funcƟon,

st ୀ
ℬt

1 ା ℬt
൫yt ି ఑t൯ ି

1
1 ା ℬt

yhtశ1
1 ା it

,

where yhtశ1, the future income of households is a funcƟon of it, ୼D
t , kt, Dt/Pt, and

ℬt ≡ (1 ା ఎt)ఉ
഑
t (1 ା rt)

഑ష1 ା ఎt ቀ1 ି ୼D
t ቁ

1ష഑
, ఙ ≡ 1

ఔ , ఎt ≡ ఍഑t ,

and where we used that the real and the nominal interest rates are the same (as discussed, the expected inflaƟon rate is zero,
Pt ୀ P0tశ1). Observe that ℬt is also determined by it and the monetary policy.

It is also shown in Appendix A.2 that
kt ୀ st,

that is, the real savings of households is equal to the capital stock (which is quite clear intuiƟvely since kt is equal to investments
in this model). Combining the above formulas yields the IS curve:

yt ୀ
1
ℬt

ቆ(1 ା ℬt) kt ା
yhtశ1
1 ା i

ቇ ା ఑t, (34)

Households’ demand for real money is derived in Appendix A.2:

Dh
t

Pt
ୀ ఎt

ቀ1 ି ୼D
t ቁ

഑
yt ି ఑t ା

yhtశ1
1శrt

1 ା ℬt
.

Combine the equilibrium condiƟon Dt ୀ Dh
t ା Dz

t with the above formula and equaƟon (7) to obtain the LM curve:

yt ୀ
ቀ1 ି ୼D

t ቁ
഑
(1 ା ℬt)

ఎt
ቆDt

Pt
ି ఎz

tktቇ ି
yhtశ1
1 ା it

ା ఑t. (35)
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We will also apply the following notaƟons for the equaƟons (34) and (35):

yt ୀ yIS ቆit,
Dt

Pt
, ఒt, ఘt, క

LM
t , కIS

t ቇ , (36)

yt ୀ yLM ቆit,
Dt

Pt
, ఒt, ఘt, క

LM
t , కIS

t ቇ . (37)

The above formulas emphasize that the IS and LM curves are funcƟons mapping it to the real output, yt. Furthermore, they
also depend on monetary policy represented by ఘt, ఒt, Dt, as well as on the price level (Pt) and the exogenous shocks.

If the price level is given, the IS and LM curves define two equaƟons for yt and it. We denote the soluƟon, that is, the intersecƟon
of the two curves by

yislmt ୀ yislm ቆDt

Pt
, ఒt, ఘt, క

LM
t , కIS

t ቇ , (38)

iislmt ୀ iislm ቆDt

Pt
, ఒt, ఘt, క

LM
t , కIS

t ቇ . (39)

The above formulas reveal that the equilibrium values of yt and it are funcƟons of monetary policy and the exogenous shocks.
Then using the equilibrium value of iislmt , one can calculate the equilibrium values iLt , kt, ఑t and ୼D

t by equaƟons (30)–(33).

Observe that

y0t ୀ yislm ቆD
0
t

P0t
, ఒ0

t , ఘ0
t , క

LM0
t , కIS0

t ቇ ,

i0t ୀ iislm ቆD
0
t

P0t
, ఒ0

t , ఘ0
t , క

LM0
t , కIS0

t ቇ ,

that is, the iniƟal flexible-price GDP and nominal interest rate can be calculated by the IS and LM curveswhen they are evaluated
at క0

t and the iniƟal price level and monetary policy.

AGGREGATE SUPPLY AND DEMAND CURVES
The IS and the LM curves provide the equilibrium allocaƟon if the price level is given. To find the date t price level one has to
construct the aggregate demand and aggregate supply curves.

In fact, the aggregate demand curve is already given by equaƟon (38). The aggregate supply curve is derived in Appendix A.5:

൤P1షഇt ି (1 ି ఊ) ൫P0t ൯
1షഇ൨

1
1షഇ

ఊ
1

1షഇ Pt
ୀ ణఝቌ

yt ି ఑t ା
yhtశ1
1శit

1 ା ℬt
ቍ

ഌ

(an)
1

ഀష1 y
ഀ

1షഀ
t

1 ି ఈ . (40)

The above formula defines an implicit funcƟon which maps Pt to yt. Hence, both the aggregate demand and supply curves are
funcƟons in the (yt, Pt) space, and their intersecƟon provides the equilibrium soluƟons for yt and Pt.

2.7 THE OUTSIDE-MONEY VERSION OF THE MODEL
In the New Keynesian literature, the money supply typically does not appear, only the interest rate rule, or when it appears
explicitly, it is in the formof outsidemoney. Specifically, thismeans in themodels that themoney supply is controlled exclusively
by the central bank, the development of the money supply is independent of the banking system, and it has no direct effect
on the behavior of the banking system. That is, the provision of transacƟon instruments is independent from the financial
intermediaƟon.

In models where money appears in an explicit form, the demand for money is typically derived from the money-in-the-uƟlity
funcƟon approach, and it is most oŌen assumed that in the uƟlity funcƟon the term for money is addiƟvely separable. This
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assumpƟon implies that the behavior of households is influenced by the money supply only through the interest rate, not
directly.

It follows from the above assumpƟons that the IS curve is independent of the money stock.

The above descripƟon of outside money can be represented as a special case of our model. If ୼R ୀ 1 ା ఛF then equaƟons
(19), (23), (24) and (25) imply that ఒt ୀ ఒ̄t, ఓt ୀ ఘt ୀ 0 and Bbt ୀ Blt ୀ BCBt ୀ 0. In this case banks’ reserves holding always
cover liquidity ouƞlow therefore the interbank market does not open. Furthermore, if ఒ̄ ୀ 1 then Mt ୀ Dt, that is, each unit
of demand deposits are backed by central bank reserves. As a consequence, the central bank controls exclusively the money
supply.

We also assume that ఛD ୀ థD ୀ థDL ୀ 0, which assures that behavior of the money supply does not affect the financial
intermediaƟon funcƟon and the operaƟon cost of the banking system.

In this outside-money version of model the IS and LM curves will take the following forms:

yt ୀ 1
ℬom
t

ቆ൫1 ା ℬom
t ൯ komt ା

yhtశ1
1 ା it

ቇ ା ఑om
t , (41)

yt ୀ
ቀ1 ି ୼D,om

t ቁ
഑
൫1 ା ℬom

t ൯
ఎt

ቆMt

Pt
ି ఎz

tk
om
t ቇ ି

yhtశ1
1 ା it

ା ఑om
t , (42)

where

୼D,om ୀ 1 ା ఛF,

ℬom
t ୀ (1 ା ఎt)ఉ

഑
t (1 ା it)

഑ష1 ା ఎt ቀ1 ି ୼D,omቁ
1ష഑

,

komt ୀ
az

ഛAtశ1 ି (1 ା it) ൫1 ା ఎz
t൯ ൫1 ା ఛ̄L൯

2 az

ഛAtశ1ఠା 2 (1 ା it) ఞtథ
L ൫1 ା ఎz

t൯
2 ,

఑om
t ୀ ఑0 ା ఛ̄L ൫1 ା ఎz

t൯ kt ା ఞtథ
L ൣ൫1 ା ఎz

t൯ kt൧
2 .

In the outside-money version the term థDLDt/Pt is missing from the capital stock equaƟon since financial intermediaƟon is
independent from the supply of demand deposits. The assumpƟon ఛD ୀ థD ୀ థDL ୀ 0 assures the independence of finan-
cial intermediaƟon and provision of liquidity, thus the money stock is missing from the deposit rate spread and the cost of
intermediaƟon equaƟons.

As a consequence, monetary policy only affects the IS curve and aggregate demand through interest rates, the money stock
does not have a direct impact on it. An essenƟal difference between the inside-money and the outside money versions is that
the IS curve reacts differently to changes in monetary policy: changing Dt shiŌs the IS curve in the general case, but not in the
outside-money version.

If monetary policy is kept fixed, that is, Mt is fixed, then in the outside money version ୼D remains fixed, and ℬt depends on it
only through the term (1ାఎt)ఉ

഑
t (1 ା it)

഑ష1. In the general case when commercial banks can create money, ℬt depends on it
via the deposit rate spread, too. However, with our parameter choice, this difference between the two cases is negligible, hence
the IS curves in the outside money version and the general case have very similar shape, the difference is visually undetectable
in Figure 2.

In the general case ୼D
t is decreasing in it, and, consequently, the term ቀ1 ି ୼D

t ቁ
഑
(1 ା ℬt) ఎt in the LM curve is increasing in it.

On the other hand, its impact on ℬt is negligible. Hence, the LM curve, as a funcƟon of it, is flaƩer in the general case than in
the outside money case, see Figure 2.

We will also apply the following notaƟons for equaƟons (41) and (42):

yt ୀ ෦yIS ቀit, ఎt, క
IS
t ቁ , (43)

yt ୀ ෦yLM ቆit,
Mt

Pt
, ఎt, క

IS
t ቇ . (44)
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The above formulas emphasize that the outside-money IS and LM curves are independent of ఒ̄t, ఒt and ఘt, because Mt ୀ Dt

and the interbank market is closed. Furthermore, equaƟon (43) reveals that the outside-money IS curve does not depend on
Mt either.

Figure 2
The IS and LM curves in the outside money and the general versions of the model. Note that the IS curves almost perfectly
coincide in the two versions if monetary policy is fixed.

It is important to note that our approach is different from the way Lagos (2006) defines outside money. According to his
classificaƟon, the case where banks are involved in money creaƟon is not considered outside money, even if demand deposits
are fully backed by central bank reserves. However, with the above parameter restricƟons our approach is isomorphic to Lagos’
outside money concept, at least within our framework.⁸

2.8 THE “OUT-OF-THIN-AIR” VERSION OF THE MODEL
Some authors (e.g. Werner, 2016) assume that loans can always be financed by demand deposits since the volume of demand
deposits is not constrained by reserves at all. Although we do not agree with this view, it can also be represented as a special
case of our model: if there are no liquidity shocks in the model (ఒ̄t ୀ 0), there will be no need for the interbank market, and
thus, ఘt ୀ 0, Blt ୀ 0 andஏt ୀ 0.

In this case there is no connecƟon between Mt and Dt since banks do not need reserves to diminish liquidity risk. Therefore,
we assumeMt ୀ 0.

In the general version of the model the volume of demand deposits is controlled by monetary policy. In the no-liquidity-shock
version deposit holdings (Dnls

t ) becomes endogenous. Since we have the same number of equaƟons, to remain consistent we
need another variable controlled by policy. Hence we assume that the deposit rate is controlled by regulaƟon: iD,regt .

As a consequence the deposit rate spread is given by

୼D,nls
t ୀ 1 ା iD,regt

1 ା it
,

⁸ According to Lagos’ classificaƟon, in the case of outside money, the central bank holds government securiƟes on its balance sheet. Of course, this
feature is missing from our model, as we have no government consumpƟon and government debt. However, this is an irrelevant issue to the problem
we are examining. In principle, the creaƟon of fiat money does not require government securiƟes to be on the balance sheets of central banks, even
if this is oŌen the case in pracƟce. The asset side of the central bank’s balance sheet may consist of loans to any other economic agents or any other
asset, such as gold or foreign reserves. For example, in the new Keynesian models, money is most oŌen created by direct central bank transfers to
households.
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Figure 3
The IS and LM curves in the no-liquidity-shock and the general versions of the model

and it is not endogenous anymore.

Variables knlst and Dnls
t are jointly determined by the following equaƟons,

୼D,nls
t ୀ 1 ି ఛ̄D ି 2థDD

nls
t

Pt
ାథDL ൫1 ା ఎz

t൯ k
nls
t ,

knlst ୀ
az

ഛAtశ1 ି (1 ା it) ൫1 ା ఎz
t൯ ൬1 ା ఛ̄L ିథDL Dnls

t

Pt
൰

2 az

ഛAtశ1ఠା 2 (1 ା it) ఞtథ
L ൫1 ା ఎz

t൯
2 .

Furthermore,

ℬnls
t ୀ (1 ା ఎt)ఉ

഑
t (1 ା it)

഑ష1 ା ఎt ቀ1 ି ୼D,nls
t ቁ

1ష഑
,

఑nls
t ୀ ఑0 ା ఛ̄DD

nls
t

Pt
ାథD ൭D

nls
t

Pt
൱
2

ା ఛ̄L ൫1 ା ఎz
t൯ k

nls
t ା ఞtథ

L ቂ൫1 ା ఎz
t൯ k

nls
t ቃ

2

ି థDLD
nls
t

Pt
൫1 ା ఎz

t൯ k
nls
t .

Then the no-liquidity-shock IS and LM curves become:

yt ୀ 1
ℬnls
t
ቆቀ1 ା ℬnls

t ቁ knlst ା
yhtశ1
1 ା it

ቇ ା ఑nls
t ,

yt ୀ
ቀ1 ି ୼D,nls

t ቁ
഑
ቀ1 ା ℬnls

t ቁ
ఎt

ቆDt

Pt
ି ఎz

tk
nls
t ቇ ି

yhtశ1
1 ା iht

ା ఑nls
t .

Figure 3 compares the IS and LM curves in the no-liquidity-shock and the general versions of the model.

2.9 PARAMETRIZATION
The parameter values of the model are chosen in such a way to match the most important stylized facts of the banking system
and the aggregate economy.
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Table 2 displays the baseline (flexible price allocaƟon) numerical values of balance sheet items of the banking system. The items
represented in the table imply that

• The value of the money mulƟplier D0
t /M0

t ୀ 5, see the online dataset of Maclay, Radia and Thomas (2016).

• The raƟo of stable and liquid liabiliƟes Fh0t /D0
t ୀ 1 which is in line with Bigio and Weil (2016, page 5) who claim that

demand deposit correspond to 50-60% of banks’ liabiliƟes. The empirical share of Ɵme deposits is significantly smaller,
only 10-20%. However, in our model Fh0t represents all other types of stable liabiliƟes, hence it is not the exact theoreƟcal
counterpart of Ɵme deposits in reality. That is why we choose higher share for Fh0t .

• The raƟo of households’ and firms’ demand deposits Dh0
t /Dz0

t ୀ 1, which is confirmed by the calculaƟons of the MNB
based on Hungarian data.⁹

Table 2
Balance sheet of the banking system – baseline values

Assets LiabiliƟes

M0
t ୀ 2.67 FCB0t ୀ 2.67

L0t ୀ 26.67 Fh0t ୀ 13.33
Dh0
t ୀ 6.67

Dz0
t ୀ 6.67

In our model there is no explicit lower bound for nominal interest rate (there is no cash in the model), however, we sƟll want
to avoid zero nominal interest rates in the simulaƟons. Therefore we choose a relaƟvely high baseline value for the nominal
interest rate: i0t ୀ 0.0309. We choose ఉ0 to be consistent with the baseline interest rates, that is, ఉ0 ୀ 1/(1 ା i0t ), since
the expected inflaƟon rate is zero. Since this is a stylized model, there is no clear interpretaƟon of the length of Ɵme periods,
therefore, it should not be inferred from the magnitude of households’ discount factor either.

୼R0
t ୀ ୼D0

t ୀ 0.97 implying iR0t ୀ iD0t ୀ 0. ୼L0
t ୀ 1.08, that is, we assume 8% premium on risky corporate loans which is roughly

consistent with the equity premium literature. (In our model there are no equiƟes, corporate loans represent all types of risky
assets.)

We assume that the volume of loans and deposits have verymoderate direct impact on the above spreads: one percent increase
of loans/deposits induce 10 basis points increase in the loan rate/deposit rate spread, that is థL ୀ 0.0019 and థD ୀ 0.0039.
We assume that the cost funcƟon parameter capturing the cross effect of Dt and Lt is weaker than the parameters of the direct
effects, that is, థDL ୀ 0.0015. If we also assume that one percent increase in the loan stock implies on average 0.43 percent
increase in demand deposits, these parameters are consistent with Calice and Zhou (2018), who esƟmated the effect of gross
loans on the net interest margin from bank-level panel data on more than 14,000 commercial banks in 160 countries for the
period 2005-2014.

The baseline consumpƟon is 78.75%, the baseline investment is 20%, the baseline cost of intermediaƟon is 1.25% of the real
GDP.

The parƟcular parameters values which are consistent with the above baseline (flexible price) allocaƟon can be found in Ap-
pendix A.4.

⁹We would like to thank Bálint Dancsik for the data and the calculaƟons.
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3 The effect of shocks with
unchanged monetary policy

In this secƟon we show how shocks to some model parameters shiŌ the IS and LM curves when the monetary policy does
not react to these shocks. Recall that this means unchanged M0

t , ୼R0
t and ୼B0

t . Although the main objecƟve of our paper is to
understand how interest rate rule based monetary policy works in the presence of inside money, it is worth breaking it down
into two steps. First, we look at what happens as a result of macroeconomic shocks if monetary policy does not respond. In
the second step, we examine the impact of the monetary policy response.

As discussed, an analysis based on the IS and LM curves takes the price level Pt given, but it can be generalized for endogenous
price level by combining them with the aggregate supply curve (40). However, the main issues regarding inside money are
related to the IS and LM curves, hence we restrict our aƩenƟon to them. In the forthcoming analysis we assume Pt ୀ P0t , which
is an extreme form of sƟcky prices when ఊ ୀ 0, that is, firms are unable to adjust the prices they set at the beginning of date t
aŌer the realizaƟon of the macroeconomic shocks.

We restrict our analysis to cases where moderate shocks hit the economy. In the case of shocks that cause an excessive reces-
sion, the economy reaches the zero lower bound of the nominal interest rate, and this problem is not addressed in our model.
In the case of shocks that cause excessively large expansion, the economy runs into capacity constraints, which has a strong
inflaƟonary effect and the assumpƟon of rigid prices is not plausible.

Our starƟng point is the flexible price allocaƟon which is determined by the IS and LM curves at క0
t . We then examine how

changes in exogenous variables (క∗t ) shiŌ the IS and LM curves and thus change economic allocaƟon.

We compare the effects between the outside money and the inside money versions of the model. The first two shocks are
tradiƟonally associated with the LM curve, nevertheless, as we will show, they affect the IS curve, too, even if just slightly. Then
we discuss parameter changes that affect directly the IS curve, but also the LM curve indirectly.

3.1 LM SHOCKS

First, we consider the effect of the unexpected change of the size of liquidity shocks, captured by the ఒ̄ parameter. Note that
ఒ̄ does not appear in the formulas of the IS and LM curves of the outside money version. As a consequence, the ఒ̄ shock does
not have any impact on these curves.

In the general case ఒ∗t ୀ m̄tఒ̄∗t and m̄t வ 0 (see equaƟon (29)) and D∗t ୀ Mt/ఒ∗t . As a consequence, a decrease of ఒ̄t results in
an increase of the money supply, therefore the LM curve shiŌs downward. Since థDL வ 0, the capital stock kt increases when
the liquidity shocks become smaller. The intuiƟon behind this is the following: with lower expected deposit ouƞlow, banks are
more willing to create deposits via lending, because the probability of running short of reserves is less. This implies that the IS
curve shiŌs upward, see Figure 4.

The next experiment is a decrease in money demand, that is, in ఎt. Although the variable ఎt appears in ℬt, and shiŌs the IS
curves in both cases, its impact is negligible with our parameter choice.

Obviously, themain effect of a negaƟvemoney demand shock is shiŌing the LM curve. In both cases decreasingmoney demand
shiŌs the LM curve downward. The effect will be expansionary in both cases, but in the outside money world the expansion is
larger, see Figure 5.
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Figure 4
The effect of the decrease in the liquidity shocks on the IS and LM curves

Figure 5
The effect of the decrease in money demand on the IS and LM curves

3.2 IS SHOCKS

Our next shock is an unexpected change in the discount factor (ఉt), which affects the propensity to save, and thus, has direct
impact on the IS curve. Smallerఉt implies less saving in period t, as the relaƟvemarginal uƟlity of future consumpƟondecreases.
As a consequence, consumpƟon and money demand increases.

Formally, ifఉt decreases,ℬt decreases aswell, which shiŌs the IS curve upward. Because of the increase inmoney demand, with
unchanged money supply the LM curve will shiŌ upward, too. The overall effect is expansionary, however, in the inside-money
case it is larger, because of its smaller slope.

Atశ1 is the producƟvity in the intermediary good sector. If Atశ1 increases, firms invest more and kt increases which shiŌs the IS
curve to the right.
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Figure 6
The effect of the decrease of the discount factor on the IS and LM curves

If kt increases, firms’ money demand will increase. Furthermore, the producƟon will increase at date tା 1, hence the expected
income yhtశ1 of households will increase as well. As a consequence, both sectors’ money demand increases which shiŌs the LM
curve upward. The overall effect will be slightly expansionary in both cases, see Figure 7.

Figure 7
The effect of an increase in producƟvity on the IS and LM curves

Shocks to the credit risk of corporate loans (ఞt) and firms’ money demand (ఎz
t ) have similar affect to that of producƟvity dis-

cussed above. The details can be found in Appendix A.7.

3.3 SUMMARY

Using the IS and LM curves, we compared how the economy responds tomacroeconomic shocks in the presence of outside and
inside money. Since the curves in the two cases differ already in the baseline scenario and also react differently to the shocks,
it is not surprising that we obtain numerically different results in the two cases. On the other hand, if we focus on the direcƟon
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of change in real output, the results will not differ qualitaƟvely: if the effect of a shock is expansive for inside money, it will
remain expansive for outside money.
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4 ImplementaƟon of an interest rate
rule

In the previous secƟon, we have shown how the presence of inside money modifies the macroeconomic effects of exogenous
shocks if monetary policy does not respond to them. At the same Ɵme, it may rightly be argued that all of this is not really
important, as if monetary policy responds to shocks, these differences may disappear or become insignificant. The objecƟve
of monetary policy is to facilitate the achievement of different inflaƟon-output combinaƟons in response to exogenous shocks,
and the central bank controls its monetary policy instruments to achieve this macroeconomic objecƟve. In the case of inside
money, monetary policy must be implemented differently in order to achieve the same macroeconomic goal compared to the
case of outside money, but the exact mechanism of implementaƟon is not necessarily interesƟng from a macroeconomic point
of view.

Of course, this line of reasoning is based on the implicit assumpƟon that the same macroeconomic objecƟve can always be
achieved with monetary policy, regardless of the role of the banking system in the process of money creaƟon. In this secƟon,
we will invesƟgate the validity of this assumpƟon.

We assume that the monetary policy behavior required to achieve the above objecƟves can be described by the interest rate
rule (26), which becomes simpler in the context of IS and LM curves, where prices are completely rigid, that is, Pt ୀ P0t ୀ Ptష1,

it
i0t
ୀ ቆ yt

y0t
ቇ
ഗy

,

Therefore the rule is a relaƟonship between the output and an interest rate, and it can be represented by an increasing curve
in the output-interest rate space. The actual output-interest rate combinaƟon desirable to monetary policy is given by the
intersecƟon of the IS and the interest-rate-rule curves.

We introduce the following notaƟon for the output and interest rate determined by the interest rate rule and the IS curve:

yirt ୀ yir ቀDt, ఒt, ఘt, క
LM
t , కIS

t ቁ , (45)

iirt ୀ iir ቀDt, ఒt, ఘt, క
LM
t , కIS

t ቁ . (46)

Since the IS curve depends on the shocks and Dt, ఒt, ఘt (recall equaƟon (36)), y
ir
t and i

ir
t also depend on these variables. Without

loss of generality, we assumed that Pt ୀ P0t ୀ 1.

4.1 LM SHOCKS
As pointed out by Poole (1970), an important advantage of conducƟng monetary policy on the basis of an interest rate rule is
that it stabilizes the real output in the presence of fluctuaƟons in the supply and demand of money. This is illustrated by Figure
8 in the case of outside money.

In the figure, the LM curve shiŌs because money supply changes fromM0
t toM

∗
t due to an exogenous shock. If monetary policy

did not react, the equilibrium output would be the intersecƟon of the IS and LM curves, so the output would increase. If, on
the other hand, monetary policy reacts in line with the interest rate rule, then it must implement the allocaƟon (y0t , i0t ) given
by the intersecƟon of the unchanged IS and the interest-rate-rule curves.

If we denote the reacƟon of monetary policy byMశ
t , the post-reacƟonmoney supply becomesM∗

t ାMశ
t . Monetary policy must

choose Mశ
t so that the LM curve returns exactly to its original posiƟon.¹⁰ Using the notaƟon introduced in equaƟon (44), we

¹⁰ Suppose monetary policy controls the amount of money, but it can only do so with some stochasƟc error (ఢMt ) AŌer the error is realized (M∗
t ୀ

M0
t ା ఢMt ), it tries to correct it (M∗

t ାMశ
t ).
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Figure 8
Money supply shock in the outside-money version of the model

can express the formal condiƟon for implemenƟng the interest rate rule:

y0t ୀ෦yLM ቀi0t ,M∗
t ାMశ

t , ఎ0
t , క

IS0
t ቁ .

The above condiƟon is obviously saƟsfied if
Mశ

t ୀ ି൫M∗
t ିM0

t ൯ ,
that is, if monetary policy reduces the money supply by exactly as much as it increased as a result of the exogenous shock.

The example above illustrates why it is advisable to follow an interest rate rule in the presence of inside money in the case of an
LM curve shocks (i.e. money market shocks). This is because by doing so the turbulence of the money market does not cause
unnecessary fluctuaƟons in the real economy, and the effects of the shocks can be completely eliminated.

In what follows, we examine whether the above implementaƟon is feasible in the presence of inside money in the case of
shocks to money supply or demand. However, the problem is now more complicated, since in contrast to the case of outside
money, the IS curve also reacts to changes in the amount of money. That is, when monetary policy pushes the LM curve back
to its original posiƟon, the IS curve is also shiŌed, and it is not certain that it will eventually return to its original posiƟon.

Although the task of monetary policy is more complicated in the case of inside money, it has more instruments at its disposal:
beyond the money stock, it also controls ఒ and ఘ. Therefore, as equaƟons (32), (33), and (34) reveal, monetary policy is able
to determine the values of ℬt and ఑t in the formula of the IS curve. As a consequence, the change of ℬt and ఑t can offset the
effect of changing money supply.

Let Dశt denote how much monetary policy changes the money supply in response to shocks, and ఒశt and ఘశt the values of the
variables in quesƟon as determined by the monetary policy response. Then, in order to stabilize output, the monetary policy
response must meet the following condiƟons:

y0t ୀ yIS ቀi0t ,D∗t ା Dశt , ఒశt , ఘశt , క
LM∗
t , కIS0

t ቁ ,

y0t ୀ yLM ቀi0t ,D∗t ା Dశt , ఒశt , ఘశt , క
LM∗
t , కIS0

t ቁ

where we applied the notaƟons introduced in equaƟons (36) and (37). As shown in Appendix A.6, there exist Dశt , ఒశt , ఘశt which
saƟsfy the above condiƟons. Generally, the soluƟon only makes economic sense if 0 ழ ఒశt ஸ ఒ̄t and 0 ழ ఘt ழ 1. However,
there is no guarantee that an economically meaningful soluƟon will be found for shocks of any magnitude. If not, the monetary
policy that would stabilize the output cannot be implemented.¹¹
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So it is not generally the case that all monetary policies that can be implemented in the case of outside money can also be
implemented in the case of inside money. In the following we examine in what range of shocks ఒ̄∗t and ఎ∗t the interest rate rule
can be implemented, or, in other words, the output can be fully stabilized. Recall that yislmt is the output determined by the
intersecƟon of the IS and LM curves, see equaƟon (38), that is, the output level that the shocks would causewithout amonetary
policy response. As discussed in the previous secƟon, we limit our aƩenƟon to moderate shocks, that is, to the range of shocks
where |yislmt /y0t ି 1| is not larger than 5 percent (0.05). We also exclude policies which require unrealisƟcally low values of ୼R

for their implementaƟon: the smallest possible value of ୼R we consider is 0.95.¹²

First, consider the exogenous change of ఒ̄t, which can be interpreted as a money supply shock in the inside money case. As
discussed in secƟon 2.4, a decrease of ఒ̄t results in a decrease of ఒt and an increase in the money supply, Dt. It is easy to show
that in this case, if ఒశt and ఘశt are chosen in such a way that they restore the pre-shocks value of ఑t andஏt in equaƟons (32)
and (33), and

Dశt ୀ ି൫D∗t ି D0
t ൯ ,

then the money supply shock can be eliminated and the output remains equal to y0t .

Figure 9 displays the range [0.7059, 0.7929] around the baseline value (ఒ̄0 ୀ 0.7464) where the deviaƟon of yislmt from y0t is no
more than 5 percent (see the leŌ panel). The right panel reveals that over the whole range 0 ழ ఒశt ழ ఒ̄t and 0 ழ ఘt ழ 1, that
is, the interest rate can be implemented, and the output can be stabilized at y0t .

Figure 9
ImplementaƟon of the interest rate rule – money supply shock

Figure 10
ImplementaƟon of the interest rate rule – households’ money demand shock

¹¹ If we take the interest rate rule strictly, in the case of inside money, monetary policy should not push back the curves to the starƟng point. This is
because in the presence of inside money, the shocks of the money market shiŌs IS curve as well, and instead of the starƟng point, the LM curve
should be pushed to the intersecƟon of the IS and the interest-rate-rule curve. At the same Ɵme, this point is very close to the starƟng point, and if
the starƟng point is targeted, we retain the useful feature seen in the case of outside money that turbulences in the money market do not cause real
economic fluctuaƟons at all.

¹² As discussed, there is no cash in our model, so the zero lower bound on nominal interest rates does not appear explicitly. However, we want to avoid
examining cases that are irrelevant in pracƟce. Therefore, we exclude from our analysis the cases where the interest paid on the central bank reserve
is unrealisƟcally low.
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The next shock we invesƟgate is a shock to the households’ money demand. Contrary to the ఒ̄ case, it is not always possible
to neutralize the effect of the shock within the range that would result in less than 5 percent change in the output without the
response of monetary policy. The baseline value of ఎt is 0.0147. As it turns out, monetary policy can fully offset shocks that
are within the range of [0.0119, 0.0154], which would correspond to a change in output betweenି1.14 and 5 percent without
monetary policy reacƟon (see Figure 10).

The figure also reveals that the appropriate policy in this case leaves the money supply unchanged, that is, Dశt ୀ 0, and the
posiƟons of the IS and the LM curves are adjusted only by ఒశt and ఘశt .

4.2 IS SHOCKS

As an illustraƟve example, let us first examine how the monetary policy based on the interest rate rule can be implemented in
the outside money version of the model in the presence of households’ discount factor shock. In this case, monetary policy
should implement the output determined by the intersecƟon of the moving IS curve and the interest rate rule (see Figure 11).
This is possible by shiŌing the LM curve to this point by changing the money supply.

Figure 11
Households’ discount factor shock in the outside-money version of the model

Formally,Mశ
t must be chosen so that the following condiƟon is met,

෦yir∗t ୀ yLM,om ቀ෦పir∗t ,Mt ାMశ
t , ఎt, క

IS∗
t ቁ ,

where෦yir∗t and෦పir∗t are determined by the IS and the interest-rate-rule curves.

In the case of inside money, the problem is similar to that of the previous secƟon: if the LM curve is shiŌed to the desired
point by changing the money supply, then the IS curve will move away from the intersecƟon point. This can sƟll be handled by
changing monetary policy to affect ఒt and ఘt. Formally, the following condiƟons must be met:

yir∗t ୀ yIS ቀiir∗t ,Dt ା Dశt , ఒశt , ఘశt , క
LM0
t , కIS∗

t ቁ ,

yir∗t ୀ yLM ቀiir∗t ,Dt ା Dశt , ఒశt , ఘశt , క
LM0
t , కIS∗

t ቁ ,

where, using the notaƟons introduced in equaƟons (45) (46), yir∗t and iir∗t are defined as

yir∗t ୀ yir ቀDt, ఒt, ఘt, క
LM
t , కIS∗

t ቁ ,

iir∗t ୀ iir ቀDt, ఒt, ఘt, క
LM
t , కIS∗

t ቁ ,
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that is they are determined by the intersecƟon of the post shock IS curve and interest rate rule.

In the following, we examine the size of the shocks for which the monetary policy defined by the interest rate rule can be
implemented in the manner defined by the above equaƟons, and we measure the output effect of the shocks by the change
of yir∗t relaƟve to y0t . Again, we focus on the range of shocks when |yirt /y0t ି 1| is no more than 5 percent (0.05), and exclude
policies which require too low values of ୼R to implement.

Figure 12
ImplementaƟon of the interest rate rule – households’ discount factor shock

First, we invesƟgate shocks to the discount factor (ఉt). Its baseline value equals to 0.97. Although, in finite Ɵme horizon it is
not necessary to assume that ఉt ழ 1, we use this widespread assumpƟon, hence the highest value of ఉt we consider is 0.999.
In a wide range of ఉt the interest rate rule can be implemented. Figure 12 displays the range of [0.7722, 0.999] where at the
lower limit the output is higher by 5 percent than its baseline value, as the leŌ panel reveals.

In the case of the producƟvity shock it is not always possible to implement themonetary policy rule within the range that would
result in less than 5 percent change in the output without the response of monetary policy. The central bank can implement
the interest rate rule over the interval [1.7767, 1.826] (baseline value is 1.8178).

Figure 13
ImplementaƟon of the interest rate rule – producƟvity shock

The implementaƟon of the interest rate rule in the presence of credit risk and corporate money demand shocks is discussed in
Appendix A.7.

4.3 SUMMARY

In this secƟon, we have demonstrated that the interest rate rule can be implemented for inside money as well, but requires a
more sophisƟcated monetary policy than for outside money. It needs all the three instruments of monetary policy used in a
coordinated way.

In the case of money supply and discount factor shocks, the above implementaƟon is possible for a fairly wide range of shocks.
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In the other cases, the interest rate rule can only be implemented in a narrower range of possible values of shocks. In these
cases, the problem is that for large enough shocks, unrealisƟcally low values of iRt (interest paid on reserves) would be required
for implementaƟon.
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5 ApproximaƟon of the interest rate
rule

In the previous secƟon, we saw that it is possible to implement a monetary policy based on an interest rate rule even in the
case of inside money, but we have also shown that this is only true for a limited range of shocks.

But there is another problem with the implementaƟon. In order to be perfectly able to implement the interest rate rule, the
central bank must know the exact structure of the economy and the numerical values of the parameters, and on this basis
it must coordinate the control of its three instruments with extreme precision. In reality, central banks do not have such an
accurate knowledge of the economy and cannot conduct such a sophisƟcated monetary policy.

Therefore, in this secƟon, we examine the consequences of the limited ability to implement the interest rate rule. Specifically,
we assume that the central bank responds to shocks only with the money supply, and as a result, it can only approximately
stabilize the output in the event of LM shocks and reach the (yir∗t , i

ir∗
t ) allocaƟon in the presence of IS shocks.

Let us denote the central bank’s post shock reacƟon in money supply by Da
t . Assume that the central bank chooses this so that

the IS, LM, and interest-rate-rule curves intersect each other at the same point, but this point does not necessarily match the
(y0t , i0t ) or (yir∗t , iir∗t ) allocaƟons. That is, Da

t is chosen in such a way that the resulƟng (yat , iat ) allocaƟon saƟsfies the following
condiƟons:

yat ୀ yir ቀD∗t ା Da
t , ఒ∗t , ఘt, క

LM∗
t , కIS∗

t ቁ ,

iat ୀ iir ቀD∗t ା Da
t , ఒ∗t , ఘt, క

LM∗
t , కIS∗

t ቁ ,

yat ୀ yLM ቀiat ,D∗t ା Da
t , ఒ∗t , ఘt, క

LM∗
t , కIS∗

t ቁ .

The first two condiƟons guarantee that (yat , iat ) is at the intersecƟon of the IS and the interest-rate-rule curves. The third assures
that the LM curve is also on this point.

5.1 LM SHOCKS
Figure 14 displays the approximate implementaƟon of the interest rate rule for the money supply shock. The leŌ panel shows
the shiŌ of the IS and LM curves as a result of the shock without monetary policy response. The symbol ‘�’ represents the
(y0t , i

0
t ) allocaƟon that monetary policy would achieve if the interest rate rule were perfectly implemented.

The right panel shows the shiŌ of the IS and LM curves as a result of the monetary policy response. The symbol ‘�’ represents
the (yat , i

a
t ) allocaƟon. The figure reveals that the two allocaƟons are very close to each other, so in the case of a money supply

shock, the simpler monetary policy closely approximates the results of the sophisƟcated one.

This is confirmed by Table 3. The table shows the fluctuaƟon of output for different sizes of the shock if there is no monetary
policy reacƟon, and the extent to which the approximate implementaƟon of the interest rate rule will stabilize output. It is
clear that the stabilizaƟon is quite successful: even in the case of shocks capable of causing 5 percent change in output, the
approximaƟon deviates from y0t at most by 0.01 percent.

Figure 15 displays the approximate implementaƟon of the interest rate rule in the case of households’ money demand shock.
It can be seen visually that the error of the approximaƟon is now larger than in the previous case.

This is confirmed in Table 4. Even in the case of shocks that could potenƟally cause 5 percent output fluctuaƟons, monetary
policy allows only around 0.25 percent fluctuaƟons. So it can neutralize around 95 percent of the output impact of the shock.
Although this is an order of magnitude larger fluctuaƟon than in the previous case, it is sƟll a fairly successful stabilizaƟon of
the economy.
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Figure 14
Approximate implementaƟon of the interest rate rule – money supply shock

Table 3

ఒ̄∗t 0.7929 0.7735 0.7552 0.7379 0.7215 0.7059

yislmt 95 97 99 101 103 105

y0t 100 100 100 100 100 100

yat 99.99 99.99 100 100 100.01 100.01

Figure 15
Approximate implementaƟon of the interest rate rule – households’ money demand shock

Table 4

ఎ∗t 0.0178 0.0165 0.0153 0.0141 0.0129 0.0119

yislmt 95 97 99 101 103 105

y0t 100 100 100 100 100 100

yat 100.25 100.15 100.05 99.95 99.86 99.77

5.2 IS SHOCKS

Figure 16 displays the approximate implementaƟon of the interest rate rule for the discount factor shock. As can be seen,
similarly to the money supply shock, the approximaƟon is almost perfect in this case as well, which is also confirmed by Table 5

In contrast to the previous case, as Figure 17 reveals, in the case of a producƟvity shock, the error of approximaƟon is no longer
negligible, although it is sƟll not very large. The figure also shows that in the case of an approximate implementaƟon, the shock
causes more fluctuaƟon in output than in the case of a perfect implementaƟon.
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Figure 16
Approximate implementaƟon of the interest rate rule – households’ discount factor shock

Table 5

ఉ∗
t 0.999 0.9253 0.844 0.7722

yirt 99.39 101 103 105

yat 99.39 100.98 102.95 104.92

Table 6 also demonstrates that the approximate implementaƟon amplifies the output effect of shocks: it increases the output
effect of the perfect implementaƟon by about 1.06 Ɵmes.

Figure 17
Approximate implementaƟon of the interest rate rule – producƟvity shock

Table 6

A∗t 1.7767 1.7933 1.8097 1.8259 1.8419 1.8578

yirt 95 97 99 101 103 105

yat 94.73 96.84 98.95 101.06 103.16 105.28

The case of credit risk and corporate money demand shocks can be found in Appendix A.7.

5.3 SUMMARY

In this secƟon we considered what happens when the central bank has limited ability to pursue sophisƟcated monetary policy
and controls only the supply of reserves.
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We found that, of course, it is not possible to perfectly implement the monetary policy rule in this case, only to approximate it,
but the error of the approximaƟon does not seem significant from a pracƟcal point of view.
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6 “Out-of-thin-air” money creaƟon

As discussed in secƟon 2.8, if banks are not hit by liquidity shocks, monetary policy will not constrain banks’ creaƟon of demand
deposits, meaning that banks will be able to generate unlimited amount of money “out of thin air”. According to some authors,
such as Werner (2016), this is an empirically plausible descripƟon of the operaƟon of commercial banks and the consequences
of this invalidates some of the standard claims of macroeconomics. As a result, macroeconomic models that ignore the money
creaƟon of commercial banks lead to completely false conclusions.

The argument in support of this is as follows: As the creaƟon of banks’ demand deposits is not restricted by monetary policy,
banks are able to create their own resources. When granƟng a loan, they create a demand deposit of the same size as the loan.
So banks do not need external liabiliƟes, therefore the funcƟon of financial intermediaƟon ceases. As a result, investments are
not affected by savings, they are only determined by bank financing.

We do not agree that liquidity shocks are empirically negligible and that “out-of-thin-air” money creaƟon is an empirically
relevant descripƟon of banks’ behavior. For example, the yearly turnover on the overnight interbank market in the euro area
exceeds the stock of households’ and non-financial corporates’ demand deposits, see Arciero et al. (2016).

But as discussed in secƟon 2.8, the lack of liquidity shocks can be represented as a special case of our model (ఒ̄t ୀ 0), hence
we are able to examine the validity of the statement that standard macroeconomics inferences lose their validity in this case.
The operaƟon of the model in the case of no-liquidity-shocks is illustrated by the response of the IS and LM curves to the shock
of households’ demand for money (ఎ∗t ) and willingness to save (ఉ∗

t ). Figures 18 and 19 compares the no-liquidity-shocks and
the general case under passive monetary policy.

Figure 18
Comparison of the no-liquidity-shock and the general cases: reacƟon to money demand shock

The figures obviously reveal that “out-of-thin-air” money creaƟon quanƟtaƟvely modifies the results but leads to qualitaƟvely
similar results to the general case. So it is not true that the assumpƟon of “out-of-thin-air”money creaƟonwould fundamentally
change macroeconomic reasoning.

This is especially interesƟng in the case of a shock to the willingness to save (discount factor shock). Figure 19 shows that an
exogenous change in the saving behavior of households affects the economy in a very similar way in both cases. This finding
refutes the claim that savings have no effect on investment in the “out-of-thin-air” case.
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Figure 19
Comparison of the no-liquidity-shock and the general cases: discount factor shock

The explanaƟon for this is simple. On the one hand, as Jakab and Kumhof (2019) emphasize, although without liquidity shocks
the amount of central bank reserves does not limit deposit creaƟon, the demand for money by households and corporaƟons
does. As a result, households’ and firms’ demand deposits do not fully finance corporate loans, hence banks sƟll need external
long-run liabiliƟes (Fht ), so financial intermediaƟon will not cease. On the other hand, as shown in Appendix A.2, kt ୀ Dh

t /Pt ା
Fht /Pt ୀ st, so demand deposits are also part of household savings, i.e. they are also part of financial intermediaƟon.

So in the “out-of-thin-air” case, just as in the general case, investments are simultaneously determined by firms’ demand for
capital, the behavior of banks and the willingness of households to save.
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7 Conclusions

We generalized the tradiƟonal IS and LM curves to dynamic general equilibriummodels to examine the macroeconomic conse-
quences of banks’ creaƟon of insidemoney. We used a simple two-periodmodel to study the problem, however, our framework
based on the generalized IS and LM curves can be applied in more complex general equilibrium models, too.

The starƟng point of our analysis was the observaƟon that financial intermediaƟon and the provision of transacƟon instruments
cannot be separated in themodern banking system, they are inherentlymixed. The close connecƟon of the two funcƟon creates
a link between the IS and LM curves since the financial intermediaƟon funcƟon is part of the relaƟonship between savings and
investment, or, translated into the language of modeling, of the IS block of macroeconomics models, while the provision of
transacƟon instruments is part of the LM block. Hence, unlike in models only with outside money, changing the money supply
affects both the IS and LM curves. Moreover, this is true not only for monetary policy, but also for all exogenous shocks. In
models with only outside money, one can imagine exogenous shocks which shiŌ either the IS curve only or the LM curve only.
However, adding inside money to the model creates a new link between the IS and LM curves, and it is no longer possible to
affect the two curves separately.

First, we studied the impact of exogenous macroeconomic shocks in the case of passive monetary policy. Due to the above
addiƟonal relaƟonship between the two curves, there is always quanƟtaƟve difference between the impact of shocks in a
model version with only outside money and the version with inside money. However, despite the quanƟtaƟve differences, the
results are qualitaƟvely similar in the two model versions.

Then we examined whether the approach of the New Keynesian literature is valid, namely, whether the macroeconomic effects
of monetary policy can be saƟsfactorily described by an interest rate rule and the IS block of the model without addressing
the details of the money supply. We have shown that despite the complexity of the creaƟon of inside money, it is possible to
implement perfectly a monetary policy based on the IS curve and an interest rate rule, although it requires a more complex
toolkit of monetary policy implementaƟon than assumed in models with only outside money.

However, the above equivalence result is valid only in certain limited ranges of the shocks. That is why, in addiƟon to the perfect
implementaƟon of a policy based on the interest rate rule, we also examined its approximaƟon and we have found that the
error of the approximaƟon is rather small for most shocks.

We have also shown that despite some current views the existence of inside money does not invalidate the common macroe-
conomic wisdom that investment are linked to savings: both savings and financing maƩer in determining investments.

This paper has demonstrated that a framework based on the generalized IS and LM curves is suitable for invesƟgaƟng problems
where the details of the money creaƟon process of the banking system maƩer. We have shown that the approach of the New
Keynesian macroeconomics to examine the effects of monetary policy using the IS block and the interest rate rule of themodel,
abstracted from money creaƟon, is jusƟfied.

In our paper, we examined the role of inside money under normal circumstances when the economy is not hit by extreme
shocks and the nominal interest rate does not reach its zero lower bound. A natural extension of this research could be to
use the framework of generalized IS and LM curves to examine situaƟons where the nominal interest rate has reached its
lower bound, the economy is in liquidity trap, and the abundance of liquidity makes monetary policy ineffecƟve. The applied
framework is also suitable for analyzing issues related to the money creaƟon process such as unconvenƟonal monetary policies
or central bank digital currency.
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Appendix A

A.1 THE COST MINIMIZATION PROBLEM OF INPUT GOOD PRODUCERS

The cost minimizaƟon problem of an input producer is the following:

୫୧୬
nt ,zt

Wtnt ା Pztzt,

subject to
ann1షഀt ା azzt ஹ yt,

whereWt is the nominal wage. Here we dropped the (j) index to simplify the notaƟon.

The Lagrangian of the cost minimizaƟon:

ℒ ୀ Wtnt ା Pztzt ା జ ൫yt ି ann1షഀt ି azzt൯ ,

where జ is the mulƟplier.

The first order condiƟons with respect to labor and intermediate goods are

Wt ୀ జan(1 ି ఈ)nషഀt

Pzt ୀ జaz.

EliminaƟng జ yields the demand for labor,

nt ୀ ቆ Pzt
Wt

an(1 ି ఈ)
az

ቇ
1
ഀ

,

and by subsƟtuƟng it into the producƟon funcƟon we get the demand for intermediate goods:

zt ୀ
yt ି ann1షഀt

az
.

Hence the cost funcƟon:

𝒞(Wt, Pzt , yt) ୀ Wtnt ା
Pzt
az
൫yt ି ann1షഀt ൯ .

Since labor demand does not depend on the output, the marginal cost funcƟon is simply

ℳ𝒞t ୀ
Pzt
az
.

A.2 THE SOLUTION TO THE HOUSEHOLDS’ PROBLEM

The instantaneous uƟlity funcƟon of households’ is given by

𝒰 ൫ct, nt,Dh
t , ఍t൯ ୀ

c1షഌt
1 ି ఔ ା ఍t ൫D

h
t /Pt൯

1షഌ

1 ି ఔ ି ఝnt.

Since we assumed that t ା 1 ୀ T is the final date, households have to solve the following two-period problem:

୫ୟ୶𝒰 ൫ct, nt,Dh
t , ఍t൯ ା ఉt𝒰 ൫ctశ1, ntశ1,Dh

tశ1, ఍t൯ ,
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subject to the budget constraints:

Ptct ା Fht ା Dh
t ୀ Wtnt ା ஈt ା 𝒟t ା Tt ା (1 ା itష1)Fhtష1 ା ൫1 ା iDtష1൯Dh

tష1,
Ptctశ1 ା Fht ା Dh

tశ1 ୀ Wtntశ1 ା ஈtశ1 ା 𝒟tశ1 ା Ttశ1 ା (1 ା it)Fht ା ൫1 ା iDt ൯Dh
t ,

where we assumed ఍tశ1 ୀ ఍t. Observe that Fhtశ1 ୀ 0 since in the final period households do not want to save. On the other
hand, Dtశ1 is posiƟve because they need demand deposit as a transacƟon instrument.

The Lagrangian of the household’s problem:

ℒ ୀ ቌ c1షഌt
1 ି ఔ ା ఍t ൫D

h
t /Pt൯

1షഌ

1 ି ఔ ି ఝntቍ ା ఉt ቌ
c1షഌtశ1
1 ି ఔ ା ఍t ൫D

h
tశ1/Pt൯

1షഌ

1 ି ఔ ି ఝntశ1ቍ

ାజt ൫Wtnt ା ஈt ା 𝒟t ା Tt ା (1 ା itష1)Fhtష1 ା ൫1 ା iDtష1൯Dh
tష1 ି Ptct ି Dh

t ି Fht ൯
ାజtశ1 ൫Wtశ1ntశ1 ା ஈtశ1 ା 𝒟tశ1 ା Ttశ1 ା (1 ା it)Fht ା ൫1 ା iDt ൯Dh

t ൯
ିజtశ1 ൫Ptశ1ctశ1 ା Dh

tశ1൯ .

The first order condiƟons with respect to ct, ctశ1:

cషഌt ୀ Ptజt
ఉtc

షഌ
tశ1 ୀ Ptశ1జtశ1;

with respect to nt, ntశ1:

ఝ ୀ Wtజt
ఉtఝ ୀ Wtశ1జtశ1;

with respect to Fht :
జt ୀ (1 ା it)జtశ1;

and with respect to Dh
t , D

h
tశ1:

఍t ቀd
h
t ቁ

షഌ
ୀ Pt ൣజt ି జtశ1 ൫1 ା iDt ൯൧

ఉt఍t ቀd
h
tశ1ቁ

షഌ
ୀ Ptశ1జtశ1,

where dht ≡ Dh
t /Pt is the real money holdings.

Combining the first order condiƟons one can easily derive the Euler equaƟon

cషഌt ୀ ఉt (1 ା rt) cషഌtశ1,

where
1 ା rt ≡

1 ା it
Pt/Ptశ1

is the real interest rate. The Euler equaƟon can also be expressed as

ctశ1 ୀ ఉ഑
t (1 ା rt)

഑ ct, (47)

where ఙ ≡ ఔష1. From the first order condiƟons with respect to ct and nt one obtains the labor supply:

ఝcഌt ୀ
Wt

Pt
≡ wt. (48)

For date 2, it follows from the first order condiƟon with respect to Dh
tశ1 that money demand is proporƟonal to consumpƟon:

dhtశ1 ୀ ఎtctశ1. (49)

MNB WORKING PAPERS 3 • 2022 49



MAGYAR NEMZETI BANK

where ఎt ≡ ఍഑t .

Consider the first order condiƟon with respect to Dt and divide both side by జt:

఍t ቀd
h
t ቁ

షഌ

జt
ୀ Pt ቈ1 ି

జtశ1
జt

൫1 ା iDt ൯቉

Using the first order condiƟons with respect to Fht and ct, this can be rewriƩen as

఍t ቀd
h
t ቁ

షഌ

cషഌt
ୀ 1 ି ୼D

t ,

where ୼D
t ≡ (1 ା iD)/(1 ା it). Rearranging it yields the money demand at date 1:

dht ୀ
ఎt

ቀ1 ି ୼D
t ቁ

഑ ct. (50)

Define

Yht ≡ Wtnt ା ஈt ା 𝒟t ା Tt,

yht ≡ Yht
Pt
. (51)

and

Ȳht ≡ Yht ା (1 ା itష1)Fhtష1 ା ൫1 ା iDtష1൯Dh
tష1,

ȳht ≡ Ȳht
Pt
.

Recall that

ஈy
t ୀ Ptyt ିWtnt ି Pztzt,

ஈz
t ୀ ൫1 ା iDtష1൯Dz

tష1 ା Pztzt ି ൫1 ା iLtష1൯ Lt.
𝒟t ୀ ൫1 ା iLtష1൯ Ltష1 ା ൫1 ା iRtష1൯Mtష1 ି (1 ା itష1)FCBtష1 ି (1 ା itష1)Fhtష1

ି (1 ା iDtష1)Dz
tష1 ି (1 ା iDtష1)Dh

tష1 ା ൫iBtష1 ି iRtష1൯ BCBtష1 ି Pt఑t,
Tt ୀ ൫itష1 ି iRtష1൯Mtష1 ା ൫iBtష1 ି iRtష1൯ BCBtష1,

whereMt ୀ FCBt . Then

Yht ୀ Wtnt ା ஈy
t ା ஈz

t ା 𝒟t ା Tt ୀ Ptyt ି Pt఑t ି (1 ା itష1)Fht1ష ି (1 ା iDtష1)Dh
tష1.

yht ୀ yt ି ఑t ି (1 ା rtష1)fhtష1 ି (1 ା rDtష1)d
h
tష1,

Ȳht ୀ Ptyt ି Pt఑t,
ȳht ୀ yt ି ఑t,

where

fht ୀ
Fht
Pt
, dht ୀ

Dh
t

Pt
, 1 ା rDt ≡

1 ା iDt
Pt/Ptశ1

.

The budget constraints can be wriƩen in real terms as follows:

ct ୀ ȳht ି fht ି dht .

ctశ1 ୀ yhtశ1 ା (1 ା it)
Pt
Ptశ1

fht ା ൫1 ା iDt ൯
Pt
Ptశ1

dht ି dhtశ1

ୀ yhtశ1 ା (1 ା rt) fht ା ൫1 ା rDt ൯ d
h
t ି dhtశ1.
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Expressing fht from the first budget constraint and subsƟtuƟng into the second one yields:

ctశ1 ୀ yhtశ1 ା (1 ା rt) (ȳht ି ct ି dht ) ା ൫1 ା rDt ൯ d
h
t ି dhtశ1.

Using that ୼D
t ୀ ൫1 ା iD൯ / (1 ା i) ୀ ൫1 ା rD൯ / (1 ା r) the previous equaƟon can be wriƩen as the present value budget

constraint:

ct ା
ctశ1
1 ା rt

ୀ ȳht ା
yhtశ1
1 ା rt

ି ቀ1 ି ୼D
t ቁ dht ି

dhtశ1
1 ା rt

.

SubsƟtuƟng the Euler equaƟon (47) and the money demand equaƟons (49), (50) into the above formula yields

ቈ1 ା (1 ା ఎt)ఉ
഑
t (1 ା rt)

഑ష1 ା ఎt ቀ1 ି ୼D
t ቁ

1ష഑
቉ ct ୀ ȳht ା

yhtశ1
1 ା rt

.

AŌer rearranging it we obtain the following consumpƟon funcƟon:

ct ୀ
ȳht ା

yhtశ1
1శrt

1 ା ℬt
, (52)

where
ℬt ≡ (1 ା ఎt)ఉ

഑
t (1 ା rt)

഑ష1 ା ఎt ቀ1 ି ୼D
t ቁ

1ష഑
.

The aggregate real saving is given by
st ≡ yt ି ఑t ି ct ୀ ȳht ି ct.

Combining the above expression with equaƟon (52) yields

st ୀ
ℬt

1 ା ℬt
ȳht ି

1
1 ା ℬt

yhtశ1
1 ା rt

. (53)

SubsƟtuƟng the definiƟon of ȳht into formula (52) yields the following consumpƟon demand funcƟon:

ct ୀ
yt ି ఑t ା

yhtశ1
1శrt

1 ା ℬt
, (54)

SubsƟtuƟng the definiƟon of ȳht into formula (53) yields the aggregate saving funcƟon:

st ୀ
ℬt

1 ା ℬt
൫yt ି ఑t൯ ି

1
1 ା ℬt

yhtశ1
1 ା rt

. (55)

Finally combine equaƟons (50) and (52) to get a formula for real money demand:

dht ୀ
ఎt

ቀ1 ି ୼D
t ቁ

഑

yt ି ఑t ା
yhtశ1
1శrhi

1 ା ℬt
.

The budget constraint of households implies

fht ା dht ୀ yht ା (1 ା rtష1)fhtష1 ା (1 ା rDtష1)d
h
tష1 ି ct ୀ yt ି ఑t ି ct ୀ st. (56)

The aggregate balance sheet of the banking system:

Mt ା Lt ୀ Ft ା Dt ୀ Fht ା FCBt ା Dh
t ା Dz

t .

Since
Dt ୀ Dh

t ା Dz
t , Lt ୀ Ptkt ା Dz

t , Mt ୀ FCBt ,
the balance sheet equaƟon can be expressed as

Ptkt ୀ Lt ି Dz
t ୀ Fht ା Dh

t ୀ Pt ቀfht ା dht ቁ .

Combining the above expression with formula (56) yields

kt ୀ st,

the real savings of households is equal to investments (recall physical capital is fully depreciates aŌer producƟon).
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A.3 THE SOLUTION TO THE BANKS’ PROBLEM

Recall that banks solve the following problem:

୫ୟ୶
xt ,Bt

୉t ቈఉ̄t
𝒟tశ1
Ptశ1

ା 𝒟t

Pt
቉

subject to

Mt ି ෝఒtDt ஹ Bt,
Mt ା Lt ୀ Dt ା Ft,

and
xt ஹ 0,

where xt ୀ Lt,Mt,Dt, Ft and

𝒟t ୀ ൫1 ା iLtష1൯ Ltష1 ା ൫1 ା iRtష1൯ ൫Mtష1 ିෞఒtష1Dtష1 ି Btష1൯ ା ൫1 ା iBtష1൯ Btష1
ି (1 ା itష1)Ftష1 ି (1 ା iDtష1) ൫1 ିෞఒtష1൯Dtష1 ି Pt఑t,

𝒟tశ1 ୀ ൫1 ା iLt൯ Lt ା ൫1 ା iRt ൯ ൫Mt ି ෝఒtDt ି Bt൯ ା ൫1 ା iBt ൯ Bt
ି (1 ା it)Ft ି (1 ା iD) ൫1 ି ෝఒt൯Dt ି Ptశ1఑tశ1,

and
ఉ̄t ୀ ఉt

cషഌtశ1
షഌct

ୀ 1
1 ା rt

.

MulƟplying the objecƟve funcƟon by a posiƟve constant does not alter the results, therefor we can mulƟply it by Pt
1

1 ା rt

Pt
Ptశ1

𝒟tశ1 ା 𝒟t ୀ
1

1 ା it
𝒟tశ1 ା 𝒟t.

As discussed in secƟon 2.3, date t ି 1 variables do not constraint the date t decisions. Hence they can be treated as constants
from the point of view of opƟmizaƟon. Hence all date t ି 1 terms can be omiƩed from the objecƟve funcƟon. On the other,
hand date t decisions do not have any impact on ఑tశ1, therefore we can omit is as well.

Expressing Ft from the balance sheet constraint and subsƟtuƟng into the modified objecƟve funcƟon yields

1 ା iLt
1 ା it

Lt ା
1 ା iRt
1 ା it

൫Mt ି ෝఒtDt ି Bt ൫ෝఒt൯൯ ା
1 ା iBt
1 ା it

Bt ൫ෝఒt൯

ି1 ା iDt
1 ା it

൫1 ି ෝఒt൯Dt ା Dt ିMt ି Lt ି Pt఑t.

We can form the Lagrangian of the opƟmizaƟon problem by the above expression and the liquidity constraint:

ℒ ൫ෝఒt൯ ୀ ୼L
tLt ା ୼R

t ൫Mt ି ෝఒtDt ି Bt ൫ෝఒt൯൯ ା ୼B
t Bt ൫ෝఒt൯

ି ୼D
t ൫1 ି ෝఒt൯Dt ା Dt ିMt ି Lt ି Pt఑t ା

ା ఓt ൫ෝఒt൯ ൫Mt ି ෝఒtDt ି Bt ൫ෝఒt൯൯ ,

where

୼L
t ≡

1 ା iLt
1 ା it

, ୼R
t ≡

1 ା iRt
1 ା it

, ୼B
t ≡

1 ା iBt
1 ା it

, ୼D
t ≡

1 ା iDt
1 ା it

.

The Lagrangian is a funcƟon of the liquidity shock ෝఒt since the variable Bt and the mulƟplier ఓt are also funcƟons of it. The
expected Lagrangian can be calculated as

୉1 [ℒ] ୀ න
ഊ̄t

షഊ̄t

ℒ ൫ෝఒ൯ g ൫ෝఒ൯ ୢෝఒ.

where g(ෝఒ) ୀ 1/(2ఒ̄) is the density funcƟon of the uniform distribuƟon on the [ିఒ̄, ఒ̄] interval.
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FIRST ORDER CONDITIONS

The variables Lt,Mt, Dt, Ft are independent of ෝఒt, which is the result of the Ɵming of decisions, since they are determined prior
to the realizaƟon of ෝఒt. On the other hand, when Bt and ఓt are determined, ෝఒt is already observed. Thus, while the first order
condiƟons for interbank lending have to be met for all possible realizaƟons of the liquidity shock, for the other choice variables
only in expectaƟon.

Formally, the first order condiƟon with respect to Bt:

డℒ ൫ෝఒt൯
డBt ൫ෝఒt൯

ୀ 0, for all ෝఒt ∈ [ିఒ̄t, ఒ̄t].

The first order condiƟons with respect to Lt,Mt, Dt and Ft:

డ୉1 [ℒ]
డxt

ஸ 0,

where xt ୀ Lt, Mt, Dt, Ft. The inequaliƟes in the above condiƟons are due to the non-negaƟvity constraints. A strict inequality
implies that xt ୀ 0.

Tofind the soluƟonbeyond thefirst order condiƟons one also needs the constraints and the complementary slackness condiƟon:

ఓt ൫ෝఒt൯ ൫Mt ି ෝఒtDt ି Bt ൫ෝఒt൯൯ ୀ 0, for all ෝఒt ∈ [ିఒ̄t, ఒ̄t].

That is, a posiƟve ఓt implies a binding constraint,Mt ୀ ෝఒtDt ା Bt. On the other hand, ifMt வ ෝఒtDt ା Bt then ఓt ୀ 0.

To derive the first order condiƟon with respect to Bt, first calculate the marginal cost of Bt. Using equaƟon (12) one can obtain

డPt఑t

డBt ൫ෝఒt൯
ୀ 2థBఘt ൫ෝఒt൯ ,

where

ఘt ൫ෝఒt൯ ୀ
Blt ൫ෝఒt൯

Mt ି ෝఒtDt
.

Therefore the first order condiƟon:

୼B
t ି ୼R

t ି 2థBఘt ൫ෝఒt൯ ି ఓt ୀ 0 for all ෝఒt ∈ [ିఒ̄t, ఒ̄t].

First, consider the case when the bank has enough reserves to meet the interbank payment obligaƟons due to the liquidity
shock, if any. This is the case when ෝఒt ∈ [ିఒ̄t, ఒ̄]. These banks are potenƟal lenders on the interbank market. We assume
symmetric soluƟon, that is,

ఘt ൫ෝఒt൯ ୀ ఘt ழ 1 for all ෝఒt ∈ [ିఒ̄t, ఒt].

In secƟon 2.3 it is shown that such a symmetric soluƟon is consistent with an equilibrium on the interbankmarket. Since ఘt ழ 1

Blt ൫ෝఒt൯ ழ Mt ି ෝఒtDt for all ෝఒt ∈ [ିఒ̄t, ఒt].

Then the complementary slackness condiƟon implies that ఓ ൫ෝఒt൯ ୀ 0 for all ෝఒt ∈ [ିఒ̄t, ఒt]. Therefore the first order condiƟon
for the lenders becomes

୼B
t ୀ ୼R

t ା 2థBఘt for all ෝఒt ∈ [ିఒ̄t, ఒt].

Now, consider the case when the bank has to borrow on the interbank market, because its reserves are not sufficient to cover
the deposit ouƞlow, that is when Mt ழ ෝఒtDt or, equivalently ෝఒt ∈ (ఒt, ఒ̄t]. For such a bank Blt ୀ 0, thus ఘt ൫ෝఒt൯ ୀ 0 and,
consequently, the first order condiƟon becomes

୼B
t ୀ ୼R

t ା ఓt for all ෝఒt ∈ (ିఒt, ఒ̄t].
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Since ఓt ୀ ୼B ି ୼R
t வ 0, the liquidity constraint will bind and Bbt ୀ ෝఒtDt ିMt.

The first order condiƟon with respect toMt is

න
ഊ̄

షഊ̄
ቀ୼R

t ି 1 ି ఛF ା ఓt ାథBఘ2
t ቁ g ൫ෝఒ൯ ୢෝఒ ஸ 0.

Since we have just shown that if ෝఒt ∈ [ିఒ̄t, ఒt] then ఓt ୀ 0, ఘt வ 0, and if ෝఒt ∈ (ఒt, ఒ̄t] then ఓt வ 0, ఘt ୀ 0, and both are
independent of ෝఒ inside these two intervals, the above integral can be decomposed as

ቀ୼R
t ି 1 ି ఛFቁන

ഊ̄t

షഊ̄t

g ൫ෝఒ൯ ୢෝఒ ା ఓtන
ഊ̄t

ഊt

g ൫ෝఒ൯ ୢෝఒ ା థBఘ2
t න

ഊt

షഊ̄t

g ൫ෝఒ൯ ୢෝఒ ஸ 0.

Since

න
ഊ̄t

ഊt

g ൫ෝఒ൯ ୢෝఒ ୀ 1 ି G(ఒt), න
ഊt

షഊ̄t

g ൫ෝఒ൯ ୢෝఒ ୀ G(ఒt),

and focusing only on soluƟons in whichMt is posiƟve, the above condiƟon simplifies to the following equaƟon:

୼R
t ା ఓt [1 ି G(ఒt)] ା థBఘ2

t G(ఒt) ୀ 1 ା ఛF.

The first order condiƟon with respect to Lt is

න
ഊ̄

షഊ̄t

ቆ୼L
t ି 1 ି ఛF ି ఛL ି 2ఞtథ

L Lt
Pt
ାథDLDt

Pt
ቇ g ൫ෝఒ൯ ୢෝఒ ஸ 0.

Since all terms inside the integral are independent of ෝఒt, in equilibriumwith non-zero lending the previous expression simplifies
to

୼L
t ୀ 1 ା ఛF ା ఛL ା 2ఞtథ

L Lt
Pt
ିథDLDt

Pt
.

The first order condiƟon with respect to Dt is

න
ഊ̄t

షഊ̄t

ቆ୼D
t ି 1 ି ఛF ା ఛD ା 2థDDt

Pt
ିథDL Lt

Pt
ቇ g ൫ෝఒ൯ ୢෝఒ ା

න
ഊ̄t

షഊ̄t

ෝఒ ቀఓt ାథBఘ2
t ା ୼R

t ି ୼D
t ቁ g ൫ෝఒ൯ ୢෝఒ ஹ 0.

Taken into account that if ෝఒt ∈ [ିఒ̄t, ఒt] then ఓt ୀ 0, ఘt வ 0, and if ෝఒt ∈ (ఒt, ఒ̄t] then ఓt வ 0, ఘt ୀ 0, in equilibrium with
posiƟve demand deposit the above condiƟon can be rewriƩen as

୼D
t ା ఛD ା 2థDDt

Pt
ିథDL Lt

Pt
ା ఓtන

ഊ̄t

ഊt

ෝఒg ൫ෝఒ൯ ୢෝఒ

ୀ 1 ା ఛF ିథBఘ2
t න

ഊt

షഊ̄t

ෝఒtg ൫ෝఒ൯ ୢෝఒ.

Finally, Ɵme deposits (Ft) are determined by the balance sheet constraint: Ft ୀ Mt ା Lt ି Dt.

IMPLICATIONS OF THE UNIFORM DISTRIBUTION
In this secƟon the closed form expressions are derived for the probabilisƟc terms in equaƟons (19), (22) and (24) assuming that
ෝఒt can be described by a uniform distribuƟon. Its cumulaƟve distribuƟon funcƟon is:

G ൫ෝఒ൯ ୀ
ෝఒ ା ఒ̄t

2ఒ̄t
, if ෝఒ ∈ [ିఒ̄t, ఒ̄t],

ୀ 0 if ෝఒ ழ ିఒ̄t,
ୀ 1 if ఒ̄t ழ ෝఒ.
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Figure 20
Uniform distribuƟon

The probability density funcƟon:

g ൫ෝఒ൯ ୀ 1
2ఒ̄t

, if ෝఒ ∈ [ିఒ̄t, ఒ̄t],

ୀ 0, otherwise.

Using the definiƟon of G, the terms in equaƟon (18) become

G (ఒt) ୀ
చt
2ఒ̄t

, 1 ି G (ఒt) ୀ
ఋt

2ఒ̄t
,

where చt ≡ ୫ୟ୶ ൣ2ఒ̄, ఒ̄t ା ఒt൧ and ఋt ≡ ୫ୟ୶ ൣ0, ఒ̄t ି ఒt൧.

The term

න
ഊ̄t

ഊt

൫ෝఒ ି ఒt൯
1
2ఒ̄t

ୢෝఒ.

in equaƟon (25) is equal to the red shaded area AA in Figure 26, that is,

AA ୀ 1
2 (ఒ̄t ି ఒt) ቆ

1
2 ି

ఒt

2ఒ̄t
ቇ ୀ ఋt

4 ቆ1 ି ఒt

ఒ̄t
ቇ ୀ ఋ2

t

4ఒ̄t
.

Observe that the term

න
ഊ̄t

ഊt

ෝఒ 1
2ఒ̄t

ୢෝఒ.

in equaƟon (21) is equal to the sum of areas AA and BB in Figure 26,

BB ୀ (ఒ̄t ି ఒt)
ఒt

2ఒ̄t
ୀ ఋtఒt

2ఒ̄t
.

Hence,

AA ା BB ୀ ఋt

2ఒ̄t
ቈఋt

2 ା ఒt቉ ୀ
ఋtచt
4ఒ̄t

.
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Furthermore, consider the term

න
ഊt

షഊ̄t

ෝఒ 1
2ఒ̄t

ୢෝఒ.

in equaƟon (21). First observe that

න
0

షഊt

ෝఒ 1
2ఒ̄t

ୢෝఒ ୀ ିන
ഊt

0
ෝఒ 1
2ఒ̄t

ୢෝఒ.

As a consequence,

න
ഊt

షഊ̄t

ෝఒ 1
2ఒ̄t

ୢෝఒ ୀ න
షഊt

షഊ̄t

ෝఒ 1
2ఒ̄t

ୢෝఒ. ୀ ିන
ഊ̄t

ഊt

ෝఒ 1
2ఒ̄t

ୢෝఒ ୀ ି ఋt

2ఒ̄t
ቈఋt

2 ା ఒt቉ ୀ ିఋtచt
4ఒ̄t

.

A.4 PARAMETER VALUES
The following tables display the values of the parameters and the baseline values of the exogenous variable used in the model.

Table 7
Parameter values of the model

Name an az ఈ ఏ ణ ఠ ఔ ఙ ఝ

Value 34.43 1 0.67 6 1.2 0.0005 2 0.5 0.001

Name ఑̄ ఛF ఛ̄L థL ఛ̄D థD థDL థB

Value 0.272 0 0 0.0019 -0.0396 0.0037 0.0015 0.1084

Table 8
Baseline values of the exogenous shocks

Name ఒ̄0 ఎ0 ఉ0 A0 ఞ0 ఎz0

Value 0.7464 0.0147 0.97 1.8178 1 1/3

A.5 MODEL SOLUTION
FLEXIBLE PRICE ALLOCATION AND AGGREGATE SUPPLY CURVE
In this secƟon we derive the flexible price allocaƟon and the aggregate supply curve.

Combining the labor supply equaƟon (48) and the consumpƟon demand equaƟon (54) yields the following expression:

ఝcഌt ୀ ఝቌ
yt ି ఑t ା

yhtశ1
1శit

1 ା ℬt
ቍ

ഌ

ୀ w0
t . (57)

Taken as given the values of ktష1 and At they determine zt by equaƟon (6). If the variables controlled by monetary policy are
also given then the six aggregate demand equaƟons (30)–(35) and equaƟons (1), (2) and (57) determine the flexible price values
of yt, nt, wt, kt, it, i

L
t , ୼D

t , ఑t, dt (dt ୀ Dt/P0t ) since yhtశ1 is a funcƟon of date t variables (see the previous secƟon). As discussed,
monetary policy chooses Dt in such a way that P0t ୀ Ptష1, that is,

Dt ୀ Ptష1dt.

Combining the opƟmal price adjustment equaƟon (5) with formula (57) yields the aggregate supply curve:

൤P1షഇt ି (1 ି ఊ) ൫P0t ൯
1షഇ൨

1
1షഇ

ఊ
1

1షഇ Pt
ୀ ణఝቌ

yt ି ఑t ା
yhtశ1
1శit

1 ା ℬt
ቍ

ഌ

(an)
1

ഀష1 y
ഀ

1షഀ
t

1 ି ఈ .
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DERIVATION OF YHTା1
We assume that t ା 1 ୀ T is the final date. In the last period there is no need for investment and capital accumulaƟon, hence
there is no financial intermediaƟon. So we assume the banking system disappears at date T. The transacƟon instrument is
provided by the central bank and transferred directly to households as helicopter money. That is, the final date is represented
by an economy only with outside money, Dt ୀ Mt. Government transfer to households becomes

Ttశ1 ୀ ൫iBt ି iRt ൯ BCBt ା ൫it ି iRt ൯Mt ାMtశ1.

We also assume that the final date can be described by the flexible price allocaƟon, the expected values of the shocks are the
same as their actual realizaƟon. In fact, at date T only one exogenous shock remains ఎtశ1, and we assume that ఎtశ1 ୀ ఎt.

Since there is no capital accumulaƟon, the product market equilibrium condiƟon becomes

ctశ1 ୀ ytశ1.

To calculate the flexible price allocaƟon, consider the labor supply equaƟon (48) and take into account that ctశ1 ୀ ytశ1,

ఝcഌtశ1 ୀ ఝyഌtశ1 ୀ wtశ1. (58)

Recall that ztశ1 is determined by kt, see equaƟon (6). Taking the predetermined value of ztశ1, equaƟons (1), (2) and (58) provide
a soluƟon for ytశ1, ntశ1 and wtశ1.

The money demand equaƟon (49) implies that

Mtశ1
P0tశ1

ୀ Dtశ1
P0tశ1

ୀ ఎtytశ1.

We assume that monetary policy setsMtశ1 in such a way that P0tశ1 ୀ Pt. Therefore

Mtశ1 ୀ Ptఎtytశ1.

The real income of households is given by yhtశ1ା(1ା it)fht ା(1ା idt )dht , where yht is defined by equaƟon (51). Since households’
income is spent for consumpƟon and real money holdings,

ctశ1 ା dtశ1 ୀ yhtశ1 ା (1 ା it)fht ା (1 ା idt )dht .

SubsƟtuƟng the money demand equaƟon (49) and the product market equilibrium condiƟon into the above formula yields

yhtశ1 ୀ (1 ା ఎt)ytశ1 ି (1 ା it)fht ି ൫1 ା iDt ൯ dht .

EquaƟon (7) implies that dzt ୀ ఎz
tkt, where d

z
t ୀ Dz

t/Pt. Since dt ୀ dht ା dzt ,

dht ୀ dt ି ఎz
tkt.

EquaƟon (??) in Appendix A.2 implies that
kt ୀ st ୀ fht ା dht ,

that is,
fht ୀ kt ି dht ୀ ൫1 ା ఎz

t൯ kt ି dt.

Therefore

yhtశ1 ୀ (1 ା ఎt)ytశ1 ି (1 ା it) ൣ൫1 ା ఎz
t൯ kt ି dt൧ ି ൫1 ା iDt ൯ ൫dt ି ఎz

tkt൯
ୀ (1 ା ఎt)ytశ1 ି (1 ା it)kt ା (1 ା it)(1 ି ୼D

t )(dt ି ఎz
tkt).
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A.6 IMPLEMENTATION OF AN INTEREST RATE RULE

As discussed in secƟon4, ifmonetary policywants to implement an interest rate rule, its instruments have to saƟsfy the following
condiƟons:

y⋆t ୀ yIS ቀi⋆t ,D∗t ା Dశt , ఒశt , ఘశt , క
LM∗
t , కIS∗

t ቁ ,

y⋆t ୀ yLM ቀi⋆t ,D∗t ା Dశt , ఒశt , ఘశt , క
LM∗
t , కIS∗

t ቁ ,

where

y⋆t ୀ yir ቀD0
t , ఒ0

t , ఘ0
t , క

LM0
t , కIS∗

t ቁ ,

i⋆t ୀ iir ቀD0
t , ఒ0

t , ఘ0
t , క

LM0
t , కIS∗

t ቁ ,

if కIS0 ஷ కIS∗, and
y⋆t ୀ y0t , i⋆t ୀ i0t ,

if కIS0 ୀ కIS∗.

Observe that ఒశt and ఘశt influences the IS and LM curves only via ఑ഊഐt andஏt in equaƟons (32) and (33). Slightly changing our
notaƟon, express the above two condiƟons as funcƟons of ఑ഊഐశt andஏశ

t :

y⋆t ୀ yIS ቀi⋆t ,Dt ା Dశt , ఑ഊഐశt , ஏశ
t , కLM∗

t , కIS∗
t ቁ ,

y⋆t ୀ yLM ቀi⋆t ,Dt ା Dశt , ఑ഊഐశt , ஏశ
t , కLM∗

t , కIS∗
t ቁ ,

and add the following auxiliary condiƟon:
఑ഊഐశt ஹ 0.

If one chooses ఑ഊഐశt which saƟsfies the above inequality than the above two equaƟons provide a soluƟon for Dశt andஏశ
t .

If ఛF ୀ 0 then one can calculate the values of ఒశt and ఘశt in the following way: Define

A ୀ 4఑Bశ
t ఒ̄∗t

థBDt

B ୀ 4ஏశ
t ఒ̄∗t
థB .

Then equaƟons (32) and (33) imply that

A ୀ ൫ఘశt ൯
2 ൫చశt ൯

2 ,
B ୀ 2ఘశt ఋ

శ
t sഊశt ି ൫ఘశt ൯

2 ఋశt చశt .

Combining them results in

B ୀ 2√A ቀఒ̄∗t ି ఒశt ቁ ି A
ఒ̄∗t ି ఒశt
ఒ̄∗t ା ఒశt

,

rearranging it yields

2√A ቀఒశt ቁ
2
ା (B ି A)ఒశt ା (B ା A)ఒ̄∗t ି 2ඥ(A) ൫ఒ̄∗t ൯

2 ୀ 0.

The above quadraƟc equaƟon provides a soluƟon for ఒశt and then one can solve forఘశt as well. If the soluƟons are real numbers
and saƟsfy 0 ழ ఒశt ஸ ఒ∗t and 0 ழ ఘశt ழ 1, then the interest rate rule is implementable.

A.7 DISCUSSION OF THE EFFECTS OF CREDIT RISK AND CORPORATE MONEY
DEMAND SHOCKS
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UNCHANGED MONETARY POLICY

Shocks to the credit risk of corporate loans (ఞt) have similar effect to that of producƟvity discussed above. When there is an
unexpected decrease in the credit risk, firms in the intermediate good producing sector can invest more, and the higher kt will
increase money demand. The difference between the two shocks is that the producƟvity shock has a direct impact on yhtశ1.

As a consequence, both the IS and LM curve shiŌs upwards. The overall effect is slightly contracƟonary in both cases, see Figure
21.

Figure 21
The effect of a decrease in credit risk on the IS and LM curves

Although ఎz
t is the money demand of firms, its unexpected changes have very similar macroeconomic effects to other types of

IS shocks. This is the reason why classified it as an IS shock,

When firms’ money demand for transacƟonal purposes decreases, they can borrow more for investment purposes without
increasing the banks’ cost associated with corporate lending. More investment implies more capital and a rightward shiŌ of
the IS curve.

However, more capital results higher money demand. As a result, the LM curve will shiŌ upwards, but compared to the shiŌ of
the IS curve, not as much as in the case of a producƟvity shock. The difference can be explained by the fact that the increase in
the households’ money demand is partly offset by the decrease in the firms’ money demand. The overall effect of first period’s
output will be expansionary with no significant difference between the outside money and the general case, see Figure 22.

IMPLEMENTATION OF AN INTEREST RATE RULE

The central bank can implement the interest rate rule in the presence of plausible credit risk and corporate money demand
shocks. The corresponding intervals are [0.9546, 1.3082] for credit risk ఞ (baseline value is 1), and [0.3236, 0.3633] for firms’
money demand ఎz

t (baseline value is 1/3), see also Figures 23–24.

APPROXIMATION OF AN INTEREST RATE RULE

As Figure 25 and Table 9 show, the situaƟon is very similar in the case of credit risk and producƟvity shocks, although the
approximaƟon error of the credit risk shock is somewhat larger.

MNB WORKING PAPERS 3 • 2022 59



MAGYAR NEMZETI BANK

Figure 22
The effect of a decrease in firms’ money demand on the IS and LM curves

Figure 23
ImplementaƟon of the interest rate rule – credit risk shock

Figure 24
ImplementaƟon of the interest rate rule – corporate money demand shock

Results related to the corporate money demand shock are displayed in Figure 26 and Table 10. We see qualitaƟvely similar
results as in the case of the producƟvity and credit risk shocks. However, the error of the approximate implementaƟon is now
the smallest.
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Figure 25
Approximate implementaƟon of the interest rate rule – credit risk shock

Table 9

ఞ∗t 1.3082 1.1734 1.0544 0.9486 0.8540 0.7690

yirt 95 97 99 101 103 105

yat 94.72 96.83 98.94 101.06 103.2 105.36

Figure 26
Approximate implementaƟon of the interest rate rule – corporate money demand shock

Table 10

ఎz∗
t 0.3633 0.3511 0.3392 0.3276 0.3164 0.3055

yirt 95 97 99 101 103 105

yat 94.83 96.89 98.97 101.03 103.10 105.16
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