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Motivation and Research Questions

Banking regulation is a topic that gained a lot of popularity during the US subprime crisis and

the subsequent European sovereign debt crisis with questions like the following being omnipresent

in the media:

• Why did so many institutions invest so much into the toxic financial products that fueled

the subprime crisis?

• Why are banks so fragile and do not save more for bad times?

• Why is an insolvent bank in the US affecting European and Asian banks so much?

In 2010, the Basel Committee on Banking Supervision published their third Basel Accord as an

answer to the question how one might prevent future crises. The Basel Accords are international

standards for banking developed by the Basel Committee on Banking Supervision supported

by the Bank for International Settlements. While the standards on their own are not legally

binding, most international governments including the United States and the European Union

adopt them into their national banking laws. As the name third Basel Accord implies, there

were two prior Basel Accords in act at the time the housing bubble burst and Lehman Brothers

filed for bankruptcy. The provisions of the first and second Basel Accord turned out to be

insufficient to prevent two of the largest financial crises. Naturally, this raises the question of

the fundamental changes between the third and the first two Basel Accords. Basel Committee

on Banking Supervision (2010) and Basle Committee on Banking Supervision (2010) categorize

the provisions of the third Basel Accord into three pillars:

• Enhanced risk weighted equity requirements, additional absolute equity requirements (the

so called leverage ratio) and added short-term and medium-term liquidity requirements

(LCR and NSFR)

• Additional rules for the supervision of risk management

• Additional rules for disclosure, transparency and market discipline
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MOTIVATION AND RESEARCH QUESTIONS

Risk weighted equity requirements were the cornerstone of the first Basel Accord and were

expanded in both the second and third Basel Accord. Under Basel Accord 1, banks were required

to have a minimum equity stock of at least 8.0% of their risk weighted assets. The risk weights

were fixed by a simple table that assigned risk weights to broad asset categories like sovereign

bonds or mortgage loans . With the second Basel Accord, this table was replaced with a much

more detailed framework that assigned risk weights based on a combination of asset category

and credit rating. Finally, the third Basel Accord increases the minimum stock of equity from a

fixed 8.0% to a dynamic range between 11.5% and 13.0% of risk weighted assets. Additionally,

the rules for the composition of capital have been strengthened as well, with a higher minimum

share of core capital (e.g. common stock) and a lower maximum share of additional non core

capital and hybrid capital (Basel Committee on Banking Supervision (1988), Basel Committee

on Banking Supervision (2004) and Basel Committee on Banking Supervision (2010)).

While there is empirical evidence now that banks adapted to the stricter capital standards

as intended (Basel Committeeon Banking Supervision (2019), Schmitz (2019)) , the financial

industry used to be concerned that stricter capital standards will lead to higher capital costs,

reduced profitability and lower credit intermediation activity. Admati et al. (2013) give a lively

overview of the proposed side effects of stricter capital standards and how likely or unlikely they

are to materialize.

In my doctoral thesis, I try to expand our knowledge of how equity requirements affect modern

banking systems. For this purpose, the questions stated above are not only a summary of media

headlines during the subprime and sovereign debt crisis, but the structure that connects the

three chapters of my doctoral thesis:

• How do financial innovations form systemic risk and how can equity requirements prevent

this?

• What are possible factors that influence the decision between paying dividends and increas-

ing equity using retained earnings?

• How can equity and liquidity requirements mitigate financial contagion?

Chapter 1 features my first paper Blochinger (2016). In this paper, I present a theoretical model

of financial innovation and regulation. Using mortgage backed securities and micro credits as

2



MOTIVATION AND RESEARCH QUESTIONS

examples for financial innovation, it assumes that innovations offer higher returns but also come

with higher levels of uncertainty compared to traditional banking activities. Though simple, this

risk-reward trade-off allows the model to identify two possible answers why banks intensively

focus on a certain innovation: business stealing and preemptive moves.

First, the model shows how regulators face a trade-off between enhancing stability and allowing

progress when considering an isolated setting with a single bank and a single innovation this

bank could pursue: strict equity requirements enhance stability, but also prevent the innovation

from being pursued.

After that, I show that in a setting with two banks and two innovations, innovators engage in

welfare inefficient business stealing behavior if market potential for innovations is limited and

if one of the innovations is sufficiently more attractive than the other one. In context of these

examples, one could see mortgage backed securities and similar structured products as the most

attractive innovation before the crisis unfolded. Instead of going for a diversified portfolio of

innovations, banks clumped on this particularly attractive innovation.

By preventing this business stealing behavior with either microprudential or macroprudential

equity requirements, the regulator is able to achieve two different kinds of Pareto improvements.

Microprudential equity requirements that assign each bank an equity requirement based on its

investment decision enhance stability without hurting progress. Exemplary, if bank one chooses

mortgage backed securities it prevents the second bank from going for the same innovation

and encourages it to stick to the traditional banking activities instead. Macroprudential eq-

uity requirements that assign both banks an equity requirement based on their combination of

investment decisions accelerate progress without hurting stability. If bank one chooses mort-

gage backed securities, macroprudential regulation encourages the second bank to pursue the

alternative micro credit innovation.

Using a two-period variant of the model with exogenous knowledge growth, I can furthermore

frame the process of financial innovation as an innovation timing game with an inefficient preemp-

tion race in equilibrium. While it would be welfare optimal for both banks to wait for the second

period and pursue an innovation with less uncertainty, both banks would be able to preempt

their waiting competitor by innovating in the first period. In equilibrium, both banks innovate

3



MOTIVATION AND RESEARCH QUESTIONS

in the first period. Again, the regulator is able to realize a Pareto improvement by imposing

equity requirements.

Chapter 1 contributes to the theoretical literature on financial innovation by providing a novel

and intuitive model for the process of financial innovation, possible inefficiencies in this process

and the welfare effects of equity requirements. Although it uses mortgage backed securities and

micro credits as examples, the model works independent from the technical nature of the financial

innovations considered.

Chapter 2 features my second paper Blochinger (2019): an empirical analysis of the equity stocks

of and the executive board member compensation levels at German savings banks, which have

some unique and interesting legal features. First, they do not have common stock and thus their

only source of equity is retained earnings. However, if a savings bank retains more of its earnings,

it pays less dividends to its sponsors. And because these sponsors are local authorities such as

cities and municipalities, savings banks used to be criticized by the media and some scholars

like Lang and Jasny (2015) for paying not enough dividends and building up too much equity

in the process. This critique is amplified by the fact that some savings banks, most prominently

all savings banks which are members of the North-Rhine Westphalian savings bank association

RSGV, are recommended to base the compensation of their board members on (among other

factors) the stock of retained earnings. The resulting story in the media is that board members

of savings banks decide to pay little or no dividends to their sponsors in order to increase their

salary.

While this story makes appealing headlines for the yellow press, there are some issues with

it. First, the link between retained earnings and compensation levels is just a non-binding

recommendation some of the usually state level associations give to their member savings banks.

Second, depending on the state level savings bank legislation, the decision-making process on

dividends and retained earnings varies. In some states, dividend payments are only possible if

equity stocks are already high and there is not a single state in which the executive board is able

to set dividend policies on their own.

Using the public data set of the investigative news platform Correctiv (2016), I find that the

recommendations in Rheinischer Sparkassen- und Giroverband (2017) provide a good fit to com-

pensation data, even beyond North-Rhine Westphalia. Savings banks in North-Rhine Westphalia

4



MOTIVATION AND RESEARCH QUESTIONS

follow the recommendations of their association and savings banks outside of North-Rhine West-

phalia seem to employ similar compensation schemes.

Using linear regression, I find a marginally significant negative relationship of equity ratios and

executive compensation, which is especially strong in North-Rhine Westphalia. This contra-

dicts the above mentioned news stories and instead points towards a reverse causality, i.e. that

Rheinischer Sparkassen- und Giroverband (2017) was specifically designed to incentivize higher

equity stocks and lower leverage.

Finally, I identify four properties of state level savings bank laws that potentially affect the

decision between dividend payments and retained earnings:

• Restrictions on dividend payments like additional equity requirements

• The ultimate decision maker of dividend policy

• The option of the executive board to preemptively retain a limited share of the earnings

• The option to replace dividend payments with donations to non-profit organizations

Dividend policies made by a committee of sponsor representatives (city mayors, local and munic-

ipal level politicians) are associated with significantly lower equity ratios. A possible story would

be that the sponsor representatives are more oriented towards the interests of their respective

city or municipality and push for higher dividend payments. Additionally, the option to make

donations instead of dividend payments is associated with significantly higher equity ratios.

With these main findings, chapter 2 contributes to three strands of literature: the literature

on the incentive effects of variable compensation schemes, the literature on dividend policy and

capital management and the empirical literature on the German savings bank system.

Chapter 3 presents my third paper Blochinger (2020) and "ContagionGraphs", a tool for network-

based simulation models of financial contagion. Financial contagion describes the spread of a

bank specific problem to other banks and can materialize through various channels of contagion:

interbank credit markets, informational effects, fire sales, etc. All these contagion channels are a

possible answer to the question why the insolvency of Lehman Brothers affected other US banks

and also banks in Europe and Asia.
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MOTIVATION AND RESEARCH QUESTIONS

Contagion through interbank credit markets is extensively researched using network-based mod-

els. The most apparent reason for this is the natural translation of interbank credit markets

into graph networks with banks as nodes and loans as directed and weighted edges. Another

distinct feature of the network-based approach is its ability to simulate complex model features

like heterogeneous agents, dynamically growing loan relationships or suboptimal behavior.

My tool "ContagionGraphs" aims to facilitate the exploration and comparison of the seemingly

endless world of network-based models of financial contagion. After testing the tool by reproduc-

ing the results of the theoretical Allen and Gale (2000) model, I use it to answer four questions

that are rarely covered by the existing literature: How do the interbank loan relationships of a

shocked bank affect stability? Are equity requirements and liquidity requirements complements

that reinforce each other or are they substitutes? What determines their efficiency in enhancing

network stability? Is one of these two requirements more important in general?

I find that the net creditor position of the shocked bank is a strong predictor of network stability

with a higher net creditor position being associated with lower default ratios. Moreover, I find

that liquidity and equity are substitutes to a certain degree, meaning that they take two distinct

roles in stabilizing interbank networks against liquidity shocks: While liquidity prevents costly

liquidations, equity mitigates the potentially contagious effects of these costly liquidations. The

relative effectiveness of liquidity requirements and equity requirements in stabilizing interbank

networks depend on various determinants such as the average node degree of the network or

the costliness of liquidations: one cannot say that one type of requirement is generally more

important.

Chapter 3 contributes to the literature on network-based models of financial contagion in two

ways: First, it provides researchers with an expandable open source toolbox for further research

and exploration. Second, our findings add to the knowledge on the effects of financial regulation

on interbank credit markets.

6



1. Regulation of Financial Innovation -

Stability vs. Progress?

This chapter is a revised version of my working paper Blochinger (2016) available at:

https://ssrn.com/abstract=2766919
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1. Regulation of Financial Innovation - Stability vs. Progress?

1.1. Introduction

One of the main goals of financial regulation is the stability of the financial system. Classical

examples of financial regulation include equity requirements to prevent excessive leverage or

liquidity requirements to safeguard markets against fire sales. Implementing these tools requires

detailed experience and knowledge about the regulated entities and their products.

Coping with financial innovation is a particularly challenging part of financial regulation. Fi-

nancial innovation is a process that dates back to the ancient world and covers a broad range

of items, starting with basic concepts such as limited liability and double entry accounting and

ranging to electronic payment systems and innovative financial products.

For many innovations, chances, risks and long-term impact on the financial industry are hard to

estimate. On top of that, the regulatory treatment of innovation might feature a trade-off between

more stability and more progress. Deregulation can create a competitive and innovation friendly

environment but can also promote excessive risk taking and instability. On the other hand,

strict regulation tries to keep the financial system stable, but can slow down useful innovations

and render the financial system inefficient. Consider the examples of mortgage backed securities

(MBS) and microcredits:

Mortgage Backed Securities are securities backed with a pool of mortgages. Before the

subprime crisis they were widely perceived to be an excellent innovation, offering investors access

to well diversified loan portfolios in the form of a highly liquid security. The subprime crisis

unveiled the risks these securities bore and showed that it would have been better if regulators

had stepped in early and decelerated the development of the securitized mortgage market. See

Mason and Rosner (2007) for a comprehensive overview of the underestimated risks of MBS.

Microcredits are extended to financially weak borrowers in developing countries that would

have difficulties in obtaining a regular bank loan. Contrary to initial skepticism, micro credits

turned out to be a successful and sustainable business (see Armendáriz and Morduch (2010)). If

regulators had blocked the development of microcredits, both the business opportunity and the

financing option for financially weak borrowers would have been missed out.

8



1. Regulation of Financial Innovation - Stability vs. Progress?

These two examples intuitively fit the stability vs. progress trade-off story. But how does the

trade-off story fare beyond such anecdotes in a more general view?

In this paper, we analyze the interaction between regulation and financial innovation from a

microeconomic perspective. We use a discrete investment choice model to identify situations in

which regulators do not face the trade-off between stability and progress and are able to realize

a Pareto improvement. Additionally, we analyze if macroprudential regulation is more effective

in those situations than microprudential regulation.

We find that business stealing behavior and preemptive moves can lead to inefficiencies in the

process of financial innovation. By discouraging business stealing or preemptive moves, regulators

can realize a Pareto improvement: improve either stability or innovation without hurting the

respective other. If we additionally assume super-additive social costs of bank defaults, the effect

of macroprudential regulation against business stealing behavior is even stronger: in this case,

the regulators can improve both stability and innovation at the same time.

The remainder of this paper is structured as follows: This section closes with a literature review.

The next section presents the baseline version of our model and shows the stability vs. progress

trade-off in an isolated setting. Section 3 shows how business stealing behavior can break the

trade-off in a more complex setting. Section 4 transforms our model into a preemption game and

shows how preventing the preemption race creates a Pareto improvement. Section 5 concludes

the paper.

Literature Review

There is a lively discussion in both politics and academia about the effects of financial innovation

on growth, welfare and stability. Since the initial work of Goldsmith (1959), a large body of both

empirical and theoretical literature emerged, which advocates a positive relationship of financial

innovation and economic growth. Levine (1997) and Tufano (2003) give a comprehensive overview

of this literature. Some researchers go even a step further: Sylla (2002) uses the examples of the

Dutch Republic, the United Kingdom and the United States to propose phases of rapid financial

innovation as reasons for global economic dominance. Dynan et al. (2006) discuss empirical

evidence that financial innovation lead to increased macroeconomic stability in the 1980s. Allen

9



1. Regulation of Financial Innovation - Stability vs. Progress?

(2012) distinguishes between financial liberalization and financial innovation and argues that the

positive effects of the latter outweigh its drawbacks. Shiller (2013) states that capitalism needs

financial innovation to be successful and names crowd funding, benefit corporations and social

impact bonds as examples. Laeven et al. (2015) use a Schumpeterian innovation model to show

that technological innovation will cease at some point without supporting financial innovation.

If financial innovation fosters or even enables economic growth in the first place, shouldn’t regu-

lators be reluctant to intervene in this process? There are indeed cases in which deregulation and

liberalization lead to innovation and subsequently to economic growth. For example, Jayaratne

and Strahan (1996) use a difference-in-differences analysis to find that intrastate bank reforms

in the United States lead to a significant gain in real per capita growth. Bekaert et al. (2005)

show in an empirical cross-country study that equity market liberalizations lead to significant in-

creases in real growth rates. Plosser (2009) claims that in general, success and failure of financial

innovations are as natural as success and failure of technological innovations and that attempts

to control the process of innovation will lead to suboptimal outcomes.

However, there is also literature on the so-called dark side of financial innovation and even be-

fore the subprime crisis of 2008, researchers identified reasons for regulating financial innovation:

De la Fuente and Marin (1996) identify asymmetric information and positive externalities as

inefficiencies of the innovation process and suggest the latter as a reason for active policy inter-

vention. De Gregorio and Guidotti (1995) analyze the relation of financial innovation and growth

in an empirical cross-country study and find a negative relation for Latin American countries.

They argue that in countries with poor financial regulation, moral hazard in anticipation of

government bailouts leads to overlending, instability and an inefficient process of innovation.

Engelen et al. (2010) call for a reconceptualization of financial innovation. Carlin (2009) and

Henderson and Pearson (2011) discuss a dark side of financial innovation on which innovators

try to exploit unsophisticated or biased investors by engineering securities that these will over-

value. Boot (2010) add negative side effects of increased marketability of banking assets to the

dark sides of financial innovation. Mullineux (2010) argue that financial innovation should not

be allowed to create systemic risk and should require prior stress testing before being adopted

by a broader market audience. Beck et al. (2016) empirically confirm the positive relationship

between financial innovation and real per capita growth but find higher levels of idiosyncratic

bank fragility and bank profit volatility as a dark side of innovation.

10



1. Regulation of Financial Innovation - Stability vs. Progress?

The discrete investment choice model we use in this paper is distantly related to the research

and development rivalry models employed by for example Scherer (1967), Reinganum (1981) and

Fudenberg and Tirole (1985). These works analyze the timing optimization problem of rivaling

firms that develop a new product or adopt a new cost reducing technology. The main difference

between their and our work is that we focus on the regulatory aspect while they focus on detailing

the timing problem and its equilibria.

1.2. Innovation vs. Stability Trade-off

In this section, we set up our discrete choice investment model in its baseline setting with one

bank, a single innovative project and a static one-period time frame. This setting represents

an isolated consideration of a single innovator and a single innovation within the process of

financial innovation. We show that in this setting, regulators face a trade-off between stability

and progress.

Innovative Projects

How do we model the innovation aspect of an innovative project? Khraisha and Arthur (2018)

give us an overview of the various definitions, features and classifications for financial innovation

in the literature. Commonly identified functional channels of financial innovation are for example

lower transaction costs because of better information technology or better risk diversification

strategies enabled by new markets and products.

To keep the focus of our model on the regulatory aspect, we will keep the technical nature of our

innovative projects abstract and model them with a risk-return tradeoff: Financial innovations

are assets with a high expected return, but also with uncertainty. With a probability of 1 − γ

the innovation is a failure and returns µfail = 0. With a probability of γ, it is a success and the

return is µsuccess = 1 + a. In contrast, the non-innovative investment option (henceforth called

known asset) gives a safe return of µknown = 1.

The parameters γ and a are assumed to satisfy γ (1 + a) > 1, meaning that the innovative projects

have a higher expected return than the non-innovative known asset. Furthermore, we assume
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that all investment options require exactly one unit of capital to be pursued and one cannot split

and distribute a unit of capital over different investment options.

The risk-return tradeoff is simplistic, but it keeps the model simple and still encompasses the

various innovation aspects of financial innovation: MBS promised to be a more efficient way of

real estate finance with better risk diversification for lenders, but the innovation failed when

unforeseen systemic risks manifested. More traditional methods of home loan financing such

as building savings contracts did not promise these advantages but would not have had the

uncertainty either.

Investment Decision, Equity Regulation and Cost of Capital

Consider a single monopolist bank equipped with one unit of deposits and no equity. The

shareholders of the bank control its investment behavior and receive the earnings of the bank as

dividends. The bank can invest its unit of capital into either the known asset or the innovative

project. The known asset offers a guaranteed payoff of 1. The innovation pays out 1 + a with

probability γ and 0 with probability (1 − γ). The shareholders of the bank are risk neutral and

choose the investment option that maximizes their expected earnings. Given the assumption of

zero equity and limited liability, shareholders would prefer the innovative project with expected

earnings of γa to the known asset with guaranteed earnings of 0.

A welfare-oriented regulator can affect this investment decision with an equity requirement de-

noted by the minimum equity to total asset ratio e. The capital standards required by the Basel

guidelines are for the most part based around risk weighted assets. The rules for assigning risk

weights to assets range from a simple category-based system in Basel I to complex bank specific

risk models in Basel II and III. To reflect the usual risk dependency of capital requirements,

we assume that the known asset is completely exempt from the equity requirements. In the

Basel guidelines, this is actually the case for assets that are considered virtually risk free, such as

government bonds. For reasons of simplicity, we additionally assume that adding equity replaces

a proportional part of deposits and does not change the total asset volume.

For debt in the form of deposits, we assume that the costs are zero, because depositors are insured

by an external third party and therefore demand no interest. For equity, we assume that there

12
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are external investors who are willing to provide equity as new entrant shareholders if they get

an expected return on equity of α. While we do not supply exact values for α, we assume that

α is low enough so that a capital increase is a considerable option.

Lemma 1.2.1. The linear function c (e) = (α + (1 − γ)) ⋅ e maps the minimum equity ratio e

to the shareholder’s costs for backing the innovative project with the required amount of equity.

If π0 denotes expected earnings of innovating without equity requirements, expected earnings of

innovating under equity requirements can be written as π = π0 − c (e).

For the existing shareholders of the bank, there are two reasons why deposits are more attractive

than equity: lower capital costs and limited liability. If the regulator forces them to raise equity,

they have additional costs because of the increased liability and the more expensive capital

structure. We can express their expected earnings as:

π =

⎧⎪⎪⎪⎪
⎨
⎪⎪⎪⎪⎩

0 known asset

γa − c (e) innovation

If the regulator chooses the minimum equity ratio e so that c (e) ≤ γa, the innovation offers

positive expected returns and the bank innovates. If the regulator chooses the minimum equity

ratio e so that c (e) > γa, the innovation becomes unattractive and the bank chooses the known

asset instead.

Innovation vs. Stability Trade-Off

Sensible measures of welfare should include profits and losses of the bank, potential positive

externalities of innovation and potential social costs of bank defaults. For the purposes of this

paper, we attribute these items to two components of welfare:

• Innovation benefits B are profits from successful innovative projects plus potential positive

externalities. If the bank innovates successfully, it earns a and we assume further positive

externalities of b ≥ 0. If the bank invests in the known asset, the bank earns 0 and there

are no positive externalities.
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• The instability costs D are losses from failed innovative projects plus potential social costs

of bank defaults. If the bank innovates unsuccessfully, it loses its unit of deposits and

defaults, incurring further social costs of d ≥ 0. If the bank invests in the known asset, the

bank loses 0 and there are no social costs.

W =W0 +B −D =

⎧⎪⎪⎪⎪⎪⎪⎪
⎨
⎪⎪⎪⎪⎪⎪⎪⎩

0 known asset

γ (a + b)
´¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¶

B

− (1 − γ) (1 + d)
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

D

innovation

Definition 1.2.2. Let B0 and D0 be welfare benefits and instability costs in absence of regulation.

A regulation scheme creates a Pareto improvement, if it leads to either higher innovation benefits

B > B0 at constant or lower instability costs D ≤ D0 or to lower instability costs D < D0 at

constant or higher innovation benefits B ≥ B0

Consequently, welfare under such a regulation scheme is strictly higher than in absence of regu-

lation. Note that this does not imply that it leads to a welfare optimal outcome.

Proposition 1.2.1. There exists a trade-off between obtaining higher welfare benefits B and

obtaining lower instability costs D. Lenient regulation with c (e) < γa leads to positive innovation

benefits B but also to positive instability costs D. Strict regulation with c (e) > γa leads to zero

instability costs D, but also to zero innovation benefits B. Therefore, there is no regulation

scheme that leads to a Pareto improvement.

In the isolated consideration of a single innovator and a single innovation, the regulator needs to

decide between either allowing the innovation or enhancing stability.

Consider the example of regular mortgage loans versus mortgage backed securities again. If the

regulator prevents the adoption of mortgage backed securities with restrictive regulations, the

stability of the financial system increases but the possible benefits of mortgage backed securities

are forfeit. If the regulator allows mortgage backed securities, the financial system enjoys the

benefits of this innovation at the cost of higher instability. There is no clever regulatory solution

that reaps the benefits of mortgage backed securities without taking the corresponding risks.
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Reality Isolated View Section 3

?
?

?
?

?

Figure 1.1.: Simplified networks of banks and financial innovations: In reality we have a complex
network of interconnected banks and financial innovations. In the previous section,
we reduced this network to a single bank and a single innovation - an isolated view.
In this section, we consider a small network with two banks and two financial inno-
vations.

1.3. Limited Market Potential and Business Stealing

From the previous section we know that regulators face a trade-off between more innovation

benefits and more stability, if we consider an isolated setting with a single innovator and a

single innovation. In this section, we explore a setting with competition among innovators and

innovations (see figure 1.1) and introduce limited market potentials for innovations. We show

that in this more complex setting, banks engage in business stealing behavior by clumping on

the most attractive innovation. Regulators can realize a Pareto improvement by discouraging

this behavior.

Introducing Competition and Limited Market Potential

Consider a financial sector with two risk neutral competitive banks indexed i ∈ {1,2}. Each bank

is equipped with one unit of deposits and no equity. The banks can choose between the known

asset for guaranteed earnings of 0 and one out of two innovative projects indexed j ∈ {1,2}.

The investment decisions of the two banks are sequential: a coin toss decides which bank moves

first.
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Innovative projects have limited market potential. From the perspective of the bank this means:

• If a single bank pursues an innovative project j that turns out to be a success, it has

earnings of aj .

• If both banks pursue the same innovative project j and this project turns out to be a

success, both banks have earnings of aj

2 .

• Innovative projects that turn out to be a failure result in a loss of 1, regardless how many

banks pursued it.

Regarding welfare, we assume that:

• Each successfully pursued innovation creates positive externalities of b, regardless if it was

pursued by one of the banks or by both banks.

• Each defaulting bank incurs social costs of d.

Furthermore, we assume that one of the innovative projects is more attractive with a1 > a2 and

that both innovative projects offer higher expected returns than the known asset, even if they

are inefficiently pursued by both banks: γ a2
2 > (1 − γ).

As an example, consider the first innovation to be mortgage backed securities and the second

innovation to be micro credits. While both innovations are more attractive than traditional loans

(the known asset), the mortgage backed securities are the more attractive investment option.

However, if too many innovators try to profit from this option, they engage in business stealing:

only a limited pool of mortgages can be securitized efficiently. Once this pool is depleted, new

market entrants need to work with less attractive mortgages and in turn one gets less attractive

mortgage backed securities.

Regarding the costs of capital, we keep our assumptions from the previous section: There are

external investors that are willing to provide equity as entrant shareholders, if they receive an

expected return on equity of α. The cost of deposits is zero, because of deposit insurance.

Again, we divide welfare into two parts: W = B − D. Innovation benefits B are profits from

the pursuit of innovative projects plus positive externalities. The instability costs D account for

losses from the pursuit of innovative projects and for social costs of defaulting banks.
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No innovation: B decreases by γ(a+b)
No risk: D decreases by 2(1-γ)(1+d) 

Both innovations are pursued: B increases by γ(a+b)
Both banks have (1-γ) probability of default: D remains unchanged

CI Only one innovation is pursued: B remains unchanged
One bank has (1-γ) probability of default: D decreases by (1-γ)(1+d)

Figure 1.2.: Welfare comparison of the strategy profiles in the static model. Please note that the
x-axis is inverted.

Model Overview

There are nine possible strategy profiles, but it is straightforward that only four of them are

candidates for a subgame perfect equilibrium:

• the single innovation profile SI in which the first mover invests in project 1 and the second

mover invests in the known asset

• the multiple innovation profile MI in which the first mover invests in project 1 and the

second mover in project 2

• the clumped innovation profile CI in which both banks invest in innovation 1.

• the no innovation profile NO in which no bank innovates.

Lemma 1.3.1. The multiple innovation profile MI and the single innovation profile SI are both

Pareto improvements compared to the clumped innovation profile CI. Figure 1.2 visualizes these

relationships.
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Bank Behavior and Regulation

First, we consider the behavior of the banks in absence of regulation. Proposition 1.3.1 shows

that inefficient clumping behavior occurs, if the difference in the expected returns of the two

innovative projects exceeds the a1 > 2a2 threshold.

Proposition 1.3.1. In absence of regulation, the clumped innovation profile CI is the unique

subgame perfect equilibrium if a1 > 2a2 and the multiple innovation profile MI is the unique

subgame perfect equilibrium if a1 < 2a2.

Given the more complex setting with two banks and two innovative projects, we can distinguish

between microprudential and macroprudential regulation. Microprudential regulation evaluates

the assets and risks of each bank separately. The investment decision of one bank does not

affect the regulatory treatment of assets at other banks. Macroprudential regulation additionally

considers the correlations of assets and risks within the financial system, meaning that regulatory

treatment of an asset can be stricter if a large number of banks are invested in it.

In general, microprudential regulation could allow for one individual equity requirement for each

asset and macroprudential regulation could allow for one individual equity requirement for each

combination of assets. For the sake of simplicity and a clearer distinction between microprudential

and macroprudential regulation, we will use the following definitions:

Definition 1.3.2. The microprudential regulation scheme applies equity requirements on a bank

if it innovates. The simple macroprudential regulation scheme applies equity requirements only

if both banks invest into the same innovation.

Proposition 1.3.2. Assume that a1 > 2a2. There exists a microprudential regulation scheme

that improves stability D without hurting innovation benefits B. This scheme requires γa1/2 <

c (e) < γa1 and makes the single innovation profile SI the unique subgame perfect equilibrium.

Microprudential equity requirements reduce the attractiveness of both innovations at the same

rate. We cannot use microprudential equity requirements to increase the relative attractiveness

of innovation 2 in comparison to innovation 1. Because of that, there is no value of e that will

make the multiple innovation profile MI an equilibrium. However, it is possible to reduce the
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Unregulated (CI) Microprudential (SI) Simple Macroprudential (MI)

Innovation:      +  0
Stability:      + (1-γ)(1+d)

Innovation:      +  γ(a+b)
Stability:      + 0

Ine�cient Business
Stealing Behavior

1 211 1

Figure 1.3.: Summary: Effects of micro- and simple macroprudential regulation on welfare com-
ponents.

attractiveness of innovation 1 until this innovation is not attractive anymore if it is pursued by

both banks.

Proposition 1.3.3. Assume that a1 > 2a2. There exists a simple macroprudential regulation

scheme that improves innovation benefits B without hurting stability D. This scheme requires

c (e) > γ ((a1/2) − a2) and makes the multiple innovation profile MI the unique subgame perfect

equilibrium.

Simple macroprudential equity requirements directly aim at the business stealing behavior. They

do not reduce the attractiveness of an innovation, unless both banks clump on it. If the require-

ment is high enough, it is more attractive for the second moving bank to settle for innovation 2

than to clump on innovation 1. Note that for simple macroprudential regulation, there is no upper

bound for e because in the new equilibrium profile MI, there is no clumping and the requirement

just acts as a deterrent. Both schemes can combat inefficient business stealing behavior.

Robustness

Figure 1.3 gives a graphical summary of propositions 1.3.2 and 1.3.3. As we can see, they rely

neither on the existence of the positive externalities of successful innovations nor on the existence

of social costs of defaults. They hold for both b = 0 and d = 0.
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In contrast, we can make the case for both microprudential and simple macroprudential regulation

even stronger by having super-additive social costs of bank defaults. Assume that social costs

of d are incurred if one bank defaults and that social costs of 2d + δ with δ > 0 are incurred if

both banks default. In this case, microprudential regulation gives a higher increase of stability:

(1 − γ)(1 + d + δ) instead of (1 − γ)(1 + d). More interestingly, macroprudential regulation gives

the same increase in innovation benefits of γ(a + b) but at the same time also an increase of

stability of γ(δ − γδ). With super-additive social costs of bank defaults, simple macroprudential

regulation not only improves innovation, but leads to a strict Pareto improvement by improving

stability at the same time.

Summary

We find business stealing as a possible source of inefficiency in the process of financial innovation,

if the following three conditions are met: First, there needs to be competition among innovators

and among innovations. Second, market potential of the innovations must be limited. Finally,

there needs to be a significant difference in the attractiveness of the innovations. With micropru-

dential schemes, the regulator is able to discourage clumping, but not to encourage investments

in the second innovation. Simple macroprudential regulation selectively targets the clumping

behavior and is thus able to encourage investments in the second innovation.

1.4. Knowledge Growth and Preemption

In the research and development rivalry models of Scherer (1967), Reinganum (1981) and Fuden-

berg and Tirole (1985), a slower pace of innovation leads to lower research costs. In this section,

we explore the behavior of our model, if we have two time periods and banks have the choice

between innovating in t1 with uncertainty or in t2 without uncertainty.

Again, consider mortgage backed securities: In this section, banks have to make the decision to

adopt this innovation either as soon as possible or continuing traditional banking business at

first. The first option can give a timing advantage against competitors, while the second option

offers more information about the success probability of mortgage backed securities before capital

is invested and put at risk.
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We show that the option to wait places the competing banks in a prisoner’s dilemma type of

game with a welfare inefficient preemption equilibrium. Moreover, we can show that regulators

can realize a Pareto improvement by discouraging preemptive moves.

Model Overview

We extend our model to feature two time periods t1 and t2 and change the investment options

of the banks. In t1 banks can choose between the known asset and a single innovative project:

• If a single bank successfully pursues this innovative project, it has earnings of a.

• If both banks successfully pursue this innovative project, they both have earnings of a
2

• If the innovative project fails, any bank that pursued it loses 1.

• The known asset grants guaranteed earnings of 0.

The investment options in t2 depend on the options the banks chose in t1

• If the innovative project was pursued successfully in t1, only the known asset remains. The

successfully pursued innovation is assumed to be the new state of the art with no further

potential for higher earnings.

• If the innovative project was pursued unsuccessfully in t1, only the known asset remains.

The failed innovation is not replaced by a new innovation.

• If the innovative project was not pursued in t1 its uncertainty is removed and thus it turns

into a guaranteed success or a guaranteed failure

• In case of a guaranteed failure, banks will ignore the innovative project and go for the

known asset.

• In case of a guaranteed success, the limited market potential still remains:

– If a single bank pursues the innovative project, it has earnings of a.

– If both banks pursue the innovative project, they both have earnings of a
2

Figure 1.4 shows the structure of this dynamic model with four strategy profiles to consider:
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• In the single innovation profile SI the first mover innovates in t1 and all other investments

go into the known asset.

• In the clumped innovation profile CI, both banks innovate in t1 and invest into the known

asset in t2.

• In the wait-single profile WS the first mover innovates in t2 if the innovation turns out to

be a guaranteed success.

• In the wait-clump profile WC both banks innovate in t2 if the innovation turns out to be

a guaranteed success.

Lemma 1.4.1. The wait-single profile WS and the wait-clump profile WC offer the same level

of welfare and are both welfare optimal.

In the waiting profiles WS and WC, the risk of losses is eliminated. This reduces instability

costs D to zero. This makes the waiting profiles welfare dominant compared to their non-waiting

counterparts SI and CI. Furthermore, the elimination of uncertainty in t2 equalizes the welfare

levels in the wait-single and the wait-clump profile. Thus, the regulator will try to prevent

preemptive behavior and ignore the business stealing behavior.

Bank Behavior and Regulation

Proposition 1.4.1. In absence of regulation, the clumped innovation profile CI is the unique

subgame perfect equilibrium.

Innovators play an innovation timing game. While it would be welfare efficient if both banks

innovate in t2, both banks have an incentive to preempt their competitor by innovating early in

t1. This leads to the clumped innovation profile CI, a welfare inefficient preemption equilibrium.

In this regard, the preemption game of the two innovators is not unlike a prisoner’s dilemma

game. Although the setting and the modeling differs, this result matches the findings of Scherer

(1967) that research and development rivalries can be viewed as prisoner’s dilemma and that

preemptive behavior can be socially undesirable.
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Figure 1.4.: Structure of the dynamic model with exogenous knowledge growth. The nodes “B1”
and “B2” represent the investment decisions of the first and second moving bank.
The node “REV” represents the revelation mechanism.

We keep the assumptions that deposits are free and that external investors are willing to provide

equity if they get an expected return on equity of α.

The behavior of the regulator depends on one key question: does the regulator have the same

information on the innovative project as the two banks? If the banks do not innovate in t1

and get to know the certain success or failure of the innovative project in t2, does the regulator

get this information as well? If yes, the regulator could simply pose strict equity requirements

for innovating in t1 to prevent the preemption race of the two banks. However, we can show

that even without this information, the regulator is able to improve stability without hindering

innovation using microprudential regulation. Unlike in the previous setting, the costs of backing

an innovation with equity can now change over time:

Lemma 1.4.2. With uncertainty, the costs of equity are given by c0 (e) = (α + (1 − γ))⋅e. Without

uncertainty, the costs are reduced to cr(e) = αe.

The costs of equity consist of two factors: the probability of failure 1 − γ and the demanded

return on equity α. Without the uncertainty, the probability of failure drops to 0 and only α

remains.
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Proposition 1.4.2. The unique subgame perfect equilibrium under welfare optimal regulation is

the wait-clump profile WC. This requires an equity requirement, which satisfies c0 (e) − γcr (e) >

γa/2.

This proposition is a direct consequence of Lemma 1.4.2. For each e > 0, equity is more expensive

in the first period: c0 (e) > cr (e). If the difference is large enough (c0 (e) − γcr (e) > γa/2), the

benefits of waiting for cheaper equity outweigh the benefits of a preemptive move.

1.5. Final Remarks and Conclusion

We explored the interactions of regulation and financial innovation with a discrete investment

choice model. In particular, we investigated the potential trade-off between more innovation

and more stability, which a regulator might face when intervening in the process of financial

innovation.

We find that this trade-off holds in an isolated setting with one innovation, one innovator and

no sources of inefficiency. However, Pareto improvements are possible as soon as there are

inefficiencies in the process of financial innovation that break this trade-off.

We discover business stealing behavior and preemptive moves as such inefficiencies. By dis-

couraging business stealing or preemptive moves, regulators can realize a Pareto improvement:

improve either stability or innovation without hurting the respective other. If we additionally

assume super-additive social costs of bank defaults, the effect of microprudential and especially

simple macroprudential regulation against business stealing behavior is even stronger: regulators

can improve both stability and innovation at the same time.

We suggest that business stealing behavior and preemption cause serious inefficiencies in the

process of financial innovation. Business stealing causes innovators to clump on financial inno-

vations that are viewed as particularly attractive. As a practical example, consider mortgage

backed securities. A lot of financial institutions participated in this innovation, by originating,

trading, repacking or holding MBS. This created a high amount of systemic risk and we cannot

exclude that the strong focus on securitized products delayed or hindered the development of

other financial innovations.
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Preemption causes innovators to commit to innovations too early. Not only does this make the

innovations potentially riskier, it might also make it harder for regulators to keep up with the

process of financial innovations.

In the previous section, we saw that business stealing and preemptive moves are related, i.e.

they can occur both on their own and simultaneously. The potential inter-dependencies were not

analyzed by this paper and remain a topic for further research.
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2.1. Introduction

Variable compensation systems such as profit participation plans, stock options and contingent

bonuses are common practice and aim to incentivize higher performance, effort and commitment.

While there is strong evidence for this incentive effect from various fields of industry (e.g. Booth

and Frank (1999); Lazear (2000); Lavy (2009)), there is also evidence for a side-effect: increased

risk taking. Depending on their specific design, variable compensation systems can incentivize

higher leverage, risky investments and myopic behavior (e.g. Fortin et al. (2010); Bolton et al.

(2015); Guo et al. (2015)).

The German savings bank associations (Sparkassenverbände) of North-Rhine Westphalia, RSGV

and SVWL, propose an interesting compensation plan for executive board members: pay a

performance linked percentage of the base compensation as bonus payment, but make this base

compensation increase with the stock of retained earnings. For German savings banks, a higher

stock of retained earnings is equivalent to a higher level of equity: besides a few exceptions,

German savings banks are not able to raise share capital and therefore retained earnings are

their only source of equity. The incentive to increase the stock of retained earnings is thus an

incentive to increase equity ratios and as argued by Admati et al. (2013), higher equity ratios

are both a direct and an indirect counter to increased risk taking.

For the indirect effect of higher equity ratios, consider two banks with the same level of risk on

the asset side of the balance sheet, but with different equity ratios. As Admati et al. (2013) argue,

the bank with the higher equity ratio is more stable because it can absorb greater losses without

defaulting and because it is less prone to creditor runs and the resulting liquidity shortages.

While this effect of higher equity ratios does not incentivize the reduction of risk, it stabilizes

the bank for a given level of risk. For the direct effect, Admati et al. (2013) contrast the view of

Kashyap et al. (2008) and French et al. (2010) that low equity ratios induce management discipline

and point out that low equity ratios in combination with limited liability creates incentives for

excessive risk taking.

The recommendation of Rheinischer Sparkassen- und Giroverband (2017) seems to provide an

interesting fix against the risk-taking side-effect of performance linked compensation, but given

the legal characteristics of the German savings banks (Sparkassen) there is a drawback: If a
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savings bank retains more of its earnings, it pays less dividends to its sponsors. And because

these sponsors are local authorities such as cities and municipalities, low dividend payments

cause critical attention of local politicians, of the press and of the general public. As an example,

Lang and Jasny (2015) argue, that the link between retained earnings and base compensation

is actually too strong for savings banks in North-Rhine Westphalia, resulting in low dividend

payments to their public sponsors.

In this paper, we use a unique public data set from Correctiv (2016) with cross sectional data on

410 savings banks in 2014. First, we check if models resembling the recommendation of RSGV

and SVWL provide a good fit for compensation levels of savings banks in North-Rhine Westphalia

and beyond. After that, we use more flexible models to analyze the relationship of compensation

levels and equity ratios and whether this relationship is different for members of RSGV and

SVWL. Finally, we examine the influence of state level savings bank laws (Sparkassengesetze -

SpkG) on equity ratios.

We find that the models resembling the recommendation of Rheinischer Sparkassen- und Girover-

band (2017) provide a good fit for averaged compensation levels, both in North-Rhine Westphalia

and for the full German data set. With the more flexible models, we find a negative relation be-

tween equity ratios and compensation, which is even stronger for members of RSGB and SVWL.

This result is the opposite of what one might guess given the recommendation, but it could also

be the reason why North-Rhine Westphalian law makers implemented the positive link of re-

tained earnings and compensation in the first place. Finally, we identify the following properties

of state level savings bank laws as significant determinants of equity ratios: dividend policies

made by a committee of sponsors are associated with significantly lower equity ratios and the

option to make donations instead of dividend payments is associated with significantly higher

equity ratios.

The remainder of this paper is structured as follows: This section continues with a graphical

outline of the paper in figure 2.1 and a literature review and closes with a brief overview of the

German savings bank system. The next section presents our data set. The third section asks how

well models resembling the recommendation of RSGV and SVWL fit actual compensation data.

The fourth section employs more flexible models to analyze the relationship of equity ratios and
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compensation. The fifth section identifies determinants of equity ratios within state level savings

bank law. The sixth section concludes this paper.

Related Literature

This paper focuses on the specific case of German savings banks and the specific link between

executive board compensation, equity ratios and savings bank laws. Because of this focus, it

is difficult to fit this paper into the existing literature. While it does not directly continue an

existing strand of literature, it is related to multiple strands.

Determinants of Board Member Compensation First, there is the large strand of lit-

erature on the general determinants of top-level executive compensation: Ciscel and Carroll

(1980) give a lively overview of the prolonged battle between managerial scientists which pro-

pose firm size related variables as the main determinants of board compensation and neoclassical

economists who stress the importance of performance measures such as net profits or rates of

return. In their own empirical study, they discuss econometric issues when trying to choose a

winner and finally find mixed evidence for both sides. Finkelstein and Hambrick (1988) comment

on the focus of researchers on these accounting measures and suggest a broader view that includes

determinants such as years of experience of the individual executive or ownership structure of the

firm. Indeed, further research on agency and corporate governance factors such as shareholder

composition or shareholder rights provides interesting results (e.g. Boyd (1994); Conyon and

Peck (1998)). Cordeiro and Veliyath (2003) criticize the usual focus on one group of determi-

nants as a “piece-meal approach” and combine firm level accounting measures, characteristics of

individual executives, ownership factors and agency factors into one regression. They find that

ownership and agency factors are, in addition to the usual accounting measures, useful determi-

nants. While there is ample literature on the determinants of board member compensation and

while there is research that focuses on risk measures such as variance of returns, the relationship

of equity ratios and compensation is neglected.

Effects of Performance Linked Compensation Next, we have the literature on the incen-

tive effects of performance linked compensation: Smith and Stulz (1985) motivate the need for
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performance linked management compensation in a principal agent framework, in which agents

are risk averse and make suboptimal large hedging decisions. By introducing performance linked

compensation, the agents are incentivized to bear more risk and the optimal hedging decision

is implemented. However, as with many other things, the dose makes the poison. After the US

subprime and the European sovereign debt crisis, there was increased interest in the relationship

of performance linked compensation schemes and risk taking. Fortin et al. (2010); Bolton et al.

(2015); Guo et al. (2015) all find evidence that variable compensation components can induce

excessive risk taking or are at least correlated with higher risk. Moreover, performance linked

compensation can lead to so called earnings management, which is the manipulation of earnings

by executives. Healy and Wahlen (1999) and Arya et al. (1998) discuss the reasons for earnings

management: along with so called window dressing before shareholder meetings, earning higher

bonuses is one of the possible drivers of earnings management. Laux and Laux (2009) analyze

earnings management from a governance perspective and find that in absence of specialized com-

pensation and audit committees, variable compensation schemes should have low performance

sensitivity to minimize incentives for earnings management.

Savings Banks - Overview Finally, there is the literature on savings banks for which we

want to provide a more detailed overview. If you look for a general overview of the savings

bank systems in the European Union and their history, we recommend Bülbül et al. (2013). If

you want a more specific overview of the German savings bank system, we recommend Wengler

(2006).

Compensation in German Savings Banks Schröder and Schweizer (1999) discuss the im-

portance of monetary incentive schemes for employees in German savings banks in a principal-

agent framework and present the compensation schemes of the Stadtsparkasse Köln as an exam-

ple. Anclam-Rühle (2009) analyzes financial incentive schemes in sales departments of German

savings banks and finds that most of these schemes are based on sales provisions. Bornemann

et al. (2015) find evidence that executive board chairmen in German savings banks use increased

discretionary spending in their first year to lower the performance expectations and benchmarks

and improve their compensation in the long run, a method which is called taking an earnings

bath.
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Influence of Policymakers on German Saving Banks There is a strand of literature which

covers the influence of local and municipal level policymakers on savings banks. Vins (2008) finds

evidence that in the run-up of local and municipal level elections, saving banks are less likely

to close branches or lay-off staff and more likely to increase discretionary spending including

donations. Gropp and Saadi (2015) follow this up with evidence that German savings banks

increase their lending activity before local and municipal level elections. A recent addition to

this strand is Englmaier and Stowasser (2017), which present empirical evidence that municipal

level politicians use their control over savings banks and their lending policies to manipulate

local elections. In this paper, we will explore the influence of state level savings bank law on the

equity ratios of savings banks, which is one or two levels above the local and municipal level.

Dividend Policy of German Savings Banks Rathgeber and Wallmeier (2011) analyze the

dividend policy of savings banks and argue that executives of the savings banks are able to assert

low dividend payments because of their information advantage over their sponsors. Especially

the smaller institutes tend to look at dividend policies of other institutes in local proximity and

adapt these. The analysis of Steiner and Rathgeber (2009) suggests that restrictions on dividend

payments in savings bank laws are not enough to explain the low dividend payments of German

Savings banks. Köhler et al. (2018) confirm that while the number of savings banks which pay

dividends increased from 2003 to 2012, the dividend payment to profit ratio is still at a low 30%.

They discuss changes of savings bank laws in 2009 which relaxed the conditions under which

savings banks are able to pay dividends and while they find a jump in the ratio of ratio of profits

to dividend payments from 25 to 30 percent, they still find an increasingly strong correlation of

equity and dividend payments. In contrast to Steiner and Rathgeber (2009); Köhler et al. (2018),

this paper uses equity ratios instead of dividend payments as dependent variable and examines

a broader range of savings bank law properties.

Equity of German Savings Banks Finally, we have a strand of literature which covers the

determinants of equity ratios in German savings banks. However, this strand focuses on the

relation of equity ratios to the business cycle and the buffer theory, which proposes that banks

want to maintain equity ratios not at but above the regulatory minimum. Heid et al. (2003) and

Kleff and Weber (2008) find evidence that German savings banks indeed try to build up and
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maintain an equity buffer. Stolz and Wedow (2011) on the other hand find that the equity ratios

of savings banks move countercyclical to business cycles.

The German Savings Bank System

With a few exceptions, the German savings banks are public law institutions and can be char-

acterized by four key properties: they are locally organized commercial banks, non-profit ori-

ented, sponsored by local authorities and supervised by local politicians. According to Deutscher

Sparkassen- und Giroverband (2018) there are 390 savings banks in Germany, with balance sheet

sizes ranging from 131.9 million Euro for the Stadtsparkasse Bad Sachsa to 44.8 billion Euro for

the Hamburger Sparkasse. German savings banks are supervised by a board of directors (Verwal-

tungsrat) and lead by an executive board (Vorstand). While savings banks are independent in-

stitutions, they are grouped and represented by savings bank associations (Sparkassenverbände).

Figure 2.2 gives an overview of the German savings bank system.
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2.2. Data

This section presents our data set Correctiv (2016). The investigative news platform Correctiv

conducted a crowd-based data collection project on the German savings bank system in 2015.

Working with over 800 voluntary contributors, they extracted data from financial statements

(Sparkassengeschäftsberichte) and customer information documents (Preisaushänge) and aggre-

gated this data into a unique public data set containing 410 savings banks.

We drop the savings banks of the city states Berlin, Bremen and Hamburg, because these savings

banks do not compare well to the savings banks from non-city states: The savings banks in

Hamburg and Bremen are stock corporations instead of public sponsored companies and the

state of Hamburg does not even have a savings bank law. The Sparkasse Berlin is a typical

savings bank as of today, but until 2019 it used to be a hybrid bank (partially a savings bank

and partially a landesbank) and was frequently excluded from savings bank statistics such as

Deutscher Sparkassen- und Giroverband (2018).

While the data set contains a large range of items, it is incomplete on board compensation levels.

If we drop all savings banks with at least one item missing, our data set shrinks to 256 institutes.

Naturally, the question arises, whether the selection of savings banks with missing data on board

compensation is random or not. As we can see in figure 2.3, the state level locations of the

savings banks play a key role for compensation data availability. For North-Rhine-Westphalia,

the state that added disclosure requirements (§19 Abs. 6 NRWSpkG) to its savings bank law in

2009, the data set is almost complete. In states without disclosure requirements, completeness

ranges from thirteen percent (Rhineland-Palatinate) to one hundred percent (Thuringia).

Table 2.1 shows descriptive statistics of our filtered data set. By comparing the medians and the

means, we can see that assets and profits are skewed to the right. This can be explained by a

small number of large savings banks such as the Sparkasse München or the Sparkasse KölnBonn.

We also observe a skew in total board compensation, which can be explained by board sizes. The

standard board size is two: a chairman and one additional member. Large savings banks such

as the Sparkasse München or the Sparkasse KölnBonn can increase the number of additional

board members. In contrast to the total board compensation, the average board compensation

per member is not skewed.
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Table 2.1.: Descriptive Data of Correctiv (2016)

Item Min Median Mean Max
Assets (Mio. e) 151 1806 2741 27395
Profits (Mio. e) 0.01 2.38 4.82 53.62

Total Compensation (ke) 239 682 837 3.521
Board Size 1.5 2 2.6 6

Avg. Compensation (ke) 87.6 300.5 307.6 704.3
Risk weighted equity 11.03% 16.53% 17.87% 35.32%

Absolute equity 2.61% 5.42% 5.47% 10.87%
Dividend Payments (Mio. e) 0 0 0.80 15

While risk weighted equity ratios are skewed to the right, absolute equity ratios are not. This

phenomenon is caused by savings banks in the New Länder with low risk weights on their balance

sheet positions. For savings banks in the New Länder, the average absolute equity ratio is 4.7%

and the average risk weighted equity ratio is 22.5%. This implies an average risk weight of 0.21.

In the Old Länder on the other hand, savings banks have a higher average absolute equity ratio

of 5.7% and a lower risk weighted equity ratio of 16.9%. This brings the average risk weight to

0.34 which is higher than the 0.21 for the Old Länder.

Finally, we can see that most of the savings banks did not pay dividends in 2014 - the median

dividend payment is zero.
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Figure 2.3.: A map of states, association membership and compensation data availability.
Regular solid lines show state borders. Thick solid lines show the borders of the
two associations that cover more than one state: the SGVHT represents savings
banks in Hesse and Thuringia and the OSV represents savings banks in Saxony,
Saxony-Anhalt, Brandenburg and Mecklenburg Pomerania. The dashed line
through North-Rhine Westphalia shows the border between the two North-Rhine
Westphalian associations RSGV and SVWL. Apart from SGVHT, OSV, RSGV and
SVWL all associations represent the savings banks of one state.

Credit Note: This figure is derived from a map of Germany provided by Eli
Elschi on Pixabay under the Pixabay Licence. Original available at:
https://pixabay.com/illustrations/germany-germany-map-regions-1281059/
Licence: https://pixabay.com/service/terms/#license
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2.3. Recommendation vs. Actual Compensation

As we can see in the upper part of figure 2.4, neither the federal banking law (Kreditwesengesetz

- KWG), nor the state level savings bank laws contain provisions on how board compensation is

determined and structured. Executive compensation is within the competence of the individual

savings banks and their associations. Most associations provide recommendations on compensa-

tion plans, however only the RSGV, the SVWL and the SVB publicize their recommendation.

In this section, we translate the recommendation of Rheinischer Sparkassen- und Giroverband

(2017) into models and check whether these models fit the compensation data of Correctiv (2016)

for savings banks in North-Rhine Westphalia and beyond.

The associations RSGV and SVWL suggest the three-step process depicted in figure 2.4 for

determining the annual compensation of board members. First, the savings banks calculate a

computation base by adding the following items:

• 0.8x the balance sheet size

• 1x the loan volume

• 12x the amount of retained earnings and reserve funds

• 1x the market value of securities in custody

In a second step, a table is used to match the computation base to a minimum and a maximum

appropriate compensation level. This table represents a step function and the difference between

minimum and maximum appropriate compensation is 30.000 e.

In the final step, the compensation level taken from the table is multiplied by 1.10 for the

chairman, by 1.05 for the deputy chairman, by 0.90 for first time board members and by 0.75

for deputies. The resulting fixed compensation can be accompanied with a performance linked

bonus of up to 15% of the fixed compensation.

Testing the Recommendation of RSGV and SVWL How well does the recommendation

depicted in figure 2.4 explain the compensation levels in Correctiv (2016)? One way to answer this

question is to calculate the computation base for each bank and check if the actual compensations

of executive board members at this bank are within the range of appropriate compensation.
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However, data on the market value of securities in custody is neither part of Correctiv (2016),

nor included in other public data sets.

Figure 2.5 plots the compensation levels in the data against the computation base excluding the

market value of securities in custody. For individual executive compensation, most data points

are within the range of appropriate compensation defined by the recommendation. However,

there are outliers both above and below the corridor and they are not easy to explain. First,

the outliers are farther away from the corridor, than the factors used in the third step of the

recommendation can explain. These factors compound to values between 0.75 (deputy with no

bonus) and 1.265 (chairman with full bonus), but there are many outliers more than 25% below

or 26.5% above the corridor. Second, the missing data on securities in custody must be a positive

value. While it could explain the outliers above the corridor, it cannot explain the outliers below

the corridor.

We can mitigate the outliers by averaging the compensation levels of individual executives on the

bank level. Because we only have individual compensation levels for savings banks in North-Rhine

Westphalia and for a few savings banks in Schleswig Holstein, we will have to resort to average

compensation levels for further analysis anyway. As we can see on the right side of figure 2.5, most

data points for North-Rhine Westphalia are now slightly above the corridor and this time the

cause of discrepancy could be the missing market value of securities in custody. The additional

data points from outside North-Rhine Westphalia are a first hint that banks outside North-Rhine

Westphalia use similar compensation plans. However, it is not clear if the commonality is in the

link between retained earnings and compensation or in the more straightforward links between

balance sheet size, loan volume and compensation.

Before we can proceed with further analysis, we have to translate the table in Rheinischer

Sparkassen- und Giroverband (2017) from a step function into a handier specification. There

are several functionals providing a good fit against the arithmetic mean of the minimum and

maximum recommended compensation level. The linear function gives a R-squared of 0.941 and

the following coefficients:

ylin(base) = 11.52 ⋅ base + 235073
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Figure 2.5.: A comparison of individual compensation levels (left hand side) and compensation
levels averaged on the bank level (right hand side) to the corridor recommended by
RSGV/SVWL. We exclude savings banks with computation bases larger than 30
billion Euro to keep the majority of saving banks with computation bases below 10
billion Euro distinguishable.

However, the compensation table in the recommendation is declining and a linear functional

misses that point. A logarithmic fit provides a lower, but still reasonable R-squared of 0.926 and

the following coefficients:

ylog(base) = 79048 ⋅ log(base) − 311479

A better fit is provided by polynomial fits. At the quadratic order, we reach an R-squared of

0.986 with the following coefficients:

yquad(base) = −0.00028 ⋅ base2
+ 19.93 ⋅ base + 207928

How good are these fitted functions at predicting the actual compensation levels found in the

data? Because we lack data on the market value of securities in custody, we use

basei = 0.8 ⋅ assetsi + 1.0 ⋅ loansi + 12.0 ⋅ retainedi
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and plot predicted compensation against actual compensation levels in figure 2.6. As we can

already guess from figure 2.5, the prediction of individual compensation figures suffers from

outliers and is thus less accurate for all three considered models. The logarithmic model works

best for both individual and averaged compensation levels. Furthermore, we can see that for all

three models, prediction of averaged compensation levels outside North-Rhine Westphalia is less

accurate and in general, compensation levels of savings banks outside North-Rhine Westphalia

are overestimated.

In order to support these qualitative findings, we do regressions on the predicted compensation

levels. Take the linear prediction model ylin as an example:

yi = β0 + β1 ⋅ ylin,i + εi

The results of these regressions are compared in table 2.2: the logarithmic model works best in all

three configurations. The significance of ylin, ylog and yquad confirms that the recommendation

of Rheinischer Sparkassen- und Giroverband (2017) is able to explain a part of the variance

in executive compensation levels. However, if we look at the R-squares, we can see that the

recommendation cannot provide a complete explanation of executive compensation levels.
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Figure 2.6.: Compensation levels predicted by linear, logarithmic and quadratic models plotted
against the actual compensation levels found in the data
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Table 2.2.: Regressions on predicted compensation levels

Dependent compensation levels:
individual (NRW) averaged (NRW) averaged (GER)

(1) (2) (3)

yLin 0.754∗∗∗ 0.778∗∗∗ 0.930∗∗∗
(0.034) (0.064) (0.047)

Constant 78.342∗∗∗ 88.196∗∗∗ 27.798+
(11.562) (19.987) (14.641)

Observations 468 92 256
R2 0.543 0.622 0.602
Adjusted R2 0.542 0.618 0.601
Residuals 83.652 (df = 466) 59.168 (df = 90) 58.225 (df = 257)
F Statistic 553.036∗∗∗ (df=1;466) 148.235∗∗∗ (df=1;90) 388.828∗∗∗ (df=1;257)

yLog 1.085∗∗∗ 1.042∗∗∗ 1.031∗∗∗
(0.051) (0.042) (0.038)

Constant −54.161∗∗∗ −12.105 −38.977∗∗
(13.958) (16.031) (13.069)

Observations 468 92 256
R2 0.630 0.836 0.742
Adjusted R2 0.630 0.834 0.741
Residuals 75.210 (df = 466) 39.019 (df = 90) 46.866 (df = 257)
F Statistic 794.642∗∗∗ (df=1;466) 457.790∗∗∗ (df=1;90) 739.823∗∗∗ (df=1;257)

yQuad 1.136∗∗∗ 1.129∗∗∗ 1.044∗∗∗
(0.45) (0.057) (0.041)

Constant −34.810∗∗ −5.470 −5.999
(13.603) (16.924) (12.632)

Observations 468 92 256
R2 0.619 0.814 0.718
Adjusted R2 0.618 0.812 0.717
Residuals 76.324 (df = 466) 41.476 (df = 90) 49.018 (df = 257)
F Statistic 758.100∗∗∗ (df=1;466) 394.816∗∗∗ (df=1;90) 654.196∗∗∗ (df=1;257)

Note: +p<0.10; ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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2.4. Relation of Equity Ratios and Compensation

In the previous section, we checked whether models based on Rheinischer Sparkassen- und

Giroverband (2017) fit compensation data in North-Rhine Westphalia and beyond. Even though

these models provide a good fit, they have a disadvantage: they are inflexible. The computation

base used in the models is a rigid linear combination of three balance sheet items:

yi = β0 + β1 ⋅ f (0.8 ⋅ assetsi + 1.0 ⋅ loansi + 12.0 ⋅ retainedi) + εi

In order to get more flexible models, we split the computation base into its three components

and remove the fixed weights given in the recommendation.

yi = β0 + β1 ⋅ f(retainedi) + β2 ⋅ f(assetsi) + β3 ⋅ f(loansi) + εi

How do we choose the functionals f(⋅)? One possibility is to take the functional which works

best for the computation base. In terms of the adjusted R-squares listed in table 2.2 this is the

logarithmic functional.

yi = β0 + β1 ⋅ log(retainedi) + β2 ⋅ log(assetsi) + β3 ⋅ log(loansi) + εi

This selection of functionals brings a new problem: multicollinearity between assets, loan volume

and retained earnings. The correlation between logged assets and logged loan volume for example

is 0.998. To cope with this multicollinearity, we replace the logged loan volume with the loan to

asset ratio and the logged retained earnings with the retained earnings to asset ratio. Because

the only source of equity for German savings banks are retained earnings, the retained earnings

to asset ratio is equivalent to the absolute equity ratio.

yi = β0 + β1 ⋅
retainedi

assetsi
+ β2 ⋅ log (assetsi) + β3 ⋅

loansi

assetsi
+ εi

yi = β0 + β1 ⋅ equityi + β2 ⋅ log (assetsi) + β3 ⋅
loansi

assetsi
+ εi
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Moreover, we add the return on assets, the return on equity and the average risk weight of assets

riski as control variables. We like to accentuate the importance of the control variable riski. The

equity requirements mandated by the Basel III accord and the corresponding German federal

legislation are given in the form of risk weighted equity ratios. Both ratios have the stock of

equity in their numerator. However, while the absolute equity ratio divides the stock of equity

by total assets, the risk weighted equity ratios divide by the risk weighted sum of individual asset

positions. Assets with low risk such as sovereign bonds or mortgages are weighted with small

risk weights and risky assets such as uncollateralized corporate debt are weighted with high risk

weights. Thus, banks with more risk in their balance sheets need higher absolute equity ratios

in order to comply with regulation.

riski =
absolute equity ratio

risk weighted equity ratio
=

equity
total assets

equity
risk weighted assets

=
risk weighted assets

total assets

The results for the revamped model are shown in the first column of table 2.3. With 0.82, the

adjusted R-squares is higher than the values obtained with the models resembling Rheinischer

Sparkassen- und Giroverband (2017). The positive coefficients for logged assets and the loan

to asset ratio are to be expected, given the composition of the computation base in the recom-

mendation and the well-researched relationship of higher executive compensation levels in larger

firms. Surprisingly however, we find a negative coefficient for equity ratios. Given the inclusion

of twelve times the retained earnings in the computation base of the recommendation, we would

expect a positive sign. While the coefficient is only marginally significant, we cannot rule out

potentially large effects of equity ratios on compensation. If we increase equity ratios by one per-

centage point, we expect a 5302edecrease in average annual board compensation. If we increase

them by one standard deviation (1.22 percentage points), we expect a 6468edecrease in average

annual board compensation, which is about 7% of its standard deviation.

Robustness Checks Up to this point, our models only consider bank specific determinants of

compensation and potentially miss effects from the location of the savings banks. For example,

it could be that savings banks in more wealthy municipalities pay higher compensations. The

second column of table 2.3 lists the results for the inclusion of municipal level control variables:
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Table 2.3.: Regressions of average compensation on equity ratios

Dependent variable:
Average Compensation - Germany

(1) (2) (3) (4)
equity ratio −5.302+ −4.378+ −6.004∗∗ −5.598∗∗

(2.720) (2.512) (1.929) (2.053)

log(assets) 82.437∗∗∗ 81.839∗∗∗ 81.637∗∗∗ 81.845∗∗∗
(3.414) (4.115) (4.188) (4.512)

loans to assets 0.071 0.054 0.051 0.041
(0.045) (0.041) (0.042) (0.042)

risk 73.092+ 51.072 73.369∗ 63.399+
(43.128) (39.409) (36.584) (37.221)

Fixed Effects association association association association
Municipal Controls - yes yes yes
Associations all all completeness size
Observations 256 256 247 238
R2 0.831 0.836 0.843 0.844
Adjusted R2 0.820 0.823 0.832 0.834
Res. Std. Error 39.134 38.811 37.096 36.881

+p<0.10; ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Std. errors are clustered on the association level
Controls: risk, return on assets, return on equity

Municipal Controls: GDP per capita, unemployment and wage level
Completeness: Associations with data on at least 15% of their members

Size: Associations with at least 10 members
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GDP per capita, unemployment rate and average wage level. While the coefficient for equity

ratios is less negative, it remains negative.

Given the data situation depicted in figure 2.3, we have to consider potential sampling and

selection effects. In the third column of table 2.3, we only include associations, if we have data

on at least 15% of their members. In the fourth column, we only include associations with at

least 10 members. Both robustness checks decrease the coefficient for equity ratios further; even

to the point it becomes significant. At the same time, the coefficient for risk remains positive.

Interactions of Equity and Association Membership In all four configurations of table

2.3, we have a negative coefficient for equity ratios and a positive coefficient for risk. This result

is in line with the hypothesis that higher compensation is correlated with higher levels of risk

and it contradicts the hypothesis of Lang and Jasny (2015) that executives inhibit dividend

payments in order to increase their compensation. However, one should keep in mind that the

recommendation is only given out to savings banks in North-Rhine Westphalia. It could be, that

equity ratios have an overall negative correlation with compensation, which is weaker for savings

banks in North-Rhine Westphalia.

We dig further using a regression with an interaction term for equity ratios and membership in

either RSGV or SVWL. For these two associations, we know for certain that they recommend

linking executive compensation to retained earnings. For the other associations, we do not know

whether they recommend such a link. Of course, a clear distinction in savings banks where

the link is recommended and savings banks where the link is not recommended would lead to

more robust results. However, we miss the necessary information to do so: we contacted all the

German savings bank associations by phone and email, but except for RSGV, SVWL and SVB,

we were at most provided with the information whether a recommendation on compensation

exists or not.

The first column of table 2.4 lists the results. We find a significant and negative interaction

terms for the two associations of North-Rhine Westphalia. The overall coefficient for equity

ratios remains negative but moves closer to zero and loses its marginal significance. The negative

relationship of compensation and equity ratios is not weaker in North-Rhine Westphalia but

stronger. Together with the still positive coefficient for risk, this result further points towards
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the hypothesis, that higher risk is associated with higher compensation and that the associations

RSGV and SVWL recommend the link between equity ratios and compensation, because this

effect is so strong for their members.

Robustness Checks As for the regression without the interaction term, we add municipality

specific controls and only consider savings banks from associations with at least 10 members. As

we can see in the second and third column of table 2.4, both robustness checks yield negative

interaction coefficients. Finally, we include the members of the Bavarian savings bank association

SVB in the interaction term. The SVB mandates their members to determine compensation lev-

els of executive board members in a process similar to Rheinischer Sparkassen- und Giroverband

(2017), including a positive link of equity and compensation. But even though Sparkassen-

verband Bayern (2018) is mandatory and not a recommendation like Rheinischer Sparkassen-

und Giroverband (2017), it is less strict: it categorizes savings banks into three size classes and

mandates ranges of minimum and maximum appropriate annual compensation levels as large

as 215.000e. The inclusion of the SVB members exacerbates the effect: the interaction term

becomes more negative and the overall coefficient even becomes positive.
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Table 2.4.: Interaction of equity ratios and association membership

Dependent variable:
Average Compensation - Germany

(1) (2) (3) (4)
equity ratio −1.140 −1.056 −2.427 2.228

(2.976) (2.586) (2.692) (4.072)

equity ratio × NRW −6.265∗ −5.817∗ −4.936 −7.811∗∗
(2.882) (2.889) (3.057) (3.000)

log(assets) 82.858∗∗∗ 82.179∗∗∗ 82.129∗∗∗ 82.406∗∗∗
(3.446) (4.075) (4.435) (4.069)

loans to assets 0.073 0.055 0.042 0.056
(0.045) (0.041) (0.042) (0.041)

risk 66.677 47.129 58.440 46.281
(41.865) (39.628) (38.817) (40.066)

Fixed Effects association association association association
Municipal Controls - yes yes yes
Associations all all size all
Interact SVB? - - - yes
Observations 256 256 238 256
R2 0.831 0.836 0.844 0.837
Adjusted R2 0.820 0.824 0.835 0.825
Residual Std. Error 39.093 38.749 36.850 38.616

+p<0.10; ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Std. errors are clustered on the association level
Controls: risk, return on assets, return on equity

Municipal Controls: GDP per capita, unemployment and wage level
Size: Associations with at least 10 members

50



2. Linking Executive Compensation to Retained Earnings - A Study of German Savings Banks

2.5. Determinants of Equity Ratios

In this section, we look at our data set from a different angle and take the absolute equity ratio

as our dependent variable: what are the determinants of equity ratios in German savings banks?

Heid et al. (2003) and Kleff and Weber (2008) discuss the influence of capital regulation on

risk weighted equity ratios in context of the buffer theory. This theory suggests that banks try

to build and maintain a certain buffer above the minimum capital requirements. Heid et al.

(2003) use a panel data set of German savings banks from 1994 to 2002 and find that in 90%

of their observations, this buffer ranges between 0.73 and 4.8 percentage points. As we can

see in figure 2.7, most German savings banks in 2014 exceed the capital requirements by more

than 5 percentage points. This holds even if we include the capital conservation buffer and the

countercyclical capital buffer, both of which must be filled by 2019.
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Figure 2.7.: Risk weighted equity ratios of the German savings banks compared to the require-
ments of the Basel III accord.

What other factors influence equity ratios in German savings banks? We explore the determinants

of equity ratios within the German savings bank laws. What parts of the German savings bank

laws are likely to influence equity ratios?
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Equity ratios increase if the stock of equity increases or if the assets in the denominator decrease.

We focus on the first aspect: increasing equity. And because the only source of equity for German

savings banks are retained earnings, we must look at the process that determines how earnings

are used. This process is depicted in figure 2.8 and is mostly influenced by the law properties

listed in figure 2.9.

Savings banks can use their earnings for dividend payments to their sponsors and to increase their

stock of retained earnings. In most states, the savings bank law restricts the ratio of earnings that

can be used for dividend payments. In Schleswig Holstein and Thuringia, a fixed percentage of

earnings must be retained. In other states, there exists a table which matches certain ranges of a

regulatory property (absolute equity, risk weighted equity or core capital) to maximum dividend

ratios. In the three states Hesse, Lower-Saxony and North-Rhine Westphalia, the savings bank

law does not pose specific restrictions, but allows for dividend payments if the capitalization of

the savings bank is adequate. Steiner and Rathgeber (2009) and Köhler et al. (2018) discuss the

role of these dividend restrictions, but find that they are not enough to explain the high capital

ratios of German savings banks.

There are more properties of state level savings bank law, which govern dividend payments: If

a savings bank makes earnings and fulfills the legal criteria to pay dividends, who decides on

the amount of dividend payments within the allowed range? With three exceptions, the decision

on dividend payments is made by the board of directors. In the state of Hesse, the decision

is made by a specialized accounting committee, which is a subset of the board of directors. In

the states Saxony and North-Rhine Westphalia, the decision is made by a committee of sponsor

representatives. While there is not a single state, in which the executive board makes this

decision, the six states Bavaria, Hesse, Rhineland-Palatinate, Saarland, Saxony and Schleswig-

Holstein allow the executive board to preemptively retain a limited share of the earnings without

consent of the actual decision maker. In the other states, preemptive accruals of earning are

either only possible with the consent of the later decision maker or not possible at all.

There is one more property of savings bank laws which could potentially influence dividend

payments and retained earnings. In the five states Baden-Württemberg, Bavaria, Brandenburg,

Mecklenburg-Pomerania and Saxony-Anhalt, the savings banks can replace dividend payments

to their sponsors with direct donations to charitable objectives. Note that in case of a dividend
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payment to the sponsors, all states require the receiving sponsors to use their dividend payments

for charitable objectives.

Table 2.5 lists the regressions on the four individual law properties. Additionally, table 2.6

shows the results for a regression that includes all four law properties simultaneously. As for

the regressions in the previous section, we include association level fixed effects in the individ-

ual regressions. For the simultaneous regression on all four law properties, we cannot employ

association level fixed effects due to singularities.

In states, in which a committee of sponsor representatives makes dividend policy, equity ratios are

significantly lower. Considering the decision maker property alone, the committee of sponsors is

associated with 0.71 percentage points (0.55 standard deviations) lower equity ratios. Conditional

on the other law properties, the effect size is smaller with 0.60 percentage points (0.46 standard

deviations). There is a possible straightforward explanation for this effect: as their name implies,

the sponsor representatives represent the interests of their sponsors and are thus pushing for

higher dividend payments. This lowers retained earnings and thereby also the equity ratios. On

the other hand, the board of directors and the accounting committee are focused on the interests

of their savings bank.

In some states, the savings bank law limits dividend payments or requires certain quantitative

conditions before a savings bank can pay out dividends. We find a negative coefficient for these

rules, which becomes more negative in the conditional setting with all four law properties. It

could be, that the quantitative rules are rather soft and as soon as they are fulfilled, they give

decision makers confidence to pay out dividends. Indeed, Köhler et al. (2018) point out, that the

conditions have been relaxed by several states in 2009.

Equity ratios are not significantly higher when executives can preemptively retain a part of

the earnings without consent from the board of directors. The corresponding coefficient is not

significant and changes its sign from negative to positive if we consider all four law properties

simultaneously.

Finally, savings banks that have the option to donate their earnings instead of paying dividends,

show significantly higher equity ratios. Considering the donation property on its own, the option

to replace dividends with donations is associated with 0.71 percentage points (0.55 standard

deviations) higher equity ratios. This could imply, that the sum of donations made by the
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savings banks is on average smaller than the sum of dividends it would have paid out to its

sponsors instead. There is indeed a fitting news story from the authors of the data set, however,

we cannot proof causal statements with our OLS regressions. Moreover, conditional on the other

law properties, this effect disappears; though this could be driven by the missing association

fixed effects.

Table 2.5.: Equity ratios by law properties

Dependent variable:
equity ratio

(1) (2) (3) (4)
accounting committee 0.023

(0.0823)
sponsor committee −0.707∗∗∗

(0.105)
quantitative rule −0.026

(0.082)
preemptive accruals −0.285

(0.209)
donations possible 0.708∗∗∗

(0.104)
risk 8.243∗∗∗ 8.323∗∗∗ 8.398∗∗∗ 8.251∗∗∗

(1.067) (1.060) (1.041) (1.046)
log(assets) −0.033 −0.043 −0.041 −0.033

(0.074) (0.076) (0.075) (0.074)
loans to assets −0.0011+ −0.0013∗ −0.0012∗ −0.0011∗

(0.0005) (0.0006) (0.0005) (0.0005)
return on assets 3.298∗∗∗ 3.310∗∗∗ 3.347∗∗∗ 3.301∗∗∗

(0.706) (0.731) (0.732) (0.708)
Fixed Effects association association association association
Observations 372 372 372 372
R2 0.653 0.647 0.649 0.653
Adjusted R2 0.638 0.633 0.636 0.639
Residual Std. Error 0.778 0.783 0.781 0.777

Note: +p<0.10; ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Std. errors are clustered on the state level
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Table 2.6.: Equity ratios by law properties (conditional)

Dependent variable:
equity ratio

accounting committee −0.135
(0.325)

sponsor committee −0.600∗∗∗
(0.140)

quantitative rule −0.543
(0.344)

preemptive accruals 0.311
(0.266)

donations possible −0.024
(0.278)

risk 7.388∗∗∗
(1.107)

log(assets) −0.053
(0.075)

loans to assets −0.0012∗∗
(0.005)

return on assets 3.466∗∗∗
(0.767)

Fixed Effects -
Observations 372
R2 0.612
Adjusted R2 0.603
Residual Std. Error 0.815

Note: +p<0.10; ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Std. errors are clustered on the state level
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Hamburg does not have a Sparkassengesetz and its only savings 
bank is a stock-based corporation.

Bremen does have a Sparkassengesetz, but its only savings bank is a 
stock-based corporation.

Berlin has a single savings bank / landesbank hybrid bank, which is 
not recognized as a typical savings bank by the DSGV.

The decision on dividend payments is made by

the board of directorsthe accounting 
committee

a committee of 
sponsors

The sponsors are obliged to use the dividend payments for 
purposes of public utility

With permission of the sponsors, Sparkassen may directly donate 

Conditions for dividend payments

is possible without consent of the
board of directors

Preemptive retainment of earnings

is not possibleis possible with
consent

Hesse Northrhine-Westphalia
Saxony

Baden-Württemberg
Bavaria

Brandenburg
Mecklenburg Pomerania

Saxony-Anhalt
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All other states
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Northrhine-Westphalia
Thuringia
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No speci�c
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Figure 2.8.: The process of savings bank dividend policy by state
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State

Baden-
Württemberg

Bavaria

Restrictions Decision Maker Donations**

Absolute Equity

 §31 Abs. 1 BWSpG

Directors

§12 Abs. 2 S. 7 BWSpG -
Yes

§12 Abs. 2 S. 7 BWSpG

Risk Weighted Equity

 §21 Abs. 3 BSpkO

Directors

 §21 Abs. 1 BSpkO

Yes

 §21 Abs. 3 BSpkO

Yes

 §21 Abs. 2 BSpkO

Retainment*

Brandenburg
Risk Weighted Equity

 §27 Abs. 3 BbgSpkG

Directors

 §8 Abs. 2 S. 7 BbgSpkG

Yes

 §27 Abs. 5 BbgSpkG

With Consent

 §27 Abs. 1 BbgSpkG

Hesse - -
Accounting Committee

 §6 Abs. 5 HESSparkG

Yes

 §16 Abs. 2 HESSparkG

Rhineland-
Palatinate -

Directors

  §20 Abs. 2 RPFSpkG

Yes

 §20 Abs. 4 RPFSpkG

Mecklenburg
Pomerania

North-Rhine
Westphalia - -

-

-
Sponsor Committee

 §24 Abs. 4 NRWSpkG

Lower
Saxony - --

Directors

 §24 Abs. 2 NdsSpG

Risk Weighted Equity

 §27 Abs. 3 MVSpkG

Directors

 §8 Abs. 2 S. 7 MVSpkG

Yes

 §27 Abs. 5 MVSpkG

With Consent

 §27 Abs. 1 MVSpkG

Saxony
Core Capital

 §27 Abs. 4 ÖRKredInstG

Sponsor Committee

  §27 Abs. 3 ÖRKredInstG

Yes

 §27 Abs. 1 ÖRKredInstG

-Saarland
Risk Weighted Equity

 §25 Abs. 3 SaarSSpG

Risk Weighted Equity

 §20 Abs. 2 RPFSpkG

Directors

 §25 Abs. 3 SaarSSpG

Yes

  §25 Abs. 2 SaarSSpG

Saxony-
Anhalt

Risk Weighted Equity

 §27 Abs. 2 SpkG-LSA

Directors

 §8 Abs. 2 S. 7 SpkG-LSA

Yes

 §27 Abs. 4 SpkG-LSA

With Consent

 §27 Abs. 1 SpkG-LSA

Schleswig-
Holstein

65% min. retainment

§27 Abs. 1 SHSpkG -
Directors

§10 Abs. 2 S. 10 SHSpkG

Thuringia
25% min. retainment

§21 Abs. 1 ThürSpkG --
Directors

§21 Abs. 1 ThürSpkG

Yes

 §27 Abs. 2 SHSpkG

Figure 2.9.: Key properties of the state level savings bank law
** In some states, the executive board can preemptively earmark a part of the earnings for retaining.
Values in brackets indicate the percentage they can preemptively retain if the board of directors
allows them. Values without brackets indicate the percentage they can preemptively retain without
needing permission from the board of directors.
*** In some states, savings banks can opt to make donations instead of paying dividends to their
sponsors.

57



2. Linking Executive Compensation to Retained Earnings - A Study of German Savings Banks

2.6. Conclusion

Performance linked compensation can incentivize various forms of behavior. Usually, the intended

effect is to incentivize effort and commitment or to overcome risk aversion. However, it can also

incentivize increased risk taking.

The North-Rhine Westphalian savings bank associations RSGV and SVWL propose an interest-

ing compensation plan for top level executives. Executive board members receive a performance

linked percentage of their base compensation as a bonus payment. However, their base compen-

sation is linked to the stock of retained earnings and thereby to equity ratios. This compensation

plan proposal could be a simple, yet effective safeguard against increased risk taking. However, it

could also inhibit dividend payments to the public sponsors of the savings banks, if the incentive

to retain earnings is too strong.

We used the public recommendation Rheinischer Sparkassen- und Giroverband (2017) and the

unique public data set Correctiv (2016) to analyze the relationship of executive compensation,

equity ratios and state level savings bank laws in German savings banks. Models resembling the

recommendation of RSGV and SVWL provide a good fit for averaged compensation levels in

North-Rhine Westphalia and beyond, especially when using a logarithmic functional. With more

flexible models, we furthermore found a negative relation between equity ratios and compensa-

tion, which is even stronger for members of RSGB and SVWL. This result is the opposite of

what one would expect given the recommended link of compensation and retained earnings, but

it could just be the reason why North-Rhine Westphalian law makers implemented the link in

the first place. Finally, we identify two properties of state level savings bank laws as significant

determinants of equity ratios: dividend policies made by a committee of sponsors are associated

with significantly lower equity ratios, while the option to make donations instead of dividend

payments are associated with significantly higher equity ratios.

For further research, a complete panel data set on the German savings banks and more de-

tailed information on the activities of other associations besides RSGV and SVWL would be

essential.
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3.1. Introduction

The phenomenon of financial contagion, the spread of a bank specific problem to other banks,

can be analyzed with several different methods. Theoretical models based on equilibria, like

most of the papers listed in Silva et al. (2017), are good at modeling individual determinants of

financial contagion: interbank loan volume, interbank market structure, regulatory policies, cor-

porate governance rules and information asymmetries. However, they are limited in complexity.

Empirical research such as Hale et al. (2016) or Covi et al. (2019) allows for higher complexity

and realism, but relies on comprehensive, granular data sources, which as Covi et al. (2019) point

out are rarely accessible to researchers.

In network-based models, banks and depositors are nodes of a graph and make their decisions

according to a well-defined set of rules. This allows for higher complexity and the analysis

of suboptimal behavior, which according to Grella (2013) is better suited to explain financial

crises. These advantages come at a price. While network-based models offer seemingly endless

possibilities to explore, finding sensible parametrizations, drawing intuitive conclusions from the

results and assessing their robustness are the challenges of network-based modeling.

In this paper, we present our tool ContagionGraphs, which facilitates the exploration and the

comparison of network-based models of financial contagion. Using ContagionGraphs, we analyze

how three different types of graphs react to external shocks: Erdös-Rényi random graphs, scale-

free graphs and tiered graphs. Like in most of the existing literature, we first analyze the

influence of the average node degree (i.e. to how many edges is a node connected on average)

on the ratio and distribution of defaulting banks. Additionally, we tackle four questions that are

rarely covered by the existing literature: How do the interbank connections of the shocked bank

affect stability? Are equity and liquidity complements that reinforce each other, do they work

independent or are they substitutes? What are the determinants of their effects on stability? Is

one of these two balance sheet items generally more important for the stability of the interbank

market?

We find that both Erdös-Rényi random graphs and scale-free graphs have non-monotonous M

shaped default ratios in average node degrees. For tiered graphs, this M shaped curve flattens

the closer the distribution parameter γ is to −1 . Given high enough average node degrees,
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all three graph types exhibit a bimodal distribution of default ratios: all or no banks default.

Moreover, we find that the net credit position of the shocked bank is a strong predictor of

network stability with a higher net creditor position being associated with lower default ratios.

Finally, we find that liquidity and equity are substitutes to a certain degree, i.e. they take

two distinct roles in stabilizing interbank networks against liquidity shocks: While liquidity

prevents costly liquidations, equity mitigates the potentially contagious effects of these costly

liquidations. However, this does not imply that liquidity is more important than equity: the

relative effectiveness of liquidity and equity in stabilizing interbank networks depends on various

determinants such as the average node degree of the network or the costliness of liquidations.

Also, we only model a liquidity shock and would need further research with different types of

shocks to find a robust answer to this question.

The remainder of this paper is structured as follows: This section closes with a literature review on

financial contagion and existing network-based models of financial contagion. The next section

presents the tool, the algorithms it uses to simulate the interbank market and the simulated

mechanisms of contagion. In section 3, we reproduce the results of Allen and Gale (2000) and

analyze how equity, liquidity and interbank market positions affect resiliency. In section 4 we

analyze and compare Erdös-Rényi random graphs, scale-free graphs and tiered graphs. Section

5 concludes the paper.

Related Literature

While the subprime crisis and the European sovereign debt crisis fueled the interest of researchers

and regulators in financial contagion, the term itself predates these crises by almost twenty years.

As Edwards (2000) summarizes, the field of financial contagion started in the 1990s, when a

number of domestic crises sparked financial turmoil in other countries. Two prominent examples

discussed by Edwards (2000) are the Russian debt and currency crisis of 1998 which lead to a

spike in Mexican interest rates and the speculator driven devaluation of the South-Korean won

in 1997 which caused the same effect in Mexico and Argentina. Starting with these observations

of financial contagion, a large amount of theoretical and empirical literature emerged over the

past two decades and the scope of the field expanded from sovereigns, interest- and exchange

rates to financial institutions and industry sectors.
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The foundation of many theory models of financial contagion is the classic Diamond and Dybvig

(1983) bank run model. In this model, a single bank offers term deposits to consumers who

initially do not know whether they want to consume early in t1 or late in t2. The term deposits

offer depositors flexibility to withdraw in t1 with a low interest rate or in t2 with a higher interest

rate. However, given certain believes of the depositor and absence of deposit insurance, there is

a self-fulfilling prophecy equilibrium in which it is rational for all consumers to withdraw in t1
forcing costly liquidations of long-term bank assets.

Freixas et al. (2000) model financial contagion in a banking system which extends over multiple

spatial regions. Unlike in Diamond and Dybvig (1983), depositors are not distinguished in early

and late consumers but in regular consumers and traveling consumers, which must consume in

another location and thus make regional liquidity demand uncertain. This forces the banks to

either invest inefficiently high amounts in short term assets or to setup interbank credit lines

which balance regional liquidity demand. While these credit lines allow for optimal investments,

Freixas et al. (2000) identify a range of possible problems that come with them, most prominently

financial contagion.

Allen and Gale (2000) stick to the early and late consumer story and analyze a financial system

with four regions. Global demand for liquidity in t1 and t2 is fixed, however there are two regions

with a majority of early consumers and two regions with a majority of late consumers. Banks do

not know which depositor type has the majority in their region and use interbank loans to cope

with this uncertainty. Allen and Gale (2000) show that interbank markets solve the problem of

uncertainty in regional liquidity demand and stabilize the financial system against small liquidity

shocks. However, they are prone to contagion, especially if they are not complete but of a circular

or disjunct geometry.

Note that not all theory models of financial contagion build on Diamond and Dybvig (1983).

Chen (1999) proposes a model in which bank depositors are tasked with the supervision of

banks to prevent moral hazard and excessive risk taking. It assumes that only a fraction of

the depositors can monitor the portfolio of their bank. Those who are unable to monitor the

bank portfolios mitigate their disadvantage by reacting on negative news of other banks. While

it is usually sensible to assume that the assets of banks are correlated, this behavior leads to

runs on healthy banks. Caballero and Simsek (2013) take a different approach and introduce
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incomplete information on the bank side: banks know that they are interconnected by a network

of interbank loans, but they only know their direct creditors and debtors and their indirect

creditors and debtors up to a certain order. In case of a shock, banks know whether they are

directly hit, how large the shock is and how far it will spread, but most banks will not know

which bank was hit. If the magnitude of the shock and thus its contagion radius is larger than

the line of sight of the banks, they all must assume that there is a positive probability of getting

hit and take costly precaution measures.

The examples above give only a glimpse of the diversity in financial contagion models. For a

thorough overlook, we recommend the review papers Chinazzi and Fagiolo (2013), Benoit et al.

(2017) and especially Silva et al. (2017).

Network and Agent Based Financial Contagion Models

Given the intuitive representation of an interbank market as a graph with banks as nodes and

loans as weighted and directed edges, it is not surprising that there is a large strand of literature

which analyzes financial contagion with network-based models and agent-based models. While

the two terms network-based and agent-based are sometimes used synonymously, network-based

usually refers to static graphs and agent-based usually refers to dynamically evolving graphs in

which the nodes can make decisions that alter the graph structure. A comprehensive overview

of both network and agent based models of financial contagion can be found in Glasserman and

Young (2016).

The grandfather of this paper is Nier et al. (2007). While they are not the first to consider

network-based models of financial contagion, they are the first to do so by creating a simulation

tool with a graphical user interface they call “FlowNetwork”. With their tool, they do compara-

tive statics on a range of parameters and even consider banks that are heterogeneous in size and

interbank market activity. However, their parametrizations are limited to small networks of up

to 25 banks and the analysis on heterogeneous agents is brief. Klinger et al. (2014) is a spiritual

successor of Nier et al. (2007) and explores how equity regulation affects resiliency and contagion.

While they refine several aspects of the original Nier et al. (2007) model, such as the introduction

of systemic shocks, banks remain homogenous and the role of liquidity and liquidity regulation

is left for future research. The closest works to ContagionGraphs and our paper are CRISIS and
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ABBA. ABBA is a model of financial contagion presented in Chan-Lau (2014) and Chan-Lau

(2017) which goes for the same approach of a simple but versatile model of the interbank mar-

ket with a graphical visualization. In contrast to this paper, the focus of the ABBA paper is

on dynamic agent-based models with a low number of banks, but a high number of explicitly

modeled savers and borrowers which endogenously form a network. CRISIS Consortium (2014)

is a consortium of universities, corporations and public authorities aiming to create a granular

database of firms, banks and households, to create a highly detailed agent based model of both

the economy and the financial system including a graphical user interface and a role-playing

game and finally to draw policy recommendations from the model. As stated in their brochure

Grella (2013), the focus is on holism and we can see this holism in CRISIS based papers: Grilli

et al. (2015) for example explore the linkages of connectivity between agents, financial contagion

and the macroeconomy. In contrast to our tool and our paper, interbank contagion is only one

aspect of the CRISIS model, which also includes a housing market, a stock market and many

more properties. There is a runnable and well documented version of CRISIS Consortium (2014)

on GitHub, though the project is discontinued with all forks having their final commit in 2015.

3.2. Structures, Features and Algorithms

In this section, we present the interbank market algorithms of ContagionGraphs and the simu-

lated contagion channels: inefficient liquidation and write-offs on claims.

Models created with ContagionGraphs consist of two types of classes: Bank classes define features

such as the initial balance sheet composition, the interest rates for deposits and interbank loans,

shock parameters and the reaction of the bank and its depositors to an observed bank default.

Asset classes define the properties of an asset, such as the payoff structure and its position in

the pecking order of liquidation. Instances of bank classes are nodes and represent an individual

bank. The weighted and directed edges of the graph represent interbank connections and always

point from the debtor to the creditor. The network graph can be built manually by creating the

individual nodes and edges or it can be generated using parametrized random distributions or

data sets.
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Start of Simulation

Banks with open withdraw requests gain liquidity
using the interbank market. 

Banks with withdraw requests try to satisfy them
with cash at hand.

Overindebted banks default

Exogenous Shock:
One or more banks face unexpected withdrawals

End of Simulation

Banks with open withdraw requests gain liquidity
by liquidating their assets.

Banks with open withdraw requests default

S1

S2

S3

S4

S5

S6

S7

Figure 3.1.: General flowchart of simulations in ContagionGraphs. The flowcharts for the algo-
rithms used in S3 and S4 can be found in figures 3.2 and 3.3.

Interbank Market Simulation

Simulations follow the flowchart shown in figure 3.1. At the beginning, one or more banks are

selected to suffer a shock. Shocks are either implemented as unexpected withdrawals of deposits

like in Allen and Gale (2000) or as depreciation of asset values like in Nier et al. (2007); Klinger

et al. (2014). In the models discussed in this paper, we exclusively use unexpected withdrawal

shocks.

If the shocked banks can satisfy these unexpected withdrawal requests with cash on hand, the

simulation ends. If not, banks short of cash try to obtain additional cash from their interbank

assets:

The interbank market is handled by two algorithms. Figure 3.2 shows the algorithm that as-

sesses interbank loan repayment claims: which loans are reclaimed and to what extend are they

reclaimed? The result of this algorithm is a list of loans with repayment claims. The second

algorithm depicted in figure 3.3 uses random permutations of this list to do a stepwise settlement

of the interbank market. The settlement step size κ controls the efficiency of this settlement,

especially for networks with cyclic interbank connections. For limκ → 0 the settlement process

is deterministic and efficient. For higher values of κ, the settlement outcome depends on the
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random permutations drawn. This can be used to simulate inefficient settlements caused by un-

coordinated actions of the interconnected debtors and creditors or by seniority rules that prevent

an efficient netting (see figure 3.3 for details).

Banks that are still short of cash after their interbank market activities will liquidate their own

assets until the outstanding withdrawal request is finally met or until the liquidation losses render

the bank insolvent.

Figure 3.4 contains an example of a simulation run, with interbank activity but without liquida-

tions. Figure 3.5 contains a more complex example with both interbank activity and liquidations

but without insolvencies.

S3.1

S3

S3.2

Claim the repayment of interbank loans from non-insolvent debtors. Individual claim values are calculated as
the minimum value of

The claims are registered to the loan. Their new unclaimed volume is their initial volume minus the now
claimed amount. 

S3.3

Remaining Liquidity Demand * (Interbank Loan Size / Total Interbank Assets)  

Volume of unclaimed interbank loan

Volume of unclaimed interbank loan

Remaining Liquidity Demand * (Interbank Loan Size / Total Interbank Assets)  

Mark cash to be used on withdrawals. Calculate liquidity demand after cash on hand is used 

Execute this algorithm on every shocked bank that cannot satisfy the unexpected 
withdrawals with cash on hand

Return a list of all interbank loans with registered claims

The addressed interbank debtors mark cash to be used for the repayment claims.

If the requested amount is higher than the available and still unmarked cash, claim the repayment of interbank 
loans from non-insolvent debtors. Individual claim values are calculated as the minimum value of :

The claims are registered to the loan. This step is recursively repeated until there is no remaining liquidity 
demand left or until there are no more unclaimed interbank loans to make repayment claims on. 

Figure 3.2.: Algorithm for creating a table of interbank loan repayment claims. The general idea
is to start at the shocked banks and move recursively through the interbank market
network until the liquidity demand is satisfied or until there are no more interbank
loans one can make further claims on.
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S4.1

S4

S4.1.1

S4.1.2

Determine the amount to be settled as the minimum of

First Run of S4 Second Run of S4

The volume of this loan that is claimed but not settled yet / The settlement step size κ

Create a random permutation of this list. Go through the list an execute the following steps for each loan:

S4.2
If any settlements took place in S4.1 and there are loans with claimed but not settled volume left,

jump back to S4.1. Otherwise S4 is �nished.

Run the following algorithm twice (see „First Run“ vs „Second Run“ below) on the
�ltered list of all interbank loans with registered claims from S3

Payment claims on interbank loans are settled.

The debtor uses its cash on hand for the settlement.

If the settlement is not possible because of missing
cash, ignore this loan

The debtor uses its cash on hand for the settlement.

If the settlement is not possible because of missing
cash, the debtor has to liquidate assets for the

settlement.

If liquidation losses render the debtor insolvent, stop
the settlement step S4 immediately and resume with

step S3 to reassess the claim table.

Figure 3.3.: The algorithm for the interbank loan settlement uses the list created in S3 (figure
3.2) to do a stepwise settlement in random order. The efficiency of the settlement
is controlled with the settlement step size κ. For limκ → 0, there are no implicit
assumptions on seniority and cycles in the network of interbank loans are netted out
efficiently. In the extreme case of κ =∞, loans that come first in the initial random
permutation are implicitly assumed to be senior to the later loans. The algorithm
is used twice: first with a more friendly and then with a more aggressive stance on
interbank debtors.

Insolvency and Contagion

If the value of assets of a bank falls below the value of its outstanding liabilities to depositors and

other banks, the bank is insolvent. The value of assets can decrease for two reasons: liquidation

losses and write-offs on interbank assets.

Liquidation losses can directly occur at the shocked bank: If the shocked bank is unable to serve

the withdrawal requests of its depositors with cash and interbank assets, it must liquidate its

assets, until the withdrawal requests are served, or until the liquidation losses render the bank

insolvent. Liquidation losses can also be a channel of contagion if an interbank creditor forces an

67



3. ContagionGraphs - A Tool for Network-Based Models of Financial Contagion

Cash 5

Assets 125
Interbank 0

Equity 10
Interbank 20
Deposits 100

Bank A

Cash 20

Assets

1020

110
Interbank 0

Equity 20
Interbank 10
Deposits 100

Bank B

Cash 0

Assets 90
Interbank 30

Equity 20
Interbank 0
Deposits 100

Bank X

6

Cash 1

Assets 125
Interbank 0

Equity 10
Interbank 16
Deposits 100

Bank A

Cash 18

Assets

816

110
Interbank 0

Equity 20
Interbank 8
Deposits 110

Bank B

Cash 0

Assets 90
Interbank 24

Equity 20
Interbank 0
Deposits 94

Bank X

0

Bank X has two interbank debtors with a total 
volume of 30.

Claim 6 x (20/30) = 4 from Bank A
Claim 6 x (10/30) = 2 from Bank B

S3.2

Bank A and B can satisfy these requests with cash at 
hand. There is no further recursion.S3.3

In this example, the result of the settlement is 
independent from the settlement step size and the 

random permutations drawn. S4

Start of Simulation

Banks X tries to recover 6 units of cash using
Interbanking

Bank X has no cash at hand to satisfy them

Exogenous Shock:
Depositors of Bank X want 6 units of deposits

End of Simulation

All withdraw requests are satis�ed and there are
no overindebted banks

S1

S2

S3.1

S5

S7

Start

End

Bank

Withdraw Request 

X owes to YX Y

Bank

Withdraw Request 

X owes to YX Y

Bank A pays 4 to Bank X
Bank B pays 2 to Bank X

Figure 3.4.: Example of a simulation run with interbank activity but without liquidations. For
the sake of simplicity, we assume that both deposits and interbank loans bear no
interest and that the assets yield a safe return of 1.0 on maturity and a liquidation
value of 0.5 on early liquidation. Unless noted otherwise, assets are valued at their
nominal value, which in this case is equal to the value on maturity.

interbank debtor to liquidate its assets. In this case, the interbank debtor can become insolvent,

even though the shock hit its creditor.

Write-offs on interbank assets are an additional channel of contagion, which affects creditors of

insolvent banks. If a bank becomes insolvent, its cash and its assets are immediately frozen.

Frozen assets cannot be liquidated and frozen cash cannot be used to serve repayment claims

and withdrawal requests. Interbank assets on insolvent banks are thus not valued at full value

but according to the following insolvency rules:

Sum up the value of the remaining assets of the insolvent bank. By assumption, deposits are

senior to interbank claims. If the value of the remaining assets is lower than the outstanding
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deposits, interbank claims on this bank are worthless. If the value of the remaining assets is

larger, calculate the remaining value after serving all depositors. Distribute this value over all

direct interbank creditors, weighted by the outstanding amount of their interbank loans to the

insolvent bank. Note that the seniority of depositors is an assumption frequently made in models

of financial contagion, although as argued by Upper (2011), this assumption is not completely

correct and aggravates contagion effects.

The strength of this channel depends on the valuation of the assets in the insolvent bank. If they

are valued with their regular value at maturity, there is no additional contagion by write-offs. If

they are valued at their liquidation value, the amount of additional contagion depends on the

difference between the regular value at maturity and the liquidation value. For realism, one could

use a valuation between these two extremes, but for reasons of simplicity, we set the insolvency

value equal to the liquidation value.

Another important aspect of the write-off contagion channel is that it can result in a cascade

of defaults: the initial default leads to further defaults which in turn lead to further defaults.

We use the sequential default algorithm of Furfine (2003) to implement default cascades: each

time a bank defaults, we check if the default of this bank causes any other bank to default as

well. The alternative to this would be algorithms such as Eisenberg and Noe (2001) which use a

simultaneous clearing process. Figure 3.6 shows the two channels of contagion in action.
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Cash 0

Assets 110
Interbank 20

Equity 10
Interbank 20
Deposits 100

Bank A

Cash 0

Assets 95
Interbank 20

Equity 10
Interbank 5
Deposits 100

Bank B

520

Bank C claims 5 x (20/20) = 5 from Bank A
Bank A claims 5 x (20/20) = 5 from Bank B
Bank B claims 5 x (5/5)      = 5 from Bank C
Bank C claims 5 x (20/20) = 5 from Bank A (Σ=10)
Bank A claims 5 x (20/20) = 5 from Bank B (Σ=10)
Bank B is out of unclaimed interbank loans

5 of 20 claimed on Loan from Bank X to C
10 of 20 claimed on Loan from Bank A to C
10 of 20 claimed on Loan from Bank B to A
5 of 5 claimed on Loan from Bank C to B

S3.3

The exact outcome depends on the random per-
mutation draws on this list and the settlement
step size κ.  

The depicted result is obtained when κ approa-
ches 0. See the caption of this �gure for more 
details on this e�ect.

S4

Start of Simulation

Banks X tries to recover 5 units of cash using
Interbanking

Bank X has no cash at hand to satisfy them

Exogenous Shock:
Depositors of Bank X want 5 units of deposits

S5 - S7 and End of Simulation

S1

S2

S3.1

S3.2

Start

End

Bank

Withdraw Request 

X owes to YX Y

Bank

Withdraw Request 

X owes to YX Y

Cash 0

Assets 145
Interbank 5

Equity 10
Interbank 40
Deposits 100

Bank C

Cash 0

Assets 90
Interbank 20

Equity 10
Interbank 0
Deposits 100

Bank X

5

20

20

Cash 0

Assets 110
Interbank 15

Equity 10
Interbank 15
Deposits 100

Bank A

Cash 0

Assets 95
Interbank 15

Equity 10
Interbank 0
Deposits 100

Bank B

015 Cash 0

Assets 135
Interbank 0

Equity 5
Interbank 30
Deposits 100

Bank C

Cash 0

Assets 90
Interbank 15

Equity 10
Interbank 0
Deposits 95

Bank X

0

15

15

Claim 5 x (20/20) = 5 from Bank C

Bank X has one interbank debtor with a total 
volume of 20.

Figure 3.5.: Example of a simulation run with interbank activity and liquidations. The result of
the settlement is random: it depends on the settlement step size κ and the permu-
tations of the list of claimed loans. However, for κ ≪ 5 bank C usually takes most
of the liquidation losses and for limκ → 0, bank C always suffers all the liquidation
losses. Why are banks A and B barely affected by liquidation losses for κ ≪ 5?
In the first (cash-only) run of the settlement algorithm, nothing happens, because
there is no cash at any bank. In the second run, if a loan is called for settlement, the
debtor must liquidate assets and transfer κ in cash to the creditor. The creditor can
use this cash to serve future settlement calls on the loans it is debtor to. As soon as
there is some liquidity (i.e. 1-3 times κ) in the system, liquidity can circle between
banks A, B and C until bank X siphons it out of this circle or until the small loan
from bank C to bank B is fully repaid. Because of the exposed position of bank C at
the liquidity siphon and it being the weakest creditor in the circle, it gets hit most
- especially if a low κ reduces the influence of the first drawn random permutation
that brings the first portions of liquidity into the circle.
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Cash 0
0

Assets 150
Interbank

Equity 10
Interbank 40
Deposits 100

Bank A

Cash 0

Assets

20

90
Interbank 20

Equity 10
Interbank 0
Deposits 100

Bank B

Cash 0

Assets 90
Interbank 20

Equity 10
Interbank 0
Deposits 100

Bank X

20

Start of Simulation

Bank X has no cash at hand to satisfy them

Exogenous Shock:
Depositors of Bank X want 20 units of deposits

End of Simulation

S1

S2

Start

End

Bank

Withdraw Request 

X owes to YX Y

Bank

Liquidation Value

Withdraw Request 

X owes to YX Y

20

Cash 0

Assets 65
Interbank 0

Equity -65
Interbank 30
Deposits 100

Bank A

Cash 0

Assets

10

45
Interbank 0

Equity -55
Interbank 0
Deposits 100

Bank B

Cash 0

Assets 45
Interbank 0

Equity -45
Interbank 0
Deposits 90

Bank X

10

20

Bank A has no cash and no interbank claims.
It must liquidate 40 units of assets but can only 

liquidate 20 units of assets before the liquidation
losses exceed its equity. Bank A is insolvent!

S4

Bank X still needs to recover some cash. However, it 
is unable to liquidate any assets, as its claim on Bank 

A must be written-o�: The liquidation value of the 
assets at Bank A is not even enough to cover the 

senior depositors. Bank X is insolvent, too!

S5

Bank X still needs to recover some cash. But it is 
already insolvent from S5.

S6

All Banks check their balance sheets. Banks A and X 
are already insolvent. Bank B checks its balance 

sheet and must write-o� its claim on Bank A. 
Bank B is insolvent, too.

S7

Bank X has one interbank debtor with a 
total volume of 20.

Claim 20 x (20/20) = 20 from Bank A

S3.2

Banks X tries to recover 20 units of cash using
InterbankingS3.1

Bank A cannot satisfy this repayment claim with 
cash at hand. Because bank A has no interbank 
assets, there is no further recursion.

S3.3

Figure 3.6.: Example of a simulation run with bank insolvencies and contagion through inefficient
liquidation of assets and write-offs: while only bank X is hit by an unexpected
withdrawal shock, its attempt to recover cash triggers an insolvency at bank A. This
insolvency in turn devalues the claims of bank B and X on bank A and causes them
to default as well. For the sake of simplicity, we assume that both deposits and
interbank loans bear no interest and that the assets yield a safe return of 1.0 on
maturity and a liquidation value of 0.5 on early liquidation.
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3.3. Replicating the Allen & Gale Model

In this section, we reproduce three findings of the Allen and Gale (2000) model and explore the

effects of equity, liquidity and interbank loan sizes on network resiliency and contagion. Allen

and Gale (2000) use a model with three time periods (t1, t2 and t3) and with four banks in four

different regions. In t1, each bank is equipped with one unit of deposits, that can be held in

cash or invested in a long-term asset which offers a net return of r < 1 on liquidation at t2 and a

net return of R > 1 on maturity at t3. In two of the four regions, there are ωL early consumers

which withdraw in t2 and ωH > ωL late consumers that withdraw in t3. In the other two regions

it is the other way around with ωH early consumers and ωL late consumers. The global demand

for liquidity in t2 and t3 is fixed to 2 (ωL + ωH), but the banks do not know if they operate in a

region with more early consumers or in a region with more late consumers.

Allen and Gale (2000) show, that the existence of an interbank market increases investment and

welfare when global liquidity demand is certain, but the regional distribution of liquidity demand

is not. We can reproduce this finding with the two-bank model depicted in figure 3.7 . Like in

the Allen and Gale (2000) model, global demand for liquidity is certain, but regional demand

for liquidity is not. With interbank markets, banks need only the half amount of cash to have a

zero probability of insolvency.

The positive effect of interbank markets come at a price: if global liquidity demand is unexpect-

edly high, interbank markets enable contagion. We can reproduce this finding as well. Consider

the last model of the previous section (figure 3.6). Bank X is hit by a withdrawal request of

20 units and in the attempt to recover the necessary cash, it triggers the insolvency of all three

banks in the network. If we remove the interbank market from this model, the withdrawal re-

quest would still render bank X insolvent, but the other two banks in the network would stay

untouched.

Allen and Gale (2000) consider a range of different interbank market geometries and analyze how

well they balance regional liquidity demand and how resilient they are in case of unexpectedly

high global liquidity demand. They find that more complete geometries are more resilient.

Figure 3.8 shows the default balance sheet and the interbank market geometries we will use for the

reproduction of this finding. For the sake of simplicity, assume that both deposits and interbank
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loans bear no interest and that the assets yield a safe return of 1.0 on maturity and a liquidation

value of 0.50 on early liquidation. Furthermore, each bank has di = 90 units of depositors, ei = 10

units of equity and ci = 10 units of cash. Banks with symmetric interbank market positions

Ic = Id hold 90 units of assets. Banks with asymmetric interbank market positions, net creditors

with Ic > Id and net debtors with Ic < Id, will have adjustments to their stock of assets to balance

the stock of equity back to 10 units.

Disjunct Geometry

The disjunct geometry is actually a two-bank network. Without loss of generality, we shock

bank A. Up to a shock of σ = c = 10, bank A uses its own cash at hand to handle the withdrawal

request. For shocks c < σ < 2c, it can obtain cash from bank B given I > c + σ. Above σ = 2c

and for I > 2c the repayment claim from bank A triggers a repayment claim from bank B in

return and thereby starts a ping-pong like cascade of repayment claims. The claimed amounts

grow until the interbank loan from bank A to bank B is fully claimed and during settlement,

bank A ultimately suffers all the liquidation losses. Because these liquidation losses amount to

σ − c +min (c, I), the tipping point of the system is at c +min (c, I) + e. Once this threshold is

reached, bank A is out of equity and defaults. If both c > e and I > e, bank B defaults as well

for σ > c +min (c, I) + e.

Chain Geometry

For the chain geometry, we choose to shock bank C, because it has both an interbank creditor

and multiple interbank debtors. Up to a shock of σ = c = 10, bank C uses its own cash at hand

to handle the withdrawal request. For c < σ < min (3c, c + I), it reclaims additional cash from its

debtors bank A and bank B. The results for σ > min (3c, c + I) depends on the interbank position

I.

If I is large, that is I > 2c + e, bank C will force the ultimate debtor bank A to liquidate assets.

The liquidation losses amount to σ − 3c, setting the tipping point of the system at σ = 3c + e.

Beyond this tipping point, bank A becomes overindebted and triggers a chain reaction that

renders all banks insolvent.
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If I is small, bank B will not force bank A into insolvency. The new tipping point is c + I + e

beyond which the shocked bank B defaults. If I ≥ e, the creditor of bank B falls victim to

contagion and defaults, but if I < e, only the shocked bank defaults.

The liquidity balancing capability of the chain geometry depends on the number of debtors of the

shocked bank. High interbank positions in combination with low cash reserves are detrimental

for resiliency.

Circular Geometry

Without loss of generality, we shock bank A. Up to a shock of σ = c = 10, bank A uses its own

cash at hand to handle the withdrawal request. For c < σ < min (2c, c + I), it reclaims further

cash from its direct debtor bank D. If I > c, bank A can reclaim the full stock of cash at hand

from bank D and continues to draw cash from bank C for min (2c, c + I) < σ < min (3c, c + I).

For I > 2c, bank A can even reclaim cash from bank B and for I ≥ 3c, it can reclaim all cash

positions in the banking system. In general, bank A can reclaim min (I,3c) of cash in addition

to its own cash position of c.

For shocks σ > 4c the further events depend on I. If I > 4c, there is a chain reaction of repayment

claims that move around the circle until the loan of the shocked bank to bank D is fully claimed

and the shocked bank ultimately suffers the liquidation losses. If I < 4c, bank A must liquidate

its own assets. More general, if the shock is larger than min (I,3c) + c, bank A must liquidate

assets resulting in a liquidation loss of σ − (min (I,3c) + c). The tipping point for the system

is min (I,3c) + c + e. If the shock exceeds this threshold, bank A defaults and triggers a chain

reaction. The strength of contagion, that is the number of insolvent banks not counting the

shocked bank A, depends on the relation of σ, c, e and I.

The circular geometry offers strong liquidity balancing and resiliency, but it has a tipping point

beyond which contagion can render all banks in the system insolvent. Stabilizing factors are

equity at the shocked bank and cash holdings at all banks in conjunction with large enough

interbank positions. In contrast, high interbank positions in combination with low cash reserves

and low equity stocks aggravate contagion.
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Complete Geometry

Without loss of generality, we shock bank A. Up to a shock of σ = c = 10, bank A uses its own cash

at hand to handle the withdrawal request. For larger shocks, bank A reclaims the additionally

required cash evenly distributed from all other banks. In contrast to the circular geometry, an

interbank position of I ≥ c (instead of 3c) is sufficient to reclaim all cash in the system. Given

I ≥ c + e and shocks larger than the cash in the system σ > 4c, all banks liquidate assets and

incurs losses of 0.25 ⋅ (σ −4c) up to the tipping point of σ = 4c+4e. Beyond the tipping point, all

banks default if their equity is lower than their interbank exposure. If however e ≥ I, there is no

contagion and given that for I < c, the tipping point is at σ = c + 3I + e and not at σ = c + I + e,

the complete geometry can offer good liquidity balancing without the risk of contagion at low

cash reserves c.

Figure 3.9 compares the tipping points and the contagion behavior of all considered geometries.

Given a large enough stock of equity, the complete geometry offers the highest tipping point

and no contagion risk. While we always considered a banking system with N = 4 banks, these

results can be generalized for larger systems. For the circular and the complete geometry, the

factor three for the tipping points corresponds to the number of banks minus one. In the chain

geometry, the tipping point and the potential contagion depends on the number of debtors and

creditors of the shocked bank and for the pairwise connected banks in the disjunct geometry,

the behavior of the shocked bank and its partner is independent on the number of other bank

pairs.
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Figure 3.7.: Bank A and B hold 40 units of deposits each. One of the banks is randomly selected
to have 20 units of “early consumers”, who want to withdraw their deposits. While we
have a certain global demand for liquidity of 20 units, we have an uncertain demand
of regional demand for liquidity: either 0 units or 20 units. Without interbank
markets, both banks must hold 20 units of cash. With interbank markets, the banks
must only hold 10 units of cash each. For the sake of simplicity, we assume that
both deposits and interbank loans bear no interest and that the assets yield a safe
return of 1.0 on maturity and a liquidation value of 0.5 on early liquidation.
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Figure 3.8.: An overview of the considered interbank market geometries. All banks have the same
default balance sheet with a fixed cash ratio c and a fixed equity ratio e. The stock of
assets is increased or reduced to balance out net interbank liabilities or net interbank
assets. For the sake of simplicity, we assume that both deposits and interbank loans
bear no interest and that the assets yield a safe return of 1.0 on maturity and a
liquidation value of 0.5 on early liquidation.
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Figure 3.9.: Tipping points and contagion behavior of the interbank market geometries shown in
figure 3.8. Given a large enough stock of equity e and interbank loan volume I, the
complete geometry offers the highest tipping point at no contagion risk.
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3.4. Analyzing Random Graphs

In the previous section, we used ContagionGraphs to reproduce and detail findings of Allen

and Gale (2000), but given the small number of banks and the symmetric interbank market

geometries, pen a paper would have sufficed. In this section, we depart from simple networks

and apply ContagionGraphs to Erdös-Rényi random graphs (Paul and Alfréd (1959)), scale-free

graphs and tiered graphs.

Erdös-Rényi random graphs are characterized by their graph size N and the connectivity pa-

rameter 0 ≤ m ≤ 1. The connectivity parameter m defines the share of the N ⋅ (N − 1) possible

interbank loans which exist. With N = 4 and m = 0.5 for example, we create networks with 6 of

the 12 possible interbank loans. Note that the connectivity parameter m is related to but differ-

ent from the Erdös-Rényi probability pi,j , which defines the probability that node i is connected

to node j. For the purposes of this paper, we find it more intuitive to use the connectivity m

and create networks with a deterministic number of interbank loans: m ⋅N ⋅ (N − 1).

While Erdös-Rényi random graphs are long known and frequently used in the network-based

simulation literature, they are neither the only nor always the best option to model complex

networks. Barabási and Albert (1999) point out that growing networks such as the internet can

be more accurately modeled with scale-free networks and Boss et al. (2004); Soramäki et al.

(2007); Craig and Von Peter (2014) find that scale-free networks are better suited to model

interbank markets than Erdös-Rényi random graphs.

Scale-free networks are characterized by a power-law distribution of node degrees: it is 1
x times

less likely for a node to have x times the edges. In our setting, this means that there are many

banks with few or no interbank loans and few banks with many interbank loans. Figure 3.10

compares the node degree distributions of Erdös-Rényi random graphs and scale-free graphs.

Scale-free networks assume a different degree distribution than Erdös-Rényi random graphs but

keep the banks homogenous. Tiered networks assume systematic differences in nodes of different

degrees. In our setting, we will assume that the few banks with a high number of interbank

loans are large banks and the many banks with few or no interbank loans are small banks.

This reflects the typical empirical findings for real world interbank networks (Boss et al. (2004);

Soramäki et al. (2007); Craig and Von Peter (2014); Hale et al. (2016); Covi et al. (2019)).
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Figure 3.10.: Degree distributions of Erdös-Rényi random graphs and scale-free graphs with a
mean node degree of 10.

Tiering can be implemented with discrete bank tiers or continuously. Nier et al. (2007) for

example use discrete tiering and split the N banks of their networks into a predefined number

of tiers and apply predefined scaling factors s to each of these tiers. For continuous tiering, we

draw a size factor s for each bank using a predefined distribution. In both cases, scaling factors

are applied to the full balance sheet of the bank (see figure 3.9) and do not affect the equity and

cash ratios.

While the three graph types considered are the most common ones found in the literature on

network and agent based models of financial contagion, note that there are a lot more graph

types and node degree distributions one could consider. Fricke and Lux (2015b) for example

fit various uncommon distributions to data from the Italian interbank network e-MID and find

negative binomial distributions to provide the best fit.
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Average Default Ratios in Average Node Degrees

We start our analysis of random graphs by investigating the effect of the network size N , the

connectivity parameter 0 ≤ m ≤ 1 and the average node degree N ⋅m on network stability. The

connectivity parameterm defines the share of the N ⋅(N − 1) possible interbank loans which exist.

With N = 4 and m = 0.5 for example, we create networks with 6 of the 12 possible interbank

loans. In the literature, we find two different types of interbank network data sets: selective

data sets which only include banks that are members of a certain interbank market system and

holistic data sets that include all banks of a certain region. Fricke and Lux (2015a) for example

analyze a data set of members of the Italian interbank network e-MID with N = 192 members in

2011 and find connectivity factors in the range 0.08 ≤m ≤ 0.20. Hale et al. (2016) and Covi et al.

(2019) on the other hand use holistic data sets with up to N = 6000 banks. Given the inclusion

of banks that are not active in the interbank market, they find lower connectivity factors in the

range 0.003 ≤m ≤ 0.005. We use these figures as starting points for the variation of N and m.

All other parameters and assumptions from section 3 remain unchanged. Banks are still ho-

mogenous with the default balance sheet depicted in figure 3.9. Interest rates on interbank loans

and deposits are assumed to be zero. The return of the asset is 1.0 at maturity and 0.5 on

early liquidation or insolvency. One randomly chosen bank is hit by a shock with σ = 0.25 of its

depositors seeking to withdraw their deposits. For the settlement step size, we choose κ = 0.1,

one thousandth of the balance sheet sizes, to have mostly efficient settlements at reasonable

computation times (for limκ→ 0 computation times go to infinity).

Figure 3.11 compares the default ratio d for different network sizes N and connectivities m in

Erdös-Rényi random graphs. Like Nier et al. (2007); Gai and Kapadia (2010); Battiston et al.

(2012); Acemoglu et al. (2015), we find that default ratios are non-monotonous in the connectivity

m. For m = 0 there are no interbank loans and only the shocked bank defaults. This corresponds

to a default ratio of d = N−1. When increasing m > 0, the default ratios first spike to a local

maximum of about 9% , before they fall back to a local minimum which (depending on other

parameters) can be above or below the initial d = N−1. If we increase connectivity further, default

ratios will increase again until they hit a second local maximum which can be higher or lower

than the first local maximum. Beyond this second local maximum, default ratios converge to

d = 0 for complete networks with m = 1.
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Figure 3.11.: Default ratios for different network sizes N and connectivities m

Note that our further analysis will only consider connectivities in the range 0.00 ≤ m ≤ 0.20.

Complete networks with optimal diversification of interbank stakes have been extensively covered

by the literature since Sheldon et al. (1998) introduced the so-called maximum entropy approach,

but their applicability is not uncontested. Upper (2011) for example, criticizes the focus on

complete networks for being far off the empirical data and painting a too bright picture of

interbank markets.

The network size N does not change this general shape, but for larger networks, both the local

maximum and the local minimum is obtained for a lower value of m. Gai and Kapadia (2010)

plot their default ratios against the average node degree - the product of connectivity m and the

network size N . Figure 3.12 shows this alternative plot configuration: the curves have the same

shape as in figure 3.11, but now they align - we get the same curve for different values of N .

Given high enough network size N and connectivity m, the combined effects of network size N

and connectivity m can thus be summarized in the average node degree.

For scale-free graphs we find the same non-monotonous curve of default ratios in average node

degrees, however the curve is compressed along the x-axis, meaning that the peak and the

following local minimum are obtained for lower average node degrees (see figure 3.13). For tiered
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Figure 3.12.: Default ratios for different average node degrees N ⋅ m. At N ⋅ m = 0 default
ratios start at N−1. For average node degrees between 0 and 2, the default ratios
for different values of N converge. Beyond N ⋅ m = 2, the average node degree
summarizes the combined effect of network size N and connectivity m on default
ratios.
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Scale-Free Graphs
Default Ratios against Average Node Degrees
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Figure 3.13.: A comparison of Erdös-Rényi random graphs and scale-free graphs with the power
law exponent γ ≈ −1.4 found by Covi et al. (2019) for the European interbank
market and with more negative power law exponents γ = −2 and γ = −4. For scale-
free graphs, the shape of default ratios in average node degrees remains, but the
curve is compressed along the x-axis, meaning that the peak and the following local
minimum are obtained for lower average node degrees. This effect is stronger for
more negative power law exponents.

graphs, the curve flattens, meaning that both the first peak and the following local minimum of

default ratios are lower and obtained at a higher average node degree. This effect is stronger,

the closer the exponent γ is to −1 (see figure 3.14).

As argued by Glasserman and Young (2016) there are several measures of stability and contagion

beyond the number or ratio of defaulting banks such as losses attributable to depositors, losses

to bank equity and total losses from inefficient liquidations. We captured these measures along

with the default ratios and find correlations above 0.99 between them. Our findings for default

ratios are thus adoptable to these loss metrics and for all further analysis, we will use default

ratios as the only indicator for stability.
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Tiered Scale-Free Graphs
Default Ratios against Average Node Degrees
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Figure 3.14.: A comparison of Erdös-Rényi random graphs and tiered graphs. For tiered graphs,
both the first peak and the following local minimum of default ratios are lower and
obtained at a higher average node degree.

The Distribution behind the Average Default Ratios

How does the distribution behind the average default ratios look like? Gai and Kapadia (2010);

Haldane and May (2011); Elliott et al. (2014) find that higher connectivity is generally associated

with fewer but more severe contagion. We will extend on these findings by analyzing the frequency

distribution of default ratios: Figure 3.15 compares the observation frequencies of default ratios

for different average node degrees for Erdös-Rényi random graphs. Without interbank loans, the

default ratio d = N−1 has a frequency of 100%: the shocked bank always defaults and the other

banks always survive. With increasing average node degree, both the frequency of observations

with a default ratio of d = 0 and the frequencies of observations with higher default ratios d > N−1

increase. For intermediate values, we can observe two corridors of observed default ratios: a low

default corridor which narrows towards d = 0 for increasing average node degrees and a high

default corridor that increases to d = 1 for increasing average node degrees. Given a large enough

average node degree, contagion is a tail risk: there are only observations with no or all banks

defaulting.
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Figure 3.15.: Observation frequencies of default ratios for different average node degrees in Erdös-
Rényi random graphs.

Scale-free graphs and tiered graphs show similar default distributions (see figure 3.16). Depending

on the power law exponent γ, the convergence towards the bimodal tail-risk distribution is

observed at lower or higher average node degrees.

Net Credit Position of Shocked Bank as Stability Predictor

In the previous two subsections, we analyzed the effect of network properties like N ⋅m or γ

on stability. But how does the setting of the shocked bank within the interbank network affect

stability? We will show that the net credit position of the shocked bank, that is its number of

direct debtors minus its number of direct creditors, is a good predictor of network stability.

We keep the interest rates, asset yield and balance sheet parameters from the previous simulations

and define three different scenarios for both the average node degree m and the shock size σ.

Given our results in figure 3.12 we consider average node degrees m ∈ {2,5,10}. For the shock

size we consider σ ∈ {0.25,0.5,1.0}. The idea is to have a small shock scenario σ = 0.25 where

one interbank loan provides enough liquidity to survive the shock and two large shock scenarios

where the shocked bank needs 2 and 4 interbank loans to survive. For now, we will only consider

Erdös-Rényi random graphs, but our results hold for scale-free and tiered graphs as well.
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Figure 3.16.: Observation frequencies of default ratios for different average node degrees in scale-
free graphs with the power law exponent γ ≈ −1.4 found by Covi et al. (2019) for
the European interbank market.

We do 100000 simulation runs for each combination of m ∈ {2,5,10} and σ ∈ {0.25,0.5,1.0}. We

split our observations in stable networks with d = 0, fragile networks without contagion d = N−1

and fragile networks with contagion dN−1 and compare the size of these three groups for different

average net credit positions. Figure 3.17 shows the results.

For the small shock size σ = 0.25, networks are always stable, if the shocked bank has a net

creditor position of at least 1. We get d = 0 for a positive net creditor position of the shocked

bank, regardless of the exact network geometry. For a balanced and a negative net creditor

position, results for d vary depending on the geometry of the network with higher chances of

a fragile network, if the net creditor position of the shocked bank is more negative and overall

connectivity is lower.

For the medium shock size σ = 0.50 we find certain stability starting at a net creditor position

of 2. The behavior for lower net credit positions is the same as for σ = 0.25, with more fragile

networks in general and fragile networks without contagion for net creditor positions below 4.

The latter effect stems from a better ability of the network to absorb the write-offs on interbank

liabilities of the shocked bank. If the shocked bank has a lot of creditors, the write-offs caused
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Figure 3.17.: Share of stable networks d = 0, fragile networks without contagion d = N−1 and frag-
ile networks with contagion d > N−1 depending on the net credit position (number
of direct debtors minus number of direct creditors) of the shocked bank.

by its default are distributed to a larger number of interbank creditors. Each of these interbank

creditors incur some losses but survive.

For the large shock size σ = 1.00 we find certain stability starting at a net creditor position of

6. Depending on overall connectivity, networks are always fragile below a certain net creditor

position of the shocked bank.

For further insights into the interactions of average node degrees and net creditor position, we

run a linear regression. The data set for the regression is created by drawing 100.000 random

input parameter sets and doing one simulation run with each of these parameter sets. Table 3.1

details the distributions used to draw the parameters.

The default ratio d becomes the dependent variable. In contrast to the previously used discrete

classification, this allows us to differ between fragile networks with contagion in which 2 of 100

banks default and fragile networks with contagion in which all the banks default. As explanatory
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Table 3.1.: Table of input parameter distributions. All input parameters are drawn from inde-
pendent uniform distributions.

Parameter Min Max Constraint / Comment
Distribution 1 3 1=Erdös, 2=scale-free, 3=Tiered

Size N 20 50
Connectivity m 0 0.2 Implies avg. degrees between 0 and 10

Equity e 0 0.2 Ratio to balance sheet size
Cash c 0 0.2 Ratio to balance sheet size

Interbank volume I 0 0.2 Ratio to balance sheet size
Settlement step size κ 0.2 5
Number of shocks 1 5

Shock size σ 0 50 Implies total shock 0 ≤ E ≤ 250
Interbank interest rate iI 0 0.05

Deposit rate iD 0 0.05
Asset Value on Maturity R iD iD + 0.05 Pegged to Deposit rate iD
Asset Value on Liquidation r 0.5 1
Asset Value on Insolvency rI 0.5 1

Bank size heterogeneity 1 5 Scale between smallest and largest bank
Gamma γ -5 -1 Only used for Distribution 2 & 3

variables, we use the average node degree to the power of 1, 2 and 3, the absolute number of

debtors and creditors of the shocked bank and the net credit position of the shocked bank. The

other variables in table 3.1 are used as controls. Table 3.2 shows the results.

The first configuration shows a negative and significant effect of the net creditor position of

the shocked bank on default ratios. An increase of the net creditor position of the shocked

bank by one is associated with a 6.2 percentage point decrease in default ratios. The second

configuration contains an interaction term of the net creditor position with the average node

degree of the network which turns out positive and significant. Together with the even more

negative coefficient for the net creditor position, this means a stronger effect of the net creditor

position for weakly connected networks. In figure 3.17 we can see this effect graphically: the

lower the average node degree, the steeper the share of fragile network climbs below a certain

net creditor position.

In the final configuration, we can see that a stronger connected shocked bank is associated with

lower default ratios: the coefficient for the number of debtors and creditors at the shocked bank

are both negative and significant. The interaction terms of debtors and creditors with the average

node degree are positive, hinting towards a stronger effect for weakly connected networks again.
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Table 3.2.: Regressions on the Net Creditor Position of the Shocked Bank

Dependent variable:
Default Ratio

(1) (2) (3)
Degree −0.192∗∗∗ −0.192∗∗∗ 0.092∗∗∗

(0.024) (0.024) (0.013)
Degree2 −0.037∗∗ −0.037∗∗ −0.062∗∗∗

(0.012) (0.012) (0.011)
Degree3 0.003∗∗∗ 0.003∗∗∗ 0.003∗∗∗

(0.001) (0.001) (0.001)
NetCreditor −0.062∗∗∗ −0.116∗∗∗

(0.010) (0.008)
Degree x NetCreditor 0.011∗∗∗

(0.0004)
Debtors −0.263∗∗∗

(0.022)
Creditors −0.033∗

(0.016)
Degree x Debtors 0.025∗∗∗

(0.001)
Degree x Creditors 0.003

(0.002)
Observations 100,214 100,214 100,214
Adjusted R2 0.464 0.464 0.463
Residual Std. Error 3.516 3.515 3.518

∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
See table 3.1 for control variables used

Std. errors are clustered on the distribution level

89



3. ContagionGraphs - A Tool for Network-Based Models of Financial Contagion

Equity and Liquidity: Complements or Substitutes?

A distinct feature of the Basel III accord is the introduction of two liquidity metrics in addition

to the already existing equity requirements: the short-term liquidity coverage ratio (LCR) and

the long-term net stable funding ratio (NSFR). In this subsection we tackle three questions on

equity and liquidity: Are they complements that reinforce each other, do they work independent

or are they substitutes? What are the determinants of their effects on stability? Is one of these

two balance sheet items generally more important for the stability of the interbank market?

We start our analysis with a linear regression of default ratios on equity and liquidity stocks

using the data set created in the previous subsection (see table 3.1 for parameter distributions

used). Table 3.3 shows the results.

Without considering quadratic effects and interactions, both equity and liquidity have a negative

and significant coefficient. An increase of equity by one percentage point is associated with 0.015

percentage points lower default ratios. For liquidity, the effect is stronger with a 0.204 percentage

point decrease in default ratios per additional percentage point of liquidity.

The interaction of cash and equity in the second configuration is significant with a positive

sign, meaning that a higher interaction term is associated with higher default ratios. While the

coefficient for liquidity remains significant, the coefficient for equity loses its significance with

the introduction of quadratic effects and interactions.

While these regression results point towards a substitutable relationship of equity and liquidity,

they cannot answer our second and third question. The effect size of liquidity is larger than

the effect size of equity but given the assumed liquidity shock this should not be too surprising:

Liquidity is used to absorb the liquidity shocks and to serve interbank reclaims. In both cases,

it prevents liquidation losses. Equity on the other hand is used to absorb these liquidation losses

or losses from devalued interbank claims. It only comes into action if liquidity was insufficient.

In other words: liquidity prevents the fire and equity tries to extinguish it. Thus, we should

interpret the larger coefficient of liquidity as a sign of precedence rather than importance.

We run an experiment with a baseline and a treatment setting to find more answers. The baseline

setting features a combination of a low equity ratio e = 0.05 with a high stock of liquidity c = 0.10.

The treatment setting mirrors this combination, meaning that we will use a high equity ratio
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Table 3.3.: Regressions on Equity and Liquidity

Dependent variable:
Default Ratio

(1) (2)
Degree −0.176∗∗∗ −0.174∗∗∗

(0.040) (0.040)
Degree2 −0.042∗∗∗ −0.042∗∗∗

(0.011) (0.011)
Degree3 0.003∗∗∗ 0.003∗∗∗

(0.001) (0.001)
Equity −1.468∗∗∗ −1.452

(0.192) (0.834)
Equity2 −4.905

(3.708)
Liquidity −20.386∗∗∗ −35.321∗∗∗

(0.193) (0.836)
Liquidity2 69.837∗∗∗

(3.728)
Liquidity x Equity 9.938∗∗

(3.326)
Observations 100,214 100,214
R2 0.464 0.466
Adjusted R2 0.464 0.466
Residual Std. Error 3.517 3.511

∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
See table 3.1 for control variables used

e = 0.10 and a low liquidity stock c = 0.05. Then we regress the difference of the default ratio in

the baseline setting to the default ratio in the treatment setting to our network parameters:

dtreatment − dbaseline = β0 + β1 ⋅ (N ⋅m) +⋯ + ε

Normally, the tricky part of this approach is to estimate the outcome difference between baseline

and treatment, because for each observation, one only knows either the baseline or the treatment

outcome. In our simulation setting however, we do not have this issue: each time we create

a random interbank network using randomly drawn parameters (see table 3.1) we clone the

network and apply the treatment: increase equity by 0.05 and decrease liquidity by 0.05 at all
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banks of the network. Additionally, we fix the seed of the random number generator within the

interbank settlement algorithm to avoid any differences between the two simulation runs beyond

the treatment.

Table 3.4 shows the results for two different data sets. In the first configuration, we restrict

our random parameter sets to Erdös-Rényi random graphs and a single liquidity shock. In the

second one, we use the full specification listed in table 3.1.

Positive coefficients mean that an increase in the explanatory variable is associated with an

increase in dtreatment − dbaseline or in other words with a relatively higher default ratio in the

treatment with more equity and less liquidity. Thus, a positive coefficient indicates that liquidity

becomes more important for stability if the explanatory variable has a higher value.

In both configurations, this is the case for the average node degree of the network. In highly

connected networks, liquidity is relatively more effective in creating stability than equity. In-

tuitively, this makes sense, because without sufficient interbank connections, the shocked bank

is unable to access the liquidity of other banks and must rely on its own liquidity and equity

stocks. The same principle applies to the interbank loan size and the net creditor position of

the shocked bank: if interbank loans are very small or the shocked bank does not have many

interbank debtors, the shocked bank is unable to obtain sufficient liquidity from the interbank

market and must rely on its own liquidity and equity stocks.

The results for the shock configuration are mixed. Larger shocks favor higher liquidity shocks,

while multiple scattered shocks favor higher equity ratios. A possible explanation for the latter

effect is that if multiple banks in close proximity within the network are hit by shocks, liquidity

stocks are fully drained at both c = 0.05 and c = 0.10 so that equity comes into play more often.

Lower asset scrap yields mean that liquidations are more costly. In this case, liquidity is favored.

While one would intuitively guess that more costly liquidations should favor higher equity stocks,

it could be that regardless of e = 0.05 or e = 0.10 equity stocks are insufficient for low asset scrap

yields so that it becomes more important to prevent costly liquidations in the first place: with

high liquidity stocks.

Our results show that the effectiveness of liquidity and equity on network stability depends on a

lot of network specific determinants. However, given the low R2 values of our model it is likely
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that there are more determinants to be found and we are still short of an answer to our third

question: Is one of these two balance sheet items generally more important for the stability of

the interbank market?

To answer this final question, we need to look at some descriptive statistics first. In the data set

of the first configuration, the average default ratio is 7.06% in the baseline setting and 16.04%

in the treatment setting. In 93.2% of observations, the more equity but less liquidity treatment

results in a higher default ratio. For the second configuration the numbers are similar with 4.70%

average default ratio in the baseline setting and 9.52% average default ratio in the treatment

setting. This ties in with the findings from regression table 3.3, but again we should be hesitant

to see this as a confirmation for liquidity being more important than equity in general. Again,

our results are probably driven by the assumed shock type and further research with different

types of shocks is needed to find more robust answers.
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Table 3.4.: Determinants of Stabilizing Effects

Dependent variable:
Treatment Effect on Default Ratio

(1) (2)
Scale-Free Graph 0.052∗∗∗

(0.005)
Tiered Graph 0.015∗∗

(0.005)
Node Degree 0.276∗∗∗ 0.670∗∗∗

(0.024) (0.069)
Interbank Loan Size 0.311∗∗∗ 0.944∗∗∗

(0.012) (0.035)
Settlement Step Size 0.000 0.001

(0.001) (0.002)
Shock Number −0.007∗∗∗

(0.002)
Shock Size 0.001∗∗∗ 0.0002∗∗∗

(0.00002) (0.00002)
Asset Scrap Yield −0.164∗∗∗ −0.160∗∗∗

(0.005) (0.014)
Net Credit −0.009∗∗∗ −0.012∗∗∗

(0.0002) (0.001)
Observations 193,665 29,224
R2 0.032 0.060
Adjusted R2 0.032 0.059
Residual Std. Error 0.301 0.341

∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
See table 3.1 for control variables used
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3.5. Conclusion

In this paper we presented ContagionGraphs, a tool to explore and compare network-based

models of financial contagion. We started by reproducing the Allen and Gale (2000) model and

detail its main findings by showing that high equity stocks at the shocked bank and a balanced

level of liquidity and interbank market positions enhance resiliency of the interbank network.

We analyzed and compared Erdös-Rényi random graphs, scale-free graphs and tiered graphs and

found non-monotonous M shaped default ratios in average node degrees for Erdös-Rényi random

graphs and scale-free graphs. Tiering flattens this M shaped curve. Given high enough average

node degrees, all three graph types exhibit a bimodal, tail risk style distribution of default ratios

(all or no banks default).

The net credit position of the shocked bank is a strong predictor of network stability with a

higher net creditor position being associated with lower default ratios.

Equity and liquidity are substitutes with liquidity having higher precedence rather than higher

importance over equity for increasing network stability: if liquidity stocks are high enough,

equity buffers remain untouched. The relative effectiveness of liquidity and equity in stabilizing

interbank networks depend on various determinants such as the average node degree of the

network or the costliness of liquidations. Because we explicitly model a liquidity shock, we cannot

say that liquidity is generally more important than equity. Further research with different types

of shocks are required to find a robust answer to this question.

There are some features of ContagionGraphs, which are not covered in this paper: bank run

behavior and banks with limited line of sigh within the interbank market. More importantly,

there are many features and model assumptions in the literature that cannot be implemented

in ContagionGraphs yet. ContagionGraphs is open to future research and development by third

parties, be it to add further modeling features, to enhance the dated GUI or to boost its analysis

and data export capabilities.
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A. Appendix Chapter 1

Proof of Lemma 1.2.1.

With the initially assumed capital structure of one unit of deposits and zero units of equity,

incumbent shareholders have expected earnings of:

π =

⎧⎪⎪⎪⎪
⎨
⎪⎪⎪⎪⎩

0 no innovation

γa innovation

To satisfy equity requirements, the incumbent shareholders need to perform a capital increase

which dilutes their dividend payments. Consider a capital increase to back the innovation. Let

α be the expected return on equity entrant shareholders require for providing equity and r the

return on equity conditional on the success of the innovation (effectively, r ⋅ e is the entrant

shareholders part of the cake if the innovation succeeds). The relation of α and r can be derived

from the expected earnings of the entrant shareholders:

πentrant = γre − (1 − γ) e = αe⇒ r =
α + (1 − γ)

γ

We plug r into the earnings of the incumbent shareholders to find c (e)

πincumbent = γ (a − r ⋅ e) = γa − (α + (1 − γ)) ⋅ e
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

c(e)

We can write the effects of equity requirements as a cost function that is linear in e, α and the

probability of failure (1 − γ). Note that we can have costs c(e) > 0 even if α = 0, i.e. if entrant

shareholders demand no equity premium.

c (e) = (α + (1 − γ)) ⋅ e
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Proof of Lemma 1.3.1.

Table A.1.: Welfare in the static model. The columns “Bank 1” and “Bank 2” show the invest-
ment decisions with “K” for known asset, “I1” for innovation 1 and “I2” for innovation
2. The columns B and D show the expectation values of the innovation benefits and
the instability costs.

Profile Bank 1 Bank 2 B D

SI I1 K γ (a1 + b) (1 − γ) (1 + d)
MI I1 I2 γ (a1 + a2 + 2b) 2 (1 − γ) (1 + d)
CI I1 I1 γ (a1 + b) 2 (1 − γ) (1 + d)

Table A.1 shows the welfare components B and D. One can easily see that compared to the

clumped innovation profile CI, the single innovation profile offers the same innovation benefits B

at lower instability costs D and the multiple innovation profile offers higher innovation benefits

B at the same instability costs D

Proof of Proposition 1.3.1.

Table A.2 shows the payoff matrix of the static two-bank model in absence of regulation. For

a1 > 2a2, the clumped innovation profile CI [I1,I1] is the unique subgame perfect equilibrium.

For a2 < a1 < 2a2, the multiple innovation profile MI [I1,I2] is the unique subgame perfect

equilibrium.

Proof of Proposition 1.3.2.

Table A.3 shows the payoff matrix of the static two-bank model with a microprudential regulation

scheme. Assume that a1 > 2a2. In absence of regulation, the clumped innovation profile CI [I1,I1]

is the subgame perfect equilibrium (Proposition 2). There exists no minimum equity ratio e that

will make innovative project 2 part of an equilibrium, because:

Table A.2.: Payoff matrix in the static model in absence of regulation

Bank 1 / Bank 2 I1 I2 K
I1 γ a1

2 , γ a1
2 γa1 , γa2 γa1 , 0

I2 γa2 , γa1 γ a2
2 , γ a2

2 γa2 , 0
K 0 , γa1 0 , γa2 0 , 0

97



INTRODUCTION

Table A.3.: Payoff matrix in the static model with a microprudential regulation scheme

B1 / B2 I1 I2 K
I1 γ a1

2 − c (e) , γ a1
2 − c (e) γa1 − c (e) , γa2 − c (e) γa1 − c (e) , 0

I2 γa2 − c (e) , γa1 − c (e) γ a2
2 − c (e) , γ a2

2 − c (e) γa2 − c (e) , 0
K 0 , γa1 − c (e) 0 , γa2 − c (e) 0 , 0

Table A.4.: Payoff matrix in the static model with a simple macroprudential regulation scheme

Bank 1 / Bank 2 I1 I2 K
I1 γ a1

2 − c (e) , γ a1
2 − c (e) γa1 , γa2 γa1 , 0

I2 γa2 , γa1 γ a2
2 − c (e) , γ a2

2 − c (e) γa2 , 0
K 0 , γa1 0 , γa2 0 , 0

γ
a1
2
> γa2⇔ γ

a1
2
− c (e) > γa2 − c (e)

If γa1/2 < c (e) < γa1, the single innovation profile SI [I1,K] is the unique subgame perfect

equilibrium. The change from the clumped innovation profile CI to the single innovation profile

SI is a Pareto improvement (Lemma 2).

Proof of Proposition 1.3.3.

Table A.4 shows the payoff matrix of the static two-bank model with a simple macroprudential

regulation scheme. Assume that a1 > 2a2. If c (e) > γ ((a1/2) − a2), the multiple innovation

profile MI is the unique subgame perfect equilibrium [I1,I2]. The change from the clumped

innovation profile CI to the multiple innovation profile MI is a Pareto improvement (Lemma

2).

Proof of Lemma 1.4.1.

Table A.5 displays the welfare components. We can easily see that the wait-single profile WS

and the wait-clump profile WC are the welfare optimal profiles.
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Table A.5.: Welfare in the dynamic model with exogenous knowledge growth. The columns
“Bank 1” and “Bank 2” show the investment decisions in t1/ t2 with “K” for the
known asset and “I” for innovation. The columns B and D show the welfare compo-
nents.

Profile Bank 1 Bank 2 B D

NO K / K K / K 0 0
WS K / K K / I γ (a + b) 0
WC K / I K / I γ (a + b) 0
SI I / K K / K γ (a + b) (1 − γ) (1 + d)
CI I / K I / K γ (a + b) 2 (1 − γ) (1 + d)

Proof of Proposition 1.4.1.

In table A.6 we can see, that in absence of regulation banks play a preemption game. In equi-

librium both banks innovate in t1. The welfare efficient wait-clump profile WC in which both

banks innovate in t2 is not a subgame perfect equilibrium, because both banks have an incentive

to preempt the competitor and increase their expected payoff from γa/2 to γa.

Proof of Lemma 1.4.2.

In Lemma 1, we used the profit function of incumbent and entrant shareholders to derive the

costs of backing an innovative project with equity:

c0 (e) = (α + (1 − γ)) ⋅ e = αe + (1 − γ) e

Table A.6.: Payoff matrix for the dynamic model with knowledge growth and no regulation (zero
equity). Note that "Innovation in t2" is a conditional investment strategy: wait in t1
and innovate in t2 if the innovation is revealed to be a guaranteed success. In case it
is revealed to be a guaranteed failure, do not innovate at all.

Bank 1 / Bank 2 Innovation in t1 Innovation in t2 No Innovation
Innovation in t1 γ a

2 , γ a
2 γa , 0 γa , 0

Innovation in t2 0 , γa γ a
2 , γ a

2 γa , 0
No Innovation 0 , γa 0 , γa 0 , 0
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Table A.7.: Payoff matrix for the dynamic model with knowledge growth and equity regulation.
Note that "Innovation in t2" is a conditional investment strategy: wait in t1 and
innovate in t2 if the innovation is revealed to be a guaranteed success. In case it is
revealed to be a guaranteed failure, do not innovate at all.

B1/B2 Innovation in t1 Innovation in t2 No Innovation
In. t1 γ a

2 − c0 (e) , γ a
2 − c0 (e) γa − c0 (e) , 0 γa − c0 (e) , 0

In. t2 0 , γa − c0 (e) γ (a
2 − cr (e)) , γ (a

2 − cr (e)) γ (a − cr (e)) , 0
No In. 0 , γa − c0 (e) 0 , γ (a − cr (e)) 0 , 0

We can do the same derivation for an innovative project that is already revealed to be a guaran-

teed success. Let r again be the return on equity conditional on the success of the innovation.

Because the success probability of a good project is simply 1, the ratio of α and r is simple:

πentrant = re = αe⇒ r = α

We plug r into the earnings function of the incumbent shareholders before the revelation to find

cr (e)

πincumbent = γ (a − r ⋅ e) = γa − αe
´¸¶
cr(e)

Note that αe ≤ αe + (1 − γ) e for all sensible values of γ and e.

Proof of Proposition 1.4.2.

Table A.7 shows the payoff matrix for the dynamic model with knowledge growth and with

equity regulation. From Lemma 6 we know that c0(e) ≥ cr (e) with c0 (e) − cr (e) = (1 − γ) e.

If c0 (e) − γcr (e) ≥ γa/2, both banks innovate in t2. This behavior corresponds to the welfare

optimal wait-clump profile WC (see Lemma 5).
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