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Abstract

This thesis consists of three essays that focus on the role of heterogeneity in both

the type and the degree of financial frictions for the pass-through of financial shocks

and of monetary policy.

In the first essay, ”Firm Heterogeneity and the Capital Market”, I investigate

the importance of firms’ financial constraints for the transmission of both equity

shocks and monetary policy shocks. I am the first in the literature to obtain an

instrument to equity financing shocks directly from firm-level data. I show in my

study, that it is necessary to strictly distinguish between different forms of financial

constraints if researchers want to investigate the role of firm heterogeneity on firm

investment rates. In particular, financially constrained firms with high expected

future profits increase their investment rate relatively more when capital market

funding conditions are improved. In contrast, firm liquidity and high debt burden

of firms explain the heterogeneity in firms’ investment response to monetary policy.

Therefore, policy makers have to consider both monetary policy conditions and

access of firms to capital markets in order to relax the firms’ financial constraints

and to stimulate investment.

The second essay, ”The Macroeconomic Effects of a European Deposit (Re-)

Insurance Scheme”, is joint work with Marius Clemens and Stefan Gebauer. We

analyze the stabilization effects of a common European deposit re-insurance scheme.

To this end we build a two-country regime-switching general equilibrium model.

The findings suggest that a common European deposit insurance scheme reduces

business cycle fluctuations in both countries and improve risk sharing within the

union. Long term macroeconomic performance however can deteriorate when

contributions to the deposit insurance are non-deductible and designed poorly.

In the third essay, ”The Financial Accelerator, Wages and Optimal Monetary

Policy”, I investigate optimal monetary policy under the existence of both banking

frictions and wage rigidities. In my macroeconomic model, I document that after

the economy is hit by adverse financial shocks, monetary policy should stabilize

wage inflation to improve welfare. This result can be explained as follows: The

presence of financial frictions makes capital demand less elastic to changes in real

wages. The wage-inflation stabilization regime that results in relatively higher real

wages reduces the capital demand by less in comparison to the non-financial-friction

economy. Higher real wages increase inflation and lowers the credit spread.
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Zusammenfassung

Diese Dissertation besteht aus drei Aufsätzen, die die Rolle unterschiedlichester

Arten von finanzieller Friktionen sowohl auf Firmenseite, als auch auf Bankenseite,

für die Übertragung von finanziellen Schocks und Geldpolitik analysieren.

Im ersten Aufsatz, ”Firm Heterogeneity and the Capital Market”, studiere ich

welche Art von Finanzbeschränkungen der Firmen für die Übertragung von Kapital-

marktfinanzierungsschocks, als auch geldpolitischen Schocks, ausschlaggebend sind.

Hierbei gehöre ich zu den Ersten in der Literatur, die Kapitalmarktfinanzierungss-

chocks direkt aus Firmendaten schätzen. Ich zeige in meiner Studie, dass es für ein

tieferes Verständnis von Firmeninvestitionen entscheidend ist, zwischen verschiede-

nen potentiellen Maßzahlen für Finanzbeschränkungen der Firmen zu unterscheiden.

Konkret zeige ich, dass finanzbeschränkte Firmen mit hohen erwarteten zukünftigen

Gewinnen nach einem Kapitalmarktfinanzierungsschock ihre Investitionen stärker

als andere Firmen erhöhen. Im Unterschied dazu, spielt für die Übertragung von

Geldpolitik auf Firmeninvestitionen die Liquidität und die Verschuldungsquote eine

stärkere Rolle. Diese Resultate implizieren, dass für Politikmaßnahmen die eine

Erhöhung von gesamtwirtschaftlichen Investitionen zum Ziel haben, sowohl Geld-

politik als auch der Zugang zum Kapitalmarkt im Blick behalten werden muss.

Der zweiten Aufsatz, ”The Macroeconomic Effects of a European Deposit

(Re-)Insurance Scheme”, wurde gemeinsam mit Marius Clemens und Ste-

fan Gebauer geschrieben. Hier analysieren wir die Wohlfahrts- und Stabil-

isierungseffekte einer europäischen Einlagenrückversicherung. Unser Regime-

Switching-Zwei-Länder-DSGE-Modell impliziert, dass eine europäischer Einla-

genrückversicherungsfond Konjunkturschwankungen in beiden Ländern gut ausgle-

ichen kann und die Risikoteilung zwischen beiden Ländern verbessert. Allerdings

kann das Wirtschaftswachstum langfristig leiden, wenn die Einzahlungen der Banken

in den jeweiligen Ländern in die europäische Einlagenversicherung schlecht gelöst

sind.

Im dritten Aufsatz, ”The Financial Accelerator, Wages and Optimal Monetary

Policy”, analysiere ich in einem makroökonomischen Modell, welche Rolle Geld-

politik einnehmen sollte, wenn Friktionen auf der Bankenseite und Lohnrigiditäten

existieren. Ich zeige, dass Zentralbanken im Fall von Finanzmarktschocks einen

großen Fokus auf die Stabilisierung von Lohninflation legen sollten. Dies erklärt

sich über die geringere Sensitivität von Kapitalnachfrage auf Änderungen in Re-

allöhnen im Falle von Friktionen auf dem Bankenmarkt. Höhere Reallöhne führen
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zudem zu Inflation und einem niedrigeren Risikoaufschlag auf Firmenkredite.
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Chapter 1

General Introduction

This thesis consists of three essays that focus on the role of heterogeneity in both

the type and the degree of financial frictions for the pass-through of financial shocks

and of monetary policy, both on average and on the margin. Since the Great

Recession, financial frictions, faced by either firms, or banks, receive considerable

attention in the macroeconomic literature. This is because financial constraints

can affect both the pass-through of shocks and the the pass-through of policies on

macroeconomic aggregates quite substantially.

One channel of monetary policy that directly affects firms investment and the

real economy is the bank-lending channel (Bernanke and Gertler, 1995). This

channel is of interest for macroeconomist because policy rates affect, among other

things, firms’ access to corporate loans. Corporate loans are the most important

source of firms’ funding mix and firms funding conditions in turn affect the

aggregate investment rate. Aggregate investment is a key driver of business cycle

fluctuations (Covas and Den Haan, 2011). The transmission of monetary policy

shocks on the aggregate firm investment rate can be affected by two sources of

financial frictions: (i) frictions originating on the firm side and (ii) banking frictions.

The first essay focuses on (i), essay two and essay three focus on the (ii) source of

financial frictions.

A growing strand of empirical literature uses firm-level data to analyze the

role of firm heterogeneity for the transmission of monetary policy shocks on

investment rates. The role of firm heterogeneity in this strand of literature is then

usually related to the role of firm-level financial constraints for the transmission

of monetary policy. One of the earlier studies in this field proxies the firm-level

financial constraints by the inverse of firm size (Gertler and Gilchrist, 1994). More
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recent studies measure the degree of financial frictions on firms via endogenous

financial conditions, such as leverage (Ottonello and Winberry, 2020), liquidity

(Jeenas, 2019; Cao et al., 2021), or earning-based constraints (Greenwald et al.,

2020; Drechsel, 2022). Chapter 2 builds on this strand of literature by evaluating

the significance of these competing financial constraints measures that circulate in

the literature.

The second most important source of firms’ funding mix is external equity

Fama and French (2005). The role of equity and capital market became more and

more relevant to explain macroeconomic business cycle movements (Covas and

Den Haan, 2011) in the recent years. Ehrmann and Fratzscher (2004) analyzes the

effect of monetary policy on the average economy-wide stock returns. Both the

type and the degree of financial frictions firms face can affect the relative funding

share of both corporate loans and equity and the substitutability between both

sources of funding. In chapter 2 I shed more light on these issues.

In the first essay in chapter 2, ”Firm Heterogeneity and the Capital Market”,

I investigate the importance of different types of financial constraints on firms

for the transmission of both equity shocks and monetary policy shocks. Equity

shocks are important for the macroeconomy because equity financing is a crucial

component in firms’ funding mix. Firms funding conditions in turn affect aggregate

investment as already elaborated in the previous paragraphs. The identification

of the equity financing shocks relies on the construction of Granular Instrumental

Variables (GIV). The GIV method was originally developed by Gabaix and Koijen

(2020). I am the first in the literature to obtain an instrument to equity financing

shocks by using firm-level data. Identification of the equity GIVs relies on the

wide heterogeneity in my data set including every publicly listed US firm, ranging

from firms with very high market capitalization to firms with the lowest market

capitalization. I show in my study, that it is necessary to strictly distinguish

between different forms of financial constraints if researchers want to investigate the

role of firm heterogeneity on firm investment. In particular, financially constrained

firms with high expected future profits increase their investment rate relatively more

when capital market funding conditions are exogenously improved. In contrast,

financial constraint measures related to either firm liquidity or a high debt burden

of firms explain robustly the heterogeneity in firms’ investment response to changes

in the bank lending rate. In line with the results in Cao et al. (2021), firms with

high liquidity buffers use liquidity to cushion the adverse effects of higher rental

rates. Once firm liquidity is low or exhausted, firms have to rely on external debt.



3

More specifically, monetary policy shocks affect firms’ cash-flow and relax the

borrowing constraint on indebted firms that are earning-based constrained (EBC).

The result is a high pass-through of monetary policy on firms’ investment rate for

those firms that are highly in debt relative to their earnings. This result is in line

with Greenwald et al. (2020). When measuring the debt burden of asset-constrained

firms, those firms using assets as collateral for their borrowing, I find investment

rates of highly leveraged firms less sensitive to monetary policy. But complimentary

to the literature, i.e. to Ottonello and Winberry (2020), I demonstrate that this

result stems from an equity-for-debt substitution motive in order to appear less

constrained on the debt market. Therefore, policy makers have to take into account

both monetary policy conditions and access of firms’ to capital markets in order to

relax the firms’ financial constraints and to stimulate investment.

The second essay in chapter 3, ”The Macroeconomic Effects of a European

Deposit (Re-)Insurance Scheme” is joint work with Marius Clemens and Stefan

Gebauer. The essay relates to the discussion of the bank-lending channel in the

beginning of this chapter and the second source of financial frictions: (ii) banking

frictions. We allow for heterogeneity in bank risk across two different countries. This

modelling framework is motivated by the fact that heterogeneity in the degree of

financial frictions exists not only across firms within a given country, but the degree

of financial constraints can also differ between countries’ banking sectors. Bank

defaults justify in our dynamic stochastic general equilibrium (DSGE) model the

existence of a deposit insurance scheme. The paper analyzes the stabilization effects

of a common deposit re-insurance scheme within a monetary union, as proposed

by the European Commission. The European re-insurance steps in, once domestic

deposit insurance funds are exhausted. To this end we construct a two-country

regime-switching DSGE model to allow for a regime with an unconstrained domestic

insurance, and a constrained regime under which a European deposit re-insurance

steps in. Regime switches are modelled as a Markov-switching process by following

Maih (2015). The findings suggest that a common European deposit insurance

scheme reduces business cycle fluctuations in both countries well and improve risk

sharing within the union. Long term macroeconomic performance however can

deteriorate when contributions to the deposit insurance are non-deductible and

designed poorly.

In the third essay in chapter 4, ”The Financial Accelerator, Wages and Optimal

Monetary Policy”, I investigate optimal monetary policy under the existence of

both a financial accelerator and wage rigidities. The research is motivated by
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the observation that firms labor costs affect the demand for capital stock and

the demand for bank loans. The essay once again relates to the role of banking

frictions but this time studies also the interaction between labor market frictions,

labor demand and capital demand. I answer the research question by building

a theoretical macroeconomic model that includes banking frictions and wage

rigidities. Within the model I find two channels for real wages affecting bank loans

and eventually the financial accelerator. A cost channel under which higher real

wages deteriorates firms’ output and demand for capital via higher marginal costs.

Bank profit decrease since capital demand and therefore loan demand declines.

The second channel is a substitution channel under which higher real wages boost

loan demand and bank profits. Higher factor costs of labor decrease labor demand

and increase capital demand. I document that after the economy is hit by adverse

financial shocks, monetary policy should stabilize wage inflation to improve welfare.

This result can be explained as follows: The presence of financial frictions makes

capital demand less elastic to changes in real wages. The wage-inflation stabilization

regime that results in relatively higher real wages reduces the capital demand by

less in comparison to the non-financial-friction economy. Higher real wages increase

inflation and lowers the credit spread.
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Chapter 2

Firm Heterogeneity and the

Capital Market

I investigate the importance of different types of financial constraints on firms for

the transmission of aggregate equity demand shocks and monetary policy shocks. I

construct an aggregate series for equity financing shocks from firm-level data using

the Granular Instrumental Variables strategy. I find that firms with high expected

future profitability increase their investment relatively more when capital market

funding conditions are exogenously improved. The relevance of Tobin’s Q cannot

be confirmed, however, for the transmission of monetary policy shocks. Instead firm

liquidity explains the heterogeneity in firm investment rates. The level of firm debt

is only significant for the transmission of monetary policy prior to the zero lower

bound periods. My results imply that policymakers should consider the role of both

monetary policy and access to capital markets to stimulate firm investment.

Keywords: Firm Heterogeneity; Capital Markets; External Equity Financing;

Granular Instrumental Variable; Financial Constraints

JEL Classification: E22, E44, G30, G32.
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2.1 Introduction

Capital markets play a crucial role for firms’ acquisition of funds, with an ever

increasing importance in recent decades. Since the early 1980s, the frequency of

adjustments of firms’ outstanding equity positions increased significantly. External

equity financing defines a significant proportion of firms’ funding mix (Fama and

French, 2005) and firms’ funding conditions affect in turn aggregate investment and

the macroeconomy (Covas and Den Haan, 2011). This upward trend is not only ob-

servable in the United States (see Figure 2.1), but also in most European economies

(Raposo and Lehmann, 2019).1 Research on the role of firm heterogeneity for the

transmission of monetary policy shock suggests a direct effect of monetary policy

shocks on firms’ equity and dividend-payment decisions (Cloyne et al., 2020). Yet,

little is known both about the role of firms’ access to capital markets for the trans-

mission of monetary policy and about the implications of firm heterogeneity for

equity market funding shocks itself.

In this paper I ask the following question: What is the role of firm hetero-

geneity for firms’ investment, equity, and debt responses to both an external equity

financing shock as well as a monetary policy shock? To answer this question, I use

a comprehensive firm-level data set for the United States.

This paper contributes to the literature by applying a data-driven approach to

the construction of an instrument to external equity financing demand shocks. I

obtain this instrument by utilizing the granularity of firms’ external equity issuance

in my data set and construct a Granular Instrumental Variable (GIV), as first de-

veloped by Gabaix and Koijen (2020). I am the first in the literature to obtain an

instrument to external equity financing shocks by using GIVs and firm-level data.

So far, there exist only a few papers that identify external equity financing shocks.

However, the existing papers use either theoretical corporate financing or macroeco-

nomic models to infer the key driving variables of the cost of equity, then construct

an empirical proxy by using these variables. Crucially, the inference regarding the

driving forces for the cost of equity depends on the specific financial frictions present

in the theoretical models. This statement also applies to sign restrictions, one of

the most commonly used identification strategies for macroeconomic shocks. As

shown by Gambetti and Musso (2017) in a more general setting, commonly-used,

off-the-shelf, financial frictions models can imply very different sign restrictions for

1In the Euro Area, policy proposal such as the ”Capital Market Union” by the European

Commission will most likely enhance this development (European Commission, 2020).
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Figure 2.1: Fraction of firms that either issue equity or reduce their number of outstanding

shares in a given quarter. Grey-shaded areas denote NBER recessions. Own calculations based on

Compustat sample.

financial variables, thus complicating the identification of aggregate funding shocks.

The GIV does not require any a priori knowledge about the signs of the responses

of financial variables to aggregate funding shocks. Instead it requires cross-sectional

firm data and the existence of granularity in firms’ market capitalization. In section

2.3.3 I show that the instrument is relevant. The responses of firm-specific share

prices and firms’ quantities of outstanding shares to the instrument suggest to in-

terpret the GIV series as an equity demand shock.

The instrument for an external equity financing demand shock allows us to un-

derstand the role of capital market funding conditions on firms’ investment rates for

a large set of financial constraints firms face. Making use of this, I first determine

the type of firms’ financial constraints that most robustly affect the external equity

financing of firms. Second, I use a favorable monetary policy shocks as a proxy for a

reduction in bank lending rates, and explain which type of financial constraints sig-

nificantly affect the transmission of lower bank rates on firms’ investment rates. The

monetary policy shocks and the external equity financing shock represent exogenous

improvements in the two most important sources of firms’ funding mix: corporate

loans and external equity financing, respectively. As it turns out very different types

of firms’ financial constraints matter for both types of external funding.

The average firm response to a positive external equity financing shock implies

an increase in investment of up to one percentage point after two and a half years

and a reduction of long-term debt by a little less than one percentage point.

However, the mean responses differ along the cross section of firms. When cal-

culating the average economy-wide response for different dimension of the firm dis-

tribution, by splitting the sample in half, the results indicate that firms with higher
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values of Tobin’s Q disproportionately increase investment. For the bottom 50% of

firms’ Tobin’s Q distribution, the investment response is insignificant. The estima-

tion of the average responses for different subsets of the firm distribution suggest

the existence of nonlinear effects and the relevance of financial constraints for the

transmission of equity shocks. Subsequently, I compute the marginal responses with

respect to Tobin’s Q, leverage, and debt/EBITDA to determine the role of hetero-

geneity in firms’ financial conditions.

The marginal effects for the equity shock imply an increase in equity issuance

in relative terms, for firms with either higher leverage or with high values in To-

bin’s Q. The former, i.e., firms with large figures of debt over assets are interpreted

as asset-based constrained firms in this paper. The results indicate a motive for

restructuring their funding mix by substituting equity for debt. One potential ex-

planation for the equity for debt substitutions motive is, in line with results from

the corporate finance literature (Hennessy and Whited, 2007), the desire to appear

less constrained. I find no significant effects for the investment response for earning-

based constraint, the competing measure of indebtedness.

Firms with a higher Tobin’s Q react more sensitively in their investment deci-

sions. The reason for this is that those firms have an expected higher profitability.

I show that the response of average Q itself, after the equity shock hit, is most

sensitive for those firms. This is because the equity shock affects the long horizon

profitability of firms. It also explains the more sensitive investment response. The

channel is in line with new-Keynesian macroeconomic theory (Cao et al., 2019).

Further, the marginal effect of higher average Q on investment is four times

higher than the earning-based constraint (EBC) channel. I show that this result

stems from the fact that cash-flow is not affected by the equity shock, on average.

In addition, my findings imply that EBCs are not relaxed after a favorable equity

financing shock since the marginal effects for EBCs are insignificant.

When analyzing the transmission of monetary policy shocks, I find that only

firm liquidity explains the heterogeneity in firm investment rates in the period be-

tween 1994-2019. Firms with a one standard deviation higher level of liquid assets

increase their investment rates by 1.5% less compared to the average firm. I ana-

lyze the role of firm heterogeneity for the transmission of monetary policy shocks

by using the high frequency identified monetary shock series of Bu et al. (2021).

The monetary policy shock affects banking rates and eventually corporate loans via

the bank lending channel (Bernanke and Blinder, 1988). Thus, the monetary policy

shock can shed light on the role of the most important component of firms’ funding
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mix: corporate loans. The role of firm liquidity for the transmission of monetary

policy shocks is in line with the results in our joint work in Cao et al. (2021). The

theoretical firm heterogeneity model in Cao et al. (2021) shows that firms that face

external financing premia, start accumulating liquid assets once they plan to realize

an investment project in period t in the near future. Thus, a monetary policy shock

hitting in period t has little effect on investment rates of highly liquid firms. This

theoretical insight explains the important role of firm liquidity in the Compustat

sample that was also highlighted in Jeenas (2019).

Prior to the Great Recession and the binding zero lower bound there exists how-

ever an important role for firm indebtedness for the transmission of monetary policy.

I document that the irrelevance of firm liquidity and the importance of firm debt

in other studies in the literature can have two reasons (i) the exclusion of the zero

lower bound period and (ii) the existence of information effects in some monetary

policy shock series that are used in the literature.

Between 1994-2009, when not controlling for the information effects of monetary

policy, firms with high levels of debt over current cash-flow increase their invest-

ment by two percentage points more after an expansionary monetary policy shock.

The reason is that monetary policy shocks directly relaxes the financial constraint

of earning-based constrained firms (Greenwald, 2019; Lian and Ma, 2021). Asset-

based constraints, the second debt-related financial measure, affect the transmission

of monetary policy contrary to earning-based constraints. Firm with a high debt

burden over their assets increase their investment rate relatively less. This result is

in line with macroeconomic studies such as Ottonello and Winberry (2020).

Eventually, when estimating the marginal effects for the monetary shock, I do

not find a significant role for Tobin’s Q. I explain this finding by a small effect

of monetary policy on expected long horizon profitability. Thus, this group of con-

strained firms with high expected future profitability are disproportionately affected

by capital market funding shocks but not by the reduction of bank lending rates.

The role of these financial channels are all robust to the inclusion of additional

financial interaction terms that are vividly discussed in the literature. All marginal

effects are estimated by simultaneously controlling for up to six financial constraint

measures, in order to ensure that the identified channels are still significant. By

doing so, this paper follows the approach of Cao et al. (2021).

All in all, this paper demonstrates that the role of financial constraints firms

face for the realization of their investment projects differs for the two most impor-

tant sources of firms’ funding mix: corporate loans and external equity financing.
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Whether firms have only small amounts of liquid assets, are highly leveraged, face

high levels of debt over their current cash-flow, or whether one defines constrained

firms as those firms with high expected future profits, can have very different implica-

tions for the investment responses of borrowing constrained firms. In the literature,

all these measures are connected with the degree of financial constraints. I show

in this paper however, that it is necessary to strictly distinguish between different

forms of financial constraints if researchers want to investigate the role of firm het-

erogeneity on firm investment in both theoretical models and in empirical research.

Literature Review. This paper relates to two main strands of the literature.

First, several papers investigate the role of firm heterogeneity and financial frictions

for the transmission of monetary policy shocks on investment. Ottonello and Win-

berry (2020) document that firms with low leverage and large distance to default

adjust their investment more in response to contractionary monetary policy shocks.

They label this group of firms as low-risk firms, stating that these firms are usually

less financially constrained. On the other hand, Jeenas (2019) finds, for a similar set

of US firms, a significant role for a liquidity channel for the transmission of monetary

policy. The study of Cao et al. (2021) also confirms the relevance of liquidity for the

transmission of monetary shocks. The authors use a comprehensive data set of the

entire distribution of Norwegian firms. They find that firms with higher liquidity

are less constrained. Liquidity functions as a proxy for planned future investment

projects. In the following analysis, I demonstrate the robustness of my marginal

effects to the inclusion of liquidity.

Several studies introduce alternative measures of financial constraints. Cloyne

et al. (2020) argue that a dummy for young non-dividend-paying firms is a good

proxy for the existence of financial frictions. Those firms adjust debt and investment

more in response to monetary policy shocks. This literature builds mainly on the

seminal work by Gertler and Gilchrist (1994), using firm size as proxy for financial

constraints and documenting heterogeneous effects for monetary policy shocks along

the firm size distribution. Both Lian and Ma (2021) and Drechsel (2022) find that

the most prevalent types of borrowing constraints among large US companies are

earning-based constraints. Related to this finding, Greenwald (2019) documents an

additional amplification channel of monetary policy on firm investment and borrow-

ing when earning-based borrowing constraints are prevailing. I take those findings

into account in my empirical analysis by constructing a proxy for earning-based

borrowing constraints. In contrast to the these papers, I focus on the role of capital

markets for the transmission of monetary policy shocks, since equity financing is the
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second major source of funding (see e.g. Fama and French (2005)). The main focus

of my paper, nevertheless, is on the role of financial constraints for the transmission

of external equity financing shock. There exists also a literature on the effects of

monetary policy shocks on return on equity (Willem Thorbecke, 1997; Lucca and

Moench, 2015). Perez-Quiros and Timmermann (2000) shows that differences in

firms’ stock returns after monetary policy shocks can be explained by heterogeneity

in the size of firms. The literature finds also a significant role for cash-flow, high

values of debt, and high values in Tobin’s Q (Ehrmann and Fratzscher, 2004). But

those studies investigate the stock market return on equity and not firms’ equity is-

suance itself, neglecting firms’ dynamic responses by looking on impact effects only.

The second strand of related literature identifies aggregate funding shocks of

firms. The majority of papers in this literature focus on the bank-lending channel

and, thus, on the identification of credit supply shocks. Identification of credit supply

shocks usually relies either on a Cholesky decomposition (Gilchrist and Zakraǰsek,

2012; Colombo and Paccagnini, 2020) or on imposing sign restrictions (Hristov et al.,

2012; Bijsterbosch and Falagiarda, 2015; Gambetti and Musso, 2017; Cesa-Bianchi

et al., 2018). Instead, this paper concentrates on external equity financing shocks.

So far, few papers have attempted to identify a time series for external equity financ-

ing shocks. All of the existing studies rely on inferring the drivers of cost of equity

issuance from theoretical corporate finance or macroeconomic models (Eisfeldt and

Muir, 2016; Belo et al., 2019). I deviate from this approach and choose a more data-

driven identification scheme, by identifying external equity financing shocks with

GIVs (Gabaix and Koijen, 2020). This avoids taking a stand on the modelling of

financial frictions and funding shocks in theoretical macroeconomic models. So far

there is no consensus in the literature on the appropriate way to model financial fric-

tions and funding shocks in DSGE models. This issue is addressed in Gambetti and

Musso (2017). They document, for the identification of credit supply shocks, that

the imposed signs of several macro-variables, inferred from different well-established

DSGE models with financial frictions and financial shocks, differ quite substantially.

The remainder of this paper is structured as follows. I describe the firm data set

and the sample selection in section 2.2. Section 2.3 describes the Granular Instru-

mental Variable method that is used to construct the instrument for the external

equity financing shocks. Next, both the average responses of firms to an equity

shock, and the role of financial frictions for the transmission of the equity shock are

estimated in section 2.4. In section 2.5, I investigate the role of financial frictions for

the transmission of monetary policy shocks. In section 2.6 I show the robustness of
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the average response to a positive external equity financing shock. Finally, section

2.7 concludes.

2.2 Dataset

I use quarterly data from Compustat to both construct an instrument to identify

external equity financing shocks and to evaluate the effects of those shocks on firm

variables. The relevant variable for the construction of the external equity shock in-

strument is the change in firms’ equity. Since firms infrequently change the number

of outstanding shares, I benefit here from the relatively long firm panel provided

by Compustat. Compustat is the only dataset that provides information on firms’

external equity financing, both at market value and book value, along with a variety

of firm-specific balance sheet items and a quarterly frequency of firm observations.

I merge the Compustat data with a large set of macroeconomic factors, which

I identify using the FRED-QD database. The FRED-QD database was first intro-

duced by McCracken and Ng (2016).

2.2.1 Data Description

My sample starts in 1982Q12 and ends in 2020Q3. The definition of the adjusted

outstanding equity measure, Ei,t, follows Fama and French (2005) and Covas and

Den Haan (2011) by subtracting firms’ retained earnings from shareholder’s equity.

As a measure for firms’ financial conditions, I define book leverage as the sum of

long-term debt and short-term debt divided by total assets, liquidity as the ra-

tio cash to total assets, debt to earnings (EBITDA) as a proxy for earning-based

constraints (EBC) and Tobin’s Q. For Tobin’s Q I choose a less data intensive def-

inition, by taking the formula provided in Younge and Marx (2012) and Cloyne

et al. (2020). The formula is specified in the appendix. In addition I construct

a dummy for dividend-paying firms. All definition are common proxies for firms’

financial constraints in the macroeconomic literature. The correlation between all

six measures is visualized in table A.6. Earning-based constraints and firm size is

strongly correlated. This stems from the stylized fact that over 80% of larger firms

use earning-based lending, but only less than 20% of small firms (Lian and Ma,

2I chose this starting date for two reasons. First, the number of reporting firms with respect

to issued equity is significantly lower before 1982. Second, by doing so I exclude years of high

inflation rates.
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Size Leverage Avg. Q Liq. EBC Div.-paying

Corrp¨, sizei,tq 1.00

Corrp¨, Leveragei,tq -0.08 1.00

Corrp¨, T obinsQi,tq -0.21 0.27 1.00

Corrp¨, Liquidityi,tq -0.14 -0.16 0.28 1.00

Corrp¨, EBCi,tq 0.56 0.10 -0.05 -0.09 1.00

Corrp¨, div dummyi,tq 0.05 0.08 -0.01 -0.07 0.06 1.00

Table 2.1: Correlation matrix of firms’ financial conditions

2021). Further, as already outlined by Jeenas (2019), firm leverage and liquidity

are weakly negative correlated. But both measures are positively correlated with

Tobin’s Q.

I restrict my data sample in the following ways. I exclude non-US firms. Fur-

ther, I drop observations with negative values in capital, sales, equity, and debt;

I also restrict real sales growth to lie between ´100% and 100%, and leverage to

values between zero and ten. The investment rate, total debt growth, long-term

debt growth, and the growth rate of external equity are trimmed on the top and

bottom 0.5 percentiles. Following Ottonello and Winberry (2020), I exclude firms

observations where acquisitions account for more than five percent of firms’ assets.

Financial firms and utilities are usually not regarded as relevant when testing financ-

ing models, since financial positions of those firms are highly affected by changes

in regulations (Fama and French, 2005). Therefore, I exclude financial firms and

utilities from my sample. Table 2.2 summarizes moments of several key variables of

the sample.

2.2.2 Macroeconomic Factors

In case the exogeneity assumption of the instrument is violated, augmenting the re-

gression by macroeconomic factors can help to restore exogeneity (Stock andWatson,

2018). I use a set of 249 macroeconomic time series, as available in the FRED-QD

dataset.3 Then I follow the approach of McCracken and Ng (2016), by estimating

six macroeconomic factors. I apply a principal components analysis to reduce the

dimensionality of the FRED-QD dataset and in order to construct the six factors.

3The database can be downloaded e.g. from the Michael W. McCracken subpage on the Saint

Louis FED website: https://research.stlouisfed.org/econ/mccracken/fred-databases/.

https://research.stlouisfed.org/econ/mccracken/fred-databases/
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Mean Median S.D. 10th Perc. 90th Perc. Obs.

Equity gr. rate 1.3639 -0.4408 10.6802 -1.7499 3.9159 276,481

Investment rate 0.3021 -0.5969 6.9422 -4.9364 6.3123 276,481

Sales gr. rate 1.2310 0.8205 18.7936 -19.1303 21.4084 276,481

L.t. debt gr. rate -4.7690 -1.9577 26.4446 -25.0765 12.2986 276,481

Leverage 0.3177 0.2586 0.3749 0.0343 0.6039 276,481

Tobins’ Q 1.9367 1.3942 2.2144 0.9110 3.1904 234,967

Cash/assets 0.1208 0.0568 0.1593 0.0053 0.3285 275,838

Debt/EBITDA 0.0087 0.0007 0.0249 0.0000 0.0207 244,001

Dividend-paying 0.1232 0.0000 0.3287 0.0000 1.0000 276,456

Table 2.2: Summary statistics of firm level variables

The decision to include six macroeconomic factors is based on the scree plot visual-

ized by figure A.3 in the appendix. The first factor is mainly related to output and

employment and explains 28% of the entire volatility of the macroeconomic dataset.

The first factor can be regarded as a measure for the real business cycle in the US.

The second factor explains 13% of the data volatility and is related to US consumer

prices. The remaining factors are related to (iii) producer prices, (iv) housing, and

(v) financial markets. The last included factor, that is factor 6, then only explains

a little bit less than 3% of the entire volatility in the macroeconomic data and is

mainly related to oil prices and terms of trade. All six factors together explain more

than 62% of the entire volatility in the macroeconomic series of the US.4 Appendix

A.3 provides a detailed overview of each factor and the estimation procedure.

2.2.3 Equity Financing and Firm Size

Before constructing the granular instrumental variable in section 2.3 and investigat-

ing the role of firm heterogeneity for the transmission of external equity financing

shocks in section 2.4, it is important to understand how issued external equity dif-

fers along the firm size distribution. Figure 2.2a summarizes the change in external

equity in percentage points along different firm size bins. Firm size is measured

4It is important to understand that the factors are by construction orthogonal to each other

and the first factors explain more data volatility than the latter factors. This means e.g. that the

producer price factor only captures those features that are not already explained by the business

cycle factor (factor 1) or the consumer price factor (factor 2).
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Figure 2.2: Growth rate of external equity financing over the firm size distribution between

1982Q1 and 2019Q4. Firm size is measured as the real asset position of the previous quarter.

as the logarithm of firms’ real assets. Each bin represents a percentile of the size

distribution, with the step size set to 5% of the size distribution.

Across the entire sample, medium-sized firms increase their external equity posi-

tion the most, issuing on average between 1.4 and 1.6 percent of additional external

equity each quarter. The growth rate of equity is the highest for the second quartile

of the firm size distribution. The issuance of new equity remains quite stable across

the 25% and the 80% size bins. From the 80% size bin onward up to the top per-

centile, one observes a steady decline in the growth rate of external equity. Within

the top size bin, representing firms in the 95% ´ 100% percentile, the mean equity

growth rate across all time periods drops to around 0.6%. The pattern across all

time periods implies an inverse U-shape for issued equity along the firm size dis-

tribution. Table A.2 in the appendix confirms this picture by comparing first and

second moments of external equity growth rates for different size bins. Not only is

the mean growth rate lower for the largest firms, those firms also reduce the amount

of outstanding equity more often.

Consequently I check how robust this finding is for different time periods. Figure

2.2b splits the firm size bins along the following decades: the 1980s, the 1990s, the

2000s, and the 2010s. Across all time periods, one result remains robust: the issued

equity rate is declining within the size bins 80´ 100, implying that the largest firms

issue less external equity than medium sized firm and small firms. In fact, in the

most recent decade, the top 5% of firms on average even reduced their outstanding
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equity positions by buying back their outstanding shares.

In addition to the above visualizations, one might wonder how the growth rate

in external equity evolved over time. Figure 2.3a plots the mean value of each period

for the entire sample. The 1980s are characterized by very volatile movements in

the equity growth rates. We know from figure 2.1 and the literature (Macnamara,

2019) that firms back in the 1980s did not adjust their equity position as often as

they do in the 2020s. This might explain the more lumpy increases in this time

period. Equity growth was high in the 1990s and, on average, has fallen since then.

The 2010s had the lowest equity growth rates. In order to understand those findings

better and put it in a broader picture that matches the findings of figure 2.2b, I split

the time series of mean growth rates by firm size. From the mid-2000’s onward, on

average, the largest 25% of firms reduced the amount of outstanding equity in sev-

eral periods. This behavior is even more accentuated when looking at the top 10%

of firms. The latter group of firms seem to have bought back a significant number

of shares in the 2010s. In that decade, the bottom 75% of firms, in turn, issued on

average around 1% of equity every quarter, without any significant share buybacks

in this time period.

The time series on equity growth raises the question whether there exist some

structural breaks in firms’ equity issuance behavior. I run a test for multiple struc-

tural breaks, applying the methodology of Bai and Perron (1998). For the top 25%

and top 10% of firms, I find only one significant5 break in 2010Q1 and 2005Q1, re-

spectively. For the remaining bottom 75% of firms I find two breaks, one in 1991Q1

and one in 2007Q3, indicating that the growth rates were especially high from the

early nineties until the Asian financial crisis and the outbreak of the Great Recession.

Around the Great Recession, large firms also seem to change their share buyback

behavior.

2.3 An Instrument for Equity Financing Shocks

In this chapter, I construct the instrument for the external equity financing shock.

For the application of the GIV method, I require estimates of firm-specific innova-

tions on external equity financing. Thus, in the beginning of this section, I comment

on the estimation procedure of firm-specific innovations to firms’ issued equity. Next,

the paper introduces the GIV methodology for the construction of the instrument.

5Significant at a p-value of smaller than 1%.
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(a) Entire sample. (b) Bottom 75% of firms.

(c) Top 25% of firms. (d) Top 10% of firms.

Figure 2.3: Growth rate of external equity financing over time.

Finally, I argue for the relevance of the GIV.

2.3.1 Firm-Specific Innovations to Equity Financing

I estimate the firm-specific innovations to external equity financing. The change

in equity is regressed on a set of firm controls and macroeconomic controls. The

object of interest is the residual of the regression, the unexplained innovations to

firms’ external equity growth rate ϵi,t. The residual is exogenous to firm-specific and

macroeconomic characteristics. The regression specification follows the literature on

identifying firm-specific lending shocks (Landier et al., 2017; Galaasen et al., 2020;

Bremus et al., 2021). But instead of bank-lending, the dependent variable in my

specification is the percentage change in outstanding equity Ei,t.

The regression equation is defined as:

∆pEi,tq

Ei,t´1
“ αi ` νsc `

4
ÿ

k“1

βfkXi,t´k `

4
ÿ

k“1

βmk Ft´k ` β3t` β4t
2
` ϵit, (2.1)
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Figure 2.4: Histogram of firm-specific innovations to equity issuance and histogram of the un-

derlying correlation.

with αi denote firm fixed effects, νsc denote sector-county fixed effects, and Xi,t´k is

a set of firm-specific controls. The vector Xi,t´k controls for lagged values in sales

growth, investment growth, total and long term debt growth, changes in equity,

leverage, Tobin’s Q, and liquidity. The vector of macroeconomic controls, Ft´k, in-

cludes lagged values of standard macroeconomic series, such as GDP growth, CPI

inflation, unemployment, and the FED funds rate. In addition Ft´k is augmented

by lagged values of the six macroeconomic factors that I introduced in chapter 2.2.2.

For robustness I include both a time trend and a quadratic time trend in the esti-

mation. In the remainder of this paper ϵ̂i,t is defined as the estimated innovations

to firm-specific external equity financing.

Nearly all firm innovations lie between values of ´10 and 10, with observations

centered around zero. The distribution of firm innovations over the entire sample is

plotted in figure 2.4a. The numbers on the x-axis denote the size of the innovation,

that is the percentage change in outstanding equity explained by ϵ̂i,t.

The majority of firm-specific innovations are only weakly correlated with each

other. This finding is visualized in figure 2.4b. The firm-specific innovations rep-

resent idiosyncratic firm-specific shocks if any innovation ϵ̂it is uncorrelated to ϵ̂jt,

with i ‰ j representing two different firms. Idiosyncratic shocks are, by definition,

exogenous to any aggregate shock that hit the economy. However, based on the re-

sult in figure 2.4b, it might be still possible that some firms’ innovations are driven
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by aggregate shocks. In general, firm-specific innovations can be decomposed into

ϵit “ λi,tηt ` uit , with a common, aggregate component ηt and a truly idiosyn-

cratic component uit. λi,t represents the factor loading of firm i on the common

component. The next section ensures that the common component is purged out.

2.3.2 Granular Instrumental Variables for Equity Shocks

Figure 2.5: Firm quintiles of outstanding shares at market value relative to the total economy-

wide outstanding shares at market prices. The reference year is 2019. The fractions are expressed

in percentage points.

The construction of the GIV for the external equity financing shocks in this

chapter requires the outstanding equity distribution to be granular. When the un-

derlying firm distribution for external equity financing is granular, an idiosyncratic

shock to large firms’ outstanding equity can affect the aggregate equity market out-

come. Then, aggregate external equity financing shocks originate from idiosyncratic

firm-specific shocks. The paper by Gabaix (2011) is the first to describe the granular

origins of aggregate shocks.

Firms within the top quintile of the market capitalization distribution contribute

more than 80% to the total economy-wide aggregate market capitalization. Figure

2.5 visualizes the granularity of the outstanding shares distribution. The figure il-

lustrates one example of the well-known 80´20 Pareto principle, which is commonly

found in many applications in economics and finance (Gabaix, 2009). Figure A.2
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in the appendix visualizes the granularity of market capitalization by plotting the

actual market share of each firm in a histogram. The largest US firm in 2019Q2,

Microsoft, has a market capitalization share of about 5%. More formally, I test

whether the share distribution is fat-tailed by fitting a Pareto type I distribution.

The estimated power-law coefficient value is 0.10. Values below 2 imply that id-

iosyncratic shocks survive risk-pooling (Gabaix, 2011; Galaasen et al., 2020).

However, the firm-specific innovations ϵ̂it might yet not represent idiosyncratic

firm-specific shocks. Instead they might be a combination of common components

ηt and an idiosyncratic component uit: ϵit “ λi,tηt ` uit. In this case, regressing the

estimated residuals ϵ̂it on the firm outcome of choice would not yield the causal effect

of equity financing shocks on the variable of interest. This is because the common

component ηt can act as confounding factor for the analysis. The construction of the

GIV purges out the common component and yields an instrument that is exogenous

to the common component.

As a next step, I estimate the common aggregate equity components, ηt, by

running a principal component analysis using firm-specific issued equity. The rea-

son for this is that it seems plausible that not all firms have the same factor loading

λi,t on the common component ηt. Since I have no information on the factor load-

ings, I estimate ηt and add the equity components for robustness in the subsequent

regression equations in the next chapter. For the principal component analysis, I

standardize the issued equity variable by defining the new variable qei,t “
Ei,t´EttEi,tu

σe .

Then, I run the following PCA regression:

qei,t “ λiη
PCA
t ` qui,t. (2.2)

I stack the six components with the largest eigenvalues in the vector ηPCA. The

six components are plotted over time in figure A.6 in the appendix. In order to

determine the number of components that I stack into the vector ηPCA, I base my

decision (i) on the scree plot A.5 in the appendix and, further, (ii) I exclude all

components that explain less than 1% of the variance of the data.

Next, I construct the Granular Instrumental Variable. I subtract the equally

weighted firm-specific shocks from the size-weighted firm-specific shocks:

ûgivt “

N
ÿ

i“1

S̃i,t´1ϵ̂i,t ´
1

N

N
ÿ

i“1

ϵ̂i,t. (2.3)

The size weights S̃i,t´1 are firm i’s outstanding shares at market value in period

t´1, divided by the total aggregate outstanding shares at market value for a specific

time period t´ 1. Since identification requires that weights and innovations are not
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Figure 2.6: Aggregate external equity financing shock, proxied by the granular instrumental

variable.

Variables ûgivt ûgiv,manut

2-digit SIC codes

ûgivt 1.0000 -

ûgiv,manut 0.8460 1.0000

ûgiv,retailt 0.6580 0.6327

ûgiv,servt 0.6023 0.5126

ûgiv,utilt 0.4414 0.4252

ûgiv,mint 0.2735 0.1571

ûgiv,constrt 0.2706 0.3463

ûgiv,wholet 0.2092 0.1761

ûgiv,publict 0.0882 0.2544

ûgiv,agrit -0.0397 0.0189

3-digit SIC codes

ûgiv,techt 0.5245 0.7464

ûgiv,chemt 0.3539 0.4710

Table 2.3: Correlation between equity shock GIV and sector-specific GIVs.

correlated, I use lagged values to ensure that the weights are not affected by the

firm-specific innovation in period t.

The resulting shock series is plotted in figure 2.6. The first half of the 1990s
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and the periods prior to the bursting of the dot-com bubble are characterized by

large positive shocks to equity issuance, while the Asian financial crisis and the time

periods during the Great Recession represent large negative shocks. The estimated

structural break for the growth rate of external equity, estimated in section 2.2.3,

also affects the results for the granular instrument. The instrument picks up sev-

eral negative shocks after the Great Recession, stemming from idiosyncratic share

buyback decisions of large firms. The observations on high positive shock values in

the 1990s and several negative shocks in the 2010s fits in general to the analysis in

section 2.2.3, both on the equity issuance of large firms over time and the conducted

tests on structural breaks.

The estimated GIV series is mainly driven by firms operating in the manufactur-

ing sector, retail sector, and the service sector. This finding is derived by construct-

ing sector-specific instruments for the external equity shocks and, subsequently,

estimating the correlation between the sector-specific series with the aggregate GIV

series. The results are summarized in table 2.3. Out of the subset of manufacturing

firms, those operating in the tech-sector (SIC codes between 3500 and 3700) and

chemical companies (SIC codes between 2800 and 2900) are most correlated with

the aggregate GIV and the manufacturing GIV. The correlation numbers provide a

guidance for determining which firms’ and which sector’s idiosyncratic shocks are

most important for the aggregate series in figure 2.6.

2.3.3 Relevance of the GIV

In order to evaluate the relevance of the estimated GIV, I regress the aggregate

growth rate of external equity on the GIV.

Table 2.4 summarizes the results on the relevance of the GIV for a variety of

regression specifications. The first column provides the estimated coefficient when

no additional controls are included. The estimated GIV coefficient is positive and

highly significant. Column two reports the GIV coefficient when simultaneously

controlling for macroeconomic series such as GDP, inflation, unemployment, and

the FED funds rate. The third column summarizes the regression results when the

macroeconomic factors are also included. The last two columns report the results

when controlling in addition for the six equity components. The inclusion of the

equity factors especially reduces the estimated coefficient on the GIV. I conclude

that the GIV is not orthogonal to the equity components and, hence, the equity

components should be included in the subsequent regression in the next section.
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(1) (2) (3) (4) (5)
∆pEaggr

t q

Eaggr
t´1

∆pEaggr
t q

Eaggr
t´1

∆pEaggr
t q

Eaggr
t´1

∆pEaggr
t q

Eaggr
t´1

r
∆pEaggr

t q

Eaggr
t´1

ûGIVt 1.866˚˚˚ 2.040˚˚˚ 1.815˚˚˚ 1.153˚˚ 1.148˚˚

(0.272) (0.325) (0.315) (0.346) (0.341)

equity components 1 -0.0266˚ -0.0170

(0.0133) (0.0153)

equity components 2 0.0546˚˚ 0.0480˚˚

(0.0166) (0.0169)

equity components 3 -0.0111 -0.0128

(0.0108) (0.0108)

equity components 4 0.0119 0.0167

(0.0151) (0.0162)

equity components 5 0.0490˚˚˚ 0.0372˚

(0.0136) (0.0150)

equity components 6 -0.00257 -0.00782

(0.0146) (0.0150)

N 154 154 154 154 154

R2 0.237 0.305 0.415 0.447 0.516

F 47.12 9.144 6.536 8.699 6.697

macro controls no yes yes yes yes

FRED-QD factors no no yes no yes

Table 2.4: The table evaluates the relevance of the Granular Instrumental Variable by regressing

the aggregate growth rate of external equity on the GIV. Standard errors are reported in paren-

thesis.

Nevertheless the estimated GIV coefficient remains significant in all specifications

and the regression explains a large proportion of the volatility of the aggregate eq-

uity series (between 45% ´ 52%).

I reject the weak instrument hypothesis for the external equity GIVs, after look-

ing at the F-statistics in the first column. In the literature, a value below ten usually

indicates a weak instrument.
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2.4 Transmission of Equity Shocks

In this section, I investigate the dynamic responses of firm level variables to the

external equity shock. First, I will determine whether the underlying GIV can be

rather interpreted as a demand-side equity shock or a supply-side equity shock. I

disentangling the dynamic share price responses from the dynamic outstanding share

responses. As a second exercise, I comment on the average firm-level response in

investment, equity, debt, and sales to the equity shock. Eventually this section also

sheds light on the role of firms’ financial constraints for the transmission of external

equity shocks.

2.4.1 Demand-Side or Supply-Side Equity Shock

I will demonstrate that the instrument should be interpreted as a demand-side ex-

ternal equity financing shock. Until this point, the question of whether the GIV

proxies either a demand-side equity shock or a supply-side equity shock was still

unanswered. The equity shock was rather defined as an exogenous improvement in

firms’ access to external equity funding.6 I investigate the price and the quantity

responses of firm-specific equity to the GIV.

In this subsection, I show that the instrument proxies rather a demand-side eq-

uity shock. For this, I regress the instrument both on firms’ price of outstanding

shares and on firms’ outstanding shares itself. Thus, I split the previously used

external equity funding variable, Ei,t, into its first component, the quantities of out-

standing shares, and into its second component, the price of equity at the end of

the quarter. Luckily, both the quantity and the price of equity is observable in the

data.

I follow Jordà et al. (2015) and define a two-stage regression framework to esti-

mate the economy-wide mean effect of an equity financing shocks on firms’ responses.

The two-stage regression setting is required, since I am using an instrument rather

than the true unobservable shock series. Otherwise, the estimation of the local pro-

jection coefficient βh would be biased (Stock and Watson, 2018). In this subsection,

6One can, in principal, control in regression 2.1 for demand effects or supply effects by applying

the approach of Khwaja and Mian (2008). This approach would require to pair those investors

and firms on the equity market with multiple lending/borrowing relations. Unfortunately, I am

not able to acquire a comprehensive data set on investor-firm pairings that ranges more than a few

years back.
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(a) Change in share prices (b) Change in quantities of outstanding shares

Figure 2.7: Impulse responses, based on equation 2.5, to an one percent positive external equity

shock. Responses are split along (i) the entire sample, (ii) the bottom 80% of the firm size

distribution, and (iii) the top 20% of the firm size distribution. The blue shaded area report the

95% confidence interval using Driscoll and Kraay (1998) standard errors. Reported numbers are

in percentage points.

I will first estimate the dynamic responses of the price of equity and the number

of outstanding shares in order to comment on the question of whether the shock

is rather a demand-side equity shock or a supply-side equity shock. In the subse-

quent subsection, I then analyze firms’ issued equity, investment, debt, and sales

responses separately. The local projection instrumental variable estimation (LP-IV)

is described by the following two regression equations.

First stage - Mean equity issuance on GIV: In the first stage, I regress the ag-

gregate economy-wide growth rate of equity on the instrument ûgivt while simultane-

ously controlling for up to four lags of macroeconomic variables and macroeconomic

factors, denoted by vector Ft´k, and for the contemporaneous equity components

η̂PCAt :

∆pEaggr
t q

Eaggr
t´1

“ βgiv,equgivt `

4
ÿ

k“1

Ψ1st
k Ft´k `Υ1stηPCAt ` e1stt . (2.4)

When using granular instrumental variables, one of the main challenge for identifica-

tion is that one does not control sufficiently for common factors (Gabaix and Koijen,

2021). To mitigate the issue of omitted factors, I control for the contemporaneous

equity factors η̂t. The inclusion of macroeconomic controls, Fi,t, such as GDP, in-

flation, unemployment, FED funds rate, and the identified macroeconomic factors,

ensures that the current instrument is not affected by past aggregate shocks. By

doing so, I ensure that the GIV series satisfies the ”lead-lag exogeneity” condition

(Stock and Watson, 2018).
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The first stage regression results are robust to the exclusion of either the macroe-

conomic controls Fi,t´k or the contemporaneous equity factors ηt. Table 2.4 provides

an overview of the robustness of the estimated first stage coefficient β̂giv,eq. By scal-

ing the second stage by β̂giv,eq, the interpretation of the results in the second stage

regression can be interpreted as the response of an average firm to an equity shock

that raises aggregate external equity exogenously by one percent.

Second stage - Mean share price response and outstanding shares response: In

the second step, I estimate the mean level response of firms’ share prices and out-

standing shares to an exogenous increase in external equity. Letting xi,t`h be the

forecast of the firm variable of interest, I follow Jordà (2005) and Jordà et al. (2016)

and define the local projection regression as:

∆xi,t`h
xi,t´1

“ αhi ` ν
h
s ` β

h∆pE
aggr
t q

Eaggr
t´1

`

1
ÿ

k“1

ΓhkZi,t´k `
4

ÿ

k“1

Ψh
kFt´k `ΥhηPCAt ` ehi,t.

(2.5)

with αi denote firm fixed effects, νs denote sector fixed effects. The macroeconomic

controls are the same as in equation 2.4. In addition, I control for one lag of the firm-

specific financial characteristics, such as book leverage, liquidity, debt/EBITDA,

firm size, a dummy for dividend-paying firms, Tobin’s Q, and one lag of the depen-

dent variables. Here I use the result from the first stage, β̂giv,eqûgivt , as an instrument

for the increase in equity
∆pEaggr

t q

Eaggr
t´1

. The coefficient β̂h,eq, measures the cumulative

impulse responses in
∆pxi,t`hq

xi,t
, when equity issuance increase by one percent. The

coefficient can also be written as β̂h,eq “ β̂h

β̂giv,eq
.

The change in the closing price of shares and the change in the number of out-

standing shares co-move not only on impact but also on the medium-term and

long-term horizon (see figure 2.7). The reported error bands depict the 95% con-

fidence interval, using Driscoll and Kraay (1998) standard errors. The choice of

Driscoll and Kraay (1998) standard errors ensures that my standard errors are not

only robust to heteroscedasticity and autocorrelation, they are also robust to cross-

sectional correlation. Large firms increase their number of outstanding shares by

more. Smaller firms’ share prices in turn seem to be more responsive to the pos-

itive equity shock. The results in figure 2.7 suggest the existence of demand-side

effects that predominately drive the instrumental variable. Idiosyncratic shocks to

the equity demand of highly capitalized firms realizes as positive values in the GIV

series, increasing both quantities and the price of equity for those firms. In general

equilibrium, these idiosyncratic shocks have a significant positive effect on the share

prices of both average firms and smaller firms. The GIV can thus be interpreted as
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an aggregate equity demand shock.

2.4.2 Average Firm-Specific Responses

This section now uses the two-stage LP-IV framework to investigate the responses

of firms in equity, investment, debt, and sales to a positive external equity demand

shock. The previous analysis introduced the two-stage LP-IV regression. The re-

sults suggest that the GIV is mainly driven by demand-side effects and, thus, can

be interpreted as an external equity demand shock. I again use the result from the

first stage, β̂giv,eqûgivt , as an instrument for the increase in aggregate external equity
∆pEaggr

t q

Eaggr
t´1

.

Second stage - Mean firm level response to equity shock: I estimate the mean

level response of firms’ equity, investment, debt, and sales response to an exoge-

nous increase in external equity. Let yi,t`h be the forecast of the firm variable of

interest. I define the local projection regression as:

∆yi,t`h
yi,t´1

“ αhi ` ν
h
s ` β

h∆pE
aggr
t q

Eaggr
t´1

`

4
ÿ

k“1

ΓhkZi,t´k `
4

ÿ

k“1

Ψh
kFt´k `ΥhηPCAt ` ehi,t.

(2.6)

The average firm responds to the favorable external equity demand shocks by

expanding their equity, investment, and sales, as well as by cutting long-term debt.

Figure 2.8 plots the cumulative impulse responses of equity growth rate, investment

rate, long-term debt growth rate, and sales growth rate for a horizon of 20 quarters.

The mean firm effect on equity issuance across all firms is smaller with about 0.1%

on impact. After one year, the average firm increases their equity position by more

than two percent. Investment increases over time up to one-and-a-half percentage

point. Long-term debt is significantly reduced on impact and sales increase but the

effect is not significant.

However, the response of the investment rate differs quite substantially along

the cross section. Figure 2.9 depicts the average impulse responses along several

dimensions of the firm distributions. I consider differences in (i) Tobin’s Q; (ii)

book leverage; and (iii) debt/EBITDA. Equation 2.6 is independently estimated

once for the top 50% firms, and a second time for the bottom 50% of firms with

respect to these three variables. The result indicates that the investment rate of

those firms with lower expected productivity paths (low average Q) in the sam-

ple, are not sensitive to a positive, one standard deviation, external equity shock.

Hence, figure 2.9 indicates the existence of a nonlinear investment response along the
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Figure 2.8: Impulse responses to an one percent positive external equity demand shock, based on

equation 2.6. The blue shaded area report the 95% confidence interval using Driscoll and Kraay

(1998) standard errors. Reported numbers are in percentage points.

firm distribution. Asset-based constrained firms with high values of debt respond

weaker to the shock. The picture reverses for earning-based constrained firms; there,

highly indebted firms increase the investment by more. However, the differences for

debt/EBITDA plots are not significant.

The external equity demand shock implies an expansion in firm investment as

well as a non-linear relationship between the investment response and firms’ finan-

cial conditions. In order to investigate further the role of firm heterogeneity for the

transmission of the shock, one has to look at the marginal effects of the financial

constraints. Thus, in the next section I investigate the role of firm heterogeneity for

the nonlinear investment response in more detail by taking the financial positions

of firms into account and by estimating the marginal effects.

2.4.3 Firm Heterogeneity: The Role of Financial Con-

straints

In this section, I estimate the marginal effects of financial constraints for the trans-

mission of the external equity shock. A broad strand of literature focuses on the
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(a) Tobin’s Q (b) Book leverage

(c) Debt/EBITDA

Figure 2.9: Impulse responses to an one percent positive external equity shock along several

dimensions of the firm distribution. The blue shaded area report the 95% confidence interval using

Driscoll and Kraay (1998) standard errors.

question how to measure the degree of financial frictions at work. Studies in the

corporate finance and macro-finance literature that investigate external equity mar-

ket funding highlight the role of Tobin’s Q as a proxy for firms’ financial constraints

(Ehrmann and Fratzscher, 2004; Hennessy and Whited, 2007; Covas and Den Haan,

2011). In addition, Tobin’s Q can be interpreted as a measure of firm’s expected

future profitability. Literature on the transmission channels of monetary policy to

firm investment, in turn, highlights the role of firms’ indebtedness for explaining

the heterogeneity in firms’ investment responses (Ottonello and Winberry, 2020;

Lian and Ma, 2021). The latter strand of literature builds on a long tradition of

modelling financial frictions in theoretical macroeconomics via collateral constraints

Moore and Kiyotaki (1997). A study by Lian and Ma (2021) shows that 80% of

all listed US firms in Compustat use cash-flow-based lending instead of asset-based

lending. The authors show that debt over earnings (EBITDA) defines a relevant
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measure of firms’ financial constraints. In the following, I define two measures for

firms’ degree of indebtedness. First, total debt over assets as a proxy for asset-based

constraints. Second, debt over EBITDA as a proxy for earning-based constraints.

I augment the second stage local projection regression from section 2.4.2 and

interact the financial measures, denoted as FCi,t´1, with the equity shock instru-

ment. This allows me to investigate the role of Tobin’s Q, book leverage, and

debt/EBITDA for the transmission of the equity shock. In order to demonstrate

that Tobin’s Q, book leverage, and EBCs drive most of the heterogeneity in firms’

responsiveness to a positive external equity financing shock, I augment FCi,t´1 with

three additional measures for financial constraints. I interact all financial constraint

measures with the equity shock and estimate the coefficients of all six interaction

terms simultaneously. This approach follows Cao et al. (2021), in which we can

show that controlling for several financial firm measures simultaneously is crucial

in order to determine the causal channel for the transmission of monetary shocks

on firms’ investment responses. All financial constraint measures I control for are

found to be relevant for the transmission of monetary policy shocks in at least one

study in the macroeconomic literature. The regression is augmented by firm size

(Bernanke et al., 1996), liquidity (Jeenas, 2019), and a dummy for dividend-paying

firms (Cloyne et al., 2020). Several of these measures are correlated as shown in

table A.6. By estimate the coefficients of all six interaction terms simultaneously, I

control for these correlations. I add quarterly time-sector fixed effects to the regres-

sion equation. This allows me to control for common macroeconomic components

and sector-specific distortions in a more flexible way. Thus, I am able to discard the

macroeconomic factors used in equation 2.6. Then, the second stage local projection

(LP-IV) regression equation is defined as:

∆yi,t`h
yi,t´1

“ αhi ` ν
h
st ` γ

h
rFCi,t´1 ˆ

∆pEaggr
t q

Eaggr
t´1

s `

4
ÿ

k“1

ΓhkXi,t´k ` e
h
i,t, (2.7)

with αhi denoting firm fixed effects and νhst time-sector fixed effects. The vector

Xi,t´k includes all firm controls that previously denotes as Zi,t´k in equations 2.6

and, in addition, include four lags of the financial conditions that are specified in

the interaction term FCi,t´1.

Figure 2.10 depicts the mean marginal effect of the financial interaction terms.

The blue solid line describes the marginal effect of the variable of interest, when

simultaneously controlling for all six interaction terms. The confidence band depict

the 95% confidence band by using Driscoll and Kraay (1998) standard errors. For

comparison the green dashed line visualizes the marginal effect of all six interaction
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Figure 2.10: Equity shock. Marginal responses for equity growth rates, investment rate, and

long-term debt growth rate to an one percent external equity shock. The left column depicts the

marginal effects of an initially one standard deviation higher Tobin’s Q.The column in the middle

summarizes the marginal effects of a higher value in debt/EBITDA, and the right column provides

an overview of the marginal effects of higher values in book leverage. The blue shaded area report

the 95% confidence interval using Driscoll and Kraay (1998) standard errors. Reported numbers

are in percentage points. Periods are defined in quarters.

terms when not controlling for the other remaining interactions.7

The left column of the figure depicts the marginal effects of a one standard devi-

ation higher value in Tobin’s Q. Following Covas and Den Haan (2011) and Cao

et al. (2019), firms with a high value in Tobin’s Q before the shock realization can

be interpreted as constrained firms with higher expected future profits. As visu-

alized, these firms issue between 2% ´ 4% more external equity in relative terms.

The additional funds are used for investing relatively more. Thus, the investment

response is more sensitive in response to an external equity shock. After six quar-

ters, constrained highly profitable firms have build up a 3´ 4% higher capital stock

relative to firms with low Tobin’s Q. Since the average economy-wide response in

7In section A.6 in the appendix I discuss in more detail the differences between controlling for

all six financial constraint measures simultaneously (the solid blue line) and when not controlling

for the remaining interaction terms (the green dashed line).
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figure 2.8 implies a reduction in long-term debt, the graph in 2.10 depicts a lower

sensitivity in long-term debt adjustments for firms with larger expected profitability.

The middle column of the figure summarizes the implications of an one standard

deviation higher debt/EBITDA ratio. There exist no significant role for earnings-

based constraints for the transmission of equity shocks. In the following section, I

will demonstrate that EBITDA is insensitive to an equity shock, both on average

and also on the margin. This insensitivity explains the small effects of the EBC

channel here.

Highly leveraged firms are less sensitive to a favorable equity shock in terms of

investment. The very left column of figure 2.10 provides an overview of the role of

leverage for the transmission of equity shocks. Investment is one and a half per-

centage points lower than for those firms with low leverage values. However, both

components of external funding - equity and long-term debt - are more sensitive for

asset-based constrained firms. A firm with a one standard deviation higher book

leverage, reduces long-term debt by 5% more than the average firm. Equity issuance

is about 2.5% higher relative to low leveraged firms. The results suggest a motive for

substituting equity for debt. I interpret those results as an indicator for the motive,

highlighted in Hennessy and Whited (2007), of highly leverage firms to appear less

constrained on the financial markets.

The results in figure 2.10 indicate that two types of firms adjust their equity po-

sition relatively more: (i) highly leveraged firms, and (ii) firms with higher expected

future profits, measured by Tobin’s Q. However, only the constrained profitable

firms use the additional funds acquired on the equity market for increasing their

investment disproportionately. Highly leveraged firms use their additional external

equity funds to reduce their position in long-term debt significantly more. In turn

investment is less sensitive. This result can be explained by the motive of highly

indebted, risky firms to appear less constrained by substituting equity for debt.

Hennessy and Whited (2007) derives a similar equity-debt substitution motive for

financially constrained firms in a theoretical corporate finance model.

In the following section I elaborate whether an external equity shock in fact relaxes

the financial constraints of firms with high expected future profits as the previously

discussed results suggest.
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(a) Role of higher Tobin’s Q for Tobin’s Q
(b) Role of higher Tobin’s Q for interest pay-

ments

(c) Role of higher Tobin’s Q for liquidity
(d) Role of higher Tobin’s Q for current cash-

flow

Figure 2.11: Equity shock. The marginal impulse responses visualize the responses of Tobin’s

Q, cash-flow, interest payments, and liquidity after a favorable equity shock for firms with an

initially one standard deviation higher Tobin’s Q value. The blue shaded areas report the 95%

confidence interval using Driscoll-Kraay standard errors. Reported numbers are in percentage

points.

2.4.4 Does the Equity Shock Relax the Financial Con-

straints of Profitable Firms?

This section sheds light on the higher sensitivity of constrained profitable firms’

equity issuance and investment rates by evaluating whether the external equity fi-

nancing shock relaxes the financial constraint of firms with high Tobin’s Q. A lower

degree of borrowing constraints might result over time in a lower external financing

premia and eventually lower interest payments (see e.g. Ottonello and Winberry

(2020)), higher future profits, higher cash-flow and less precautionary cash-holding

(see e.g. Cao et al. (2021)). I demonstrate in this section that firms with a priori

higher Tobin’s Q values are characterized by lower interest rate payments on their
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outstanding debt, an increase in expected future profits, and lower excess liquidity

holdings. These results are interpreted as a relaxation of the degree of borrowing

constraints. For high leveraged firms and firms facing earning-based constraints I

can not confirm a relaxation of their constraints.8

Figure 2.11 visualizes the marginal impulse responses of these four financial vari-

ables after the favorable external equity shock for firms with a one standard deviation

higher Tobin’s Q. The graphs help to understand which channels drive the increase

in investment and external equity financing.

Firms with higher Tobin’s Q prior to the shock are characterized by a stronger in-

crease in Tobin’s Q after shock realizes. On average Tobin’s Q increases in response

to an expansionary equity shock (see figure A.7 in the appendix). An increase in To-

bin’s Q can be interpreted as a change in the importance of agency problem of firms

Covas and Den Haan (2011). Results from the theoretical macroeconomic literature

on Tobin’s Q imply that Tobin’s Q is more sensitive to shocks affecting long-term

profitability and insensitive to short-term shocks affecting merely the cash-flow of

firms Cao et al. (2019).

Interest payments on debt are significantly lower for firms with high levels of

Tobin’s Q after the equity shock realizes, as indicated by subfigure 2.11b. This

can be in addition interpreted as a relaxation of the agency problem of constrained

profitable firms.

Firms with a one standard deviation higher Tobin’s Q do not accumulate ex-

cess liquidity. Subfigure 2.11c depicts a 0.8 percentage points lower liquidity level

of high profitable firms compared to the average firm. As we show in our study in

Cao et al. (2021), constrained firms accumulate excess liquidity out of precautionary

motives in order to realize planned investment projects once economic conditions

become favorable. The liquidity responses in subfigure 2.11c indicate a relaxation

of the degree of borrowing constraints that results in the observed relatively higher

investment rate.

The literature on earning-based constraints indicates that cash-flow and changes

in interest on debt can directly relax the degree of firms’ financial frictions at work

(Greenwald, 2019; Lian and Ma, 2021). When considering an equity shock however,

the average response of EBITDA is insensitive.9 The insensitivity of cash-flows to

the equity shock also explains the insignificant role of earning-based constraints in

8The results for leverage and earning-based constraints are available on request.

9Figure A.7 in the appendix shows that, in contrast to the monetary policy shock, average

firm’s cash-flow is insensitive to an equity shock.
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the previous section 2.4.3. Hence, an equity shock relaxes cash-flow constraints only

marginally, or not at all. As I show in the next section, this stands in contrast to

the implications of monetary policy shock on EBITDA.

I conclude that an equity shock affects the long horizon profitability of firms and

the shock affects future Tobin’s Q more than expected cash-flow. Thus, firms with

high Tobin’s Q are expected to be less sensitive to shocks that affect short horizon

profitability. Firms facing earning-based constraints in turn are expected to be more

sensitive to shocks affecting short horizon profitability, and thus cash-flow.

In the next section, I investigate the marginal responses to a monetary policy

shocks and demonstrate that investment of EBC firms is more sensitive since a mon-

etary policy shock affects the cash-flow constraint. On the other hand, the role of

Tobin’s Q for the transmission of monetary shocks becomes meaningless.

2.5 Monetary Policy Shocks

I demonstrate in this section that constrained firms, which are more sensitive to

favorable equity shocks, are not necessarily the same type of constrained firms that

increase their investment by more when hit by an expansionary monetary policy

shock. The analysis provides insights on the ability of constrained firms to substitute

external equity for debt financing and vice versa. The degree of substitutability is

of interest for policy makers worldwide, i.e. the European Commission fostered

the implementation of a European Capital Market Union (CMU) after the Great

Recession and the European Sovereign Debt Crisis in order to improve firms’ external

equity funding conditions and to make firms less bank-lending dependent (European

Commission, 2020).

The monetary policy shock proxies a cut in the lending rate firms face. Corporate

loans are a major source of firms’ external financing. A monetary policy shock affects

firms’ funding conditions and eventually investment primarily via the bank-lending

channel (Bernanke and Blinder, 1988, 1992; Bernanke and Gertler, 1995). I study

the role of firm heterogeneity for the transmission of monetary policy shocks on firm

investment responses. It complements the previous analysis by providing guidance

which type of financial constraints are relevant for explaining heterogeneity in firm

investment rates when the economy is hit by an expansionary monetary shock.10

10I chose the sign of the monetary policy shock such that an increase in the shock measure defines

an expansionary policy shock. This is done for reasons of comparability to the equity shock.



36 Chapter 2.

Figure 2.12: BRW21 monetary shock series: Heterogeneity in investment rates after an

expansionary one percentage point (100bps) monetary policy shock when controlling simultane-

ously for a variety of financial constraint measures as in regression equation 2.8. The blue shaded

area reports the 95% confidence interval respectively. Reported numbers are in percentage points.

Periods are defined in quarters. The monetary shock series controls for information effects and

include the zero lower bound periods.

In the following I use the Bu et al. (2021), BRW21 henceforth, monetary policy

shock series. The BRW21 series is robust to information effects and include the

period of the zero lower bound. I adjust regression equation 2.7 to explore the role

of financial conditions for the transmission of monetary policy shocks:

∆yi,t`h
yi,t´1

“ αhi ` ν
h
st ` γ

h
rFCi,t´1 ˆ ϵ

mon
t s `
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i,t, (2.8)

with FCt including the six financial constraint measures that were introduced in the

previous section: Tobin’s Q, debt/EBITDA, book leverage, liquidity, non-dividend-

paying firms, and firm size.

Firm liquidity and no other financial constraint robustly explains the transmis-

sion of monetary policy on firm investment rates. This finding is depicted in figure

2.12, which visualizes the role of the six financial constraint measures for the trans-

mission of the BRW21 shock series on firm investment rates. A positive value of the

monetary shock series denotes an expansionary monetary policy shock. In order to
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interpret the sign of the marginal effects, it helps to know the average economy-wide

response to the monetary policy shock. The average effects are summarized in figure

A.12 in the appendix. On average firms increase their equity and capital positions

by 4% and 2%, respectively.

The role of firm liquidity for the transmission of informational robust monetary

policy shocks that cover the period of the zero lower bound is in line with our results

in our joint work in Cao et al. (2021). We show that firm liquidity proxies future

expected investment. Our theoretical firm heterogeneity model in Cao et al. (2021)

shows that firms that face external financing premia, start accumulating liquid as-

sets once they plan to realize an investment project in period t in the near future.

Thus, a monetary policy shock hitting in period t has little effect on investment

rates of highly liquid firms. This theoretical insight explains the important role of

firm liquidity in the Compustat sample that was also highlighted in Jeenas (2019).

Constrained highly profitable firms, proxied by a high value in Tobin’s Q, behave

the same as the average firm in the sample. This in in contrast to the results for

the transmission of equity shocks. Thus, the financial constraint of high Tobin’s Q

firms is not significantly relaxed.

Furthermore, there exist no significant role for the degree of indebtedness of

firms. Neither book leverage nor the earning-based constraint measure plays a sig-

nificant role in figure 2.12. These results are in contrast to established papers in

the literature that argue that both measures should matter for the transmission of

monetary policy (Greenwald, 2019; Ottonello and Winberry, 2020).

2.5.1 The Information Effect and the Zero Lower Bound

The following results highlight the role of information shocks and the period of the

zero lower bound for the prominent role of firm liquidity for the transmission of

monetary policy shocks.

The BRW21 shock series is robust to potential information effects of monetary

policy. During a FOMC meeting the FED might not only introduce a shock on

monetary policy to the economy but also provide private central bank information

about the state of the economy to the broader public, a so called information shock

(Nakamura and Steinsson, 2018; Miranda-Agrippino and Ricco, 2019; Holtemöller

et al., 2020; Bu et al., 2021).

In the following I use the monetary policy shock series of Gorodnichenko and

Weber (2016), GW16 henceforth. The GW16 series has the advantage that the se-
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Figure 2.13: GW16 monetary policy shock: The shock series is not robust to information

effects and excludes the zero lower bound period. The figure depicts the heterogeneity in investment

rates after an expansionary one percentage point (100bps) monetary policy shock when controlling

simultaneously for a variety of financial constraint measures as in regression equation 2.8. The blue

shaded area reports the 95% confidence interval respectively. Reported numbers are in percentage

points. Periods are defined in quarters.

ries is widely used in this field of literature, making my results comparable to similar

studies that investigate the role of book leverage on the transmission of monetary

shocks (Ottonello and Winberry, 2020). This comes however with the drawback that

the GW16 series is not robust to information effects and is significantly shorter, thus

excluding the time period of the zero lower bound. One can formally check whether

the monetary shock series is confounded by the information channel by exploring the

violation of the lead-lag exogeneity - the ability of lagged macroeconomic conditions

to forecast current shock realizations.

The GW16 shock is not robust to information effects as the results in the ap-

pendix show. Table A.4 in the appendix summarizes the results of regression the

GW16 shock series on past macroeconomic conditions. Only those lagged variables

with a significant coefficient are displayed in the table. I observe high R2 values

for most specifications. Especially lagged fed funds rates are able to forecast the

monetary shock series.
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Once I restrict my shock series to observation prior to the binding zero lower

bound and use a monetary shock series that is not robust to information effects,

I find a prominent role for the level of indebtedness of firms for the transmission

of monetary policy. Figure 2.13 visualizes these results. The implications for the

marginal effects prior to the zero lower bound and with information effects are three-

fold.

First, cash-flow constraints play a crucial role for explaining heterogeneity in

the transmission of monetary policy shocks. Under cash flow-based lending, expan-

sionary interest rates do directly relax the financial constraint of firms (Greenwald,

2019). This channel survives simultaneously controlling for a variety of alternative

financial constraints that circulate in the literature.

Second, measuring indebtedness of firms not by debt over EBITDA, but instead

by book leverage (debt over assets), reverses the implications of indebtedness for

monetary policy transmission. As depicted in figure 2.13, more levered firms are

less sensitive in their investment response. One explanation for the lower sensitiv-

ity of highly leveraged firms is that firms that depend on asset-based lending face

a steeper marginal cost curve that makes them less sensitive to monetary policy

shocks (Ottonello and Winberry, 2020).

The third implication of figure 2.13 is that firm liquidity is not a meaningful firm

characteristic for explaining heterogeneity in the transmission of monetary shocks.

In fact the very first time periods of the impulse responses even imply the oppo-

site sign for the role of firm liquidity. This contradicts my previous findings using

the BRW21 series. I conclude that either the inclusion of the time periods of the

zero lower bound or the exclusion of information effects is crucial for explaining the

prominent role of firm liquidity.

In fact the exclusion of information effects reverses the sign of firm liquidity

and Tobin’s Q, making them more in line with evidence from the literature. This

is demonstrated in figure A.14 as additional material in the appendix. After con-

trolling for information effects, book leverage and earning-based constraints remain

significant. Thus, I conclude that liquid assets become a important source of firms

funding in the United States especially after the Great Recession.

Tobin’s Q does not matter for the transmission of monetary policy shocks on in-

vestment rates before the Great Recession nor after the Great Recession. When the

monetary shock series does not control for information effects, the sign of Tobin’s Q

flips around but remains insignificant.

I interpret the differences between the BRW21 and the GW16 monetary policy
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shock series as an indication that the relevant channels how monetary policy af-

fect firms’ investment rates have changed after the Great Recession. The degree of

earning-based constraints and the level of book leverage became less relevant. In-

stead firm liquidity plays a crucial role in the period of the binding zero lower bound.

When investigating information effect robust monetary policy series for the entire

sample between the early nineteens-nineties and 2019, firm liquidity and nothing

else explain the heterogeneity in firm investment rates.

The results also imply a fundamental difference in the transmission channels of

equity shocks and monetary policy shocks. In contrast to the equity shock, the

financial constraints of constrained, highly profitable firms are not relaxed after a

favorable monetary policy shock. Thus, policy makers have to focus on both fa-

vorable bank lending conditions, i.e. by setting the monetary policy rate, and on

improving firms’ access to equity in order to stimulate firm investment rates.

The subsequent section continues with robustness checks on the average

economy-wide firm responses to the favorable equity shock .

2.6 Robustness of the Average Responses to the

Equity Financing Shock

This section comments on the robustness of the average firm response described in

2.4.2. To this end, I investigate (i) the role of the estimated equity components;

(ii) the exogeneity assumption of the Granular Instrumental Variable by exclud-

ing the macroeconomic factors; and (iii) comments on the significance of the re-

gression results by comparing heteroskedasticity-robust standard errors as well as

heteroskedasticity and autocorrelation consistent (HAC) standard errors with the

Driscoll and Kraay (1998) benchmark results.

(i) Role of equity factors:

When the equity components are excluded from regression equation 2.6, the

average economy-wide responses in investment and equity become smaller in mag-

nitude. This finding is depicted in figure 2.14a. Granular Instrumental Variables

are designed to purge the common components that drive firms’ equity issuance.

The method ensures the instrument is orthogonal to other macroeconomic shocks.

However, when factor loadings on the common components vary across firms, the

GIV might fail to completely eliminate these common components. Hence, Gabaix

and Koijen (2020) recommend to additionally apply a principal component analysis
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on firm-specific innovations and then add the estimated components as controls to

the regression equation of interest. In regression equation 2.6, I follow their advice,

since the correlations depicted in table A.3 in the appendix imply the GIV and the

equity components are not orthogonal to each other.

(ii) Excluding the macroeconomic factors:

The sign of the responses and the significance of the impulse responses are all ro-

bust to the exclusion of additional macroeconomic factors, as shown in figure 2.14b.

In section 2.3.3, I proved the relevance of the equity GIV. However, the instru-

ment also has to be exogenous to other macroeconomic shocks and has to satisfy

the lead-lag exogeneity condition in order to be a valid instrument. To this end,

I augmented the local projection in section 2.6 by macroeconomics factors. When

excluding these factors, the results still emphasize the expansionary role of an ex-

ternal equity financing shock for firm investment. Simultaneously, firms reduce the

amount of long-term debt. The results give little indication of a violation of the

exogeneity assumption of the instrument, since the impulse responses are robust to

the inclusion and exclusion of a large set of macroeconomic factors.

(iii) Clustering standard errors on sector-year or sector level:

Using Driscoll and Kraay (1998) standard errors is more conservative than using

either heteroscedasticity robust standard errors or heteroskedasticity and autocorre-

lation consistent (HAC) errors. The existence of heteroscedasticity and autocorrela-

tion within the regression residuals requires the author to use HAC standard errors.

Herbst and Johannsen (2021) demonstrate that HAC standard errors, i.e., Newey-

West standard errors (Newey and West, 1987), can actually reduce the size of the

error bands, resulting in a less conservative estimation. This particularly holds true

when applying local projections on short samples in the time dimension. Through-

out this paper, I use Driscoll and Kraay (1998) standard errors. This method, is not

only robust to the existence of heteroscedasticity and autocorrelation, but also ad-

ditionally controls for cross-sectional correlation. In order to check the implications

of Herbst and Johannsen (2021) findings for my empirical results, I run a robustness

check on the clustering of the standard errors. Figure 2.14c depicts the estimation

of equation 2.6 when clustering the standard errors two-ways, on the sector and

quarter levels. In turn, in figure 2.14d standard errors are only clustered on the

sector level. The confidence bands in both figures are narrower compared to the

Driscoll-Kraay standard errors, implying the latter is a more conservative choice .
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(a) Excluding equity components.
(b) Excluding additional macroeconomic fac-

tors.

(c) Clustered SE on the sector and quarter

level.
(d) Clustered SE on the sector level.

Figure 2.14: Variety of robustness checks for the average mean effect: regression 2.6. The blue

shaded area reports the 95% confidence interval.

2.7 Conclusion

I use firm-level data to construct a Granular Instrumental Variable for external eq-

uity financing demand shocks. In this study, I analyze the role of different types of

financial constraints on firms for the transmission of external equity demand shocks

and monetary policy shocks on firms’ investment rate. The monetary policy shock

and the external equity financing shock represent exogenous shocks to the two most

important sources of the funding mix of firms: corporate loans and external equity

financing.

In particular those financial constrained firms with high expected future prof-

itability, proxied by high values in Tobin’s Q, increase their investment relatively

more when capital market funding conditions are exogenously improved. How-

ever, the investment rate of highly profitable firms does not differ from the average
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economy-wide response when the policy rate is cut. I proxy the policy-induced

improvement in bank lending conditions by a favorable monetary policy shock. In-

stead firm liquidity and no other financial condition robustly explains heterogeneity

in investment rates after a favorable monetary policy shock. In line with Cao et al.

(2021), I explain this finding by the ability of firms to accumulate liquid assets

several periods before they realize a planned investment project. Before the Great

Recession, the debt burden of firms is an important measure to explain the hetero-

geneity in firms’ investment responses to the favorable monetary policy shock. To

be more precise, indebted firms that are constrained in their cash-flow increase their

investment relatively more. Indebted firms that use their assets as a collateral for

their borrowing in turn increase their investment rate by less.

As a consequence it is thus necessary to differentiate strictly between competing

measures of financial constraints when analyzing the role of firm heterogeneity on

firm investment, both in empirical research and in theoretical macroeconomic mod-

els. However, to do so is not only relevant for researchers, but also for the policy

maker. The paper shows that the policy maker has to take into account both the

monetary policy conditions and the degree of firms’ access to capital markets to

stimulate investment. The reason is that both monetary policy and access to capi-

tal markets affect high liquid firms, earning-based constrained firms, and firms with

high values in Tobin’s Q in complementary ways. The study therefore adds insights

about the relevance of improving the access of small and medium sized firms to cap-

ital markets, i.e. the Capital Market Union proposal by the European Commission,

to stimulate firm investment.

This paper investigates the role of financial frictions for the pass-through of

monetary policy, and external equity shocks from an empirical perspective. Future

research should analyze the role of EBC and Tobin’s Q for firms’ funding conditions

and the investment response in more detail. The empirical evidence of this study

can be interpreted in a heterogeneous firm model.
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Chapter 3

The Macroeconomic Effects of a

European Deposit (Re-)Insurance

Scheme (with Marius Clemens and

Stefan Gebauer)

Recent proposals for a still missing European deposit insurance scheme (EDIS) argue

in favor of a reinsurance framework. In this paper, we use a regime-switching open-

economy DSGE model with bank default to assess the relative efficiency of such

a scheme. We find that reinsurance by both a national fiscal backstop rule and

EDIS is efficient in stabilizing the macro-economy, even though welfare gains are

slightly larger with EDIS and debt-to-GDP ratios rise under the fiscal backstop.

We demonstrate that risk-weighted contributions to EDIS are welfare-beneficial for

depositors and discuss trade-offs policy makers face during the implementation of

EDIS.

Keywords: Banking Union; Deposit Insurance; Risk-Sharing

JEL Classification: E61, F42, F45, G22, G28.

This chapter is based on a joint paper with Marius Clemens and Stefan Gebauer

and is currently under revision for resubmission at the Journal of Money, Credit,
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3.1 Introduction

The first two pillars of the European Banking Union have already been imple-

mented. However, its third pillar, a European deposit insurance scheme (EDIS), is

not yet in place. Recent proposals argue in favor of a reinsurance scheme, where

European deposit insurance is used only if national deposit insurance is depleted.

In this paper, we assess the performance of such a deposit reinsurance scheme in

the absorption of macroeconomic and financial shocks.1

To this end, we develop a two-country dynamic stochastic general equilibrium

(DSGE) model and introduce bank default following Mendicino et al. (2018). Our

framework features national deposit insurance (DI) schemes, as well as trade and

financial linkages, allowing for heterogeneity between countries. We calibrate the

model such that empirical moments in macroeconomic and financial time series for

Germany (home) and the euro area excluding Germany (foreign) are matched. We

then introduce EDIS as a risk-sharing device and study potential gains and losses

with respect to welfare, macroeconomic and financial stability.2

Our model incorporates three key elements that are important to take bank

risk-taking into account and for adequately analyzing the performance of EDIS.

First, home and foreign banks can default on their obligations and leave depositors

and equity investors with losses. By allowing for bank default, we are able to

study the costs and benefits of deposit insurance systems. Second, national deposit

insurances collect payments from national banks. However, in times of severe

financial distress, the national deposit insurance can be limited and either national

governments or EDIS have to step in to insure bank deposits. Thus, we incorporate

regime switches in the model. Third, we introduce two linkages between banks and

governments: Banks finance sovereign debt and the fiscal authority provides tax-

and debt-financed guarantees in case of bank insolvencies.

We analyze the macroeconomic effects of a European deposit reinsurance

mechanism in a situation where national deposit insurances are insufficient. We

1In appendix B.3, we assess how EDIS would have performed in Germany and the rest of the euro

area during the financial crisis 2008/2009 in a counterfactual exercise allowing for macroeconomic

and financial shocks that describe the crisis period well.

2Our reinsurance scheme where EDIS would depict a second line of defense after national

capacities have been exhausted also resembles closely to the proposals by a group of German

and French economists (Bénassy-Quéré et al., 2018) and by the European Commission (European

Commission, 2015).
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evaluate different forms of reinsurance: no reinsurance, a national fiscal backstop,

and EDIS. In response to adverse bank risk shocks in the home country, we find

that both the national fiscal backstop and EDIS perform equally well in providing

reinsurance, with the latter being more effective in stabilizing overall consumption.

While the macroeconomic effects of a bank risk shock are generally benign, the

drop in consumption is 20 percent lower from peak to trough with EDIS in the

home economy.

However, under the fiscal backstop, insurance transfers directly affect the home

country’s public finances. While the country’s debt-to-GDP ratio remains fairly

stable with EDIS, it rises by almost two percent under the fiscal reinsurance.

Under EDIS, such an increase in government debt is avoided. But there are also

disadvantages of the EDIS compared with a fiscal backstop: First, banks have to

contribute both to the national DI and EDIS, such that the total burden for home

banks is higher with EDIS. Second, as contributions to EDIS are deductible from

national DI payments, the national fund recovery takes longest with EDIS. Third,

financial distress is transmitted to the foreign economy via international trade and

financial markets, and foreign banks are also required to contribute more to cover

default losses in the home economy with EDIS. This reduces margins for foreign

banks, with resulting adverse effects for foreign lending and real economic activity.

Given these costs and benefits of EDIS policy makers face different trade-offs.

With respect to welfare, we find that EDIS is particularly beneficial for savers in a

country where national insurance funds are exhausted. Consequently, welfare gains

from EDIS are largest in a scenario where national funds in both economies are

insufficient to cover losses from bank default. In addition, we study the welfare

implications related to two key points raised in recent proposals: the weighting of

contributions and short-term implementation costs. With respect to the optimal

design of contribution weights, we show that on the union-wide level, household

welfare increases in the share of contributions of risky banks, justifying a risk-based

contributions scheme if the ultimate objective of EDIS is depositor welfare.

In addition to trade-offs policy makers face once EDIS is in place, short-term

implementation costs of such a scheme have to be considered as well. We show

that diverting funds towards EDIS can temporarily lower national DIs’ capacities

if deductibility of EDIS contributions lowers bank payments into national systems.

However, while removing deductibility can increase national DIs’ capacities, an

overburdening of banks through double contributions potentially limits intermedi-

ation capacities, with respective adverse effects for financial stability and the real



48 Chapter 3.

economy. Extending the implementation horizon mitigates peak default rates in

the short run, but as national DIs’ capacities are lower for longer and contributions

are more stretched out, the economic contraction is protracted.

In section 3.2, we discuss the related literature, before we introduce our baseline

DSGE model in section 3.3. We then describe the data and calibration procedure

in section 3.4, and introduce regime switching and different forms of reinsurance in

section 3.5. We report results of our analyses in section 3.6, and section 3.7 finally

concludes.

3.2 Literature

Our study relates to several strands of research on bank risk-sharing and the ad-

equate international coordination of banking policies. First, we contribute to the

macroeconomic literature on bank risk-sharing in open economy models. Earlier con-

tributions already embed banking sectors in two-country settings. Some assume a

representative global bank to study international spill-over effects of country-specific

shocks and their amplification by international banks (Mendoza and Quadrini, 2010;

Kollmann et al., 2011; Kollmann, 2013). We deviate from this approach by allow-

ing for heterogeneous degrees of risk across countries’ individual banking sectors.

To this end, our study closely relates to Dedola et al. (2013), they develop a two-

country banking model à la Gertler and Kiyotaki (2010) with agency costs. In their

approach, the degree of financial frictions is assumed to be equal across both coun-

tries. In our model we relax this assumption by allowing for heterogeneity in bank

riskiness across countries. We do so by extending the model of Mendicino et al.

(2018), who rely on a closed-economy model that features bank default and a de-

posit insurance scheme. They focus on optimal dynamic bank capital regulation,

and while their deposit insurance reflects a direct transfer scheme between house-

holds, our framework features a deposit fund financed by banks that compensates

households in case of bank default. We extend a modified version of their model to

the open economy and include a detailed government sector.

Only few studies have introduced (European) deposit insurance schemes in

macroeconomic models,3 and if so, design of such frameworks and its relative per-

3However, the optimal design of centralized banking supervision has been studied extensively in

the theoretical banking literature. Both the optimal degree of transfer of responsibilities to a union-
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formance against other forms of risk-sharing has not been studied in great detail.

Furthermore, these studies do not analyze deposit insurance designed as a European

reinsurance scheme. Dubois (2021) evaluates the implementation of a joint deposit

insurance scheme in a two-country model with bank runs, and finds that such a

framework potentially increases steady-state consumption and reduces volatility in

real economic activity, with ultimately positive welfare effects. While we abstract

from bank runs, international banks are subject to endogenous default risk in our

model. This allows us to analyze moral hazard and welfare even during non-crisis

times. In addition to the introduction of a full-fledged insurance fund, our analysis

also compares the macroeconomic effects of a European deposit reinsurance to dif-

ferent risk-sharing scenarios.

Second, we contribute to the broader literature on the design and implications

of deposit insurance schemes. On the theoretical side, Diamond and Dybvig (1983)

show in their seminal paper that adequately designed deposit insurance schemes

can prevent bank runs and reduce liquidity risks, which lowers the likelihood and

depth of financial crises and resulting adverse effects for the real economy. However,

these benefits are balanced by costs associated to moral hazard, as insurance fos-

ters bank risk-taking behavior (Cooper and Ross, 2002; Bernet and Walter, 2009).

Furthermore, deposit insurance can lead to a decline in market discipline and ad-

verse selection, as the share of undisciplined and incompetent bankers rises once

depositors’ incentives to monitor bankers and banks incentives to behave disciplined

decline (Merton, 1973; Acharya and Thakor, 2016). Our paper relates to the theo-

retical literature on deposit insurances, but starts with a different macroeconomic

approach: The deposit insurance covers aggregate effects of defaults in the banking

sector.4 Those adverse effects were also found in the empirical literature. Deposit in-

surance can indeed lead to more moral hazard and risk-taking (Lambert et al., 2017;

Pennacchi, 2006; Wheelock and Kumbhakar, 1995), a decline in market discipline

(Wheelock and Kumbhakar, 1995; Demirgüç-Kunt and Huizinga, 2004; Calomiris

wide regulatory agency and coordination issues between supranational and national regulators have

been discussed. Inter alia, the focus has been on banking supervision (Boyer and Ponce, 2012; Beck

and Wagner, 2016; Colliard, 2020; Carletti et al., 2021), bank resolution (Górnicka and Zoican,

2016), as well as on bank bailouts and recapitalization (Foarta, 2018). Whereas evidence on the

efficiency of supranational regulation is mixed, the findings indicate that some degree of shared

responsibilities via a supranational regulatory regime is welfare-beneficial.

4Because banks’ contribution to deposit insurance are weighted by the aggregate observable

bank risk, the implications differ from the previously mentioned papers. We discuss moral hazard

in our model in section 4 of the technical appendix.
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and Jaremski, 2016, 2019), and ultimately to greater instability in financial markets

(Demirgüç-Kunt and Detragiache, 2002; Anginer et al., 2014). Demirgüç-Kunt and

Huizinga (2004) and Demirgüç-Kunt et al. (2014) document the rapid increase in

the number of countries that implemented deposit guarantee schemes given their

effectiveness in reducing bank runs and liquidity risks. Further, increasing the share

of insured deposits within the European banking sector after the financial crisis

2007 reduced risk premiums on deposit rates and fostered bank lending, as shown

by (Gatti and Oliviero, 2019). Our paper confirms those findings in a theoretical

framework. With respect to EDIS, Calomiris and Jaremski (2019) employ bank-level

data to estimate EDIS exposure to bank failures and contributions, and study the

implications of different EDIS designs and risk-weighted contribution schemes. They

find that appropriately designed risk-weighted contributions to EDIS are crucial to

achieve a balance between adequate insurance and cross-subsidization between na-

tional banking systems. Such cross-subsidies are smaller in a full-fledged EDIS than

in a “mixed deposit insurance scheme” more similar to the reinsurance variant we

study in our paper if contributions to EDIS are non-deductible.

3.3 The Model

In this study, we rely on an open-economy model in the spirit of the euro area

banking models developed in Gerali et al. (2010) and Mendicino et al. (2018). In

order to analyze risk-sharing via banking and fiscal policies, we extend the model by

introducing a government sector and a detailed deposit insurance scheme on both

the domestic and on a union-wide level. In the model, patient households in one

country provide funds to impatient entrepreneurs in the same country.5 Funds are

intermediated by regulated banks which can also invest in domestic government

bonds. Regulatory capital requirements are enforced by national regulators. Due to

additional regulation on the loan market, entrepreneurs have to fulfill an externally

set loan-to-value (LTV) ratio when demanding funds from banks. They can only

borrow up to a certain amount of their collateral value at hand, which is given by

the stock of physical capital that they own. They furthermore use their collateral

capital for the production of consumption goods in the model.6

In line with Mendicino et al. (2018), we assume limited liability of banks. In

5Different values in the discount factors determine the borrower-lender relationship between

entrepreneurs and households.

6See technical appendix section 1 for a detailed description of the model.
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response to idiosyncratic return shocks, banks can decide not to pay back their

obligations and to default. Individual uninsured bank debt is priced to reflect the

expected aggregate bank default risk. Depositors face monitoring costs (state verifi-

cation costs) when recovering defaulting banks’ assets. This gives rise to containing

systemic risk in the banking sector through regulation and deposit insurance.

3.3.1 Households

The representative patient household i in each country c P th, fumaximizes expected

utility

max

cP,ct piq, l
c
t piq, d

c
tpiq

E0

8
ÿ

t“0

pβcP q
t

«

zc,ct logrcP,ct piq´h
c
P c

P,c
t´1piqs´

φcP
1` ϕcP

lct piq
1`ϕcP

ff

(3.1)

subject to the budget constraint

cP,ct piq ` d
c
tpiq ď wct l

c
t piq ` R̃

d,c
t´1d

c
t´1piq ` Πcp,c

t ` Πbank,c
t ´ τ ct (3.2)

where cP,ct piq depicts current consumption prone to habit formation governed by

hcP , and z
c,c
t depicts a consumption preference shock described by an AR-1 process.

Working hours are given by lct and labor disutility is parameterized by ϕcP . The flow

of expenses includes current consumption, and real deposits to be made to domestic

banks dctpiq, where the latter represents the investment into a diversified portfolio

of bank debt. Resources consist of wage earnings wct l
c
t piq (where w

c
t is the real wage

paid in the country the respective household resides) and gross interest income on

last period’s deposits placed in domestic banks, R̃d,c
t . The fiscal authority imposes

lump-sum taxes τ ct to finance government consumption. Households receive profits

Πbank,c
t transferred from exiting bankers and Πcp,c

t transferred from capital producers.

Following Mendicino et al. (2018), bank deposits are partially insured by a frac-

tion κct . Insured bank deposits are always remunerated with the promised rate Rd,c
t .

Uninsured deposits yield the promised rate Rd,c
t if the bank is solvent and a fraction

p1´κctq of the net recovery value of bank assets in case of default. Idiosyncratic bank

risk is unobservable to depositors, so their return is based on the average unit of

bank debt in the diversified bank debt portfolio. Household return on bank deposits

is thus given by:

R̃d,c
t “ Rd,c

t ´ p1´ κctq
Ωc
t`1

dctpiq
(3.3)

where
Ωc

t`1

dct piq
is the average default loss per unit of deposits. The share of insured

deposits, κct is time-varying and depends on available funds in the deposit insurance
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scheme. The scheme is financed by a risk-weighted tax imposed on the banking

sector which is described in detail below.

3.3.2 Entrepreneurs

Entrepreneurs engaged in country c use the respective labor type provided by house-

holds as well as capital to produce intermediate goods purchased by retailers in a

competitive market. Each entrepreneur i derives utility from consumption cE,ct piq

and maximizes expected utility

max
cE,c
t piq,lP,c

t piq,kE,c
t piq

E0

8
ÿ

t“0

pβcEq
t

«

log cE,ct piq

ff

(3.4)

subject to the budget constraint

cE,ct piq `wct l
c
t piq ` q

k,c
t kE,ct piq `RE,c

t bE,ct´1piq ď pE,ct yE,ct piq ` bE,ct piq ` qk,ct p1´ δ
c
qkE,ct´1piq

(3.5)

with pE,ct “
PE,c
t

P c
t

denoting the price ratio of producer price level to consumer price

level. Entrepreneurs in country c furthermore face borrowing constraints with re-

spect to domestic bank lending, depending on the stock of capital they hold as

collateral.7 Regulatory LTV ratios apply for funds borrowed in each country, and

regulation is determined on the national level. The borrowing constraint is given

by:

RE,c
t`1b

E,c
t piq ď mc

EEttq
k,c
t`1p1´ δ

c
qkE,ct piqu (3.6)

where the LTV ratio for commercial banks mc
E is set by a prudential regulator.

Rearranging equation 3.6, one can derive the contractual return on one unit of

corporate loans:

RE,c
t`1 “

mc
EEttq

k,c
t`1p1´ δ

cqkE,ct piqu

bE,ct piq
. (3.7)

We follow Iacoviello (2005) and assume that the borrowing constraint binds around

the steady state such that uncertainty is absent in the model.8 Thus, in equilibrium,

equation 3.6 holds with equality. The production function is given by:

yE,ct “ aE,ct pkE,ct q
pαcq
plct q

p1´αcq. (3.8)

7In Iacoviello (2005), entrepreneurs use commercial real estate as collateral. However, we follow

Gerali et al. (2010) by assuming that creditworthiness of a firm is judged by its overall balance

sheet condition where real estate housing only depicts a sub-component of assets.

8Iacoviello (2005) discusses the deviation from the certainty equivalence case in the appendix

C of his paper.
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We can furthermore derive an expression for the law of motion of firms’ net worth

along the lines of Gambacorta and Signoretti (2014):

NW c
t`1 “ αc

pE,ct`1y
E,c
t`1

kE,ct

` qk,ct`1p1´ δ
c
qkE,ct ´RE,c

t`1b
E,c
t . (3.9)

Entrepreneur consumption cE,ct depends on firm net worth:

cE,ct “ p1´ βcEqNW
c
t , (3.10)

and entrepreneur’s capital stock in each country depends on firms’ net worth, the

capital price and the entrepreneur’s leverage in that country:

kE,ct “
βcENW

c
t

qk,ct ´ χct
(3.11)

with χct “
mc

Eq
k,c
t`1p1´δ

cq

RE,c
t`1

.

3.3.3 Bankers

Bankers in country c act as international investors. In each period, they invest

equity nc,ct into domestic banks, and nc,␣ct in foreign banks, where ␣c denotes the

opposite country to country c. In addition, bankers pay dividends divct back to

their belonging households. Both equity investment and dividends are financed by

bankers’ net worth nb,ct . Following Gertler and Kiyotaki (2010) we guess and verify

that the value function is linear in net worth, V b,c
t “ νctn

b,c
t where νct is the shadow

value of bankers net worth. The maximization of bankers’ wealth can then be written

as:

nb,ct ν
c
t “ max

eaggr,ct ,divct

"

divct ` EttΛ
c
t`1rp1´ θ

c
bq ` θ

c
bν
c
t`1sn

b,c
t`1u

*

(3.12)

s.t.

$

’

’

’

’

&

’

’

’

’

%

eaggr,ct ` divct “ nb,ct

eaggr,ct “ nc,ct ` nc,␣ct

nb,ct`1 “ ρct`1n
c,c
t ` ρ␣ct`1n

c,␣c
t

divct ě 0.

The term Λct`1rp1 ´ θcbq ` θcbν
c
t`1s “ Λb,ct`1 describes the discount factor of bankers.

Each period a fraction p1´ θcbq of bankers retires and transfers the net present value

of net worth back to the owning households. Households provide a share of start-

up equity χb to newly entering bankers, and the total amount of bankers remains

constant over time. The law of motion for bankers’ net worth is thus given by:

nb,ct`1 “ rθ
c
b ` χbp1´ θ

c
bqspn

c,c
t ρ

c
t`1 ` n

c,␣c
t ρ␣ct`1q (3.13)
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where ρct`1 is the return of equity invested in banks in the same country c and ρ␣ct`1

is the return of equity invested in the other country’s banks. In equilibrium it is

not optimal to transfer dividends prior to retirement. Therefore, all net worth is

invested in either domestic or foreign banks. The shadow value of bankers can then

be determined as:

νct “ EttΛ
b,c
t`1rζ

n,c
t ρct`1 ` p1´ ζ

n,c
t qρ

␣c
t`1su (3.14)

with ζn,ct “
nc,c
t

nb,c
t

denoting the fraction of bankers’ equity invested in domestic banks.

3.3.4 Corporate Banks

Home and foreign banks provide domestic corporate loans and invest in domestic

government bonds. They acquire inside equity via home and foreign bankers, and

by issuing deposits. The corporate banking sector features bank default, as the

return on assets is prone to idiosyncratic risk ωct`1, following a log-normal distribu-

tion. Consequently, banks can default on their debts, and saving households face

state-verification costs when recovering their deposits. The contracting problem be-

tween households and banks is based on the mechanism introduced by Bernanke

et al. (1999). Corporate banks receive ect “ nc,ct ` RERtn
␣c,c
t “ ζcee

c
t ` p1 ´ ζceqe

c
t

units of equity from domestic and foreign investors. We denote the equity home

bias on banks’ balance sheets as ζce and RERt depicts the real effective exchange

rate. Furthermore, each bank pays a total contribution
τDI,c
t

dct
dct to the national de-

posit insurance scheme, with
τDI,c
t

dct
is the average contribution per one unit of bank

debt. Banks maximize their net present value by deciding on the profit-maximizing

amount of assets act and deposits dct subject to a balance sheet constraint and a regu-

latory constraint governed by the capital requirement ϕ̄c, set by the macroprudential

regulator:

max
dct ,a

c
t

ż 8

0

Λtot,ct`1 maxtωct`1R
a,c
t`1a

c
t ´R

d,c
t dct ´ τ

DI,c
t , 0udF c

pωct`1q

´ ζceν
c
t e
c
t ´ p1´ ζ

c
eqν

␣c
t ect (3.15)

s.t.

$

’

’

&

’

’

%

act “ dct ` e
c
t ,

ect ě ϕ̄cact ,

act “ bE,ct ` qk,ct`1b
g,c
t .
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Total assets act earn the average return Ra,c
t`1 and consist of entrepreneur loans bE,ct

and nominal government bonds qkt`1b
g,c
t :

Ra,c
t`1 “ RE,c

t`1

bE,ct

act
`Rgov,c

t`1

qk,ct`1b
g,c
t

act
.

Banks discount their expected net present value with the discount factor Λtot,ct`1 “

ζceΛ
b,c
t`1 ` p1 ´ ζceqΛ

b,␣c
t`1 , that is by weighting home and domestic bankers discount

factor with the corresponding shares of equities. The equity investments ζcee
c
t and

p1´ ζceqe
c
t are valued at equilibrium opportunity costs νct and ν

␣c
t .

The bank is only willing to distribute funds as long as its net present value is

positive. As shown in section 1.4 of the technical appendix, the bank participation

constraint in equilibrium is given by

Et

"

Λtot,ct`1 r1´ Γcpω
c
t`1qs

Ra,c
t`1

ϕct

*

ě ζceν
c
t ` p1´ ζ

c
eqν

␣c
t (3.16)

where ωct`1 depicts the threshold of bank default

ωct`1 “ p1´ ϕ
c
tq

ˆ

Rd,c
t

Ra,c
t`1

`
τDI,ct

Ra,c
t`1d

c
t

˙

, (3.17)

and 1 ´ Γcpω
c
t`1q represents the bank’s net share of the deposit contract and

Γcpω
c
t`1q determines the household’s gross share of such a contract.

In equilibrium, condition 3.16 holds with equality to avoid an infinite supply of

loans. By definition, the return on bank equity is given by ρct`1 “ r1´Γcpω
c
t`1qs

Ra,c
t`1

ϕct
.

Consequently, the opportunity cost of equity funding is pinned down in equilibrium

by the following conditions:

EttΛ
tot,h
t`1 ρ

h
t`1u “ ζhe ν

h
t ` p1´ ζ

h
e qν

f
t (3.18)

EttΛ
tot,f
t`1 ρ

f
t`1u “ ζfe ν

f
t ` p1´ ζ

f
e qν

h
t , (3.19)

which describe the no-arbitrage conditions for international bankers.

3.3.5 National Government

Each national government can issue real debt qk,ct`1b
g,c
t bought by banks across the

union,

qk,ct`1b
g,c
t “ qk,ct Rgov,c

t bg,ct´1 ` g
c
t ´ τ

c
t , (3.20)

where gct is government consumption and τ ct denotes the total (lump-sum) income tax

paid by private households. Government consumption is often not directly affected
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by the business cycle, but rather by structural needs of the economy. Therefore, we

assume an AR(1) process for government consumption:

gct “ p1´ ρ
c
gqg

c
` ρcgg

c
t´1 ` ϵ

g
t (3.21)

Stabilization policy is conducted via a countercyclical income tax feedback rule

τ ct
τ c
“

ˆ

τ ct´1
τ c

˙ρctax
„ˆ

yct
yc

˙ϕcy
ˆ

bg,ct´1q
k,c
t

b
g,c

˙ϕcd
ȷ1´ρctax

(3.22)

where ϕcy ď 0 and ϕcd ď 0 are the weighting parameters for the two target variables

and ρctax is a smoothing parameter. The government reduces the lump-sum tax

compared to steady state if actual production or real debt levels are below their

steady-state values, yc and b
g,c
. After inserting the expenditure and the tax rules

into the budget constraint, we can derive the following debt issuing rule:

qk,ct`1b
g,c
t ´ q

k,c
t bg,ct´1 “ pq

k,c
t Rgov,c

t ´1qbg,ct´1`g
c
t ´ τ

c

ˆ

τ ct´1
τ c

˙ρctax
„ˆ

yct
yc

˙ϕcy
ˆ

bg,ct´1

b
g,c

˙ϕcd
ȷ1´ρctax

.

(3.23)

New debt can be issued during a recession (yct ă yc) or if actual debt is below its

structural component (bg,ct ă b
g,c
). Governments have to pay an additional risk

premium to banks if government debt is above its steady state level. The return

on government debt is thus described by a premium on the risk-free deposit rate

increasing in debt levels:

Rgov,c
t`1 “ R̃d,c

t ` Φc
debtrb

g,c
t ´ b

g,c
s
2. (3.24)

3.3.6 National Deposit Insurance Fund

The national DI guarantees some fraction κct of deposits by building up a fund that

compensates depositors in case of bank default. The deposit insurance fund balance

is given by

DIct`1 “ DIct ` τ
DI,c
t ´ κctΩ

c
t`1 (3.25)

where a share κct of the total default costs Ω
c
t`1 is insured by the national DI in each

country. Banks pay a contribution τDI,ct to the fund, and the fund capital target is

set relative to total outstanding insured deposits in steady state:

DI
target,c

“ γcDIκ
cdc. (3.26)

The costs of deposit default in each country are defined as the difference between

forgone return on deposits, Rd,c
t´1d

c
t´1, and the share p1´µcq of gross assets ωctR

a,c
t act´1
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that can be recovered:

Ωc
t “

ż ωc
t

0

tRd,c
t´1d

c
t´1 ´ p1´ µ

c
qωctR

a,c
t act´1 ` τ

c
t´1ufpω

c
qdωct .

Rearranging yields

Ωc
t “ rω

c
t ´ Γcpω

c
tq ` µ

cGc
pωctqs

Ra,c
t

1´ ϕct´1
dct´1, (3.27)

with ´rΓcpω
c
tq ´ µcGcpωctqs denoting the households’ net share of returns from a

diversified bank debt portfolio. In each period, banks contribute the amount τDI,ct

to the fund. The contributions are inversely related to the fund level:

τDI,ct “ τDI,c ` χcτ rDI
target,c

´ EttDI
c
t`1us (3.28)

with χcτ denoting the sensitivity to the domestic fund level. Furthermore, whenever

national fund capital is below target, the share of covered deposits is reduced:

κct “ κc ´ χcκrDI
target,c

´DIct`1s, (3.29)

with χcκ “
κc

DI
target,c .

In order to ensure stationarity of the fund level DIct , the following has to hold in

steady state: κ̄cΩc “ τ̄DI,c. Thus, the contributions banks pay to deposit insurance

schemes are calculated on the basis of expected default costs and the overall share of

insured deposits. Under this assumption, the default threshold of banks, equation

3.17, evaluated at the steady state, can be written as:

ω̄c “ p1´ ϕq

˜

R̃d,c

Ra,c
`

Ωc

Ra,cdc

¸

. (3.30)

The steady-state default threshold is thus neither affected by the contractual deposit

rate, nor by the provided deposit insurance coverage. As a consequence, deposit

insurance does not induce additional moral hazard in the long run in our model.

Instead, bank defaults, firm loans and corporate borrowing rates remain unaffected

by higher deposit insurance shares in steady state.9

9Since individual bank contributions are calculated based on the average costs of default per

unit of bank debt, and the risk premium on deposit rates is again defined as the average default

costs per unit of bank debt, the beneficial effects of lower deposit rates on banks’ profits are

exactly offset by the adverse effects of higher contributions. For more details, see section B.4 of

the technical appendix where we provide a derivation of equation 3.30, and validate our statements

on moral hazard both analytically and in a comparative statics analysis.
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3.3.7 Goods Market Clearing and Trade

Here we shortly summarize essential market clearing conditions.10 In both regions,

the goods market clearing condition holds in equilibrium:

yE,ct “ Y c
t “ ζcppe,ct q

´ηccct ` g
c
t ` p1´ ζ

␣c
q

ˆ

pe,␣ct

Tt

˙´η␣c

c␣ct (3.31)

where cct “ cP,ct ` cE,ct ` Ict denotes the aggregate demand for consumption and

investment goods of domestic households and entrepreneurs and c␣ct denotes the ag-

gregate demand of foreign households and entrepreneurs. Following Benigno (2004),

the terms of trade are foreign producer prices relative to domestic producer prices:

Tt “
P e,f
t

P e,h
t

. National government consumption gt is assumed to be produced only by

national firms. The clearing condition guarantees that the supply of domestically

produced goods is equal to domestic and foreign demand.

The real exchange rate can be defined with the help of the terms of trade and

the relative consumer prices in both countries:

RERt “ Tt
pe,ht

pe,ft
. (3.32)

The trade balance – measured in domestic prices – is defined as the difference be-

tween real exports and real imports:

tbt “ exht ` Ttim
h
t (3.33)

with exht “ cP,fht ` cE,fht ` Ifht and imh
t “ cP,hft ` cE,hft ` Ihft .

3.4 Calibration

We rely on euro area data to validate the empirical fit of the model. To this end,we

find a vector of structural parameter values for which the distance between first

moments of empirical distributions and their counterparts generated by the model

is minimized. We discuss the moment-matching methodology in more detail in the

following sections.

10Capital producing firms and the trade sector are described in detail in appendices B.1.3 and

B.1.4.1.
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3.4.1 Data

The empirical data moments are both collected from macroeconomic time series and

micro-level data. Real macroeconomic variables for Germany and the Euro-Area are

drawn from the European System of Accounts (ESA 2010) quarterly financial and

non-financial sectoral data, provided by the European Central Bank (ECB) and Eu-

rostat, as well as from OECD data. The data set includes information on real GDP,

real business investment, government consumption, total employment, exports and

imports of goods and services, and the current account balance.11 Banking statistics

– corporate bank deposits held by private households, corporate bank loans granted

to the non-financial domestic entrepreneur sector, bank holdings of domestic gov-

ernment bonds, the share of deposits covered by deposit insurance and return on

bank equity – are in part obtained from the data set on “Monetary Financial Insti-

tutions” (MFIs) collected by the ECB, from the Bundesbank time series database

and from the “Financial Soundness Database” of the IMF. Data on corporate bank

interest rates on household deposits and firm loans are constructed from different

sources of the ECB Statistical Data Warehouse and harmonized following Gerali

et al. (2010). Bank default rates, price-to-book ratios and the home bias in bank eq-

uity are obtained by aggregating micro-level data series from Bloomberg, Thomson

Reuters Eikon, and Datastream. For most time series, we employ data for 1999:Q1

to 2019:Q4.12

3.4.2 Matched Moments and Calibrated Parameters

The empirical validation of our model is provided by setting a subset of model pa-

rameters such that first moments in the data are matched by theoretical model

moments. We split the subset of parameters to be estimated into two groups, de-

pending on whether they affect the deterministic steady state (collected in ΘSS) or

not (collected in Θ␣SS). The first subset of parameters can be calibrated by match-

ing first moments in the data. We follow the approach by Mendicino et al. (2018)

and minimize a loss function with equal weights on the distances between respective

11See appendix section C.2 for a detailed description of the data set.

12The only exceptions depict the share of deposits covered by deposit insurance, which we derive

from the yearly estimates in the JRC European Union Banking Sector Statistics (2011 to 2015),

bank default rates, which we calculate from CDS spreads of European banks that are available be-

tween 2004Q1 and 2019Q4, and domestic government bond holdings covered in the ECB Securities

Holdings Statistics which are only available from 2013:Q4 onwards. See appendix C.2.
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data moments and model moments.

Before initiating the matching process, we set the parameters not determined by

moment matching to conventional values. They include parameters related to pol-

icy rules, the deposit insurance fund, or structural parameters on habit formation,

the capital share in production, trade elasticity, and labor market characteristics.

Furthermore, key parameters related to euro area-wide regulations are assumed to

be identical in both countries.13

Some parameters have a direct first moment counterpart. For these cases – the

household discount factor, the home bias in bankers’ equity holdings, the steady-

state share of insured deposits and the steady-state government consumption-to-

GDP ratio – we can immediately set the respective parameter value. We set κDI,c in

accordance with the JRC European Union Banking Sector Statistics. We calibrate

the target level of deposit insurances DI target,c to 0.8 percent of outstanding insured

deposits, as proposed by the European Commission (European Commission, 2015).

The sensitivity of the coverage ratio is determined using empirical evidence on fund

level and coverage ratio, χcκ “
κDI,c

DI
target,c . The fund level together with the contribu-

tion sensitivity parameter determines the regime-switching threshold. For any given

default rate above the threshold, Ψ
c
“ 1.780, the fund level will be close to zero. For

the household discount factor, we assume market participants in both countries to

have access to a global risk-free asset. We therefore calibrate the steady-state risk-

free rates R
d,c

to the quarterly average of the long-term real rate on United States

(US) treasuries. Thus, we end up with identical values for the patient households’

discount factor βcp “
1

R
d,c in both economies.

For the remaining first moments, a direct mapping between the empirical values

and the parameters of the model is not feasible. Instead, we set these parameters

simultaneously to minimize the distance between data moments and their model-

implied counterparts. Return on equities, expected bank defaults, and price-to-

book ratios pin down the survival rate of bankers θcb, bankers’ endowment χcb and

the standard deviation for i.i.d. bank default risk σc. The firm-specific parameters

– the capital depreciation rate δc, the adjustment cost parameter ψci , and the en-

trepreneur discount factor βcE – are set such that theoretical moments match data

on investment-to-GDP ratios, firm loans-to-GDP ratios, and the spread between the

corporate lending and the risk-free rate.

Table 3.1 summarizes the parameter values that minimize the distance between

the empirical and theoretical first moments. For some parameter values, the differ-

13See table C.2 in section C.2 of the appendix.
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Parameter Germany Euro Area

Direct Match

Discount Factor Households βcP 0.996 0.996

Home Bias in Bank Equity ζce 0.805 0.580

DI Fund Target Rate γcDI 0.008 0.008

Share of Insured Deposits κDI,c 0.497 0.512

DI Coverage Ratio Sensitivity Parameter χcκ 41.0579 30.861

EDIS Fund Target Rate γcEDIS 0.008 0.008

Share of Insured Deposits κEDIS,c 0.497 0.512

EDIS Coverage Ratio Sensitivity Parameter χEDISκ 17.310 17.850

Government Consumption/GDP gc 0.211 0.225

Regime-Switching Threshold Ψ
c

1.780 1.780

Distance Minimization

Bank Risk Standard Deviation σc 0.041 0.043

Discount Factor Entrepreneurs βcE 0.969 0.980

Household Transfer to Bankers χcb 0.969 0.710

Capital Depreciation Rate δc 0.067 0.053

Banker Survival Rate θcb 0.250 0.927

Capital Adjustment Costs Parameter ψci 5.709 5.398

Table 3.1: The table summarizes parameter values found by first moments matching. Model

parameters are set such that the distance between model-implied steady-state values and data

moments is minimized.

ences between Germany and the rest of the euro area are striking. For instance, the

home bias in bank equity, ζce , is larger in Germany than in the rest of the euro area.

Since the banking sector in Germany relies to a larger degree on domestic equity, the

home bias in equity provision amounts to approximately 80 percent.14 Furthermore,

bank default risk is larger in the rest of the euro area than in Germany, which is

reflected in the higher standard deviation of i.i.d. bank risk σf .15

14This can mainly be attributed to the high amount of state-owned “Landesbanken”, as well as

to the prominence of savings and cooperative banks in Germany.

15To provide information on the accuracy of the parameter estimates gathered via distance

minimization, table B.2 in section C.2 of the appendix summarizes the distances between the time

series mean values and the model-implied first moment values.
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3.5 Different Forms of Risk-Sharing

In the following, we study how different risk-sharing arrangements are able to ab-

sorb adverse macroeconomic effects in response to exogenous variations in bank

default risk. These arrangements will resemble reinsurance frameworks, where ei-

ther national governments, EDIS, or none of the two steps in once national deposit

insurance schemes are exhausted.

3.5.1 Regime Switching in the Baseline Model

In the analysis, we allow for four states of the economy. In the baseline regime,

both national deposit insurance schemes and fiscal policies operate as described in

sections 3.3.5 and 3.3.6, and national deposit insurance is unconstrained (regime 1).

In the other states of the economy, either one or both national deposit insurances

are constrained as national insurance funds are exhausted and no insurance transfers

can be provided (table 3.2). The regime-switching rule is therefore given by

DIct “

$

&

%

DIct
1

if ψct ă Ψ
c

0 if ψct ą Ψ
c

(3.34)

where

DIc
1

t`1 “ DIc
1

t ` τ
DI,c
t ´ κctΩ

c
t`1 (3.35)

following equation 3.25. The transition probabilities between regimes underlying

equation 3.34 and the regime-switching threshold values Ψ
c
are discussed below.

We therefore constrain national DI fund capital to be greater or equal to zero in all

occasions.

The share of insured deposits depends on the level of available fund capital and

is characterized by:

κct “ κc ´ χκrDI
target,c

´DIct`1s, (3.36)

with χκ “
κc

DI
target,c . It follows that whenever the fund is exhausted, DIct`1 “ 0,

the economy enters the constrained regime and no insurance is provided, κct “ 0.

This case is consistent with a crisis scenario in which, due to (a sequence of) large

shocks, fund capital is exhausted and no insurance can be provided by the national

DI anymore.

We develop a regime-switching framework16 where agents, being in a particular

16We use the RISE toolbox to model a regime-switching environment. See Maih (2015).
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Home

Unconstrained Constrained

Foreign
Unconstrained Regime 1 Regime 2

Constrained Regime 3 Regime 4

Table 3.2: Countries are either in an unconstrained state where national DI is sufficient, or in a

constrained state where national DI funds are exhausted.

state, anticipate that the economy transits with a certain Markov probability from

one state to the other in each period. Therefore, expectations about future states

of the economy are taken into account in agents’ decision rules.

Our analysis is counterfactual in nature since the euro area has not experienced

episodes with explicitly exhausted national deposit insurance funds. On the other

hand, the euro area potentially entered such a scenario in October 2008, when several

heads of government had to pledge that bank deposits would be insured, if necessary

by government guarantees. The constrained regime is instead designed to resemble

episodes of severe financial distress. We assume that during such episodes, bank

default rates are extraordinarily high. We define to this end endogenous Markov

switching probabilities

P1,j “
1

1` expr´α1pψct ´Ψ
c
qs

(3.37)

Pj,1 “
1

1` exprα1pψct ´Ψ
c
qs

(3.38)

with j P t2, 3, 4u, that depend on the distance between actual bank default rates ψct

and an imposed “high financial stress” threshold level Ψ
c
of bank default rates. The

transition probabilities follow a sigmoid function with scaling parameter α1.
17

3.5.2 Different Risk-Sharing Scenarios

Here, we discuss different forms of risk-sharing that apply once national DI capacity

is exhausted. In all scenarios, national DI is in place and unconstrained whenever

the economy is in regime 1 and the insurance framework outlined in section 3.3.6

applies.

17Empirical estimates for the probability of being constrained are hard to obtain. We define

the switching threshold Ψ
c
for each country as the level of default rates at which the insurance

fund level, calibrated to the value reported in table C.2 in the technical appendix, would become

negative.
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A. Constrained National DI, No Additional Risk-Sharing

In this scenario, the national DI is constrained as the DI fund’s capital has been

exhausted (DIct
1

ď 0 such that DIct “ 0) and no further insurance can be pro-

vided according to equation 3.36. Bank defaults affect the risk premium on deposit

rates unrestrained. The return on deposits net of defaults, given by equation 3.3,

decreases, and becomes

R̃d,c
t “ Rd,c

t ´
Ωc
t`1

dct
, (3.39)

when κct “ 0 and no other form of insurance is provided.

B. Constrained National DI, National Fiscal Backstop

Under this scenario, depositor losses are compensated by national governments once

national deposit insurance funds are exhausted. We assume the government to

compensate the steady-state share of insured deposits, κc. The cost of deposit

insurance enters the national government budget constraint given by equation 3.20

which therefore becomes

bg,ct “ Rgov,c
t bg,ct´1 ` g

c
t ´ τ

c
t ` κ

cΩc
t`1 (3.40)

such that obligations from government deposit insurance affect tax and expenditure

decisions.

C. Constrained National DI, European Deposit Insurance

Our regime-switching approach closely aligns with the reinsurance system proposed

by the European Commission, as EDIS only steps in once national funds are ex-

hausted. Banks in member states are expected to contribute to a European-wide

fund. Contributions to EDIS are designed to be ex-ante cost-neutral, i.e. banks can

deduct these payments from contributions to national schemes. Therefore, EDIS

fund capital evolves according to the law of motion:

DIEDISt`1 “ DIEDISt `
ÿ

c“h,f

τEDIS,ct ´
ÿ

c“h,f

κEDIS,ct Ωc
t`1. (3.41)

As in the national insurance case, banks in member states are required to contribute

to the fund in each period, such that equation 3.17 becomes

ωct`1 “ p1´ ϕ
c
tq

ˆ

Rd,c
t

Ra,c
t`1

`
τDI,ct ` τEDIS,ct

Ra,c
t`1d

c
t

˙

. (3.42)
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The aggregate contributions to EDIS are given by

τEDISt “ τEDIS ` χEDISτ rDI
target,EDIS

´ EttDI
EDIS
t`1 us (3.43)

with χEDISτ denoting the sensitivity to changes in the EDIS fund level. The aggregate

contributions defined in equation 3.43 are the composite of national contributions

into EDIS, whereas each country’s share is defined by the risk in the national banking

sector. We assume riskier banks to contribute more into the EDIS fund.18

Assumption 1 (Risk-weighted contributions to EDIS). The national contributions

τEDIS,ht and τEDIS,ft are allocated relative to the bank default rates of each country:

τEDIS,ct “
ψct`1

ψct`1 ` ψ
␣c
t`1

τEDISt (3.44)

As the design of bank contributions is a central obstacle in the policy discus-

sions on the introduction of EDIS in Europe, we evaluate alternative specifications

of the contribution rule in section 3.6.2.3. We then vary the contribution weights,

and discuss how welfare is affected. A second key element of recent proposals de-

picts the deductibility of EDIS contributions from payments banks have to make

into the national DI funds. In the baseline EDIS, we assume such deductibility of

contributions.19

Assumption 2 (Deductibility of contributions). To ensure that total bank contri-

butions do not exceed the level in the scenario without EDIS, we require the contri-

butions to EDIS to be deductible from contributions to national deposit insurances:

τDI,ct “ τDI,c ` χcτ rDI
target,c

´ EttDI
c
t`1us ´ τ

EDIS,c
t . (3.45)

´

The EDIS fund capital target is defined as the sum of the two national DI targets

DI
target,EDIS

“ γEDISrκhd
h

t ` κ
fd

f

t s. (3.46)

Finally, households receive additional compensation under EDIS in case of bank

default, such that their risk-adjusted return is now given by:

R̃d,c
t “ Rd,c

t´1 ´ p1´ κ
c
t ´ κ

EDIS,c
t qΩc

t`1. (3.47)

18Our risk weighting hence resembles the “polluter-pays” principle, see Carmassi et al. (2020).

19In addition to relaxing assumption 1 in section 3.6.2.3, we also discuss the implication of

relaxing assumptions 2 in section 3.6.2.4.
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Under a reinsurance scheme, EDIS coverage of deposit default is only assumed once

the national DI’s insurance capacity is exhausted. The payout rule therefore follows:

κEDIS,ct “

$

&

%

0 if DIct
1

ą 0

κEDIS,ct

1

if DIct
1

ď 0
(3.48)

where

κEDIS,ct

1

“ κEDIS,c ´ χEDISκ rDI
EDIS

´DIEDISt s. (3.49)

EDIS is involved as long as the economy is in the constrained regimes, and the

national insurance funds get reestablished by bank contributions. Reinsurance via

EDIS therefore provides additional risk-sharing, as it insures particularly against

large crises. As intended in European Commission (2015), under each scenario,

national DIs and EDIS are expected to jointly provide the same level of deposit

insurance as present in the purely national system, i.e. deposits of up to e 100,000

are intended to still be covered. We therefore assume the same target of payout per

unit of deposit for national DIs and EDIS, such that κc “ κEDIS,c. The introduction

of our EDIS framework does not introduce additional moral hazard to the banking

sector in the long run. This is due to reason outlined in section 3.3.6 and section

B.4 of the appendix.

3.6 Results

Based on the policy scenarios defined in the previous section, we first evaluate how

shocks emerging in the banking sector affect the financial sector and the macro

economy. Second, we discuss welfare implications of bank risk shocks and alternative

specifications of EDIS. Third, we investigate the short-term costs arising from the

implementation of EDIS.

3.6.1 Bank Risk Shock

Figures 3.1 and 3.2 depict impulse responses to bank risk shocks in the home coun-

try, with deviations from the unconstrained regime’s deterministic steady state. We

show responses under policy scenarios described in chapter 3.5.2: no reinsurance,

and reinsurance by a national fiscal backstop or EDIS. We simulate a four-period

sequence of shocks driving up the bank default rate in the home country. The regime

switch occurs in period five, after which regime 2 prevails for three periods.
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Figure 3.1: Impulse responses to a sequence of bank risk shocks for different policy scenarios of

section 3.5. Insurance Transfer depicts the amount of insurance provided by national DI, national

government, or EDIS. Deposit Spread depicts the spread between the deposit rate and the risk-free

rate. Insurance Transfer and Deposit Spread in absolute deviations from steady state, all other

variables in percentage deviations.

Under all policy scenarios, an increase in the home country’s bank risk leads to an

economic contraction in both economies, resulting in higher risk premia on deposit

rates. From peak to trough, the decline in GDP varies between 0.3 and 0.4 per-

cent across scenarios, while the recession is deepest under the national DI without

government bailout or EDIS intervention in the home country (blue line). The in-
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Figure 3.2: Impulse responses to a sequence of bank risk shocks for different policy scenarios of

section 3.5. Insurance Transfer depicts the amount of insurance provided by national DI, national

government, or EDIS. Deposit Spread depicts the spread between the deposit rate and the risk-free

rate. Insurance Transfer and Deposit Spread in absolute deviations from steady state, all other

variables in percentage deviations.

surance transfers paid to households – for those scenarios where deposit insurance by

national DIs, national governments, or EDIS is provided – increase to compensate

depositors for their costs due to bank defaults.

Consumption declines significantly less under EDIS than in the other two sce-

narios, even though across scenarios, the overall consumption response to a bank

default shock are benign considering the substantial change in the policy environ-
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ment.20 In the home economy, consumption declines by approximately 0.4 percent

with EDIS from peak to trough (black dotted line). Despite the overall benign con-

sumption effects across scenarios, the relative decline in consumption is 20 percent

lower with EDIS compared to the other scenarios. Furthermore, while differences in

the decline of output are benign, the debt-to-GDP ratio increases significantly under

the fiscal backstop (red dashed line), as taking over obligations from the constrained

national DI directly affects the fiscal budget. With EDIS, costs and risks of higher

bank defaults are shared internationally, and covered by bank contributions instead

of public debt. However, as banks are allowed to deduct EDIS contributions from

payments into the national DI, reestablishing both the initial national fund’s level

and the EDIS fund’s level takes longest under EDIS. Still, the contribution burden

is highest with EDIS, due to contributions banks have to pay into both schemes.

The bank risk shock in the home country is transmitted to the foreign economy

both via trade and international financial markets. Internationally active equity

bankers’ losses affect investment and lending conditions in the foreign country’s

banking system (figure 3.2). However, actual bank defaults barely increase on im-

pact, with the volatility in the bank default rate being lowest under EDIS. Under

EDIS, international risk-sharing requires higher contributions by foreign banks to

cover the costs of bank defaults in the home economy. As these contributions are

deductible, less funding to cover regular bank defaults in the foreign economy can be

collected, such that insurance transfers and the fund level of the national DI decline.

In return, bank deposit spreads increase, which further limits foreign banks’ lending

capacities. In response to lower lending, foreign consumption declines.

In short, our results indicate that while EDIS can be beneficial to the country af-

fected by the country-specific shock, consumers in the non-affected economy are hit

hardest with EDIS. Consequently, the union-wide welfare implications of a common

insurance scheme are not clear a priori.

3.6.2 Welfare Analysis

In the following, we investigate the welfare implications of the different forms of risk-

sharing discussed in section 3.5.2. To do so, we first evaluate how the implementation

20As commonly observed in macro models featuring financial frictions, our model reveals only

weak real economic effects in response to financial shocks. Financial amplification could be in-

creased for instance by incorporating nominal rigidities (Mendicino et al., 2020), borrower default

(Elenev et al., 2021; Mendicino et al., 2018), borrowing households (Gerali et al., 2010), or long-

term debt contracts (Elenev et al., 2021).
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of risk-sharing affects steady-state welfare. To account for uncertainty about future

shocks and potential regime switches, we evaluate welfare in the stochastic steady

state. Second, we investigate how changes in risk weights that determine each coun-

try’s contributions to EDIS affect welfare of borrowers and savers in both countries.

Whether contributions from more risky banks should be larger or not, and if so,

by how much, is not clear a priori, and a central point in the debate about EDIS.

Third, while these analyses assume the existence of different risk-sharing devices in

the first place, we also study welfare implications of the implementation of EDIS,

i.e. of the transition from a scenario with only national deposit insurance to a new

permanent steady state with EDIS. Furthermore, the deductibility of banks’ contri-

butions to a European fund are crucial in current proposals. Thus, we shed light on

the desirability of such deductions from a welfare perspective.

3.6.2.1 Welfare Calculations

To measure welfare, we compute the stochastic steady states as described in Coeur-

dacier et al. (2011), relying on a second-order approximation of the structural model

relations. Accordingly, the stochastic steady state is the permanent equilibrium

where agents anticipate future uncertainty, but where contemporaneous realizations

of economic shocks are zero. If the decision rule is given by

Yt “ gpYt´1, εtq, (3.50)

our stochastic steady state satisfies

Y “ gpY , 0q. (3.51)

In the following exercises, we express welfare under each policy variant in consump-

tion equivalents, i.e. we compute the welfare cost λw of each policy scheme vis-à-vis

a baseline policy scenario. The welfare loss is given by

λw “ p1´ exprpV Pol
0 ´ V Base

0 qp1´ βqsq (3.52)

V Pol
0 refers to the welfare level under the respective policy scheme that is compared

to welfare in the baseline scenario, V Base
0 . The discount parameter β refers to the

respective discount factor in the respective country and for the respective agent.

We aggregate individual welfare of borrowers and savers with Pareto weights

ωcj , where j refers to either patient households or entrepreneurs and c again to the

respective country. Total welfare is thus given by

Vt ”
2

ÿ

c“1

2
ÿ

j“1

ωcjV
c
j,t (3.53)
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where

ωcj “
Ccζ

j,t
ř2
c“1

ř2
j“1C

cζ
j,t

(3.54)

with the welfare weight ζ “ 1.21

3.6.2.2 Baseline Results

In table 3.3, we report conditional welfare expressed by the regime-specific stochas-

tic steady states. We thereby condition on the presence of a bank risk shock, where

we calibrate the size of the shock in one country to match the increase in bank risk

necessary to trigger a regime switch.22 The conditional welfare measure therefore

considers that agents account for future risks associated to bank risk shocks.

We report the relative performance of both variants of EDIS introduced in sec-

tion 3.5.2. While EDIS 1 refers to the baseline case, EDIS 2 refers to a design where

assumption 2 is relaxed, i.e. where we abolish the deductibility of EDIS contribu-

tions from contributions to the national DI. Thus, in this exercise, the respective

EDIS scenario represents V Pol
0 in equation 3.52. For the baseline V Base

0 , we choose

the scenario described in section 3.5.2 where the national government is expected

to step in once the national DI is exhausted. Besides the total relative welfare mea-

sure we report a welfare decomposition by houshold, household consumption, and

entrepreneurs.

While differences between the government backstop and the EDIS scenarios are

generally small, relative welfare gains and losses depend on the regime agents find

themselves in steady state. Whenever both economies are unconstrained - i.e. na-

tional deposit insurances are sufficient to cushion adverse effects from bank defaults

- the welfare differences between a government backstop and EDIS are close to zero

in most cases (regime 1). Agents price in future uncertainty from bank risk shocks

and the possibility to enter a regime where either national governments or EDIS has

to step in. However, the associated welfare costs from these uncertainties are almost

identical under both policy scenarios.

In contrast, whenever households live in a constrained economy (regimes 2 and

3), household welfare is higher under both EDIS variants than under government

21See Chang et al. (2018).

22We tested different shock sizes, and found that welfare effects are robust to smaller shock sizes

where regime switches are unlikely. Also, quantitative differences to results in table 3.3 only matter

for implausibly large shock sizes.
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Regime 1 Regime 2 Regime 3 Regime 4

EDIS 1 EDIS 2 EDIS 1 EDIS 2 EDIS 1 EDIS 2 EDIS 1 EDIS 2

Domestic

Households 0.00 0.01 -0.20 -0.19 0.11 0.12 -0.09 -0.09

Consumption Channel 0.01 0.01 -0.09 -0.09 0.10 0.10 0.00 0.00

Entrepreneurs 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.03

Total 0.00 0.01 -0.17 -0.17 0.10 0.10 -0.08 -0.07

Foreign

Households -0.01 -0.01 0.02 0.02 -0.49 -0.49 -0.45 -0.46

Consumption Channel 0.00 -0.01 0.02 0.02 -0.24 -0.24 -0.21 -0.21

Entrepreneurs -0.01 -0.01 0.00 0.00 0.01 0.02 0.02 0.02

Total -0.01 -0.01 0.02 0.02 -0.43 -0.44 -0.40 -0.40

Union-Wide

Households 0.00 0.00 -0.09 -0.09 -0.19 -0.19 -0.27 -0.27

Consumption Channel 0.00 0.00 -0.03 -0.03 -0.07 -0.07 -0.10 -0.10

Entrepreneurs 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.02

Total 0.00 0.00 -0.08 -0.07 -0.17 -0.17 -0.24 -0.24

Table 3.3: Welfare is measured in consumption equivalents (equation 3.52, 100ˆλw) and welfare

of borrowers and savers in each country are weighted with Pareto weights (equations 3.53 and 3.54).

Regimes are defined as in table 3.2. For Consumption Channel, we exclude the labor-related term

from the utility function 3.1. EDIS 1 refers to baseline case, EDIS 2 refers to no-deductibility

scenario of EDIS contributions from contributions to national DI.

backstops. Thereby, the welfare improvements are in part driven by the consump-

tion part of utility function 3.1. In addition, the labor component seems to play

a significant role, as only a part of the welfare improvement can be explained by

the consumption channel. Welfare differences for entrepreneurs under EDIS and the

government bailout scenarios are almost negligible.

Strikingly, on the union-wide level, the benefits of EDIS turn out to be high-

est whenever both countries are constrained (regime 4). Both domestic and foreign

households are better off in this scenario than if no European risk-sharing is provided

and only national governments backstops exist.

3.6.2.3 Welfare Effects of Alternative Contribution Schemes

As we discussed in assumption 1, the design of EDIS contributions is still an open

issue in policy negotiations. While some approaches favor risk-weighted contribu-

tions, such risk-based payments can, if applied on the sectoral level, act procyclical

and increase financial cycles. We therefore show welfare under different relative con-

tribution schemes in figure 3.3, where we choose regime 4, a state in which banks

only have to contribute into EDIS, for the comparative static analysis. While in the
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baseline model, contributions to EDIS are assumed to be risk-weighted on the coun-

try level (see assumption 1), we allow the weighting of contributions to be governed

by parameter αRW in the exercise.23 The relative contributions from equation 3.44

thus become

τEDIS,ht “ αRW τEDISt (3.55)

τEDIS,ft “ p1´ αRW qτEDISt . (3.56)

We evaluate welfare in the deterministic steady state, and compare it to the steady-

state level under the baseline calibration following the definition of consumption

equivalents in equation 3.52.24 For comparability, we fix the Pareto weights to the

values obtained under the baseline calibration, and evaluate the welfare implications

that stem from changes in the welfare components only.

In total, low levels of αRW are welfare-improving for the home economy (upper

left panel figure 3.3). For the foreign economy, the opposite holds as welfare losses

are lowest for high values of the contribution parameter. In both economies, higher

levels of EDIS contributions limit the funding capacity and increase intermedia-

tion costs of banks, such that loans and deposits decline with rising contributions in

steady state (figure 3.4). For firms, the borrowers in the economy, lower lending lim-

its their access to funding, which ultimately lowers entrepreneur consumption and

welfare (lower left panel figure 3.3). As lower lending dampens economic activity,

also households’ income and ultimately consumption decline, leading to a reduction

in household welfare if domestic contributions rise (upper right panel figure 3.3).

On the union-wide level, welfare differentials are small, even if union-wide wel-

fare gains are largest when αRW is close to zero, and contributions almost entirely

are paid by the foreign economy.25 Due to higher Pareto weights, country-wide

welfare is primarily driven by households (upper right panel figure 3.3). For en-

trepreneurs, a high value of αRW is – on the union-wide level – associated with the

23Only the division of those contributions among both countries vary in this exercise. This shall

not be confused with the complete abolition of risk-weighted contributions. EDIS contributions

are still calculated on the realized bank risk in this chapter.

24We do not rely on the stochastic steady in this exercise, as under the baseline calibration,

the risk weights are defined by the ratio of default rates (equation 3.44). Thus, the second-order

approximations of the baseline model include additional terms that make the stochastic steady

states of the baseline model not comparable with the ones according to equations 3.55 and 3.56.

25We conducted robustness checks using alternative population weights, including weightings

based on discount factors commonly used in the literature, see for instance Lambertini et al.

(2013), Rubio (2011), or Gebauer (2021). Also under these alternative schemes, union-wide welfare

differentials are negligible for different values of αRW .
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Figure 3.3: Steady-state welfare for different contribution weights determined by αRW in equa-

tions 3.55 and 3.56. Welfare expressed as consumption equivalents (equation 3.52). For Consump-

tion Channel, we exclude the labor-related term from utility function 3.1.

largest welfare gains (lower left panel figure 3.3), but again, differences are minor.

Our analysis indicates that an “excessive risk-sharing” scheme is welfare-optimal,

i.e. that union-wide welfare losses are minimized whenever risky banks pay all con-

tributions. However, welfare costs from deviating from such an extreme scheme – by

increasing safe banks’ contributions – are negligible. Thus, on the union-wide level,

a more moderate risk-sharing approach where both risky and safe banks contribute,

is almost equally beneficial.

3.6.2.4 Welfare Effects of EDIS Implementation

So far, we showed that an adequately designed EDIS already in place can stabilize

welfare in the presence of financial shocks. However, the implementation of an EDIS

fund potentially causes short-term welfare costs, as upfront payments by banks are

necessary. We evaluate the initial costs of implementing such a fund by assuming

that EDIS is only able to provide insurance once the fund has been filled up to
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Figure 3.4: Steady-state levels for different variables for different values of αRW . Deviations are

expressed as percentage deviations from steady-state levels under the baseline calibration.

the target level. We assume that fund capital is accumulated over time, as banks

contribute to EDIS each period following equation 3.44. The sensitivity of contri-

butions, χEDISτ , is chosen such that after approximately 3.5 years the targeted fund

level of EDIS is reached in the baseline scenario. Those payments are risk-weighted

as under assumption 1, with the riskier foreign banks bearing the larger share. By

assumption 2, contributions to EDIS are deductible in the baseline. We also study

a scenario where we relax assumption 2 by removing the deductibility of EDIS con-

tributions. In a third exercise, we increase the duration of EDIS implementation to

7.5 years.

In figures 3.5 and 3.6, we show the transition path during the introduction of

EDIS. If bank contributions to EDIS increase, their payments to the national deposit

insurance decline in case of deductibility (blue line). Given ongoing transfers, the

national fund levels and ultimately the share of insurance coverage decline. House-

holds anticipate the lower insurance coverage by demanding a higher risk premium

on the deposit rate, resulting in lower financial intermediation and a drop in eco-

nomic activity, together with a decline in welfare.
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Relaxing assumption 2 ensures constant national DI coverage, but at the same

time, the total transfers banks have to absorb increase (red dashed line). The

higher total costs result in initially lower bank profits and in less lending as under

deductibility, and eventually in a higher rate of bank defaults. Ultimately, real eco-

nomic activity declines to a similar degree as under the baseline scenario. While

non-deductible contributions ensure that the national DI’s capacities are on target,

the double burden due to bank contributions to both insurance schemes can desta-

bilize the financial system, with respective adverse real economic effects. However,

stress in the financial sector is relatively short-lived, such that financial and real

variables, and ultimately welfare return to their initial levels more rapidly as in

the baseline scenario. Thus, under both deductible and non-deductible contribution

schemes, an intertemporal trade-off between the mitigation of the initial adverse ef-

fects for aggregate economic and financial activity, and the duration of the downturn

exists. With deductibility, the policy maker can resolve this trade-off by smoothen-

ing out the adverse economic and financial effects over a longer horizon.

This intertemporal trade-off is accentuated when the implementation phase of

the fund is prolonged. To mitigate short-run costs, the introduction of EDIS could

be extended, such that the fund can be established with lower per-period contri-

butions (black dotted line). Figures 3.5 and 3.6 reveal that a prolonged implemen-

tation of EDIS can indeed mitigate initial costs from a temporarily lower national

DI coverage. However, as bank defaults can only partly be insured during the im-

plementation, default costs remain higher for longer. Consequently, the associated

decline in economic output and financial activity extends over a longer period. In

the home economy, the prolonged phase of economic distress ultimately yields an

equally pronounced decline and a longer recovery of social welfare compared to the

baseline. In the foreign economy, welfare losses are initially lower as in the other two

scenarios. However, as in the home country, recovery is slower when implementation

takes longer. Consequently, while a prolonged implementation phase can mitigate

short-term disruptions in financial markets, these gains are potentially confronted

with a protracted decline in economic activity.

3.7 Conclusion

This paper investigates the macroeconomic and financial effects of a European de-

posit insurance scheme. We analyze the economic effects of a reinsurance scheme in

a regime-switching open-economy DSGE model calibrated to match key euro area
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Figure 3.5: Transition path of the home economy after the introduction of EDIS in period one.

The target EDIS fund level is reached after around 3.5 years in the baseline (red and blue), and

after 7.5 years (grey line).

data moments, and discuss different forms of reinsurance.

We find that a national fiscal backstop and EDIS are able to insure almost

equally well against unanticipated increases in bank default risk. However, overall

consumption is more stabilized with EDIS in the economy where the shock occurs.

Also, debt levels remain broadly stable, while the country’s debt-to-GDP ratio rises

if a fiscal backstop has to incur deposit insurance. At the same time, the total

insurance burden for banks increases as banks are required to contribute to both

the national and the European fund, and the national fund’s recovery takes longest

with EDIS. As financial risks are shared on the European level, foreign banks also

need to contribute more to EDIS, with resulting adverse effects for lending and real

economic activity. Our results indicate that costs and benefits of EDIS are unequally

distributed between countries, households, and entrepreneurs.

Consequently, in a next step we analyze the welfare implications of a common

insurance scheme. Welfare gains from EDIS over fiscal backstop are largest in a sce-

nario where national DI funds in both economies are exhausted. On the union-wide
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Figure 3.6: Transition path of the foreign economy after the introduction of EDIS in period one.

The target EDIS fund level is reached after around 3.5 years in the baseline (red and blue), and

after 7.5 years (grey line).

level, risk-based contribution schemes deliver the largest welfare gains, support-

ing the “polluter-pays” principle underlying most policy proposals. However, such

schemes particularly benefit savers, while borrowers across the union might be better

off if the largest part of payments falls to the least risky national banking system.

We also discuss how short-term costs from installing an EDIS fund can be mit-

igated. We show that whenever the fund has to be filled from bank contributions,

the deductibility of EDIS contributions can reduce bank payments into national

systems, which temporarily lowers national DIs’ capacities. Without deductibility,

national DIs’ capacities are less affected. At the same time, double contributions in

both systems potentially lower bank margins and limit their capacities to provide

lending. Finally, longer implementation horizons can mitigate bank defaults in the

short run, as the bank burden from up-front contributions is stretched over a longer

period. However, at the same time, the economic contraction is protracted.

Our findings suggest that a European deposit reinsurance scheme can provide

welfare gains on a union-wide level, even though several trade-offs need to be con-
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sidered in policy decisions. First, while European risk-sharing can enhance macroe-

conomic and financial stability and increase welfare, overburdening banks with con-

tributions in both national and European insurance schemes can limit lending ca-

pacities. Thus, regulators need to adequately design contribution and deductibility

schemes to avoid tensions in credit markets. Second, while the long-term bene-

fits of EDIS are potentially significant, short-term costs during the implementation

phase need to be taken into account. While expanding the implementation hori-

zon can help mitigating short-run distress in financial markets, smoothing out bank

contributions into the future potentially prolongs an economic downturn. If bank

contributions are channeled towards EDIS for a longer time, deposit insurance can

be insufficient to cover depositor losses in times of distress. Thus, policy makers

need to make sure that EDIS, once introduced, is able to provide insurance instan-

taneously. Also, temporary suspensions of EDIS contributions could be considered

during times of acute distress, if EDIS payments are not (yet) available.
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Chapter 4

The Financial Accelerator, Wages,

and Optimal Monetary Policy

The effects of labor market outcomes on firms’ loan demand and on credit inter-

mediation are studied in this paper. In a first step, I investigate how wages in the

production sector affect bank net worth and the process of financial intermediation

in partial equilibrium. Second, the role of these channels are studied in general

equilibrium using a new-Keynesian DSGE-model with financial frictions and an en-

dogenous financial accelerator mechanism. Third, I investigate the transmission

mechanism of monetary policy. The analysis reveals that financial frictions reduce

the factor demand elasticity of capital to a change in wages. This finding is rele-

vant for the determination of optimal monetary policy, both for financial shocks and

supply shocks inflation stabilization imposes high welfare costs. At the same time,

stabilizing nominal wages becomes welfare improving by reducing both the volatility

of the credit spread and the output gap.

Keywords: Financial Accelerator; Monetary Policy; Nominal Rigidities; Factor

Costs.

JEL Classification: E31, E44, E52, E58.
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4.1 Introduction

The financial crisis in 2007 shows that financial intermediation itself can be a source

of endogenous risk and the cause of economic downturns. While the effects of bank-

ing frictions on the goods-producing sector received increasing attention since the

downturn, the implications of labor market outcomes on the loan demand of firms

and on the process of financial intermediation itself is not widely investigated. A

growing strand of literature attributes the phenomena of jobless recoveries observed

after the Great Recession to financial frictions or, at least, to financial shocks. Sev-

eral papers demonstrate a tight linkage between borrowing constraints, credit supply,

and wage setting (Michelacci and Quadrini, 2009; ElFayoumi, 2018). However, these

analyses focus on the implications for the firm sector, with little known about the

reverse channel, namely how wages in the production sector affect bank profits.

The question how wages, which contribute the largest share to firms’ marginal

costs, affect the net worth of banks through interactions with capital demand, re-

mains open in the literature. I study in detail the interactions between both factor

costs and the intermediation of credit from banks to goods-producing firms. Taking

these interactions into account, I investigate how perfect and imperfect labor mar-

kets in that setting affect the transmission mechanism of monetary policy. In this

way, I also contribute to the debate about the optimal implementable monetary pol-

icy rule in the presence of credit spreads and the existence of a financial accelerator.

This paper contributes to the literature by using a quantitative new-Keynesian

dynamic stochastic general equilibrium (NK-DSGE) model with financial frictions

and an endogenous financial accelerator mechanism, investigating the role of wage

setting for the intermediation of credit both in partial and general equilibrium. The

financial sector is modelled as from Gertler and Karadi (2011). To investigate how

wages affect the demand for loans and, eventually, banks’ profitability in a financial

crisis, my analysis starts by demonstrating that the existence of banking frictions

reduces the elasticity of the capital factor demand to changes in real wages. In

general, real wages - the factor costs of labor input - affect capital demand via two

channels:

First, the substitution channel under which higher real wages increase capital

demand of firms by substituting capital for labor.1 A reduction in capital input

1The analysis in the stylized partial equilibrium model mimic a sequence of contractionary

shocks lowering capital, labor, and wages, as observed during the Great Recession. See Christiano

et al. (2015) for a detailed discussion about the underlying shocks and the behavior of these



4.1. INTRODUCTION 83

translates into a lower demand for loans, contracting banks’ net worth.

Second, the scale effect channel of wages. Higher real wages increases firms’

marginal costs, ceteris paribus, reducing aggregate output and decreasing the de-

mand for both capital and labor. I demonstrate that in principle the substitution

channel could mitigate adverse effects on capital demand, loans and bank profits in

partial equilibrium. In general equilibrium, the scale effect dominates the substitu-

tion effect resulting in a decline of capital demand when real wages are relatively

higher. However, the decline in capital demand becomes smaller in presence of

banking frictions. This is because the sensitivity of the capital factor demand to

real wage changes is decreasing both under the presence of banking frictions and

when the economy is hit by financial shocks.

As a consequence of these findings, I can show that in the benchmark NK banking

model, optimal monetary policy should stabilize wage inflation even when nominal

wages are completely flexible. I do so by computing the welfare implications of im-

plementable simple monetary policy rules and the time-less Ramsey optimal policy

under commitment.

The findings for optimal monetary policy are twofold. First, inflation stabiliza-

tion implies high welfare costs after both financial shocks and supply side shocks.

A trade-off between stabilizing inflation and stabilizing credit spread volatility im-

plies that primarily focusing on inflation comes with the cost of stark financial

amplification of shocks and, eventually, high welfare costs. Second, stabilizing

nominal wage growth after a financial shock simultaneously reduces the volatility

of the credit spread and closes the output gap, even under flexible nominal wages.

Then first reason is the lower sensitivity of capital demand to real wage changes as

described above. The second reason is that relatively higher real wages result in

a rise in inflation, lowering the real rate, and eventually the credit spread. Thus,

the wage-inflation-stabilization policy mitigates the adverse effects of the financial

accelerator on output and capital demand.

The spread between borrowing rates and the risk-free rate becomes a welfare-

relevant object. This is because business cycle shocks in presence of financial frictions

cause fluctuations in the spread between borrowing rates and the risk-free rate (see

De Paoli and Paustian, 2017, amongst others). These fluctuating credit spreads

cause a misallocation of production factors.

The remainder of this paper is structured as follows. Section 4.2 gives a short

overview of the related literature. Section 4.3 introduces the partial equilibrium

variables during the Great Recession.
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banking model and illustrates how real wages impact banks’ profitability. Section

4.4 outlines the general equilibrium version of the model. In section 4.5, the bench-

mark version of the general equilibrium model is estimated. Section 4.6 presents

results regarding the effects of the nominal wage setting on loan demand and bank

net worth. In section 4.7, I comment on optimal monetary policy rule and compare

the welfare costs of a variety of policy rules. Robustness checks and the determinacy

behavior of the model are discussed in section 4.8. Section 4.9 concludes.

4.2 Related Literature

The events of the financial crisis in 2007/08 gave birth to a strand of literature that

incorporates frictions in the banking sector in dynamic stochastic general equilib-

rium models (Gertler and Kiyotaki, 2010; Gerali et al., 2010; Gertler and Karadi,

2011). The effects of banking frictions on the goods-producing sector is gaining ever

increasing attention. However, the impact of wage setting on the process of financial

intermediation is not the subject of much investigation.

After the Great Recession a strand of literature emerged that combines financial

frictions with the labor market. One goal of these papers is to explain the jobless

recovery phenomena. Hall (2011) connects household leverage, financial frictions,

and the zero lower bound to explain the long period of jobless recovery. Mian and

Sufi (2014) provide empirical evidence that a persistent decline in non-tradeable

employment after the Great Recession occurred. These two papers focus more on

financial shocks and financial frictions originating on the household side of the econ-

omy. I contribute to this literature by focusing instead on the interaction between

wages, firm capital, and banking frictions.

One paper explicitly analyzing the effects of borrowing constraints on firms’ wage

profile is Michelacci and Quadrini (2009). It shows that firms that are more borrow-

ing constrained on financial markets are characterized by lower employment levels

and pay lower wages. Jaimovich and Siu (2012) find a disappearance of routine

jobs in downturns, which suggests that routine tasks were automated by installing

additional capital. These findings imply that wage profiles and employment deci-

sions have a direct impact on loan demand and vice versa. In this paper, I connect

those findings with the literature on financial accelerators. A closely related paper is

ElFayoumi (2018). In this paper the author investigates the effects of credit expan-

sions on firms output, employment, and aggregate real wages in both an empirical

and a theoretical heterogeneous firm model. Positive credit supply shocks are found



4.3. PARTIAL EQUILIBRIUM MODEL 85

to be expansionary in output and employment but they decrease real wages and the

labor share. Yet little is known in the literature about the reverse channel, how, in

turn, wage setting affects loan demand and, eventually, the profits of banks under

imperfect financial markets. My paper fills this gap in the literature.

The second strand of literature my paper is related to is the interaction be-

tween optimal monetary policy and financial frictions. Early contributions to this

literature abstracted from either endogenous financial amplification or from spreads

in interest rates (Carlstrom and Fuerst, 2001; Ravenna and Walsh, 2006; Demirel,

2009). Although financial frictions give rise to endogenous cost-push effects – caus-

ing a trade-off between zero inflation and small output gaps – inflation stabilization

remains close to optimal in those papers. Offsetting the distortions caused by nomi-

nal price frictions is also welfare optimal in the financial frictions model of Carlstrom

et al. (2010). The benefits of deviation from complete inflation stabilization are mi-

nor, a finding also made by Fiore and Tristani (2013) and De Paoli and Paustian

(2017). Cúrdia and Woodford (2016) show that for financial shocks, price stability

remains the main target for policy makers. However, all these papers abstract ei-

ther from endogenous capital, from a banking sector or from both. De Groot and

Haas (2019) document that the nature of the credit spread changes under borrowing

frictions on endogenous capital. Instead of the cost-push effect, a demand shifting

effect prevails. My paper includes both endogenous capital and a banking sector.

In doing so, I am closely related to the strand of literature on optimal mone-

tary policy and financial intermediation that emerged since 2007/08. Gambacorta

and Signoretti (2014) investigate the monetary policy implications of a variety of

macroeconomic and financial supply side shocks in a model with frictions in the

banking sector. For supply-side shocks, they show that by responding to credit or

asset prices, central banks achieve a much better trade-off between inflation and

output gap stabilization. Aggressive regimes targeting inflation are less effective

and more welfare costly. The finding of high welfare costs of inflation stabilization

in a financial accelerator model is also made by Nisticò (2016) and Hansen (2018).

4.3 Wages and Bank Net Worth in Partial Equi-

librium

In this section, I investigate the interaction between the level of real wages and

bank profits in a simple two period partial equilibrium model of banks and goods-
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producing firms. I illustrate here the key channels of the new-Keynesian DSGE

banking models in the upcoming sections in a tractable way. I determine the capital

factor demand of firms under the existence of frictional financial intermediation.

4.3.1 A Two-Period Model

The stylized model consists of one representative bank issuing loans to the producing

sector. A representative firm combines labor and capital input to produce and sell

the final consumption good. The banking sector is a two-period version of the

financial sector in Gertler and Karadi (2011). The details of the partial equilibrium

model are summarized in C.1.1, here I comment only shortly on the broader model

specifications.

4.3.1.1 The Bank in the Partial Equilibrium

A representative bank is endowed with initial net worth N1. At the beginning of the

first period, the bank provide loans Q1S1 to a representative goods-producing firm,

where S1 is the amount of loans and Q1 is the price of capital. In order to satisfy

firm’s loan demand, the bank receives deposits D1 from deep-pocket households. In

the second and terminal period, the bank receives a return on loans Rk
2 and pays

the risk-free deposit rate R2 on its liabilities. The financial intermediary maximizes

its net present value of future net worth, given the balance sheet constraint and an

incentive constraint à la Gertler and Karadi (2011).

4.3.1.2 The Firm in the Partial Equilibrium

In period one, a representative goods-producing firm borrows from the bank to

finance its capital demand Q1K2. The price of capital bought in period one is

denoted as Q1. In the second period, the firm combines capital K2 and labor L2 to

produce the final good Y2 under imperfect competition. The firm faces a demand

constraint, with ϵ denoting the demand price elasticity. Eventually, the firm sells

the final good at price P2 and sells the depreciated capital at price Q2. The firm

takes the real rental rate Rk
2 and the real wage w2 as given.
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4.3.1.3 Partial Equilibrium

The capital demand of firms satisfy the loan supply of banks: Q1S1 “ Q1K2. The

deep-pocketed household will ensure a sufficient funding of the banking sector and

receives the risk-free rate R2. The calibration for the partial equilibrium model is

specified in detail in table C.1 of appendix C.1.

4.3.2 The Elasticity of Capital Demand

Capital demand is less elastic to real wage changes under the presence of bank-

ing frictions. In order to illustrate this finding I derive the capital factor demand

elasticity in the partial equilibrium model with banking frictions as the following:2

ηbanksK,w “

„

σ ´ ϵ

ȷ

ϵ´ 1

ϵ

L2pMPL2q

Y2pϵ´ 1q `
N1pϵ`σ

1´α
α
q

βξ2P2

, (4.1)

with σ “ FKFL

Y2FLK
denoting the Hicks-Allen elasticity of substitution between capital

and labor input3 and ϵ the demand price elasticity. The discount factor β and the

capital quality shock ξ2 increase the factor demand elasticity. The net worth of

banks N1 lowers ηbanksK,W .

In order to understand how the existence of banking frictions change the capi-

tal factor demand elasticity, one can compare equation 4.1 to its no-banking-sector

counterpart ηnobanksK,w . The elasticity in a two-factor production economy with con-

stant returns to scale was first derived by Hicks (1932) and Hicks (1961). A version

with market power under imperfect competition, can be rewritten as:

ηnobanksK,w “

„

σ ´ ϵ

ȷ

ϵ´ 1

ϵ

L2pMPL2q

Y2pϵ´ 1q
ě

„

σ ´ ϵ

ȷ

ϵ´ 1

ϵ

L2pMPL2q

Y2pϵ´ 1q `
N1pϵ`σ

1´α
α
q

βξ2P2

“ ηbanksK,w .

As a consequence, the elasticity of capital to a change in real wages becomes

smaller under the presence of a banking sector with intermediation frictions. Com-

pared to the case without financial frictions, the rise in real wages affects capital

demand by less.4 Capital factor demand rises after an fall in real wages, when the

2The derivation is available in appendix C.1.2.

3For a detailed description of the underlying production function and its derivatives FK , FL,

and FLK see appendix C.1.2.

4Capital demand has a direct effect on asset prices in general equilibrium and on the financial

accelerator mechanism. For the sake of tractability and for being able to derive the analytic results

in equation (4.1), I abstract from an endogenous accelerator mechanism in partial equilibrium.
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demand price elasticity ϵ exceeds the substitution elasticity σ. If σ ă ϵ, the scale ef-

fect dominates the substitution effect. This means the firm’s motive of substituting

capital for labor after an increase in real wages is dominated by the deterioration in

capital demand due to higher marginal costs.

In the next subsection I analyze how the substitution effect can help to mitigate

the effects of an adverse financial shock on bank profits.

4.3.3 The Role of the Substitution Effect on Bank Profits

In this section I demonstrate that the effects of an adverse financial shock on bank

profits can be less severe when real wages are at the same time relatively higher.

This is in particular the case when the substitution effect component of the capital

factor demand elasticity outweighs the scale effect.

I simulate the responses of the stylized model to a deterioration of credit

conditions by introducing a negative capital quality shock. I distinguish between two

different goods market conditions: (i) constant goods demand (zero demand price

elasticity ϵ “ 0) and flexible prices, and (ii) completely rigid prices but flexible goods

demand. This distinction is made to isolate the scale effect from the substitution

effect. The pure adverse capital quality shock under constant real wages represents

the benchmark scenario. Then I investigate under both the (i) constant output

scenario and the (ii) constant price scenario, the model reaction for bank profits,

capital demand, and labor demand, when in addition real wages increase by one

percent. One can think about this scenario as two correlated shocks affecting both

production factors.5 The goal of this exercises is to calculate the magnitude of

the factor demand elasticity, given by equation (4.1), under different scenarios by

simulation and to isolate the substitution effect. The results are summarized in

table 4.1.

4.3.4 The Substitution Effect Channel vs. the Scale Effect

The role of the substitution effect can be studied by comparing the first two columns

of table 4.1. Under the pure adverse capital quality shock scenario (I.1) capital de-

mand drops and diminishes bank profits. The firm reacts by increasing its labor

input to produce the goods to fulfill the constant world demand. By assumption,

real wages are constant in this scenario and labor demand increases. Real marginal

5Think about the wage shock as a upward shift of a horizontal labor supply curve.
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(i) Constant output (ii) Constant prices

I.1 II.1 I.2 II.2

Bank profits -2.0028 -1.8136 -3.6792 -4.6205

Real good price 1.3062 2.2347 0.0000 0.0000

Output 0.0000 0.0000 -4.6424 -7.7413

Labor input 1.3062 1.2225 -4.6242 -8.6548

Capital input -2.0028 -1.8136 -3.6792 -4.6205

Table 4.1: The table summarizes the effects of (I.x) a deterioration of capital quality by one

percent, (II.x) a deterioration of capital quality and an increase of real wages both by one percent.

In the first two columns, world demand remains constant, invariant to the price changes of the

produced good. Under the last two scenarios (I.2) and (II.2) the assumption of fixed demand is

relaxed but real good prices remain constant. All reported variables are in percentage deviation

from the benchmark calibration.

costs increase due to the higher wage bill. Thus, the firm has to raise prices to offset

the increase in marginal costs.

However, bank profits are relatively less affected, when simultaneously to the

capital quality shock real wages increase. This finding can be derived by comparing

the first two columns of the table. An increase of real wages in the second col-

umn (II.1) has the effect that labor becomes more expensive compared to capital.

Thus, capital demand rises compared to the previous scenario; as does credit and

the bank’s terminal net worth.6 The case (II.1) of constant world demand/output

isolates the firms’ substitution effect channel for capital demand, since the demand

price elasticity is zero. The observed response of capital in (II.1) can be analytically

explained by the factor demand elasticity, setting ϵ “ 0. The resulting equation de-

pends only on the substitution effect ηbanks,substitutionK,w “ σ L2pMPL2q

Y2`
N1pσ

1´α
α q

βξ2P2

, and is always

positive. Hence, the increase in labor factor costs changes the relative composition

of production factors in favor of capital.

Relative higher real wages that coincide with the financial shock can mitigate

the adverse effects on bank profits and capital demand via the pure substitution ef-

fect channel in theory. In the two-period model with no scale effects, a one percent

increase in real wages results in a ceteri paribus 0.22% higher capital demand and

bank profits. In the following I study how higher real wages in times of adverse

6Since, in this stylized model, the household side is not included, I abstract from any equilibrium

effects on the labor market. Lower labor demand here has no impact on wages. Labor supply thus

can be regarded as perfectly elastic with a horizontal supply curve.
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financial conditions affect bank profits and capital demand when both scale effect

and substitution effect are present.

The scale effect dominates when I relax the assumption of fixed output. Then a

simultaneous increase in real wages amplifies the financial deterioration. I assume

now that prices are fixed and cannot be changed, with output adjusting endoge-

nously.7 The responses to an adverse financial shock for this version of the model

are summarized in the last two columns of table 4.1.

This time, both capital and labor input fall given a negative capital quality shock

due to the drop in output (column I.2).

The scenario of a simultaneous decline in capital quality and an increase in real

wages (depicted in column II.2) amplifies both the decline in output and bank net

worth relative to the fixed output scenario in column I.2. The case of constant

prices describes a case where firms’ scale effect channel for capital demand domi-

nates the substitution channel. Firms cannot raise prices to react to the relative

higher marginal costs caused by higher labor factor costs. Hence, output and both

production factors are additionally reduced. Lower capital demand has an addi-

tional negative effect on bank profits.

In this section I demonstrated that (i) the existence of banking frictions reduces

the capital factor demand elasticity with respect to real wage changes and (ii) that

real wage increases can indeed mitigate the adverse effects of financial shocks on

bank profits when the substitution effect channel dominates the scale effect. Both

findings might be important to monetary policy makers when considering the re-

sponse to a financial crisis. The next sections investigates whether both findings (i)

and (ii) remain meaningful in general equilibrium.

4.4 The Model in General Equilibrium

This section builds on the previous partial equilibrium model. The core of the gen-

eral equilibrium model is the canonical new-Keynesian DSGE model à la Christiano

et al. (2005). As in the previous section, the financial sector is characterized by an

agency problem as in Gertler and Kiyotaki (2010) and Gertler and Karadi (2011).

The model includes households, intermediate goods-producing firms, final retailers,

capital-producing firms, and financial intermediaries. Finally, the model is closed by

7This mimics the case of completely rigid prices due to price setting frictions. In reality an

increase in prices would, ceteris paribus , depress demand for goods. For simplicity and tractability

I did not want to endogenize both prices and output level in this stylized model.
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a government sector and monetary policy rule. I comment shortly on the interaction

between the different agents, before going into more detail in each subsection.

Workers of monopolistic households possess market power by supplying differ-

entiated labor types that allow for some degree of wage stickiness. Aggregate hours

eventually are sold to perfectly competitive intermediate goods-producing firms.

The intermediate firms combine labor and capital to produce intermediate goods.

Capital must be bought from competitive capital producing firms. Intermediate

goods-producing firms finance their complete capital demand by issuing claims to

get loans from financial intermediaries.

Banks receive funds from saving households and lend to firms. However, in-

termediation is affected by banking frictions. These frictions are introduced by an

agency problem between households and banks. Bankers can divert a certain frac-

tion of assets, transfer the revenue to their own households, and shut down the bank.

Eventually, monopolistic retailers sell the final good with a mark-up over competi-

tive marginal costs to households. Both nominal wages and the prices of final goods

are not flexible. Thou, for the first set of results I assume flexible nominal wages

in section 4.6. The central bank provides conventional monetary policy following a

Taylor rule.

4.4.1 Households

There exists a continuum of identical households of measure one. Each household

is divided into two types of individuals. A fraction p1 ´ fq of each household are

workers supplying differentiated labor hours of type l to non-financial firms. Workers

receive a nominal wage that is then shared within their households. Another fraction

f of each household are bankers, responsible for the intermediation of funds to firms.

Each household supplies a number of hours Ltplq and sets the nominal wage Wtplq

in favor of its affiliated members. Ltplq is the sum of all labor hours supplied by

identical workers within this specific household. Differentiated labor hours are not

perfectly substitutable and, therefore, households have a degree of market power

when setting their wages. As in Erceg et al. (2000), aggregate employment can be

written by the following Dixit-Stiglitz expression

Lt “

ˆ
ż 1

0

Ltplq
1´ 1

ϵw dl

˙
ϵw

ϵw´1

, (4.2)

where ϵw represents the elasticity of substitution between different kinds of labor.

Ltplq denotes the supplied labor of each type l. Aggregate labor Lt equals the
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aggregated firms’ labor demand.

Aggregator’s demand for each type of labor l is given by the following constraint

Ltplq “

ˆ

Wtplq

Wt

˙´ϵw

Lt., (4.3)

and the wage index

Wt “

ˆ
ż 1

0

Wtplq
1´ϵwdl

˙
1

1´ϵw

, (4.4)

is defined as the average over all individual wage levels Wtplq. Given the labor

market structure from above, households will maximize their utility

max
tCtplq,Dt`1plq,Wtplqu

Et

8
ÿ

i“0

βiζct`i

„

lnpCt`iplq ´ hCt`i´1plqq ´
χ

1` φ
L1`φ
t`i plq

ȷ

, (4.5)

such that their budget constraint

PtCtplq `D
n
t`1plq “ WtplqLtplq ` PtΠ

Rev
t plq ` PtTtplq ` RtΠtDtplq

n, (4.6)

labor demand and the wage setting constraint

Lt`iplq “

ˆ

Wt`iplq

Wt`i

˙´ϵw

Lt`i (4.7)

Wt`iplq “

$

&

%

W ˚
t`i with probability p1´ γwq

Wt`i´1plqΠ
γind,w

t`i with probability γw
(4.8)

are fulfilled. The parameter β P p0, 1q is the household’s discount rate, χ ą 0 denotes

disutility from working and the parameter φ ą 0 is the inverse Frisch elasticity of

labor supply. Shocks to the time preference of households are denoted by ζct and

follow an auto-regressive process of order one. Wtplq is the nominal wage paid

for labor hours of type l. The average price level in the economy is given by Pt.

ΠRev
t plq is the share of real profits households earn by owning financial intermediaries

and non-financial firms net the start-up transfer households pay to newly founded

banks. Tt are lump-sum taxes in real terms paid to the government. Every period,

households can save by supplying deposits Dn
t`1plq to banks, which will pay out the

gross nominal interest rate Rt`1Πt`1 in the next period. Πt “ Pt{Pt´1 being the

gross inflation rate. The timing notation denotes the period in which the contract

is paying off.

The consumption Euler equation is then given by:

βEttΛt,t`1Rt`1u “ 1, (4.9)
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where Λt,t`1 “ ϱt`1{ϱt is the marginal rate of substitution between current

consumption and consumption in the next period. Marginal utility of consumption

is defined as:

ϱt “
ζct

Ct ´ hCt´1
´ hβEt

ˆ

ζct`1
Ct`1 ´ hCt

˙

. (4.10)

Staggered wage setting is introduced by following Erceg et al. (2000) using a

Calvo (1983) mechanism. Each period, only a fraction 1 ´ γw can readjust their

nominal wages, the other fraction index their wages to the inflation level. Households

set nominal wages such that households’ expected utility (4.5) is maximized subject

to households’ budget constraint (4.6) and labor demand (4.3). The optimal wage

fulfills the following first order condition:

Et

8
ÿ

i“0

βiζct`iγ
i
wLt`iplqϱt`i

„

W ˚
t

Pt`i

i
ź

k“1

Π
γind,w

t`k´1 ´
ϵw

ϵw ´ 1
MRSt`i

ȷ

“ 0, (4.11)

where MRSt`i is the household’s marginal substitution between consumption and

labor, γind,w is the wage indexation parameter and labor, and ϵw{pϵw ´ 1q denoting

a constant mark-up. Equation (4.4) yields the following definition of real wages:

w1´ϵw
t “ p1´ γwq

ˆ

w˚t

˙1´ϵw

` γw

ˆ

wt´1Π
γind,w´1
t

˙1´ϵw

. (4.12)

Real wages depend directly on the responses of both inflation and nominal wage

inflation in the following way

wt “
ΠW
t

Πt

wt´1. (4.13)

Wage dispersion is measured by the following expression:

∆W
t “ p1´ γwqw̃t

´ϵ
` γw

ˆ

Π
γind,w

t

ΠW
t

˙´ϵw

∆W
t´1. (4.14)

4.4.2 Financial Intermediaries

In this subsection, the partial equilibrium banking model is translated into the

general equilibrium model. As in Gertler and Kiyotaki (2010) and Gertler and

Karadi (2011), banks act as financial intermediaries, providing corporate loans by

receiving deposits from saving households. Banks make profits based on the expected

difference between the lending rate and the deposit rate. An agency problem between
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savers and banks introduces a counter-cyclical credit spread.

Again, banks’ lending to non-financial firms, QtSj,t, is financed by their net worth

Nj,t and the deposits received from households Dj,t. The balance sheet of financial

intermediaries can be written as

QtSj,t “ Nj,t `Dj,t`1. (4.15)

Qt denotes the relative price of the banks’ assets.8 As before in the partial equilib-

rium, bankers’ net worth follows a law of motion

Nj,t`1 “ pR
k
t`1 ´Rt`1qQtSj,t `Rt`1Nj,t, (4.16)

with Rk
t`1 ´ Rt`1 being the credit spread between corporate loan rate and deposit

rate. No financial intermediary would finance assets yielding negative earnings.

Hence the following inequality for discounted return on assets must hold

Etβ
iΛt,t`1`ipR

k
t`1`i ´Rt`1`iq ě 0 , i ě 0. (4.17)

The agency problem in the general equilibrium model is given by

Vj,t ě λQtSj,t.. (4.18)

Each period, a banker can divert a constant fraction λ of assets QtSj,t to transfer

the profits back to her own household. The bank operates as long as the expected

terminal wealth is larger than, or equal to, the divertible share. The corresponding

financial intermediary managed by this banker goes bankrupt and households recover

only the fraction 1 ´ λ of banks’ assets. Thus, households will limit the supply

of deposits and, in turn, banks’ funds are constrained. Financial intermediaries

maximize then their terminal expected wealth

Vjt “ maxEt

8
ÿ

i“0

p1´ θqθiβiΛt,t`1`iNj,t`1`i, (4.19)

such that the balance sheet constraint (4.15), the law of motion of net worth (4.16),

and the incentive constraint (4.18) are fulfilled, whereas θ is the probability that a

banker can continue her work. In each period bankers quit with a constant proba-

bility 1´ θ to ensure that the balance sheet constraint always binds.

Following Gertler and Kiyotaki (2010), I guess and verify a linear value function

in assets and net worth

Vj,t “ νtQtSj,t ` ηtNj,t. (4.20)

8In this model, the terms assets and loans are mutually interchangeable. As in Gertler and

Karadi (2011), corporate loans act simultaneously as assets on banks’ balance sheets.
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The maximization problem provides the following solution:

QtSt “ ϕtNt, (4.21)

with ϕt “ ηt{pλ´ νtq denoting the leverage ratio of banks. Further, it provides the

recursive solution for the coefficients of the value function

νt “ Etrp1´ θqβΛt,t`1pR
k
t`1 ´Rt`1q ` βΛt,t`1θxt,t`1νt`1s (4.22)

ηt “ Etrp1´ θq ` βΛt,t`1θzt,t`1ηt`1s (4.23)

where zt,t`1 is the growth rate in wealth and xt,t`1 is the growth rate in assets. Both

are given by these two expression

zt,t`1 “
Nj,t`1

Nj,t

“ pRk
t`1 ´Rt`1qϕt `Rt`1 (4.24)

xt,t`1 “
Qt`1Sj,t`2
QtSj,t`1

“
ϕt`1
ϕt

Nj,t`1

Nj,t

“
ϕt`1
ϕt

zt,t`1. (4.25)

Therefore, neither the growth rate of assets xt,t`1 nor the growth rate of net worth

zt,t`1 depends on firm-specific factors. As one can see, equation (A.1) of the two

periods partial equilibrium model is a special case of the more general equation

(4.21). Aggregate net wealth is the sum of wealth of existing financial intermediaries

and newly founded banks

Nt “ Net `Nnt. (4.26)

The aggregate net worth of existing banks follows the law of motion from equation

(4.16), which can be written as

Net “ θrpRk
t ´Rtqϕt´1 `RtsNt´1. (4.27)

Each period, households obtain a total of p1 ´ θqQtSt´1 from dissolved financial

intermediaries. A fraction ω{p1 ´ θq will be used to provide start-up funds to new

bankers. Net worth of new banks is thus given by

Nnt “ ωQtSt´1. (4.28)

The equations (4.21)-(4.28) describe the aggregate financial sector.

4.4.3 Intermediate Goods-Producing Firms

Perfectly competitive firms produce intermediate goods by using labor hours Lt and

capital Kt. Production is specified by a Cobb-Douglas function

Yt “ AtpξtKtq
αL1´α

t . (4.29)
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The level of technology At and the quality of capital ξt both follow an auto-regressive

process of order one. The produced intermediate goods are sold to final retailers for

the relative price Pm
t . Intermediate firms are paying the real wage wt for labor hours

and acquire capital from capital producers. It takes one period until new capital

becomes active. After production, at the end of each period, intermediate firms can

sell depreciated capital at price Qt and acquire new capital Kt`1. New capital is

financed by funds from financial intermediaries. Non-financial firms issue claims St

with price Qt such that the value of capital QtKt`1 equals the value of claims QtSt

QtKt`1 “ QtSt. (4.30)

The resulting first order conditions are defined in the following. Labor demand in

the economy is described by

p1´ αq
Yt
Lt
“

wt
Pm
t

. (4.31)

The second equation is derived by the optimal choice of capital, given as

Rk
t`1 “

ξt`1pP
m
t`1α

Yt`1

ξt`1Kt`1
`Qt`1 ´ δq

Qt

. (4.32)

This equation defines the return financial intermediaries earn by financing capital

acquirement. The depreciation rate of capital, δ, is constant.

4.4.4 Capital Producing Firms

Competitive capital producers, owned by households, create new capital and repair

depreciated capital bought from the intermediate goods-producers. Net investment

Int is defined as the difference between gross investment It and depreciated capital

δξtKt,

Int “ It ´ δξtKt. (4.33)

By choosing net investment Int, firms maximize their profits

max
Int

Et

8
ÿ

τ“t

βT´tΛt,τ

"

pQτ ´ 1qInτ ´ f

ˆ

Inτ ` Iss
Inτ´1 ` Iss

˙

pInτ ` Issq

*

. (4.34)

The steady state value of gross investment is given by Iss. fp¨q denotes the func-

tional form of investment adjustment costs. Following Christiano et al. (2005) the

functional form is given by

ηi
2

ˆ

It ´ δξtKt ` Iss
Int´1 ` Iss

´ 1

˙2

, (4.35)
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with ηi measuring the inverse elasticity of net investments to changes in the price of

capital. The first order condition defines the price of capital as follows

Qt “ 1` ftp¨q ` f 1tp¨q
Int ` ISS
Int´1 ` ISS

´ βEt

"

Λt,t`1f
1
t`1p¨q

ˆ

Int`1 ` ISS
Int ` ISS

˙2*

. (4.36)

4.4.5 Retail Firms

Retail firms combine the intermediate goods Yft and sell the final goods to con-

sumers. Price setting for final goods is similar to the wage setting framework de-

scribed before. Final output is given by the Dixit-Stiglitz aggregator

Yt “

ˆ
ż 1

0

Y
ϵ´1
ϵ

ft df

˙
ϵ

ϵ´1

. (4.37)

The elasticity of substitution between two differentiated goods is expressed by the

parameter ϵ. Through consumers’ cost minimization of purchasing a certain con-

sumption bundle, Ct, the aggregate price level is defined as

Pt “

ˆ
ż 1

0

P 1´ϵ
ft df

˙
1

1´ϵ

. (4.38)

The demand for goods of firm f can be written as the following demand constraint

Yft “

ˆ

Pft
Pt

˙´ϵ

Yt. (4.39)

Again nominal price stickiness is introduced by a Calvo mechanism. Every period

a fraction γp of firms must keep their prices constant. Firms that do not change

prices will index their prices to lagged inflation. Retail firms are maximizing lifetime

discounted expected profit according to the following optimization problem

max
P˚t

Et

8
ÿ

i“0

γipβ
iΛt,t`i

„

P ˚t
Pt`i

i
ź

k“1

p1` πt`k´1q
γind,p ´ Pm

t`i

ȷ

Yft`i, (4.40)

such that the demand constraint is fulfilled. P ˚t is the newly set optimal price.

Inflation occurs because a fraction 1 ´ γp of firms readjust their prices inducing Π˚t

inflation and the other fraction of firms γp keep their prices indexed to inflation.

Again, one can derive the price dispersion term as

∆P
t “ p1´ γpqp̃

˚
t

´ϵ
` γp

ˆ

Π
γind,p

t

Πt

˙´ϵ

∆P
t´1. (4.41)
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4.4.6 Economy-Wide Resource Constraint and Government

Policy

The economy is modeled as a closed economy including capital and adjustment

costs in investments. Aggregate output Yt consists of aggregate consumption Ct,

investments for new capital It, the adjustment costs of investments and government

expenditures Gt, where the output level is corrected by the price dispersion ∆p
t , and

wage dispersion ∆w
t terms

Yt “ ∆p
t∆

w
t

ˆ

Ct ` It ` f

ˆ

In,t ` ISS
In,t´1 ` ISS

˙

pIn,t ´ ISSq `Gt

˙

. (4.42)

Government expenditures Gt are described by an auto-regressive process. In equi-

librium, the Fisher equation for nominal interest rate it has to hold

it “ EtrRt`1Πt`1s. (4.43)

The central bank’s nominal interest rate rule is given by the following Taylor rule

stabilizing price inflation, wage inflation, and output gap.9

it “

„

īΠκπ
t pΠ

W
t q

κπw

ˆ

Yt
Y ˚t

˙κyȷ1´ρ

iρt´1ϵm,t. (4.44)

ī is the steady state level of the nominal interest rate. The price inflation coefficient

of the Taylor rule is defined as κπ and the coefficient on wage inflation is given

by κπw . κy is the coefficient of stabilizing output gap. Interest rate smoothing is

governed by parameter ρ. The output gap is defined as the difference to the level of

output in absence of nominal frictions.

4.4.7 Measure of Welfare

The policy maker’s objective function is given by the lifetime utility of households

Wt “ Et

8
ÿ

i“0

βi
„

lnpCt`i ´ hCt`i´1q ´
χ

1` φ
L1`φ
t`i

ȷ

.

I calculate the welfare effects of different monetary policy regimes by using a second-

order Taylor approximation. The relative welfare costs of implementing a certain

9Later I test the robustness of the welfare effects of monetary policy by including additional

financial variables. Faia and Monacelli (2007) augment an otherwise standard Taylor rule with

a response to asset prices and demonstrate that such an augmentation fails to replicate optimal

monetary policy. However, they solely focus on technology shocks.



4.5. EMPIRICAL VALIDATION 99

policy is evaluating by the conditional expected lifetime utility at period zero, fol-

lowing Schmitt-Grohé and Uribe (2007). For all policies the economy starts at the

same deterministic steady state. The welfare comparison accounts for the transition

from the identical deterministic steady state to the policy specific stochastic steady

state. Defining the conditional expected lifetime utility of reference policy r, the

time-less Ramsey-optimal policy under commitment, by

Wr
0 “ E0

8
ÿ

t“0

βtUpCr
t , L

r
t q

and lifetime utility of a second policy a by

Wa
0 “ E0

8
ÿ

t“0

βtUpCa
t , L

a
t q.

One can now measure the welfare costs of policy a’s implementation by the fraction of

regime r’s consumption a household gives up to be equally well off. Thus, regime a’s

conditional welfare can be expressed in terms of the contingent plans for consumption

and labor hours under the reference policy

Wb
0 “ E0

8
ÿ

t“0

βtUpp1´ λwcqC
r
t , L

r
t q,

where λwc denotes the welfare costs of adopting policy a instead of policy r.

Using the definition of the utility function and rearranging the expression above

provides us with a relative measure for welfare costs in percentage points

λwc ˚ 100 “p1´ expppWa
0 ´Wr

0qp1´ βqqq ˚ 100. (4.45)

As the reference point I compute the Ramsey-optimal policy under commitment

in the constrained model economy, that maximizes households’ expected lifetime

utility. The Ramsey-optimal policy is computed from a timeless perspective.

4.5 Empirical Validation

In the model one period is set to one quarter of a year. The calibration of this

model is empirically validated by following the approach of Mendicino et al. (2018).

In their paper they calibrate the model parameters to match first and second data

moments.

The calibration of the model parameters is done in two steps. First, the set
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of parameters is split into different groups. The parameters that affect the deter-

ministic steady state ΘSS and the parameters that do not affect the deterministic

steady state ΘNSS. The first group of parameters are calibrated by minimizing a

loss function with equal weights on the distance between first data moments and

model implied first moments (steady state values). Second, I add the remaining

parameters ΘNSS to the estimation and repeat the exercise, this time using second

order moments. Again, the parameters are found by minimizing the distance be-

tween model implied second moments and the data moments.

Within step one, one parameter has a direct data equivalent, the share of gov-

ernment expenditure gss and, thus, is directly set to its corresponding empirical

value.

4.5.1 Data Series

The model is validated using macro data series for the United States, starting from

1985Q1 until 2018Q4. Therefore, I explicitly take both the Great Moderation and

the Great Recession into account.10 All data moments are in real terms and per

capita. Nominal time series are deflated by using a GDP deflator with index year

2012. In order to compute per capita series, each series is divided by total employ-

ment. Second moments are based on the growth rates of per capita variables. All

data series are acquired from FRED, Federal Reserve Bank of St. Louis. A more

detailed description of the data series is in appendix C.2.

4.5.2 Empirical Determination of Model Parameters

A few parameters were first preset to common values from the literature. The

preset values of these parameters are found in table C.2 in the appendix. These are

the capital share, the households’ discount rate, and the capital depreciation rate.

Disutility from labor is assumed to be equal to one. The Taylor rule parameters

are set to the same values as in Gertler and Karadi (2011). Later I vary the policy

parameters when analyzing the welfare effects of monetary policy.

10As a robustness check I cut the sample, using only the last 20 years, starting from 1999Q1.

The results of the first moments matching barely differ. The only difference is a slightly higher

inverse Frisch labor elasticicy φ and a slightly higher intertemporal labor elasticity ϵw.
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4.5.2.1 First Moments Matching

The first moments matched are summarized in table B.2. The targeted data mo-

ments are well matched with a total difference of 0.514 between model implied steady

state values and the empirical values. The model fits especially well consumption,

real wages, and investment. The banking related moments bank leverage, credit

spread, and return on equity deviate from their targets to some degree.

The targets above were compared with alternative targets including bank net

worth and loans to non-financial corporations to ensure the parameters provide the

best possible fit to the data. For the alternative targets, the total distance was

significantly higher. One reason is that the model cannot simultaneously match

leverage and loan data. Since firm loans are the only asset in the model, banks in

the model must issue an amount of loans relative to output that is far above the data

target given a reasonably level of leverage. Including net worth does not improve

the fit either. The level of leverage needed to fit net worth over output would be

unreasonable high.11 The same mechanism explains why the financial moments in

table B.2 are not perfectly matched. Return on equity and the credit spread can

both perfectly matched for a lower level of leverage, e.g. by using firm leverage as

the new target (with a value of about 3.9).12 However, this has two drawbacks.

First, the implied share of divertable funds must be about 55%; thus relatively high.

Second, a leverage of four would imply a level of equity capital of 25%, which would

be way above any discussed bank capital requirement levels. I regard the reported

calibration below as a middle ground for the model.

After calibrating those parameters that affect the steady state by matching first

moments, I continue with a second step that matches both first and second mo-

ments. Again I calibrate those parameters that affect the steady state, but this

time together with the parameters of the shock process. 13

11A leverage level of about 20 would be needed. Furthermore the model reaches regions of

indeterminacy for such high values.

12Gertler and Karadi (2011) use for their own calibration a leverage of 4 as a reference point.

13This two-step approach guarantees better convergence to the global minimum distance .
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Description Moment Model Data

First moments

Consumption / GDP C
Y

0.6499 0.6732

Business investment / GDP I
Y

0.1312 0.1322

Real wage / GDP w
Y

0.4529 0.4529

Bank leverage ϕ 5.2379 7.6313

Return on equity p1` pRk ´Rq ˆ 400qϕ 13.2991 9.1281

Credit spread Rk ´R 0.0038 0.0050

Government expenditure / GDP G
Y

0.2189 0.2189

Distance first moments: 0.5140

Second moments

Consumption / GDP σpCq
σpY q

0.8324 0.9059

Investment / GDP σpIq
σpY q

3.8602 6.2745

Hours / GDP σpLq
σpY q

1.6382 0.8772

Wage inflation / GDP σpΠW q

σpY q
57.1549 150.0779

Leverage / GDP σpϕq
σpY q

4.2407 2.7685

Government expenditure / GDP σpGq
σpY q

2.0180 1.3939

Credit spread / GDP σpRk´Rq
σpY q

76.2134 66.2511

Bank net worth / GDP σpNq
σpY q

5.3162 2.9774

NFC loans / GDP σpSq
σpY q

1.9442 3.7007

Inflation σpΠq 127.1347 156.6106

Policy rate σpiq 64.4629 270.6144

Consumption / GDP CorrpC, Y q 0.6030 0.7384

Investment / GDP CorrpI, Y q 0.7695 0.6436

Hours / GDP CorrpL, Y q 0.3865 0.7437

Wage inflation / GDP CorrpΠW , Y q 0.0534 -0.0338

Leverage / GDP Corrpϕ, Y q -0.0581 -0.0672

Government expenditure / GDP CorrpG, Y q 0.6430 0.2909

Credit spread / GDP CorrpRk ´R, Y q -0.2755 -0.1599

Bank net worth / GDP CorrpN, Y q 0.1023 0.0311

NFC loans / GDP CorrpS, Y q 0.0494 0.0457

Inflation CorrpΠ, Y q -0.0098 0.0178

Policy rate Corrpi, Y q -0.2564 -0.0105

Total distance: 21.7907

Table 4.2: Targeted First and Second Moments.
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4.5.2.2 Second Moments Matching

The remaining rows in table B.2 report the matched second moments. The

model gets most of the correlations between gross domestic product and the other

macro and financial aggregates right. Exceptions are the correlation between

hours and GDP as well as government expenditure and GDP. The model assumes

weaker pro-cyclical hours worked and a stronger co-movement between government

expenditures and GDP than observed in the data.

Inflation, wage inflation, and policy rates are all more volatile in the data. This

explains the non-zero total distance measure within the minimization routine.

The values of the calibrated parameters are reported in table 4.3. The credit

spread, return on equity, and leverage can be matched by varying the three financial

parameters. The parameter of the investment adjustment costs ηi helps to pin down

investment to GDP. Habits, the inverse Frisch labor elasticity, and the different

elasticities of substitutions can determine the consumption to GDP and the real

wages to GDP ratios. The estimated probability that a banker will not exit the

financial intermediary is given by θ “ 0.9585. Thus, with a probability of about

4%, each period a bank will shut down and transfer the fraction p1 ´ θqQtSt´1

of intermediated assets back to the households. The revenue is then used by

households to give a start-up fund, represented by the fraction ω{p1 ´ θq, to

newly entering banks, with ω “ 0.0024. The value of λ of 0.361 implies that, in

equilibrium, bankers can divert 36.1% of their assets. The inverse Frisch labor

elasticity is, with a value of 5.17, still within the range of estimated values from the

literature. The elasticity of substitution between different kinds of goods and the

elasticity of substitution between types of labor are around a value of 2.63 and 10.35.

4.6 The Credit Spread and Wages

In this section I investigate the interaction between wage setting, good-producing

firms’ factor demand, and bank profitability in the general equilibrium model with a

financial accelerator. For the first part of the analysis, I assume that nominal wages

are flexible for the time being.

In the textbook new-Keynesian DSGE model with sticky prices, flexible nominal

wages, and a frictionless financial market the central banks should only target infla-

tion to automatically close the output gap (Erceg et al., 2000; Gaĺı, 2008). Nominal
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Description Value Description Value

Direct match

Gov. expenditure to GDP gss 0.2189

First and second moments distance minimization

Elast. of substitution ϵ 1.6141 Transfer to new bankers ω 0.0024

Adjustment costs parameter ηi 5.5094 Survival rate bankers θ 0.9585

Habits h 0.5296 Intratemp. elast. of labor ϵw 1.1018

Share of divertable assets λ 0.3612 Inverse Frisch elasticity φ 5.1255

Shocks

Std. dev. technology σa 0.8905 Std. dev. price markup σµp 0.5181

Std. dev. preference σc 0.5128 Std. dev. wage markup σµw 0.5001

Std. dev. inv. elasticity σχ 0.4078 Std. dev. wealth σw 0.1967

Std. dev. gov. expenditure σg 0.2455 Std. dev. monetary policy σm 0.0337

Std. dev. capital quality σk 0.0193 Persist. capital quality ρk 0.2956

Persist. technology ρa 0.8302 Persist. price markup ρµp 0.4973

Persist. preference ρc 0.5078 Persist. wage markup ρµw 0.4940

Persist. inv. elasticity ρχ 0.8137 Persist. wealth ρw 0.7024

Persist. gov. expenditure ρg 0.9884

Table 4.3: Parameters calibrated by matching first and second moments.

wages should be able to freely move, such that real wages can sufficiently adjust to

their natural level. One would expect, that good-producing firms also benefit from

falling nominal wages after a contractionary financial shock when banking frictions

and sticky prices exist but nominal wages are flexible. In this line of argument, a

natural real wage level and a central bank that stabilizes inflation eventually brings

output closer to its natural level by having simultaneously a positive impact on loan

demand.14 Any policy that prevents nominal wages from sufficiently falling, would

imply some output costs. This is in line with the results from the two-period model

in section 4.3.2 when the scale effect dominates.

The results in section 4.3.2 however also suggest that (i) the factor demand elas-

ticity of capital with respect to real wages becomes more inelastic in presence of

financial frictions and (ii) the substitution effect channel given relatively higher real

14However, in this model with financial frictions and endogenous capital accumulation, monetary

policy also induces endogenous cost push effects, the so called cost channel of monetary policy, as

elaborated by e.g. Demirel (2009), that reduces the effectiveness of inflation targeting.
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wages can help to mitigate the adverse effects of a financial shock on the banking

sector. In order to investigate the role of nominal wage growth in the fully-fledged

NK banking model I compare three different scenarios.

I define a scenario (A) under which a central bank follows a Taylor rule stabiliz-

ing only inflation with κπ “ 1.75 and a scenario (B) under which a central bank only

stabilizes wage inflation and no other variable, with κπw “ 1.75. In principle the

outcome either can be that inflation targeting is less welfare costly because goods

prices and not nominal wages are affected by nominal frictions or the wage inflation

regime yields higher welfare benefits. If the latter is true, the reason for wage infla-

tion being more welfare beneficial should be related to a smaller financial accelerator

effect under scenario (B). Nominal wages itself are not affected by nominal frictions

and do not introduce an additional source of inefficiency. In scenario (C) I shut

down the direct effects of the wage-inflation targeting on the financial accelerator

by introducing wage inflation stabilization as in scenario B but holding the price of

assets at the imposed levels of scenario A. As in the partial equilibrium case earlier,

I only consider a one standard deviation capital quality shock, which resembles a

financial credit supply shock.

Table 4.4 summarizes the results for all three scenarios in terms of volatility

of output, consumption, price of assets, and labor. The last row is a measure for

unconditional welfare costs in consumption equivalences. See section and equation

(4.45) for details on welfare computation.

Figure 4.1 summarizes visually the three scenarios by plotting the the impulse

responses of output, welfare, and price of capital given flexible nominal wages.

Wage inflation target - scenario B - performs better in terms of stabilizing all

reported variables and yields higher welfare compared to scenario A. Although nom-

inal wages are flexible, there exist some benefits of stabilizing wages. The beneficial

effects of wage stabilization vanish however when I keep the price of capital at the

inflation-targeting level of scenario A. This result is depicted in scenario C and

demonstrated that wage inflation is welfare beneficial because the policy mitigates

the effects of the financial accelerator mechanism since the price of capital is less

depressed.

My findings do not contradict conventional wisdom of the new-Keynesian DSGE

literature that finds significant welfare costs of wage-inflation targeting regimes when

nominal wages itself are flexible. Instead, I can confirm that wage stabilization de-

presses firms output and welfare more than inflation targeting, once the beneficial

effects of stabilized nominal wages on the price of capital are shut down. When
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Scenario A Scenario B Scenario C

σpY q 0.0053 0.0049 0.0053

σpCq 0.0043 0.0042 0.0050

σpQq 0.0023 0.0014 0.0023

σpLq 0.00020 0.00015 0.00022

λwc 0.0028 - 0.0032

Table 4.4: The table summarizes the volatility in output, consumption, price of capital, labor,

and welfare costs in consumption equivalence relative to scenario B, given a negative standard

deviation capital quality shock under sticky prices but flexible nominal wages. Under scenario

(A) a central bank follows a Taylor rule stabilizing only inflation, under scenario (B) a central

bank stabilizes wage inflation only. The scenario (C) isolates the scale effect of nominal wages, by

stabilizing wage inflation as in (B) but holding the price of assets at the imposed levels of scenario

(A).

the price of capital is the same across the inflation targeting regime and the wage-

inflation targeting regime, then monetary policy makers are better off by targeting

inflation.

The welfare beneficial effects of wage-inflation targeting under flexible nominal

wages depends on the financial accelerator channel. This becomes clear when one

compares the results in the partial equilibrium without financial accelerator in sec-

tion 4.3.2. In partial equilibrium without the financial accelerator, the scale effect

dominates when real wages are higher in relative terms causing an amplification

of the financial crisis. As I explore in the next section, the wage-inflation target-

ing regime still yields higher welfare values even when the inflation coefficient in the

Taylor rule, κπ, is increased to a complete inflation-stabilization regime (e.g. a value

of κπ “ 50). Both findings together suggests that the existence of a financial ac-

celerator causes inflation targeting regimes to be less effective and in turn increases

the welfare benefits of wage-inflation targeting.

In this section I show that wage-inflation provides higher welfare benefits than

inflation targeting under banking frictions and even when nominal wages are flexible.

This finding is related to the existence of the financial accelerator. As derived in the

partial equilibrium model, banking frictions lower the capital factor demand elastic-

ity to changes in the real wage. For the given calibration and under a Cobb-Douglas

production function the scale effect dominates the substitution effect. Hence, higher

real wages thus reduces capital demand relatively less but simultaneously increase

the real marginal costs. Higher marginal costs translate in higher inflation, lower
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Figure 4.1: Impulse responses to a negative one standard deviation shock to the quality of capital

under sticky prices but flexible wages. Under scenario (A), a central bank follows a Taylor rule

stabilizing only inflation, while under scenario (B), a central bank only stabilizes wage inflation.

Scenario (C) isolates the scale effect of nominal wages, by stabilizing wage inflation as in (B) but

holding the price of assets at the imposed levels of scenario (A).

real rates, and eventually in lower credit spreads. The robustness exercises in section

4.8.1 visualize that the higher welfare effects of wage-inflation targeting even hold

when the central bank completely stabilizes inflation.

The welfare beneficial effects of wage-inflation targeting even when nominal

wages are completely flexible raise the question what type of monetary policy is

welfare optimal in the new-Keynesian DSGE banking model. Thus, in the next

section I focus on optimal monetary policy.

4.7 Optimal Monetary Policy

In this section I compute the Ramsey-optimal monetary policy for an adverse capital

quality shock under commitment and demonstrate that a simple implementable rule

that focuses primarily on wage inflation comes close to the Ramsey-optimal policy

in terms of welfare. This result is independent from the existence of nominal wage

rigidities.

Note that the capital quality shock is special in two aspects. First, it resembles

a productivity shock on the capital input, combined with a financial component by

hitting directly the asset side of banks’ balance sheets. Second, the capital quality
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shock directly changes the factor demand elasticities as pointed out by equation

(4.1).

In order to explain these results I can show that the trade-off between output

gap and nominal wage inflation stabilization is small. This is because wage-inflation

targeting mitigates the rise in the credit spread and moderates the adverse effects

of the financial accelerator.

The subsequent analysis further demonstrates that inflation stabilization implies

significant welfare costs. The findings are derived by comparing a set of imple-

mentable simple rules in the following subsection.

4.7.1 Optimal Implementable Simple Rules

The coefficients of the optimal-implementable simple rules are found by running

a constrained optimization routine on the parameter space of policy parameters.

The parameter vector yielding the highest conditional welfare is the one I denote

as optimal simple rule. The search is constrained by a lower bound of zero for all

parameters, except for inflation with a lower bound of one.15 Values for the weights

on price inflation, wage inflation, and output gap are constrained by an upper

bound of 50. For the interest rate indexation parameter, the search is bounded be-

tween zero and one. The simple monetary policy rule is defined by equation (4.44) as

it “

„

īΠκπ
t pΠ

W
t q

κπw

ˆ

Yt
Y ˚t

˙κyȷ1´ρ

iρt´1ϵm,t.

The following findings for the capital quality shock are in line with the previous

section: The optimal simple rule puts high weight on wage-inflation targeting even

when nominal wages are flexible.16 When nominal wages are sticky the importance

of wage-inflation targeting is even more pronounced. Although wage-inflation tar-

geting is most relevant for financial shocks, the coefficient of κπW is also significantly

different from zero for all other types of considered shocks.

The findings in this section confirm the increased importance in the new-

Keynesian DSGE banking model if wage-inflation targeting even when nominal

15For several policy parameters, the lower bound is hit. I do not allow for negative responses to

inflation, wage inflation, or the output gap since central banks would have problems communicating

the plausibility of such policies. To ensure determinacy the parameter on inflation cannot become

smaller than one.

16The results are the same when I consider a bank net worth shock instead of a capital quality

shock.
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Capital Quality Shock κπ κπW κy ρ OSR Welfare Ramsey Welfare

γp “ 0.75 2.13 24.04 10.63 0.10 -206.03 -206.00

γw “ 0.75 γp “ 0.75 1.10 49.89 2.01 0.00 -206.01 -205.89

Table 4.5: Coefficients of optimal simple rules for the capital quality shocks.

wages are flexible - but especially in cases when nominal wages are sticky. Since

this finding is very pronounced for the financial shock, I will explore the transmis-

sion of the capital quality shock under a variety if non-optimal simple rules in the

next section. Thus, I shed light on the transmission mechanism of financial shocks

in my model to better explain the relevance of wage-inflation targeting.

4.7.2 Comparison of Non-Optimal Simple Rules

The welfare costs for a variety of simple policy rules are reported in table 4.6. The

costs of adopting a policy are denoted in consumption equivalents relative to the

Ramsey-optimal outcome. In this table, the results are only reported for a negative

financial shock. The results for the productivity shock, preference shocks, and the

monetary shock are found in the appendix.

After a financial shock realizes, inflation targeting becomes costly in welfare

terms. Under an inflation targeting rule with κπ “ 1.75, households must be com-

pensated by slightly more than 0.58% to be as good off as under the optimal rule

regime. A central bank targeting solely wage inflation comes remarkably close to the

optimal simple rule. Increasing the weight on inflation cannot compete in welfare

terms with the wage inflation rules.17 As one can see under the stricter stabilization

regimes (last 3 rows), the output gap rule yields similar results for welfare as the

wage inflation rule.

The beneficial effects of wage inflation targeting are not a special case only caused

by sticky wages under a capital quality shock. It also holds for other supply shocks,

such as a negative productivity shock and an adverse shock to the investment elastic-

ity. However, compared to the capital quality shock, this result is less pronounced.

See tables C.3 and C.4 in the appendix.

Figure 4.2 compares four different policy scenarios: (1) the implementable opti-

mal simple rule; (2) the constrained Ramsey-optimal policy; (3) a simple inflation

rule; and (4) a simple wage inflation rule, under a one percent capital quality shock

17Indeed, even for extremely high values of κπ, the welfare is lower than under the κπW
“ 1.75

rule.
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Capital quality shock γp “ 0.75 γw “ 0.75 γp “ 0.75

Policy Rules Welfare Costs

κπ “ 1.75 0.1222 0.5868

κπW “ 1.75 0.0460 0.1763

κπ “ 1.75, κy “ 0.125 0.1071 0.3508

κπW “ 1.75, κy “ 0.125 0.0446 0.1708

κπ “ 1.75, κπW “ 1.75 0.0467 0.2113

κπ “ 5 0.0652 0.2776

κπW “ 5 0.0489 0.1525

κy “ 5 0.0553 0.1583

Optimal Simple Rule 0.0440 0.1258

Table 4.6: Welfare costs of an one standard deviation capital quality shock for a selection of

policy rules. The costs of welfare are expressed in consumption equivalents relative to the Ramsey-

optimal monetary policy. In the first column nominal wages are perfectly flexible. In the second

column both sticky wages and sticky prices are present.
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Figure 4.2: Impulse responses to an one percent capital quality shock under both sticky prices

and sticky wages. The figure compares the implementable optimal simple rule from table 4.5, a

non-optimal simple wage inflation rule (κπw
“ 1.75) and a simple inflation rule (κπ “ 1.75) with

the constrained Ramsey-optimal policy rules.
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with both sticky prices and sticky wages.

The performance of the economy can be significantly improved under both the

optimal simple rule and the wage inflation rule compared to the inflation targeting

rule. The initial response of output falls about 50 % less. Wage inflation is close to

zero under the optimal policy while a positive level of inflation is welfare optimal

under the Ramsey policy. Preventing a drop in wage inflation affects the financial

variables such as price of capital and the credit spread in a favorable fashion that

mitigates the adverse effects of the financial accelerator. Further, by stabilizing

wages, the frictions in nominal wage setting are eased, thus improving households’

lifetime utility. The finding that some positive level of inflation helps achieving

higher output and a higher level of employment is in line with Calvo et al. (2014).

They find that in low-inflation regimes, unemployment is significantly higher after

a banking crisis than in high-inflation regimes. The financial accelerator causes

a stark amplification of the shock to capital quality compared to standard DSGE

models without financial frictions. The stark increase in the spread propagates the

large output and consumption declines, as made clear in Gertler and Karadi (2013).

Monetary policy rules that are able to reduce the rise in the spread of interest rates

are desirable from a welfare perspective.

In this chapter, the welfare effects of different monetary policy rules are eval-

uated. I show that even under the limiting case of flexible nominal wages, wage

stabilization can be beneficial in welfare terms under financial shocks, such as capi-

tal quality shocks. In these scenarios, the return on capital is predominately driven

by expected marginal product of capital. Thus, the substitution effect channel dom-

inates the scale effect channel.

4.7.3 Welfare Relevant Trade-Offs: The Equivalence of Sta-

bilizing Output Gap and Wage Inflation

In this section, I demonstrate that wage-inflation targeting yields low welfare costs

because the policy also closes the output gap and shrinks the credit spread. Under

conventional monetary policy, there is only one instrument available, the nominal

interest rate, but more than one welfare relevant aggregates. This usually creates

trade-offs between stabilizing the volatility of welfare relevant variables.

In order to visualize the underlying trade-offs, I plot in figure 4.3 the policy

frontiers for three different policy regimes under the capital quality shock. For these

three policies, I allow the central bank to minimize either a quadratic loss function
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Figure 4.3: Policy frontiers for optimal simple rules, that minimize a quadratic loss function.

Under the policy 1 (blue circles) the central bank’s objective is to stabilize a weighted average of

inflation and wage inflation. The weight on both targets vary and lie in the interval r0, 1s. Policy

2 (red crosses) stabilizes a weighted average of inflation and output gap, while policy 3 (yellow

stars) stabilizes a weighted average of wage inflation and output gap. The black circle denotes the

results of the optimal simple rule from table 4.5.

of a weighted average of a) inflation and wage inflation (blue circles); b) inflation

and output gap (red crosses); and c) output gap and wage inflation (yellow stars).

The frontiers are obtained by varying the weight W on variable one and the weight

1´W on variable two in these quadratic loss functions, with W P r0, 1s.

As shown in the first panel, the lower the volatility of inflation, the more volatile

are nominal wages. However, there exists no trade-off between closing the output

gap and wage inflation. This is depicted in column two panel one. The results for

the optimal simple rule indicate that the policy maker wants to close the output

gap and minimize wage inflation, with the cost of a high volatility in inflation. The

graphs below in the second panel, connect the volatility in wage inflation and infla-

tion with the credit spread.

The reason why wage-inflation targeting closes simultaneously the output gap

is that the credit spread is lower under such a policy. As shown in the previous

section the marginal product of capital that increases the expected return on corpo-

rate loans is lower under wage-inflation targeting policies. Hence, the credit spread

shrinks and eventually the output gap closes. This is not the case for inflation tar-

geting. Here the relationship between inflation and the credit spread is inverse.

Hence, this analysis sheds additional light on the reason why wage-inflation tar-
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geting is highly welfare relevant after the realization of financial shocks. Stabilizing

nominal wages reduces the credit spread and closes the output gap.

4.8 Robustness Checks

The first robustness exercise shows that (i) the optimal simple rules in table 4.5

correspond indeed to the local maximum in welfare; and (ii) generalizes the results

of table 4.6 by computing the welfare costs on a broader grid of parameter values.

Further, I augment the Taylor rule with a term for the deviation of credit from its

flexible price level.18

it “

„

īΠκπ
t pΠ

W
t q

κπw

ˆ

Yt
Y ˚t

˙κyˆ

St
S˚t

˙κxȷ1´ρ

iρt´1ϵm,t.

In the second exercise I calculate the coefficients of the optimal simple rules for a

set of non-financial shocks. The results indicate that in absence of nominal wage

rigidities the importance of targeting wage inflation is less pronounced compared to

the financial shocks. However, the policy maker still want to put some significant

focus on wage inflation.

Eventually, subsection C.3.2 in the appendix evaluates how well the monetary

rules can rule out self-fulfilling sunspot shocks.

4.8.1 Robustness of Optimal Implementable Simple Rules

for the Financial Shock

Figure 4.4 visualizes the findings from the welfare costs relative to the Ramsey pol-

icy, on a grid for the policy coefficients. In each plot, the inflation coefficient and one

other policy coefficients are varied, the other remaining coefficients are set to zero.

The high welfare costs of pure inflation targeting rules are clearly visible. Wage

inflation targeting with zero weight on inflation and output gap targeting perform

about similarly well, suggesting only a minimal trade-off between both policies. Nei-

ther an inflation rule that is augmented by high smoothing parameters nor a rule

that accounts for the credit gap as a proxy for financial stability performs as well as

the wage inflation and output gap rules.

One possible argument could be to assume that the difference between wage-

18This follows a strand of literature arguing for augmenting Taylor rules with responses to

financial variables (see among others, Faia and Monacelli (2007), Nisticò (2016), and Hansen
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Figure 4.4: Welfare costs of monetary policy rules relative to the outcome under Ramsey-optimal

monetary policy. The welfare costs are expressed in consumption equivalence. For each plot, two

of the Taylor parameters are varied, the other policy coefficients are zero.

Figure 4.5: Impulse responses to an one percent capital quality shock under flexible nominal

wages. The responses under a pure inflation targeting regime and a wage-inflation targeting regime

are computes for the entire set of coefficients: κπ P r1.25, 50s (red shaded area) and κπ
W

P r1.25, 50s

(blue shaded area). All deviations are measured in percentage changes but inflation and interest

rate related variables are in absolute percentage points.

inflation targeting and inflation targeting for financial shocks vanishes when central

banks are responding more aggressively to inflation. As I will show in this subsection

this is not necessarily the case.

Even small coefficients on wage inflation still yield higher welfare benefits than

an aggressive response to inflation that completely stabilises inflation. This find-

ing is depicted in figure 4.5. The figure plots the range of impulse responses for

(2018)).
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both wage-inflation targeting regimes and inflation targeting regimes. The ranges

allows for values of κπ P r1.25, 50s and κπ
W
P r1.25, 50s. The figure shows the results

only for the flexible-nominal-wage economy. The benefits of wage-inflation target-

ing under sticky wages would be even more pronounced. The path of marginal

costs following the adverse capital quality shock is crucial here. Keeping nominal

wages relatively constant increases nominal marginal costs and gives rise to positive

inflation values. As explained previously positive inflation in the off-the-shelf NK

banking model lowers the real risk free rate and eventually the credit spread.

An aggressive inflation targeting regime at least shrinks the difference in out-

put and welfare relative to wage-inflation targeting. But nevertheless the inflation

targeting policies never achieves the same welfare benefits. The reason for this find-

ing is not related to the strength of the policy rate cut. Under a coefficient value

of 50 the policy rate cut is pretty similar between both types of regimes. Instead

it’s about the beneficial effects of positive inflation on the credit spread under the

wage-inflation regime.

I show that the beneficial effects of wage-inflation targeting under flexible nom-

inal wages is not limited to some small set of policy coefficients. Instead wage-

inflation targeting yields higher welfare across the entire admissible space of κπ and

κπ
W
.

4.8.2 Monetary Policy under Non-Financial Shocks

Productivity Shock κπ κπW κy ρ OSR Welfare Ramsey Welfare

γp “ 0.75 26.99 5.65 0.01 0.99 -206.20 -206.19

γw “ 0.75 γp “ 0.75 4.48 38.59 0.10 0.03 -206.20 -206.19

Preference Shock κπ κπW κy ρ OSR Welfare Ramsey Welfare

γp “ 0.75 47.35 6.40 0.37 0.85 -206.22 -206.19

γw “ 0.75 γp “ 0.75 10.64 47.66 1.25 0.06 -206.21 -206.19

Monetary Shock κπ κπW κy ρ OSR Welfare Ramsey Welfare

γp “ 0.75 22.92 22.36 46.74 0.06 -206.19 -206.19

γw “ 0.75 γp “ 0.75 1.15 0.15 47.39 0.06 -206.19 -206.19

Table 4.7: Coefficients of optimal simple rules for non-financial shocks.

Besides the capital quality shock that was discussed on detail in chapter 4.7.1,

I consider three additional conceptual different crisis scenarios since monetary

policy might be for example more effective in counter-acting demand sided shocks
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than supply sides shocks or financial shocks. Thus in order to evaluate how well

monetary policy maker can counteract different sources of economic crises I consider

(i) a supply shock (negative productivity shock), (ii) a demand shock (negative

inter-temporal preference shock), and eventually (iii) a monetary policy shock. The

coefficients of the optimal simple rules are depicted in table 4.7.

In the flexible-nominal-wage economy, inflation stabilization becomes a primary

target under both supply and demand shocks. Nevertheless the policy maker still

wants to put a non-negligible focus on wage inflation. In the sticky-nominal-wage

economy, the importance of wage-inflation targeting is as expected more pro-

nounced. In the case of the monetary policy shock, monetary policy maker might

want to put a larger focus on output gap stabilization. However, in most cases

wage-inflation stabilization closes simultaneously the output gap and vice versa.

This finding is highlighted in detail in section 4.7.3.

4.9 Conclusion

In this paper I show that, stabilizing inflation in a setting with financial frictions

can induce severe welfare costs. This effect is primarily driven by the existence of

a trade-off between stabilizing inflation and stabilizing the spread between rental

rate and risk free rate. The trade-off emerges from the adverse cost-push channel

of monetary policy on loan intermediation that widens the credit spread.

Stabilizing nominal wages comes close to the Ramsey optimal monetary policy

when the economy is hit by a financial shocks or supply-side shocks. This result

even holds under completely flexible nominal wages. The reason for this result

it that the presence of banking frictions lowers the elasticity of the capital factor

demand to changes in the real wages. Relatively higher real wages increases the

total marginal costs of firms, resulting in higher inflation, lower real rates, and

eventually in a lower credit spread mitigating the financial accelerator effect on

output. Thus wage-inflation targeting results in positive inflation that is also

observable under the Ramsey-optimal monetary policy.
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Demirgüç-Kunt, A., and E. Detragiache (2002): “Does deposit insurance

increase banking system stability? An emperical investigation,” Journal of Mon-

etary Economics, 49, 1373–1406, 10.1016/S0304-3932(02)00171-X.
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Gaĺı, J. (2008): Monetary Policy, Inflation and the Business Cycle Volume 1:

Princeton University Press.

Gambacorta, L., and F. M. Signoretti (2014): “Should monetary policy lean

against the wind?. An analysis based on a DSGE model with banking.,” Journal

of Economic Dynamics and Control, 43, 146–174, 10.1016/j.jedc.2014.01.016.

Gambetti, L., and A. Musso (2017): “Loan Supply Shocks and the Business

Cycle,” Journal of Applied Econometrics, 32, 764–782, 10.1002/jae.2537.

Gatti, M., and T. Oliviero (2019): “Deposit Insurance and Banks’ Deposit

Rates: Evidence from the 2009 EU Policy Change,” SSRN Electronic Journal,

10.2139/ssrn.3452664.

Gebauer, S. (2021): “Welfare-Based Optimal Macroprudential Policy with

Shadow Banks,” Banque de France Working Paper Series, 817, 10.2139/ssrn.

3868955.

Gerali, A., S. Neri, L. Sessa, and F. M. Signoretti (2010): “Credit and

banking in a DSGE model of the Euro area,” Journal of Money, Credit and

Banking, 42, 107–141, 10.1111/j.1538-4616.2010.00331.x.

Gertler, M., and S. Gilchrist (1994): “Monetary Policy, Business Cycles,

and the Behavior of Small Manufacturing Firms,” The Quarterly Journal of Eco-

nomics, 109, 829–850.

http://dx.doi.org/10.1146/annurev.economics.050708.142940
http://dx.doi.org/10.3982/ecta8769
http://dx.doi.org/10.2139/ssrn.3368612
http://dx.doi.org/10.1016/j.jedc.2014.01.016
http://dx.doi.org/10.1002/jae.2537
http://dx.doi.org/10.2139/ssrn.3452664
http://dx.doi.org/10.2139/ssrn.3452664
http://dx.doi.org/10.2139/ssrn.3868955
http://dx.doi.org/10.2139/ssrn.3868955
http://dx.doi.org/10.1111/j.1538-4616.2010.00331.x


124 Chapter 4.

Gertler, M., and P. Karadi (2011): “A model of unconventional monetary

policy,” Journal of Monetary Economics, 58, 17–34, 10.1016/j.jmoneco.2010.10.

004.

(2013): “Qe 1 vs. 2 vs. 3...: A framework for analyzing large-scale asset

purchases as a monetary policy tool,” International Journal of Central Banking,

9, 5–53.

Gertler, M., and N. Kiyotaki (2010): “Financial intermediation and credit

policy in business cycle analysis,” Handbook of Monetary Economics, 3, 547–599,

10.1016/B978-0-444-53238-1.00011-9.
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Lambert, C., F. Noth, and U. Schüwer (2017): “How do insured deposits

affect bank risk? Evidence from the 2008 Emergency Economic Stabilization

Act,” Journal of Financial Intermediation, 29, 81–102, 10.1016/j.jfi.2015.07.001.

Lambertini, L., C. Mendicino, and M. Teresa Punzi (2013): “Leaning

against boom-bust cycles in credit and housing prices,” Journal of Economic

Dynamics and Control, 37, 1500–1522, 10.1016/j.jedc.2013.03.008.

Landier, A., D. Sraer, and D. Thesmar (2017): “Banking integration and

house price co-movement,” Journal of Financial Economics, 125, 1–25, 10.1016/

j.jfineco.2017.03.001.

Lian, C., and Y. Ma (2021): “Anatomy of corporate borrowing constraints,” The

Quarterly Journal of Economics, 136, 229–291, 10.1093/qje/qjaa030.Advance.

Lucca, D. O., and E. Moench (2015): “The Pre-FOMC announcement drift,”

Journal of Finance, 70, 329–371, 10.1111/jofi.12196.

Macnamara, P. (2019): “Taxes and financial frictions: Implications for corporate

capital structure,” Journal of Economic Dynamics and Control, 101, 82–100,

10.1016/j.jedc.2019.02.004.

Maih, J. (2015): Efficient Perturbation Methods for Solving Regime-Switching

DSGE Models, 10.2139/ssrn.2602453.

http://dx.doi.org/10.1111/jeea.12144
http://dx.doi.org/10.1257/aer.98.4.1413
http://dx.doi.org/10.1111/jmcb.12074
http://dx.doi.org/10.1016/j.euroecorev.2010.12.005
http://dx.doi.org/10.1016/j.euroecorev.2010.12.005
http://dx.doi.org/10.1016/j.jfi.2015.07.001
http://dx.doi.org/10.1016/j.jedc.2013.03.008
http://dx.doi.org/10.1016/j.jfineco.2017.03.001
http://dx.doi.org/10.1016/j.jfineco.2017.03.001
http://dx.doi.org/10.1093/qje/qjaa030.Advance
http://dx.doi.org/10.1111/jofi.12196
http://dx.doi.org/10.1016/j.jedc.2019.02.004
http://dx.doi.org/10.1016/j.jedc.2019.02.004
http://dx.doi.org/10.2139/ssrn.2602453


BIBLIOGRAPHY 127

McCracken, M. W., and S. Ng (2016): “FRED-MD: A Monthly Database

for Macroeconomic Research,” Journal of Business and Economic Statistics, 34,

574–589, 10.1080/07350015.2015.1086655.

Mendicino, C., K. Nikolov, J. Suarez, and D. Supera (2018): “Optimal Dy-

namic Capital Requirements,” Journal of Money, Credit and Banking, 50, 1271–

1297, 10.1111/jmcb.12490.

(2020): “Bank capital in the short and in the long run,” Journal of Mone-

tary Economics, 115, 64–79, 10.1016/j.jmoneco.2019.06.006.

Mendoza, E. G., and V. Quadrini (2010): “Financial globalization, financial

crises and contagion,” Journal of Monetary Economics, 57, 24–39, 10.1016/j.

jmoneco.2009.10.009.

Merton, R. C. (1973): “An Intertemporal Capital Asset Pricing Model,” Econo-

metrica, 41, 867–887.

Mian, A., and A. Sufi (2014): “What Explains the 2007-2009 Drop in Employ-

ment?,” Econometrica, 82, 2197–2223, 10.3982/ecta10451.

Michelacci, C., and V. Quadrini (2009): “Financial markets and wages,” Re-

view of Economic Studies, 76, 795–827, 10.1111/j.1467-937X.2008.00524.x.

Miranda-Agrippino, S., and G. Ricco (2019): “The Transmission of Monetary

Policy Shocks,” mimeo, 1–44.

Moore, J., and N. Kiyotaki (1997): “Credit Cycles,” Journal of Political Econ-

omy, 105, 211–248.

Nakamura, E., and J. Steinsson (2018): “High-frequency identification of mon-

etary non-neutrality: The information effect,” Quarterly Journal of Economics,

133, 1283–1330, 10.1093/QJE/QJY004.

Newey, W. K., and K. D. West (1987): “A Simple , Positive Semi-Definite

, Heteroskedasticity and Autocorrelation Consistent Covariance Matrix,” Econo-

metrica, 55, 703–708.

Nisticò, S. (2016): “Optimal Monetary Policy and Financial Stability in a Non-

Ricardian Economy,” Journal of the European Economic Association, 14, 1225–

1252, 10.1111/jeea.12182.

http://dx.doi.org/10.1080/07350015.2015.1086655
http://dx.doi.org/10.1111/jmcb.12490
http://dx.doi.org/10.1016/j.jmoneco.2019.06.006
http://dx.doi.org/10.1016/j.jmoneco.2009.10.009
http://dx.doi.org/10.1016/j.jmoneco.2009.10.009
http://dx.doi.org/10.3982/ecta10451
http://dx.doi.org/10.1111/j.1467-937X.2008.00524.x
http://dx.doi.org/10.1093/QJE/QJY004
http://dx.doi.org/10.1111/jeea.12182


128 Chapter 4.

Ottonello, P., and T. Winberry (2020): “Financial Heterogeneity and the

Investment Channel of Monetary Policy,” Econometrica, 88, 2473–2502, 10.3386/

w24221.

Pennacchi, G. (2006): “Deposit insurance, bank regulation, and financial system

risks,” Journal of Monetary Economics, 53, 1–30, 10.1016/j.jmoneco.2005.10.007.

Perez-Quiros, G., and A. Timmermann (2000): “Firm Size and Cyclical Vari-

ations in Stock Returns,” Journal of Finance, 55, 1229–1262.

Raposo, I. G., and A. Lehmann (2019): “Equity finance and capital market

integration in Europe,” Bruegel Policy Contribution, 2019/3.

Ravenna, F., and C. E. Walsh (2006): “Optimal monetary policy with the cost

channel,” Journal of Monetary Economics, 53, 199–216, 10.1016/j.jmoneco.2005.

01.004.

Rubio, M. (2011): “Fixed- and Variable-Rate Mortgages , Business Cycles , and

Monetary Policy,” Journal of Money, Credit and Banking, 43, 657–688.
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Appendix A

Appendix of Chapter 2

A.1 Data Appendix

A.1.1 Definition of Firm-Level Variables

The firm-level variables are taken from Compustat, a dataset for publicly listed

companies in the US and Canada, available on the Wharton Research Data Services

website. Throughout my analysis in section 2.3, and section 2.4 I focus on quarterly

observation for US companies only. As described in section 2.2, I limit my sample

to the time period between 1982Q1 and 2020Q3.

Table A.1 provides the definition of the constructed firm-level variables as they

appear in the Compustat dataset. A note on the definition of firms’ capital stock:

I follow the common approach used in Jeenas (2019) and Ottonello and Winberry

(2020), the so called perpetual inventory method, to define the capital stock. I

take the first firm-quarter observation in Compustat’s ppegtq variable as the initial

capital stock of a firm. Then I calculate firms’ individual firm-quarter investment

as the change in variable ppentq, and add investment to previous quarter capital

stock:

ki,t`1 “ ki,t ` ppentqi,t`1 ´ ppentqi,t,

with ki,1 “ ppegtqi,1 for the first firm-quarter observation.

For the definition of Tobin’s Q I follow Younge and Marx (2012) and Cloyne et al.

(2020) and take the sum of total outstanding shares multiplied by the average stock

price of the quarter (average between closing price at the beginning of a quarter

and the closing price at the end of the quarter), plus total assets minus common
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Variable Compustat Code

Assets atq

Sales saleq

Firms’ initial capital stock ppegtq

Capital stock Initial capital stock + ∆ ppentq

Long-term debt dlttq

Total debt dlcq + dlttq

Leverage (dlcq + dlttq)/atq

Current Assets/Total Assets ca/atq

Cash/Total Assets cheq/atq

External equity seqq - req

size log(atq/CPIAUCSL)

Tobin’s Q (atq + (prccq/ajex+L.prccq/L.ajex)/2 *cshoq - ceqq

+ txditcq)/atq

Ebitda saleq - cogsq - xsgaq

Interest on debt over cash-flow xintq/Ebitda

Debt over cash-flow Total debt/Ebitda

Table A.1: Construction and definition of key variables

equity, and plus deferred taxes and investment tax credit, and divide the sum by

total assets. Using the difference in common shareholders’ equity and assets is less

data intensive than using total liabilities and liquidation value of preferred stocks

and stock dividends as done in Chung and Pruitt (1994) and Covas and Den Haan

(2011). The correlation of both formulas in my sample is close to one. However,

the latter approach of Chung and Pruitt (1994) and Covas and Den Haan (2011),

generates 50,000 more missing values.

A.1.2 Sample Selection

For the construction of the granular instrumental variables in section 2.3, and my

analysis in section 2.4, I drop the following firm-quarter observations from my sam-

ple:

1. Financial firms (SIC codes between 6000 and 6900) or utilities (SIC codes

between 4900 and 4999)

• financial: 451,372 observations deleted
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• utilities: 66,190 observations deleted

• Only US firms: 244,207 observations deleted

• left: 896,004

2. Firms with non-positive values in one of the following characteristics:

• non-positive capital stock: 13,102 observations deleted

• non-positive assets: 1,239 observations deleted

• negative long-term debt: 11 observations deleted

• negative current debt: 15 observations deleted

• non-positive sales: 43,280 observations deleted

• negative equity: 33,457 observations deleted

• negative interest costs: 87 observations deleted

• left: 804,813

3. Drop firms with acquisitions larger 5% of assets

• 19,901 observations deleted

• left: 784,912

4. Firms with less than 40 quarters of consecutive investment spells

• 305,629 observations deleted

• left: 479,283

5. Firms with a leverage value below 0 or above 10.

• 908 observations deleted

6. Trim sales growth rates between 100% and ´100%.

• 11,329 observations deleted

7. Trim these growth rates between 0.5% and 95.5%

• investment rate: 3,478 observations deleted

• total debt growth rate: 6,866 observations deleted

• long-term debt growth rate: 6,759 observations deleted
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• external equity growth rate: 3,840 observations deleted

• left: 452,969

8. Further I balance the sample by keeping only non-missing values in:

• leverage

• sales growth rate

• investment rate

• long-term debt growth rate

• equity growth rate

• left: 276,481

The final sample thus consists of 276,481 firm-quarter observations.
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A.1.3 Equity Growth Rate and Firm Size Percentiles

This section provides an overview of firms’ equity growth rates splitted by different

firm size categories. Table A.2 confirms the findings of 2.2.3: The mean growth

rate in external equity is an inverse function of firm size. One explanation for lower

Mean Median S.D. 10th Perc. 90th Perc. Obs.

∆pEtq

Et´1
, whole sample 1.3639 -0.4408 10.68 -1.7499 3.9159 276,481

∆pEtq

Et´1
, p-tile 0-25 1.2205 -0.5149 8.66 -1.2277 3.2318 69,179

∆pEtq

Et´1
, p-tile 26-50 1.5653 -0.4392 10.99 -1.4504 3.5723 69,099

∆pEtq

Et´1
, p-tile 51-75 1.5569 -0.3886 11.65 -1.9952 4.1861 69,142

∆pEtq

Et´1
,p-tile 76-100 1.1129 -0.3819 11.17 -3.5448 4.5820 69,061

∆pEtq

Et´1
, p-tile 95-100 0.6144 -0.4534 10.52 -4.7814 4.4952 13,749

∆pEtq

Et´1
, p-tile 99-100 0.5105 -0.4392 10.57 -5.0626 4.3171 2,687

Table A.2: Summary statistics of external equity growth rates for different firm size percentiles.

average equity growths is the fact that larger firms reduce their outstanding equity

by more. This observation becomes obvious when comparing the different 10th

percentiles, and fits to the depicted time series in figure 2.3.

A.1.4 Correlation Between GIVs and the Equity Compo-

nents

The constructed granular instrumental variables(GIVs) for equity shocks ugivt are

not completely uncorrelated with other common components driving firms’ equity

issuance. The components itself are by definition orthogonal to each other. This

becomes obvious when calculating the correlation between the GIVs and equity

components. The correlation values are summarized in table A.3. As outlined

ugivt etapca1,t etapca2,t etapca3,t etapca4,t etapca5,t

Corrp¨, ugivt q - 0.2530 0.40213 -0.0857 0.0916 0.1974

Corrp¨, etapca1,t q - - 0.0000 0.0000 0.0000 0.0000

Table A.3: Correlation between granular instrumental variable ugivt and equity components ηpcat

in Gabaix and Koijen (2021), it becomes then necessary to include the principal
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components as a control into the regression specification as I did in regression 2.6.

In section 4.8 I analyze the sensitivity of the average economy-wide firm responses

when excluding the principal components from the regression specification.
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A.2 Granularity of Market Capitalization

The distribution of market capitalization of firms in the US is highly granular,

with the majority of firms contributing significantly less than one per thousand to

the total aggregate market capitalization. This stylized fact is depicted in the left

column of figure A.1. The largest firms in the US contribute about 5%´ 6% to the

aggregate market capitalization, visualized by the right column of the figure.1

Figure A.1: Distribution of outstanding shares at market value relative to the total economy-

wide outstanding shares at market prices. The reference year is 2019. The fraction are expresses

in percentage points.

Figure A.2: Distribution of outstanding shares at market value in billion USD in the year 2019.

1The graphs are calculated on basis the Compustat sample, after excluding non-US firms,

utilities, and financial firms, and negative values in assets, sales and capital stock. The numbers

can therefore deviate slightly from official statistics since the denominator, total aggregate market

capitalization in the US, might be underestimated.
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A.3 Estimation of the Macroeconomic Factors
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Figure A.3: Scree plot of macroeconomic factors’ eigenvalues in descending order. The factors

are estimated using the FRED-MD database

This section provides additional material to the estimation of the macroeconomic

factors that are used for the average effect local projection regressions. As described

in chapter 2.2.2, the FRED-MD dataset includes 249 distinct macroeconomic time

series, which then are dimensionally-reduced to six macroeconomic factors by fol-

lowing McCracken and Ng (2016). The eigenvalues of the first 15 components are

plotted in Figure A.3 in descending order. This scree plot can be used as an ana-

lytical tool to determine the number of relevant components. The last non-trivial

factor - explaining at least one percent of the variance - that is included, is the one

with the corresponding eigenvalue immediately at the end of the straight scree line

Cattell (1966). Here the cut-off is at six components as depicted in figure A.3 .

The six components explain together more than 62% of the entire volatility

of the FRED-MD database. I impose economic meaning on the estimated macroe-

conomic components by first calculating the correlation coefficient between each

individual component and the macroeconomic variables. The interpretation and the

explained volatility of the six components is as follows:

1. Factor: Output and Employment (28%)
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Figure A.4: Estimated macroeconomic factors, using PCA. All plotted factors explain at least

1% of the volatility of the time series included in the FRED-MD dataset.

2. Factor: Consumer Prices (13%)

3. Factor: Producer Prices (7%)

4. Factor: Housing and Housing Permits (7%)

5. Factor: Financial Markets - Bond Yields (5%)

6. Factor: Oil Price and Terms of Trade (3%)

The macroeconomic factors used in the main text of the paper are plotted in figure

A.4.2

2After estimating the components I switched the original sign of factor 1 and factor 6 for reasons

of interpretability. Original factor 1 was a measure for recessions and factor 6 was an measure for

the inverse oil price.
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A.4 Estimation of the Equity Components
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Figure A.5: Scree plot of equity components’ eigenvalues in descending order. The components

are estimated by applying a principal component analysis on the estimated firm-specific residuals

from equation 2.1.

This section comments on the principal component analysis (PCA) that is ap-

plied on the estimated residuals from equation 2.1 in the main text, in order to

determine common components driving firms’ equity issuance. The estimated PCA

eigenvalues for equity issuance are summarized in descending order in the scree plot

in figure A.5.

The scree plot visualizes the ordered eigenvalues in a two-dimensional graph.

Cattell (1966) established a criteria for selecting the number of relevant components,

that became later standard in statistics and machine learning: The last non-trivial

factor (that explain at least 1% of the variance) included, is that immediately at the

end of the straight scree line. The scree plot A.5 depicts a kink at component five,

implying that the number of selected components should be five in my application

(Cattell, 1966). The equity components are plotted in figure A.6.
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Figure A.6: Estimated equity components, using PCA. All plotted components explain at least

1% of the firm-specific shocks’ variance.

A.5 The Responses of Cash-Flow and Tobin’s Q

In order to demonstrate the opposing effects of equity shocks and monetary shocks

on firm’s cash-flow, figure A.7 compares the average mean response of firms to both

types of shock. The figure depicts the reaction in firm-specific Tobin’s Q and the

cash flow of firms, measured by the change in EBITDA over total assets. As one

can easily see, cash-flow does not react to an external equity shock, whereas con-

tractionary monetary shocks depress cash-flow significantly on the medium horizon.

Those findings shed light on the role of cash-flow constraints for the transmission of

monetary shocks, that I discuss in section 2.5 in the main text.

Figure A.8 and figure A.9 summarize the marginal effects of the six financial

interaction terms, for both variables Tobin’s Q and EBITDA. As one can see, not

only is the average EBITDA response insignificant, but all marginal effects are in-

significant as well. An equity shock does not affect firm’s cash-flow in a meaningful

way. On the other hand side, there exists a role for some of the financial constraints

for the transmission of the shock on firm’s Tobin’s Q. Out of the set of interaction

terms, the marginal effects of an initially higher average Q value before the shock

hits, is by far the most meaningful. The coefficient is by several magnitudes larger
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Figure A.7: Average firm-level responses of Tobin’s Q and cash-flow to both a favorable equity

shock and a expansionary monetary policy shock. The simulated time span is 20 quarters. The

blue shaded area reports the 95% confidence interval respectively, using Driscoll-Kraay standard

errors. Reported numbers in absolute deviations

than those of the other interactions. This confirms the conclusion in section A.6,

that an equity shock affects the expected profitability of those firms with an initially

higher Tobin’s Q value the most.

A.6 The Marginal Effects of All Six Financial

Measures

I discuss here the implications of controlling for all six financial constraint measures

simultaneously (the solid blue line) and when not controlling for the remaining

interaction terms (the green dashed line). Figure A.10 summarizes the marginal

responses to a positive external equity financing shock for equity growth, invest-

ment rate, changes in long-term debt, and sales growth. As demonstrated in table ,

firm size and the measure for earning-based constraints is strongly correlated. The
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Figure A.8: Marginal effects of financial constraints for the transmission of a 1 standard deviation

positive equity shocks on Tobin’s Q. The simulated time span is 20 quarters. The blue shaded area

reports the 95% confidence interval respectively, using Driscoll-Kraay standard errors. Reported

numbers in absolute deviations

largest difference in the marginal responses are therefore observed for these two

interaction terms. Without controlling for earning-based constraints, firm size be-

comes insignificant for the transmission of equity shocks. Figure A.10 demonstrates

the existence of an equity-for-debt substitution motive for large firms. Those firms

utilize the positive shock on the equity market to increase their equity position and

simultaneously cut their long-term debt without adjusting their investment rate.

Sales of large companies increase relatively more as a result.

Liquidity and book leverage is weakly correlated across my sample. Without

controlling for book leverage, firm liquidity is neither relevant for the transmission

of the equity shock on firm investment rates nor for the responses of external fund-

ing. Once we control for all six financial measures, firms with low liquidity increase

their investment rate significantly less after the favorable equity shock. They also

require less long-term debt. In our joint paper Cao et al. (2021) we investigate the

role of firm liquidity for the transmission of monetary policy in detail and we find

that firm liquidity is a proxy for future expected investment. These firms start ac-

cumulating liquid assets once they plan to realize an investment project in a given
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Figure A.9: Marginal effects of financial constraints for the transmission of a 1 standard deviation

positive equity shocks on cash-flow. The simulated time span is 20 quarters. The blue shaded area

reports the 95% confidence interval respectively, using Driscoll-Kraay standard errors. Reported

numbers in absolute deviations

period t in the near future. Investment rates of these firms are then insensitive to

potential shocks hitting the economy in period t.

The results for Tobin’s Q that were discussed in section 2.4.3 are not affected by

the exclusion of the additional controls. The green line and the blue line lie on top

of each other.

For highly leveraged firms the differences between the blue line and the green

dashed line are insignificant as well. The same holds true for dividend-paying firms.

A.7 The Role of Equity Components for the Av-

erage Response to Equity Shocks

The role of the estimated equity components for the average firm response to an

expansionary equity shock, is already studied in chapter 4.8 of the main text. In the

main text however, I test only the differences in the firm responses when excluding

all equity components, or including all five relevant components. This section in
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(a) Equity growth rate (b) Investment rate

(c) Long-term debt growth rate (d) Sales growth rate

Figure A.10: Marginal responses for investment and equity issuance when controlling simultane-

ously for a variety of financial firm variables as in regression equation 2.7. The blue shaded areas

report the 95% confidence interval using Driscoll-Kraay standard errors. Reported numbers are in

percentage points.

the appendix thus shed more light on the marginal contribution of the remaining

components. Figure A.11 describes the average response of equity growth rate,

investment rate, long-term debt growth rate, and sales growth rate, to an equity

shock when only including (i) one, (ii) two, (iii) three, or (iv) four equity components.



146 Chapter A.

(a) (i) (b) (ii)

(c) (iii) (d) (iv)

Figure A.11: The average mean effect of the economy to a one percent equity shock, regression

2.6, when including only (i) one, (ii) two, (iii) three, or (iv) four equity components as a control

variable

A.8 Monetary Policy Shock

This section provides supplemental material to chapter 2.5. It first summarizes the

responses of investment rate, equity growth rate and the growth rate of long-term

debt to a 100 basis point favorable monetary policy. The second subsection provides

more details on the role of firm heterogeneity for the transmission of monetary policy

shocks.

A.8.1 Average Responses to a Favorable Monetary Policy

Shock

The response of the average firm to a favorable one hundred basis point monetary

policy shock is visualized in figure A.12. The responses are estimated accordant to
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Figure A.12: The average firm-specific responses to a one percent favorable monetary policy

shock for equity issuance, investment rate, and the growth rate of long-term debt. The blue

shaded areas report the 95% confidence interval using Driscoll-Kraay standard errors. Reported

numbers are in percentage points.

the following regression equation:

yi,t`h ´ yi,t´1
yi,t´1

“ αhi ` ν
h
s ` β

hϵmont `

1
ÿ

k“1

ΓhkZi,t´k `
4

ÿ

k“1

Ψh
kFt´k ` e

h
i,t, (A.1)

with αi denote firm fixed effects, νs denote sector fixed effects. The macroeconomic

controls, Fi,t, include GDP growth rate, inflation rate, unemployment rate, and iden-

tified macroeconomic factors from the FRED-MD database. In addition I control for

one lag of the firm-specific financial characteristics such as book leverage, liquidity,

debt/EBITDA, firm size, a dummy for dividend-paying firms, Tobin’s Q, and one

lag of the dependent variables.



148 Chapter A.

(a) Equity growth rate (b) Investment rate

(c) Long-term debt growth rate (d) Sales growth rate

Figure A.13: GW16 monetary shock series between 1994-2009 Heterogeneity in responses

after a 100 bsp monetary policy shock when controlling simultaneously for a variety of financial

constraint measures as in regression equation 2.8. The monetary shock series used for this graph

is not robust to information effects and excludes the periods of the zero lower bound.

A.8.2 Marginal Responses to a Favorable Monetary Policy

Shock

In this subsection I provide more details on the role of firm heterogeneity for the

transmission of monetary policy shocks. Figure A.13 depicts the role of all six

financial measures, Tobin’s Q, book leverage, firm size, a dummy for dividend-paying

firms, liquidity, and cash-flow constraints. The underlying regression equation is the

same as in chapter 2.5:

yi,t`h ´ yi,t
yi,t

“ αhi ` ν
h
st ` γ

h
rFCi,t´1 ˆ ϵ

mon
t s `

4
ÿ

k“1

ΓhkXi,t´k ` e
h
i,t. (A.2)

As in chapter 2.5, I also control simultaneously for all financial variables. This

subsection adds supplemental material for the interested reader, that did not make

it in the main text.
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A.8.3 The Role of the Information Effect of Monetary Pol-

icy

(1) (2) (3) (4)

ϵmt ϵmt ϵmt ϵmt

¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨

equity component 1, lag 1 0.00257 0.00715˚

(0.00238) (0.00316)

equity component 1, lag 2 -0.00539˚ -0.00651˚

(0.00228) (0.00295)

Fed fund rate, lag 1 0.0830˚˚ 0.0572

(0.0253) (0.0584)

Fed fund rate, lag 2 -0.103˚˚˚ -0.106

(0.0246) (0.0580)

macro component 3, lag 2 0.0215˚ 0.0191

(0.00829) (0.00978)

macro component 5, lag 1 0.0245˚ 0.0130

(0.0101) (0.0144)

macro component 8, lag 1 0.0211 0.0390˚˚

(0.0116) (0.0128)

N 79 79 79 79

R2 0.228 0.472 0.467 0.706

F 2.006 7.807 3.401 3.106

Standard errors in parentheses

˚ p ă 0.05, ˚˚ p ă 0.01, ˚˚˚ p ă 0.001

Table A.4: Results of regression lagged macroeconomic variables, estimated macroeconomic fac-

tors, and the estimated equity shock series on the Gorodnichenko and Weber (2016) monetary

policy shock series.

The monetary policy shock series of Gorodnichenko and Weber (2016), GW16

henceforth, used in chapter 2.5 has the advantage that the series is widely used in
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Figure A.14: BRW21 monetary shock series between 1994-2009 Heterogeneity in re-

sponses after a 100 bsp monetary policy shock when controlling simultaneously for a variety of

financial constraint measures as in regression equation 2.8. The monetary shock series used for

this graph is robust to information effects but excludes the periods of the zero lower bound.

this field of literature, making my results comparable to similar studies that inves-

tigate the role of book leverage on the transmission of monetary shocks (Ottonello

and Winberry, 2020). This comes however with the drawback that the GW16 series

is not robust to the information effect of monetary policy (Nakamura and Steinsson,

2018; Miranda-Agrippino and Ricco, 2019; Holtemöller et al., 2020; Bu et al., 2021).

The GW16 shock is not robust to information effects as the following results

show. Table A.4 summarizes the results of regression the GW16 shock series on

past macroeconomic conditions. Only those lagged variables with a significant coef-

ficient are displayed in the table. We observe high R2 values for most specifications.

Especially, lagged fed funds rates are able to forecast the monetary shock series.

The F-statistic is significant as well.

The Bu et al. (2021), BRW21 henceforth, monetary policy shock series in the

main text both includes the periods of the zero lower bound and controls for the

information effect of monetary policy. The GW16 series excludes the zero lower

bound period and the GW16 is not robust to the information effect. One might

now wonder which type of financial constraints are significant for the transmission

of monetary policy when the BRW21 series is also limited to pre-ZLB periods only.

In other words, what is the role of information shocks for my benchmark monetary
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policy results?

Figure A.14 visualizes the role of the six financial constraint measures for the

transmission of the BRW21 shock series on firm investment rates between 1994-2009.

Once I limit the BRW21 time series to pre-ZLB periods only, book leverage and debt

over current cash-flow become significant on a 95% confidence interval. This is in

line with the results for the GW16 series. In contrast to the GW16 series however,

the sign of firm liquidity and Tobin’s Q is flipped. The negative sign of firm liquidity

and the positive sign of Tobin’s Q are more in line with evidence from the literature.

Thus, I conclude that the GW16 is indeed affected by information shocks. The con-

founding effects of information shocks cause the sign of firm liquidity and Tobin’s Q

to be flipped. The prominent role of firm liquidity for the transmission of monetary

policy in my benchmark results is predominantly explained by the periods after the

Great Recession when the ZLB was binding.
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Appendix B

Appendix of Chapter 3

B.1 Appendix: The Open Economy Model

B.1.1 Idiosyncratic Shocks to Returns

The idiosyncratic shocks in the model follow a log-normal distribution with lnpωct q „

Np´0.5σ2
c , σ

2
c q:

Etωct |ω
c
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The expected share of deposits ending up in default in the next period is defined as:

Gpωct`1q “ Etωct`1|ω
c
t`1 ă ωct`1uPtωct`1 ă ωct`1u

“

ż ωc
t`1

0

ωct`1fpω
c
t`1qdω

c
t`1
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0
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.

The deposit contract guarantees that in the no-default case (ωct`1 ě ωct`1), the bank

pays a fixed rate of asset returns
ωc
tR

a,c
t

1´ϕct´1
´
τDI,c
t´1

dt´1
to the households. The bank keeps the

difference pωct`1´ω
c
t`1q

Ra,c
t

1´ϕct´1
´

τDI,c
t´1

dt´1
for herself. In case of default (ωct`1 ă ωct`1), the

bank does not receive any return and the household pays a fraction µc for recovery.

Thus, the household payoff is p1´ µcq

ˆ

ωc
tR

a,c
t

1´ϕct´1
´

τDI,c
t´1

dt´1

˙

. The gross share of deposits

going to patient households is defined as:

Γpωctq “

ż ωc
t

0

ωctfpω
c
t qdω

c
t ` ω

c
t

ż 8

ωc
t

fpωct qdω
c
t

“ Etωct |ω
c
t ă ωctuPtωct ă ωctu ` ω

c
tPtωct ě ωctu

“

Φ

ˆ

lnpωc
t q´

pσcz
b,c
t q2

2

σcz
b,c
t

˙

Φ

ˆ

lnpωc
t q`

pσcz
b,c
t q2

2

σcz
b,c
t

˙

Φ

ˆ

lnpωctq `
pσcz

b,c
t q2

2

σcz
b,c
t

˙

` ωct

„

1´ Φ

ˆ

lnpωctq `
pσcz

b,c
t q2

2

σcz
b,c
t

˙ȷ

“ Φ

ˆ

lnpωctq ´
pσcz

b,c
t q2

2

σcz
b,c
t

˙

` ωct

„

1´ Φ

ˆ

lnpωctq `
pσcz

b,c
t q2

2

σcz
b,c
t

˙ȷ

.

Due to positive monitoring costs, the net share of returns from a diversified deposit

portfolio patient households receive is given by:

Γpωctq ´ µcGpω
c
t q “

ˆ

1´ µc

˙

Φ

ˆ

lnpωctq ´
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share of return under no default

With the threshold going to infinity in the limit, the net share of returns converges

to lim
ωc
t`1Ñ8

Γpωctq ´ µcGpω
c
t`1q “ 1´ µc.
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B.1.2 National Deposit Insurance Fund

The national deposit insurance guarantees some fraction κct of deposits by building

up a fund that compensates depositors in case of bank default. The deposit insurance

fund balance is given by

DIct`1 “ DIct ` τ
DI,c
t ´ κctΩ

c
t`1 (A.1)

where a share κct of the total default costs Ωc
t is insured by the national DI in each

country. Banks pay a contribution τDI,ct to the fund, and the fund capital target is

set relative to total outstanding deposits in the steady state:

DI target,ct “ γcDId
c. (A.2)

The costs of deposit default in each country are defined as the difference between

forgone return on deposits, Rd,c
t´1d

c
t´1, and the share p1´µcq of gross assets ωctR

a,c
t act´1

that can be recovered, net of the contributions to the national DI:

Ωc
t “

ż ωc
t

0

tRd,c
t´1d

c
t´1 ´ p1´ µcqω

c
tR

a,c
t act´1 ` τ

DI,c
t ufpωct qdω

c
t´1. (A.3)

From the banks’ balance sheet and capital requirement constraint we get

dct´1 “ p1´ ϕ
c
t´1qa

c
t´1, (A.4)

and from the default threshold:
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ωctR
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t
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we can rewrite the costs of default as:
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Finally, we get:

Ωc
t “ rω

c
t ´ Γcpω

c
tq ` µcGcpω

c
tqs

Ra,c
t

1´ ϕct´1
dct´1. (A.6)

Banks contribute to the fund in each period by the amount τ ct´1d
c
t , and the contri-

bution rate is given by the following rule:

τDI,ct “ τDI,c ` χcτ rDI
target,c

´ EttDI
c
t`1us. (A.7)

Furthermore, whenever national fund capital is below target, the share of covered

deposits is reduced:

κct “ κc ´ χcκrDI
target,c

´DIct`1s. (A.8)

B.1.3 Capital-Producing Firms

Competitive capital producers create new capital, repair depreciated capital, and

are owned by saving households. Firms maximize profits by choosing investment Ict ,

max
Ict

Et

8
ÿ

τ“t

pβcpq
τ Λ

c
τ`1

Λcτ

"

pqk,cτ ´ 1qIτ ´ f
c

ˆ

Icτ
Icτ´1

˙

Icτ

*

, (A.9)

where fp¨qc denotes the functional form of investment adjustment costs, which, fol-

lowing Christiano et al. (2005), is given by:

ψci
2

ˆ

Ict
Ict´1

´ 1

˙2

(A.10)

ψci measures the inverse elasticity of net investments to changes in the price of capital

qk,ct . The first order condition defines the price of capital as follows:

qk,ct “ 1` f ct p¨q ` f c
1

t p¨q
Ict
Ict´1

´ βcpEt

"

Λct`1
Λct

f c
1

t`1p¨q

ˆ

Ict`1
Ict

˙2*

(A.11)

B.1.4 Market Clearing

B.1.4.1 International Goods Market

In each country perfectly competitive firms produce the final demand by aggre-

gating a continuum of domestically produced an imported goods for households,

entrepreneurs and capital producer. The aggregate demand bundle for domestic
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households, entrepreneurs and capital producers is compound by the following tech-

nology:1

xct “
”

pζcq
1
ηc pxc,ct q

ηc´1
ηc ` p1´ ζcq

1
ηc pxc,␣ct q

ηc´1
ηc

ı

ηc

ηc´1

, (A.12)

where xct is a placeholder for household and entrepreneurs consumption demand (cp,ct ,

cE,ct ) and capital producers investment demand (Ict ). ζc ą 0 measures the degree of

openness of the final good, the fraction of goods produced in the foreign economy.

ηc denotes the elasticity of substitution between home- and foreign-produced goods.

From the profit maximization of the final good produces we can derive the optimal

demand functions for home and imported goods:

xc,ct “ ζcppe,ct q
´ηcxct (A.13)

xc,␣ct “ p1´ ζhqppe,ct Ttq
´ηcxct (A.14)

Following Benigno (2004), the terms of trade are foreign producer prices relative

to domestic producer prices: Tt “
P e,f
t

P e,h
t

. National government consumption gt is

assumed to be produced only by national firms. The clearing condition guarantees

that the supply of domestically produced goods is equal to domestic and foreign

demand.

The real exchange rate can be defined with the help of the terms of trade and

the relative consumer prices in both countries:

RERt “ Tt
pe,ht

pe,ft
. (A.15)

In both regions the goods markets clearing condition hold in equilibrium:

yE,ct “ Y c
t “ ζcppe,ct q

´σc

cct ` g
c
t ` p1´ ζ

␣c
q

ˆ

pe,␣ct

Tt

˙´σ␣c

c␣ct (A.16)

where cct “ cP,ct ` cE,ct ` Ict denotes the aggregate demand for consumption and

investment goods of domestic households and entrepreneurs and c␣ct denotes the

aggregate demand of foreign households and entrepreneurs. The trade balance -

measured in domestic prices - is defined as difference between real exports and real

imports:

tbt “ exht ` Ttim
h
t , (A.17)

with exht “ cP,fht ` cE,fht ` Ifht and imh
t “ cP,hft ` cE,hft ` Ihft .

1From the perspective of the foreign economy the consumption bundle aggregation is struc-

turally equal.
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B.1.4.2 International Financial Market

Market clearing on the international financial market implies that the supplied equity

from bankers have to satisfied the demand for equity for both domestic and foreign

banks:

eht “ nh,ht `
1

RERt

nf,ht , (A.18)

eft “ nf,ft `RERtn
h,f
t . (A.19)

Further, since bankers will not pay dividends prior retirement, invested equity has

to match total bankers net worth:

nb,ht “ nh,ht ` nh,ft , (A.20)

nb,ft “ nf,ft ` nf,ht . (A.21)
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B.1.4.3 Shock Processes

Household Preference Shock:

zc,ct “ p1´ ρccqz
c,c
` ρccz

c,c
t´1 ` ϵ

c
t (A.22)

Productivity Shock:

aE,ct “ p1´ ρcaqa
E,c
` ρcaa

E,c
t´1 ` ϵ

a
t (A.23)

Bank Risk Shock:

zb,ct “ p1´ ρcbqz
b,c
` ρcbz

b
t´1 ` ϵ

b
t (A.24)

Government Consumption Shock:

gct “ p1´ ρ
c
gqg

c
` ρcgg

c
t´1 ` ϵ

g
t (A.25)
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B.2 Appendix: Data

Real GDP: Real gross domestic product, euro area 19 (fixed composition) and

Germany, deflated using GDP deflator (index), calendar and seasonally adjusted

data (National accounts, Main aggregates (Eurostat ESA2010)).

Government consumption: Real government consumption, euro area and Ger-

many, deflated using GDP deflator (index=2015), calendar and seasonally adjusted

data (National accounts, Main aggregates (Eurostat ESA2010)).

Real exports of goods and services: Exports of goods and services, Germany,

chain-linked volumes, calendar and seasonally adjusted data (national accounts,

main aggregates (Eurostat ESA2010)).

Real imports of goods and services: Imports of goods and services, Germany,

chain-linked volumes, calendar and seasonally adjusted data (national accounts,

main aggregates (Eurostat ESA2010)).

Current account balance: Current account balance as percentage of GDP, euro

area 19 (fixed composition) and Germany (OECD Main Economic Indicators data

base).

Real business investment: Real gross fixed capital formation (GFCF) of non-

financial corporations, euro area 19 (fixed composition), deflated using GDP deflator

(index=2015), calendar and seasonally adjusted data (national accounts, main ag-

gregates (Eurostat ESA2010)).

Total employment: Total employment in persons, total economy, all activities,

euro area 19 (fixed composition) and Germany, calendar and seasonally adjusted

data (national accounts, employment (Eurostat ESA2010)).

GDP Deflator: Euro area: Price level is based on HICP inflation, index year 2015,

euro area 19 (fixed composition), calendar and seasonally adjusted data (Indices of

Consumer prices, (Eurostat)). Germany: Price level is based on HICP inflation,

index year 2015, calendar and seasonally adjusted data (Statistisches Bundesamt).

Total government bond holdings: Euro area and Germany: Holdings by euro

area MFIs (excluding central banks) of short- and long-term maturity debt securities

issued by general government resident in EU countries, sample 1997:Q4 to 2019:Q1,

changing composition, deflated using GDP deflator (index=2015), (national central

banks, balance sheet items ECB SDW).
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Corporate bank loans: Real outstanding amounts of commercial bank (MFIs

excluding ESCB) loans to non-financial corporations, euro area (changing composi-

tion), deflated using HICP, calendar and seasonally adjusted data.

Corporate bank deposits: Real deposits placed by euro area households

(overnight deposits, with agreed maturity up to two years, redeemable with notice

up to 3 months), outstanding amounts, euro area (changing composition), deflated

using HICP, calendar and seasonally adjusted data.

Bank equity holdings by home and foreign investors: Positions held by

domestic shareholder to total positions held by euro area residents, all bank entities

in the euro area and Germany directly supervised by the ECB (Shareholders Report,

Thomson Reuters Eikon).

Share of deposits covered by deposit insurance: Share of deposits covered by

national insurance scheme, annual data 2011 to 2015, euro area 19 (GDP-weighted

average) and Germany (JRC European Union Banking Statistics).

Bank default rates: Expected bank default based on credit default swap spreads.

Expected defaults are calculated by authors using the CDS spreads and US 5y-

treasury yields as a proxy for the risk-free rate. We include all bank entities in

the euro area and Germany directly supervised by the ECB (Datastream for CDS

spread).

Bank equity returns: Return on equity in percent, deposit takers, euro area 19

(Financial Soundness Indicators, IMF).

Bank price-to-book ratios: Euro area: Price-to-book ratio for European

banks based on the “EURO STOXX Banks” index, sample 1998:Q4 to 2019:Q1

(Bloomberg). Germany: Price-to-book ratio of German banks based on (1) a

weighted average of P/B ratios of German banks (before 2003:Q1) and (2) the

“DAX SECTOR BANKS” index, sample 1999:Q4 to 2019:Q1 (from 2003:Q1, both

Bloomberg).

Interest rate on corporate bank loans: Annualized agreed rate (AAR) on com-

mercial bank loans to non-financial corporations with maturity over one year, euro

area (changing composition), new business coverage. Before 2003: Retail interest

Rates Statistics (RIR), not harmonized data. Starting 2003:Q1: MFI Interest Rate

Statistics (MIR), harmonized data.

Interest rate on corporate bank deposits: Commercial bank interest rates on

household deposits, weighted rate from rates on overnight deposits, with agreed
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maturity up to two years, redeemable at short notice (up to three months), euro

area (changing composition), new business coverage. Before 2003: Retail interest

Rates Statistics (RIR), not harmonized data. Starting 2003:Q1: MFI Interest Rate

Statistics (MIR), harmonized data.

United States 5-year yields on treasuries: 5-year nominal yields on US trea-

suries. Proxy for the nominal risk-free rate used in the calculation of bank default

rates from CDS spreads. (Board Of Governors of the Federal Reserve System).

United States real long-term treasury yields: Long-term real rate average on

outstanding TIPS with maturities of more than 10 years (US Department of the

Treasury).

B.2.1 Preset Parameters

Before initiating the matching process, we set the parameters not determined by

moment matching to conventional values (table C.2). They include parameters re-

lated to policy rules, the deposit insurance fund, or structural parameters on habit

formation, the capital share in production, trade elasticity, and labor market char-

acteristics. Furthermore, key parameters related to euro area-wide regulations are

assumed to be identical in both countries.First, steady-state bank capital require-

ments, ϕ
c
, are calibrated to 10.5 percent, the level implied by regulations under

Basel III.2 Second, the steady-state LTV ratio for entrepreneur borrowing, mc
E is

assumed to be identical in both regions and set to 0.35, in line with Gerali et al.

(2010).

B.2.2 Moments Matched

We simultaneously calibrate a set of model parameters to minimize the weighted

distance between data moments and their model-implied counterpart. Table B.2

reports the results of the moment matching routine in terms of the total distance

between model moments and data moments. The table also summarizes the values

for each moment, both the model-implied ones and the empirical values for both the

Euro-Area and Germany.

2The requirements under Basel III consist of different buffers, including a core buffer (minimum

Tier 1+2 capital) of 8 percent plus a “capital conservation buffer” of 2.5 percent.
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Parameter Germany Euro Area

Inverse Frisch Elasticity of Labor Supply ϕcP 1 1

Labor Disutility φcP 1 1

Household Habit Parameter hcP 0.8 0.8

Trade Elasticity ηc 1.5 1.5

Home Bias in Traded Goods ζc 0.6 0.6

Capital Share in Production Function αc 0.3 0.3

Bank Monitoring Costs µc 0.3 0.3

Debt-Elastic Interest Rate Parameter Φc
debt 0.1 0.1

Fiscal Rule, GDP Weight ϕcy 0.5 0.5

Fiscal Rule, Debt Weight ϕcd 1.5 1.5

Fiscal Rule, Tax smoothing ρctax 0.4 0.4

DI Contribution Sensitivity Parameter χcτ 0.45 0.45

Bank Capital Requirement ϕ
c

0.105 0.105

Loan-to-Value Ratio mc
E 0.35 0.35

EDIS Contribution Sensitivity Parameter χEDISτ 0.45 0.45

Switching Function Scaling Parameter α1 100 100

Preference Shock AR Coefficient ρcc 0.75 0.75

Productivity Shock AR Coefficient ρca 0.75 0.75

Bank Risk Shock AR Coefficient ρcb 0.75 0.75

Government Consumption Shock AR Coefficient ρcg 0.75 0.75

Table B.1: Calibrated Parameters

B.3 The Financial Crisis: Stabilization Effects of

EDIS

In the following, we conduct a counterfactual analysis that serves two purposes.

First, we investigate how EDIS would have performed in Germany and the rest of

the euro area, had it been in place during the financial crisis. Second, we study

the empirical validity of the model by comparing our model simulations to actual

macroeconomic developments between 2008:Q4 and 2012:Q4.

B.3.1 Characterizing the Financial Crisis

In order to analyze how EDIS would have affected the macro economy, we follow

Christiano et al. (2015) and suppose that the financial crisis in the euro area was

triggered by four major shocks: a preference shock, a financial market shock, a TFP
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Moment Model Data

Germany

Business Investment/GDP I
h

Y
h 0.222 0.222

Bank Default Rate 4 ˆ ψ
h

1.255 1.065

Return on Equity 400 ˆ pρh ´ 1q 10.710 6.386

Price-to-Book Ratio νh 1.026 0.822

NFC Loans/GDP b
h
e

Y
h 1.072 1.443

NFC Loan Rate Spread 400 ˆ pR
b,h
´ R̃

d,h

q 1.776 2.994

Euro Area

Business Investment/GDP I
f

Y
f 0.228 0.228

Bank Default Rate 4 ˆ ψ
f

t 1.918 1.398

Return on Equity 400 ˆ pρf ´ 1q 8.154 4.548

Price-to-Book Ratio νf 1.300 1.300

NFC Loans/GDP b
f
e

Y
f 1.428 2.015

NFC Loan Rate Spread 400 ˆ pR
b,f
´ R̃

d,f

q 1.396 2.608

Total Distance 2.837

Table B.2: The table summarizes the first moments matched via distance minimization during the

calibration routine. The model parameters are set such that the distance between model-implied

steady-state values and data moments is minimized.

shock and a government spending shock. We extract these shocks by using the pro-

cedure proposed by Christiano et al. (2015). Thereby, we calculate for each variable

of interest the linear trend from date x P t1991:Q1, . . . , 2004:Q1u to 2008:Q4. From

2008:Q4 onward, the trend growth rate is extrapolated by an AR(1) process, to

derive trend forecasts without the shocks that caused the financial crisis.3 We then

calculate “target gaps”, i.e. the differences between actual and projected values

at different time horizons. Target gaps represent the estimates of shocks and their

economic effects after the 4th quarter 2008. Since their true values are not known,

we construct the min-max range of the computed gaps.4 As a first objective of the

exercise, we assess the model predictions relying on such target gaps. Second, we

3In Europe, the drop in GDP in the 3rd quarter of 2008 was primarily driven by falling ex-

ports, while consumption and loans dropped below long-term levels mainly in the 4th quarter, We

therefore set the starting point of our analysis, to the 4th quarter 2008.

4For some of the euro area time series, such as GDP and components, we have a limited amount

of observations, starting only in the mid-1990’s. For all countries, only few default rate observations

are available. Thus, particularly in this case, the min-max ranges are tight.
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evaluate whether a regime switch would have occurred, and compare the outcome of

the presumed status quo – a situation where a nationally financed deposit insurance

becomes insufficient – with the EDIS scenario.

Following Christiano et al. (2015), for the preference shock, we define a “wedge”

which describes a disturbance to the household Euler equation. A positive real-

ization of the consumption wedge can be interpreted as an increasing demand for

risk-free assets:5

∆C,c
t “

Etπ
c
t`1

βRc
t

´ 1.

In order to get an observable time series of the consumption wedge, we use the

country-specific deposit rates, and the one-quarter ahead core CPI-inflation forecasts

from the ECB’s Survey of Professional Forecasters. Differences in the consumption

wedge between Germany and the rest of the euro area are determined by differences

in inflation and deposit rates.

The bank risk shock is modelled as a shock to the default rate. In order to

extract an empirical series, we rearrange the default rate equation

∆ψ,c
t “ Φ

ˆ

lnpωctq `
pσcz

b,c
t q2

2

σcz
b,c
t

˙

, (A.26)

where Φpzq is the standard normal distribution. We calculate the inverse of the

standard normal distribution and solve the equation for the shock term zb,ct .6 The

bank risk shock occurs earlier in Germany, mainly because some German banks had

solvency problems already in 2007,7 before bank default increased further after the

collapse of Lehman Brothers (upper second panel). After the provision of additional

government aid for failing institutes in the beginning of 2009, bank risk decreased

temporarily.8 With the onset of the European debt crisis and increasing doubts

about the stability of the euro area, the probability of bank defaults increased again,

also in Germany (upper and lower second panel).

To simulate a government spending shock we use quarterly time series data for

5See Fisher (2015)

6The resulting quadratic equation is solved with the quadratic formula and provides only one

economic plausible solution. In this exercise, we also assume that ρcb in equation A.24 is equal to

zero.

7See Hellwig (2018)

8The time series used to determine the steady-state default rates ψc include the crisis years,

such that a negative realization of the bank risk shock of default rates in figure B.1 is still associated

with elevated default levels.
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government consumption divided by the trend component of factor productivity γct :

∆G,c
t “

gct
γct
. (A.27)

In Germany, the permanent increase of government consumption can be explained

with the implementation of substantial spending programs that were already ap-

proved in previous years, mainly to foster innovation and education (upper third

panel).9 Due to these programs, the increase in government spending can only in

part be attributed to the financial crisis, as purely crisis-related packages terminated

in 2010/2011 (red line). In the rest of the euro area, the strong reduction of gov-

ernment consumption (lower third panel) after 2009 can not only be explained by

the termination of stimuli packages. If the packages would be the only determinants

of government consumption, the decline in spending should resemble its increase

during the implementation of these packages. The larger part of the decrease was

therefore most probably triggered by austerity policies conducted in several euro

area economies at the time.

Finally, the total factor productivity shock is measured as a residual in the pro-

duction function:

∆A,c
t “

yE,ct

pkE,ct qpε
TFP,cqplP,ct q

p1´εTFP,cq
. (A.28)

In contrast to the other shocks, we use the European Commission’s unobserved com-

ponent model which relies on the Kalman filter to extract the trend component.10

However, disentangling the TFP shock’s transitory from the permanent component

proves difficult, as agents became only gradually aware of the persistence in the de-

cline in euro area productivity during the crisis.11 Thus, for the rest of the euro area,

we assume a highly persistent shock, while in Germany the transitory component

dominates.

B.3.2 Solving and Simulating the Baseline Model

We solve the model by incorporating the shock vectors of the post-2008:Q4 period

assuming the law of motions and information sets about the shocks as discussed.

For the shock series, we suppose that at date t each agent observes the historical

9The programs included, inter alia, the “Exzellenzinitiative I”, the “Hochschulpakt I”, and the

“Innovationsoffensive”.

10See Havik et al. (2014).

11See Christiano et al. (2015)
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Figure B.1: Exogenous processes used in the counterfactual analysis. Consumption wedges are

computed following Christiano et al. (2015). All variables in percentage deviations from steady

state.

values of the shocks. At each date s “ 15 during the post-2008:Q4 period, they

compute forecasts with model-consistent AR(1) forecast rules. For macroeconomic

variables, we follow an analogous procedure. In a first step, we run the model given

the shock in period t, assuming that the economy is initially in steady state. In

a next step, we adjust initial conditions for each subsequent period t ` s to the

previous state of the economy and run the model for each period separately.12 This

yields a 1ˆ15 vector for each variable with the actual and the expected values given

adjusted information. Finally, to compute the final series we collect all actual values

from each period’s simulation.

B.3.3 Counterfactual Analysis

The simulated series for six macroeconomic variables are depicted in figure B.2 (blue

line), together with the empirically observed values (black line) and the min-max

12Although agents consider the switching probabilities, we exclude the possibility of switching

into a new steady state. Thus, in each simulation the agents expect to converge back to the

deterministic steady state of regime 1.
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range (gray shaded area). As our baseline, we choose the national fiscal backstop

scenario, where governments provide deposit insurance once the national DI fund is

exhausted (red solid line). In principle, the model is able to replicate the observed

dynamics of these variables quite well.13 However, three aspects have to be taken

into account while comparing baseline model results with observed variables.

First, as none of the European national DI schemes actually ran out of funds

during the financial crisis, we do not observe a true “regime-switch” in the data.

However, governments provided both explicit bank bailouts and implicit deposit

guarantees during the financial crisis, which we do not explicitly address in the

model. Without these measures, the probability of bank defaults would have po-

tentially been higher than observed, which most probably would have led to an

exhaustion of national DI funds. Since our model does not consider bank bailouts,

it indicates a regime switch instead. Furthermore, while national deposit insurance

is mainly privately financed in most EU countries, some countries have explicit fiscal

backstops or public-private coinsurance schemes. Since we model the deposit insur-

ance schemes as purely privately financed entities, funds are more rapidly depleted

as the real-world data might suggest. Thus, our baseline result can be interpreted as

a counterfactual scenario where government bailouts would not have circumvented

the depletion of the purely privately financed part of national deposit insurances.

Second, during the European sovereign debt crisis which started in 2010/2011

and which we do not explicitly consider, country-specific shocks played a significant

role. For instance, consolidation policies of the German government had small effects

because the economic recovery was rapid. In other countries, i.e. Italy, Spain, or

Greece, the austerity measures had a strong negative impact on GDP and consump-

tion. We only account for the reduction of government consumption, but not for

additional government spending shocks, such as tax and labor market policies that

would have further reduced consumption in affected countries to different degrees.

Third, due to bank bailouts government debt increased substantially in some

countries. In return, financial markets questioned the sustainability of high debt

levels in some member states, which led to large risk spreads and negative feedback

effects to the macro economy and the banking sector. While banks holding sovereign

bonds potentially benefit from higher yields on sovereign debt, the negative effects of

13Christiano et al. (2015) use data for the US back to 1980 and report ranges of roughly 3-5

percentage points for GDP and consumption. With data for Germany, we get similar ranges of for

GDP and consumption. However, for the euro area, the range is at 2 percentage points such that

our min-max range in the euro area should be interpreted as a rather narrow band.
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Figure B.2: Endogenous variables simulated with exogenous processes in figure B.1. Default rates

and switching probabilities in levels, debt-to-GDP ratios in absolute percentage point deviations

from steady state. All other variables in percentage deviations steady state.

rising bond yields, particularly in times of financial distress, need to be adequately

considered: (1) As bond yields and the underlying bond value are inversely related,

rising risk premia and sovereign bond yields are also associated with a decline in

bond prices. Consequently, falling bond prices negatively affect the asset side of

banks’ balance sheets. (2) While this mainly linear yield-price link already affects

banks’ balance sheets in normal times, bank bailouts can trigger a highly non-linear
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feedback loop in times of financial distress. As we only partially account for the

second channel, we potentially underestimate the negative feedback effect and the

macroeconomic dynamics after 2008 in the baseline simulation. We account for the

potentially higher non-linear crisis effects by simulating an alternative baseline (red

dashed line in figure B.2) where we assume that banks face a 75 percent lower return

on government bonds than in the baseline.

Besides the two described scenarios, we assume in a third scenario that EDIS,

designed as in part C of section 5.2 in the main paper, was already in place before

2008 (black dotted line). The counterfactual scenario with EDIS delivers two key

results. First, once the euro area economy switches, the decline in GDP is slightly

lower in case of the fiscal backstop. The difference can be explained by differences

in the terms of trade reaction (not shown). In case of EDIS, the relative competi-

tiveness of the euro area declines stronger, and the trade balance in the rest of the

euro area deteriorates by more.

Second, although macroeconomic differences between the baseline scenario and

EDIS are small, the rise in government debt would have been lower with EDIS: The

debt-to-GDP ratio increase is approximately half a percentage point lower than in

the baseline case. Furthermore, the relative advantage of EDIS increases signifi-

cantly once we assume that banks’ benefits from higher sovereign bond yields are

limited due to the fiscal backstop (red dashed line). In both economies, consumption

and GDP losses due to the crisis diminish by approximately 2 percent (annualized)

with EDIS. The increase of debt-to-GDP ratio is even 2 to 3 percentage points lower.

In short, our results suggests that EDIS would have potentially reduced the risks

stemming from a bank-sovereign doom loop. Implicit and explicit costs from bank

defaults and bailouts would have been more effectively covered by EDIS funds, which

would have limited the burden for constrained sovereigns. Furthermore, the exercise

shows that with EDIS, gains and losses from higher bank risks are shared between

bank owners, and do not accrue via higher taxes to all economic agents.
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B.4 Deposit Insurance and Moral Hazard

In this section, we show that no additional moral hazard is induced by the benchmark

deposit insurance fund in steady state. Bank contributions to deposit insurance

schemes are calculated on the basis of expected default costs and the overall share

of insured deposits. To discuss how providing deposit insurance is linked to bank

risk-taking and moral hazard, we investigate the effect of an increase of the share

of insured deposits κ̄c in steady state both analytically and in a comparative statics

analysis.

In general, the higher insurance share reduces the risk premium on the deposit

rate in equation 3.3. As a result, the lower contractual deposit rate Rc,d
t affects

the banks’ first order condition. In steady state, equation 3.3 affects the optimal

level of assets and deposits banks hold via the default threshold, given by equation

3.17. Combining both equations yields an alternative expression for the steady state

default threshold:

ω̄c “ p1´ ϕq

˜

R̃d,c

Ra,c
`
p1´ κ̄cqΩc

Ra,cdc
`

τDI,c

Ra,cdc

¸

. (A.29)

Increasing deposit insurance coverage via raising κ̄c would only result in higher

bank risk – and ultimately defaults – if and only if, κ̄cΩc ą τDI,c. However, in such a

situation, outflows would permanently surpass inflows, and the fund’s capital would

converge to zero over time. Thus, in the long run, the following condition has to

hold with equality: κ̄cΩc “ τDI,c. Using this insight to manipulate equation A.29

yields equation 30 in the model section 3.6 of the main paper:

ω̄c “ p1´ ϕq

˜

R̃d,c

Ra,c
`

Ωc

Ra,cdc

¸

.

Consequently, in the long run equilibrium, not only the default threshold remains

unaffected by κ̄c, but also the spread between lending and borrowing rates, as well

as intermediate firm loans. Since individual bank contributions are calculated based

on the average costs of default per unit of bank debt, and the risk premium on

deposit rates is again defined as the average cost of default per unit of bank debt,

the beneficial effects of lower deposit rates on banks’ profits are exactly offset by the

adverse effects of higher contributions.

Outflows and inflows in deposit insurance funds can differ in the short run (equa-

tions A.7 and A.8). Thus, temporarily higher insurance coverage can potentially in-

crease bank risk-taking and lending, implying scope for moral hazard and elevated
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bank default rates in the short run. However, to maintain fund capital levels close

to the desired levels in the long run, contributions have to adjust accordingly. Thus,

scope for additional risk-taking is limited in the long run, such that our deposit

insurance framework does not induce any additional moral hazard.

We also run a comparative statics analysis based on the model steady state,

by varying the share of insured deposits κ̄c. As depicted by figure B.3, as long

as the banks’ risk-adjusted contributions to the deposit funds exactly balance with

outflows, κ̄cΩ “ τ , neither defaults nor the volume of intermediate loans are af-

fected. Only if we relax the assumption of balanced outflows and inflows, such that

contributions are not risk-adjusted anymore, increased lending activity and thus

higher leverage and the resulting increase in bank defaults indicate moral hazard,

as depicted in figure B.4. Thus, both national deposit insurances and the European

deposit insurance scheme, as described in our benchmark model, does not induce

additional moral hazard to the banking sector.
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Figure B.3: Comparative statics analysis for simultaneously varying deposit insurance coverage

κ̄c in both countries c P th, fu. Steady-state deposit insurance outflows equal steady-state deposit

insurance inflows: κ̄cΩ “ τ . All values denoted in percentage deviations. Circle markers represent

benchmark steady-state calibration.
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Figure B.4: Comparative statics analysis for simultaneously varying deposit insurance coverage

κ̄c in both countries c P th, fu. Steady-state deposit insurance inflows remain constant τ̄ and
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Appendix C

Appendix of Chapter 4

C.1 Two Periods Partial Equilibrium Model

C.1.1 Partial Equilibrium: Stylized Two-Periods Model

Specification

In this appendix I summarize the details of the stylized two-periods model from

chapter 4.3.

C.1.1.1 Bank

A representative bank is endowed with initial net worth N1. At the beginning of the

first period, the bank provide loans Q1S1 to a representative goods-producing firm,

where S1 is the amount of loans and Q1 is the price of capital. In order to satisfy

firm’s loan demand, the bank receives deposits D1 from deep-pocket households.

The bank’s balance sheet is therefore given by

Q1S1 “ N1 `D1.

V1 “ max
N2

βN2

s.t Q1S1 “ N1 `D1,

N2 “ Rk
2Q1S1 ´R2D1,

V1 ě λQ1S1.
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The incentive constraint V1 ě λQ1S1 states that terminal net worth has to be

larger or equal to a fraction λ of assets. This fraction can be diverted in the initial

period by bankers, causing depositing households to suffer a loss and giving rise to

a spread between rental rate and risk free rate. In equilibrium the constraint always

binds.

Thus, the maximization provides us with a term for leverage

Q1S1

N1

“
βR2

λ´ βpRk
2 ´R2q

, (A.1)

which can be rearranged into a term for the contractual rental rate

Rk
2 “

λN1 ` pλ` βR2qD1

βpN1 `D1q
. (A.2)

C.1.1.2 Firm

The firm faces a demand constraint on the world market

Y2piq “

ˆ

P2piq

P̃2

˙´ϵ

Ỹ2,

with P̃2 denoting the average price level and Ỹ2 the aggregate demand. The

Cobb-Douglas production function of firm i is defined as:

Y2piq “ pξ2K2piqq
α
pL2piqq

1´α.

Here ξ2 denotes the quality of capital. The firm has to finance its entire capital

with loans. The capital stock itself is bought from a capital producer at price Q1 at

the end of period one, and depreciated capital can be sold back in the end of period

two at price Q2. The fully specified maximization problem is then

max
P2piq,L2piq,K2piq

“
ϵ´ 1

ϵ
P2piqY2piq ´ R

k
2Q1K2piq ´W2L2piq `Q2p1´ δqξ2K2piq, (A.3)

s.t.Y2piq “ pξ2K2piqq
α
pL2piqq

1´α,

Y2piq “

ˆ

P2piq

P̃2

˙´ϵ

Ỹ2.
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The firm takes the real rental rate Rk
2 and the real wage w2 as given. The first

order condition can be solved for both factor inputs, after dropping the index i

L2 “
ϵ´ 1

ϵ
P2p1´ αq

Ȳ2
W2

, (A.4)

K2 “

ˆ

Rk
2Q1 ´ ξ2pQ2 ´ δq
ϵ´1
ϵ
P2αL

1´α
2 ξα2

˙
1

α´1

. (A.5)

By additionally using the profit function, one can solve for L2, K2, and P2.

C.1.1.3 Partial Equilibrium

The capital demand of firms must satisfy the loan supply of banks

Q1S1 “ Q1K2 (A.6)

Banks will satisfy this demand by issuing enough loans. To do so, they require

a sufficient amount of deposits. Here, the deep-pocketed household will ensure a

sufficient funding of the banking sector by receiving the risk-free rate as its return on

provided funds. In other words it will provide deposits accordingly to the following

supply function, which comes from bank’s balance sheets

D1 “ Q1S1 ´N1. (A.7)

Now with all the components the model can be solved. The system of equations

is given by (A.2), (A.3), (A.4), (A.5), (A.6), and (A.7).

C.1.2 Derivation of the Capital Factor Demand Elasticity

The capital factor demand elasticity to a change in wages can be derived by starting

with both equations for the factor costs, and the demand constraint for a represen-

tative firm i:

W2

P2

“ p1´ αq
Y2piq

L2piq
, (A.8)

Rk,nom
2 “

ξ2P2
ϵ´1
ϵ
α Y2piq
ξ2K2piq

Qnom
1

`
ξ2Q

nom
2 p1´ δq

Qnom
1

, (A.9)

Y2piq “

ˆ

P2piq

P̃2

˙´ϵ

Ỹ2 “ pξ2K2piqq
α
pL2piqq

1´α. (A.10)
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The equations for the banking sector can be summarized in one single equation:

Rk,nom
2 “ λ

1

β
´

N1

βQnom
1 K2

. (A.11)

In the following I will drop the index i for the representative firm.

As a first step I introduce some terms related to the Cobb-Douglas production

function, that will simplify the following derivations. The representative firm’s pro-

duction function and the marginal products can be written as:

Y2 “ F pK2, L2q “ pξ2K2q
α
pL2q

1´α

FL “ p1´ αq
Y2
L2

FK “ α
Y2
ξ2K2

FLL “ ´
K

L
FLK

FKK “ ´
L

K
FLK

For future reference the definition for the elasticity of substitution between both

factor inputs will be useful:

σ “
BK2

L2

BMRS
with MRS “

dK

dL
“ ´

FL
FK

σ “
FKFL
Y2FLK

. (A.12)

These definitions are in line with Hicks (1932). The derivation for the elasticity of

substitution is available upon request.

In the following I derive the effect of a change in wages on firm’s labor and

capital input, and the price of the consumption good. I do so by computing the

total differential of equation (A.8)-(A.11).

C.1.2.1 Goods Market Clearing

The total differential with respect to a change in wages is given by:

´ϵỸ2

ˆ

P2

P̃2

˙´ϵ´1
1

P̃2

BP2

BW2

“ FK
BK2

BW2

` FL
BL2

BW2

´ϵỸ2

ˆ

P2

P̃2

˙´ϵ
1

P̃2

BP2

BW2

“ FK
BK2

BW2
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Eventually the total differential can be written as:
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with Rk,adj
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C.1.2.2 Labor Demand Equation

The labor demand equation can be simplified to
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and the total differential is then given by:
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This expression can finally be written as:
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with Rk,adj
2 “

Rk
2Q

nom
1

ξ2
´Qnom

2 p1´ δq.

C.1.2.3 Capital Demand Equation

The capital demand equation (A.9) can be combined with the optimality condition

for the banking sector (A.11) to the following:

λ
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`
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ϵ´1
ϵ
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`
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.

Remember, that the price of capital and the net worth are assumed to be constant

in the stylized partial equilibrium model.



180 Chapter C.

The total differential with respect to a change in wages is then given by:

0 “ ´
N1

βQnom
1 K2

2

BK2

BW2

` ξ2
ϵ´ 1

ϵ

„

FK
Qnom

1

BP2

BW2

`
P2

Qnom
1

ˆ

FKK
BK2

BW2

` FKL
BL2

BW2

˙ȷ

0 “ ´
N1

βQnom
1 K2

2

ϵ

ϵ´ 1

BK2

BW2

` ξ2

„

FK
Qnom

1

BP2

BW2

`
P2FLK
Qnom

1

ˆ

BL2

BW2

´
L2

K2

BK2

BW2

˙ȷ

0 “ ´
N1FL
βK2

2

ϵ

ϵ´ 1

BK2

BW2

` ξ2

„

FKFL
BP2

BW2

` P2FLKFL

ˆ

BL2

BW2

´
L2

K2

BK2

BW2

˙ȷ

0 “ ξ2FKFL
BP2

BW2

`
ϵ

ϵ´ 1

„

ξ2W2FLK
BL2

BW2

´
N1FL
βK2

2

BK2

BW2

´ ξ2W2FLK
L2

K2

BK2

BW2

ȷ

0 “
FKFL
FLK

ϵ´ 1

ϵ

BP2

BW2

`W2
BL2

BW2

´

„

N1FL
βK2

2FLKξ2
`W2

L2

K2

ȷ

BK2

BW2

The total differential can eventually written as:
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C.1.2.4 Solving for the Factor Elasticities

The capital factor elasticity with respect to wages can be expressed by:
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. (A.16)

As a first step, one has to solve for the partial differential BK2

BW2
. Equations (A.13)-

(A.15) describe the system of equations. This is in matrix notation:
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This linear system of equations can be solved by Cramer’s rule.
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and
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Combining equations (A.16),(A.18) and (A.19) yields the results for the capital fac-

tor elasticity to a change in wages, equation (4.1) in the main text, as the following:
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C.1.3 Calibration Partial Equilibrium model

C.2 Appendix: Data

Gross domestic product: US real gross domestic product, deflated, seasonally

adjusted data (U.S. Bureau of Economic Analysis, Real Gross Domestic Product

[GDPC1], retrieved from FRED, Federal Reserve Bank of St. Louis).

Consumption: US real consumption, deflated, seasonally adjusted data (U.S. Bu-

reau of Economic Analysis, Real Personal Consumption Expenditures [PCECC96],
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Description Value

αPE 0.3

βPE 0.99

δPE 0.025

λPE 0.381

N1 1

Q1 1

Q2 1

w2 1

Y2 1

Table C.1: Calibration of the Two-Periods Partial Equilibrium Model.

retrieved from FRED, Federal Reserve Bank of St. Louis).

Business investment: US nominal gross private domestic investment: Do-

mestic business, in billions of Dollars, seasonally adjusted data (U.S. Bureau

of Economic Analysis, Gross private domestic investment: Domestic business

[W987RC1Q027SBEA], retrieved from FRED, Federal Reserve Bank of St. Louis).

Government expenditures: US total nominal government expenditures, in

billions of Dollars, seasonally adjusted data (U.S. Bureau of Economic Analysis,

Government total expenditures [W068RCQ027SBEA], retrieved from FRED,

Federal Reserve Bank of St. Louis).

GDP deflator: US gross domestic product price deflator, index 2012=100,

seasonally adjusted data (U.S. Bureau of Economic Analysis, Gross Domestic

Product: Implicit Price Deflator [GDPDEF], retrieved from FRED, Federal Reserve

Bank of St. Louis).

Bank equity: US total equity capital for commercial banks, thousands of Dollars,

not seasonally adjusted (Federal Financial Institutions Examination Council (US),

Total Equity Capital for Commercial Banks in United States [USTEQC], retrieved

from FRED, Federal Reserve Bank of St. Louis).
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Return on bank equity: US banks’ return on average equity, percent, not

seasonally adjusted (Federal Financial Institutions Examination Council (US),

Return on Average Equity for all U.S. Banks [USROE], retrieved from FRED,

Federal Reserve Bank of St. Louis).

Commercial loan rate: US loan rate for commercial and industry loans, percent,

not seasonally adjusted (Board of Governors of the Federal Reserve System (US),

Weighted-Average Effective Loan Rate for All Commercial and Industry Loans,

Moderate Risk, All Commercial Banks (DISCONTINUED) [EEAMNQ], retrieved

from FRED, Federal Reserve Bank of St. Louis).

Commercial loans: US commercial and industry loans, in billions of Dollars,

seasonally adjusted (Board of Governors of the Federal Reserve System (US),

Commercial and Industrial Loans, All Commercial Banks [BUSLOANS], retrieved

from FRED, Federal Reserve Bank of St. Louis).

Hourly wages: US average hourly earnings in production, Dollars per head,

seasonally adjusted (U.S. Bureau of Labor Statistics, Average Hourly Earnings of

Production and Nonsupervisory Employees: Total Private [AHETPI], retrieved

from FRED, Federal Reserve Bank of St. Louis).

Hours worked: US weekly hours worked in manufacturing, in hours, seasonally

adjusted (Organization for Economic Co-operation and Development, Weekly

Hours Worked: Manufacturing for the United States [HOHWMN02USQ065S],

retrieved from FRED, Federal Reserve Bank of St. Louis).

FED funds rate: US effective federal funds rate, in percent, not seasonally

adjusted (Board of Governors of the Federal Reserve System (US), Effective Federal

Funds Rate [FEDFUNDS], retrieved from FRED, Federal Reserve Bank of St.

Louis).

Employment: US all employment, total nonfarm payrolls, in thousands of persons,

seasonally adjusted (U.S. Bureau of Labor Statistics, All Employees: Total Non-

farm Payrolls [PAYEMS], retrieved from FRED, Federal Reserve Bank of St. Louis).
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Firm leverage: Total assets of non-financial corporate businesses over non-

financial corporate equity capital, share, seasonally adjusted (own calculations).

Bank leverage: Total assets of all commercial banks over commercial banks’ total

equity capital, share, seasonally adjusted (own calculations).

C.2.1 Preset Parameter Values

Parameter Value

Disutility of labor χ 1

Capital share in production α 0.33

Household’s discount rate β 0.99

Steady State depreciation rate δ 0.025

Taylor coefficient inflation κπ 1.5

Taylor coefficient output gap κy 0.125

Taylor coefficient wage inflation κπw 0

Interest rate smoothing ρ 0.8

Calvo parameter prices γp 0.75

Calvo parameter wages γw 0.75

Price indexation γind,p 0.25

Wage indexation γind,w 0.25

Table C.2: Preset Parameters in the Full Model.
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C.3 Appendix: General Equilibrium Model

C.3.1 Tables and Figures

Productivity Shock Monetary Shock

γp “ 0.75 γw “ 0.75 γp “ 0.75 γp “ 0.75 γw “ 0.75 γp “ 0.75

Policy Rules Welfare Costs Welfare Costs

κπ “ 1.75 0.0118 0.0126 0.0257 0.0456

κπW “ 1.75 0.0143 0.0135 0.0194 0.0397

κπ “ 1.75, κy “ 0.125 0.0140 0.0208 0.0190 0.0215

κπw “ 1.75, κy “ 0.125 0.0150 0.0177 0.0138 0.0238

κπ “ 1.75, κπW “ 1.75 0.0092 0.0121 0.0086 0.0192

κπ “ 5 0.0211 0.0307 0.0143 0.0122

κπW “ 5 0.0103 0.0093 0.0023 0.0236

κy “ 5 0.0615 0.0624 0.0005 0.0006

Optimal Simple Rule 0.0079 0.0077 0.0000 0.0001

Table C.3: Welfare costs of an one standard deviation negative productivity shock and a contrac-

tionary monetary policy shock for a selection of policy rules. The costs of welfare are expressed

in consumption equivalents relative to the Ramsey-optimal monetary policy. In the specification

presented in the first column nominal wages are perfectly flexible. The second column’s results are

based on the specification with both sticky wages and sticky prices.

C.3.2 Determinacy

The finding in the main text demonstrate that for financial shocks even large infla-

tion targeting coefficients in the Taylor rule perform worse in terms of welfare than

small coefficients on wage inflation. These insights should also affect the determi-

nacy behavior of the model. Hence, I comment in this section on the set of policy

parameters under which the model is determinant.

It is a well-established fact in the literature, that a model is indetermined, as

long as the central bank reacts less than one-to-one to inflation. 1 However, in pres-

ence of endogenous capital, a second indeterminacy region for Taylor coefficients

1see Cochrane (2011) for a comprehensive discussion on this topic
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Preference Shock Investment Elast. Shock

γp “ 0.75 γw “ 0.75 γp “ 0.75 γp “ 0.75 γw “ 0.75 γp “ 0.75

Policy Rules Welfare Costs Welfare Costs

κπ “ 1.75 0.0201 0.0899 0.0303 0.6332

κπW “ 1.75 0.0194 0.0397 0.0233 0.1758

κπ “ 1.75, κy “ 0.125 0.0213 0.1360 0.0336 0.1380

κπW “ 1.75, κy “ 0.125 0.0247 0.2826 0.0242 0.0387

κπ “ 1.75, κπw “ 1.75 0.0187 0.0540 0.0226 0.1317

κπ “ 5 0.0180 0.1008 0.0245 0.1014

κπW “ 5 0.0183 0.0434 0.0220 0.0563

κy “ 5 0.0205 0.2880 0.0239 0.0211

Optimal Simple Rule 0.0109 0.0319 0.0220 0.0213

Table C.4: Welfare costs of a shock to consumption preferences and to investment elasticity for

a selection of policy rules. The costs of welfare are expressed in consumption equivalents relative

to the Ramsey-optimal monetary policy. In the specification presented in the first column nominal

wages are perfectly flexible.. The second column’s results are based on the specification with both

sticky wages and sticky prices.

larger than one emerges. This second indeterminacy region is also well-established

in the literature, occurring both under the assumption of a rental market for cap-

ital and under the assumption of firm-specific capital (Sveen and Weinke (2005)

and Carlstrom and Fuerst (2005)). This second indeterminacy region stems from

self-fulfilling investment booms. With sticky wages present, the region of indetermi-

nacy increases for given values of the inflation Taylor coefficient (Sveen and Weinke

(2007)).

Figure C.1 panel (c) and panel (d) shows that the introduction of financial

frictions affects the determinacy region and, thus, the effectiveness under inflation-

stabilizing policies. Under the benchmark calibration with the share of divertable

assets λ “ 0.381, the region of indeterminacy is larger for a given value of wage

stickiness. This is explained by the wedge between capital rental rate and the risk

free rate. Lowering/Increasing the policy rate does not one-to-one transmit to a

lowering/increase in the borrowing rate. In line with the results in previous parts

of this paper, the investment sunspot shock lowers marginal product of capital but

increases the marginal cost of firms. However, the latter does not rise enough to

compensate for the decline in marginal product of capital. The borrowing rate drops.
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Figure C.1: Determinacy region of price inflation and wage inflation coefficients for different

degrees of financial frictions and different degrees of wage stickiness. The λ parameter denotes

the fraction of bankers diverting assets, γw denotes the share of households not resetting their

wages. White colored regions define the parameter sets for which the Blanchard Kahn condition

is violated.

The central bank reacts to the rise in marginal costs by initially increasing the pol-

icy rate. However, once newly installed capital becomes productive, marginal costs

fall, causing periods of deflation. Thus, the reaction by the inflation-stabilizing cen-

tral bank during the deflationary period, will cause the real interest rate to fall. A

sufficiently high degree of nominal frictions reduces the long-run real interest rate.

Together with the dynamics of the borrowing rate, the long-run credit spread is

low, such that investment booms become self-fulfilling. A much stronger reaction

to inflation is needed to prevent the credit spread from falling and to prevent a

self-fulfilling investment boom.

Holding the nominal frictions constant and varying the degree of financial fric-

tions demonstrates that the region of indeterminacy is continually increasing. This



188 Chapter C.

result is depicted in figure C.1 panel (a). By increasing the degree of financial

frictions, policy makers are required to put a higher weight on price inflation stabi-

lization to ensure a unique equilibrium, as shown panel (a) of figure C.1.

The region of determinacy does not change for different degrees of financial fric-

tions when the interest rate policy is responding to wage inflation, as shown in panel

(b) of figure C.1. By stabilizing nominal wages, the policy maker does stabilize the

expected marginal product of labor and, hence, the marginal product of capital.

The higher relative credit spread mitigates the boom in investment.
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