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Abstract

The broad objective of this dissertation is to investigate: “how should monetary policy analy-

sis account for shocks to the productivity of banking system and interest rate spreads?” What

is meant by monetary policy analysis is the standard modern macroeconomic framework fa-

mously called the New Neoclassical Syntheses (NNS) or New Keynesian. By productivity

of banking system, it considers banks’ economic activities to supply transaction-facilitating

deposits that constitute (broad) money in the economy. By interest rate spreads, differences

among short-term common-maturity risk-less returns are meant. Specifically, these are spreads

between four interest rates: the bank loan rate, the interbank rate, the government bond rate

and the deposit rate. The dissertation contributes both theoretically and quantitatively.

The first chapter (co-authored with Marvin Goodfriend) constructs the underlying frame-

work used in other chapters with some variations. Previous research that studies the role of

money and banking and interest rate spreads in standard NNS framework (as in the seminal

work of Goodfriend and McCallum (2007)) has chiefly focused on the cost of creating deposits

via extending loans to private non-bank borrowers that is reflected in the spread between the

loan rate and the interbank rate. This chapter complements that research by incorporating

banks’ behavior to provide payment services to depositors. To this end, it develops a model of

interbank market, in which banks can use interbank credit to execute payment orders of depos-

itors. Following previous literature, an interbank loan technology is introduced to overcome

the informational asymmetries among banks. Moreover, banks are motivated to hold govern-

ment debt on their balance sheets to mitigate the cost of monitoring by interbank creditors.

This modification enriches prior research to explain spreads between the loan rate, the inter-

bank rate, the government bond rate and the deposit rate in terms of the underlying activities

of banks.

The second chapter applies the model to examine banking stress and in particular the three-

month EuroDollar–Treasury bill (TED) spread, which is commonly regarded as an indicator of

stress in banking. The chapter decomposes variations in the TED spread to factors driven by

shocks to banking and collateral. It particularly finds that fluctuation in collateral supply is

the dominant driver of the TED spread. Moreover, scarcity of collateral elevates the sensitivity

of TED with respect to banking shocks, which could explain the generally smaller spreads in

1990s relative to 1970s. Therefore, distinguishing between the collateral and banking shock

effects provides a sharper interpretation of the TED spread as an indicator of banking stress.

The third chapter focuses on monetary policy analysis in the presence of shocks to banking.

First, it uses historical observations to quantify and demonstrate the macroeconomic signifi-

cance of aggregate shocks to productivity of banking under a standard Taylor rule. It then ex-

plores the performance of the economy with interest rate policy rule responsive to rate spreads

in response to banking stress. The chapter’s analysis shows that banking shocks impact the ag-

gregate economy by imposing a tax on aggregate consumption. To best mitigate real effects of

banking shocks, monetary policy should react to an interest rate spread that best mimics vari-

ations in the banking tax. The chapter finds that the loan-deposit spread is the best candidate

among others.



Acknowledgments

First and foremost, I would like to thank my dissertation advisor, Marvin Goodfriend. The

foundation of this research was shaped during our co-authored work on the first chapter of

this dissertation and I would like to thank Marvin for his time and attention. Moreover, I

would like to acknowledge Marvin’s financial support of my research during 2014–2016 and

financing the purchase of a computer that extremely helped with reducing the simulation time,

using his research account at the Tepper School of Business.

It was through Bennett McCallum – both courses I took with him and the opportunity I had

to assist him with various classes – that I learned the quantitative skills, which I applied later

in my dissertation. I would also like to thank Ariel Zetlin-Jones for his comments about my

project. Ariel and others, including Laurence Ales and Bryan Routledge, gave insightful com-

ments during the Macro-Finance workshop and several other opportunities I had to present at

Tepper.

I extremely benefited from conversations with my external committee member, Pierre Liang.

Pierre’s expertise in accounting and banking helped me improve my understanding of bank-

ing, collateral, information processing and monetary services.

I owe most of my knowledge of Finance to the late Richard Green. In addition to his PhD

lectures on financial intermediation, we had many discussions that he willingly engaged in,

which led to insightful conclusions.

I would like to express my gratitude to my friends and cohorts including David Schrein-

dorfer, my office-mate Yongjin Kim, Antonio Andres Bellofatto and Benjamin Tengelsen among

many others whose discussions were always motivating and helpful. Moreover, life at Tepper

introduced Sherwin and Shayan Doroudi, lifelong friends who have always inspired me to-

wards progress.

Finally, my long and eventful graduate life in Pittsburgh with all its ups and downs, in-

cluding my father’s passing, cluster headaches, and complications in our daughter’s delivery,

combined with traveling restrictions due to being an Iranian, would never have been possible

without the warm support and sacrifice of my dear lovely wife, Hanieh.





Contents

1 Macroeconomics of Banking Services, Collateral and Interest Rate Spreads
with Marvin Goodfriend 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 The Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.2.1 Money and Banking . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.2.2 The Representative Household’s Problem . . . . . . . . . . . . . . 6

1.3 First Order Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4 Collateral Services Pricing . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.4.1 Shadow Total Yield . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.4.2 Household Collateral Services Yield . . . . . . . . . . . . . . . . . 9
1.4.3 External Finance Premium . . . . . . . . . . . . . . . . . . . . . . 10
1.4.4 Shadow Interbank Rate . . . . . . . . . . . . . . . . . . . . . . . . 10
1.4.5 Banking Collateral Services Yield . . . . . . . . . . . . . . . . . . . 11

1.5 Transaction Services Pricing . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.5.1 Transaction Services Yield . . . . . . . . . . . . . . . . . . . . . . . 12
1.5.2 Total Marginal Cost of Issuing and Servicing Deposits . . . . . . 13

1.6 Market versus Shadow Interest Rates . . . . . . . . . . . . . . . . . . . . . 14
1.7 Connection between Interest Rates . . . . . . . . . . . . . . . . . . . . . . 16

1.7.1 Rate Spreads in the Model . . . . . . . . . . . . . . . . . . . . . . . 16
1.7.2 The Positive TED Spread and Loan-to-Value Ratio . . . . . . . . . 17

1.8 General Equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
1.9 Balanced Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
1.10 Calibration and Initial Quantitative Assessment . . . . . . . . . . . . . . 22

1.10.1 Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
1.10.2 Initial Quantitative Assessment . . . . . . . . . . . . . . . . . . . . 23

1.11 Market for Collateral Services . . . . . . . . . . . . . . . . . . . . . . . . . 25
1.11.1 Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
1.11.2 Under Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

1.12 Quantitative Policy Exercises in the Full Model . . . . . . . . . . . . . . . 27
1.12.1 Government Collateral Supply . . . . . . . . . . . . . . . . . . . . 27



CONTENTS

1.12.2 Aggregate Bank-reserve Supply . . . . . . . . . . . . . . . . . . . 29
1.12.3 Open Market Purchase of Government Debt . . . . . . . . . . . . 30

1.13 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

Appendices

Appendix A 35
A.1 Representative household’s Lagrangian . . . . . . . . . . . . . . . . . . . 35
A.2 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
A.3 Demand & Supply of Collateral . . . . . . . . . . . . . . . . . . . . . . . . 37

A.3.1 A. Banking Collateral Demand . . . . . . . . . . . . . . . . . . . . 37
A.3.2 B. Banking Collateral Supply . . . . . . . . . . . . . . . . . . . . . 38

2 The TED Spread in a New Keynesian Model with Money and Banking 43
2.1 Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

2.1.1 Households . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
2.1.2 Banks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
2.1.3 Firms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
2.1.4 General Equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . 51
2.1.5 Interest rate spreads . . . . . . . . . . . . . . . . . . . . . . . . . . 51
2.1.6 The market for collateral services . . . . . . . . . . . . . . . . . . . 53

2.2 Structural changes in the banking sector . . . . . . . . . . . . . . . . . . . 53
2.2.1 Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
2.2.2 Exclusive effects of collateral scarcity . . . . . . . . . . . . . . . . 55
2.2.3 Structural changes in banking . . . . . . . . . . . . . . . . . . . . . 55
2.2.4 Comparative Statics . . . . . . . . . . . . . . . . . . . . . . . . . . 57

2.3 Episodes of banking distress . . . . . . . . . . . . . . . . . . . . . . . . . . 58
2.3.1 Short-term dynamic responses . . . . . . . . . . . . . . . . . . . . 59

2.4 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Appendices

Appendix B 67
B.1 Dynamic Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
B.2 Log-linearized Dynamic Equations . . . . . . . . . . . . . . . . . . . . . . 68
B.3 Log-linearization rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

3 Macroeconomic Effects of Fluctuations in the Productivity of Banking 81
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
3.2 Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

3.2.1 Households . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85



CONTENTS

3.2.2 Firms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
3.2.3 Banks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
3.2.4 The First Order Conditions . . . . . . . . . . . . . . . . . . . . . . 88
3.2.5 Government . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

3.3 Macroeconomic Equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . 90
3.3.1 The Banking Services Tax . . . . . . . . . . . . . . . . . . . . . . . 91
3.3.2 Collateral Services Yield . . . . . . . . . . . . . . . . . . . . . . . . 94
3.3.3 Sources of Banking Tax Fluctuations . . . . . . . . . . . . . . . . . 96

3.4 The Calibration Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
3.4.1 Balanced Growth Equilibrium . . . . . . . . . . . . . . . . . . . . 97
3.4.2 Calibrated Parameters in the Steady State . . . . . . . . . . . . . . 98
3.4.3 The Calibration of Stochastic Processes for Banking Shocks . . . . 101

3.5 Quantitative Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
3.5.1 The Impact of Banking Shocks on Aggregate Variables . . . . . . 104
3.5.2 Monetary Policy Analysis . . . . . . . . . . . . . . . . . . . . . . . 107

3.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

Appendices

Appendix C 115
C.1 First Order Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
C.2 Dynamic Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
C.3 Log-linearized Dynamic Equations . . . . . . . . . . . . . . . . . . . . . . 119



CONTENTS



List of Tables

1.1 Parameter values calibrated with outside data directly . . . . . . . . . . . 22
1.2 Jointly calibrated parameters of the model to match six observables . . . 22
1.3 Comparison of average values of observables over the sample to model-

implied endogenous variables . . . . . . . . . . . . . . . . . . . . . . . . . 23
1.4 Remaining model-implied endogenous variables under the benchmark

calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.1 Parameter values under the baseline calibration . . . . . . . . . . . . . . 54
2.2 Comparative statics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
2.3 Impulse responses of banking and real variables at the period of ele-

vated TED spread for various episodes with extreme stress in banking . 61

3.1 Parameter values under the baseline calibration . . . . . . . . . . . . . . . . . 120
3.2 Comparison of average values of observables over the sample . . . . . . . . . 121
3.3 The steady-state solution of the model with benchmark calibration . . . . . . . 121
3.4 Calibrated shock processes in the model. . . . . . . . . . . . . . . . . . . . . . 121



LIST OF TABLES



List of Figures

1.1 Government Debt Holdings of Depository Institutions and the TED spread . . 39

1.2 Connection between various interest rates in the model. . . . . . . . . . . . . 39

1.3 Government debt collateral policy. . . . . . . . . . . . . . . . . . . . . . . . . 40

1.4 Aggregate bank-reserve supply . . . . . . . . . . . . . . . . . . . . . . . . . . 40

1.5 Open market purchase of government debt. . . . . . . . . . . . . . . . . . . . 41

2.1 Interest rate spreads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

2.2 The market for collateral services. . . . . . . . . . . . . . . . . . . . . . . . . 71

2.3 The TED spread . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

2.4 TED vs. Bb/D (1960–2006) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

2.5 Collateral supply vs. Bb/D . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

2.6 The Loan–Deposit rate spread . . . . . . . . . . . . . . . . . . . . . . . . . . 74

2.7 Exclusive effects of the supply of government securities. . . . . . . . . . . . . 75

2.8 Structural changes in the banking parameters . . . . . . . . . . . . . . . . . . 76

2.9 Linear approximation of banking distress. . . . . . . . . . . . . . . . . . . . . 76

2.10 Impulse Responses to Banks’ Monitoring Productivity Shock Amt and Am̃t . . . 77

2.11 Impulse Responses to Banking Stress under Taylor Rule . . . . . . . . . . . . 77

2.12 Impulse Responses to Banking Stress under Modified Taylor Rule . . . . . . . 78

2.13 Impulse Responses to Counterfactual Banking Stress under Modified Taylor

Rule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

2.14 Impulse Responses to Counterfactual Banking Stress under Modified Taylor Rule 80

3.1 Supply and Demand of Government Bonds in Banking . . . . . . . . . . . . . 122

3.2 Responses to negative shocks to At (thick dashed line), Ft (circle line), F̃t (tri-

angle line) and kt (star line). . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

3.3 Responses to a one-standard deviation negative shock to Ft with monetary

policy specified as (3.5.2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

3.4 Responses to negative shocks to At (thick dashed line), Ft (circle line), F̃t (tri-

angle line) and kt (star line) under the rule (3.5.2) with µ3 = 1. . . . . . . . . . 125



LIST OF FIGURES

3.5 Responses to one-standard deviation negative shocks to Ft (circle, top panel)

and kt (star, bottom panel) under the rule (3.5.3) with µ4 = 0 (solid line), µ4 =

1.75 (dashed line) and µ4 = 5 (dotted line). . . . . . . . . . . . . . . . . . . . 126
3.6 Responses to one-standard deviation negative shocks to Ft (circle, top panel)

and kt (star, bottom panel) under the rule (3.5.3) with µ5 = 0 (solid line), µ5 = 1

(dashed line) and µ5 = 2.25 (dotted line). . . . . . . . . . . . . . . . . . . . . 127



Chapter 1

Macroeconomics of Banking Services,
Collateral and Interest Rate Spreads
with Marvin Goodfriend

The chapter presents a theory of money and banking in an otherwise standard repre-
sentative agent new synthesis model. Government debt held by households defrays
the cost of borrowing from banks to finance deposits; and government debt held by
banks facilitates the production of interbank credit in the provision of transactions ser-
vices on deposits. Therefore, the economy-wide collateral services yield is determined
in general equilibrium by integrating the household and bank demand for collateral.
The calibrated model is employed to assess the quantitative impact on various interest
rate spreads of three policy exercises: an increase in the supply of government debt,
an increase in aggregate bank reserves, and an exchange of government debt for bank
reserves. The model predicts that a central bank open market purchase of debt for
bank reserves creates a net scarcity of collateral, which raises the collateral services
yield and elevates other rate spreads.

1.1 Introduction

Banks play a crucial role in a monetary economy; they issue deposits, which facilitate
transaction services. However, issuing (creating) and servicing deposits are costly and
take up resources. Therefore, economists, central bankers and government authori-
ties have wondered how monetary policy and government debt policy affect costs of
banking. The present paper addresses this question in terms of interest rate spreads by
building on Goodfriend and McCallum (2007) who develop a new Keynesian model
augmented with money and banking.

Goodfriend and McCallum (2007) argue that deposits are created once banks ex-

1



2 CHAPTER 1. MACROECONOMICS OF BANKING & SPREADS

tend illiquid loans to households by employing ex ante monitoring effort to avoid
ex post default. Moreover, government debt (and other collateral securities) held by
households could defray the cost of monitoring. However, their model (like other
models in the literature) abstracts from costly provision of transaction services by
banks. Furthermore, they do not allow banks to hold government debt, whereas his-
torical data show banks hold significant amount of government debt on their balance
sheet. Finally, their calibration implies the interbank–government bond spread is -125
basis points whereas the spread is consistently observed to be positive with an average
of one percentage point from 1971 to 2006 (See Figure 1).

The present research resolves these shortcomings by evaluating the cost of servic-
ing deposits via the opportunity cost of using interbank credit for executing payments.
Interbank lenders should be compensated for monitoring the interbank borrower, the
cost of which could be defrayed when the interbank borrower holds government debt
on its balance sheet1. In this way, banks value government debt for their collateral
services and in equilibrium, the bond rate falls below the interbank rate2 by collateral
services yield. Finally, the paper shows that a plausible calibration of the model exists
that matches average observed interbank–government bond spread.

The present research contributes to the literature both theoretically and quantita-
tively. Among its theoretical findings, the research finds that government debt held
by banks is valued for two reasons. First, it provides collateral services to banks in the
interbank market. Second, by virtue of substituting with loans to households on bank
asset composition, it saves on the external finance premium costs3. The combination
of these two components should equal the collateral services yield of government debt
to households in equilibrium. Accordingly, the economy-wide collateral services yield
is determined by integrating the household and bank demand for collateral equaling
total supply of collateral. Moreover, this research illustrates how spreads between var-
ious interest rates are associated with valuation of collateral and transaction services.

The quantitative findings of the paper are based on a plausible calibration of model
parameters to match average values of observable variables in the U.S. economy over
1971 to 2006 (pre-crisis). Specifically, banking parameters are calibrated by using ob-
served average interest rate spreads and other banking aggregates. The parameter val-
ues suggest that interbank loan technology is more monitoring-intensive, while loan
to household technology is more collateral-intensive. These findings comply with the

1A relevant idea is suggested by Bansal and Coleman (1996) who provide a model in which gov-
ernment debt is used to back checkable deposits. Similarly, Gorton (2010) notes a substantial demand
for collateral services from government debt in dealing with counterparty risk in derivatives and set-
tlement systems.

2The interbank rate accounts for the opportunity cost of loanable funds to the bank and the total
return to any asset held by the bank should be equal to the interbank rate.

3The total marginal cost of issuing loans to households accounts for the external finance premium in
the model, as in GM.
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intuition of the research that interbank loans are used for servicing deposits, whereas
loan to households result in creation of deposits.

Using the calibrated model, the present research analyzes the market for collateral
services and finds a reasonably stable banking demand for government debt collat-
eral throughout the sample period. The analysis also suggests that variations in the
interbank–government bond spread (the TED spread) is decomposed into two compo-
nents: (i) the secular variation in the TED spread is explained by the secular variation
in the supply of government debt relative to GDP (collateral supply effects), and (ii)
the remaining component (spikes) in the TED spread is attributed to temporary shocks
to banking productivity (collateral demand effects). Spikes in the TED spread purged
of collateral supply effects facilitate measuring and ranking underlying banking dis-
tress in various banking crises during the sample period.

Finally, the calibrated model is used for evaluating implications for various rate
spreads and other variables relevant to money and banking of three policy exercises
on balanced growth equilibrium: (1) lower supply of government debt, (2) higher bank
reserves and (3) open market purchase of government debt. Using the first exercise,
the paper finds empirical support for its calibration by replicating empirical finding
by Krishnamurthy and Vissing-Jorgensen (2012). Specifically, a standard deviation
decrease in the supply of government debt relative to GDP results in 111 basis-point
increase in the CD–T-bill spread4 according to K-V that matches roughly well with the
164 basis-point increase in the TED spread according to our calibrated model. The sec-
ond quantitative exercise finds that in equilibrium with higher bank reserves, banks
hold more government debt on their balance sheet reducing their loans to households,
which in turn leads to smaller external finance premium. However, while marginal
cost of interbank loan production decreases, because of additional reserves that pay
no interest, the marginal cost of transaction services gets higher. Finally, the calibrated
model shows that open market purchase of government debt, i.e. an equilibrium with
higher bank reserves and equally lower government debt supply, implies a more ex-
pensive banking and widened spreads. This is because there is scarcity of collateral in
the new equilibrium, the effect of which is stronger than smaller loan production to
households.

The paper is organized as follows. Sections 2 and 3 describe the model and corre-
sponding first order conditions of the representative agent. Based on these conditions,
sections 4, 5 and 6 discuss valuation of collateral services and transaction services as
well as the link between observable and shadow rates. This facilitates comprehensive
connection between various interest rates of the model that is illustrated in section 7.
General equilibrium and balanced-growth conditions are presented in sections 8 and
9. Section 10 describes calibration of parameters of the model. Section 11 includes

4Historical observations indicate a negligible difference between the TED and CD-T-bill spreads.
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analysis and decomposition of the TED spread using the calibrated model. Section 12
presents analysis of three policy exercises under the calibrated model. Finally, section
13 provides concluding remarks and future directions.

1.2 The Model

The model of this paper builds on Goodfriend and McCallum (2007) (GM) who present
a new Keynesian model enhanced with costly money and banking. Like GM, the econ-
omy is populated with many alike households. Each household owns a bank that op-
erates by competitively issuing loans to other households, which immediately result
in creation of deposits. Deposits are demanded to facilitate transactions in a simple
cash-in-advance way, which allows us to focus on the analysis of costs of producing
and servicing deposits by banks. The point of departure of the model from GM is that
to service payment orders of its depositors momentarily, each bank is assumed to bor-
row credit from a competitive interbank market immediately, which is costly because
it involves monitoring the balance sheet health of the bank by the interbank credi-
tor. Therefore, unlike GM, in the money and banking model of the present research,
servicing deposits is costly.

To clarify the role of costly issuing and servicing deposits by banks, the section
first discusses the money and banking sector and then characterizes the problem of
the representative household. The assumption that the representative household is
the owner of a bank, then allows us to characterize valuation of demand and supply
of monetary services in equilibrium.

1.2.1 Money and Banking

At the beginning of each period, each household realizes its demand for transaction
services, for which it holds bank deposits5 that provide immediately available funds
during the period. Like GM, real deposit demand by the household is assumed to
follow,

Ddt
PAt

>
1
V
ct (1.2.1)

whereDdt represents the nominal deposit demand, PAt represents aggregate price level
and ct represents consumption at period t. V is a constant expressing the velocity of
real deposit circulation.

An individual bank supplies deposit contracts,Dst, according to which it is liable to
execute payments at a moment’s notice from the deposit holder. Deposits are created
in either of the following ways: when a household (a) borrows funds, Lht , from a bank

5Note that by assumption, a household receives banking services from a bank other than it owns.
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due at the end of the period, (b) sells government bonds, Bbt+1, to the bank, or (c)
deposits reserves,Ht, at a bank. Therefore, the balance sheet equality of a typical bank
(in real terms) is given by,

Lht
PAt

+
Bbt+1

PAt (1 + RBt )
+
Ht

PAt
≡ D

s
t

PAt
(1.2.2)

where RBt denotes the government bond rate. The individual bank extends real loans
to households, L

h
t

PAt
, by employing workers to monitor the household, md

t , the cost of
which could be defrayed when the borrower holds collateral securities. Household
collateral consists of 6 government debt, Bht+1, and physical capital Kt+1 (priced at
qt) at a lesser degree captured by parameter k. As suggested by GM, real loans to
households follows the following constraint7,

Lht
PAt

6 F

(
Bht+1

PAt (1 + RBt )
+ kqtKt+1

)α
(Amt m

d
t )

1−α (1.2.3)

where Amt represents shock to productivity of monitoring effort.

In order to provide transaction services to deposit contracts, a bank is assumed to
have two options. It could either hoard reserves on its balance sheet to execute pay-
ment orders, or it could borrow credit from the interbank market as soon as it receives
a payment order during the period. Because reserves do not pay any interest, there is a
high opportunity cost for a bank to hold reserves on its balance sheet. The bank could
however reduce the cost of interbank borrowing by positioning its balance sheet by
government debt. In this way, due to high safety of government debt, it could defray
the cost of monitoring by interbank creditors and receive a more favorable interbank
rate. As a result, the bank will choose to hold minimal reserves and execute transac-
tions via interbank loans. It is assumed an individual bank chooses to hold reserves
on its balance sheet proportionate to its supply of deposits,

Ht

PAt
> rr

Dst
PAt

(1.2.4)

Note that an individual bank borrows interbank credit, L
b
t

PAt
, to facilitate payments

6Note that because deposits are immediately available funds, they do not offer any collateral services
to depositors.

7The model assumes that ex ante monitoring of borrower who pledges collateral ensures repayment
of loans, thereby assuming away default on issued loans. Recovery of a loan is ensured by ex ante
evaluation of human capital of the borrower, which implies the cash-flow generation capacity of the
borrower’s activities using the borrowed funds and backed by the liquidation value of collateral. The
banking intermediary in effect creates value by channeling funds to businesses by virtue of such moni-
toring expertise. As long as the value of a loan is smaller than the sum of tangible collateral and human
capital, no default takes place.
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during the period, when its inflow of funds and payment orders do not synchronize.
Since demand for transaction services is proportionate to real deposit demand, a rep-
resentative bank’s demand for interbank credit is simply assumed to be given by,

Lbt
PAt
≡ `D

s
t

PAt
(1.2.5)

The paper adopts a similar loan production technology for interbank credit as loans
to households relation 2.1.7. The interbank creditor exerts monitoring effort, m̃t, which
could be defrayed when the interbank debtor holds larger government debt8 on its bal-
ance sheet. Therefore, the interbank loan production technology is assumed to follow,

Lbt
PAt

6 F̃

(
Bbt+1

PAt (1 + RBt )

)α̃ (
Am̃t m̃

d
t

)1−α̃
(1.2.6)

where interbank monitoring is augmented byAm̃t . Note that in the interbank loan pro-
duction technology as in the loans to households, monitoring costs are incurred by the
creditor yet opportunity cost of holding collateral is born by the borrower. However,
as GM argue the assumption of perfect competition allows one to solve the problem
and find optimal conditions as if all costs are incurred by one party. This is going to
be the approach in characterizing the representative household’s problem.

1.2.2 The Representative Household’s Problem

All households in the model are identical. The representative household’s objective
function is,

maxE0

∞∑
t=0

βt[φ log(ct) + (1 −φ) log (1 −nst −m
s
t − m̃

s
t)]

At every period, households may choose to supply labor to production sector, nst,
and monitoring effort, ms

t and m̃s
t in the banking sector. The intertemporal resource

8Since reserves on the balance sheet are immediately available funds to banks, they do not provide
any collateral services to banks in the interbank market.
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constraint is given by,

Dst
PAt

+
Ddt−1

PAt
(1 + RDt−1) + qt(1 − δ)Kt +

Bht
PAt

+
Bbt
PAt

+
Ht−1

PAt
+wt(n

s
t +m

s
t + m̃

s
t)

+ cAt

(
Pt

PAt

)−(θ−1)

>
Ddt
PAt

+
Dst−1

PAt
(1 + RDt−1) + qtKt+1 +

Bht+1

PAt (1 + RBt )
+

Bbt+1

PAt (1 + RBt )
+
Ht

PAt

+wt(n
d
t +m

d
t + e

d
t ) + τt + ct

(1.2.7)

Dst represents the deposits supplied by the household-owned bank, while Ddt repre-
sents the household’s demand for deposits from other banks, during period t. Note
that deposit market clearance implies net deposits do not take up any resources. RDt
denotes nominal interest payment on deposits. The household could allocate its gov-
ernment bonds for two uses: (a) collateral against loans from banks, Bht , i.e. household
collateral, and (b) on its bank’s balance sheet, Bbt , i.e. banking collateral. Per-period
lump-sum government tax is τt.

Household-specific production and sales constraint following GM is given by,

K
η
t

(
Ant n

d
t

)1−η
− cAt

(
Pt

PAt

)−θ

> 0 (1.2.8)

where goods production labor is augmented by Ant . Moreover, Pt represents the price
set by the household specific production of goods and cAt represents total demand for
goods.

1.3 First Order Conditions

Optimal conditions for solving the problem of the representative household whose
choice also includes banking variables is presented in this section. The representa-
tive household’s problem is to maximize its expected lifetime utility function subject
to the five constraints including money demand constraint, (3.2.2), balance sheet con-
straint, (2.1.6) and interbank credit constraint to provide transaction services, (2.1.8),
intertemporal resource constraint, (3.2.3), and production and sales constraint, (3.2.4).
The corresponding Lagrange multipliers for each of these constraints are denoted by
νt, Ψt, ψt, λt and ξt respectively. These multipliers are shown in the following three
sections to represent valuation of collateral, banking and transaction services and are
interpreted in terms of interest rate spreads.

Accordingly, the representative household chooses 16 variables including eleven
endogenous variables, ct,

Ddt
PAt

, D
s
t

PAt
, nst (orms

t or m̃s
t), n

d
t , Pt, Kt+1, bht+1, bbt+1,md

t and m̃d
t

along with five Lagrange multipliers λt, ξt, νt, Ψt and ψt. Equations (3.3.1) to (2.1.13)
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along with the five constraints provide conditions for optimal choice of variables by
the representative household given aggregate price variables PAt , wt, RBt , RDt and qt,
aggregate demand cAt , and government policy variables τt, Ht and shock processes
Ant , Amt and Am̃t . The set of first order conditions of the household is,

φ

ct
− λt −

1
V
νt = 0 (1.3.1)

− λt + νt +βEt

[
λt+1

1 + RDt
1 + πt+1

]
= 0 (1.3.2)

λt − rr λt − (1 − rr)Ψt − `ψt + rr βEt

(
λt+1

1
1 + πt+1

)
−βEt

[
λt+1

1 + RDt
1 + πt+1

]
= 0

(1.3.3)

−
1 −φ

1 −nst −m
s
t − m̃

s
t

+wtλt = 0 (1.3.4)

−wtλt + ξt(1 − η)Ant

(
Kt

Ant nt

)η
= 0 (1.3.5)

− λt

(
cAt
PAt

)
(θ− 1)

(
Pt

PAt

)−θ

+ ξt

(
cAt
PAt

)
θ

(
Pt

PAt

)−θ−1

= 0 (1.3.6)

− λtqt +ΨtkqtFα

(
Amt mt

bht+1 + kqtKt+1

)1−α

+βEt

[
λt+1qt+1(1 − δ) + η ξt+1

(
Ant+1nt+1

Kt+1

)1−η
]
= 0

(1.3.7)

− λt +ΨtFα

(
Amt mt

bht+1 + kqtKt+1

)1−α

+ Et

[
βλt+1

1 + πt+1

](
1 + RBt

)
= 0 (1.3.8)

− λt +Ψt +ψtF̃α̃

(
Am̃t m̃t

bbt+1

)1−α̃

+ Et

[
βλt+1

1 + πt+1

](
1 + RBt

)
= 0 (1.3.9)

−wtλt +ΨtF(1 −α)Amt

(
bht+1 + kqtKt+1

Amt mt

)α
= 0 (1.3.10)

−wtλt +ψtF̃(1 − α̃)Am̃t

(
bbt+1

Am̃t m̃t

)α̃
= 0 (1.3.11)

1.4 Collateral Services Pricing

Using the conditions for optimal choice of endogenous variables presented in the pre-
vious section, this section displays valuation of collateral services by the representative
agent. Remember that government debt could be held by a household serving as col-
lateral against its loans from banks or held on the balance sheet of household-owned
bank. In the latter case, government debt provides collateral services to household-
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owned bank. No-arbitrage conditions derived from optimal allocation of government
debt is thus demonstrated in this section.

1.4.1 Shadow Total Yield

As a primary step to understand collateral services valuation in the model, the paper
introduces a benchmark total risk-adjusted yield that equals the risk-adjusted total
return of any asset held by the household. The shadow total return denoted by RTt
is determined according to the famous Euler equation (1.3.8) by defining a fictitious
one-period default-free security that provides no collateral services to its holder and it
satisfies,

1
1 + RTt

= Et

[
βλt+1

λt

1
1 + πt+1

]
(1.4.1)

The total opportunity cost of any asset held by the household equals shadow total
return, which is accordingly used to discount any future monetary return. Equation
(3.2.13) essentially displays the present value of a nominal dollar at the next period.

It is important to note that the total yield is determined based on macroeconomic
equilibrium. Other interest rates of the model are different from the total yield because
of the costly creation and provision of banking services.

1.4.2 Household Collateral Services Yield

Using the definition of total yield (3.2.13) in optimal condition for household collateral
demand (1.3.8),

1 + RBt
1 + RTt

+
Ψt

λt
Fα

(
Amt mt

bht+1 + kqtKt+1

)1−α

︸ ︷︷ ︸
Household Collateral Services Yield

= 1 (1.4.2)

Equation (1.4.2) reveals that a dollar present value of holding government bonds by
the households equals present value of nominal return on government bonds (the first
term on the left) and a non-pecuniary return components that accounts for collateral
services to households from holding government bonds, thereby values household
collateral services.

In other words, optimal choice of household collateral requires the foregone pecu-
niary return due to holding government bonds (the spread between RT and RB) equal
collateral services valuation of government bonds by households in acquiring loans
from banks (household collateral services yield).
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1.4.3 External Finance Premium

The implications of the theory of factor pricing is central to the analysis of production
of banking services in the model. Remember the optimal choice of factors requires the
opportunity cost of employing a primary factor equal the value of marginal product
of that factor. In a perfectly competitive market, py =MC. Optimal choice of factor xi
is achieved when,

pxi =MC×MPi (*)

Applying the optimal factor pricing condition to household collateral services yield
expression in equation (1.4.2),

1 −
1 + RBt
1 + RTt︸ ︷︷ ︸

Opp Cost of Holding Gov Bonds

=
Ψt

λt︸︷︷︸
MC of Loan Prod

× Fα
(

Amt mt

bht+1 + kqtKt+1

)1−α

︸ ︷︷ ︸
MP of hh Collateral

(1.4.3)

This interpretation is also seen using the optimal monitoring effort demand condi-
tion given by (2.1.12) written in the format of (*),

wt︸︷︷︸
Monitoring Factor price

=
Ψt

λt︸︷︷︸
MC of Loan Prod

× F(1 −α)Amt

(
bht+1 + kqtKt+1

Amt mt

)α
︸ ︷︷ ︸

MP of Monitoring

(1.4.4)

Marginal cost of loan production makes up the external finance premium with perfect
competition in the loan market of the model. Note that the expression for the exter-
nal finance premium, Ψ/λ, accounts for valuation of balance sheet capacity to create
deposits in terms of a unit of consumption.

1.4.4 Shadow Interbank Rate

Analogous to total shadow return, introduce a benchmark total risk-adjusted return
for any asset on the balance sheet of a bank. The shadow total risk-adjusted return
denoted by RIB,T

t is determined by (2.1.11) by defining a fictitious one-period asset on
the balance sheet of the bank that accounts for a dollar of loanable funds, which does
not provide any collateral services for interbank borrowing. Applying the definition of
total yield (3.2.13) in optimal condition for banking collateral demand (2.1.11) satisfies,

1 + RIB,T
t

1 + RTt
+
Ψt

λt︸︷︷︸
EFP

= 1 (1.4.5)
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Equation (2.1.23) displays the present value of a dollar of loans to household in terms
of its costs, which is split into the present value of the total opportunity cost of loanable
funds to a bank, e.g. one-period interbank credit, and the total marginal cost of loan
production, i.e. the external finance premium. External finance premium cost equals
the gap between the total yield and the opportunity cost of loanable funds to a bank.

1.4.5 Banking Collateral Services Yield

Using (2.1.23) and (3.2.13) in (2.1.11),

1 + RBt
1 + RTt

+
ψt

λt
F̃α̃

(
Am̃t m̃t

bbt+1

)1−α̃

︸ ︷︷ ︸
Banking Collateral Service Yield

=
1 + RIB,T

t

1 + RTt
(1.4.6)

According to (1.4.6), the present value of the total return on government bonds to a
bank is split between the present value of nominal return on government bonds and
a non-pecuniary return component that reflects collateral services to the bank from
holding government bonds on its balance sheet, thereby valuing banking collateral
services.

In other words, optimal choice of banking collateral requires the opportunity cost
of holding a dollar of government bonds on the balance sheet equal internal valuation
of collateral services of government bonds from a bank’s perspective.

Applying the optimal factor pricing condition (*) to banking collateral services
yield expression in (1.4.6),

1 + RIB,T
t

1 + RTt
−

1 + RBt
1 + RTt︸ ︷︷ ︸

Opp Cost of holding gov bonds to a bank

=
ψt

λt︸︷︷︸
MC of Interbank Credit

× F̃α̃
(
Am̃t m̃t

bbt+1

)1−α̃

︸ ︷︷ ︸
MP of banking Coll

(1.4.7)

This interpretation is also seen using the optimal interbank monitoring effort de-
mand condition given by (2.1.13) written in the format of (*),

wt︸︷︷︸
Interbank Monitoring Factor price

=
ψt

λt︸︷︷︸
MC of Interbank Credit Prod

× F̃(1 − α̃)Am̃t

(
bbt+1

Am̃t m̃t

)α̃
︸ ︷︷ ︸

MP of Monitoring

(1.4.8)

Note that the marginal cost of interbank credit production,ψ/λ, evaluates the capacity
of transaction services provision via interbank credit (2.1.8) and (2.1.9).

Using (3.2.13), the optimal condition for holding government bonds on the balance
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sheet of the household-owned bank, (2.1.11) can be rewritten as,

1 + RBt
1 + RTt

+
Ψt

λt︸︷︷︸
EFP

+
ψt

λt
F̃α̃

(
Am̃t m̃t

bbt+1

)1−α̃

︸ ︷︷ ︸
VMP of Gov Bonds in IB loans

= 1 (1.4.9)

According to (1.4.9), the present value of a dollar of government bond holding on the
balance sheet of its bank is valuable to the household, because in addition to provid-
ing pecuniary return, as an item on the asset side of the balance sheet it supports a
dollar of deposit creation without incurring the external finance premium costs, and
in addition, it is productive in economizing on the costs of obtaining interbank loans.

Note that the no arbitrage condition for uses of government bonds by the house-
hold is satisfied by consistently pricing government bonds via (1.4.2) and (1.4.9) (coun-
terparts for (1.3.8) and (2.1.11) respectively).

1.5 Transaction Services Pricing

Similar to the previous section, using optimal conditions of the representative house-
hold, this section demonstrates how transaction services are priced in the model. The
household values transaction services from two perspectives: (a) demand for transac-
tion services to execute payments during the period, and (b) provision of transaction
services by the household-owned bank.

1.5.1 Transaction Services Yield

Using optimal condition for deposit demand (2.1.3) and the definition of total yield
(3.2.13),

1 + RDt
1 + RTt

+
νt

λt︸︷︷︸
Transaction Services Yield

= 1 (1.5.1)

According to (1.5.1), the household values the present value of a dollar of its deposits
by the combination of the present value of nominal returns paid on the deposits and
the transaction services facilitated via the deposits. The relation shows that the fore-
gone pecuniary interest due to holding deposits equals the transaction services yield
of deposits. Note that the expression for transaction services yield of deposits, ν/λ, re-
flects the valuation of the transaction demand (3.2.2) by the representative household.
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1.5.2 Total Marginal Cost of Issuing and Servicing Deposits

Using optimal condition for deposit supply by the household-owned bank (2.1.10) and
the definition of total yield (3.2.13),

1 + RDt
1 + RTt

+ rr

(
1 −

1
1 + RTt

)
+ (1 − rr)

Ψt

λt
+ `
ψt

λt
= 1 (1.5.2)

According to (1.5.2), the total cost of the present value of a dollar value of issuing de-
posits by the household-owned bank can be decomposed into the following compo-
nents: present value of nominal interest payments, the opportunity cost of minimum
reserve ratio holding (reserve tax), marginal cost of loan production and the marginal
cost of providing transaction services for the deposits via interbank loans.

Noting that the external finance premium accounts for the total marginal cost of
creation of deposits allows for backing out marginal cost of transaction services provi-
sion for deposits. Using (2.1.23) in (1.5.2),

1 −
1 + RDt
1 + RTt

=
Ψt

λt︸︷︷︸
EFP

+ rr

(
RIB,T
t

1 + RTt

)
+ `
ψt

λt︸ ︷︷ ︸
MC of transaction services provision

(1.5.3)

According to (1.5.3), marginal cost of transaction provision for issuing a real dollar of
deposits can be attributed to reserve tax arising due to non-interest bearing minimum
reserve holding and the marginal cost of interbank credit to allow a bank to execute
transaction orders of its depositors. The multiplier ` transforms marginal cost of a
dollar of interbank loans in terms of a dollar of deposits (look at (2.1.8)).

Substituting out for EFP and rewriting (1.5.3)

1 + RDt
1 + RTt

+ `
ψt

λt
=

1 + (1 − rr)RIB,T
t

1 + RTt
(1.5.4)

Equation (1.5.4) displays funding interbank loans via collecting a real dollar of de-
posits to a bank. A real dollar of deposits is costly for a bank due to nominal interest
payments and cost of providing transaction services. The bank can however, earn in-
terbank interest on 1 − rr fraction of the deposit funds due to minimum reserve ratio
constraint. Because reserves do not pay interest, the foregone interest due to holding
them on the balance sheet is equal to the shadow interbank rate.

In the special case of zero marginal cost of interbank credit, (1.5.4) is simplified to,

RDt = (1 − rr)RIBt (1.5.5)

Relation (1.5.5) replicates equation (24) in GM in which the provision of transaction
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services and hence interbank credit is assumed to be done costlessly.

1.6 Market versus Shadow Interest Rates

The previous two sections displayed how collateral and banking services are valued
by appropriately defining shadow returns i.e. the shadow total yield, RTt and the
shadow interbank rate, RIB,T

t . This section shows how observable rates i.e. the market
loan rate, RLt , and the market interbank rate, RIBt are determined.

Because the loan markets are perfectly competitive, the total marginal cost of loan
production could be decomposed into a component attributed to monitoring effort
(incurred by the lender) and another component attributed to collateral (where the
foregone pecuniary interest is incurred by the borrower).

Rewriting optimal condition for monitoring effort (2.1.12) and using (2.1.7),

wtmt

Lht
PAt

= (1 −α)
Ψt

λt
(1.6.1)

Equation (1.6.1) shows that average cost of monitoring effort accounts for (1−α) frac-
tion of total marginal cost of loan production. This fraction of external finance pre-
mium is accrued to the lenders to compensate for monitoring effort.

Rewriting optimal condition for government bond holding as collateral in house-
hold loans (1.4.2) and using (2.1.7),(

1 −
1+RBt
1+RTt

) (
bht+1 + kqtKt+1

)
Lht
PAt

= α
Ψt

λt
(1.6.2)

Equation (1.6.2) exhibits the famous property of Cobb-Douglas production that aver-
age cost of holding government bonds accounts for α fraction of total marginal cost of
loan production, consistent with (1.6.1). This fraction of external finance premium is
rebated to the borrower to compensate for defraying monitoring effort by collateral.
Hence, the market loan rate denoted by RLt satisfies the equilibrium condition,

1 + RLt
1 + RTt

+ α
Ψt

λt︸︷︷︸
Return to hh Collateral

= 1 (1.6.3)

where
1 + RIB,T

t

1 + RTt
+ (1 −α)

Ψt

λt︸ ︷︷ ︸
MC of monitoring hh’s

=
1 + RLt
1 + RTt

(1.6.4)
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Equation (1.6.3) shows that taken a real dollar of loans is costly for the borrower be-
cause of nominal loan rate payments and the marginal cost of collateral holding.

According to relation (1.6.4), the present value of market loan rate that is charged
from the borrower at the end of the period should equal the present value of total
cost of obtaining loanable funds to a bank in addition to marginal cost of employing
monitoring effort.

Similarly, the total marginal cost of interbank credit can be decomposed with re-
spect to primary factors of interbank credit extension.

Rewriting optimal condition for interbank monitoring (2.1.13) and using 2.1.9,

wtm̃t

Lbt
PAt

= (1 − α̃)
ψt

λt
(1.6.5)

According to (1.6.5), the interbank creditor incurs (1− α̃) fraction of the total marginal
cost of interbank credit and is accordingly compensated. Rewriting optimal condition
for government bond holding on the balance sheet of a bank (1.4.6)(

1+RIB,T
t

1+RTt
−

1+RBt
1+RTt

)
bbt+1

Lbt
PAt

= α̃
ψt

λt
(1.6.6)

Hence, the market interbank loan rate denoted by RIBt satisfies the equilibrium condi-
tion,

1 + RIBt
1 + RTt

+ α̃
ψt

λt
=

1 + RIB,T
t

1 + RTt
(1.6.7)

The relation between the market interbank rate and deposit rate is accordingly,

1 + RDt
1 + RTt

+ (`− (1 − rr)α̃)
ψt

λt
=

1 + (1 − rr)RIBt
1 + RTt

(1.6.8)

Equation (1.6.7) shows the decomposition of the total cost of a real dollar of interbank
loan production. An interbank borrower incurs the nominal interbank rate payments
as well as the marginal cost of holding bonds on its balance sheet. The total cost equals
the opportunity cost of a dollar of loanable funds.

The relation between the market interbank rate and government bond rate can be
established by the no-arbitrage condition for acquiring a real dollar of government
bonds by a bank financed by a real dollar of interbank credit. Using (1.4.6) and (1.6.7),

1 + RBt
1 + RTt

+
ψt

λt
F̃α̃

(
Am̃t m̃t

bbt+1

)1−α̃

=
1 + RIBt
1 + RTt

+ α̃
ψt

λt
(1.6.9)
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Rearranging terms and using (2.1.9), (1.6.9) can be rewritten as,

1 + RBt
1 + RTt

+
ψt

λt
α̃

 Lbt
PAt

bbt+1
− 1

 =
1 + RIBt
1 + RTt

(1.6.10)

The term in the parenthesis on the left side is positive because in equilibrium the value
of interbank loan is larger than the corresponding banking collateral.

1.7 Connection between Interest Rates

The previous three sections showed the interpretation for interest rate spreads in the
context of money and banking. To facilitate easy reference and a comprehensive view,
this section illustrates a conceptual link between various rates in the model. Moreover,
it argues that a positive TED spread essentially implies a loan-to-collateral value that
is larger than unity in the model.

1.7.1 Rate Spreads in the Model

Figure 1.2 illustrates how various shadow and market interest rates of the model are
decomposed and connected to each other according to pricing equations presented in
sections 4, 5 and 6.

In the money and banking approach, the shadow total risk-adjusted return (ac-
counting for both pecuniary and non-pecuniary return components) of any asset held
by households equals the total yield, RT , determined by the Euler equation (3.2.13),
which satisfies equilibrium in the real sector. Households demand bank deposits
(broad money) to receive transaction services, therefore the deposit rate, RD, falls be-
low the total yield by the transaction services yield as shown by (1.5.1). In equilib-
rium, the transaction services yield equals the total marginal cost of issuing loans to
households (creation of deposits) as well as the total marginal cost of accessing in-
terbank credit (provision of transaction services to depositors) by banks. The total
yield-deposit rate spread is thus decomposed into these two components as shown
by (1.5.3). Accordingly, the opportunity cost of loanable funds to a bank namely the
shadow interbank rate, RIB,T , is lower than the total yield by the total marginal cost
of issuing loans to households, i.e. the external finance premium, shown by (2.1.23).
Moreover, the shadow interbank rate is higher than the deposit rate by the marginal
cost of transaction services provision implied by (1.5.4).

Households could economize on borrowing costs by holding government bonds,
which defrays the cost of monitoring by banks resulting in a market loan rate, RL,
lower than the total yield by the return to household collateral as shown by (1.6.3),
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and higher than the shadow interbank rate by the marginal cost of monitoring as in
(1.6.4). As a result, the government bond rate, RB, falls below the total yield by the
household collateral services yield as in (1.4.2).

Similarly, banks economize on interbank borrowing costs by holding government
debt to defray the cost of monitoring by interbank creditors, which results in a market
interbank rate, RIB, lower than the shadow interbank rate by the return to banking
collateral as shown by (1.6.7), and higher than the deposit rate by the marginal cost
of interbank monitoring as shown by (1.6.8). Because the opportunity cost of loan-
able funds to a bank is represented by the shadow interbank rate, the spread between
the shadow interbank rate and the government bond rate accounts for the banking
collateral services yield in equilibrium as shown by (1.4.6).

1.7.2 The Positive TED Spread and Loan-to-Value Ratio

Following the observation that banks hold significant amount of government debt,
the money and banking theory presented in the paper assumes that banks receive col-
lateral services for interbank credit from holding government bonds on their balance
sheet. In the setup of the model, a negative TED spread in equilibrium is ruled out,
because as soon as the government bond rate rises above the interbank rate, no bank
would be motivated to lend interbank credit, while demand for interbank credit would
persist as the least expensive option to provide transaction services. Accordingly, the
interbank rate would rise until interbank credit market clears at a positive TED spread.

The positive TED spread implies a lower bound in excess of unity for loan to
weighted value of collateral (loan-to-value) ratio in the money and banking approach
that is crucial in the policy analysis. This is described in several steps.

1. The TED spread is by definition the difference between household collateral ser-
vices yield, denoted by LSYHColl, and the external finance premium. To see this,
rewrite positive TED inequality as

RIB,T − RB︸ ︷︷ ︸
TED

= (RT − RB)︸ ︷︷ ︸
LSYHColl

−(RT − RIB,T )︸ ︷︷ ︸
EFP

> 0⇒ LSYHColl > EFP (1.7.1)

2. Optimal factor utilization condition in the household loan market implies,

MPHColl × EFP = LSYHColl (1.7.2)

3. (1.7.1) and (1.7.2) imply marginal product of household collateral is larger than
1, i.e. MPHColl > 1.
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4. The Cobb-Douglas loan production technology implies,

MPHColl =
α Lh

HColl
⇒MPHColl = α× LTV (1.7.3)

where weighted household collateral is defined as HColl = Bh + kK.

5. The result of step 4 and (1.7.3) together impose a lower bound on loan-to-value
ratio,

LTV >
1
α
> 1 (1.7.4)

The last inequality follows because by structure α < 1.

To put the result into perspective, note that to issue a loan, the lender monitors
the borrower in addition to the collateral posted by the borrower. Monitoring is in-
terpreted as evaluating the human capital collateral of the borrower, which ensures
sufficient cash generating ability of the borrower’s activities until maturity of the loan
and hence repayment of the loan. As a result, a loan-to-value ratio of e.g. 2.5 implies
that the evaluated value of human capital collateral is 1.5 times the physical weighted
collateral posted by the borrower. In other words, on average a borrower with high
ability to generate cash flows holds collateral against 40% of the funds he borrows
from a bank. This approach offers a new explanation for the motivation of a borrower
to hold low-yielding collateral assets such as government bonds.

1.8 General Equilibrium

In order to evaluate quantitative implications of the model, the first step is to charac-
terize general equilibrium. General equilibrium conditions of the model include first
order conditions of the representative household as well as market clearance condi-
tions and policy rules9. Accordingly, the following conditions hold: symmetric pricing
among households Pt = PAt , labor markets clearance nst = ndt , ms

t = md
t and est = edt .

In addition, qt = 1. Fiscal authority is assumed to issue (real present value of) gov-
ernment debt as a fixed fraction of real output at each period, i.e. bt+1 = b̄ ct. The
monetary authority determines high-powered money such as to control inflation at a
constant rate. The government budget constrain follows,

gt − τt =
Ht

PAt
−
Ht−1

PAt
+

Bt+1

PAt (1 + RBt )
−
Bt

PAt

The government expenditure, gt, is normalized to zero.

9There are also transversality conditions as side conditions.
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General equilibrium conditions can be written in terms of interest rates, which
solve for equilibrium paths of 15 variables ct, Dt/Pt, RBt , nt, wt, Kt+1, bht+1, bbt+1, mt,
m̃t, λt, ξt, RTt , RIB,T

t and RDt given exogenous shock processes Ant , Amt and Am̃t .

V

(
φ

ctλt
− 1
)

=
RTt − R

D
t

1 + RTt
(1.8.1)

1
1 + RTt

= Et

[
β
λt+1

λt

1
1 + πt+1

]
(1.8.2)

1 −φ

1 −nt −mt − m̃t
= wtλt (1.8.3)

wtλt = ξt(1 − η)Ant

(
Kt

Ant nt

)η
(1.8.4)

(θ− 1)λt = θξt (1.8.5)

qt = kqt

(
RTt − R

IB,T
t

)
Fα

(
Amt mt

bht+1 + kqtKt+1

)1−α

+ Et

(
βλt+1

λt
(1 − δ)qt+1

)

+Et

(
βλt+1

λt
η
ξt+1

λt+1

(
A1t+1nt+1

K

)1−η
)

(1.8.6)

RTt − R
B
t =

(
RTt − R

IB,T
t

)
Fα

(
Amt mt

bht+1 + kqtKt+1

)1−α

(1.8.7)

RIB,T
t − RBt =

1
`

(
(1 − rr)RIB,T

t − RDt

)
F̃α̃

(
Am̃t m̃t

bbt+1

)1−α̃

(1.8.8)

wt =

(
RTt − R

IB,T
t

1 + RTt

)
F(1 −α)Amt

(
bht+1 + kqtKt+1

Amt mt

)α
(1.8.9)

wt =
1
`

(
(1 − rr)RIB,T

t − RDt
1 + RTt

)
F̃(1 − α̃)Am̃t

(
bbt+1

Am̃t m̃t

)α̃
(1.8.10)

K
η
t (A

n
t nt)

1−η = ct + qt(Kt+1 − (1 − δ)Kt) (1.8.11)

bht+1 + b
b
t+1 = b̄ ct (1.8.12)

V
Dt

Pt
= ct (1.8.13)

F
(
bht+1 + kqtKt+1

)α
(Amt mt)

1−α + bbt+1 = (1 − rr)
Dt

Pt
(1.8.14)

F̃
(
bbt+1

)α̃
(Am̃t m̃t)

1−α̃ = `
Dt

Pt
(1.8.15)

Once the model is solved, the market loan rate and the interbank rate are deter-
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mined according to,

RLt = (1 −α) RTt +α R
IB,T
t (1.8.16)

RIBt =

(
1 −

α̃

`
(1 − rr)

)
RIB,T
t +

α̃

`
RDt (1.8.17)

1.9 Balanced Growth

The next step in exploring the quantitative implications of the model is to show the
balanced growth equilibrium of the model.

The balanced growth equilibrium follows the labor augmenting production func-
tion, Ant = An0 (1 + γ)t. The labor-augmenting shocks to monitoring effort in loan pro-
ductions grow at the same rate, i.e. Amt = Am0 (1 + γ)t and Am̃t = Am̃(1 + γ)t to satisfy
the balanced growth in the money and banking sector. NormalizeAn = Am = Am̃ = 1.
Inspecting general equilibrium conditions implies that consumption, physical capital,
wages, real deposits and collateral government bonds grow at the technology growth
rate, i.e. ct/c = Kt+1/K = wt/w = bht+1/b

h = bbt+1/b
b = (1 + γ)t. On the other hand,

Lagrange multipliers on budget constraint and real production shrink at growth rate,
i.e. λt/λ = ξt/ξ = (1 + γ)−t. Finally, employment in various sectors and price vari-
ables remain invariant, i.e. nt/n = mt/m = m̃t/m̃ = RTt /R

T = RLt/R
L = RIB,T

t /RIB,T =

RIBt /R
IB = RBt /R

B = RDt /R
D = Pt = qt = 1. Substituting for the balanced growth

evolution of variables in the general equilibrium conditions yields balanced-growth



1.9. BALANCED GROWTH 21

equilibrium conditions.

φ

cλ
= 1 +

1
V

(
RT − RD

1 + RT

)
(1.9.1)

1
1 + RT

=
β

1 + γ
(1.9.2)

1 −φ

1 −n−m− m̃
= wλ (1.9.3)

w =
1 − η

µ

(
K

(1 + γ)n

)η
(1.9.4)

RT − RK = k
(
RT − RIB,T

)
Fα

(
m

bh + kK

)1−α

(1.9.5)

RT − RB =
(
RT − RIB,T

)
Fα

(
m

bh + kK

)1−α

(1.9.6)

RIB,T − RB =
1
`

(
(1 − rr)RIB,T − RD

)
F̃α̃

(
m̃

bb

)1−α̃

(1.9.7)

w =

(
RT − RIB,T

1 + RT

)
F(1 −α)

(
bh + kK

m

)α
(1.9.8)

w =
1
`

(
(1 − rr)RIB,T − RD

1 + RT

)
F̃(1 − α̃)

(
bb

m̃

)α̃
(1.9.9)(

K

1 + γ

)η
n1−η = c+K

(
1 −

1 − δ

1 + γ

)
(1.9.10)

bh + bb = b̄ c (1.9.11)

VD = c (1.9.12)

F
(
bh + kK

)α
m1−α + bb = (1 − rr)D (1.9.13)

F̃
(
bb
)α̃
m̃1−α̃ = `D (1.9.14)

RL = (1 −α) RT +α RIB,T (1.9.15)

RIB =

(
1 −

α̃

`
(1 − rr)

)
RIB,T +

α̃

`
RD (1.9.16)

where markup is denoted by µ = θ
θ−1 and

1 + RK = 1 − δ+
η

µ

(
(1 + γ)n

K

)1−η

The set of 16 equations (1.9.1) to (1.9.16) determine the balanced-growth values of
c, w, K, λ, n,m, e, D, bh, bb, RT , RL, RIB,T , RIB, RB and RD.
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1.10 Calibration and Initial Quantitative Assessment

Now, we show there exists a plausible calibration of the parameters of the model that
matches average observables of the US economy.

1.10.1 Calibration

The sample period used for calibration of parameters includes data before the financial
crisis of 2007, which is quarterly data from 1971Q1 till 2006Q4 (pre-crisis period) of US
economy.

Table 1.1: Parameter values calibrated with outside data directly

Symbol Value Description

φ 0.4 Share of consumption in household’s utility function
η 0.36 Share of capital in goods production
γ 0.005 Productivity growth rate, quarterly
β 0.99 Discount factor, quarterly
δ 0.025 Depreciation rate, quarterly
µ 1.1 Markup
V 0.48 Velocity of deposit circulation, quarterly
rr 0.005 Reserve ratio
b̄ 0.92 Average government bond collateral relative to quarterly GDP

The model has 15 parameters that need to be specified. These parameters are cal-
ibrated in two ways exhibited in Tables 1.1 and 1.2. Table 1.1 displays the values of
9 parameters that are directly chosen. The first six parameters in this table appear
in conventional NNS models without money and banking and their values are set ac-
cording to the choice of GM. The three remaining parameters pertain to the money and
banking sector and they are set according to data. A bank in the model is assumed to
stand for a ‘depository institution’ in the data. As a result, bank deposits are measured
by the contribution of depositories to M3. The velocity parameter, V , is accordingly
the ratio of quarterly GDP to bank deposits.

Table 1.2: Jointly calibrated parameters of the model to match six observables

Symbol Value Description

α 0.60 Share of collateral in household loan production
F 22 Productivity of household loan production
k 0.017 Productivity of capital collateral relative to bond collateral
α̃ 0.20 Share of collateral in interbank loan production
F̃ 144 Productivity of interbank loan production
` 0.65 Average gross interbank loans relative to deposits

A key parameter in the model is b̄ that captures the supply of government debt rel-
ative to quarterly GDP. The paper includes Treasuries and GSEs as government bonds
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Table 1.3: Comparison of average values of observables over the sample to model-
implied endogenous variables

Variable Value Model output Description

RB 1.38% 1.22% Real government bond rate
RIB − RB 1.03% 1.05% The TED Spread
RL − RIB 2.00% 1.82% Collateralized External Finance Premium
m+m̃
m+m̃+n 1.44% 1.54% Share of banking employment in total employment
Bb/D 21.37% 21.28% Banking holding of government bonds relative to deposits
RD 1.28% 1.11% Average deposit rate on all deposits

Table 1.4: Remaining model-implied endogenous variables under the benchmark cal-
ibration

c n K w λ RIB bh

0.8181 0.3323 8.9313 1.8993 0.4768 0.0057 0.3900
RB RL RIB,T m bb m̃ RD

0.0031 0.0102 0.0070 0.0023 0.3626 0.0029 0.0028

and excludes non-collateral holding of government debt as explained in the data sec-
tion of the appendix. Note, however, that the paper does not distinguish between the
maturities of various government bonds as it restricts attention to balanced growth
path equilibrium, along which relative prices of various maturities are constant.

Table 1.2 displays six parameters that govern the activities of banks in the model,
which are jointly chosen to match as closely as possible to underlying money and
banking observables. Specifically, calibration of banking parameters seeks to match
average values for the following variables over the sample period: a) the short-term
government bond rate, b) the external finance premium, c) employment in the banking
sector, d) the TED spread, e) share of government bonds on the balance sheet of banks,
and f) the deposit rate. Table 3.2 shows that model-implied and observable variables
match fairly well. Description of data sources and calculation of the observable vari-
ables from the data is presented in the appendix.

1.10.2 Initial Quantitative Assessment

The values of banking parameters displayed in Table 1.2 illuminates general features
of the money and banking sector in several ways. It specifically sheds light on the
difference between loans to households and interbank loan technologies, composition
of total collateral and the role for capital collateral, and the estimated size of interbank
market.

The parameters α and α̃ govern the share of collateral in loan technologies in the
loan to households and interbank loan markets. Calibration results suggest that the
interbank loans are more monitoring-intensive, while loans to households are more
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collateral-intensive marked by α three times as large as α̃. Interbank loans are typically
characterized by high frequency with short maturity that makes them a suitable means
for banks to facilitate transaction services. Note also that government debt on the
banks balance sheet serves collateral services without being explicitly pledged and as
a result has relatively less marginal collateral value to banks than households. In line
with these considerations, calibration finds that the productivity of interbank credit,
F̃, is quite larger than productivity of loans to households, F. The above discussion
implies the parameter values make intuitive sense.

Total collateral is composed of capital collateral (only available to household loans)
and government collateral. The calibration suggests a very small collateral productiv-
ity of capital relative to government debt captured by parameter k. This could be
explained by noting that the capital in the model includes capital goods belonging
to corporations who finance their liquidity demand by issuing corporate bonds and
equities in the stock market. As a result while their capital stock economizes on fi-
nancing costs, it does not offer collateral services against bank loans and it is therefore
not measured by k.

The value of k reveals composition of collateral assets in the economy. Total sup-
ply of collateral relative to consumption is evaluated by b̄+ kKc in the model. Table 1.4
shows the solution of remaining variables under the benchmark calibration. The bal-
anced growth solution for quarterly capital to consumption ratio is 10.9, which implies
capital collateral is 0.18 versus government collateral that is 0.92 relative to quarterly
GDP. Noting that banks absorb almost half of government bonds on average, capital
collateral accounts for 30% of household collateral. This suggests that the value of k is
relatively substantive.

How does the collateral composition compared with GM paper? According to
their calibration k = 0.20, which implies capital collateral is 2.19, while government
collateral is 0.56 (relative to quarterly GDP). Therefore, capital collateral accounts for
80% of total collateral in GM’s calibration. Remember that unlike this paper, banks are
not allowed to absorb government collateral in their framework. The total weighted
household collateral is therefore equal to 2.75 in GM paper compared with 0.65 in this
paper. As a result, banks turn out to be more productive in this paper compared with
GM who find F = 9. This observation clearly highlights the modeling differences of
allowing banks to hold and receive collateral services from government debt on their
balance sheet made in this paper.

The relative collateral value of capital has important analytical implications for the
interaction between the money and banking sector and the real sector on the balanced
growth path. With a small k in the model, changes in the money and banking sector
(e.g. due to a banking shock) affect the real sector only insignificantly on the balanced
growth path. This result follows by noting that capital collateral services yield is equal
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to k times government collateral services yield10. The effect on capital stock due to
changes in the money and banking sector in the model is implied by changes in the
capital collateral services yield, which is quite small resulting in a quite small effect.

Finally, the calibrated value of aggregate gross interbank credit relative to deposits,
`, implies that in order to provide transaction services for any dollar of deposits that
a bank produces, it would on average expect to borrow 65 cents of interbank credit
during a period.

1.11 Market for Collateral Services

Before turning to the quantitative implications of the full model for various policy
exercises, it is helpful to describe how the market for collateral services works to satisfy
uniform pricing of collateral services by households and banks and hence the collateral
allocation in the economy.

Using the baseline calibration, the market for collateral services is analyzed by dis-
tinguishing between demand and supply for collateral services. Note, however, that in
the model collateral services are demanded by households and banks and the supply
of government debt collateral is governed by fiscal authority. Therefore, in order to
characterize determination of economy-wide collateral services yield in equilibrium,
the intersection of banking demand for collateral and the total supply of collateral net
of household absorption of collateral is studied.

1.11.1 Theory

The aggregate demand for banking collateral shows the internal valuation of government
debt held by banks on their balance sheet. It represents the aggregate demand for
government bonds by banks at a given collateral services yield of government debt to
banks, which follows11,

Bb

D
=

(`)α̃

F̃

((
`−

Bb

D

)
α̃w

(1 − α̃) (RIB − RB)

)1−α̃

(1.11.1)

Equation (1.11.1) shows that aggregate banking demand for holding government debt
relative to deposits is decreasing with respect to RIB − RB, i.e. the TED spread. More-
over, banks demand for government debt (as a ratio of deposits) increases as a result
of two factors: a) a decline in the general productivity of interbank credit extension
captured by a smaller F̃, and b) a less efficient provision of transaction services that
requires higher interbank credit for servicing deposits captured by a larger `.

10Conditions (1.9.5) and (1.9.6) imply RT − RK = k(RT − RB).
11Derivation of relations in this section is presented in the appendix.



26 CHAPTER 1. MACROECONOMICS OF BANKING & SPREADS

From the banking perspective, the aggregate supply of banking collateral, accounts for
the aggregate supply of government bonds net of absorption of households, which is
expressed as following,

b̄ V + kKcV − Bb

D

1 − rr− Bb

D

=
1
F

(
αw

(1 −α) (RT − RB)

)1−α

(1.11.2)

Equation (1.11.2) is specified in terms of the household collateral services yield. The
opportunity cost of banking collateral and the household collateral services yield are
connected according to,

RIB − RB =

(
1 −

1
`

Bb

D

)((
RT − RB

)
−

1
F

(
w

1 −α

)1−α(
RT − RB

α

)α)
(1.11.3)

Equations (1.11.2) and (1.11.3) together express the supply of government debt in
terms of its opportunity cost to banks, and demonstrates an increasing relationship
between government bonds supplied to banks and the TED spread. Accordingly,
banking collateral supply is determined by two major components: the total supply
of collateral, and the household demand for collateral. A decline in the total supply of
collateral (composed of government bond collateral and capital collateral) elevates the
opportunity cost of banking collateral. As a result, a general reduction in the supply
of government debt relative to aggregate output captured by a smaller b̄ in the model
results in large movements in the banking collateral supply curve. Moreover, an ad-
verse shock to productivity of loans to households captured by a smaller F also results
in marginally more expensive supply of collateral to banks.

Consequently, general pricing of collateral services is determined when the aggre-
gate demand for banking collateral coincides with the supply of banking collateral12,
thereby equating collateral valuation from banks and households perspectives.

1.11.2 Under Calibration

Using baseline calibration, annualized banking internal valuation of collateral in terms
of relative share of government debt on their balance sheet is,

TED =
0.65 − Bb

D(
Bb

D

)1.25 × 34 (1.11.4)

Similarly, the model generates a supply curve for banking collateral services us-

12In the specification of collateral supply and demand it is important to note that changes in the
money and banking sector affect the real sector only insignificantly due to a small value for k.
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ing baseline calibration that shifts as the supply of government debt relative to GDP
changes. These two curves along with observed data are displayed in Figure ??. The
graph shows a reasonably well fit between the model implied curve and location of
data points. Note that the model implies as the supply of government debt in the econ-
omy changes, the demand curve remains unchanged while the supply curve moves
around. This coincides with the observation of government debt supply values, and
thus pins down a reasonably well-behaved demand for banking collateral as illus-
trated by Figure ??.

1.12 Quantitative Policy Exercises in the Full Model

Finally, using the calibrated model, this section evaluates three policy exercises13: (a)
increase in supply of government debt collateral, (b) increase in supply of bank re-
serves, and (c) open market purchase of government debt in exchange for bank re-
serves. The first exercise is used to compare the quantitative relevance of the model to
an empirical finding by Krishnamurthy and Vissing-Jorgensen (2012). The open mar-
ket purchase of government debt is a combination of the previous other exercises in
opposite directions.

1.12.1 Government Collateral Supply

This exercises compares balanced growth equilibria with different values of govern-
ment debt relative to GDP, captured by b̄ in the model, illustrated in Figure 1.3. The
top row of Figure 1.3 displays government debt allocation between households and
banks relative to GDP (left), banking collateral demand (middle) and household col-
lateral demand (right). The bottom row displays decomposition of marginal cost of
issuing and servicing deposits (left) and various interest rates in the model (right).

How does the transmission mechanism of an increase in the government debt sup-
ply work in the model? Figure 1.3 shows that starting from a scarce collateral supply
(b̄ < 0.95), as the government debt supply increases both households and banks in-
crease their holding of government debt. However, when collateral supply is abun-
dant (b̄ > 0.95), households decrease their holding of government debt while banks
holds larger government debt. To see why this happens, note that higher government
debt holding by banks implies smaller bank loans issued to households due to the bal-
ance sheet constraint. In other words, the composition of banking balance sheet shifts
with the same amount of deposit creation. Larger government debt on the balance

13Note that all of these exercises are in effect comparative statics studies on balanced growth path. On
the balanced growth equilibrium, the total yield is determined independently from policy actions and
thus the central bank cannot conduct its interest rate policy anymore, and it should accept the neutral
interbank rate for stabilization of inflation.
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sheet of banks is beneficial for banks for two reasons. By making the composition of
the balance sheet safer, banks could acquire interbank credit at better rates (saving on
servicing deposits). Moreover, they extend smaller loans to households and thus save
on external finance premium costs (saving on issuing deposits). Smaller loan creation
to households not only economizes on monitoring effort by banks but also releases
household collateral. This effect works in the opposite direction to the initial increase
in government debt collateral demand by households, which explains the above im-
plication.

The quantitative implications of the exercise on rate spreads for a reduction in gov-
ernment debt supply relative to GDP from 0.90 to 0.60 (shown in Figure 1.3) are as
follows. The transaction services yield increases by 185 basis points which is com-
posed of: an increase of 150 basis points in the external finance premium (creating
deposits) and an increase of 35 basis points in the marginal cost of transaction provi-
sion (servicing deposits). Moreover, the TED spread goes up by 260 basis points and
the household collateral services yield goes up by 420 basis points.

Comparison with Krishnamurthy and Vissing-Jorgensen (2012)

To evaluate empirical relevance of the calibrated model against a benchmark, results
of the exercise is compared to Krishnamurthy and Vissing-Jorgensen (2012) (K-V) who
conduct an empirical study in which they examine the relation between the aggregate
government debt relative to GDP and various Treasury yield spreads. They provide
econometric evidence to support that the supply of Treasuries relative to GDP is a
defining explanatory variable for the rate spreads. According to K-V, one standard
deviation reduction in the supply of Treasuries (as a ratio of GDP) during 1984 to
2008 results in an increase of 111 basis points in the FDIC-insured CD–T-bills spread
(counterpart of the TED spread in the present research), which indicates pricing of
liquidity by investors.

Using baseline calibration, one standard-deviation decrease in the supply of gov-
ernment bonds relative to consumption from its mean value (from b̄ = 0.92 to 0.68),
raises the TED spread by 164 basis points that is roughly close to their estimate. The
discrepancy between the results could be explained by noting that K-V’s study ex-
cludes the more volatile period of 1970s. Moreover, the regression model of K-V is
linear by structure, whereas the association between government debt supply and
spreads are non-linear14. See Figure 1.3 for implications of the policy for money and
banking variables of the model.

14As a consequence, while a symmetric increase in government debt supply yields the same changes
in the spread according to K-V, our model implies the spread would only decrease by 64 basis points.



1.12. QUANTITATIVE POLICY EXERCISES IN THE FULL MODEL 29

1.12.2 Aggregate Bank-reserve Supply

Another quantitative exercise that this research studies by using the calibrated model
is to compare balanced growth equilibria with different values of bank reserves sup-
ply15 relative to total deposits, rr. Figure 1.4 displays the consequences of this exercise
for various money and banking variables and interest rates in the model.

How does the transmission mechanism of higher bank reserves work in the model?
In an equilibrium with higher reserve ratio, a larger fraction of assets is composed of
reserves and the combination of government debt and loans to household on the bal-
ance sheet is smaller. The immediate effect of the policy is that households use reserves
to pay back loans to banks, and as a result, loans on the balance sheet of banks go down
to substitute with new reserves (up to the new reserve ratio). As a consequence of
smaller bank loan to households, household collateral becomes relatively more abun-
dant, resulting in smaller household collateral services yield (RT − RB). Therefore,
households sell government debt to banks who now value government debt more.
Higher government debt on the balance sheet of banks has two opposing effects: (a)
a further reduction in loans to households due to the balance sheet constraint, and (b)
an equal value of reduction in the household government collateral. Because the loan
to value of household collateral is always larger than one, the second effect is stronger
implying a net contraction of relative value of household collateral to loan, which alle-
viates the initial reduction in the household collateral services yield until equilibrium
holds. In sum, the net effect is government debt held by households go down and by
banks go up with an equal reduction in bank loans to households.

Note that because banks produce smaller loans in the new equilibrium, the external
finance premium gets smaller, which is reflected by a higher interbank rate in the bal-
anced growth equilibrium16. This implies larger opportunity cost of holding reserves
by banks, as reserves pay no interest. This effect works in the opposite direction to the
smaller marginal cost of accessing interbank loans because of higher government debt
holding on the balance sheet. Figure 1.4 shows that the net effect is higher opportunity
cost of servicing deposits (MCTr is slightly increasing in the lower left chart).

For a quantitative sense of the exercise, let’s consider an increase in the reserve
ratio from 0.005 (baseline calibration) to 0.15. As a result, the transaction services
yield remains unchanged which is composed of two opposing changes: a reduction
of 35 basis points in the external finance premium (creating deposits) and an increase
of 35 basis points in the marginal cost of transaction provision (servicing deposits).

15It is assumed that banking demand for reserves goes up as the supply of reserves increase, other-
wise the effect of injecting higher reserves is inflationary without any change in the reserve ratio. In this
paper, banking demand for reserves is assumed to have the simplest form given by (1.2.4).

16Remember that the total yield remained unchanged as a result of the policy. Therefore smaller
spread essentially implies higher interbank rate.
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Moreover, the TED spread goes down by 45 basis points and the household collateral
services yield goes down by 80 basis points.

1.12.3 Open Market Purchase of Government Debt

Finally, the calibrated model is used to evaluate quantitative consequences of equally
higher bank reserves and smaller government debt17, which is intended to replicate
open market purchase of government debt. The policy is in fact combination of previ-
ous two exercises. Results are displayed in Figure 1.5 for balanced growth equilibria
with various sizes of reserve ratio and government debt supply.

How does the transmission mechanism work in this quantitative exercise accord-
ing to the model? Suppose initially the central bank purchases government bonds
from households in exchange for reserves who use the proceeds to pay back their
loans to banks. As a result, both loans and household collateral go down by equal
values. Because the loan-to-value ratio is larger than one, the net effect causes the
loan-to-value ratio to increase18 and creates a net scarcity of collateral, thereby caus-
ing the household collateral services yield to rise. Accordingly, the opportunity cost of
banking collateral goes up, which motivates banks to sell government bonds to house-
holds and hold less bonds on their balance sheet. Therefore, both of external finance
premium and marginal cost of transaction services provision rise implying a costlier
money and banking sector in the economy. In this sense, the policy creates a contrac-
tion in the economy. Quantitatively, comparison of a balanced growth equilibrium
with reserve ratio of 0.15 and government debt supply of b̄ = 0.60 with benchmark
calibration, i.e. reserve ratio of 0.005 and b̄ = 0.90 implies the following changes in
valuation of collateral and banking services. The transaction services yield increases
by 130 basis points, which is composed of an increase of 80 basis points in the external
finance premium (creating deposits) and an increase of 50 basis points in the marginal
cost of transaction provision (servicing deposits). Moreover, the TED spread goes up
by 125 basis points and the household collateral services yield goes up by 215 basis
points. In sum, the policy implies higher valuation of collateral by banks and house-
holds and higher cost of issuing and servicing deposits by banks.

1.13 Concluding Remarks

The paper contributes to the literature of macroeconomic models with costly money
and banking by developing a model that explains the observed short-term spread

17to apply netting to zero, ∆H + ∆B = 0 needs to hold. Since, ∆H = ∆rr×D, ∆B = ∆b̄× c and
c = V ×D, it follows that ∆rr+ V ×∆b̄ = 0 satisfies the netting condition.

18In mathematical terms, if the inequality ab > 1 holds, then for a positive x, it follows that ab <
a−x
b−x .
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between the interbank rate and the government bond rate (the TED spread). In the
model, costly servicing of deposits via interbank loans motivates banks to demand
government debt to hold on their balance sheet. In equilibrium, the government bond
rate falls below the interbank rate by collateral services valuation by banks. Moreover,
the model shows how interest rate spreads are associated with costly issuing and ser-
vicing deposits by banks.

The model is shown to have a plausible calibration for the U.S. economy, which
is used to evaluate quantitative performance and consequences of the model. The
benchmark calibration shows a reasonable performance compared with the empirical
study by Krishnamurthy and Vissing-Jorgensen (2012). Finally, the calibrated model
implies that on the balanced growth path, open market purchase of government debt
results in more expensive money and banking and thus contraction in the economy.

The paper develops a simple and nice foundation that could be extended in various
directions to address many other interesting questions regarding costly functioning of
money and banking. First, the model studies a period of no interest on reserves in
which reserves are held at minimum. However, central banks have recently adopted
interest on reserves policy, although the rates are quite low due to the prevailing con-
ditions. Moreover, the model only considers a single maturity for government debt
(short-term government debt) for tractability. To evaluate policy exercises that repli-
cate quantitative easing or operation twist, the model needs to include long-term gov-
ernment debt, as well. In the same vein, from a measurement perspective, the supply
of collateral assets could be revised by weighting various types of securities that offer
collateral services, such as GSEs and private issued safe assets. Finally, the model sim-
plifies away the non-bank money market from production of monetary services. To
make the model more realistic and capture consequences of shock to this sector, the
model could be extended by incorporating non-bank money market.
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Appendix A

A.1 Representative household’s Lagrangian

The representative household’s problem is to maximize its expected lifetime utility function

subject to the five constraints (3.2.2), (2.1.6), (2.1.8), (3.2.3), and (3.2.4). Therefore, the typical

household has the Lagrangian expression,
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(A.1.1)

A.2 Data

The sample period is 1971Q1 to 2006Q4. Data sources and calculation of observable variables

are discussed in this section.

The data for interest rates are obtained from Table H.15 of the federal reserve board of

governor’s website except that the interest on other checkable deposits in calculation of the

average deposit rate (described below) is obtained from Center for Financial Stability website.

All rates are reported per annum in this section.

The three-month Eurodollar deposit rate data is used for the interbank rate in the model,

which is on average 6.98% for the sample period (1971-2006). The three-month T-bill rate

data is used for the government bond rate, which is on average 5.95% implying an average
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spread of 103 basis points with the three-month Eurodollar rate, which gives the TED spread

in the model. The CPI inflation rate (on average 4.56% during the sample period) is utilized to

transform the nominal bond rate into real bond rate, which is 1.38%.

In order to find the observable external finance premium (collateralized external finance

premium in the model), several alternatives have been suggested in the literature1 but none

seems to be a successful representation. To conform with GM, the spread between the prime

rate and the interbank rate is used in this paper. Nevertheless, the data for prime rate–fed

funds rate spread does not represent the concept of external finance premium well in the whole

sample. Specifically, it has negative values in the early 1970s, while it should capture the

marginal cost for loan production, which cannot be negative. In addition, this spread remains

persistently at a tight neighborhood of 3% after mid 1990s implying manipulation by banks

rather than reporting the true prime rate given changing lending circumstances in this period.

The deposit rate in the model represents the return on all deposits created by banks, in-

cluding transaction, savings and time deposits. To evaluate the weighted average interest

opportunity cost of deposits the return for other checkable deposits, one-month CD rate and

three-month CD rate are weighted by the share of each deposit type. Average nominal returns

for the other checkable deposits (CFS data), one-month CD rate and three-month CD rate are

respectively 2.89%, 6.58% and 6.68% over the sample. The share of transaction deposits, sav-

ings deposits and time deposits in total deposits created by depositories according to Table H.6

of the federal reserve board of governors are 21%, 34% and 45% respectively. As a result, the

average nominal deposit rate is 5.85%, and the real deposit rate is 1.28%.

The broad money in the model is measured by the contribution of depositories to M3 data

(Table H.6 and CFS data for the year 2006), which includes demand deposits, other checkable

deposits, traveler’s checks, small and large-denomination time deposits at commercial banks

and thrifts and savings deposits. The velocity parameter is accordingly the ratio of total de-

posits to quarterly GDP, which is on average equal to 0.48.

The size of the employment in the money and banking sector in the economy is mea-

sured by the share of employment by depositories in total non-farm employment. The data

is obtained from the bureau of labor statistics but it is only available from 1990. The share is

nonetheless quite stable around 1.44%.

The value of government bond collateral is the economy is calculated using the Flow

of Funds data. The government bond collateral includes Treasuries and GSEs (Tables L.209

and L210 in the Flow of Funds) held by households and banks. The household government

debt holding includes the holdings by the household sector, the non-financial corporate busi-

ness and the mutual funds in the Flow of Funds. The banking government debt holding in-

cludes the US-chartered depository institutions, foreign banking offices in the US, banks in

US-affiliated areas and Credit Unions. Other holdings of government debt including gov-

ernment, foreign, insurance and money markets are excluded because they are not used as

collateral against banking services in the sense the paper studies. As a result, the total supply

of government debt relative to quarterly GDP is 0.92, with the household holding relative to

1Look at De Graeve (2008).
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quarterly GDP equal to 0.49 and the banking holding relative to quarterly GDP equal to 0.43.

The banking holding relative to deposits is on average equal to 21.37%.

A.3 Derivation of demand and supply for collateral ser-

vices

The section shows how the aggregate demand and supply of banking collateral services are

derived from the equilibrium conditions.

A.3.1 A. Banking Collateral Demand

Use (2.1.9) and (1.4.6),
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Moreover, rewriting (1.6.10),
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Equation (A.3.3) expresses the TED spread in terms of the unobservable TED spread.

On the other hand, divide (1.6.5) by (1.6.6),
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Using (A.3.4) in interbank loan technology (2.1.9) and (2.1.8) gives
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Equation (A.3.5) expresses banking demand for government bonds relative to deposits in

terms of the relative opportunity cost of monitoring and banking collateral service yield. Ap-

ply (A.3.3) in (A.3.5),
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(A.3.6)

Equation (A.3.6) demonstrates the aggregate banking demand for collateral services. (1.11.1)



is the balanced growth version of this equation.

A.3.2 B. Banking Collateral Supply

The household demand for collateral services in the model along with the total supply of gov-

ernment bonds in the economy are integrated in what is called the banking collateral supply.

The total supply of government bonds are determined by government’s fiscal policy. There-

fore,

bbt+1 + b
h
t+1 = b̄ ct (A.3.7)

To find household collateral demand, first divide both sides of (1.6.1) by (1.6.2) to obtain,
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Use (A.3.8) in household loan production technology (2.1.7),

bht+1 + kqtKt+1

Lh/PAt
=

1
F

 α

1 −α

wt/A
m
t(

RTt−R
B
t

1+RTt

)
1−α

(A.3.9)

Equation (A.3.9) expresses households demand for collateral services in terms of wage and

household collateral services yield.

Now, to find the banking collateral supply, use (A.3.7), (2.1.6), and (3.2.2),
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Equation (A.3.10) is specified in terms of household collateral services yield. Opportunity

cost of banking collateral is derived from household collateral services yield, using (A.3.8) in

(1.6.1) and the identity RIB,T
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(A.3.10) and (A.3.11) together characterize the banking collateral supply. (1.11.2) and (1.11.3)

are balanced growth versions of these equations.
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Figure 1.1: Government Debt Holdings of Depository Institutions and the TED spread
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Figure 1.3: Government debt collateral policy.
Note: Balanced growth equilibria with various values for supply of government debt
relative to GDP, b̄, in the economy. One standard deviation drop in b̄ (from circle
marker to square marker).

Figure 1.4: Aggregate bank-reserve supply .
Note: Balanced growth equilibria with various values for bank reserves relative to
deposits, rr, in the economy. Increase in rr (from circle marker to square marker) is by
equal value of reserves to the drop in value of government debt displayed in previous
figure.
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Figure 1.5: Open market purchase of government debt.
Note: The figure is combination of previous two figures. Balanced growth equilibria
with higher bank reserves and equally smaller government debt supply.
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Chapter 2

The TED Spread in a New Keynesian
Model with Money and Banking

The three-month EuroDollar–T-Bill (TED) spread has been commonly used as an indi-
cator of stress in the banking system. This paper studies the underlying determinants
of the TED spread arising from disturbances to the loan market and the interbank
market, as well as collateral supply shocks in a new Keynesian model with banking.
Using observations for collateral supply and banks’ balance sheet compositions in the
calibrated model, TED spikes are analyzed over seven instances of banking distress.
Results show that the supply of government securities relative to GDP (collateral) is an
important driver of the TED spread. Moreover, scarcity of collateral raises the sensi-
tivity of the TED spread to shocks to credit markets. Specifically, shocks to banking in
the late 1990s were substantially stronger than the early 1970s, even though the TED
spread elevated more sharply in the latter period. The paper concludes without ac-
counting for collateral effects, the TED spread could inconsistently reflect the severity
of banking distress.

Introduction

Banking distress gives rise to elevated cost of monetary services. Many observers from
the policy and academic sectors have long regarded the three-month EuroDollar–T-Bill
yield spread (famously known as “the TED spread”1) as an indicator of the severity
of banking distress.2 Implications of the TED spread fluctuations for banking distress

1Note that the three-month EuroDollar rate represents the interest cost of interbank borrowing over
the three-month maturity for the U.S. banks. Otherwise, the paper is not a study of international econ-
omy.

2 Notable examples include Timothy Geithner (2014) and the Economic Report of the President
(2009) in the policy sector, as well as Brunnermier (2009) and Macroeconomics textbook by Mankiw
(2012) from academia. Other examples are Filipovic and Trolle (2013), Christensen et al (2014), Boudt
et al (2014) from academia, Willardson (2008) from the Federal Reserve and Investopedia among many
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and in turn on the macroeconomy have not been explored in the Macro-Finance liter-
ature. Specifically, does the TED spread consistently reflect the intensity of banking
stress and in particular for the purposes of the monetary policy?

The paper embeds money, bank monitoring and collateral services into an other-
wise representative agent New Keynesian framework. The TED spread reflects valu-
ation of collateral services that government securities provide to a bank in acquiring
short-term funds (interbank borrowing) in order to provide payment services to its de-
positors.3 Moreover, banks supply transaction-facilitating deposits (broad money) to
households who finance deposits via borrowing funds from banks. As a result, there
is a loan production technology involved with each function of banks based on the
following principle; to extend loans, banks employ ex ante monitoring effort to avoid
ex post default and collateral holdings of the borrower defrays the cost of monitoring
by the lender.

The benchmark for the intensity of banking distress in the model is the spread
between the shadow total yield4 and the deposit rate, which captures the foregone
pecuniary interest due to holding the transaction-facilitating asset by the household.
There are four sources that contribute to costliness of banking: a) scarcity of collat-
eral assets, b) lower productivity of monitoring households, c) lower productivity of
interbank monitoring, and d) higher frequency of utilizing deposits for transaction
purposes. The paper connects these dimensions of banking distress to the TED spread
in the market for collateral services.

The paper’s objective will then be to study seven episodes of banking distress re-
flected by sharply elevated TED spreads in the U.S. from 1960 to 2006.5 The model
parameters are calibrated to match averages of rate spreads and other banking obser-
vations during the sample period.

The strategy of the paper is threefold. First, I wish to investigate the implied struc-
tural changes in banking by means of the deterministic version of the model together
with observations of banking and collateral supply relative to GDP. My aim in this
regard is to uncover and measure banking parameters at each episode to account for
trend movements in the TED spread before studying the implications of short-term

others.
3This approach is motivated by two observations in banking data. First, there is a relatively robust

inverse relation between the TED spread and U.S. bank holdings of government securities per dollar of
deposits from 1960 to 2006. Furthermore, the latter demonstrates a high correlation with the supply of
government securities relative to GDP in the sample period.

4The shadow total yield represents the total risk-adjusted return of any asset held by the represen-
tative household in equilibrium and satisfies the standard Euler equation. Similarly, the paper defines
the shadow interbank rate that represents the total opportunity cost of loanable funds to a bank.

5These episodes include the commercial paper crisis of 1969, banking crisis of 1974, the Volker disin-
flation era and second oil crisis of 1981, the 1987 stock market crash, the 1990 credit crunch, the Russian
debt crisis of October 1998 and the Dot-Com bubble of June 2000. I do not study the 2008 spike in
TED partly because the monetary policy regime confronted zero lower bound problem and role of large
supply of bank reserves in the new situation, which are not modeled here.
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spikes of the TED spread.
The second part of the paper’s strategy is to log-linearize the model around the

calibrated steady-state that accounts for structural changes in banking at each episode.
The goal is to identify and quantify shocks emanating from banking that generate
observed TED spikes and bank adjustments of collateral holdings. Further, I wish to
investigate whether TED spikes consistently capture the intensity of real consequences
of banking distress at each episode.

The third part of the strategy takes into consideration monetary policy response
to banking distress. In particular, it investigates the desirability of the central bank
to rely on the TED spread to mitigate the effects of banking distress and explores an
alternative option otherwise.

Among other things, the paper finds that the sensitivity of the TED spread to bank-
ing distress significantly and negatively depends on the supply of collateral relative
to GDP. As a consequence, the model predicts a low level and volatility for the TED
spread in a regime with abundant government securities relative to GDP consistent
with the data.6 This result implies that without accounting for collateral supply ef-
fects, the TED spread does not consistently indicate the severity of banking stress and
would be a misleading indicator for policy purposes.

The paper also finds that banking distress is characterized by deep shocks to the
productivity of monitoring households and interbank monitoring that in turn impose
a significant “banking services tax” on aggregate consumption. When the central bank
ignores money and banking and relies on a conventional Taylor rule, fluctuations
in the banking services tax produces deep recession in aggregate consumption and
brings about deflation. To best mitigate these effects, the central bank should adjust its
interbank rate instrument in accordance with the loan-deposit rate spread rather than
the TED spread.

The paper is comprised of three main parts. The first section presents the model
and develops the analytical framework. Other sections contain quantitative analysis
and implement the paper’s strategy. Section 2 focuses on structural changes in bank-
ing. Section 3 studies episodes of banking distress. Section 4 explores monetary policy
issues. Final remarks are made at conclusion.

2.1 Model

The model incorporates a money and banking sector into a new Keynesian frame-
work. The environment features a representative agent economy, divided over two

6This finding proposes an explanation for the highly volatile TED fluctuations with an elevated
average during 1970s and early 1980s and much less volatile with substantially lower average over the
rest of the sample.
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sectors: a perfectly competitive banking sector that issues and services transaction-
facilitating deposits, and a standard production sector with monopolistic competition
that produces differentiated goods.

Bank deposit (money) is demanded and supplied as following. Households de-
mand deposits to make payments during the period, which facilitate trade of goods
and assets among themselves. At the beginning of each period, households learn their
demand for deposits and finance their deposit demand by borrowing one-period illiq-
uid loans from banks and selling government securities to banks. This means from a
bank’s view that a bank creates deposits by extending loans to households using its loan
production technology or buying government securities at the beginning of the period.
In addition, during the period a bank executes payment instructions of depositors via
borrowing interbank credit (provision of transaction services).7 There is accordingly an
interbank loan technology by which banks extend credit to each other. A bank learns
its demand for the gross amount of interbank credit to make payments at the begin-
ning of the period.8

The roles for bank monitoring and collateral services appear in the loan production
technologies. To ensure timely repayment of loan, a bank monitors the borrower who
could in turn hold collateral assets to defray the cost of bank monitoring.9 A house-
hold obtains collateral services from government bonds and to a lesser degree from
capital. A bank receives collateral services only from government securities.

In what follows, I first describe the problems of the representative bank, house-
hold and firm. Next, I characterize the general equilibrium in the economy and then
illustrate the connection between various interest rates in the model.

2.1.1 Households

There is a continuum of identical households in the economy. Households own banks
and firms. Let the ct denote household’s consumption of goods, Nst total supply of its
time to work in the production and banking sectors, Ddt household’s deposit demand
from other banks than it owns, and Bht+1 household holdings of government securities
that matures at the beginning of period t+ 1.

The household’s problem is to choose
(
Ddt , ct,Bht+1,Nst

)
to maximizes its lifetime

utility from consumption and leisure given the wage rate wt, the deposit rate RDt , the
government bond rate RBt , the aggregate level of prices, PAt , income from profits of its

7Since bank deposits are the only medium of exchange, a payment is essentially transfer of funds
from the payor’s bank to the payee’s bank, hence a payment could be financed by interbank borrowing
during the period.

8This assumption allows for solving the model at the beginning of the period and makes the analysis
quite simple without much loss of generality.

9By choosing the safety of its asset composition, the borrower incurs less expenses to compensate
for the monitoring effort of the lender.
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bank and firm Πbt +Π
f
t and lump-sum tax payment to the government τt,

maxE0

∞∑
t=0

βt[φ log(ct) + (1 −φ) log (1 −Nst)].

The household’s flow of funds (budget) constraint is given by,

Ddt−1

PAt
(1 + RDt−1) +

Bht
PAt

+wtN
s
t +Π

f
t +Π

b
t >

Ddt
PAt

+
Bht+1

PAt (1 + RBt )
+ ct + τt, (2.1.1)

where, the left side expresses the net wealth of the household at the beginning of
period t.

In order to consume any unit of goods, the household’s has to satisfy it deposit
demand constraint given by,

Ddt
PAt

>
1
V
ct, (2.1.2)

where V is assumed to be a constant and specifies the velocity of deposit circulation.

Denote the Lagrange multiplier of the household’s transaction demand constraint
by νt. Accordingly, the optimal conditions for the household’s choice variables Ddt , ct
and Nst are given by10,

νt

λt
+ Et

[
β
λt+1

λt

1 + RDt
1 + πt+1

]
= 1 (2.1.3)

φ

ctλt
= 1 +

1
V

νt

λt
(2.1.4)

1 −φ

1 −Nst
= wtλt, (2.1.5)

where πt+1 ≡ PAt+1/P
A
t − 1 represents the inflation rate.

According to optimal deposit demand (2.1.3), νt/λt reflects household valuation
of monetary services. As a result, the representative household would be willing to
receive lower pecuniary return on deposits to satisfy its deposit demand constraint.
Further, consumption demand (3.3.1) reveals that the foregone interest on deposits
imposes an implicit tax per unit of consumption that drives a wedge between the
marginal utility of consumption and income. The expression 1/V · νt/λt represents
the “banking services tax” on consumption, which means that for any unit of con-
sumption, the household needs to hold (at least) 1/V units of real deposits that come
at an interest cost of νt/λt.

10I defer the optimal choice of household holdings of government securities Bht+1, to the problem of
the bank. Perfect competition allows for temporarily adopting the fiction that the bank who supplies
deposits to the household optimally makes the choice of loan production factors including collateral
holdings by the household. This trick extremely saves on the notation and exposition of results.
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2.1.2 Banks

Consider a perfectly competitive banking industry. At the beginning of each period,
each bank supplies deposits Dst, holds government securities Bbt+1 and its labor de-
mand for monitoring householdsmt and interbank monitoring m̃t. Banks also choose
their employment of monitoring households mt, and monitoring other banks m̃t, at
the beginning of each period.

The bank’s problem is to choose
(
Dst,B

b
t+1,mt, m̃t

)
given price variables and inter-

est rates to maximize its lifetime discounted profits,

maxE0

∞∑
i=0

Λt,t+i

(
Dst+i

PAt+i
+
Bbt+i

PAt+i
−
Dst+i−1

PAt+i
(1 + RDt+i−1) −

Bbt+i+1

PAt+i(1 + RBt+i)
−wt+i(mt+i + m̃t+i)

)
.

Here the expression in the parenthesis expresses bank profits Πft+i at period t+ i,
and Λt,t+i ≡ βiλt+i/λt expresses the stochastic discount factor of the representative
household.

The bank deposit creation is constrained by the balance sheet equality in combi-
nation with loan to households production technology. The nominal balance sheet
equality at the beginning of period t is given by,

Dst ≡ Lht +
Bbt+1

1 + RBt
, (2.1.6)

where Lht denotes nominal loans to households. I posit that the real loan production
technology adopts a Cobb-Douglas form with monitoring effort by the bank and col-
lateral holdings by the household as input factors,

Lht
PAt

6 F ·
(

Bht+1

PAt (1 + RBt )
+ kqtK

)α
(Amt mt)

1−α. (2.1.7)

where the expression in the first parentheses represents household’s weighted collat-
eral. Amt represents shock to the productivity of monitoring households.

Deposit servicing is costly for a bank because it involves bank demand for inter-
bank credit to provide payment services. . It is plausible to assume that interbank
credit demand is proportionate to bank deposits according to

Lbt ≡ ` ·Dst, (2.1.8)

where the parameter ` captures the turnover of interbank credit used for executing
payment instructions of depositors. A higher ` implies higher transaction demand per
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dollar of deposits by household.11 By analogy to loans to households, I posit that the
interbank loan technology follows a Cobb-Douglas functional form with the borrower
bank’s government bonds and interbank monitoring of lending bank as input factors,

Lbt
PAt

6 F̃ ·
(

Bbt+1

PAt (1 + RBt )

)α̃ (
Am̃t m̃t

)1−α̃ , (2.1.9)

where Am̃t represents shock to interbank monitoring productivity.12

Denote Lagrange multipliers of the deposit creation and transaction services pro-
vision constraints by Ψt and ψt. Therefore, the optimal conditions for an individual
bank for its choice variables Dst, B

b
t+1,mt and m̃t are given by,

Ψt

λt
+ ` · ψt

λt
+ Et

[
β
λt+1

λt

1 + RDt
1 + πt+1

]
= 1 (2.1.10)

Ψt

λt
+Ωbt ·

ψt

λt
+ Et

[
β
λt+1

λt

1 + RBt
1 + πt+1

]
= 1 (2.1.11)

wt =
Ψt

λt
· F(1 −α)Amt

(
bht+1 + kqtKt+1

Amt mt

)α
(2.1.12)

wt =
ψt

λt
· F̃(1 − α̃)Am̃t

(
bbt+1

Am̃t m̃t

)α̃
, (2.1.13)

where Ωbt ≡ α̃ Dt/Pt
bbt+1

expresses marginal product of bank collateral in interbank loans,

and the real value of government securities is defined as bt+1 ≡ Bt+1
PAt (1+RBt )

.

The optimal condition for deposit supply (2.1.10), reveals that the total cost of bank-
ing services is composed of valuation of deposit creation constraint Ψt/λt and deposit
servicing constraint ψt/λt, which occurs ` times per dollar of deposits. The optimal
condition (2.1.11) implies that government securities are valued by a bank for two rea-
sons. First, the bank can save on the cost of extending loans to households to create
deposits Ψt/λt. Second, government securities provide collateral services for a bank
in interbank borrowing captured byΩbt ·ψt/λt.

Optimal conditions for monitoring effort demand (2.1.12) and (2.1.13) imply the
wage determined by the labor market offsets the value of monitoring effort in the loan
production process.

Perfect competition allows us to temporarily adopt the fiction that the bank optimal
chooses factor utilizations in the loan production technology given market prices. In

11This could be thought of as higher transaction demand for trade of assets bu households.
12Note that the interbank borrowing problem is essentially different from the interbank lending prob-

lem where as a borrower the individual bank makes collateral choice and as a lender makes the moni-
toring choice. However, symmetry allows for expressing both constraints with the same relation.
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particular optimal conditions for collateral demand are given by,

Ωht ·
Ψt

λt
+ Et

[
β
λt+1

λt

1
1 + πt+1

]
(1 + RBt ) = 1 (2.1.14)

k Ωht ·
Ψt

λt
+ Et

[
β
λt+1

λt
(1 + rKt,t+1)

]
= 1, (2.1.15)

where, Ωht ≡
α Lht /Pt

bht+1+kqtKt+1
represents marginal product of household collateral and

rKt,t+1 denotes the non-collateral return to capital asset. Conditions (2.1.14) and (2.1.15)
imply that the collateral services premium needs to offset the foregone pecuniary in-
terest on the assets incurred by borrowers.

2.1.3 Firms

Firms owned by households operate in a monopolistically competitive environment
as in standard new Keynesian models. Each firm optimally chooses its capital Kt+1,
sets price of its specific goods production Pt, and labor demand nt given aggregate
demand for consumption of goods cAt , price of capital qt, PAt and wt.

maxE0

∞∑
i=0

Λt,t+i

cAt+i
(
Pt+i

PAt+i

)−(θ−1)

+ qt+i(1 − δ)Kt+i − qtKt+i+1 −wt+int+i


The firm’s production and sales constraint is given by,

K
η
t (A

n
t nt)

1−η > cAt

(
Pt

PAt

)−θ

, (2.1.16)

where Ant represents shock to the productivity of labor in goods production.

Let the Lagrange multiplier of firm’s production and sales constraint be ξt. There-
fore, optimal conditions for choice of Pt and nt are given by,

ξt

λt
=
θ− 1
θ

(2.1.17)

wt =
ξt

λt
(1 − η)Ant

(
K

Ant nt

)η
. (2.1.18)

Moreover, the non-collateral component of real return to capital rKt,t+1 is given by

rKt,t+1 ≡ (1 − δ)
qt+1

qt
+
η

qt

ξt+1

λt+1

(
Ant+1nt+1

K

)1−η

. (2.1.19)

I assume net investment is zero and thus capital stock remains fixed at its steady state
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value.

2.1.4 General Equilibrium

An equilibrium in the economy is characterized by

1. optimal choices of banks, households and firms,

2. market clearing conditions for

(a) bank deposits Dst = D
d
t ,

(b) consumption goods, which implies the aggregate resource constraintKη(Ant nt)
1−η =

ct + δKqt,

(c) labor Nst = nt +mt + m̃t,

(d) government securities bt+1 = bht+1 + b
b
t+1.

3. Symmetry in pricing across firms Pt = PAt

4. Government

(a) budget constraint,

gt − τt =
Bt+1

PAt (1 + RBt )
−
Bt

PAt
, (2.1.20)

where we normalize gt = 0.

(b) fiscal policy, which governs the supply of government securities (collateral)
in the economy,

bt+1 = b̄ ct, (2.1.21)

where b̄ is a constant.

(c) monetary policy.13

The set of general equilibrium conditions are provided in the appendix.

2.1.5 Interest rate spreads

Now, using the general equilibrium conditions, we are in a position to build the rela-
tion between various interest rates in the model. The chart in Figure 2.1 illustrates the
link between various spreads and summarizes the following discussion.

13In case of perfectly flexible prices as in an RBC setup, the central bank adopts the neutral interest
rate. In the New Keynesian framework with price stickiness, the interest policy rule will be specified.
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“The shadow total yield” RTt is defined as the nominal risk-adjusted pecuniary re-
turn to a fictitious asset that offers no collateral services, therefore satisfies the ordinary
Euler equation,

Et

[
β
λt+1

λt

1
1 + πt+1

](
1 + RTt

)
≡ 1. (2.1.22)

Portfolio balance requires that the sum of pecuniary and non-pecuniary return on any
asset held by the household in equilibrium should equal RTt . Specifically, the deposit
rate is lower than the shadow total yield by household valuation of monetary ser-
vices. The spread represents our benchmark for quantifying the severity of banking
distress, because in equilibrium it also reflects the cost of supplying monetary services
by banks.

To analyze the cost components, it is useful to define the “shadow interbank rate”
RIB,T
t , that represents the total opportunity cost of loanable funds to banks14 and thus

satisfies
Ψt

λt
+

1 + RIB,T
t

1 + RTt
≡ 1. (2.1.23)

Therefore, the shadow interbank rate falls below the shadow total yield by the total
marginal cost of extending loans to households Ψt/λt, as also seen in (2.1.10). More-
over, (2.1.10) implies that the deposit rate is lower than the shadow interbank rate by
the total marginal cost of deposit servicing.

Each of cost components are in turn decomposed in terms of factors of loan pro-
duction. The share of collateral could be thought of as rebated amount to the borrower.
The lending bank accordingly charges the loan rate that accounts for the marginal cost
of monitoring.15 Therefore, the realized loan rate for households RLt and interbank rate
RIBt satisfy,

RTt − R
L
t = α

(
RTt − R

IB,T
t

)
(2.1.24)

RIB,T
t − RIBt =

α̃

`

(
RIB,T
t − RDt

)
. (2.1.25)

The no arbitrage condition for government securities holding between households
and banks determines the government bond rate in equilibrium. The government
bond rate falls below the shadow total yield by the collateral services yield to the
household. It should also fall below the shadow interbank rate by the collateral ser-
vices yield to banks. The latter, in effect, captures the shadow TED spread in the
model.

14Unlike deposits, loanable funds do not require servicing.
15Remember that perfect competition implies zero profit for banks.
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2.1.6 The market for collateral services

I characterize equilibrium in the market for collateral services with the aim of iden-
tifying factors that influence the TED spread. Figure 3.1 displays model-implied de-
mand and supply curves in this market, which is plotted from the banking point of
view. The demand curve represents bank valuation of collateral services provided by
government securities on the bank balance sheet per dollar of deposits. Collateral ser-
vices yield displays diminishing returns with respect to collateral holdings by banks.
The supply curve represents the total supply of government securities to banks net of
household absorption of collateral and reflects the opportunity cost of holding gov-
ernment bonds by banks.

Banking demand for collateral services shifts up when the productivity of inter-
bank loan technology goes down or the transaction demand per dollar of deposits
increases. From a static perspective, these are reflected by a decline in F̃ and an in-
crease in `. Supply of collateral services to banks shifts up when loans to households
become less productive, thereby elevating the opportunity cost of supplying collateral
to banks or when the total supply of collateral drops. These are captured by declines
in F and b̄.

Now, I will examine the effect of these factors on our benchmark for the severity of
banking distress, i.e. RTt − R

D
t . This is facilitated by looking at the two components of

bank cost, which are expressed in terms of factor costs according to,

RIB,T
t − RDt =

`

F̃

(
RIB,T
t − RBt
α̃

)α̃(
wt/A

m̃
t

1 − α̃

)1−α̃

(2.1.26)

RTt − R
IB,T
t =

1
F

(
RTt − R

B
t

α

)α(
wt/A

m
t

1 −α

)1−α

. (2.1.27)

Therefore, factors that elevate the equilibrium TED spread also raise the costliness of
banking. However, the relationship between the TED and RT − RD is not monotonic
and differs with respect to various sources of costliness.

2.2 Structural changes in the banking sector

Now, I turn to apply the analytical framework developed in the last section to study
the underlying sources of banking distress in the U.S. from 1960 to 2006. In this section,
I consider assessing structural changes in the banking sector in light of secular move-
ments of the TED spread and other observables via the deterministic balanced-growth
version of the model. I will consider short-run analysis in the next section.

The first step in this regard is to show that a plausible calibration exists that fits
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average values of relevant observables over the sample period. Next, to highlight
the role of collateral, I will consider the exclusive effects of changes in the supply
of government securities relative to GDP in explaining trend movements in the TED
spread and other banking observables. Then, I back out the model-implied values of
banking parameters that account for secular movements in these banking observations
not explained by the collateral supply effect.

2.2.1 Calibration

There are fourteen parameters that need to specified. Six of these appear in New Key-
nesian models without money and banking. For these, I use values commonly found
in the literature. The discount factor is set to β = 0.99 and the labor augmenting tech-
nology grows at an annual rate of 2 per cent corresponding to γ = 0.005 per quarter.
This growth rate is common between the production sector and the banking sector to
guarantee existence of a balanced growth equilibrium. Accordingly, the real annual
value of the shadow total yield is 6 per cent at the steady state. The utility weight
of consumption is φ is 0.4 and leisure 0.6 to yield 1/3 of total hours for employment
in production and banking. In the goods production, it is assumed that the share of
capital is η = 0.36 and the elasticity of goods sales is θ = 11 to yield a markup of
1.1. Moreover, capital is assumed to depreciate at annual rate of 10 percent implying
δ = 0.025.

Table 2.1: Parameter values under the baseline calibration

φ 0.4 β 0.99 V 0.44 α 0.60 α̃ 0.08
η 0.36 δ 0.025 b̄ 0.90 F 22 F̃ 144
γ 0.005 θ 11 k 0.0255 ` 0.81

Two of the money and banking parameters are directly observable. I use the quar-
terly data for all depository institutions. The velocity of bank deposit circulation per
quarterly GDP is on average V = 0.44 from 1960 to 2006. The government securi-
ties collateral relative to quarterly GDP is set to b̄ = 0.90, which is the average of
sums of Treasury securities and securities issued by Government Sponsored Enter-
prises (GSEs) relative to quarterly GDP over the sample. This includes holdings of
households, corporations and banking holding and excludes foreign and government
holding as well as insurance holding. This choice takes into account that government
holding provides collateral services to their holder in the model. The data come from
the Flow of Funds account.

There are six banking parameters to be calibrated. These are jointly calibrated to
match averages of six observations in banking over the sample period as following.
First, equilibrium in the market for collateral services is characterized by a TED spread
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of 115 basis points and government securities relative to deposits of 18.7 percent. Sec-
ond, the real three-month T-Bill rate is on average 1.3 percent implying the collateral
services yield of government securities of 4.7 percent. Next, the observable external fi-
nance premium, which represents the marginal cost of extending loans to households
in the model is 1.9 percent in the sample, roughly the same as the value used in the
literature. Moreover, the real deposit rate is -0.7 percent in the sample implying the
total transaction cost of 6.7 percent.16 Finally, the share of employment in the banking
sector relative to total employment is 1.6 percent based on data obtained for bank-
ing employment from FDIC website and total employment from the Bureau of Labor
Statistics.

2.2.2 Exclusive effects of collateral scarcity

Figures 2.3 to 2.6 illustrate observations of banking variables in the model. The histor-
ical data for the TED spread (Figure 2.3) reveals that movements of TED could be de-
composed into a trend component and short-term component. Moreover, movements
in the TED spread exhibit a generally inverse relationship with the bank holdings of
government securities per dollar of deposits (Figure 2.4), which in turn co-moves with
the supply of government securities relative to GDP (Figure 2.5). Motivated by these
observations, I use the benchmark calibration to investigate the model-implied effect
of observed changes in government securities (collateral) supply on the three observed
variables of banking.

Figure 2.7 demonstrates that the exclusive effect of collateral scarcity accounts for a
substantial part of the secular movements in banking observables, especially the TED
spread and collateral holdings of banks. The model attributes elevated level of the
TED spread in the earlier part of the sample (prior to 1990) to the scarcity of collateral
and alternatively its low level in the later part of the sample to abundance of collat-
eral. Similarly, the general increase in bank holdings of government securities over
the sample period is explained by larger availability of collateral. These findings show
that for any plausible interpretation of the TED spread for banking, it is essential to
account for collateral supply effects (government securities relative to GDP).

2.2.3 Structural changes in banking

Now, I allow for changes in the three banking parameters F, F̃ and `, to fit secular
movements in the banking observables, which are not explained by changes in collat-

16Interest rates and spreads are reported annually according to the convention. Note also that the loan
rate and the deposit rate are calculations of author from the balance sheet data of all commercial banks
in the U.S. obtained from the FDIC website. The deposit rate in particular is probably underestimated
because of the prevalence of Regulation Q in the first part of the sample that prohibited banks from
paying interest on deposits.
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eral supply.

I first restrict attention to the earlier part of the sample during which collateral sup-
ply is relatively scarce. According to Figure 2.7 shows the scarcity of collateral supply
should result in a higher TED spread with smaller bank holding of government se-
curities on their balance sheet. However, observations indicate that there was not as
much scarcity of collateral supply to banks, which resulted in higher bank holdings of
collateral and less valuation of collateral services at the margin. There is yet another
channel for the supply of government securities to banks, which works through less
absorption of collateral by households. According to the framework of the market
for collateral services (Figure 3.1), this could happen when bank productivity in issu-
ing loans to households is higher relative to the benchmark calibration. Simulations
confirm this explanation.

Next, I consider the later part of the sample that corresponds to general abundance
of collateral. The diminishing returns to collateral holding by banks implies that the
TED spread is insensitive to shifts in the supply curve. The exclusive effect of collat-
eral in this period calls for higher holdings of collateral by banks and lower costliness
of banking relative to observations. Among the sources of costliness of banking it is
plausible to think that this outcome is reflective of lower bank productivity of extend-
ing loans to households, which shifts the supply of collateral curve and raise the cost
of creating deposits.

Moreover, we observe underestimation of the loan–deposit rate spread and overes-
timation of bank holdings of collateral in the later part of the sample. This is a period
with abundance of government securities collateral and due to diminishing returns,
the In the framework of the market for collateral services, the abundance of govern-
ment securities in this period has pushed the collateral supply curve to the region in
with low sensitivity of TED spread. This explanation is consistent with the simulation
findings.

There are other interesting dimensions of structural changes in banking that the
model predicts. For instance, the productivity of interbank loans drops since late 1970s
till early 1980s. This is the period in which the second oil crisis occurs in 1979 causing
the “Great Panic” in the economy, and it is followed by the financial crises of 1978,
1979 and 1980.17 Moreover, the Volker fed tightened money supply to fight against
inflation. The model’s prediction suggests that these ongoing events had a structural
effect on bank productivity of issuing interbank credit, while other conditions did not
cause this kind of lasting effect.

Furthermore, there is a generally declining trend in parameter `, which implies
lower demand for transaction services for the purposes of trading assets. One expla-

17Business week magazine posted a title “Death of Equities” in August of 1979 claiming that most of
people’s investment had shifted from stocks to money market instruments.
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nation for this trend could be the emergence of the money market instruments over
this period that offered higher interest rates relative to bank deposits and attracted
away the demand for monetary services for asset trading purposes from banks.

2.2.4 Comparative Statics

At this stage, it is possible to use the comparative statics for banking parameters (b̄,
F, ` and F̃) to address the paper’s main question from a long-term perspective. Table
2.2 reports the results for the shift in the parameter values in their possible range of
changes.

Various dimensions of costliness of banking affect the banking and real sector dif-
ferently. For example, compare the factors that shift the supply curve in the market for
collateral services, namely b̄ and F. Shift in the collateral supply affects the TED spread
more severely, but it has a milder effect on aggregate consumption and costliness of
banking services. However, a shift in the productivity of monitoring households has
a smaller effect on the TED spread, yet it has a much deeper effect on the aggregate
consumption and costliness of banking.18

To explain why this happens, suppose the economy is initially at the steady state
equilibrium. Now, consider two new equilibria, one with a permanent drop in the
suply of government securities relative to GDP, b̄, and another with a permanent drop
in the productivity of loans to households, F, such as to produce 100 basis point ele-
vation in the TED spread in both cases.19 In each case, the marginal cost of servicing
deposits increases equally, which is governed by the banking demand for collateral
services. However, the marginal cost of extending loans to households rises substan-
tially higher when the loan technology becomes less productive compared with the
general scarcity of collateral. In effect, the sensitivity of marginal cost with respect to
the collateral services yield goes up when the loan productivity drops (see equation
(3.3.15)). Moreover, households value collateral services higher at the margin because
of the decrease in the loan productivity, which reinforces the previous effect. Alto-
gether, the difference in the marginal cost of monetary services amounts to 440 basis
points.

In this respect, the trend movements in the TED spread does not consistently in-
dicate severity of costliness of banking, even though it reflects the direction of change
correctly. This is confirmed by shifts in the sign of correlation between the TED spread
and the loan–deposit rate spread (observed measure of costliness of banking) over the
sample. The correlation values are 0.56, −0.44 and 0.52 from 1960 to 1983, 1983 to 1995

18Similarly, the factors affecting the banking demand for collateral services namely ` and F̃ impact the
TED spread and costliness of banking services (hence aggregate consumption) differently.

19That is roughly 20% drop in collateral supply and 35% drop in the productivity of loans to house-
holds.
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and 1995 to 2006 respectively.

Table 2.2: Comparative statics.

TED Bb/D RL−RD b̄ F ` F̃ c n RT − RD

benchmark 1.15% 0.19 4.79% 0.90 22 0.81 144 0.8085 0.3282 6.73%

Low b̄ 3.42% 0.08 5.59% 0.58 22 0.81 144 0.8044 0.3261 8.33%
High b̄ 0.38% 0.37 4.33% 1.24 22 0.81 144 0.8112 0.3295 5.90%

Low F 2.46% 0.10 7.66% 0.90 13 0.81 144 0.7888 0.3192 13.65%
High F 0.79% 0.24 4.12% 0.90 30 0.81 144 0.8131 0.3303 5.18%

High ` 1.30% 0.20 5.47% 0.90 22 0.95 144 0.8054 0.3269 7.47%
Low ` 0.77% 0.15 3.25% 0.90 22 0.49 144 0.8158 0.3312 5.01%

Low F̃ 1.59% 0.23 8.06% 0.90 22 0.81 79 0.7936 0.322 10.29%
High F̃ 1.07% 0.18 4.29% 0.90 22 0.81 165 0.8108 0.3292 6.18%

2.3 Episodes of banking distress

Now we can turn our attention to studying episodes of banking distress identified by
sharp spikes in the TED spread (the short-term component). Specifically, I use the log-
linearized version of the model around the benchmark calibration but with banking
parameter values that account for the structural changes explored in the previous sec-
tion. Based on observations of banking variables, I first identify the sources of banking
distress and quantify the size of underlying shocks. The next step is to evaluate the re-
sponse of the model variables to these shocks with the aim of comparing the intensity
of banking distress for various elevations in the TED spread across different episodes.
Further, I assess the transmission of banking distress to aggregate consumption and
employment.

I consider seven episodes of distress in the history of banking from 1960 to 2006
that correspond to sharply elevated TED spreads. These instance coincide with certain
events relevant to banking and I choose one title to label each as following: a) the
commercial paper crisis of 1969, b) the banking crisis of 1974, c) the Volker disinflation
era in 1981, d) The stock market crash of 1987, e) the credit crunch of 1990, f) the
Russian debt crisis of 1998, and g) the dot-com bubble of 1999.20

20To provide a sense of the nature of banking distress, consider the events that occurred around 1974,
during which the TED spread reached its historical high record of 500 basis points: a) the economic
recession followed by the energy crisis in 1973, b) a large shock to commercial paper market due to
financial problems of W.T. Grants company, c) failure of large international banks in particular the
German Bankhaus Herstatt that was thought to “threaten the international financial order” (Schwartz
1987) and created a crisis in the payments system, e) failure of large national banks most notably the
Franklin National Bank and the United States National Bank of San Diego. (Markham 2002)
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2.3.1 Short-term dynamic responses

To complete characterization of the full log-linearized New Keynesian model, we need
to specify the interest rate rule of the central bank and the price movement relation-
ship. To restrict attention to real effect and replicate core RBC model, I consider a
perfectly price stabilizing policy specified as

RIBt = µ1 ·∆pt, (2.3.1)

where µ1 = 50. Moreover, in keeping with the literature I assume the dynamics of
prices follows a Calvo (1983) style mechanism according to,

∆pt = β · Et∆pt+1 + κ ·mct, κ > 0 (2.3.2)

where ∆pt represents the inflation rate, κ = 0.05 consistent with values found in the
new Keynesian literature and mc represents the real marginal cost of goods produc-
tion (inverse of markup), given bymct = ŵt + n̂t − ĉt.

To identify the sources of shocks to banking that generate spikes in the TED spread,
consider the following features common among all instances of banking distress:

1. The TED spread elevates substantially and quickly reverts back to its trend value
in the next period.

2. The supply of government securities is relatively invariant during the episode.

3. Bank holding of government securities per dollar of deposits does not vary sig-
nificantly.

4. There is generally great uncertainty and information asymmetry between lenders
and borrowers in all credit markets (interbank market and loans to households).

In the framework of the market for collateral services, the above situation cannot
arise as a result of only one shock but shocks that shift the supply and demand curves
equiproportionately upward. Therefore, it is plausible to think that it is an equipropor-
tionate shock to the productivity of monitoring households and interbank monitoring,
i.e. Amt and Am̃t with small persistence that describes banking distress.

An important message of the comparative statics in the previous section was that
the model’s response is highly non-linear with respect to shocks to banking. Note
however that with the above interpretation of banking distress, as a result of an equal
upward shift in the supply and demand curves, there is a small change in the slops
of curves in the new equilibrium. Hence, the linear model is a good approximation
even with large size of shocks. Non-linearity would matter if only one curve shifts
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thereby leading to a different slope than the initial equilibrium point on both curves.
See Figure 2.9 for an illustration.

Now, I use the TED spread deviations from their trend to quantify the sizes of
shocks to the general productivity of banking at each episode. Table 2.3 displays the
results of simulations for various episodes of banking distress.21

Simulations highlight that banking distress shows up as deep shocks to the pro-
ductivity of monitoring, which in turn has a substantial real effect on aggregate con-
sumption and employment in the economy. The transmission mechanism of banking
stress to aggregate consumption works through demand-side and supply-side effects.
The demand-side effect of banking stress works through raising the transaction tax on
consumption. A large stress in banking causes banks to utilize higher monitoring per
dollar of loan, which has a mild positive effect on wage because banking sector takes
a small fraction of total employment. As a result, the cost of creation and servicing
deposits go up leading to higher transaction tax, which in turn decreases the con-
sumption demand. There is a supply effect because higher employment in banking
results in a contraction of residual supply of labor to the production sector.

The dynamic effect of transaction tax is reflected in the total rate RT . Normally, in
models without transaction cost, an initial reduction in consumption followed by an
expected rise gives rise to an elevation in the total interest rate. However, with a tem-
porary high transaction cost acts like a temporary tax on consumption and encourages
consumers to postpone consumption to future periods. In our model’s calibration, the
transaction tax effect turns out to be stronger than the expected increase in consump-
tion. This explains why the total yield drops even though consumption is expected to
rise.

The above discussion is illustrated by the log-linearized Euler equation,

R̂Tt − Et∆pt+1 = (Etĉt+1 − ĉt) +
1
V

(
Et

(
R̂Tt+1 − R̂

D
t+1

)
−
(
R̂Tt − R̂

D
t

))
︸ ︷︷ ︸

expected change in “banking services tax”

. (2.3.3)

With transaction tax, the second expression above appears in the Euler equation. As
soon as banking is shocked, the first expression goes up while the second expression
shrinks. In our model, the second effect is larger than the first effect which explains
the dynamic response as reflected by reduced total yield.

For the purposes of illustration, the effect of a permanent transaction tax is repli-
cated by a high persistence parameter of shocks. Results are exhibited in Figure 2.10.
The transaction tax effect is now absent because its effect is expected to persist and thus

21As an illustration of the pattern of the economy’s response to banking distress, a typical case is
displayed in Figure 2.10 that uses the benchmark calibration and size of shock is set to generate 100
basis-point elevation in the TED spread.
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Table 2.3: Impulse responses of banking and real variables at the period of elevated
TED spread for various episodes with extreme stress in banking

TED ∆TED b̄ F F̃ ` RT RT−RD c n shock

Com. Paper crisis, 1969 400 200 0.74 22.8 144 0.88 -185 787 -3.7 -4.4 107%
Banking Crisis, 1974 500 300 0.57 28.5 130 0.65 -188 806 -3.8 -4.5 140%
Volker Disinflation, 1981 335 120 0.58 30 80 0.60 -80 371 -1.8 -2.1 50%
Stock Market Crash, 1987 205 100 0.94 20 144 0.80 -160 641 -3.0 -3.5 90%
Credit Crunch, 1990 110 35 1.02 16 70 0.36 -74 285 -1.3 -1.5 33%
Russian Debt crisis, 1998 100 40 1.17 15 144 0.65 -158 568 -2.6 -3.0 68%
Dot-com Bubble, 1999 105 50 1.19 14 164 0.70 -228 812 -3.7 -4.3 90%

Note: Total elevations in the TED spread (labeled ‘TED’) and temporary deviations (labeled ‘∆TED’)
are reported in the second and third columns respectively. All interest rates and spreads are reported
in basis points annual terms. Real variables are fractional deviation from their steady state values.
All values correspond to the impulse responses at the date in which the banking distress impacts the
economy.

impacts permanent consumption at a lower rate. The total rate changes insignificantly
consistent with the above intuition.

Let’s now focus attention to the consistency of TED in capturing the intensity of
banking stress. Simulations show that the TED spread always spikes during an ex-
treme banking stress. However, TED elevations are not consistent in capturing the
intensity of stress. Consider the commercial paper crisis of 1969 and its succeeding
banking crisis in 1974. TED spikes are different by 100 basis points, while there is al-
most same stress in terms of real effects and cost of banking. Moreover, in the Dot-Com
bubble of late 1999 short-term component of TED widens by 50 basis points, whereas
the stress is almost the same as previous events.

The disconnection between TED and transaction cost is clearly seen when compar-
ing the 1981 Volker disinflation era with the 1987 stock market crash.

The inconsistency of the TED spread could be attributed to the collateral supply
differences. Collateral is most scarce in 1974 and most abundant in 1999 among the
rest of our list of stress episodes. This explanation reinforces the finding of the role of
collateral supply on the long-term component regarding the role of collateral supply
on TED movements.

Results exhibit a disconnection between TED spikes and transaction tax. To see
this, consider responses of Volker disinflation in 1981 and the stock market crash of
1987. Short-term elevation in TED is about 100 basis point in both cases, whereas the
net cost of transaction services is almost twice in the latter case. The disconnection
is attributed to structural differences in banking and in particular the productivity of
issuing loans to households, which is much lower in the latter episode. However,
the increase in the supply of collateral masks this difference by implying a similar
elevation in TED.

Overall, the discussion of this section implies that non-linearity of banking is an
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important feature that could imply totally different quantitative implications. In par-
ticular, the model suggests that the TED spread is an inconsistent indicator of the in-
tensity of stress and an appropriate analysis requires taking account of the supply of
collateral as well as structural parameters of the banking sector.

2.4 Concluding remarks

I conclude by summarizing the main scope of the paper, its main findings and possi-
ble future directions to extend the model. My objective in this paper was to question
conventional wisdom that the short-term common maturity interbank Treasury-Bill
(“TED”) spread is a consistent indicator of stress in the banking sector where banking
stress occurs to raise the cost of providing transaction-facilitating deposits by banks
(an implicit transaction tax on consumption). I argue that a general equilibrium ap-
proach to banking and rate spreads sheds light to aspects of the link between TED
and costliness of banking that reveals at time TED could be an inconsistent and mis-
leading indicator. My analytical framework incorporates an otherwise standard new
Keynesian model with a perfectly competitive banking sector in which banks mon-
itor households to extend loans and borrow interbank credit to facilitate payments.
Government securities play an important role by defraying the cost of monitoring and
thereby providing collateral services to borrowers. Therefore, the TED spread reflects
valuation of collateral services by banks and it is determined by equilibrium in the
market for collateral services.

My quantitative analysis has both long-term and short-term dimensions. First, I
assess structural changes in banking over the sample period from 1960 to 2006. Com-
parative statics reveals that a shift in the supply of collateral is associated with a sub-
stantial change in TED but mild differences in real variables and the transaction tax.
However, a shift in productivity of bank monitoring results in less intensive change in
TED yet significant real effects. This insight helps us understand why the TED spread
was particularly low during 1990s whereas the cost of banking services got quite high.
Next, I study the local dynamics of economy during episodes of extreme stress in
banking as indicated by TED spikes while taking account of structural changes in
banking. I find that there is a stark difference between the intensity of stress and
elevation in TED that arises because of underlying differences in collateral supply and
bank monitoring productivity. Ultimately, I complete my argument by showing that
the central bank who regards TED as indicator of banking stress may cause macroeco-
nomic instability. Instead, I propose the central bank should respond to loan-deposit
rate spread to effectively perform in cases of banking stress.

The model could be potentially extended in various dimensions to address inter-
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esting problems. Here I discuss three of them. First, I recognize the substantial real
implications of banking stress that arises from a large implied transaction tax. One
way to make the model more realistic is to consider a short-term monitoring specific
supply of labor to take account of the fact that monitoring effort supply is segmented
from the rest of the labor market in the short-run. In that case, shocks to productivity
of monitoring is expected to affect the monitoring-specific wage, without raising the
demand for monitoring as severely as in the original model. This modification would
alleviate the supply-side effect, but the demand-side effect would be mixed and needs
further investigation in a calibrated setup. Next, the model abstracts from differences
in the transaction services provided by various types of deposits. It also does not ex-
plicitly model transaction services offered by the money market. These modifications
can alleviate the transaction tax effect. Finally, bank demand for interest-bearing re-
serves is absent from the model. To study monetary policy after financial crisis, the
model first needs to be elaborated in that direction.
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Appendix B

B.1 Dynamic Equations

V

(
φ

ctλt
− 1
)

=
RTt − R

D
t

1 + RTt
(B.1.1)

Et

[
β
λt+1

λt

1
1 + πt+1

]
(1 + RTt ) = 1 (B.1.2)

1 −φ

1 −nt −mt − m̃t
= wtλt (B.1.3)

1 = kΩht · EFPt + Et
(

1 + rKt,t+1

1 + rTt

)
(B.1.4)

RTt − R
B
t

1 + RTt
= Ωht · EFPt (B.1.5)

RIB,T
t − RBt
1 + RTt

= Ωbt · MCIBt (B.1.6)

wtmt = EFPt(1 −α)Lht /Pt (B.1.7)

wtm̃t = MCIBt (1 − α̃)LIBt /Pt (B.1.8)

Kη(Ant nt)
1−η = ct + δKqt (B.1.9)

bht+1 + b
b
t+1 = Ab̄t b̄ · ct (B.1.10)

VDt/Pt = ct (B.1.11)

Lht /Pt + b
b
t+1 = Dt/Pt (B.1.12)

LIBt /Pt = A
`
t` ·Dt/Pt (B.1.13)

LIBt /Pt = F̃
(
bbt+1

)α̃
(Am̃t m̃t)

1−α̃ (B.1.14)

Lht /Pt = F
(
bht+1 + kqtKt+1

)α
(Amt mt)

1−α (B.1.15)

RTt − R
L
t

1 + RTt
= α · EFPt (B.1.16)

RIB,T
t − RIBt

1 + RTt
=

α̃

A`t`
· MCIBt , (B.1.17)

which solve for ct, Dt/Pt, RBt , nt, wt, qt, bht+1, bbt+1, mt, m̃t, λt, RTt , RLt , RIB,T
t , RIBt and RDt ,
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given processes for evolution of shocks Ant , Amt , Am̃t , A`t and Ab̄t . Also define,

Ωht ≡
α Lht /Pt

bht+1 + kqtK
Ωbt ≡

α̃ Dt/Pt

bbt+1

EFPt ≡
RTt − R

IB,T
t

1 + RTt
MCIBt ≡

RIB,T
t − RDt
1 + RTt

1 + rKt,t+1 ≡ (1 − δ)
qt+1

qt
+
η ·mct+1

qt

(
Ant+1nt+1

K

)1−η

mct+1 ≡
wtnt

(1 − η)(ct + δKqt)

B.2 Log-linearized Dynamic Equations

Vφ

cλ

(
−ĉt − λ̂t

)
=

1 + RD

1 + RT
(
R̂Tt − R̂

D
t

)
(B.2.1)

R̂Tt = −Etλ̂t+1 + λ̂t + Et∆pt+1 (B.2.2)

λ̂t + ŵt =
n

1 −n−m− m̃
n̂t +

m

1 −n−m− m̃
m̂t +

m̃

1 −n−m− m̃
ˆ̃mt (B.2.3)

m̂ct = n̂t + ŵt − ĉt (B.2.4)

0 = kΩh · EFP
(

ˆEFPt + Ω̂ht
)
−

1 + rK

1 + rT
(
r̂Tt − Etr̂

K
t,t+1

)
(B.2.5)

R̂Tt − R̂
B
t

RT − RB
= ˆEFPt + Ω̂ht + R̂Tt (B.2.6)

R̂IB,T
t − R̂Bt
RIB,T − RB

= M̂C
b
t + Ω̂

b
t + R̂

T
t (B.2.7)

ŵt + m̂t = ˆEFPt + L̂ht − P̂t (B.2.8)

ŵt + ˆ̃mt = M̂C
b
t + a

`
t + D̂t − P̂t (B.2.9)

ĉt =

(
1 +

δK

c

)
(1 − η)(n̂t + a

n
t ) −

δK

c
q̂t (B.2.10)

bh · b̂ht+1 + b
b · b̂bt+1 = b̄

(
ab̄t + ĉt

)
(B.2.11)

ĉt = D̂t − P̂t (B.2.12)

Lh (L̂ht − P̂t) + b
b (b̂bt+1) = D (D̂t − P̂t) (B.2.13)

α̃ · b̂bt+1 + (1 − α̃)
(
am̃t + ˆ̃mt

)
= a`t + D̂t − P̂t (B.2.14)

R̂Tt − R̂
L
t = α

(
R̂Tt − R̂

IB,T
t

)
(B.2.15)

R̂IB,T
t − R̂IBt +

(
RIB,T − RIB

)
a`t =

α̃

`

(
R̂IB,T
t − R̂Dt

)
(B.2.16)

L̂ht − P̂t = α

(
bh

bh + kK
· b̂ht+1 +

kK

bh + kK
· q̂t
)
+ (1 −α) (a2t + m̂t) (B.2.17)

∆pt = βEt∆pt+1 + κ mct (B.2.18)

R̂IBt = (1 + µ1)∆pt + µ2 · m̂ct, (B.2.19)
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which solve for c, w, q, λ, n, ∆p,mc, D, Lh, bb, bh, m, m̃, RT , RL, RIB,T , RIB, RB, RD.

r̂Kt,t+1 ≡
1 − δ

1 + rK
(q̂t+1 − q̂t) +

η ·mc
1 + rK

(n
K

)1−η
(m̂ct+1 + (1 − η)(a1t+1 +nt+1) − q̂t)

ˆEFPt ≡
R̂Tt − R̂

IB,T
t

RT − RIB,T − R̂Tt M̂C
b
t ≡

R̂IB,T
t − R̂Dt
RIB,T − RD

− R̂Tt

Ω̂ht ≡ L̂ht − P̂t −

(
bh

bh + kK
· b̂ht+1 +

kK

bh + kK
· q̂t
)

Ω̂bt ≡ D̂t − P̂t − b̂bt+1.

B.3 Log-linearization rules

As the model involves several interest rate spreads, a brief description of the rules that apply

in such cases is worth mentioning. This explanation is also helpful in understanding how to

interpret the impulse response function diagrams illustrated in the article.

To log-linearize a non-interest rate variable, the convention is to use the fractional deviation

of the variable from its steady state value, denoted by a hat on that variable, x̂t = xt−x
x . Now

converted to a fraction, the unit of the original variable will not matter for the analysis.

In case of interest rates or returns that are already unit-less, their absolute changes from

steady state will be considered, (1 + rt) = (1 + r)(1 + r̂t). Note that the definition of a return

variable with hat is in effect absolute deviation from its steady state value. With rate spreads

defined as At = RTt − R
B
t , we have Ât = 1

RT−RB

(
R̂Tt − R̂

B
t

)
.
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Figure 2.2: The market for collateral services.
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Figure 2.10: Impulse Responses to Banks’ Monitoring Productivity Shock Amt and Am̃t
Note: Persistence of shocks is ρ = 0.1 (circle-line) and ρ = 0.999 (dashed line) to
generate 100 basis-point elevation in the TED spread with the benchmark calibration.
The dashed line is the counterfactual permanent shock to banking. All interest rates
and spreads are reported in basis points and annually.
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Figure 2.11: Impulse Responses to Banking Stress under Taylor Rule
Note: The shock generates 100 basis point elevation in TED with a standard Taylor
rule. All interest rates and spreads are reported in basis points and annually.
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Figure 2.12: Impulse Responses to Banking Stress under Modified Taylor Rule
Note: The shock generates 100 basis point elevation in TED with a modified Taylor rule
that responds to elevations in the TED spread. The red triangle solid line represents
the modified rule and the circle dashed line represents a standard Taylor rule. All
interest rates and spreads are reported in basis points and annually.
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Figure 2.13: Impulse Responses to Counterfactual Banking Stress under Modified Taylor Rule

Note: The shock represents negative shock to ab̄t and positive shock to amt and am̃t that
generates 100 basis point elevation in TED with a modified Taylor rule that responds
to elevations in the TED spread. The red triangle solid line represents the modified
rule and the circle dashed line represents a standard Taylor rule. All interest rates and
spreads are reported in basis points and annually.
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Figure 2.14: Impulse Responses to Counterfactual Banking Stress under Modified Taylor Rule

Note: The shock represents negative shock to Ab̄
t and positive shock to Am

t and Am̃
t that

generates 100 basis point elevation in TED with a modified Taylor rule that responds
to elevations in the RLt−RDt spread. The red triangle solid line represents the modified
rule and the circle dashed line represents a standard Taylor rule. All interest rates and
spreads are reported in basis points and annually.



Chapter 3

Macroeconomic Effects of Fluctuations
in the Productivity of Banking

Four underlying sources of shocks are identified that fluctuate banking productiv-
ity: (a) banks’ efficiency at monitoring households, (b) banks’ efficiency at monitoring
other banks, (c) the effective collateral value of capital, and (d) the supply of govern-
ment securities relative to GDP. To quantify the stochastic properties of these shocks,
I use the model’s rational expectations solution along with time-series observations
of banking and macroeconomic data in the U.S. from 1985 to 2015. Adverse bank-
ing shocks increase the opportunity cost of banking services, thereby worsening the
implicit “banking services tax” on aggregate consumption. One standard deviation
banking shocks impact macro-aggregates to a degree comparable to the standard TFP
shock. Monetary policy best mitigates banking stress by reacting to the loan-deposit
rate spread. Surprisingly, the modified rule outperforms the standard Taylor rule by
cutting the interbank rate less aggressively in financial distress and better stabilizing
inflation and aggregate output.

3.1 Introduction

Stability in the banking sector has been one of the main concerns of central banks
around the world.1 Yet, conventional models of monetary policy analysis do not
account for the role of banks in providing transaction services. In particular, little
research has evaluated macroeconomic consequences of productivity shocks in the
banking system and their implications for monetary policy. I model the underlying
structural shocks to the banking system in a macroeconomic framework, use histori-
cal observations to quantify their sizes, and evaluate their macroeconomic relevance.

1See comments by the Fed chair Yellen (2014), the previous Fed Chairman Bernanke (2015) and the
annual report of the Bank for International Settlement (2015).
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I then explore how effective monetary policy could mitigate the macroeconomic con-
sequences of banking shocks when the central bank reacts to alternative measures of
banking stress.2

The model features an otherwise standard representative-agent infinite-horizon
macroeconomic framework with goods production augmented with a banking sec-
tor. In this model, the household demands bank deposits to pay for goods from other
households.3 To acquire bank deposits, the household sells government bonds to a
bank (operated by another household) or borrows funds from the bank against its col-
lateral value and future income prospects (the loan period).

The bank, on the other hand, monitors and evaluates the effective collateral value
of the household’s assets, provided by government bonds and capital, and its ability
to repay borrowed funds. During the loan repayment period, the banks must pro-
vide payment services to households on a moment’s notice. In the model, to make
payments, a bank borrows from other banks in the interbank market. Therefore, an
interbank creditor monitors and evaluates the bank’s ability to repay, taking into con-
sideration the borrowing bank’s government bond holdings relative to the amount it
borrows. Accordingly, government bonds provide collateral services to banks as well.

Disturbances in the banking system impact the macroeconomy by fluctuating the
opportunity cost of holding bank deposits per unit of consumption. This fluctuation
drives a wedge between marginal utilities of consumption and income, and acts like an
implicit “banking services tax” on aggregate consumption.4 The banking tax appears
in the Euler equation and affects the intertemporal choices of households. During a
period of banking stress, shocks to the banking system result in lower productivity
of banking and elevate the banking tax. When households expect the banking tax
increase to be temporary, they defer consumption, thereby causing recession in the
aggregate economy.

As a result, in this model, four underlying sources fluctuate productivity of the
banking system: a) banks’ efficiency at monitoring households, b) banks’ efficiency at
monitoring other banks, c) the effective collateral value of capital relative to govern-
ment bonds, and d) the supply of government securities relative to GDP. This paper’s
main objective is to quantify macroeconomic implications of fluctuations in produc-
tivity of banks in these four dimensions.

To quantify the macroeconomic effects of banking shocks, it is important to deter-
mine the size of the initial impulse, which depends on the standard deviation of the
innovation term, and its persistence level. To this end, I generate model-implied time-
series of the underlying sources of fluctuations in the banking system’s productivity

2I distinguish between the concepts of banking stress as involving normal fluctuations in the produc-
tivity of banking and banking distress that reflects more extreme cases of banking stress.

3 The model builds on the model developed in our earlier work Bazarbash and Goodfriend (2013).
4The banking tax is reminiscent of Svensson (1985) in a narrow liquidity context.
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over the sample period. Specifically, I use the rational expectations solution of the log-
linearized model in conjunction with quarterly observations of four banking variables
in the U.S. from 1985 to 2015. These variables are the TED spread (EuroDollar-Treasury
spread), the government securities holdings of banks per dollar of deposits, the real
return of government bonds, and the supply of government securities relative to GDP.

Unlike shocks in the real sector, I find shocks in the banking sector are short-lived
but have large magnitudes. As a result, they induce significant fluctuations in the
banking services tax and therefore in aggregate consumption. The real impact of bank-
ing shocks turns out to be in the same order of magnitude as a standard goods pro-
ductivity shock. Moreover, negative banking shocks elevate the markup and create
deflation. Consequently, fluctuations in the productivity of the banking system signif-
icantly contribute to fluctuations in the real sector.

The above results are based on a standard Taylor rule assumption for monetary
policy. To mitigate the adverse consequences of shocks to banking, I evaluate the ef-
ficacy of modifying the standard Taylor rule to allow the central bank to react to a
measure of banking stress. Among alternative interest rate spreads, the model sug-
gests that variations in the “deposit spread” (the spread between the shadow total
yield5 and the deposit rate) perfectly captures variations in the banking tax. Indeed,
simulations demonstrate that a policy rule that adjusts the interbank rate inversely
with respect to movements in the deposit spread can fully offset the deflation caused
by financial distress, regardless of its underlying source. Moreover, in the general
equilibrium, the modified rule stabilizes inflation and output during financial distress
by cutting the nominal interbank rate less aggressively than the standard Taylor rule.
This is because households take the behavior of the central bank into account when
forming their expectations and making their intertemporal consumption choices. In
particular, during banking stress when households perceive the elevation in the bank-
ing tax to be temporary, they also expect that the central bank will adjust the interbank
rate upward as the banking tax goes down. These two effects counteract in the Eu-
ler equation and households no longer defer consumption, unlike the standard Taylor
rule that is not explicitly sensitive to financial distress.

However, this modified rule is not operational because the deposit spread is an
unobservable variable in the model. Instead, I consider two alternatives: the policy
rule that is sensitive to the TED spread, a widely regarded indicator of banking stress,
and one that is sensitive to the loan-deposit rate spread. The TED spread-sensitive
rule stabilizes inflation and output during banking stress. However, this policy rule
does not exhibit a robust performance across different dimensions of banking stress. In

5The shadow total yield represents the risk-adjusted return on any asset held by households in the
economy. The total yield on any asset is composed of an observable component (pecuniary return)
and a non-observable component that accounts for the liquidity services provided by that asset to the
households.
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particular, in oder to fully stabilize aggregate prices, the optimal degree of the policy
rule’s sensitivity to the TED spread depends on the nature of the underlying shock
to banking. The reason is that the TED spread moves more sharply in response to
collateral supply shocks as opposed to monitoring efficiency shocks.

Unlike the TED spread, the loan-deposit rate spread mimics movements in the
banking tax almost perfectly. As a consequence, as simulation results show, the central
bank that commits to reacting to the loan-deposit spread variations can fully offset the
deflation caused by banking stress, regardless of its underlying source.

Prior research that has studied monetary policy in the presence of financial frictions
has assumed an ad hoc value for the size of shocks to the financial sector. For example,
Goodfriend and McCallum (2007) analyze standard interest rate policy in response
to a 1% innovation shock to the banking system, while assuming these shocks have
a standard deviation of one. With this assumption, banking shocks turn out to be
inconsequential for monetary policy purposes.6 However, I show that data-implied
values for standard deviation of banking shocks are much larger, thereby banking
shocks matter for monetary policy purposes. Curdia and Woodford (2010) examine
modifications of the standard Taylor rule that reacts to measures of financial distress
in response to shocks that lead to a 4% increase in annual interest rate spreads. While
they find an adjustment for credit spreads improves the Taylor rule, they conclude the
optimal size of the adjustment depends on the source of the variation in credit spreads.
This study adds more insight into these findings by focusing on the banking services
tax mechanism in transmitting banking shocks to aggregate variables. As discussed
earlier, if the central bank reacts to the loan-deposit rate spread, the optimal size of
adjustment (sensitivity of the policy rule to variations in the spread) does not depend
on the underlying source of disturbance in banking.

A similar line of research motivated by the recent financial crisis has explored the
performance of unconventional monetary policy in response to disruptions in the fi-
nancial sector (Gertler and Kiyotaki (2015 , 2010); Brunnermier and Sannikov (2014);
Gertler and Karadi (2011); Gertler and Kiyotaki (2010); cf. Brunnermier, Eisenbach and
Sannikov (2012)). Although these studies provide deep insight into various aspects of
interaction between the financial sector and the macroeconomy, financial shocks are
not quantified based on observations in their quantitative exercises.

Jermann and Quadrini (2012) provide a notable exception. They use financial and
macroeconomic data to quantify financial frictions and show these shocks are im-
portant for aggregate output fluctuations. In addition to confirming the significant
macroeconomic effects induced by banking shocks, this paper considers the role of
monetary policy in mitigating these shocks and develops insight into what measure of
banking stress the central bank should target.

6See the discussion by Gilchrist (2007) who carefully makes this point.
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The rest of the paper is organized as follows. Section 2 develops the macroeco-
nomic model with a banking sector and in particular discusses constraints that the
banks face to make loans and provide payment services. Section 3 characterizes the
macroeconomic equilibrium, focusing on the role of the banking services tax in trans-
lating banking shocks to aggregate variables and interest rate spreads. It also provides
the conceptual framework to understand and interpret the quantitative exercises pre-
sented in section 5. Section 4 describes the calibration procedure in the log-linearized
model and in particular the quantification of the stochastic processes of underlying
shocks to banking productivity. Section 5 carries out the quantitative exercises of the
paper, and discusses monetary policy in response to banking stress. Section 6 provides
concluding remarks and summarizes the main findings of the paper.

3.2 Model

The macroeconomic model developed in this section incorporate a money and bank-
ing sector into an otherwise standard infinite-horizon representative-agent model with
rational expectations and sticky prices. Each household owns a firm that operates in
a monopolistically competitive production sector, and a bank that operates in a per-
fectly competitive banking sector. To provide banking services, banks engage in two
loan markets: loans to households and interbank loans.

3.2.1 Households

The household seeks to maximize its expected lifetime utility from goods consumption
and leisure time specified as,

E0

∞∑
t=0

βt[φ log(ct) + (1 −φ) log (1 −nst)], (3.2.1)

where β denotes the household’s psychological discount factor, ct its consumption of
goods, and nst its total supply of labor to the production and banking sectors at period
t.

At each period, the household demands Ddt number of nominal deposits for mak-
ing payments to buy goods from other households. I assume a simple deposit-in-
advance way,

V
Ddt
PAt

> ct, (3.2.2)

where V is a constant parameter and represents the velocity of deposit circulation per
unit of consumption, and PAt represents the aggregate level of prices. To consume ct,
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the household needs to hold at least Ddt /P
A
t deposits in real terms.

Further, the household receives pecuniary deposit interest rate RDt at the end of
the period on its average deposit holdings during the period, which is reflected in its
budget constraint (flow of funds constraint) given by,

Ddt−1

PAt
(1 + RDt−1) +

Bht
PAt

+wtn
s
t +Π

f
t +Π

b
t >

Ddt
PAt

+
Bht+1

PAt (1 + RBt )
+ ct + τt. (3.2.3)

The left side can be thought of as sources of income to the household that includes
pecuniary return for holding deposits and government securities as of last period,
compensation for labor supply at the market wage, wt, and profits generated by its
firm and bank expressed by Πft and Πbt . The right side shows uses of income at the
beginning of period t and incorporates household’s allocation of funds for holding
deposits, government securities, consuming goods and paying lump-sum tax τt to
the government. Here, Bht+1 expresses the face value of government securities to be
redeemed at the beginning of period t + 1 and discounted at the government bond
rate RBt .

3.2.2 Firms

Each household operates a firm with a production technology in a good-producing
sector with monopolistic competition. The firm’s production and sales constraint is
given by,

K
η
t (Atnt)

1−η > cAt

(
Pt

PAt

)−θ

, (3.2.4)

Here At is the productivity of labor, nt is labor employed by the firm, Kt is the cap-
ital stock from previous period, cAt is the aggregate demand for goods and Pt is the
price that the firm sets. Price-setting is assumed to conform to the standard Calvo
(1983) style. Therefore, at each period the firm adjusts its prices optimally at a fixed
probability, otherwise sticks to its price as of the previous period. The left side repre-
sents the common Cobb-Douglas production technology. The right side specifies the
downward-sloping demand for the firm-specific goods.

The firm’s profit at period t is transferred to the household and it is given by,

Πft = c
A
t

(
Pt

PAt

)−(θ−1)

+ qt(1 − δ)Kt − qtKt+1 −wtnt, (3.2.5)

where qt denotes the price of capital at period t, and the fixed parameter δ represents
the depreciation rate of capital. To simplify notation, I assume that the household
manages the firm’s payments, which is reflected in the constraint (3.2.2). Further, the
household can pledge the capital against loans from the bank (elaborated in the prob-
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lem of the bank).

3.2.3 Banks

Banks in the economy issue deposits (their only liabilities) that provide payment ser-
vices to households. Assets of the bank are loans to households and government
bonds. The balance sheet equality of the bank is accordingly given by,

Lht +
Bbt+1

1 + RBt
= Dst, (3.2.6)

where Lht denotes loans that the bank makes to households at the beginning of period
t and Bbt+1 is the face value of government bonds that a bank holds. Ds is the bank’s
supply of deposits. The balance sheet equality in this model can be interpret in the
following way. When a bank decided to lend to a household or buy government bonds
from a household, an equal amount of deposits will be created in the economy. From
the household’s perspective, the household finances deposits (that facilitate payments)
by borrowing from the bank or selling government bonds to the bank.

To lend funds to the household, the bank monitors and evaluates the effective col-
lateral value of the household’s assets, provided by government bonds and capital,
and its ability to repay borrowed funds. Therefore, the amount of funds that a house-
hold can borrow depends on its collateral and the intensity of monitoring by bank,
which is specified by,7,

Lht
Pt

6

(
Bht+1

PAt (1 + RBt )
+ ktqtKt+1

)α
(Ftmt)

1−α. (3.2.7)

Here, 0 6 kt < 1 shows the lower collateral productivity of capital relative to govern-
ment bonds. mt is the bank’s monitoring effort and Ft represents bank’s efficiency at
monitoring households.8

Once deposits are created, the bank must provide payment services to households
at a moment’s notice. To capture the liquidity mismatch between the assets and li-
abilities of the bank, I assume that a bank makes payments by borrowing from the
interbank market during the loan period. The interbank market allows for transfer
of funds from banks with excess deposits (inflow of funds) to the banks with deficit
deposits (outflow of funds). In the interest of tractability, I assume the average size
of interbank loans that a bank need to borrow during the period is proportionate to

7The use of loan production technology is pioneered by Goodfriend (2005) and utilized most notably
by Goodfriend and McCallum (2007) and Curdia and Woodford (2010).

8Note that the special case of fully collateralized loans corresponds to α = 1. In that case, the

inequality boils down to the familiar financial constraint L
h
t
Pt

6
Bht+1

PAt (1+RBt )
+ ktqtKt+1.
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the size of its balance sheet up to ` and is determined at the beginning of the period
according to,

LIBt = `Dst. (3.2.8)

The parameter ` can be thought of as the circulation of deposits for making payments
among households.

By analogy to household borrowing, to issue loan to the bank, an interbank creditor
monitors the bank’s ability to repay the interbank loan and its balance sheet compo-
sition. In particular, an interbank creditor monitors a bank with higher government
bonds on its balance sheet less intensively. To capture these features, I assume the
interbank loan technology is specified according to,

LIBt
PAt

6

(
Bbt+1

PAt (1 + RBt )

)α̃ (
F̃tm̃t

)1−α̃ . (3.2.9)

Here, m̃t is the bank’s labor employment to monitor other banks and F̃t represents its
efficiency at monitoring other banks. The role of government bonds in the interbank
loan technology reflects the implicit collateral services provided by government bonds
to the bank.

In sum, to issue transaction-facilitating deposits, the bank is exposed to the follow-
ing two constraints,(

Bht+1

PAt (1 + RBt )
+ ktqtKt+1

)α
(Ftmt)

1−α +
Bbt+1

PAt (1 + RBt )
>
Dst
PAt

, (3.2.10)(
Bbt+1

PAt (1 + RBt )

)α̃ (
F̃tm̃t

)1−α̃
> `

Dst
PAt

. (3.2.11)

The bank’s profit stream at period t is given by,

Πbt =
Dst
PAt

+
Bbt
PAt

−
Dst−1

PAt
(1 + RDt−1) −

Bbt+1

PAt (1 + RBt )
−wt(mt + m̃t). (3.2.12)

3.2.4 The First Order Conditions

The representative household’s problem is, therefore, to maximize its expected lifetime
utility (3.2.1) subject to the deposit-in-advance constraint (3.2.2), the flow of funds con-
straint (3.2.3), the goods production and sales constraint (3.2.4), the deposit creation
constraint (3.2.10) and the deposit servicing constraint (3.2.11), taking price variables
and interest rates as given. Suppose the Lagrange multipliers associated with these
constraints are νt, λt, ξt, ψt and ψ̃t respectively.

Moreover, I define the total nominal risk-adjusted return on any asset held by
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households (the shadow total yield) as RTt , which satisfies

Et

[
β
λt+1

λt

1
1 + πt+1

](
1 + RTt

)
= 1, (3.2.13)

where πt+1 = PAt+1/P
A
t − 1.

First order conditions for the representative household are,9

∂ct :
φ

ctλt
= 1 +

1
V

νt

λt
, (3.2.14)

∂Ddt : 1 =
νt

λt
+

1 + RDt
1 + RTt

, (3.2.15)

∂Dst : 1 =
ψt

λt
+ `
ψ̃t

λt
+

1 + RDt
1 + RTt

, (3.2.16)

∂nst : wtλt =
1 −φ

1 −nst −m
s
t − m̃

s
t

, (3.2.17)

∂nt : wt =
ξt

λt
(1 − η)At

(
Kt

Atnt

)η
, (3.2.18)

∂mt : wt =
ψt

λt
(1 −α)Ft

[ Bht+1
PAt (1+RBt )

+ ktqtKt+1

Ftmt

]α
(3.2.19)

∂m̃t : wt =
ψ̃t

λt
(1 − α̃)F̃t

[ Bbt+1
PAt (1+RBt )

F̃tm̃t

]1−α̃

(3.2.20)

∂Pt :
ξt

λt
=
θ− 1
θ

(
Pt

PAt

)
, (3.2.21)

∂Kt+1 : 1 = kt
ψt

λt
Ωht +

1
1 + RTt

Et

[
qt+1

qt
(1 − δ) +

η

qt

ξt+1

λt+1

(
At+1nt+1

Kt+1

)1−η
]

, (3.2.22)

∂Bht+1 : 1 =
ψt

λt
Ωht +

1 + RBt
1 + RTt

, (3.2.23)

∂Bbt+1 : 1 =
ψt

λt
+
ψ̃t

λt
Ωbt +

1 + RBt
1 + RTt

. (3.2.24)

Here, Ωht = α

[
Ftmt

Bh
t+1

PAt (1+RBt )
+ktqtKt+1

]1−α

and Ωbt = α̃

[
F̃tm̃t
Bb
t+1

PAt (1+RBt )

]1−α̃

denote the marginal

product of government debt (collateral) in producing loans to households and in pro-
ducing interbank loans, respectively.

In the next section, I will discuss the conditions that govern the relationships be-
tween the money and banking sector and macroeconomic variables.

9See Appendix C.1 for derivation of these conditions.
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3.2.5 Government

To complete characterizing the general equilibrium, we need to specify the govern-
ment budget constraint and policies. At each period, the government budget con-
straint is given by,

gt − τt =
Bt+1

PAt (1 + RBt )
−
Bt

PAt
, (3.2.25)

where gt is the government expenditure, which is normalized to zero. The fiscal au-
thority is assumed to issue government debt according to,

Bt+1

PAt (1 + RBt )
= b̄tct. (3.2.26)

I assume the behavior of monetary policy by the central bank follows a standard
Taylor rule specified as,

RIBt = (1 + µ1)πt + µ2 mct, (3.2.27)

where µ1 and µ2 are weightings on the inflation rate and the output gap, which is
represented here by the real marginal cost of producing goods. Later sections will
further study modified versions of the Taylor rule that respond to interest rate spreads
to reflect the central bank’s concern for financial stability.

Finally, aggregate prices are assumed to adjust in the Calvo (1983) style specified
as,

πt = βEtπt+1 + κ mct. (3.2.28)

3.3 Macroeconomic Equilibrium

This section characterizes the macroeconomic equilibrium in the economy, focusing on
the role of the banking tax in translating shocks to banking into the macroeconomy and
interest rate spreads. Moreover, it develops a conceptual framework to understand
and interpret the quantitative exercises of the later sections.

Definition Given the fiscal and monetary policy rules, a macroeconomic equilibrium
is defined as an allocation10 (ct, Dt, nt, mt, m̃t, Bht+1, Bbt+1), prices (wt, RDt , RBt , RIBt , Pt,
qt) and exogenous stochastic processes for (At, Ft, F̃t, kt, b̄t) so that the following con-
ditions are satisfied: (1) each household makes optimal decisions, (2) the bank deposit
market clears Dst = Ddt , (3) the goods market clears, implying the aggregate resource
constraint Kη(Ant nt)

1−η = ct + δKqt, (4) the labor market clears nst = nt +mt + m̃t,
(5) the government securities market clears Bt+1 = Bht+1 + B

b
t+1, and (6) symmetry in

10The capital stock is assumed to remain invariant at its steady state value K.
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price setting holds, i.e. Pt = PAt . The full set of equilibrium conditions is provided in
the appendix.

3.3.1 The Banking Services Tax

In the model, bank deposits pay lower interest than the shadow total yield in equi-
librium. The spread between the shadow total yield and the deposit rate (henceforth
“the deposit spread”) reflects households’ valuation of transaction services provided
by deposits. It also reflects the total marginal cost of issuing deposits and providing
payment services in the banking system. The deposit spread drives a wedge between
the marginal utility of income and consumption in equilibrium, which inversely de-
pends on the productivity of the banking system.

Combining household’s consumption and demand for deposits conditions results
in,

φ

ct
= λt

(
1 +

1
V

(
RTt − R

D
t

1 + RTt

))
. (3.3.1)

Equation (3.3.1) shows that in equilibrium the marginal utility of consumption, φ/ct,
remains above the marginal utility of income, λt, because for any unit of consumption
the household holds 1/V units of real deposits. Since the opportunity cost of holding
a real dollar of deposits is given by the deposit spread, the expression 1

V

(
RTt−R

D
t

1+RTt

)
cap-

tures the opportunity cost of holding deposits per unit of consumption by households.
As a result, it acts like an implicit tax on aggregate consumption, henceforth called the
“banking services tax.”11

Because the banking tax drives a wedge between the marginal utility of consump-
tion and income at each period, short-term variations in the banking tax affect the
households’ intertemporal consumption choices. In particular, these choices follow,

Et

β ct

ct+1


1 +

1
V

(
RTt − R

D
t

1 + RTt

)
1 +

1
V

(
RTt+1 − R

D
t+1

1 + RTt+1

)
 1

1 + πt+1


(

1 + RTt

)
= 1, (3.3.2)

which is obtained by substituting (3.3.1) in (3.2.13). The Eurler equation now involves
a new term that accounts for the relative intertemporal change in the banking tax. The
log-linearized approximation of equation (3.3.2) is given by,

ĉt = Etĉt+1 −
(
RTt − Etπt+1

)
+

1
V

(
Et

(
RTt+1 − R

D
t+1

)
−
(
RTt − R

D
t

))
, (3.3.3)

11The RT specification and conceptual model of the banking tax was employed initially by Good-
friend (2005) and used in Goodfriend and McCallum (2007).



92 CHAPTER 3. MACRO EFFECTS OF BANKING SHOCKS

where as usual the hat symbol represents the relative deviation from the steady state
value. Equation (3.3.3) can be thought of an otherwise forward-looking expectational
IS relationship (in the three-equation canonical new Keynesian framework), which
now includes a new expression that reflects the expected change in the banking tax.
According to this relationship, when households expect the banking tax to decrease
(e.g. banking stress perceived to be temporary), they defer consumption, which leads
to recession in the aggregate economy.

At each period, the magnitude of the banking tax depends on the banking system’s
productivity to issue bank deposits and provide payment services. To illustrate the
impact of underlying sources of fluctuations in banking productivity on the banking
tax, I first show that the deposit spread is comprised of two components that account
for the marginal costs of making loans to households and providing payment services.
To this end, I define “the shadow interbank rate” as the interest opportunity cost of
loanable funds to banks, which satisfies

1 =
ψt

λt
+

1 + RIB,T
t

1 + RTt
. (3.3.4)

Accordingly, the spread between the shadow total yield and the shadow interbank rate
reflects the external finance premium in the model, to account for the total marginal
cost of issuing loans to households. The external finance premium is captured by
ψt/λt in the model, which reflects the shadow price of deposit creation constraint and
conforms with the above interpretation.

As a result, the deposit spread is divided into: a) the marginal cost of issuing a real
dollar of deposits in the banking system captured by RTt − R

IB,T
t , and b) the marginal

cost of providing payment services by the banking system via interbank loans cap-
tured by RIB,T

t − RDt .

The full marginal cost of making loans to households in the banking system is ac-
counted for by the shadow total yield. This yield has three underlying components:
a) the opportunity cost of loanable funds to a bank RIB,T

t , b) the marginal cost of mon-
itoring households (borrowers) by the bank RLt − R

IB,T
t , and c) the return to holding

collateral by the household RTt − R
L
t . The last component accounts for the productiv-

ity of collateral to defray the cost of monitoring in the loan process, which can also
be thought of as a rebate to the household due to pledging collateral. Because the
share of collateral in the production of loans to households is α, the decomposition is
expressed as,

RTt − R
L
t = α

(
RTt − R

IB,T
t

)
, (3.3.5)

RLt − R
IB,T
t = (1 −α)

(
RTt − R

IB,T
t

)
. (3.3.6)
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To provide payment services for a dollar of deposits, banks need to borrow ` dollars
of interbank loans (as also seen in equation (3.2.8)). Moreover, the total marginal cost
of interbank borrowing is given by ψ̃t/λt in the model. As a result, the total cost of
providing payment services per dollar of deposits is given by `ψ̃t/λt. This is consistent
with the optimal deposit supply condition.

For illustration purposes, assume that for ` fraction of their deposits, banks need
to borrow interbank funds to provide payment services, and they pay RD

′
t on those

deposits. For the remaining deposits (1 − ` fraction), they pay the shadow inter-
bank rate.12 The no-profit condition implies that in equilibrium RD

′
t is lower than

the shadow interbank rate by the total marginal cost of interbank borrowing ψ̃t/λt.

The shadow interbank rate can be broken down into three underlying components:
a) the RD

′
t rate, b) the marginal cost of monitoring enforced by the interbank creditor,

RIBt −RD
′

t , and c) the return for holding government bonds by the interbank borrower,
RIB,T
t − RIBt . The last component represents the effect of government debt holding by

the borrowing bank on the intensity of monitoring by the interbank lender. The share
of the borrowing bank’s government debt holding in the production of interbank loans
is α̃, therefore,

RIB,T
t − RIBt = α̃

(
RIB,T
t − RD

′
t

)
, (3.3.7)

RIBt − RD
′

t = (1 − α̃)
(
RIB,T
t − RD

′
t

)
. (3.3.8)

The average deposit rate used in the original model’s specification is given by,

RDt = `RD
′

t + (1 − `)RIB,T
t

As a result,

RIB,T
t − RIBt =

α̃

`

(
RIB,T
t − RDt

)
, (3.3.9)

RIBt − RDt =

(
1 −

α̃

`

)(
RIB,T
t − RDt

)
. (3.3.10)

In what follows, I describe how the government bond rate, RBt is determined in the
model to consistently value collateral services provided by government debt across
households and banks.

12In this case, deposits act like loanable funds for the bank, because they are available for the bank to
lend out over the loan period. This could be thought of as time deposit accounts that do not provide
any transaction services during their period. The other type of deposits represent transaction deposits
e.g. savings deposits for which the bank needs to provide payment services on a moment’s notice.
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3.3.2 Collateral Services Yield

Government debt and capital stock held by households provide collateral services
against loans from banks. As a result, their risk-adjusted pecuniary return falls be-
low the shadow total yield to reflect their collateral services premium. The optimal
government debt holding by households follows,

RTt − R
B
t = Ωht

(
RTt − R

IB,T
t

)
. (3.3.11)

The left side represents the interest opportunity cost of holding government bonds
to households. The right side shows households’ valuation of collateral services pro-
vided by government bonds, which is the value of marginal product of collateral in
loans from banks. Here, as defined earlier,Ωht represents the productivity of collateral
in loans to households, which is given by

Ωht =
α Lht /Pt

Bht+1

PAt (1 + RBt )
+ ktqtKt+1

. (3.3.12)

Therefore, the marginal collateral services of government bonds is a decreasing func-
tion of the total effective collateral value of the household per dollar of loans.

Similarly, the return on capital stock in the goods production remains lower than
the shadow total yield in equilibrium to reflect the collateral premium of capital stock.
Since capital stock provides less collateral value relative to government debt, as cap-
tured by kt < 1, the collateral services yield of capital is kt times the collateral services
yield of government debt. This is seen in the household’s optimal choice for capital
stock,

kt

(
RTt − R

B
t

1 + RTt

)
+

1
1 + rTt

Et

[
qt+1

qt
(1 − δ) +

η

qt

ξt+1

λt+1

(
At+1nt+1

Kt+1

)1−η
]
= 1, (3.3.13)

which shows that the risk-adjusted return to capital stock is lower than the shadow
total yield by the marginal collateral services provided by capital.

Equilibrium conditions (3.3.11) and (3.3.13) govern the collateral composition of
the household. Consider a household with a given amount of loan and collateral
value. The productivity of collateral is thus determined by (3.3.12), which deter-
mines the collateral services yield of government debt.13 An individual household
(who takes prices as given) has the option of increasing its government bond holding
and simultaneously decreasing its capital stock by 1/kt to maintain the initial collat-

13Note that the marginal product of collateral is α times the loan to value ratio in the model, and
unlike other setups it is not constrained to be a fixed value.
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eral value, without affecting the collateral services yield of government debt. How-
ever, lower capital stock increases capital’s goods productivity in the next period, and
thereby its physical return. Since the collateral return remains invariant, the total re-
turn of the household’s capital stock increase. The optimal collateral composition is
obtained when equation (3.3.13) holds to set the total return on capital equal to the
shadow total yield.

Let’s now turn to collateral demand in the banking system. The optimal condition
for government debt demand by banks implies,

RTt − R
B
t =

(
RTt − R

IB,T
t

)
+
Ωbt
`

(
RIB,T
t − RDt

)
. (3.3.14)

This equation shows that in equilibrium the opportunity cost of holding government
debt, i.e. the government bond spread, on the left side equals the marginal benefits
provided by government debt on the balance sheet of banks on the right side. It shows
that government debt is valuable on the balance sheet of banks for two reasons. First,
the bank saves on the external finance premium costs, RTt − R

IB,T
t , because instead of

making loans to issue deposits, it now buys government debt from households to
create deposits. Second, the bank saves on the cost of interbank borrowing, because
government debt held by the interbank borrower defrays the cost of monitoring by
the interbank lender. The value of marginal product of government debt in interbank
loans is given by the productivity of collateralΩbt multiplied by the total marginal cost
of interbank loans 1/`

(
RIB,T
t − RDt

)
.

[Figure 1]

From an individual bank’s point of view who takes interest rates as given, higher
government bond holding implies lower marginal product of collateral in interbank
loans given by,

Ωbt = α̃`
Dt
Bbt+1
1+RBt

.

Therefore, the bank chooses its optimal government debt holding relative to deposits
to satisfy (3.3.14).

The government bond spread is determined in equilibrium to clear the market for
collateral services, i.e. the total supply of government debt equals the demand for
government debt by households and banks. Figure 3.1 displays equilibrium in the
market for collateral services from the banks’ perspective. The demand reflects banks’
valuation of collateral services from government debt, which is decreasing in the gov-
ernment debt holdings of banks as discussed above. The supply curve represents the
total supply of government debt net of households’ holdings of government debt, i.e.
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Bt+1 − B
h
t+1. The supply curve is upward sloping, because households’ demand for

government debt is inversely related to the collateral services yield, while the total
supply is exogenous.

The discussion in the next section demonstrates how exogenous sources of the pro-
ductivity of banking services shift the supply and demand curves as displayed in Fig-
ure 3.1.

3.3.3 Sources of Banking Tax Fluctuations

Four exogenous sources affect productivity of banking in the model: a) the efficiency
of banks at monitoring households Ft, b) the efficiency of banks at monitoring other
banks F̃t, c) the effective collateral value of capital stock kt, and d) the supply of gov-
ernment debt relative to aggregate consumption b̄t. A drop in each of these sources
leads to stress in the banking system.

The components of the deposit spread can be expressed in terms of the opportunity
cost of collateral and wage (marginal factor costs) as follows,

RTt − R
IB,T
t =

(
RTt − R

B
t

α

)α(
wt/Ft

1 −α

)1−α

, (3.3.15)

RIB,T
t − RDt = `

(
RIB,T
t − RBt
α̃

)α̃(
wt/F̃t

1 − α̃

)1−α̃

. (3.3.16)

Consider the stress in the banking system that arises because banks become less ef-
ficient at monitoring households (a drop in Ft). This increases the effective factor cost
of monitoring, wt/Ft, thereby increasing the bank’s marginal cost of producing loans
to households. Consequently, the marginal collateral services of government debt ex-
ceeds the opportunity cost of holding government debt for households, which results
in increased households’ demand for collateral. The supply curve in Figure 3.1 shifts
up, causing the opportunity cost of holding government bonds by banks to exceed the
collateral services yield of government bonds to banks (as seen in (3.3.14)). Banks be-
come willing to supply government bonds to households who demand collateral, and
the collateral market clears at a higher collateral services yield.

In sum, the drop in Ft increase the marginal cost of creating deposits directly, the
initial effect of which is alleviated because households purchase government debt
from banks. Because banks’ asset position in government debt is weakened, there
is an indirect effect on the marginal cost of providing payment services. Both effects
lead to a widened deposit spread and therefore the higher banking tax.

Now, consider banking stress in which banks become less efficient at monitoring
other banks (a drop in F̃t). In this case, a similar sequence of effects happens yet start-
ing from the interbank market. Lower efficiency of interbank monitoring increases the
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effective factor cost of monitoring other banks, wt/F̃t, and raises the marginal cost of
producing interbank loans. Banks’ valuation of collateral services exceeds the oppor-
tunity cost and they demand for government debt goes up. The reverse happens for
households and they supply government bonds to banks. This is summarized by an
upward shift in the demand curve in Figure 3.1.

In case of the drop in F̃t, the marginal cost of providing payment services primar-
ily rises, for which banks respond by strengthening their balance sheets by holding
higher government debt. The reduction in the collateral held by households along
with elevated opportunity cost of collateral result in higher marginal cost of creating
deposits. The deposit spread and hence the banking tax go up.

Finally, banking stress could emerge because of a drop in the supply of collateral.
A drop in the effective collateral value of capital stock (drop in kt) initially reduces
households’ effective collateral holdings, thereby raising the productivity of collateral.
According to (3.3.11), households demand higher collateral, which in turn shifts the
supply curve up in Figure 3.1. Banks sell government bonds to households, and the
opportunity cost of collateral goes up in equilibrium. A similar chain of effects go
through in the case of a contraction in the supply of public collateral b̄t.

Banking stress resulting from collateral contraction works through elevating the
opportunity cost of collateral. Both households and banks end up holding less col-
lateral in equilibrium, which implies higher marginal cost of creating and issuing de-
posits. The above discussion shows that if the ultimate increase in the collateral ser-
vices yield is equal between the monitoring efficiency shocks and collateral supply
shocks, the effect of the former on the banking tax is stronger than the latter because
of the difference in effective factor cost of monitoring.

3.4 The Calibration Procedure

This section shows that a plausible calibration of model parameters exists, which rea-
sonably conforms with observations. Model parameters are grouped into two sets.
Under the standard approach to calibration, the first set are calibrated using steady
state targets, some of which are typical in the literature. The second group includes pa-
rameters that govern the stochastic evolution of exogenous disturbances in the model
and hence cannot be calibrated using steady state targets. For these, I develop a
methodology that uses numerical methods in conjunction with time-series data.

3.4.1 Balanced Growth Equilibrium

The calibration presented in this section assumes the economy evolves around a zero-
inflation balanced-growth equilibrium with common growth rates for labor produc-
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tivity in the production and banking sectors. This assumption implies that technolog-
ical progress impacts the production and banking sectors alike. Further, I assume the
stochastic processes of disturbances follow an autoregressive process with one period
lag. Specifically,

zt = (I −Φ)z̄+Φzt−1 + Σ εt, (3.4.1)

where zt is the vector of detrended exogenous stochastic terms in the model. In partic-
ular, zt =

[
At, b̄t, Ft, F̃t, kt

] ′.14 Moreover, I is the identity matrix, andΦ is the diagonal
matrix representing AR(1) persistence parameters. ε is a vector of standard normal
innovation terms. The diagonal matrix Σ includes the standard deviations associated
with each shock.

A balanced growth path equilibrium is one on which the innovation terms εt re-
main at zero. As a consequence, on the balanced growth path nt, mt, m̃t, wt, qt, RTt ,
RLt , RIB,T

t , RIBt , RBt and RDt remain invariant (at their steady state values). Moreover, ct,
Dt, Bht+1, Bbt+1 and Kt+1 grow at the economy’s growth rate γ, and λt shrinks at this
rate.

3.4.2 Calibrated Parameters in the Steady State

In addition to the parameters governing the stochastic behavior of the model (dis-
cussed in the next section), there are fourteen parameters that need to be specified (see
Table 3.1). Six of these appear in macroeconomic models without money and banking.
For these, I use values commonly found in the literature. The discount factor is set to
β = 0.99 and the labor augmenting technology grows at an annual rate of 2% corre-
sponding to γ = 0.005 per quarter. Accordingly, the real annual value of the shadow
total yield, RT = (1+γ)/β, is 6% at the steady state. The utility weight of consumption
is φ is 0.4 and leisure 0.6 to yield 1/3 of total hours for employment in production and
banking. In the goods production, it is assumed that the share of capital is η = 0.36
and the elasticity of goods sales is θ = 11 to yield a markup of 1.1. Moreover, capital
is assumed to depreciate at an annual rate of 10 percent implying δ = 0.025.

[Table 1]

The sample used to calibrate the non-standard parameters of the model includes
U.S. banking and macroeconomic data from 1985 to 2015 at a quarterly frequency. I
start from 1985 to study the period since the so-called “Great Moderation” during
which the Taylor rule reasonably represented the interest policy of the central bank.
The sample extends to the most recent data available at the time of writing the paper.

14Banks’ efficiency at monitoring households and other banks, like goods productivity have a trend
growth, while kt and b̄t are trendless.



3.4. THE CALIBRATION PROCEDURE 99

Two parameters indicate the aggregate stocks of money and government debt. The
velocity of money circulation per dollar of GDP was V = 0.48 using M2 data. The
supply of government securities relative to GDP is constructed by data for domestic
private sector holdings of Treasuries and Agencies excluding insurance and money
market holdings15.

The six banking parameters in the model, F, α, k, F̃, α̃ and `, are jointly calibrated
so that the steady state solution matches average observations of six banking variables
(see Table 3.2). The TED spread (variable 1) and banks’ holding of government debt
relative to deposits (variable 2) represent the banking system’s demand for collateral
services. The three-month T-bill rate (variable 3) indicates the collateral valuation of
government debt by households. The external finance premium (variable 4) implies
the marginal cost of creation of deposits, and the deposit rate (variable 5) indicates the
marginal cost of servicing deposits. The share of employment in the banking sector
relative to total employment (variable 6) shows how much labor was absorbed by the
banking system.

[Table 2]

Table 3.2 reports the target values of the banking variables. The values for the TED
spread, bank holdings of government securities per dollar of deposits, the real three-
month Treasury-bill rate and the share of labor employed by depositories relative to
total employment are their averages over the sample period. Moreover, the external
finance premium is targeted to 2% in keeping with the Macro-Finance literature.16

The average real deposit rate on all bank deposits represents the weighted return on
all deposits.17

As can be seen in Table 3.2, the benchmark calibration has successfully matched
the sample averages.18 Furthermore, the banking parameters compare favorably with
calibration of Goodfriend and McCallum (2007). The loan production is specified in
their framework as

Lh

P
= F ·

(
Bh

1 + RB)
+ kK

)α
m1−α.

Goodfriend and McCallum calibrate F, α and k to 9, 0.65 and 0.20 respectively. Their
framework, however, does not explicitly model interbank loans. In our benchmark cal-

15Data come from the flow of funds tables L.209 and L.210
16For a discussion of alternative measures of the external finance premium, see De Graeve (2008).
17Data for banking variables are based on Table H.8 release of the Federal Reserve Board of Governors

that entails assets and liabilities of all commercial banks in the U.S. and interest rates are from Table H.15
of the same source. Banking employment data is obtained from FDIC website and total employment
from the Bureau of Labor Statistics.

18It should be noted that as discussed in the previous section, the observed deposit rate aligns with
the definition of transaction deposit rate RD

′
, which is 1.26% and aligns with the observed average

deposit rate.
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ibration, the corresponding parameter values for the efficiency of monitoring house-
holds and other banks are 24 and 26, respectively.19 A stark difference between cal-
ibrations is the lower effective collateral value of capital stock. Two reasons explain
this deviation. First, the supply of government securities in this paper is almost twice
as large as in Goodfriend and McCallum’s calibration (1.06 compared with 0.56). Sec-
ond, the government bond rate is lower in this paper because government debt is also
valued in interbank loans (1% compared with 2.1%). This calls for a larger collateral
services yield at the steady state, which is inversely related to the total collateral in the
economy.

Now that we have calibrated the fourteen parameters, we can evaluate the steady-
state implications for aggregate and banking variables. Table 3.3 reports the steady-
state solution of the endogenous variables of the model. First consider the allocation
of hours worked. Total available working time is close to 1/3 as desired. The ratio of
time worked in banking accounts for only 1% of the total hours worked, indicating that
fluctuations in the banking employment due to banking shocks cannot induce a sig-
nificant macroeconomic effect. Moreover, banks employ almost 10 times more hours
to monitor households compared with monitoring other banks. This is consistent with
the fact that banks can develop strategic partnerships with other banks (unlike with
non-bank borrowers) as demonstrated by the tiering phenomenon in the interbank
market (see Craig & Von Peter (2014)). These partnerships are possible because in the
interbank market, a bank is generally both a lender and borrower as opposed to loans
to households, in which the bank is only the lender.

[Table 3]

Under the benchmark calibration, we can infer the composition, stock and produc-
tivity of collateral that plays a key role in the functioning of the banking sector in the
model. Collateral is composed of government debt and capital stock. The annualized
steady-state capital output ratio is 2.72, which is in an acceptable range. Given that
the q–price of capital equals 1 at the steady state, the effective collateral value of capi-
tal stock relative to quarterly consumption is 0.11, accounting for roughly 10% of total
collateral in the economy. The rather low collateral services provided by capital is con-
sistent with the fact that banks specialize in information-sensitive lending, as opposed
to other collateral-intensive types of loans such as mortgage or auto. Productivity of
collateral in both of the loan markets is roughly 1.30. The high productivity of collat-
eral results in households paying 2.25% p.a. lower loan rate and banks paying 0.5%
lower relative on their interbank borrowing.

The steady state solution demonstrates the significant effect of costly banking ser-
vices on aggregate variables. In particular, the banking services tax is 9.1% annually.

19In effect, the corresponding F value is given by F1−α in this paper’s specification.
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To illustrate the significance of the banking tax, Table 3.3 also reports the solution of
the model with free banking. Relative to the free-banking economy, aggregate con-
sumption is lower by 1.7% per quarter and employment is lower by 1.8%. The stock
of capital in the benchmark calibration is lower by 1.3%. Two opposing forces deter-
mine the capital stock. First, households demand lower capital as a production factor
because of lower production. Conversely, households demand higher capital stock for
its collateral services. The first effect is stronger resulting in a net decline in the capital
stock.

3.4.3 The Calibration of Stochastic Processes for Banking Shocks

The steady-state solution cannot be used to calibrate the parameters governing the
stochastic process of shock terms, i.e. Φ and Σ. Instead, I infer the values of shock
terms by using the rational expectations solution of the calibrated log-linearized model
in conjunction with observations for banking variables. Since the persistence param-
eters affect the solution of the model, I appeal to a fixed point argument to ensure
consistency.

The set of long-linearized equations of the model is presented in Appendix C.3.
Denoting the vector of endogenous variables (in log deviations from the steady state)
by yt, this system is summarized by

yt = A Etyt+1 +D zt. (3.4.2)

By the method of undetermined variables, the model’s rational expectations solution
is conjectured to adopt the form

yt = Γ zt, (3.4.3)

where zt follows (3.4.1). Substituting Etyt+1 = ΓΦzt in (3.4.2) implies that Γ should
satisfy,

Γ = AΓΦ+D. (3.4.4)

The solution for Γ depends on the values ofA,D, andΦ. MatricesA andD depend on
the steady state solution of the model and the parameters that were calibrated using
the steady state solution. However, we have not yet determined Φ. If the time-series
data of shock terms were available, Φ could be directly estimated.20 On the other
hand, to generate model-implied shock term using data, we need to know Γ .

Among shock terms, values of b̄t could be directly generated by observations for
the government debt supply relative to GDP. Moreover, as is standard in the real busi-
ness cycle literature, the goods productivity shock values at each date is found using

20The time-series of shock terms could not be directly generated using loan production technology
equation, because data for bank monitoring is not available over the sample period.
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Solow residuals.21

The model’s solution for banking variables is, therefore given by

ybt = Γ
b
A log(At) + Γbb̄ log(b̄t/b̄) + ΓbF log(Ft/F) + ΓbF̃ log(F̃t/F̃) + Γbk log(kt/k), (3.4.5)

where yb collects observables (in log deviations) for a) the TED spread, b) the govern-
ment debt holding of banks relative to deposits, and c) the three-month T-bill rate.22.
From (3.4.5), the vector of banking shocks zbt =

[
log(Ft/F) , log(F̃t/F̃) , log(kt/k)

]
is

found as,
zbt = Γ

b−1
[
ybt −

(
ΓbA log(At) + Γbb̄ log(b̄t/b̄)

) ]
(3.4.6)

However, Γb is undetermined in (3.4.6), because it depends on persistence parameters
of banking shocks. Therefore, I use persistence values such that the model-implied
values for zbt also have the same persistence.

The quantification method involves the following steps:

1. Select an initial value for persistence parameters of banking shock terms Φb0 .

2. Using the benchmark calibration and the steady state solution along with Φb0 ,
solve for Γ in (3.4.4).

3. Produce time series of zb0 over the sample according to (3.4.6).

4. Estimate the persistent parameters of zb0 and denote by Φ̂b0 .

5. If the difference between Φb0 and Φ̂b0 is larger than a desired threshold, return to
step 1 and replaceΦb0 with Φ̂b0 .

Table 3.4 reports the values of parameters that govern the stochastic components
of goods productivity, government debt (collateral) supply and three dimensions of
banking productivity in the model. Under an autoregressive of order one specifica-
tion, the statistical properties of the goods and banking productivity processes are in-
fluenced by the serial correlation parameter ρ and the standard deviations of the zero
mean innovations σ. For example, the autocovariance of log(A) with its own value by
j periods is given by ρjAσ

2
A/(1 − ρ2

A). Therefore, higher values of ρ and σ imply higher
variability in the shock term. These properties will be important in the behavior of the
economy in response to an impulse shock to each source.

[Table 4]
21The goods productivity shock At represents the labor augmenting shock and enters the (log-

linearized) production technology as ŷt = ηK̂t + (1− η) (n̂t + log(At)), which is slightly different from
the more conventional specification of ŷt = log(At) + ηK̂t + (1 − η)n̂t up to a multiplier 1 − η.

22To be precise, yb contains absolute deviation of the TED spread and the government bond rate from
their steady state values, and the fractional deviation of banks’ government debt holdings relative to
deposits from its steady state value.
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Table 3.4 paints a somewhat different picture for the stochastic properties of bank-
ing shocks compared with real shocks. The calibrated model calls for high variabil-
ity and low persistence (reflected by short half-lives) of banking shocks. Specifically,
(3.4.1) can be rewritten for each shock as,

zi,t = (1 − ρi)z̄i + ρzi,t−1 + σiεi,t, (3.4.7)

where ρi represents the shock-specific persistence parameter (the second column in
Table 3.4) and σi is the shock-specific standard deviation of the innovation term (the
fifth column in Table 3.4). Moreover, εt is the innovation term that follows a standard
normal distribution.

The standard deviations reported in Table 3.4 can accordingly be interpreted as
follows. The impact of a 1% innovation shock εt, to the goods productivity (At) is
amplified by its standard deviation to 1.2%. Similarly, the impact of a 1% innovation
shock to the supply of government debt collateral relative to GDP (b̄t) is 2.3%. How-
ever, a unit innovation shock impacts banking shocks Ft, F̃t, and kt by 30%, 41%, and
73%, respectively.

The standard deviations of banking shocks are large because they are quantified
to produce the high variability of the observed banking variables over the sample pe-
riod. Specifically, the standard deviations of the TED spread and the real government
bond rate were 46 and 182 basis points, which are large when compared with their
averages of 57 and 93 basis points. Moreover, the standard deviation of log of banks’
government debt holding per dollar of deposits was 0.17, which implies a 3.6% point
deviation from its steady state value of 21.2%.

By relying on observations of banking variables, the methodology used in this sec-
tion produced a concrete quantification of the stochastic properties of shocks in the
model. The next section will use these properties to conduct quantitative exercises
of the paper. Specifically, it will study the impulse responses of the calibrated log-
linearized economy to a unit innovation shock to various sources of uncertainty in the
model.

3.5 Quantitative Analysis

In this section, I use the calibrated log-linearized model to address the quantitative
questions of the paper. My first objective is to quantitatively evaluate the macroeco-
nomic impact of banking stress simulated by one standard deviation shocks to dif-
ferent dimensions of banking productivity. It turns out that by raising the banking
tax, banking shocks induce substantial effects on aggregate output, employment and
cause deflation. Motivated by this finding, I then explore the role for monetary policy
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to mitigate these effects. In particular, I examine whether in addition to responding to
the output gap and inflation (as the standard Taylor rule suggests), the central bank
should react to a measure of banking stress. I then investigate among the several in-
terest rate spreads that the model generates endogenously, which one the central bank
should use in its monetary policy rule to most effectively mitigate banking stress.

3.5.1 The Impact of Banking Shocks on Aggregate Variables

Figure 3.2 reports impulse responses of key variables to one standard deviation shocks
to goods and banking productivity. The policy rule is assumed to follow the standard
Taylor rule as specified by (3.2.27), and the values of standard deviation and persis-
tence parameter for each shock is set according to Table 3.4.

[Figure 2]

A General Description of the Transmission Mechanism of Banking Shocks

Banking shocks induce significant effects on aggregate consumption, employment and
inflation, as depicted in Figure 3.2. In particular, a negative shock to banks’ efficiency
at monitoring households (simulated by a drop in F), depresses aggregate consump-
tion approximately the same as an adverse goods productivity shock. In addition, it
reduces employment and creates deflation. Like other banking shocks, the model at-
tributes these effects to the elevated banking tax effect. The higher a shock elevates the
banking tax, the stronger is the impact on real variables.

The banking tax channel is seen by banking shocks’ small effect on the total yield,
yet substantial impact on the deposit spread in contrast to the goods productivity
shock. In other words, even though banking shocks do not affect the shadow total
yield, they still affect households’ intertemporal choices of consumption and leisure
by temporarily elevating the banking tax. For example, in response to a transient
negative shock to F , the deposit spread elevates to account for the costly creation of
deposits and provision of payment services. Hence, households experience a sudden
elevation of the banking tax in the impact period and predict the initial effect to ta-
per over time, and therefore defer consumption. The intertemporal effect depresses
current aggregate demand for goods. In response, firms shrink their production scale,
and lower their demand for labor and capital. Reduced factors demand result in lower
wage and q price of capital. The resulting diminished marginal cost of goods elevates
the markup, to which firms react by lowering prices (deflation) in order to restore
the profit maximizing markup. The transmission mechanism of other banking shocks
works similarly.
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The model’s quantitative predictions for the effect of the F shock on macroeco-
nomic variables are as follows. Under the benchmark calibration, the shock results
in 0.6% quarterly reduction in aggregate consumption, 0.8% lower employment and
1.5% points annual deflation. We see that the F shock leaves a stronger impact on ag-
gregate variables among other banking shocks, by elevating the annual banking tax
by 2.25% points in the impact period (compare to its steady state value of 9%).

Shock to Banks’ Efficiency at Monitoring Households

The responses of banking variables to each banking shock reveal the underlying me-
chanics of how the shock affects banks’ productivity. In particular, the F shock low-
ers banks’ productivity of making loans to households, resulting in higher valuation
of collateral services by households, thereby higher opportunity cost of banks’ gov-
ernment debt holding (elevated TED spread in Figure 3.2). Banks react by releasing
collateral to households (lower Bb/D). The flow of collateral from banks to house-
holds decreases households’ collateral productivity (reduced Ωh) and increases the
marginal product of banks’ collateral against interbank loans (elevated Ωb). As a re-
sult of weakened balance sheet position of banks, interbank lenders monitor borrow-
ing banks more intensively, which translates into elevated marginal cost of providing
payment services. Therefore, both components of the deposit spread go up leading to
an elevated banking tax.

Shock to the Collateral Efficiency of Capital Stock

The negative shock to F implies a backward shift in the collateral supplied to the bank-
ing system in Figure 3.1, because households absorb higher collateral resulting from
the negative F shock. The drop in the collateral supplied to the banking system could
also be attributed to a drop in the collateral efficiency of capital stock relative to gov-
ernment bonds (simulated by a drop in k). A negative k shock shrinks the households’
effective collateral value, thereby increasing the marginal product of household collat-
eral (elevated Ωh). Higher valuation of collateral by households is reflected by ele-
vated opportunity cost of collateral for banks (higher TED spread). Banks reduce their
holding of government debt, which results in elevated marginal product of banks’ col-
lateral (higherΩb). Therefore, with a k shock (unlike the F shock), marginal product of
collateral increases for both banks and households. Weaker collateral holding against
loan (higher loan-to-value ratios) increases banks’ marginal cost of issuing loans to
households and other banks. As a result, the banking tax goes up.
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Comparing Banks’ Monitoring Efficiency and Capital’s Collateral Efficiency Shocks

Under the benchmark calibration, banking stress induced by a negative F shock in-
duces stronger real effects than a k shock. Moreover, at face value the k shock seems to
be more significant than the F shock as measured by the standard deviations (σk = 74%
while σF = 30%). To compare the real effect, however, we should examine how these
two shocks impact the productivity of loans made to households by banks. The loan
technology in the log-linearized form is given by,

L̂ht − P̂t =
α Bh

1+RB

Bh

1+RB + kK

(
B̂ht+1 − R

B
t − P̂t

)
+

αkK
Bh

1+RB + kK

(
q̂t + k̂t

)
+ (1 −α)

(
F̂t + m̂t

)
.

(3.5.1)
Therefore, the elasticity of loans with respect to banks’ monitoring efficiency is 1 − α,
and with respect to collateral efficiency of capital is αkK/

(
Bh

1+RB + kK
)

. These elas-
ticities are 0.45 and 0.08 under the benchmark calibration. Hence, the direct effect of
one-standard deviation shocks to F and k on loans to households are 13% and 6%.
Therefore, the model suggests that collateral drainage shocks induce less severe im-
pact on the economic activity as opposed to shock to banks’ monitoring efficiency (e.g.
emergence of an uncertain credit environment, which renders ensuring credibility of
borrowers complicated).

Shock to Government Debt (Collateral) Supply Relative to GDP

Banking stress could be caused by a contraction in the supply of government debt
relative to GDP (simulated by a negative b̄ shock) following a cut in government
borrowing. Contraction in the collateral supply causes both households and banks
value collateral higher at the margin and elevates the opportunity cost of collateral for
both (raised Ωh and Ωb). As a result, both households and banks hold less collateral
against their loans. This implies a backward shift of the collateral supply curve in the
banking system. The weaker asset positions of borrowers cause the marginal cost of
creating and servicing deposits to go up, thereby implying an elevated banking tax.
The b̄ shock is quite persistent (resembling a random walk) and its effect are small but
weaken only very gradually. As a result, the government debt effect is more important
for long-term collateral effects and less relevant for short horizons.

Shock to Banks’ Efficiency at Monitoring other Banks

While shocks to F, k and b̄ affect the banking system by shifting the collateral supply
curve, the shock to F̃ shifts the banking system’s demand for collateral. As a result
of a negative shock to F̃, the lending banks’ efficiency to ensure the credibility of the
borrowing banks drops. Therefore interbank lenders value safer asset composition
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of their borrowers higher at the margin (an upward shift in banks’ demand for collat-
eral). Thus, banks bid higher prices for government debt, which motivates households
to supply more government debt to the banking system. However, the lower collat-
eral holdings by households increases banks’ marginal cost at making loans to house-
holds (widened external finance premium). This effect combined with the increased
marginal cost of providing payment services elevate the banking tax.

With this background in mind, I now turn to analyze the role of monetary policy
in mitigating banking stress.

3.5.2 Monetary Policy Analysis

Under the standard Taylor rule (3.2.27), shocks to banking productivity were shown
to induce recession, create deflation and widen interest rate spreads. I will now use
the calibrated model to evaluate the performance of the economy when, in addition to
reacting to output gap and inflation, the central bank reacts to a measure of banking
stress.

Policy Rule Sensitive to the Banking Tax

Ideally, we would like the central bank to directly react to the banking tax (which is
unobservable in the model), because it is the channel through which banking shocks
impact the aggregate economy. In the model, movements in the banking tax are per-
fectly aligned with movements in the deposit spread. Therefore, I consider a modified
version of the standard Taylor rule specified as

RIBt = (1 + µ1)∆pt + µ2 mct − µ3

(
RTt − R

D
t

)
, (3.5.2)

where µ1 and µ2 are the standard Taylor rule parameters, and µ3 > 0 represents sensi-
tivity of the policy rule with respect to variations in the deposit spread. The intuition
behind this rule is that the central bank cuts the interbank rate at times of elevated
banking tax in addition to its regular response to output gap and inflation. Note that
this modification will not matter for the monetary policy’s performance with respect
to a goods productivity shock, because as the analysis in the previous section showed,
the goods productivity shock in the calibrated model has an insignificant effect on the
interest rate spreads.

Figure 3.3 displays the response of key endogenous variables of the model in re-
sponse to a one-standard deviation shock to F, the case in which banking effects were
most significant. The monetary authority follows a rule specified as (3.5.2) with differ-
ent sensitivities to the banking tax ranging from 0 to 1.5.

[Figure 3]



108 CHAPTER 3. MACRO EFFECTS OF BANKING SHOCKS

A clear implication of the simulation results illustrated in Figure 3.3 is that the
modified monetary policy improves upon the standard Taylor rule by alleviating the
recession and deflation caused by banking stress. In particular, when the sensitivity
of the interest rate policy to the banking tax equals one, the deflation effect is totally
offset. Additionally, the drop in aggregate consumption and employment are halved.
The improved economic outcome under the modified rule is attributed to the central
bank’s commitment to explicitly react to banking stress. A central bank with full credi-
bility to act against banking stress would preemptively stimulate the economy in order
to offset the banking tax effect. Moreover, in practice, the central bank requires to re-
duce the nominal interbank rate much less than the standard Taylor rule. Yet, it can
successfully reduce the real shadow rate sufficiently enough to counteract deflation.

In addition to the superior performance of the modified rule relative to the stan-
dard Taylor rule for mitigating banking stress, it exhibits the same performance in
response to goods productivity shock. The reason is goods productivity shock in-
significantly affects the banking tax. Therefore the additional term indeed does not
change the behavior of the central bank. In this sense, response to the banking tax
sensitivity can be thought of as working like an option in the context of the policy
rule.

As Figure 3.3 illustrates, the policy rule that is more sensitive to the banking tax
leads to higher banking tax values. The higher sensitivity values are associated with
a higher banking tax. This outcome is related to the presence of two counteracting ef-
fects. First, the famous banking accelerator effect (as in Bernanke, Gertler and Gilchrist
(1999) ) works though the elevated q-price of capital, which expands collateral and
thereby tends to compress the banking tax. The collateral effect is evidenced by the
lower TED spread and banks’ holding of government debt relative to deposits. Sec-
ond, the banking attenuator effect (introduced by Goodfriend and McCallum (2007))
emerges because of the higher demand for transactions resulting from expanded eco-
nomic activity. Additionally, the banking attenuator effect works through the elevated
wage, which makes employment of monitoring effort by banks more expensive.

The modified Taylor rule robustly responds to other sources of banking stress. Sim-
ulation results illustrated in Figure 3.4 reveal that the impact effect of other shocks on
deflation can be totally offset when the rule (3.5.2) reacts to the banking tax with a
sensitivity around 1.

[Figure 4]

The above discussion illustrates that the central bank can best mitigate the macroe-
conomic instability caused by banking stress by reacting to the banking tax, which is
unobservable. As a result, I consider two alternative observable interest rate spreads
in the modified Taylor rule: a) the TED spread and b) the loan-deposit rate spread.
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Policy Rule Sensitive to the TED Spread

The TED spread has been commonly used as an indicator of stress in the banking
system.23 It was one of the banking observables that I used to infer the stochastic
parameters of banking shocks. In the model, the TED spread represents banks’ valua-
tion of collateral services from holding government debt against interbank borrowing.
In response to banking stress, the TED spread elevates to indicate higher valuation
of collateral by banks at time of banking stress. Therefore, the modified policy rule
follows,

RIBt = (1 + µ1)∆pt + µ2 mct − µ4

(
RIBt − RBt

)
. (3.5.3)

Under this rule, the central bank commits to additionally stimulate the economy us-
ing its interest rate instrument when the TED spread elevates. Figure 3.5 displays
responses of key macroeconomic variables to F and k shocks. The policy sensitivity to
the TED spread µ4, adopts values from 0, 1.75 and 5.

[Figure 5]

Simulation results show that the policy rule sensitive to the TED spread can fur-
ther stimulate the economy in banking stress in addition to the standard Taylor rule.
In particular, when the sensitivity parameter equals 1.75 the central bank can totally
offset the deflation caused by the k shock. With this specification, however, the cen-
tral bank cannot totally offset the deflationary effect of the F shock. Even if the central
bank chooses an substantially larger sensitivity (set to 5 in Figure 3.5) in order to better
stabilize the macroeconomy in response to the F shock, it will overheat the economy
when the k shock takes place.

The policy rule (3.5.3) does not exhibit the desirable performance of the rule (3.5.2),
because the TED spread does not perfectly correlate with the banking tax. One reason
is that the TED spread is very sensitive to collateral shocks, whereas the banking tax
is more sensitive to monitoring efficiency shocks (see Figure 3.2 for a comparison). In
other words, the same elevation in the TED spread could differently affect the banking
tax depending on the underlying source of banking stress. As discussed in the theo-
retical section, the monitoring efficiency shock elevates the banking tax more severely
because not only it results in elevated opportunity cost of collateral but also it raises
the effective factor cost of monitoring (w/F in case of the F shock).

23see Giglio, Kelly, and Pruitt (2015), Mankiw (2015), Geithner (2014), The Economic Report of the
President (2009) among others
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Policy Rule Sensitive to the Loan-Deposit Spread

Alternatively, suppose the central bank reacts to the loan-deposit rate spread in addi-
tion to its standard macroeconomic targets. This rule is specified as follows,

RIBt = (1 + µ1)∆pt + µ2 mct − µ5

(
RLt − R

D
t

)
. (3.5.4)

Here, the parameter µ5 represents the sensitivity of the interest rate rule to changes in
the loan-deposit spread. Figure 3.6 replicates the same exercise as in Figure 3.5 using
the policy rule (3.5.4) instead of (3.5.3). The values of sensitivity parameter, µ5, are 0,
1 and 2.25.

[Figure 6]

Unlike the previous rule, when the central bank commits to react to the loan-
deposit rate spread, it can fully offset the deflation caused by banking stress. When
the sensitivity parameter is set to 2.25, the deflation effect of banking stress disappears
regardless of the underlying source of stress (as shown for F and k shocks in Figure
3.6).

The reason why the loan-deposit rate spread provides a better account of banking
stress compared to the TED spread is that it includes both components of the marginal
cost of creating deposits and providing payment services. The only difference between
the loan-deposit rate spread and the deposit spread is the discount that households
receive on their loan rate in return to posting collateral, RT − RL. Because the share of
collateral in the loan production is fixed α, this difference does not significantly reduce
the correlation. Accordingly, the loan-deposit rate spread favorably mimics variations
in the banking tax and should therefore be used as the measure of intensity of banking
stress by the central bank.

3.6 Conclusion

The primary objective of this paper was to evaluate the macroeconomic significance
of fluctuations in the productivity of banking services. Specifically, the model identi-
fied four sources that disturb the banking system: (a) banks’ efficiency at monitoring
households, (b) banks’ efficiency at monitoring other banks, (c) the effective collateral
value of capital, and (d) the supply of government securities relative to GDP. These
sources affect aggregate consumption, employment and inflation by fluctuating the
“banking services tax”. To quantify the stochastic processes of these sources, the paper
developed a methodology that uses macroeconomic and banking observations for the
U.S. economy along with the rational expectations solution of the model. Simulations
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revealed that banking shocks exhibit large standard deviations but low persistence.
The large standard deviations mean that a 1% innovation shock has a large impact
on the underlying banking shock and the low persistence implies short half-lives of
shocks to banking productivity. Therefore, these properties are crucial for a concrete
quantitative evaluation of the macroeconomic significance of banking disturbances.

The paper’s quantitative exercises provide two important results. First, adverse
shocks to the banking system, which reflect financial distress, induce deep recession
and deflation. The drop in aggregate consumption is comparable to an adverse goods
productivity shock. Moreover, the standard Taylor rule fails to stimulate the economy
sufficiently enough to avoid the deflation caused by banking stress. Second, the central
bank can stabilize inflation and output resulting from banking stress by reacting to
variations in the banking tax in addition to inflation and output gap. However, the
banking tax is not observable. Two observable alternatives were studied: the TED
spread, and the loan-deposit rate spread. The TED spread is less preferred because it
is more sensitive to collateral shocks than the banking tax, while the loan-deposit rate
spread is a good proxy for the banking tax. Therefore, the central bank should follow a
Taylor rule that is sensitive to the loan-deposit rate spread to best mitigate the impact
of banking stress.

This work focused on the fluctuations in the productivity of the banking system to
supply payment services. Future studies should consider the demand side by mod-
eling households’ demand for payment services and explore how fluctuations in the
demand for transaction-facilitating deposits translate into variation in the banking tax.
Future studies should also investigate if and to what extent corporate demand for
funds for investment purposes could lead to variations in the banking tax.
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Appendix C

C.1 First Order Conditions

The representative household’s problem is to maximize its expected lifetime utility,

E0

∞∑
t=0

βt[φ log(ct) + (1 −φ) log (1 −nst)], (C.1.1)

subject to the deposit-in-advance constraint

V
Ddt
PAt

> ct, (C.1.2)

the flow of funds constraint
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the goods production and sales constraint
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, (C.1.4)

the deposit creation and servicing constraints(
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taking price variables and interest rates as given. In the flow of funds constraint,

Πft = c
A
t

(
Pt

PAt

)−(θ−1)

+ qt(1 − δ)Kt − qtKt+1 −wtnt, (C.1.7)
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The Lagrangian of the representative household’s problem is therefore given by,
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The first order conditions are accordingly given by,

∂ct :
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where, by definitionΩht = α
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C.2 Dynamic Equations
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t − RDt
1 + RTt

)
(1 − α̃)

Lbt
Pt

(C.2.8)

Kη(Atnt)
1−η = ct + δKqt (C.2.9)

Bht+1

Pt(1 + RBt )
+

Bbt+1

Pt(1 + RBt )
= b̄t ct (C.2.10)

V
Dt

Pt
= ct (C.2.11)

Lht +
Bht+1

1 + RBt
= Dt (C.2.12)

Lht
Pt

=

(
Bht+1

Pt(1 + RBt )
+ ktqtK

)α
(Ftmt)

1−α (C.2.13)

Lbt = ` Dt (C.2.14)

Lbt
Pt

=

(
Bbt+1

Pt(1 + RBt )

)α̃ (
F̃tm̃t

)1−α̃ (C.2.15)

RTt − R
L
t = α

(
RTt − R

IB,T
t

)
(C.2.16)

RIB,T
t − RIBt =

α̃

`

(
RIB,T
t − RDt

)
, (C.2.17)

which together with the interest rate policy solve for ct, Dt, RBt , nt, wt, qt, Bht+1, Bbt+1,
Lht , Lbt , mt, m̃t, λt, RTt , RLt , RIB,T

t , RIBt and RDt , given evolutions of shocks At, Ft, F̃t, and
b̄t, and definemct = wtnt

(1−η)(ct+δKqt)
.
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C.3 Log-linearized Dynamic Equations

RTt = −Etλ̂t+1 + λ̂t + Et∆pt+1 (C.3.1)

φ

cλ

(
−ĉt − λ̂t

)
=

1
V

1 + RD

1 + RT

(
RTt − R

D
t

)
(C.3.2)

λ̂t + ŵt =
n

1 −n−m− m̃
n̂t +

m

1 −n−m− m̃
m̂t +

m̃

1 −n−m− m̃
ˆ̃mt (C.3.3)

m̂ct = n̂t + ŵt − ĉt (C.3.4)

0 = kΩh
(
RT − RIB,T

)(RTt − RIB,T
t

RT − RIB,T − RTt + Ω̂
h
t + k̂t

)
−

1 + RK

1 + RT

(
RTt − EtR

K
t,t+1

)
(C.3.5)

RTt − R
B
t

RT − RB
=
RTt − R

IB,T
t

RT − RIB,T + Ω̂ht (C.3.6)

RIB,T
t − RBt
RIB,T − RB

=
RIB,T
t − RDt
RIB,T − RD

+ Ω̂bt (C.3.7)

ŵt + m̂t =
RTt − R

IB,T
t

RT − RIB,T − RTt + L̂
h
t − P̂t (C.3.8)

ŵt + ˆ̃mt =
RIB,T
t − RDt
RIB,T − RD

− RTt + D̂t − P̂t (C.3.9)

ĉt =

(
1 +

δK

c

)
(1 − η)(n̂t + Ât) −

δK

c
q̂t (C.3.10)

Bh B̂ht+1 +B
b B̂bt+1 = b̄ c

(
1 + RB

)(̂̄bt + ĉt) (C.3.11)

ĉt = D̂t − P̂t (C.3.12)

LhL̂ht +
Bb

1 + RB

(
B̂ht+1 − R

B
t

)
= DD̂t (C.3.13)

α̃
(
B̂bt+1 − R

B
t − P̂t
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+ (1 − α̃)

(
ˆ̃Ft + ˆ̃mt

)
= D̂t − P̂t (C.3.14)

RTt − R
L
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(
RTt − R

IB,T
t

)
(C.3.15)

RIB,T
t − RIBt =

α̃

`

(
RIB,T
t − RDt

)
(C.3.16)

L̂ht − P̂t = α

(
bh

bh + kK

(
B̂ht+1 − R

B
t − P̂t

)
+

kK

bh + kK
q̂t

)
+ (1 −α)

(
F̂t + m̂t

)
(C.3.17)

∆pt = βEt∆pt+1 + κ mct (C.3.18)

RIBt = (1 + µ1)∆pt + µ2 m̂ct (C.3.19)

∆Pt+1 = P̂t+1 − P̂t (C.3.20)
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Table 3.1: Parameter values under the baseline calibration
(excluding parameters of stochastic processes)

Standard Macroeconomic Parameters

Parameter Value Description

β 0.99 Households’ discount factor
γ 0.005 Economy’s (technological) growth rate
φ 0.4 Utility weight of consumption relative to leisure
η 0.36 Share of capital in goods production
θ 11 Price elasticity of aggregate demand for goods
δ 0.025 Depreciation rate of capital stock

Aggregate Money and Government Debt Measures

Parameter Value Description

V 0.48 Velocity of broad money
b̄ 1.06 Supply of government debt relative to GDP

Banking-specific Parameters

Parameter Value Description

α 0.55 Share of collateral in loans to households
F 1150 Banks’ efficiency at monitoring households
k 0.01 Collateral productivity of capital relative to government debt
α̃ 0.65 Share of government debt in interbank loans
F̃ 11500 Banks’ efficiency at monitoring other banks
` 0.45 Interbank loan per dollar of deposits

which solve for c, w, q, λ, n, ∆p,mc, D, Lh, bb, bh, m, m̃, RT , RL, RIB,T , RIB, RB, RD.

RKt,t+1 =
1 − δ

1 + RK
(q̂t+1 − q̂t) +

η ·mc
1 + RK

(n
K

)1−η
(m̂ct+1 + (1 − η)(a1t+1 +nt+1) − q̂t)

Ω̂ht = L̂ht − P̂t −

(
bh

bh + kK
b̂ht+1 +

kK

bh + kK

(
q̂t + k̂t

))
Ω̂bt = D̂t + R

B
t − B̂

b
t+1.
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Table 3.2: Comparison of average values of observables over the sample
to the model-implied endogenous variables

Variable Value Model output Description

RIB − RB 0.57% 0.51% The TED spread
Bb/D 21.2% 21.77% Banks’ holding of government debt relative to deposits
RB 0.94% 1.03% The real three-month T-bill rate
RL − RIB 2.0% 2.3% The external finance premium
RD 1.28% 1.26% Average deposit rate on all deposits
(m+ m̃) /ns 1.4% 1.0% Share of banking employment in total employment

Table 3.3: The steady-state solution of the model with benchmark calibration
compared with cost-free banking

Steady-state with costly banking

Macroeconomic variables: c w K λ n mc
0.8204 1.8972 8.9328 0.4768 0.3334 0.9091

Interest rates (p.a.): RT RL RIB,T RIB RB RD
′

0.0606 0.0384 0.0202 0.0154 0.0103 0.0126

Banking variables: D Bb/D m m̃ Ωh Ωb

1.7092 0.2177 0.0031 0.0003 1.2451 1.3435

Steady-state with cost-free banking

Macroeconomic variables: c w K λ n mc
0.8342 1.8938 9.0458 0.4795 0.3392 0.9091

Table 3.4: Calibrated shock processes in the model.
Note: Half-life values are reported in quarters.

ρ half-life σ(shock) σ(innovation) Description

A 0.938 11 0.036 0.012 Goods productivity
b̄ 0.967 21 0.130 0.023 Supply of government debt relative to GDP
F 0.937 11 0.848 0.299 Banks’ efficiency at monitoring households
F̃ 0.801 3 0.683 0.411 Banks’ efficiency at monitoring other banks
k 0.896 6 1.644 0.734 Effective collateral value of capital
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[F̃(−)] [F(+),k(+), b̄(+)]

Bb/D

R
I
B
,T

−
R

B

Figure 3.1: Supply and Demand of Government Bonds in Banking .
Note: Sources of disturbances in the banking system that shift each curve are dis-
played in brackets.
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Figure 3.2: Responses to negative shocks to At (thick dashed line), Ft (circle line), F̃t (triangle
line) and kt (star line).
Note: Sizes of all shocks are one standard deviation and persistence levels reported in Table 3.4.
Numbers represent quarterly fractional deviations from steady state for all variables, except
inflation, interest rates and rate spreads, which are represented in p.a. basis point changes,
and Bb/D, which is expressed in percentage point changes.
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Figure 3.3: Responses to a one-standard deviation negative shock to Ft with monetary policy
specified as (3.5.2).
Note: The circle black lines represent responses of the economy under a standard Taylor rule
(µ3 = 0). Dashed lines represent responses with µ3 = 0.5, 1 and 1.5.
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Figure 3.4: Responses to negative shocks to At (thick dashed line), Ft (circle line), F̃t (triangle
line) and kt (star line) under the rule (3.5.2) with µ3 = 1.
Note: Sizes of all shocks are one standard deviation and persistence levels reported in Table 3.4.
Numbers represent quarterly fractional deviations from steady state for all variables, except
inflation, interest rates and rate spreads, which are represented in p.a. basis point changes,
and Bb/D, which is expressed in percentage point changes.
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Figure 3.5: Responses to one-standard deviation negative shocks to Ft (circle, top panel) and
kt (star, bottom panel) under the rule (3.5.3) with µ4 = 0 (solid line), µ4 = 1.75 (dashed line)
and µ4 = 5 (dotted line).
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Figure 3.6: Responses to one-standard deviation negative shocks to Ft (circle, top panel) and
kt (star, bottom panel) under the rule (3.5.3) with µ5 = 0 (solid line), µ5 = 1 (dashed line) and
µ5 = 2.25 (dotted line).
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