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Abstract

This paper studies the contracting problem between banks and their bankers, embed-
ded in a competitive labour market for banker talent. To motivate effort banks must
use some variable remuneration. Such remuneration introduces a risk-shifting problem by
creating incentives to inflate early earnings: to manage this some bonus pay is optimally
deferred. As competition between banks for bankers rises it becomes more expensive to
manage the risk-shifting problem than the moral hazard problem. If competition grows
strong enough, contracts which permit some risk-shifting become optimal. Empirically I

demonstrate that balance sheets have changed in a manner which triggers this mechanism.
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“This economic crisis began as a financial crisis, when banks and financial institutions
took huge, reckless risks in pursuit of quick profits and massive bonuses.”
President Obama, January 2010.

“You [Wall Street] don’t have to wait for a law to overhaul your pay system so that folks
are rewarded for long-term performance instead of short-term gains.”

President Obama, September 2009.

1 Introduction

Competition between banks and investment houses for bankers and traders is intense. A
compelling narrative of the recent financial crisis is that the labour market for bankers has
resulted in bankers receiving pay focused too much on short-term revenues. As a result
the most senior policy makers in the US, EU and G20 have, with hindsight, decried the
huge risks which built up in the financial system. These observations have been met with
pleas for banks to reform their pay practices. Globally, financial regulators are rushing to
introduce new rules which explicitly intervene in the allowable structure of bankers’ pay.*

The hypothesis that those who ran banks did not care about risks and were happy to be
reckless is both too glib and poorly supported by the evidence. All the major banks were
regulated prior to the crisis with a view to managing their overall risk. Analysis of banks’
returns delivers no evidence that those run by CEOs whose interests were better aligned
with shareholders were less reckless or made smaller losses — in fact there is weak evidence
to the contrary (Fahlenbrach and Stulz 2010). It therefore remains crucial to understand
why banks and financial institutions would, in good faith, enter into the remuneration
contracts whose outcomes have been so damaging. Failure to do so runs the risk that
the regulations on pay being introduced will quickly outlive their usefulness and become
constricting once regulatory monitoring improves.

I offer a model which studies the rich contracting problem between properly motivated

!The EU has mandated that 40% to 60% of bankers’ bonuses must be deferred. There is also active
consideration of explicit bonus limits. The pressure has been felt in the US too where banks are seeking
to act ahead of regulatory rules: “Gorman defends M Stanley bonus deferrals”, Financial Times, January
26, 2011.



banks and their bankers. I study this problem embedded in a competitive market for
banker talent. Only such a model which combines the economics of incentives with the
impact of competition between banks can explore whether a market failure in the labour
market for bankers exists, could lead to excessive risk building up, and could warrant
regulatory intervention.

The model I offer has three key parts. I consider the banker labour market for any given
activity undertaken by banks and/or shadow banks? (examples include foreign exchange
hedging or structured finance). Banks and shadow banks active in this activity differ by
the size of the balance sheet or fund they will allow to support it. These banks compete
with each other to hire a suitably qualified banker to undertake and manage this activity
with the fund available. Second the bankers are subject to two standard contracting
frictions: moral hazard and risk-shifting. Bankers must be motivated to exert effort; they
must also be motivated to avoid risky projects which grow short term profits but at the
cost of long term risks. This latter risk-shifting worry is at the centre of the financial
crisis. The bankers differ in their investing and banking skill, they are not all identical.
A banker has more information as to her ability to generate profits in the current climate
with the currently available tools than the banks have. Finally banks compete to hire the
bankers and can use sophisticated remuneration contracts which tally with those available
in reality. They can use fixed wages; or they can use a bonus based on the expected net
present value (npv) of the revenue stream (equivalent to stock options for the CEO); or
they can offer deferred, also known as vested, pay whose value depends on the realised
outcome of future performance; or they can use all of these in any combination. The
choice of structure and level of remuneration is endogenous and will be the outcome of
the competitive market for banker talent.

Competition between banks for bankers determines a market rate of surplus which
each banker must secure. The market rate is determined by the amount of surplus which
the marginal competing bank is willing to offer to hire that banker instead of the one they

will be hiring in equilibrium. Competition between banks does not force one particular

2See Pozsar et al. (2010) for a full discussion of the shadow banking sector. It includes, for example,
hedge funds and investment banks.



remuneration structure on a bank rather than another, it purely sets the surplus which
must be delivered. A bank which solely rewarded using fixed wages would not provide
incentives for the banker to exert effort. To prevent this, and so manage the moral hazard
problem, sufficient variable pay needs to be provided. The variable pay can be payable
early and so reflect the npv of expected revenues, or it could be deferred and reflect
actually generated revenues.

Paying bonuses early in the life-cycle of the banker’s investments has the benefit
that nothing is lost to discounting, and it ensures effort is provided. However such pay
introduces the risk-shifting problem. If pay depends on the estimated npv of future returns
then a less able banker will be incentivised to select risks which increase her immediate
revenues enough to emulate a higher ability banker, whilst creating a risk of some larger
loss in the future. Some authors have alleged that much hedge fund investing is exactly of
this form (Foster and Young 2008). I purely note that such investing to hide true ability
and inflate early returns is possible. To mitigate the risk-shifting problem some of the
pay must be deferred. The pay will have to be vested over the duration of the bankers’
investments with the amount of pay depending on the future realised returns.

It follows that a bank has reason to use all the three kinds of remuneration outlined
above, as is observed in reality. Using deferred pay comes at a cost however: the banker
discounts the future. This is justified by the desire to smooth consumption (expensive
mortgages, school fees). It is also justified by the fact that deferred pay which flexes on
performance requires the banker to trust that her bank will not seek to use incomplete
contracting problems, or otherwise game the contract, to avoid paying out large sums
should they become due. In the competitive world of high finance such moral hazard on
the part of the employing bank is unlikely to be absent.

Thus managing the moral hazard problem requires variable pay; this introduces the
risk-shifting problem which is managed by deferring some of the variable pay. However
competition between banks for bankers creates a negative externality between the banks
which increases the cost of managing the risk-shifting problem more rapidly than man-

aging the moral-hazard problem. Suppose that the balance sheet of a given bank should



grow. This bank would now benefit more from a banker of greater skill as her skill will
be magnified over a larger pot of money. This will therefore drive up the surplus which
needs to be awarded to the target banker by her actual employing bank. To deliver the
required surplus and ensure no risk-shifting the employing bank will need to increase the
surplus faster still as the deferred portion is partly discounted by the banker. However
to not increase the deferred pay will result in the banker facing a contract which would
make it optimal for her to risk-shift with some probability, if she were not of the highest
ability. The probability the banker is of higher ability is exogenous to these calculations,
as is the npv cost to the bank if she does risk-shift. Hence competition does not alter
the benefits of preventing a small chance of risk-shifting. But competition does alter the
costs of this prevention. If competition becomes sufficiently intense, the balance of costs
and benefits swings: the employing bank, properly run and motivated to maximise value,
endogenously allows the amount of deferred pay to fail to rise sufficiently to rule out
risk-shifting.

This paper therefore demonstrates that if competition between banks grows suffi-
ciently, then the market can be moved from a no risk-shifting equilibrium to one in which
some banks tolerate risk-shifting. Competition is shown to be strong when, amongst other
things, there is convergence in the size of the funds chasing the bankers. I show that this
is exactly true of US banking in the last 40 years (Section 7); and the competitive effect
reached unprecedented highs in the early years of this millennium peaking just prior to
the financial crisis.

As the impact of bad risk outcomes affects society, there is a role for financial regulation
to tackle this negative externality and appropriately target the structure of bankers’ pay.
A banker will decide whether or not to risk-shift by considering the balance of deferred pay
to immediate bonus as risk-shifting lowers the former in expectation whilst increasing the
latter. By using average values for bank revenues over the 40 years of data, I can calibrate
the model and so study what proportion of bonus pay would need to be mandatorily
deferred to rule out an equilibrium with risk-shifting. Section 8 demonstrates that, as

a central estimate, forced deferral of between 50% and 63% of variable bonus can be



rationalised. This is a large proportion which both accords with current policy proposals,

and, I believe, demonstrates the importance of the effect which this paper studies.

2 Related Literature

There is now substantial regulatory and political pressure to critique and define beneficial,
and well justified, interventions in the labour market of bankers. As a result there is a
young literature which explicitly considers the impact of competition between banks on
the risks chosen, their corporate governance effectiveness, and the implications for opti-
mal financial regulation. Acharya and Volpin (2010) and Acharya, Gabarro and Volpin
(2010) offer a model in which a principal can save on remuneration of her CEO by imple-
menting better corporate governance monitoring. However if competition between firms
causes CEO remuneration to be pushed up then there are fewer savings from monitoring,
and so it is argued that principals may save money by providing worse corporate gover-
nance. A similar argument is offered also by Dicks (2010).® T do not argue that corporate
governance has been deliberately worsened. Rather banks choose their employment con-
tracts optimally given the competition, and the relative costs and benefits of managing
risk-shifting and moral hazard.

Thanassoulis (2010) explores the level of remuneration banks will pay in a competitive
labour market, and its impact on their decision of whether to use a bonus or a fixed wage.
The work argues that, as banks face a cost of a default event or a run, they inherit a
concavity in their objective function resulting in them preferring to pay their bankers in
bonuses and not in fixed wages. This follows as bonuses shrink when returns are small;
exactly when the risk of a default event is present. The paper then establishes a negative
externality between the banks which forces the level of remuneration up. As remuneration
is in actuality large (Thanassoulis shows evidence that in 10% of cases on the NYSE,
remuneration in banks and shadow banks represented over 80% of their total shareholder
equity) this represents a significant default risk. Hence there is scope for appropriate

financial regulation of bankers pay; and a cap on the proportion of the balance sheet used

3See also Thanassoulis (2009).



by banks for bonuses is shown to be optimal in that analysis. Thanassoulis (2010) does
not however explore the contracting problem between the banks and their staff: the risk
choices of the bankers are assumed to be fully controlled via well functioning corporate
governance. Here we explicitly explore those risk choices, and enrich the remuneration
space to allow for deferred and immediate bonus payments based on revenues and expected
npvs. Thus only with this work can we address whether competition between banks will
lead to increased risk via a change in the risk-decisions of the bankers as modulated by
optimal contracting.

There is a literature on the levels of CEO pay in a competitive market (Edmans and
Gabaix forthcoming, Gabaix and Landier 2008, Llense 2010). However this literature
does not consider the risk implications of contracting under competition. An important
exception within this literature is Acharya, Pagano and Volpin (2010) who make the
argument that competition by banks for bankers allows bankers to escape to a rival
bank before their true skill is revealed. As a result bankers churn through jobs to prevent
themselves or the bank identifying their true ability. Only towards the end of their careers
will they remain in a place and allow their skill to become known. The model I present
here also has bankers receiving the market rate of surplus — a major difference is that the
explicit contracting problem of the bank between risk-shifting and moral hazard is also
considered.*

There has long been a concern that inappropriately designed incentive pay can lead
executives to chase short term stock prices and so take value reducing actions. This
literature has in general not considered competition for managers, nor optimal contracting.
A seminal work here is Stein (1989). The manager in Stein’s model inflates early earnings
in a value reducing way to try to fool the market. However the market correctly infers
that this will happen and so assigns the correct value to the firm. The manager is caught
in a prisoners’ dilemma: she must manipulate to avoid investors thinking her business is

worse that it is. Many have built on Stein’s insight and used the signal jamming models of,

4Axelson and Bond (2009) consider the allocation of talent to banking as opposed to other sectors.
They argue that in boom times bankers are less motivated and make more mistakes as their outside
option in a different industry is higher.



for example, Fudenberg and Tirole (1986) and later of Holmstrom (1999).° These models
assume that the manager knows no more about her true ability than the market, and so
in the end the market can infer accurately the managers’ actions. I allow the bankers
to know more about their ability than the banks do. Therefore if contracts should be
selected which permit some risk-shifting then the market will not know how much, or
even whether, risk is being shifted at all.

There is a parallel research endeavour which considers incentive provision for CEOs and
bankers, but in the absence of competition for the bankers/managers. Bolton, Scheinkman
and Xiong (2006) argue that stock prices include an option element which is increased by
short term firm actions. Current shareholders seeking to maximise their gains from sales
to overconfident investors might then use short term contracts for their CEOs. Froot,
Perold and Stein (1992) make a similar argument. Inderst and Pfeil (2009) argue that
bankers have both a deal origination role and subsequently a deal vetting role. If a bank
will undertake any deal, regardless of quality — perhaps because of the ability to securitise
— then it becomes optimal to focus just on deal origination and so high powered short

term incentives result.%

3 The Model

The model has three parts. First it is a competitive model of banks and investment firms
competing to hire bankers and investors, thus the banks and bankers must be modelled.
Secondly bankers/investors make investments and in so doing suffer from both moral
hazard and the possibility of risk-shifting, thus bankers’ possible investments need to be
modelled. Finally the model is designed to allow us to address the effect on risk taking
of the remuneration contracts the industry selects, thus a rich family of remuneration
structures need to be modelled and their interactions understood. These parts will be

combined into a dynamic stage game in which first banks hire bankers with endogenously

5See for example Rotemberg and Scharfstein (1990) for a case with competition on the product side,
but not competition for managers or labour.

SThere is a longer literature which considers short-termism in incentives for entrepreneurs due to the
need to manage the twin tasks of monitoring, and shutting down poor performers. See von Thadden
(1995), Guembel (2005), Biais and Casamatta (1999).



chosen remuneration contracts; then bankers make their investments and risks are taken

depending on the contracts endogenously selected.

3.1 The Competitive Market For Bankers

We consider the market for any one of the services offered by commercial banks, investment
banks, or shadow banks in the financial intermediation industry. Examples include foreign
exchange, equities investing, securitisation, structured finance products, the provision of
loans and so on. In this sector we suppose there are N different active such firms. I refer
to these as banks for short. Bank ¢ has a fund devoted to this sector of size .S;. The banks
are ordered so that S; > Sy > --- > Sy. Banks are risk neutral and look to maximise
the profits generated from their funds. The banks seek an individual banker to run their
fund in this sector.

There are N bankers who the banks are competing to hire. The bankers differ in their
ability. Each banker is of high ability at conducting the specific investment /trade/action
required with probability u; € (0,1) . The bankers are ordered so that g > e > -+ > uy.
Each individual banker learns her actual ability in investing this particular asset class in
the current market conditions after contracting, but before making her investment and
effort choices. The bankers are risk neutral and have an outside option normalised to 0.

The assumption of risk neutrality on the part of bankers is not a key assumption. If
the bankers were risk averse then the results would be strengthened. Nevertheless risk
neutrality is a compelling assumption for bankers for at least three reasons (Thanassoulis
2010). Firstly there is evidence that traders show an enhanced bias towards loss aver-
sion, and are therefore risk loving over losses, as compared with normal members of the
population (Haigh and List 2005, Liu et al. 2010). Secondly there is medical evidence
that successful traders and bankers, and those who select into the finance profession, show
greater levels of testosterone which is known to be associated with risk taking (Coates and
Herbert 2008, Sapienza, Zingales and Maestripieri 2009). Finally there is direct economet-
ric evidence from markets that estimated risk aversion parameters are small, and indeed

often negative (Jackwerth 2000, Rosenberg and Engle 2002).



3.2 Bankers’ Possible Investments

The bankers make their investments at the start of time period ¢ = 1. These trades
generate returns at the end of period ¢t = 1 and again at the end of period ¢t = 2.

Suppose a banker of skill y is hired by a bank to manage a fund of size S. If the banker
discovers she is of high ability and exerts effort then in each period the trade generates
a profit, with certainty, of S (p+ a). p is the return net of the cost of capital and a is
an additional boost to the return of the trade which arises because the the banker is of
high ability. I normalise the bank’s discount rate to 0, and so a high ability banker will
generate profits over the two periods with an npv of 25 (p + a).

If the banker discovers she is not of high ability then she is of lesser ability. In this case
the lesser ability banker, despite exerting effort, does not receive the additional boost (a)
to the profit each period. Hence the npv of profits generated by a lesser ability banker is
25p. However a lesser ability banker could decide to risk-shift and so pump up her ¢t =1
profits at some risk to the ¢ = 2 returns. If the lesser ability does decide to risk-shift then
at t = 1 she will generate profit of p + a per dollar managed with certainty. However at
t = 2 she will only generate the profit p + a with probability 1 — n. With probability n
the trade will blow up.” In this case the banker will have a recovery rate of less than 1
and so deliver a negative profit in period 2 of —52. z measures the shortfall between the
recovery rate and the cost of capital. A banker of lesser ability may decide to risk-shift
or not with certainty, or to play some mixed strategy — the choice is endogenous.®

If the banker (of lesser or high ability) does not put in effort then profits in period 1 are
reduced to epS where € < 1, and further a loss of Z -5 is registered at t = 2. I assume that
this loss is sufficiently great that a banker who puts in 0 effort will generate a negative
total npv for the bank: thus banks wish to secure effort from their employed banker in

this model. By setting ¢ < 1 I capture that a lack of effort on the part of a banker is

“One could add in active risk control so that any risk-shifting is identified by the principal and
neutralised with some probability. The results of this analysis would continue to apply as long as the
technology used to identify risk-shifting was not both perfect and costless.

8If the contracting space were enriched to allow renegotiation of remuneration at the end of t = 1
then lesser ability bankers would in equilibrium always select mixed strategies (Fudenberg and Tirole
1990). The core results of this model would be unaffected by this restriction, though the addition of
renegotiation would add considerable complexity to the exposition.



sufficiently observable that it can affect the expected npv of the bankers’ investments and
so can influence pay. By focusing on standard remuneration contracts, presented next,
I maintain the realistic assumption that a perceived lack of effort cannot be taken as a
breach of contract and so used to confiscate any fixed wage. This analysis can be recast
by adding uncertainty to the returns of the bankers and then conducted in a fully optimal
and unconstrained contracts framework. The manipulations are however more involved
and, in my view, less transparent; though the qualitative results I will go on to present
remain. [ see it as an advantage to import the structure of actual pay into the most
succinct analysis possible so that practically relevant results can be cleanly interpreted.
For convenience the profits which the banker can generate for the bank are captured in

Table 1.

Table 1: Banker’s Investment Opportunities. Notes: All bankers can exert effort or not. If they
fail to exert effort then after high initial returns, bank profits turn negative. Bankers who exert effort
differ in their ability. A banker of lesser ability can risk-shift to disguise her true ability. This introduces
a tail risk for the bank. The bank seeks an optimal contract to manage the twin problems of moral hazard

and risk-shifting.

Profit at t =1 Profit at t = 2
High ability banker (p+a)S (p+a)S
Lesser ability banker — no pS pS

risk-shifting

Lesser ability banker — risk-| (p+a)S
shifting to disguise
Banker exerts 0 effort epS (e < 1) )

(p+a)S with prob1—n
—z8 with prob n

3.3 Banker Remuneration

It is important that the model is rich enough to allow us to study the actual structure of
remuneration in investing and banking. Here I allow banks to compete to hire bankers

using three separate remuneration instruments captured by the triple {f, 5, v} :

Fixed Wage. f is the fixed wage the bank agrees to pay its banker. It is independent
of the realised revenues in either t = 1 or t = 2. I assume it is paid out at the end

of t =1.
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Non Deferred Bonus on Expected NPV of Investments. [ is the bonus rate ap-
plied at the end of ¢ = 1 to the principal’s estimated npv of total profits which the
banker will generate, given her ¢ = 1 profits. This is therefore a stock reward like
instrument which pays out at the end of period 1. For the CEO the npv of the
profits is captured by the share-price and so f could be exactly proxied by stock
rewards and the principal would be the shareholders. For other workers the npv of
the profits from the trade can be computed from the available information by the

principal who would, for example, be the senior bank executives.

Deferred Pay Subject to Performance. v is the deferred (or vested) component of
pay. It is a share option like instrument which vests until the final period, t = 2.
The vested component of remuneration pays out a proportion v of the observed end
of period 2 profits. Bankers discount promises of future payouts at a rate » > 0.
Hence, in end of period 1 dollars, the vested component of pay is worth v/ (1 + )

multiplied by period 2 profits.

The bankers discount future pay at a rate r, which exceeds the discount rate of the
bank (which is normalised to 0). This discount rate captures the preference for earlier
consumption (the examples of school fees and mortgages was given earlier). It can also
capture the possibility that, due to contractual incompleteness, the principal may renege
or game the contract in the event of large sums becoming due and so might find a way to
avoid paying out what is required. If the deferred pay is in the form of stock options then
it is well documented that bankers value such pay less than the bank does as they cannot
be fully diversified (Hall and Murphy 2002, Meulbroek 2001). The available experimental
evidence suggests that the difference in discount rates between individuals and firms
may actually be huge (see Section 8). For example Harrison, Lau and Williams (2002)
estimate the subset of “rich Danes” as having annual discount rates of 22.5%. This has
been corroborated by other less academic analyses reported in the financial press.” Only

the fact that discount rates between banks and their employees differ is required for the

9See the joint PWC-LSE 2011 report referred to in “Deferred Bonuses Seen As Having Less Value”,
Financial Times, 27 February, 2011.
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effect I will describe.

To maintain realism I assume that bankers are protected by limited liability. Hence
{f,B,v} > 0. The three remuneration structures I study are designed to be close approx-
imations to the main types of remuneration used in the Finance Industry. In particular,
the current Financial Stability Board guidance (Financial Stability Board 2009) requires
that bankers’ compensation should be variable, a substantial part of which should reflect
performance (f3); and further much of this compensation should be deferred (v), with
guidance of 40% to 60% given. For rank and file bankers in risk taking positions vari-
able remuneration is the dominant method of remuneration (see Thanassoulis 2010 for
an explanation as to why). Nevertheless remuneration does include some fixed wages ac-
cording to the explicit evidence of this provided by the UK’s Financial Services Authority
(reproduced here as Table 2).

Table 2: The weighted average of the breakdown between bonus pay and fixed wages for
major UK investment banks. Notes: Data from Financial Services Authority 2010, Table 1. The
figures reported confirm that though the vast majority of pay for bankers comes from bonuses and so
are variable rewards, some fixed wages remain for rank and file staff. This validates the modelling choice
used in this analysis. During 2008 and 2009 bank profits remained under pressure, and bankers’ bonuses
were the subject of very public discussion and policy attention (FSA 2010, FSB 2009). As a result the
proportion of pay in bonuses in the run up to the financial crisis is liable to be higher than these figures

report.
2008 2009
Total compensation bands| % base salary | % bonus| % base salary | % bonus
Greater than £1m 9% 91% 11% 89%
£500k to £1m 19% 81% 24% 76%

The deferred bonus, v, could be implemented most simply by either paying out at
t = 2, or by using stock options which vest until ¢ = 2. Alternatively the bank could set
monies aside at t = 1 which remain the property of the bank during ¢ = 1, only transferring
to the banker at ¢ = 2 depending on returns. During ¢ = 1 such hypothecated pay is
known as malus. The intuitions described are also robust to using clawbacks. Here the
banker is paid at t = 1 but can have funds clawed back forcibly, and exempt from limited
liability, should revenues under perform at ¢ = 2. The results of the model would apply to

this sort of pay under the slight generalisation that not risk-shifting lowered the chance
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of a fund blowout, but not to zero. In this case pay exposed to clawback provisions would
still have uncertainty hanging over it and so the banker’s discount rate remains relevant.

I model the payoff to the banker of not exerting effort using the multiplicative approach
of Edmans, Gabaix and Landier (2008). A banker who is paid total remuneration W
receives a utility given by W - g (e). If effort is exerted then e = € and g (€) := 1. However
if a banker does not put in effort then e = 0 and ¢ (0) := 1/(1 —A). Hence A < 1 is a
parameter capturing the cost of effort: if A = 0 then effort would be costless. It would be
equivalent to use an additively separable utility gain to shirking, inspired by Holmstrom
and Tirole (1997), which is proportional to the remuneration of the banker.!® In either
case as a banker’s remuneration rises, the benefits of shirking grow in proportion. This
makes private benefits and leisure time a normal good and, as Edmans et al. note, it is
compatible with the standard approach in macroeconomics and is necessary to rationalise
the relationship between incentive pay for CEOs and the size of the firm. As I study
the pay of senior executives in banks the modelling choice is appropriate empirically.
The critical assumption here is that the benefits of shirking should not be invariant to
the remuneration the banker receives. Otherwise the moral hazard problem becomes
essentially insignificant as the banker’s outside option, and so remuneration, rises. In
the literal interpretation of shirking as leisure, my model would only cease to be valid
if bankers made no consumption purchases to augment their enjoyment of their leisure
time. If they make any such purchases then increased remuneration will allow them to

increase their utility from leisure time and the mechanics of my model will apply.

3.4 The Hiring and then Investment Game

The N banks each have a fund and are in competition to hire one of the N bankers to
run their fund. This competition and subsequent investment is modelled by the following

game:

1. Hiring Stage — occurs at ¢ = 0. Each bank can offer a given banker a targeted re-

muneration package of the form {f, 5, v}. These offers are banker specific — bankers

0Hslmstrom and Tirole (1997, Section IV) propose that if the agents can receive variable levels of
funding, I, then the benefit of shirking should be an extra utility of B - I for a given constant B.
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with a higher probability of being high ability (higher 1;), can be offered more gen-
erous packages. The matching and market remuneration is decided as the outcome
of a standard simultaneous ascending auction for the bankers. As each banker is a

substitute for another, such auctions deliver the competitive equilibrium assignment

(Milgrom 2000)."

2. Investing Stage — occurs over t = 1 and ¢ = 2 . Once each of the N banks
has hired its banker, then the employed bankers learn their actual types and make
their investment choices using the available balance sheet S,,. The returns generated
by investing are given by Table 1. The banker receives the remuneration mandated
by his contract. At the end of ¢ = 1 the bank will use realised profits to Bayesian

update her beliefs as to the expected returns at t = 2.

As is standard in contracting models with asymmetric information I assume that
behaviour is captured by a Perfect Bayesian Equilibrium. As noted this implies that
banks (the principals here) use Bayes’ rule to update their beliefs as to the npv the
employed banker is expected to generate. For ease of reference the time line of the entire

game is given in Figure 1:

To complete the model I make two further restrictions on the parameters studied. The
first is that the losses incurred in the event of risk-shifting are not trivial. In particular
the losses from risk-shifting exceed the profits which can be generated by a high ability
banker.

Z2>p+a (1)

The second restriction is that the possibility of loss when risk-shifting, is such that the

vested part of pay is reduced in expectation by risk-shifting. This is equivalent to saying

HMilgrom (2000) requires straightforward (that is non-strategic) bidding for the simultaneous as-
cending auction (SAA) to deliver the competitive outcome. Here, as we have substitutable goods, the
competitive equilibrium would always be the outcome (in the absence of collusion between the banks) if
we implement the SAA as a standard clock auction (Ausubel and Cramton 2004). Clock auctions have
the bids rising continuously until there is no excess demand for each item. Such an auction is “a practi-
cal implementation of the fictitious ‘Walrasian auctioneer’.” (Ausubel, Cramton and Milgrom 2006). A
similar process of bidding has been used in the labour matching literature and again shown to lead to a
competitive equilibrium. (For example Crawford and Knoer 1981).
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Hiring Stage: Start ' End Final period
Competitive labour Banker First profits Last profits
market generates R generated.

generated.

learn ability Bonus Deferred bonus

remuneration level
and structure for itrgeegtilgr?‘ss wnd fixed wage d
bankers {1} : f paid. v, paid.

Figure 1: The time line for the model of competition for bankers followed by banker
investments.

that n, the probability of a bad outcome if risk-shifting, cannot be vanishingly small. If
this did not hold then a lesser ability banker could not be persuaded not to risk-shift
under any circumstances using the remuneration tools here. Thus, recalling the banker’s

limited liability, this is equivalent to:

(A=n)(p+a)+n-0l-v<p-vepn>a(l-n) (2)

All technical proofs are contained in Appendix A.

4 Solving For Bankers’ Investment Decisions

We solve the model using backward induction. Thus let us first consider what investments
a banker will select if she has been employed under the remuneration contract {f, 3,v},
sufficiently generous to induce effort, and if the banker runs a fund of size S. This work
will allow us to determine what contracts will induce a banker of lesser ability to risk-shift.
By understanding this the banks, in the hiring stage, will be able to avoid (should they
wish to) competing with contracts which might lead to risk-shifting behaviour.

Whether a banker of lesser ability decides to risk-shift or not will depend upon the

weighted value of vested pay, V, where :

g LRI

147

15



V' measures the change in the effective bonus provided by deferred (vested) pay if the
banker changes from risk-shifting to not risk-shifting. If a banker of lesser ability avoids
risk-shifting then their period 2 profit rate will be p. If instead a lesser ability banker had
decided to risk-shift, then their period 2 profit rate would be higher by a as long as the fund
does not blow up; this case applies with probability 1 —n. However with probability n the
fund would turn a loss; and so limited liability will result in the banker’s payoff dropping
to 0. Thus with probability n the profit p generated by not risk-shifting would have been
lost. Combining, pn — a (1 — 1) measures the extra period 2 profit which a banker can
expect by not risk-shifting. It is positive by the assumption that the probability of a loss,

n is not trivial, (2). Discounting back to period 1 gives V.

Proposition 1 Suppose the contract {f,[,v} is sufficiently generous so as to induce

effort. There exists corporate governance constants {CG., CG*} such that:
1. If V> CG* then no risk-shifting will occur.
2. If V < CG, then lesser ability bankers always risk-shift.
3. If CG, <V < CG* then bankers of lesser ability risk-shift with positive probability.

The corporate governance constants are given by

CG* = 248 (3)

CG, = Pmax(—2p,2a—n(l—p)(p+a+2)) (4)

To understand the economics of the result, note first that a no risk-shifting equilibrium
is a separating equilibrium as lesser ability bankers are discovered promptly at the end
of ¢ = 1. If remuneration includes any bonus pay, § > 0, then a banker of lesser ability
might consider risk-shifting and so hiding her true skill level. Such a deviation would raise
period ¢t = 1 profits by aS. In addition, by mistakenly convincing the bank (the principal)
she was high ability, the deviation would also raise the expected profits at ¢ = 2. Hence
by risk-shifting the banker could raise the perceived npv of the fund as far as the bank

is concerned by 2aS. This would raise pay by 25aS. The lesser ability banker would only
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be deterred from augmenting her pay in this way if the expected losses incurred in period
t = 2 from her reduced vested pay are large enough. This yields the first result.

If the weight of vested pay should fall below C'G* then the above reasoning fails. The
banker of lesser ability would still like to pump up expectations of future profits at t = 1
by risk-shifting. However the bank, the principal here, is a rational Bayesian and correctly
identifies this temptation. Thus when the bank sees high profits in period ¢t = 1 it no
longer sees it as certain proof the banker is of high ability. We therefore initially move into
a mixed-strategy equilibrium region (result 3). Here a lesser ability banker will risk-shift
with some probability (labelled A in the proof). Seeing high profits the bank reduces the
expected npv of the investments to reflect A.

If however the vested component of pay drops too far, then we move to case 2. Here
the banker is rewarded predominantly on returns from ¢ = 1 profits. If a banker allows
her employer to see she is of lesser ability then her pay falls with little gain arising from
the increased t = 2 profits. As a result risk-shifting is guaranteed. A bank can avoid
this behaviour by structuring the contracts she offers appropriately. Whether or not she
would choose to will be explored later in this paper.

Note that if vested pay is low enough that V' < C'G* then when the principal sees
returns commensurate with a high ability banker they cannot know, for certain, whether
the banker is of high ability as it seems, or risk-shifting. Thus if in equilibrium contracts
were chosen in which V' < C'G* then observers would be unable to ascertain how much
risk, if any, was arising from risk-shifting.

Proposition 1 yields the following comparative statics result which is of some interest

in understanding bankers’ pay:

Corollary 1 If remuneration contains any variable component, then it is impossible to
avoid risk-shifting if there is no vested pay (v =0). Further, given a level of t = 1 bonus

pay (B), the amount of vested pay (v) must rise if risk-shifting is to be avoided if:

1. Bankers are more impatient or, equivalently, less trusting of their employer.

2. Ability makes a greater contribution to profit generation (holding p + a constant, a
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increases and p decreases).

3. The risk of large loss (n) which a risk-shifting banker inflicts on the bank becomes

smaller.

Proof. Note that CG* 2 0, hence if v = 0 then we can never be in the region in which a
lesser ability banker would decide not to risk-shift. Numbers 1 through 3 are derived by
differentiating CG*/V appropriately. m

The first result is that vested pay must rise, if risk-shifting is to be avoided, when
bankers are more impatient or less trusting of their firm. In either case the banker
discounts future payments (and so vested pay) more heavily. As a result for the banker
to find future pay outweighs bonus pay at ¢ = 1 the proportion of future, that is vested,
pay must rise.

Now suppose that ability is a much greater proportion of returns, a/p rises. If a
banker of lesser ability allows themselves to be identified then they suffer a large and
severe hit to the realised profits at ¢ = 1, and the calculated npv of all profits at ¢t = 1.
This would impact their overall pay through the bonus paid at ¢t = 1 : 5. Hence in such a
situation the banker will be very tempted to risk-shift. Increasing the amount of vested
pay refocuses the banker on the reduction to the vested proportion of pay which arises
from risk-shifting.

Finally suppose that the risk of loss in the case of risk-shifting () declines. The banker
now becomes very tempted to cheat as the possibility of reduced period ¢t = 2 pay is more
remote. If the bank is to counteract this, more vested pay is required. One might be
tempted to think that risk-shifting in this scenario matters less as the possibility of loss
(n) is reduced. But note that, on account of limited liability, the banker is indifferent to
the size of the loss (z). Hence if fund melt-downs became more severe in cost, but less
likely to occur, the banker would be more tempted to risk-shift just when the expected

cost from risk-shifting was rising.
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5 Optimising Variable Remuneration For Individual

Banks

Competition between banks to hire bankers will result in the banks competing in the
expected utility they are willing to offer each banker. Thus the contracting problem can
be separated into two parts. First the amount of utility which needs to be offered will be
the result of the competitive equilibrium. Secondly, given a level of utility which a bank
needs to deliver, the bank then needs to determine the most profitable contract it can
offer to its banker.

Let us therefore assume that a bank wishes to hire a banker with ability u to run a
fund of size S. Assume that the loss from no effort, Z, is sufficiently large that hiring
a banker on a contract which results in them not exerting effort is loss making. Let us

suppose that the banker has an outside option which would award her a utility of v > 0.

Proposition 2 If the bank wishes to ensure a banker who discovers they are of lesser

ability does not risk-shift then the optimal contract satisfies:

1. A positive bonus based on the net present value of returns as calculated at t =1 (f3)

1s required iff u > 0.

2. Vested pay is reduced to the point at which the no risk-shifting condition becomes

binding. Vested pay is strictly positive iff u > 0 and is given in terms of fundamentals

by

e (X e) =5 ®)

Proposition 2 is an important step to solving the full competition model. The eco-
nomics of the result can be understood as follows. The bank wishes to ensure that her
banker exerts effort. The bank therefore needs to offer some variable remuneration. If the
bank did not then shirking would be more profitable for the banker as her remuneration
would be separated from her results. A lack of effort from the banker results in some
early modest profits followed by large subsequent losses. Thus to incentivise effort and

deal with the banker’s moral hazard requires the bank to use forward looking variable
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pay. This is a combination of early bonuses based on the expected npv of the investment
(8), and deferred bonuses based on realised returns (v).

Deferred bonuses are discounted by the banker as she is impatient to some extent,
and/or she does not trust her employing bank fully. Therefore it is more expensive
for a bank to deliver a given level of utility to a banker using deferred as opposed to
immediate bonuses. The total deferred payment would have to increase to counter the
banker’s impatience. As a result the bank would like to use immediate bonuses rather
than deferred bonuses.

The only constraint on using immediate bonuses is the risk-shifting problem (Propo-
sition 1). If deferred pay is lowered too much then a banker of lesser ability will find it
optimal to risk-shift. If this is to be avoided deferred pay can only drop to the point at
which the risk-shifting constraint becomes binding. Hence we have the result.

By contrast we now explore what contracts a bank would use if she were happy to
allow bankers of lesser ability to risk-shift. Let us again suppose that the bank wishes to
hire a banker with ability p to run a fund of size S, and that the banker has an outside

option which would award her a utility of u.

Proposition 3 If a bank is happy to allow a banker who discovers they are of lesser

ability to always risk-shift then:

1. If the npv of the fund under risk-shifting is positive,'? then optimality requires vested

pay, v, to be set to zero.

2. Otherwise, some positive vested pay is required when the outside option of the banker,

u, s greater than 0.

Following the logic described above, a bank which is happy to see risk-shifting by less
able bankers would like to avoid using vested pay. Such pay is expensive as the banker
discounts the future and so total payments must be increased to deliver a given level of
utility to the banker. Hence if risk-shifting is tolerated then the bank would first consider

just using immediately delivered bonuses: [.

12That is IT5k-shift > (. See (8) in the proof of Proposition 1.
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However, the contract must ensure that the banker, even one of lesser ability, would
exert effort. To achieve this a bonus based on the npv of future profits (3) can be used, as
long as this npv is positive. If not limited liability makes this bonus irrelevant. Therefore
in the case where the npv of the fund under risk-shifting is negative, the bank must use

some vested bonus pay to ensure effort is exerted.

5.1 High Banker Outside Options And Bank Tolerance Of Risk-
Shifting

Propositions 2 and 3 took as given the objective of either tolerating risk-shifting, or
insisting on its absence. However in a competitive equilibrium of the market for bankers
the only requirement is that a bank offer a contract which delivers the required level of
utility to her targeted banker. Whether it is optimal for the bank to deliver this utility
via a contract which rules risk-shifting out, or not, will be endogenously decided. Here we
show that if the outside option, u, which must be delivered to the targeted banker grows
high enough, then the bank will find it preferable to allow some risk-shifting. Hence
if bankers are to get very high levels of utility, then banks will optimally (considering

themselves, not society) deliver this while condoning risk-shifting:

Proposition 4 If the banker’s outside option (u) is sufficiently high then the bank will
find it optimal to offer remuneration contracts structured so that risk-shifting occurs with

positive probability.

This result has at least two implications. The first is that, should the bankers’ required
rents become large enough, then the market, and similarly the bank, will be unable to
determine the risk that is being shifted, nor indeed if any actually is. This will depend
on the skill of the banker as regards investing in the current climate with the currently
available tools (and possibly also on their randomised choice), both of which are private
information to the banker. This contrasts with an influential stream of research, beginning
with Stein (1989), in which executives try to pump up their share price at the cost of

future profits. That literature assumes the executives have no private information. As
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a result the executives’ behaviour can be accurately inferred (they are in a prisoners’
dilemma) and the market can completely correct for the distortion. Here bankers do have
private information: hence the level of risk cannot be accurately inferred; and so neither
can it be fully corrected for.

The second implication is that one might expect increased competition between banks
to drive up bankers’ outside options and so result in risk-shifting. This is indeed so and
will be formalised in the section which follows. First however it is important to understand
the economics behind the result in Proposition 4.

Let us consider a bank which employs its banker using a contract which delivers no
risk-shifting. From Proposition 1 a banker will only avoid risk-shifting if the quantity of
vested pay is sufficient to give the banker a large enough stake in her investments doing
well for their whole life and not just at the very beginning. However bankers are impatient,
and so the amount of vested, or deferred, pay is kept to a minimum (Proposition 2).

Now suppose that the banker’s outside option were to rise. In this case the utility
which is awarded to the banker must rise at the same rate. Part of this extra utility
can be delivered via the fixed wage. However to maintain incentives to exert effort the
amount of variable remuneration must rise. In the same way, to prevent risk-shifting
the amount of utility delivered via vested pay must rise also. Note however that as the
banker is impatient, the amount of vested pay must rise faster than u grows by a multiple
of (1+7), where r is the bankers’ discount rate (equation 5). Hence as the bankers’
outside option rises, the cost to the bank increases at a rate in excess of u.

Consider now the possibility of the bank not increasing the vested pay by quite enough.
This would move the banker into the mixing region described in Proposition 1. A banker
of lesser ability would now risk-shift with some positive probability. Such risk-shifting will
lower the value of the bank, gross of salary payments. The amount of such a reduction
is unrelated to the banker’s outside option. The banker will also have to receive utility
equaling the outside option. However as the no risk-shifting constraint is relaxed, less
of the pay need be vested. Hence the cost to the bank of the remuneration grows by

less than in the no risk-shifting case. If the outside option of the banker becomes high
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enough, the gain from not using vested pay outweighs the expected loss to the fund from

the possibility of risk-shifting with some small probability. The result then follows.

6 Competition For Bankers And Excessive Risk

We now solve the full model and endogenise the bankers’ outside options. We begin by
characterising the equilibrium in which all the banks compete in contracts to hire bankers
and which deliver no risk-shifting. In this equilibrium we can establish the matching of
bankers to banks, and the outside options and remuneration the bankers will command.
This equilibrium is not however unique. If the utility that bankers had to be provided
were high enough then banks would rather use contracts which allowed some risk-shifting
(Proposition 4). However a financial regulator concerned about the possible systemic
implications of risk-shifting would hope that the financial market was characterised by
contracting which sought to prevent risk-shifting. The no risk-shifting equilibrium is
therefore of substantial interest. We will be able to determine when this equilibrium
breaks down with banks resorting to risk-shifting contracts.

To determine the solution of our model we first establish the profit a bank secures if it
must deliver utility u to a banker using contracts which prevent risk-shifting if the banker

turns out to be of lesser ability:

Lemma 1 If a bank wishes to hire a banker with an outside option of u and ensure that

should she turn out to be of lesser ability she will not risk-shift then the bank’s expected

profit is

a p+ap
2(p0+au) S —ull+r
(o ap) { (p+a)n (%Jrau)}

The lemma follows as the structure of the optimal contract to prevent risk-shifting is
given by Proposition 2. The proof therefore substitutes the optimal values of {f, 5, v}
into the bank’s objective function and so delivers the result.

Given this we are able to solve out the full model of competition between banks for
bankers, and optimal contracting with risk-shifting and moral hazard problems. We can

determine the market rents the bankers will command:
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Proposition 5 In the equilibrium in which no bank prefers to make risk-shifting offers
to the bankers, there will be positive assortative matching. The banker of rank n, will be

employed at bank n with fund S,. The banker of rank n will receive utility u™ where

u" = LXNJ s [uj_l—m] 2a [t (f jﬁ)] Q

=n-+1

Before discussing the implications of Proposition 5 let us first consider the economics
which underlie it. If there were no impatience or risk-shifting problems then positive
assortative matching would follow from standard arguments. In particular efficiency is
maximised by positive assortative matching as a bank ranked higher in this asset space
has a larger fund devoted to it, and this can benefit most from a banker of greater skill.
Here however the result is complicated by the fact that transfers from the bank to its
banker need to be achieved in such a way that risk-shifting is not induced. This requires
some of the transfer to come via vested pay. However this deferred pay is worth less to
the banker than the bank. Hence we are in a setting of non-transferable utility. The proof
calculates how much utility a bank is willing to bid, if necessary, for a given banker. I
then show that a higher ranked bank would be willing, if forced, to deliver more utility to
a banker than a lower ranked bank would. Hence positive assortative matching results.

A bank of rank n will hire the banker of the same rank. However the bank will also
be a bidder for the banker one spot up in the league table of quality. The amount bank
n is willing to bid for this banker of rank n — 1 will determine the amount that bank
n — 1 is forced to pay the banker. The amount bank n is willing to bid for banker n — 1
can be explicitly established using Lemma 1. Thus, iterating the argument, the utility
which has to be offered to the banker of rank n — 1 depends upon the fund size of all the
banks which rank below S,,_; in the size league table. This concretely captures that the
utility which must be provided to a banker is decided by a competitive labour market —
and the marginal bidder for the banker is the fund with balance sheet one notch down in
the distribution of fund size. Applying Lemma 1 repeatedly the result follows.

An equilibrium of the entire market without risk-shifting is thus determined explicitly.

The utility which needs to be offered to the bankers depends upon the size of the rival
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banks, as well as the bankers’ skill and features of the investment technology. Application
of Proposition 2, equation (5), allows the size of the deferred bonus to be explicitly

calculated.

6.1 Effect Of Competition On Risk Taking

Proposition 5 demonstrates the market rate of surplus which the bankers will secure when
the banks bid for bankers using contracts which prevent risk-shifting. Note that if the
competing banks of lower rank should grow then competition to hire the banker becomes
more intense. This acts to drive up the utility which the banker must be awarded; (see
6). This follows as the marginal competing bank to hire the banker of rank 7 is the bank
whose fund ranks one level below bank S, namely bank n + 1. This is the bank whose
bidding pushes up the utility which bank n offers to her banker. As the size of the fund
bank n+ 1 has grows, the value of securing the better banker of rank n also grows. Hence
bank n 4+ 1 would be willing to bid more aggressively, and so bank n must pay more to
keep her banker.

However we have already determined that as the utility which a bank must award its
banker rises, so the temptation to move to contacts which allow some risk-shifting grows.
This was the content of Proposition 4. One might suspect therefore that the equilibrium
identified in Proposition 5 would break down as the competition to hire the bankers
becomes more intense due to rival banks becoming larger, and hence closer, competitors.
I now aim to illustrate exactly this, and develop a sufficient condition for risk-shifting
to enter the banks’ contracting arrangements. For simplicity I restrict attention to the
case where the npv of invested funds are positive even under risk-shifting. This was the

condition of part 1 of Proposition 3.

Proposition 6 A sufficient condition for the no risk-shifting equilibrium of Proposition

5 to break down, and for risk-shifting permitting contracts to enter the system, is if for
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some bank n :

ZN: S; [ujl—ug} - {n(p+a+2) _1} {n(/ﬂra) (%ﬂmn) +1}

S_n 1— pn 2a r a p+ afy,

Jj=n+1

This section therefore explicitly demonstrates the negative externality arising from
competition between the banks for the bankers. As a bank grows its balance sheet, by the
reasoning above, it is willing to bid more aggressively for bankers it will not ultimately
hire. This raises the surplus secured by these bankers and, equivalently, increases the
market determined level of utility which the banks must make available to the bankers
they hire. In pushing remuneration up for bankers they will not ultimately hire, the banks
are not considering the risks which they impose on their rival banks. In particular, to
deliver ever higher levels of utility the employing bank will ultimately find it preferable
to use contracts which permit risk-shifting with some probability (Proposition 4).

Proposition 6 provides a sufficient condition under which the negative externality
described becomes so strong it rules out an equilibrium in which no bank risk-shifts. The
condition is only sufficient as it can be shown that before bank n felt compelled to use
risk-shifting contracts, bank n + 1, competing for banker n, would bid with a risk-shifting
contract. This would push the utility which bank n needed to offer its banker higher, and
bring forward the point at which risk-shifting occurred for bank n or one of the banks of
higher rank.

A first implication of Proposition 6 is that if there is growth in the balance sheets
of rival funds (and rival banks), then it becomes more likely that unknown risk will be
introduced into the system through the introduction of risk-shifting contracts. In Section
7 we will address the empirical relevance of the result. I will demonstrate that the history
of banking and financial activity in the last decade demonstrates substantial consolidation
of balance sheets. The balance sheets of the largest institutions have been converging to a
historically unprecedented extent, peaking in the early years of this millennium, just prior
to the financial crisis. The analysis we have conducted demonstrates that as rival banks
expand, remuneration is forced up and so the attractiveness of pay structures which have

insufficient vesting and allow unknown risks into the system grow.
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A more detailed investigation of the pressures on corporate cultures to allow risk-

shifting is possible:
Corollary 2 Risk-shifting is more likely to enter the financial system as:

1. There is convergence in balance sheet size.
2. Bankers are more impatient or, equivalently, less trusting of their employer.

3. Ability makes a greater contribution to profit generation (holding p + a constant, a

increases and p decreases).

4. The risk of large loss (n) which a risk-shifting banker inflicts on the bank becomes

smaller.

Proof. Consider the sufficient condition for risk-shifting to arrive (Proposition 6). Part
1 follows as the left hand side increases as S;/.S,, increases for j > n. For part 2 note that
increasing r lowers the right hand side. For part 3 note that if p+ a is held constant then
both right hand terms are decreasing in a. For part 4 note that as 7 increases both terms
on the right hand side increase. m

Parts 2 through to 4 of Corollary 2 focus on the trade-off between the costs of prevent-
ing risk-shifting, and the benefits of such prevention. Some commentators have suggested
that modern finance has become increasingly complicated (the use of derivatives, CDOs
and CDO squareds are often cited). If so it is plausible that the relative importance of
ability in generating returns has gone up. This motivates the study of a shift in returns
to ability. Holding the total return (p + a) fixed, the expected profit to a banker from
risk-shifting remains unchanged as if the risk of failure materialises all returns are lost
(the p and the a). With increased weight on ability the amount of vested pay which needs
to be awarded increases if risk-shifting is to be avoided (Corollary 1). This is because a
banker who discovers they are not of the highest ability has a lot to lose if they do not
risk-shift. To prevent this much pay must be deferred which raises the costs of avoiding
risk-shifting. Hence a high return to ability makes it more likely that contracts permitting

risk-shifting will be optimal.
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Part 1 of Corollary 2 presents a force which increases the utility which bankers secure
and so makes risk shifting more likely (Proposition 4). The intuition as to why convergent
balance sheets drives up banker utility was explained above; and the empirical relevance
of this mechanism will be considered next. However any change in the broader nature
of banking and shadow banking which causes the amount of utility bankers secure to
rise would also generate pressures to move to risk-shifting. For example it seems likely
that efficiency-wages (Shapiro and Stiglitz 1984) in banking have risen in recent decades.
Morrison and Wilhelm (2008) provide evidence that banker mobility has increased over
the last 50 years; and many popular commentators allege that the ‘poaching’ of staff has
become endemic in banking.'® In this case bankers would not expect to face a long wait
to secure another post should they lose, or be in danger of losing, their current position.
This would therefore force up the efficiency-wage which an employer had to provide to

her banker and so trigger the mechanism studied in this paper.

7 Empirical Discussion

I have presented a model of bankers’ remuneration in a competitive market for banker
talent, in combination with risk-shifting and moral hazard contracting problems. The
work has demonstrated that competition between banks can be captured by appropriate
properties of the distribution of balance sheets chasing the available bankers. As the bal-
ance sheets converge in size then competition is increased and banker rents rise. Further,
as banker rents rise the banks become more likely to introduce contracts which allow
for some risk-shifting. Here we ask whether the data suggests that risk-shifting, or its

absence, would be a more compelling concern over the last 40 years.

7.1 The Standard Data

The sufficient condition for banks to be willing to construct compensation packages which

allow for risk-shifting is triggered if there is convergence in the balance sheets which rival

13See for example ‘Rise in City jobs leads to poaching fear’, Financial Times, May 4, 2010.
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banks are able to offer to their bankers. To assess the extent to which this condition
came under strain in recent history we must consult balance sheet data. To this end I
downloaded all firm-year observations from Compustat for firms with Standard Industry
Classification (SIC) codes between 6000 and 6300 for the years 1970 to 2009 inclusive.
I excluded firms with SIC code 6282 (Investment Advice), as these are neither lenders
nor investors and so neither a bank nor a shadow bank. This leaves 31,333 observations
capturing 2,829 separate firms over the 40 years of data.

For each of these financial institutions I download data on total assets. Compustat
records a dollar equivalent of total assets for non US firms calculated with an exchange
rate drawn from the relevant time period. I convert this dollar value into real 2005 dollars
using a GDP deflator from the Bureau of Economic Analysis. The median balance sheet
size in the sample is $1.1 billion while the mean balance sheet is $23 billion. The largest

balance sheet recorded is $3.5 trillion. All these figures are in real 2005 dollars.

7.2 Balance Sheet Concentration — A Cause For Concern?

It has been widely reported that leverage grew substantially in the run up to the financial
crisis. Indeed the total balance sheet (in real terms) of the 5 largest financial institutions
grew from just $450 billion in 1970 to just under $14 trillion in 2008. Proposition 6
demonstrates that if smaller banks failed to grow at an even faster rate then the pressure
to move to risk-shifting contracts would dissipate. However, if it were the case that banks
ranked below 5 grew at an even faster rate, then the pressure to move to risk-shifting
contracts would increase.

Which of these is the relevant empirical case can be analysed in our data by comparing
the evolution of the balance sheets of the top 5 banks against banks ranked 6 to 10, and
again against banks ranked 11 to 15. This is done in Figure 2.

Figure 2 depicts the evolution of the total balance sheets of banks ranked 6 to 10, and
also of banks ranked 11 to 15, as a proportion of the balance sheets of the five largest
financial institutions. Given the explosive growth of the 5 largest institutions in each year

(dotted line, left hand axis), one might suspect that the 5 largest institutions’ growth
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Figure 2: The evolution of bank and shadow bank balance sheets 1970-2009.
Notes: The graph shows that the US finance industry has seen substantial consolidation in balance sheets
(BS), and so an increase in competitive pressure over a forty year period. The balance sheets of banks
ranked 6 to 10 was about half of the top 5 in 1970. In the early years of this millennium banks 6 to 10
had grown to almost 90% the size of the top 5. The consolidation at the top increases the cost to the
largest banks of maintaining contracts for their bankers which rule out risk-shifting as well as manage
moral hazard. Such increases in competition, according to this analysis, increase the pressure on banks to
allow some risk-shifting. [Compustat data on all financial institutions (SIC 6000-6300, excluding 6282)].

would outpace their smaller rivals. In fact the opposite has been the case. The banks
ranked 6 to 10 have grown their balance sheets even faster to become larger in relation to
the very largest firms. For example, the banks ranked 6 to 10 in size in 1970 were half the
size of the top 5 banks in 1970. By the early years of this millennium the banks ranked
6 to 10 had grown to nearly 90% of the size of the top 5. The same story is repeated for
banks 11 to 15. This effect is statistically significant. Consider the trend line depicted in
Figure 2 for the evolution of the ratio of banks ranked 6 to 10 against the top 5. This
trend line has a positive slope of 0.0083 with a standard error of 0.001. Thus the gradient

is positive and is easily significant at the 1% level. The figures for a trend line of the
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evolution of banks 11 to 15 against the top 5 are similar.

The convergence in balance sheet size amongst the largest banks and financial insti-
tutions has therefore been unprecedented. Further Figure 2 depicts a lower bound for
this convergence. The bound would only apply if all the smaller banks and shadow banks
sought to cover all aspects of banking and so divided their balance sheets between the
different activities in the same proportions as the larger banks. To the extent that smaller
institutions focus on particular activities the convergence of balance sheets in any given
asset class is more intense.

Figure 2 does not indicate whether the smallest banks in the US and internationally
were converging, however the influence of these smaller banks on the risk-shifting condition
of Proposition 6 is second order for two reasons. First the impact on a bank of rank n of
a smaller bank of rank j > n is given by the ratio of the fund sizes: S;/.S,. By definition
banks of lower rank have a smaller fund, and so for banks ranked a long way below n, their
impact will be much diminished. Secondly the impact of a bank of rank j on larger banks
is weighted by the term p;_1 — p; which measures the difference in ability between the
banker j secures, and the banker one notch up in the skills league table. The individuals
hired to run large sums of money will have banking and investing skills in the tails of
the distribution of investing skills across the whole population. Therefore we can invoke
extreme value theory to make a prediction as to the functional form which governs this
ability difference. Gabaix and Landier 2008 pioneered the application of extreme value
theory to CEQO ability; Thanassoulis 2010 extended the approach to study the investing
performance of bankers. In their study of CEO pay and ability Gabaix and Landier note
that the extreme tail of the distribution of the difference p;_; — p; can be approximated
exactly (or up to a slowly varying function!*) by a scalar multiple of j = for some 8 > 0.
This approach holds good for all ‘regular’ continuous distributions.'® Thus the ability

gap between bankers declines exponentially as we move away from the very best bankers

14 A slowly varying function is defined formally as one which varies more slowly than any possible power
law, ¢ for constant a. See Thanassoulis (2010).

5The references cited in Gabaix and Landier 2008 and in Thanassoulis 2010 note that ‘regular’ con-
tinuous distributions includes all the standard distributions such as uniform, Gaussian, exponential,
lognormal, Weibull, Gumbel, Fréchet, and Pareto.

31



(the superstars) and towards the ones of less exceptional ability. This reasoning implies
that only banks of very high rank (the largest banks) will have a material impact on the
condition of Proposition 6, and so Figure 2 is informative.

Thus we conclude that over the period 1970 to 2009 the pressure on the largest financial
institutions to move to contracts with less vesting, contracts which would tolerate some
risk-shifting by bankers of lesser ability, has increased. It is interesting to note that the
competition provided by banks 6 to 10 on banks 1 to 5 became its most intense, by the
balance sheet measure, from 2000 through to 2006. The trend was then cut short by
the financial crisis. This section demonstrates that the empirically relevant part of this

risk-shifting study concerns the increased pressures on each institution to risk-shift.

8 The Structure Of Bankers’ Pay

Competition between banks for bankers creates a negative externality. Banks bid up the
remuneration of bankers they will not ultimately be able to hire. This imposes costs on the
employing bank which are not internalised. The increased surplus which must be provided
to the bankers makes it increasingly expensive to prevent risk-shifting. Risk-shifting can
only be prevented when a sufficient proportion of pay is deferred. However as bankers
discount the future such payments have an increased cost to the bank. A bank, which is
optimising its value, will ultimately find it preferable to allow the proportion of deferred
pay to not rise sufficiently, and so move to contracts which allow some risk-shifting to

occur. This may not be in the interests of the wider society:

Corollary 3 Suppose that banks do not internalise the full costs of failure to society

(2%°¢% > 2) . In this case, as rival banks grow, the extent of vesting declines too rapidly.

Proof. From Proposition 6 as z increases the condition for risk-shifting to be introduced
is less likely to be satisfied. Hence for given {S,} risk-shifting is possible under z which
would not occur under the higher z%°¢%. m

A regulator can therefore improve outcomes by preventing the banks from moving

away from contracts which prevent risk-shifting. In this model such an objective could
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be achieved by mandating that a sufficiently large proportion of incentive pay should be
deferred and be subject to future investment returns. This insight therefore provides an
argument for the parts of the Financial Stability Board’s guidance which have to do with
pay deferrals.

We can seek to establish what proportion of pay should be vested according to this
model. This will allow us to ascertain whether the model can rationalise the level of
intervention foreseen in policy discussions. In particular the Financial Stability Board
have advised the G20 that 40% to 60% of bonus pay should be deferred. These are the

figures put into law in the EU.

Corollary 4 If banks compete using no risk-shifting contracts then the ratio of deferred

pay to total bonus pay is given by the constant

Deferred Pay a+ ar
Total Bonus Pay — (p+a)n+ar

which is independent of balance sheet sizes and bankers’ skill.

Proof. For bank n the expected amount of deferred pay is v,.S, (p + pna) . Note that p,
is the probability the banker hired is high ability. The expected amount of bonus pay
given immediately at ¢t = 1is 23,5, (p + pna) . Hence, using the optimal contract as given

in (14) determined in the proof of Proposition 2:

Deferred Pay o, B 1
Total Bonus Pay 283, +v, ﬂn—(!;(Jrl—)n) +1

yielding the result. m

The proportion of total pay which must be deferred to ensure that the banks issue
contracts which prevent risk-shifting is provided by Corollary 4. This proportion is inde-
pendent of the distribution of the banks’ balance sheets, and also of the distribution of
bankers’ abilities. The proportion depends instead on typical returns to investing. We

can therefore use stylised figures for investment to calibrate this model.
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I begin with the profits on the assets which one might expect a banker of regular
ability to achieve. This can be found directly from the dataset by considering the revenues
generated as a proportion on the balance sheet for the set of banks and shadow banks
from 1970 to 2010. If we set revenues over assets as our approximation to p we derive
a mean value of p = 0.288 which I use for the calibration exercise. This estimate of p
makes no allowance for the cost of capital, which is liable to vary between the banking
and shadow banking institutions. Note however that the proportion of vested pay which
is required is declining in p. Therefore the calibration here will provide a lower bound on
the required deferral percentage.

Next an estimate is required for the increase in returns which can be generated by a
higher ability banker, and which a banker of lesser ability might seek to achieve. Here I
consider a range and set a to be 10% of p, 5% of p, or just 1% of p. This gives estimates of
a € {0.029,0.014,0.003}. As a validation let us consider Liang’s (2001) estimates of the
survivorship bias in hedge fund returns as hedge fund survivors are likely to have been
run by higher ability investors. Liang reports estimates that this is either 3%, 1.5% or
just 0.16%. These correspond closely to the calibrated values of a I use.

The discount rate r captures the preference a banker has for having her pay at the
start of her investments and not waiting for the deferment period. The deferment period
for bankers’ pay is typically 3 years. Harrison, Lau and Williams (2002) estimate the
discount rate as being 22.5% per annum for ‘rich Danes’ in the experiments they run.
This would give an r of 0.84. At the other extreme, discounting might be much more
closely related to typical returns on money at the bank. An interest rate of 3% would
give an r of just under 0.1 or 10% over 3 years. Given these extremes I allow for a range
and take r € {0.1,0.25,0.85} , setting the central estimate of the discounting over 3 years
to 25% (equivalent to an annual rate of 7.7%).

Finally an estimate of the likelihood of risk-shifting resulting in a fund collapse is
required. This is by its nature speculative as bankers do not admit to risk-shifting. The
proportion of pay which must be deferred to prevent risk-shifting is declining in the

probability a banker causes her fund to fail, 7. Therefore as a lower bound I opt for a
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one in ten chance and so set 7 = 0.1. This is a figure which places the risk in the tails,
and yet I believe is likely to be an over-estimate of the risk. This will therefore allow us

to again generate a lower bound on the proportion of pay which should be vested.

Table 3: Calibration of the Percentage of remuneration to be deferred to preserve no risk-
shifting. Profits on assets from 1970 to 2010 average 28.8% which is the value used for p. Ability is
measured as being 10%, 5% or 1% of p. A one in ten chance of a bad outcome is assumed for risk-shifting.
To the extent that this is an over-estimate, the proportion of vested pay required is under-estimated. The
discount rate of the banker is given by a range due to the difference between financial discount rates and
experimental evidence. The central estimate of a required deferral proportion of around 50% offers

support to current international policy to mandate that 40% to 60% of pay should be deferred.

Discount rate of banker over deferral period (3 years)
Patient extreme|Central estimate | Impatient ex-
(r=20.1) (r =0.25) treme (r = 0.85)

Ability is 10% of p|a = 0.029||92% 93% 95%

Ability is 5% of p |a = 0.014|/50% 53% 63%

Ability is 1% of p |[a = 0.003 || 11% 12% 17%

These reflections allow us to calibrate the proportion of pay which this model suggests
should be deferred. The result is given in Table 3. The central estimate of the calibration
provides a rationalisation of the proposals which the Financial Stability Board (2009) has
proposed to the G20 of 40% to 60% deferred. Note however that ability is a much more
crucial driver of this figure than the bankers’ discount rate. The more important ability
is to returns, the greater is the importance a banker places on masking the fact that they
are not of the highest ability. In such an environment very heavily delayed payments are
required to prevent risk-shifting. I conclude that the theory offered here can provide an

account of remuneration and risk-shifting with predictions of a compelling magnitude.

9 Conclusion

This paper has modelled bankers’ incentive contracts in the context of competition be-
tween the banks. By doing so cleanly and tractably it has allowed the pressures created
by competition on bankers’ remuneration to be analysed. This work contributes to the

necessary intellectual deliberations which underpin the new regulations on the structure
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and level of bankers’ pay: regulations which are currently being enacted in the EU and
in the US.

Competition between the banks for bankers creates a negative externality which acts to
make it relatively more expensive for a bank to manage the risk-shifting problem than the
moral-hazard problem. Banks need to maintain a proportion of bonus pay based on the
npv of expected future revenues to manage moral hazard. But such incentives encourage
risk-shifting. Hence a further proportion of bonus pay must be deferred, or vested. Such
pay is of reduced value due to the bankers’ discounting. As competition between banks
drives the surplus which must be delivered up, the cost of ensuring sufficient pay is vested
therefore rises at an even faster rate. When competition is sufficiently intense a bank can
find it optimal to move to contracts which allow risk-shifting with some small probability.
Once this occurs the extent of risk-shifting, and indeed even if any is, becomes unknown
to the bank and the market.

The analysis of the model is made, I believe, more compelling as key features of the
banking market have been evolving in a manner which triggers the studied mechanism.
US banking data has shown convergence in the size of the balance sheets over a forty
year period. This convergence grew to an unprecedented extent in the years just before
the financial crisis. This convergence in balance sheets is the mechanism of increased
competition which leads to risk-shifting pressure. Further, the balance sheet analysis
underestimates this pressure to the extent that smaller institutions and hedge funds de-
cide to focus their balance sheets on subsets of the activities undertaken by financial
intermediators.

As there is a market failure here there is a role for appropriate regulation of bankers’
pay. This analysis offers support for a policy of mandating a minimum proportion of
pay which should be deferred, and be responsive to actually realised revenues over the
lifetime of the investments. This is the structure the Financial Stability Board have been
proposing. The analysis here offers, via calibration, support for ensuring that a little over
50% of pay is deferred. That such a large proportion of pay should be deferred indicates,

in my view, the importance of the mechanism this analysis describes.
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A Technical Proofs

Proof of Proposition 1. We consider in turn the conditions on the remuneration
{f, B,v} necessary to deliver no risk-shifting in equilibrium, then full risk-shifting and
finally risk-shifting sometimes.

Corporate Governance Works: no risk-shifting. A no risk-shifting equilibrium is a
separating equilibrium as lesser ability bankers are discovered promptly at the end of
t = 1. By conforming to this equilibrium the lesser ability banker generates a profit at
t =1 of pS and so the principal assigns an npv to the full profits of 2pS. The payoff to
the banker is:

v
) = 2 —
U (reveal) = f + 8 pS+1+TpS (7)

If instead the banker decides to risk-shift and emulate the high ability banker then the
principal (mistakenly) assumes that the banker is high ability and assigns a value to the
npv of profits as measured at the end of ¢ = 1 of 2(p + a) S. Hence the payoff from risk-
shifting and emulating the high ability banker becomes

U (risk-shift deviation) = f + 82(p+a) S+ 1 [(1 =n) (p+a) S +1-0]
Limitegqiability
Therefore the no risk-shifting separating equilibrium can only be sustained if

U (reveal) > U (risk-shift deviation) < 2a8 < 1% [pn — a (1 — n)] yielding (3).

Corporate Governance Fails Every Time — full risk-shifting. In an equilibrium in which
the lesser ability banker emulates the high ability type then the principal remains ignorant
of the true skill of the banker when she sees high first period profits. Hence the npv of

the profit stream measured at time 1 is

It = Spta+ (p+a)[p+ (1 —p) (1—n)]—2n(l—p)

= 2(p+a)S—n(l—p)lpta+tz)s (8)

This may or may not be positive. As the banker is governed by limited liability the payoff
to a lesser ability banker from risk-shifting is now
U (risk-shift) = f + fmax (0, [Ifs<shift) + (1 —p) (p+a) S

1+7r
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Alternatively the lesser ability type can decide not to risk-shift. The principal would then
know she was a lesser ability type at the end of £ = 1. The npv of profits would then
be 2pS. And the lesser ability type would have utility (7). Incentive Compatibility for
the lesser ability banker to risk-shift and so emulate a high ability type by risk-shifting
requires

U (risk-shift) > U (reveal) = 8 {max (0, [T*<M%) — 25851 > 2 [pn —a (1 —n)] S
yielding (4).

Corporate Governance Fails Some Of The Time — partial risk-shifting. Now consider
an equilibrium in which a lesser ability banker risk-shifts with probability A. If a lesser
ability banker signals her type by not risk-shifting then her payoff is U (reveal) as given
in (7). However, suppose that instead the lesser ability banker risk-shifts to disguise her
type. In this case, using Bayes rule, when high profits are delivered at ¢ = 1, the principal

believes that the banker is actually of high ability with probability

fi=p/lp+A(1—p) (9)

Hence the principal assigns an npv to profits of
Hll)artial risk-shift -9 (p + CL) S — n (1 o /2) (p +a+ Z) S
Thus the payoff to the lesser ability banker from risk-shifting is

U (partial risk-shift) = f 4+ fmax <H§’Mtial riskeshift 0) +15(1=n)(p+a)S

For the lesser ability bankers to be willing to randomise over whether to risk-shift or not

the payoff from both activities must be the same. This will determine the probability A:

U (reveal) = U (partial risk-shift)

= 1+, _T_ , m—a(l-n)]S = g <max <H113artial risk-shift O) B 2p5>
v

147

[(p+a)n—a = Bmax{2a—(p+z+a)n(l—7a),-2pt  (10)

(10) defines A (contained in fi) implicitly in terms of § and v. As A € [0,1] we have
(1—7) € 0,1 — p] (from 9). Hence the range of {f,8,v} > 0 in which there is partial

risk-shifting, given in Proposition 1, is confirmed. m
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Proof of Proposition 2. By Proposition 1 a lesser ability banker will not risk-shift iff

velpn—a(l=n)l/ (1 +7) = 2ap (11)

Given this condition, the banker will be willing to accept the contract if

u(2ﬁ+1L+r) (p+a)S+(1-p) (2ﬁ+1%r)ps > u—f
v S u—f

9 )
ﬁ+1+r ~ (ptap) S

(12)

If the banker should not exert effort then the principal will observe profits of epS and
so determine that the npv of the total profit stream is negative (Z is assumed sufficiently
large). Hence for a banker who discovers they are of lesser ability to be willing to exert
effort we require: f + 32pS + 15pS > fﬁ
The condition for the high ability banker is easier to satisfy as this banker secures a
greater payment when she does exert effort, while the payment from not exerting effort

is unchanged. Hence we can rewrite this incentive compatibility condition as

v f A
> 1
14+r = pS1—-A (13)

26 +

The principal’s problem is therefore, noting that the principal does not discount vested

pay:

[nax 2—(28+v)](p+ap)S— f,subject to (11), (12) and (13).

First we show that the no-risk-shifting condition, (11), must be tight. Suppose other-
wise that (11) is slack at the optimum and so can be ignored. Holding f + 25 (p + au) S
constant, lower f and raise 3. This leaves the objective function and (12) unaffected whilst
making (13) easier to satisfy. Hence wlog f can be lowered to 0. The effort constraint,
(13) is now satisfied and so can be ignored. Finally lower v and  until the participation
constraint (12) is binding. The objective function can now be written
max(s g} [2— (28 +v)] (p + pa) S = max, 25 (p + ap) —u — v (p + pa) S

As r > 0 this is declining in v and so maximised at v = 0. But this is a violation of the
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no shirking constraint (11) yielding the desired contradiction.
Therefore at the optimum (11) is binding and so we have

v pn—a(l—n) (14)

26 —an 1+ a

In this case the bank’s problem can be rewritten

max {2—( v pn_a(l_n)ﬂj)] (p+pa)S — f

{f.Bv} 147 a
. pm—a(l—mn)+a f A
biect t > L 1
subjec 01+7" a = ,91—A (15)
u—f
—— 16
(p+ap)S (16)

The objective function is decreasing in v. Hence v is optimally reduced until at least one
of the constraints (15), (16) binds. Suppose, for a contradiction that (16) was slack. In
this case (15) can be satisfied, and remuneration minimised, by setting v = 0 = f. But
this contradicts (16) slack as u > 0. Hence (16) binds. Replacing f, the objective function

is decreasing in v as r > 0. Substituting for f, constraint (15) becomes

v opta (1+p+au A )> u A

1+r a 1—A) = pS1—A

The objective function is maximised by lowering v until the above inequality is binding.
Hence the optimal remuneration has both (15) and (16) binding. Using equality (14) in

addition, the optimal contract can then be explicitly solved for:

v opta
dt

1
1+7r a (7)

Wl

1—-A

v opm—a(l—n)
1+r a

Proof of Proposition 3. From Proposition 1 a lesser ability banker will always risk-
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shift if the remuneration contract satisfies

v
1+7r

[on —a(l—n)] < Bmax(-2p,2a —n(1—p)(p+a+2)) (18)

In an equilibrium in which the banker who discovers she is of lesser ability always risk-

shifts, the principal will, at the end of period ¢t = 1 set expected npv of profits from the

risk-shift
Hl

banker at given in (8). Hence the banker will be willing to accept the contract if

f1 [Bmax (0, TIjiskoshift ) 4 = (p+a) S]

>u—f
+ (1 — p) [Bmax (0, Ik ) 4+ 2 (p 4 a) (1 —n) S|
This can be simplified to
Bmax (0, I ) 4 (pa)[1—n(1—p)]S>u—f (19)

1+7r
Finally a banker who discovers they are of lesser ability will be willing to exert effort if

v 1

f + fmax (O, [Ttisk-shift ) + Tr (p+a)(l—n)S > f——ro (20)

1—A

The expected remuneration the bank pays is
[+ Bmax (0, [T iskoshift J+l—n(1l—plv(p+a)s (21)

Let us assume the constraint (18) is slack at the optimum for the moment and so can
be ignored. We first show that the participation constraint (19) must be binding at the
optimum. Suppose otherwise, in this case remuneration would be minimised by lowering
{f, B, v} to 0 which would leave (20) satisfied. This is a contradiction to (19) being slack,
and indeed (19) is contradicted if u > 0.

Therefore subbing (19) with equality into the objective function (21), expected remu-
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neration can be written

u+ vipt+a)St—n(1—p) (22)

147

Hence remuneration is increasing in v. Therefore optimality would require v to be low-
ered subject to the constraints (19) with equality, and (20). The deferred pay, v, can
be lowered to 0 if f and 3 can be found such that S max (0, IIJ5<M% ) = ¢ — f and
Bmax (0, TIESshE ) > A /(1 — A). If max (0, II{M%) > 0 this is possible by set-
ting f = 0. In this case the optimal contract has been found as (18) is slack. If
max (O,HﬁiSk‘Shiﬁ) = 0 and if v > 0 then v cannot be lowered to 0 and so is positive.
|

Proof of Proposition 4. Let us suppose that a bank is prepared to tolerate a banker
who discovers they are of lesser ability risk-shifting with probability A\. The method of
proof is to determine how bank profits change as A is increased marginally from 0 (no
risk-shifting). When a bank observes high profits generated at ¢t = 1, an application
of Bayes’ rule causes it to believe the banker is of high ability with probability g =
p/ [+ XN(1—p)]. For A close to 0, i (the probability of high ability given high ¢t = 1
profits) is close to 1. The banker of lesser ability must be willing to randomise between
risk-shifting and revealing her ability. Hence A\ must satisfy (10). As we focus on A close

to 0 we can write this as

fﬁ[(p—i—a)n—a]:ﬁ[Za—(p—l—z—l—a)n(l—ﬂ)] (23)

A high ability banker will deliver high ¢t = 1 profits, but the bank will only believe the
banker is indeed high ability with probability ji. Hence the banker will be willing to accept

the contract if

W|p RGeS -n-prat s+ as]

- (1—u){6-[2(p+a)5—n(1—ﬁ)(p+a+2)5]+1%@+a)(1—n)5}zu—f
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I have used the fact that if the banker discovers she is of lesser ability, she is indifferent
between risk-shifting and not. We can simplify the participation constraint to
B-2(p+a)S=—nl—p)(pt+a+z)Sl+i7p+ta)l-—nl-—p]Szu—f

Now applying (23) we have the participation constraint as:

u—f
S

208+ —— [(p+a) g+ p] > (24)

147
Next a banker who discovers they are of low ability will be indifferent between risk-shifting
and not, and so will be willing to exert effort if:

v 1
f+B2pS +—pS > [T (25)

The value of the bank depends upon the risk-shifting probability both through the
actual value of profits and also the remuneration. Hence if a lesser ability banker risk-

shifts with probability A then the bank’s profit net of payments to the banker is

pA2(p+a)S—[B-2(p+a)S—n(l—p)(p+a+2)S|+v(p+a)Sl}—f
(1 =N {2pS — [82pS + vpST}
(1 =p)- ) 2p+a)S—n(p+a+2)8S
—[B-R2p+a)S=—nl-p)(p+a+z)S]+v(p+a)S(1-n)

Application of (23) simplifies this bank profit term to

v
147

us- {2040 = |1 o+ @ -4 oGt a)| b 205 - 7 (26)

(1 =) {2p —wp}
+(1—n)S- T (p+a)n—d
A 2(p+a)—np+atz)—|
+u(p+a)(l—n)
The banks problem is therefore to maximise (26) subject to (24), (25) and (23).
We first show that the participation constraint (24) must be binding at the optimum.

To show this, suppose instead that (24) is slack and so can be ignored at the optimum.
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This would then only leave (25) and (23). These can be satisfied, and the objective
function minimised, by setting 5 = v = f = 0. But this contradicts (24) being slack.

Hence setting (24) to equality we have

26pS + f = u— = [(p+a)nu+s]S (27)

and so the objective function can be written

{200 +0) - [ o4 an=d o+ = o+l | -0

( )

(1=N{20—vp+ 25 [(p+a)nu+pl}
> (p+a)n—d
+A|2(p+a)—nlp+tatz)— | 4v(p+a)(l—n)

+(L—p)S-

—1 (o +a)nu+ pl

Which simplifies to

2(p+apu) S+ (1 —p)AS[2a—n(p+a+2)] —u (28)
(1 =) {vp — 75 [(p +a) nu + pl }
—(1=p)s- = (p+a)n(1—p) —1]

A

+v(p+a)(l—mn)

i (pta)[n(l—p)—1]

+v (p+a)

We wish to confirm that this objective function is decreasing in v for small . This
follows as r > 0 and the coefficient of vS/ (14 r) for A =0 is
—p(p+a){n(l—p)+rt—A—-pw{rp—(p+a)nu}t =—plp+a)r—(1—p)rp
Hence we wish to minimise v subject to (23), (27) and (25). Now consider lowering v
and £ in proportion so that (23) remains satisfied. (27) can be satisfied by raising f. The
objective function is expressed solely in terms of v and so increases. This can continue

until (25) becomes binding. Hence we can solve the three equalities (23, 27, 25) for v as:

v
147

P P [(P+a)77—a] :E
{(p+a)nu+A+2A[2a—(p+z+a)n(1—ﬁ)]} 5 (29)
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Note that if at the extreme of A = 0, so i = 1, then this yields the expression in (5) so
that [v],_, ocu.
We now wish to determine under what conditions raising A from 0 is profitable. There-

fore we differentiate the bank’s objective function (28) with respect to A and evaluate at

A=0:

(2] 1= Lo+ a)np — rp)

ws{= 5] P v abr0-ws-d e niprat

+ihser [y (p+a) —
(30)

If expression (30) were positive overall then raising A above 0 would increase bank

profits. The coefficient of [%] is negative as r > 0 : the coefficient collapses to

A=0

— [g_ﬂ,\zo 755 (p + ap). Next note that the coefficient of [v],_ is positive by (2). From

(29), noting that dji/d\ = —j* (1 — p) /p we have

[%L_O{(p+a)w+§n(pza>}+[vh:0{2%[(p+a)”_[§i](2p+z+a>” (1;“)} -0

Hence

ov x —[v]._, o —u

O] —o o
Hence if u is large enough then (30) is positive and the result follows. m
Proof of Lemma 1. The expected value of the bank under a contract which delivers
no risk shifting is

2(p+a)S 2pS
Value = p o+ a) +(1—p) ’ —f
- 28+4+v)(p+a)S —(28+v)pS
= 2-@2B8+0)](p+an)S—f

From Proposition 2 and in particular (17) we can substitute in and derive the bank’s
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value:

v pp—a(l—n)+a(l+r) o
Value = 2(p+ap)S — +ap) S — u—->=A—
alue (p+ap)S -1 e ” (p+ap) u(% )
v (p+a)n+ar u 1—A
= 2(p+ap)S— p+ap) — p
ST mLy ran YT T Bra A

:2(p+au)S—u{1+r ¢ (p”“)}

(p+a)n \ & +au

Proving the result. m

Proof of Proposition 5. Let us assume all the banks prefer to use contracts which
ensure no risk-shifting, as stated in the proposition. We first demonstrate that the market
equilibrium is characterised by positive assortative matching. Consider two banks m and
m — 1 and two bankers n and n — 1. Suppose the banker n has an outside option of utility
u". Bank m, can either hire banker n or try for the better n — 1. Bank m will be willing
to bid a utility of u™"~! for banker n — 1 where, using Lemma 1:

+ tp_1al 25, + unal 25,
[p + fin—10] _ [p + 1na) (31)

_,mmn—1 a prapn—1 _an a ptapin
U {1 T T(era)n (%+aun—1> } u {1 + T(p+a)17 (%ﬂwn) }

Note that u™"~! is increasing in S,, as f,—1 > pn. Hence bank m — 1 is willing to
offer more utility to the better banker than bank m. Thus we have positive assortative
matching.

In equilibrium bank n will need to match the utility which bank n + 1 is willing to bid
for banker n. This utility is """, Using (31) the utility that bank n + 1 would bid for

banker n is:

"t {1 tr— (p * Ghin ) } = 25,410 [t — finga ]+ {1 yr—2 (p + st > }

(p+a)n \ & +aun, (p+a)n \§ + apns

Bank n will match this utility. Hence u™ = u"*5". Iterating we have

N
0 a P+ api, N{ a <p+auzv)}
u" 9147 = 2aS; [pj—1 — pyl+u {147
{ (p—l—a)n(%—l—aun)} j;ﬂ i (11 — 1] (p+a)n \ & +apy
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The results then follow as v =0. =

Proof of Proposition 6. Bank n, in the absence of risk-shifting would have to offer her
banker a utility of u™ as determined in Proposition 5. The bank could however offer a risk-
shifting contract which delivers this level of utility to the banker. Consider a risk-shifting
contract which induces lesser ability bankers to always risk-shift (Proposition 3). As we
restrict to the case where the npv of the fund under risk-shifting is positive then vested
pay (v) in such a contract is optimally set to 0. The cost of remuneration to the bank in
this case is given by (22) as equal to u". Hence the value of the bank from enforcing such

a contract is

HliiSk_Shift—un:2(p—|—(1)5—77(1_M)(p+a+z)5_un

Using Lemma 1, risk-shifting becomes preferable for bank n if

a p+ apn
2 —n(1- —u" > 2 —u"q1
(p+8) St (1= n} (p ¥ 6+ 2) Somus® > 20+ ) S { +T(p+a)n<£+aun)}

Rearranging bank n will resort to using risk-shifting contracts if

n. (p+aun

u T(p—i—a)'r] ﬁ—l—aun) > S, (1—pn)[n(p+a+ z)— 24

Note that applying (1) and (2) guarantees that the right hand side is strictly positive.

Hence bank n will resort to using risk-shifting contracts if u™ is large enough. m
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