
Broll, Udo; Welzel, Peter; Wong, Kit Pong

Working Paper

The banking firm under ambiguity aversion

CEPIE Working Paper, No. 01/16

Provided in Cooperation with:
Technische Universität Dresden, Faculty of Business and Economics

Suggested Citation: Broll, Udo; Welzel, Peter; Wong, Kit Pong (2016) : The banking firm under
ambiguity aversion, CEPIE Working Paper, No. 01/16, Technische Universität Dresden, Center of
Public and International Economics (CEPIE), Dresden,
https://nbn-resolving.de/urn:nbn:de:bsz:14-qucosa-209770

This Version is available at:
https://hdl.handle.net/10419/146768

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://nbn-resolving.de/urn:nbn:de:bsz:14-qucosa-209770%0A
https://hdl.handle.net/10419/146768
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


Faculty of Business and Economics 

 

 
 

 

 

 

 

CEPIE Working Paper No. 01/16 

Center of Public and International Economics  
 

 

 

 

THE BANKING FIRM  
UNDER AMBIGUITY AVERSION 

 
 

September 2016 

 
 
 
 

Udo Broll 
Peter Welzel 

Kit Pong Wong 
 
 
 
 

 

 

Editors: Faculty of Business and Economics, Technische Universität Dresden. 

This paper is published on the Open Access Repository Qucosa. 
The complete Working Paper Series can be found at the CEPIE Homepage. 

http://nbn-resolving.de/urn:nbn:de:bsz:14-qucosa-209770
https://tu-dresden.de/gsw/wirtschaft/cepe


The banking firm

under ambiguity aversion

Udo Broll∗

Technische Universität Dresden

Peter Welzel †

Universität Augsburg

Kit Pong Wong‡

University of Hong Kong

We examine risk taking when the bank’s preferences exhibit smooth ambiguity aversion.

Ambiguity is modeled by a second-order probability distribution that captures the bank’s

uncertainty about which of the subjective beliefs govern the financial asset return risk. Am-

biguity preferences are modeled by the (second-order) expectation of a concave transforma-

tion of the (first-order) expected utility of profit conditional on each plausible subjective

distribution of the return risk. Within this framework, the banking firm finds it less attrac-

tive to take risk in the presence than in the absence of ambiguity. This result extends to the

case of greater ambiguity aversion. Given that the competitive bank’s smooth ambiguity

preferences exhibit non-increasing absolute ambiguity aversion, imposing a more stringent

capital requirement to the bank reduces the optimal amount of loans, if the bank’s coeffi-

cient of relative risk aversion does not exceed unity. Ambiguity and ambiguity aversion as

such have adverse effect on the bank’s risk taking.

JEL classification: D01; D81; G11; G12

Keywords: Banking firm; Ambiguity; Ambiguity aversion; Capital requirement

∗Corresponding author. Department of Business and Economics, School of International Studies (ZIS),
Technische Universität Dresden, 01062 Dresden, Germany. E-mail: udo.broll@tu-dresden.de (U. Broll).
†Department of Business and Economics, Universität Augsburg, 86135 Augsburg, Germany.
‡School of Economics and Finance, University of Hong Kong, Pokfulam Road, Hong Kong.



Banking Firm under Ambiguity 1

1 Introduction

Management of risk is an important topic in many fields of economics, banking, finance,

insurance and international trade.1 In the economics of banking, how financial intermedi-

aries (FI) react to changes in random and non-random variables has a long tradition.2 Most

of the literature make use of the expected utility approach. Such a modeling approach rules

out the possibility that the banking firm is unable to unambiguously assign a probability

distribution that uniquely describes the financial asset’s return risk, which gives rise to

ambiguity.3

Since the seminal work of Ellsberg, ambiguity has been alluded to the violation of

the independence axiom, which is responsible for the decision criterion being linear in the

outcome probabilities. There are ample experiments (Einhorn and Hogarth, 1986; Sarin

and Weber, 1993; Chow and Sarin, 2001) and surveys (Viscusi and Chesson, 1999; Chesson

and Viscusi, 2003) that document convincing evidence that individuals prefer gambles with

known rather than unknown probabilities, implying that ambiguity aversion prevails.

The purpose of this paper is to incorporate ambiguity and ambiguity aversion into the

industrial organization approach (IO) of banking and finance under asset rate uncertainty.4

Klibanoff, Marinacci and Mukerji (2005) have recently developed a powerful decision cri-

terion known as “smooth ambiguity aversion” that is compatible with ambiguity averse

preferences under uncertainty (hereafter referred to as the KMM model). The KMM model

features the recursive structure that is far more tractable in comparison to other models

of ambiguity such as the pioneering maxmin expected utility (or multiple-prior) model of

Gilboa and Schmeidler (1989). Specifically, the KMM model represents ambiguity by a

second-order probability distribution that captures the firm’s uncertainty about which of

the subjective beliefs govern the price risk. The KMM model then measures the bank’s

expected utility under ambiguity by taking the (second-order) expectation of a concave

1See, for example, Baker and Filberg, 2015; Broll and Wong 2015.
2See, for example, Freixas and Rochet, 2008; Admati and Hellwig, 2013.
3See Deck and Schlesinger, 2014, for a discussion.
4For the standard IO approach of banking, see, Wong, 1997; Freixas and Rochet, 2008; Pausch and

Welzel, 2013, to name just a few).
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transformation of the (first-order) expected utility of profit conditional on each plausible

subjective distribution of the price risk. This recursive structure creates a crisp separation

between ambiguity and ambiguity aversion, i.e., between beliefs and tastes, which allows

us to study these two attributes independently. Another nice feature of the KMM model

is that we can apply the conventional techniques in the decision making under uncertainty

in the context of ambiguity (Taboga, 2005; Gollier, 2011; Snow, 2010, 2011; Alary et al.,

2013; Wong, 2015).

Since financial investment exposes the banking firm to the return risk, the prevalence

of ambiguity creates additional risk to the ambiguity-averse banking firm. Hence, the firm

finds it less attractive to invest in the financial asset in the presence than in the absence

of ambiguity. This result extends to the case of greater ambiguity aversion. Ambiguity

and ambiguity aversion as such have adverse effect on the firm’s incentive to invest. Given

that the competitive bank’s smooth ambiguity preferences exhibit non-increasing absolute

ambiguity aversion, imposing a more stringent capital requirement to the bank reduces the

optimal amount of loans, if the bank’s coefficient of relative risk aversion does not exceed

unity.

In our model of a bank the supply of deposits is perfectly elastic at a fixed deposit rate.

Deposits are insured by a government–funded deposit insurance scheme. The shareholders

of the bank contribute equity capital with a required rate of return which is higher than the

deposit rate, reflecting the scarcity of shareholders’ wealth. We abstract from both incentive

contracts and strategic delegation, issues that arise or can arise when bank ownership and

control are separated. The impact of these issues on risk taking is well–understood (see

The focus of our study is to incorporate ambiguity and ambiguity aversion.

The rest of this paper is organized as follows. Section 2 delineates the model of a

competitive banking firm under return rate uncertainty. Section 3 examine how ambiguity

and ambiguity aversion affect the bank’s optimal financial investment decision. In section

4, we examine the effect of a more stringent capital requirement on the bank’s lending

decision. The final section concludes.
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2 The model

Consider a competitive bank that makes decisions in a single period horizon with two

dates, 0 and 1. At date 0, the bank has the following balance sheet:

L = D + E, (1)

where L > 0 is the amount of loans, D > 0 is the quantity of deposits, and E > 0 is the

stock of equity capital. By regulation, the bank is subject to the following capital adequacy

requirement:

αL ≤ E, (2)

where α ∈ (0, 1) is the minimum capital-to-loan ratio.5

The bank’s loans belong to a single homogeneous class, which mature at date 1. The

gross return on loans, R̃, is stochastic and distributed according to an objective cumulative

distribution function (CDF), F ◦(R), over support [R,R] with 0 < R < R.6 The bank’s

deposits are insured by a government-funded deposit insurance scheme. The supply of

deposits is perfectly elastic at the fixed one-plus deposit rate, RD ≥ 1. The bank’s share-

holders contribute equity capital with a required gross return, RE , on their investment,

where RE > RD, reflecting the scarcity of shareholders’ wealth. We assume that the un-

conditional expected gross return on loans is no less than RE , and thereby is greater than

RD, so that the bank has incentives to extend loans by raising deposits and equity capital.

The bank’s shareholders receive the following net worth at date 1:

W̃ = R̃L−RDD −REE − C(L), (3)

where C(L) is the cost function of servicing loans such that C(0) = C ′(0) = 0 and that

C ′(L) > 0 and C ′′(L) > 0 for all L > 0. The bank possesses a von Neumann-Morgenstern

5This specification of capital adequacy requirement is consistent with those of Basel I and the standardized
approach of Basel II, both of which set α = 8%. See also Wong (1997, 2011).

6Throughout the paper, random variables have a tilde (∼) while their realizations do not.
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utility function, u(W ), defined over the net worth of its shareholders at date 1, W , with

u′(W ) > 0 and u′′(W ) < 0, indicating the presence of risk aversion.

Since RE > RD, the bank would like to rely on deposits rather than equity capital

to finance loans, thereby rendering the capital adequacy requirement to be binding. Sub-

stituting the initial balance sheet constraint, Eq. (1), and the binding capital adequacy

requirement, Eq. (2), into Eq. (3) yields the following net worth of the bank’s shareholders

at date 1:

W̃ = [R̃− αRE − (1− α)RD]L− C(L). (4)

We can interpret αRE + (1 − α)RD as the bank’s weighted average cost of capital, where

the weights are based on the capital-to-loan ratio, α, and the deposit-to-loan ratio, 1− α.

The bank faces ambiguity in that it is uncertain about the objective CDF, F ◦(R).

Succinctly, the bank has a continuum of priors, {F (R|θ) : θ ∈ [θ, θ]}, where F (R|θ) denotes

a plausible first-order CDF of R̃ over support [R,R], which is sensitive to a parameter, θ,

whose value is not known ex ante. Based on its subjective information, the bank associates

a second-order CDF, G(θ), over the continuum of priors, i.e., over support [θ, θ], where

θ < θ. This captures the bank’s uncertainty about which of the first-order CDF, F (R|θ),

governs the gross return on loans, R̃. Following Snow (2010, 2011) and Wong (2015), we

assume that the bank’s ambiguous beliefs are unbiased in the following sense:

∫ θ

θ
F (R|θ)dG(θ) = F ◦(R), (5)

for all R ∈ [R,R].7 We denote EF (·|θ), EG(·), and EF ◦(·) as the expectation operators with

respect to the first-order CDF, F (R|θ), the second-order CDF, G(θ), and the objective

CDF, F ◦(R), respectively.

The recursive structure of the KMM model implies that we can compute the bank’s

expected utility under ambiguity in three steps. First, we calculate the bank’s expected

7This assumption is motivated by the premise that the behavior of an ambiguity-neutral decision maker
should be unaffected by the introduction of, or changes in, ambiguity.
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utility for each first-order CDF of R̃:

U(L, θ) = EF [u(W̃ )|θ], (6)

where W̃ is given by Eq. (4). Second, we transform each first-order expected utility

obtained in the first step by an ambiguity function, φ(U), where φ′(U) > 0 and U is the

bank’s utility level. Finally, we take the expectation of the transformed first-order expected

utility obtained in the second step with respect to the second-order CDF of θ̃. The bank’s

ex-ante decision problem as such is given by

max
L≥0

∫ θ

θ
φ[U(L, θ)]dG(θ), (7)

where U(L, θ) is given by Eq. (6). Inspection of the objective function of program (7)

reveals that the effect of ambiguity, represented by the second-order CDF, G(θ), and the

effect of ambiguity preferences, represented by the shape of the ambiguity function, φ(U),

can be separated and thus studied independently.

The bank is said to be ambiguity averse if, for a given amount of loans, L, the objective

function of program (7) decreases when the bank’s ambiguous beliefs, specified by G(θ),

change in a way that induces a mean-preserving spread in the distribution of the bank’s

expected utility. According to this definition, Klibanoff et al. (2005) show that ambiguity

aversion implies concavity for φ(U), and that a concave transformation of φ(U) results in

greater ambiguity aversion.8 To see this, we define the ambiguity aversion premium, P , as

the solution to the following equation:

∫ θ

θ
φ[U(L, θ)]dG(θ) = φ

[ ∫ θ

θ
U(L, θ)dG(θ)− P

]
. (8)

Hence, P measures the “pain” the bank is willing to suffer in order to get rid of ambiguity.

It follows from Eq. (8) and Jensen’s inequality that P > 0 if, and only if, φ′′(U) < 0. To

8When φ(U) = [1−exp(−ηU)]/η, Klibanoff et al. (2005) show that the maxmin expected utility model of
Gilboa and Schmeidler (1989) is the limiting case as the constant absolute ambiguity aversion, η, approaches
infinity under some conditions.
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compare ambiguity aversion, we define the ambiguity aversion premium, Pi, as the solution

to the following equation:

∫ θ

θ
φi[U(L, θ)]dG(θ) = φi

[ ∫ θ

θ
U(L, θ)dG(θ)− Pi

]
, (9)

for i = 1 and 2. It follows from Eq. (9) and Pratt (1964) that P1 < P2 if, and only if,

−φ′′1(U)/φ′1(U) < −φ′′2(U)/φ′2(U), which is equivalent to φ2(U) being a concave transfor-

mation of φ1(U). Throughout the paper, we assume that φ′′(U) < 0 so that the bank is

ambiguity averse.

The first-order conditions for program (7) are given by

∫ θ

θ
φ′[U(L∗, θ)]UL(L∗, θ)dG(θ) = 0, (10)

where UL(L, θ) = EF {u′(W̃ )[R̃−αRE − (1−α)RD−C ′(L)]|θ}, and an asterisk (∗) signifies

an optimal level. Differentiating the objective function of program (7) twice yields

∂2

∂L2

∫ θ

θ
φ[U(L, θ)]dG(θ) =

∫ θ

θ
φ′′[U(L, θ)]UL(L, θ)2dG(θ)

+

∫ θ

θ
φ′[U(L, θ)]EF {u′′(W̃ )[R̃− αRE − (1− α)RD − C ′(L)]2|θ}dG(θ)

−
∫ θ

θ
φ′[U(L, θ)]EF [u′(W̃ )|θ]C ′′(L)dG(θ) < 0, (11)

for all L ≥ 0, where the inequality follows from the assumed properties of φ(U), u(W ), and

C(L). It then follows from Eq. (11) that Eq. (10) is both necessary and sufficient for L∗

to the unique maximum solution to program (7).

3 Ambiguity and the bank’s risk-taking

In this section, we examine how ambiguity and ambiguity aversion affect the bank’s optimal

lending decision. To this end, we suppose that the bank becomes more ambiguity averse in
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that its ex-ante decision problem is given by

max
L≥0

∫ θ

θ
K{φ[U(L, θ)]}dG(θ), (12)

when K(·) is a concave function with K ′(·) > 0 and K ′′(·) < 0. The first-order condition

for program (12) is given by

∫ θ

θ
K ′{φ[U(L†, θ)]}φ′[U(L†, θ)]UL(L†, θ)dG(θ) = 0, (13)

where a dagger (†) indicates an optimal level. It is evident that Eq. (11) remains valid

when we replace φ(U) by K[φ(U)].

Differentiating the objective function of program (12) with respect to L, and evaluating

the resulting derivative at L = L∗ yields

∂

∂L

∫ θ

θ
K{φ[U(L, θ)]}dG(θ)

∣∣∣∣
L=L∗

=

∫ θ

θ
K ′{φ[U(L∗, θ)]}φ′[U(L∗, θ)]UL(L∗, θ)dG(θ). (14)

If the right-hand side of Eq. (14) is negative (positive), it follows from Eqs. (11) and (13)

that L† < (>) L∗. In the following proposition, we derive sufficient conditions under which

the right-hand side of Eq. (14) is negative.

Proposition 1. Making the ambiguity-averse competitive bank more ambiguity averse

reduces the optimal amount of loans, i.e., L† < L∗, if the bank’s coefficient of relative

risk aversion, Φ(W ) = −Wu′′(W )/u′(W ), does not exceed unity, and if an increase in the

parameter, θ, always deteriorates (improves) the subjective cumulative distribution function,

F (R|θ), in the sense of first-order stochastic dominance.

Proof. Differentiating K ′{φ[U(L, θ)} with respect to θ yields

∂K ′{φ[U(L, θ)]}
∂θ

= −
∫ R

R
K ′′{φ[U(L, θ)]}φ′[U(L, θ)]u′(W )LFθ(R|θ)dR, (15)
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where Fθ(R|θ) = ∂F (R|θ)/∂θ, and we have used integration by parts. Differentiating

UL(L, θ) with respect to θ yields

∂UL(L, θ)

∂θ
=

∫ R

R
{u′(W )[Φ(W )− 1] + u′′(W )[C ′(L)L− C(L)]}Fθ(R|θ)dR, (16)

where Φ(W ) = −Wu′′(W )/u′(W ) is the bank’s coefficient of relative risk aversion, and we

have used integration by parts. Since C(0) = 0, the strict convexity of C(L) implies that

C ′(L) > C(L)/L for all L > 0. If Φ(W ) ≤ 1 and an increase in θ always deteriorates

(improves) F (R|θ) in the sense of first-order stochastic dominance, Eq. (16) implies that

UL(L∗, θ) is decreasing (increasing) in θ, and Eq. (15) implies that K ′{φ[U(L∗, θ)]} is

increasing (decreasing) in θ.

Consider first the case that an increase in θ always deteriorates F (R|θ) in the sense of

first-order stochastic dominance. Since ∂UL(L∗, θ)/∂θ < 0, there are three possible cases:

(i) UL(L∗, θ) > 0 for all θ ∈ [θ, θ), (ii) UL(L∗, θ) < 0 for all θ ∈ (θ, θ], and (iii) there exists

a unique point, θ1 ∈ (θ, θ) such that UL(L∗, θ) > (<) 0 for all θ < (>) θ1. In case (i), the

right-hand side of Eq. (14) must be positive. Using Eq. (10), we can write Eq. (14) as

∂

∂L

∫ θ

θ
K{φ[U(L, θ)]}dG(θ)

∣∣∣∣
L=L∗

=

∫ θ

θ

{
K ′{φ[U(L∗, θ)]} −K ′{φ[U(L∗, θ)]}

}
φ′[U(L∗, θ)]UL(L∗, θ)dG(θ). (17)

Since ∂K ′{φ[U(L∗, θ)]}/∂θ > 0, we have K ′{φ[U(L∗, θ)]} < K ′{φ[U(L∗, θ)]} for all θ ∈

[θ, θ). It then follows from UL(L∗, θ) > 0 for all θ ∈ [θ, θ) that the right-hand side of Eq.

(17) is negative, a contradiction. Hence, case (i) cannot hold. Analogously, we can show

that case (ii) cannot hold. In case (iii), we can use Eq. (10) to write Eq. (14) as

∂

∂L

∫ θ

θ
K{φ[U(L, θ)]}dG(θ)

∣∣∣∣
L=L∗

=

∫ θ

θ

{
K ′{φ[U(L∗, θ)]} −K ′{φ[U(L∗, θ1)]}

}
φ′[U(L∗, θ)]UL(L∗, θ)dG(θ). (18)
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Since K ′{φ[U(L∗, θ)]} < (>) K ′{φ[U(L∗, θ1)]} and UL(L∗, θ) > (<) 0 for all θ < (>) θ1,

the right-hand side of Eq. (18) is negative. It then follows from Eqs. (11) and (13) that

L† < L∗.

Consider now the case that an increase in θ always improves F (R|θ) in the sense of

first-order stochastic dominance. Since ∂UL(L∗, θ)/∂θ > 0, there are three possible cases:

(i) UL(L∗, θ) > 0 for all θ ∈ (θ, θ], (ii) UL(L∗, θ) < 0 for all θ ∈ (θ, θ], and (iii) there exists

a unique point, θ2 ∈ (θ, θ) such that UL(L∗, θ) < (>) 0 for all θ < (>) θ2. In case (i), the

right-hand side of Eq. (14) must be positive. Using Eq. (10), we can write Eq. (14) as

∂

∂L

∫ θ

θ
K{φ[U(L, θ)]}dG(θ)

∣∣∣∣
L=L∗

=

∫ θ

θ

{
K ′{φ[U(L∗, θ)]} −K ′{φ[U(L∗, θ)]}

}
φ′[U(L∗, θ)]UL(L∗, θ)dG(θ). (19)

Since ∂K ′{φ[U(L∗, θ)]}/∂θ < 0, we have K ′{φ[U(L∗, θ)]} < K ′{φ[U(L∗, θ)]} for all θ ∈

(θ, θ]. It then follows from UL(L∗, θ) > 0 for all θ ∈ (θ, θ] that the right-hand side of Eq.

(19) is negative, a contradiction. Hence, case (i) cannot hold. Analogously, we can show

that case (ii) cannot hold. In case (iii), we can use Eq. (10) to write Eq. (14) as

∂

∂L

∫ θ

θ
K{φ[U(L, θ)]}dG(θ)

∣∣∣∣
L=L∗

=

∫ θ

θ

{
K ′{φ[U(L∗, θ)]} −K ′{φ[U(L∗, θ2)]}

}
φ′[U(L∗, θ)]UL(L∗, θ)dG(θ). (20)

Since K ′{φ[U(L∗, θ)]} > (<) K ′{φ[U(L∗, θ2)]} and UL(L∗, θ) < (>) 0 for all θ < (>) θ2,

the right-hand side of Eq. (20) is negative. It then follows from Eqs. (11) and (13) that

L† < L∗. 2

The sufficient conditions derived in Proposition 1 can also ensure the adverse effect

of ambiguity on the bank’s lending decision. To see this, we consider the benchmark case

wherein there is no ambiguity in that the bank knows the objective CDF of R̃, i.e., F (R|θ) =
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F ◦(R) for all R ∈ [R,R] and θ ∈ [θ, θ]. Eq. (10) as such reduces to

EF ◦{u′(W̃ ◦)[R̃− αRE − (1− α)RD − C ′(L◦)]} = 0, (21)

where a nought (◦) indicates an optimal level in the absence of ambiguity. Using Eq. (5),

we can write Eq. (21) as

∫ θ

θ
UL(L◦, θ)dG(θ) = 0. (22)

If we set φ(U) = U and K(·) = φ(·), then the comparison between L◦ and L∗ is identical

to that between L∗ and L†. Hence, we have the following proposition.

Proposition 2. Introducing ambiguity to the ambiguity-averse competitive bank reduces

the optimal amount of loans, i.e., L∗ < L◦, if the bank’s coefficient of relative risk aversion,

Φ(W ) = −Wu′′(W )/u′(W ), does not exceed unity, and if the parameter, θ, always deteri-

orates (improves) the subjective cumulative distribution function, F (R|θ), in the sense of

first-order stochastic dominance.

Since the results of Propositions 1 and 2 have similar underlying reasons, we focus on

the intuition for Proposition 2. As in Gollier (2011), Taboga (2005), and Wong (2015), we

define the following function:

H(θ) =

∫ θ

θ

φ′[U(L◦, X)]

EG{φ′[U(L◦, θ̃)]}
dG(X) =

EG{φ′[U(L◦, X̃)]|X̃ ≤ θ}
EG{φ′[U(L◦, θ̃)]}

G(θ), (23)

for all θ ∈ [θ, θ], where EG(·|·) is the conditional expectation operator with respect to the

second-order CDF, G(θ). It is evident from Eq. (23) that H(θ) = 0, H(θ) = 1, and

H ′(θ) > 0 for all θ ∈ [θ, θ] so that we can interpret H(θ) as the distorted second-order CDF

of θ̃. From Eqs. (10), (11), (22), and (23), we have L∗ < L◦ if, and only if,

∫ θ

θ
UL(L◦, θ)dG(θ) = 0 ⇒

∫ θ

θ
UL(L◦, θ)dH(θ) < 0. (24)

We can interpret the left-hand side of condition (24) as the first-order condition for

program (7) when the bank is ambiguity neutral. The right-hand side of condition (24) is



Banking Firm under Ambiguity 11

then the condition that ensures the ambiguity-neutral bank to reduce its optimal amount

of loans when the second-order CDF of θ̃ is shifted from G(θ) to H(θ). Hence, the effect

of introducing ambiguity on the ambiguity-averse bank’s lending decision is identical to the

comparative static result of a shift in ambiguity from G(θ) to H(θ) on the ambiguity-neutral

bank’s optimal amount of loans.

Using Leibniz’s rule, we have

∂

∂θ
EG{φ′[U(L◦, X̃)]|X̃ ≤ θ} =

G′(θ)

G(θ)

{
φ′[U(L◦, θ)]− EG{φ′[U(L◦, X̃)]|X̃ ≤ θ}

}
, (25)

which, from Eq. (15), is positive (negative) if an increase in θ deteriorates (improves) F (P |θ)

in the sense of first-order stochastic dominance, i.e., Fθ(R|θ) > (<) 0 for all θ ∈ [θ, θ]. It

then follows from Eqs. (23) and (25) that H(θ) < (>) G(θ) for all θ ∈ (θ, θ) so that

H(θ) dominates (is dominated by) G(θ) in the sense of first-order stochastic dominance if

Fθ(R|θ) > (<) 0 for all θ ∈ [θ, θ]. In this case, condition (24) holds if, and only if, UL(L◦, θ)

is decreasing (increasing) in θ, which, from Eq. (16), is true if the bank’s coefficient of

relative risk aversion does not exceed unity, i.e., Φ(W ) ≤ 1.

4 Capital requirement and the bank’s risk-taking

In this section, we examine the effect of a more stringent capital requirement on the

bank’s lending decision. To this end, we totally differentiate Eq. (10) with respect to α to

yield

dL∗

dα
=

{∫ θ

θ
φ′′[U(L∗, θ)]EF [u′(W̃ ∗)|θ]UL(L∗, θ)L∗dG(θ)

−
∫ θ

θ
φ′[U(L∗, θ)]EF {u′(W̃ ∗)[Φ(W̃ ∗)− 1] + u′′(W̃ ∗)[C ′(L∗)L∗ − C(L∗)]|θ}dG(θ)

}

×(RE −RD)

/
∂2

∂L2

∫ θ

θ
φ[U(L, θ)]dG(θ)

∣∣∣∣
L=L∗

. (26)
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Since RD < RE , it follows from Eq. (11) that dL∗/dα < (>) 0 if the expression inside the

curly brackets on the right-hand side of (26) is positive (negative).

We say that the bank’s smooth ambiguity preferences exhibit non-increasing absolute

ambiguity aversion if the bank’s coefficient of absolute ambiguity aversion, −φ′′(U)/φ′(U), is

a non-increasing function of U . In the following proposition, we derive sufficient conditions

under which dL∗/dα < 0.

Proposition 3. Given that the competitive bank’s smooth ambiguity preferences exhibit

non-increasing absolute ambiguity aversion, imposing a more stringent capital requirement

to the bank reduces the optimal amount of loans, i.e., dL∗/dα < 0, if the bank’s coefficient of

relative risk aversion, Φ(W ) = −Wu′′(W )/u′(W ), does not exceed unity, and if an increase

in the parameter, θ, always deteriorates (improves) the subjective cumulative distribution

function, F (R|θ), in the sense of first-order stochastic dominance.

Proof. Since C(0) = 0, the strict convexity of C(L) implies that C ′(L) > C(L)/L for all

L > 0. It then follows from Φ(W ) ≤ 1 that the second term inside the curly brackets on

right-hand side of Eq. (26) must be positive. It remains to show that the first term inside

the curly brackets on right-hand side of Eq. (26) is also positive.

Consider the function:

Ψ(θ) =
φ′′[U(L∗, θ)]EF [u′(W̃ ∗)|θ]

φ′[U(L∗, θ)]
. (27)

Differentiating Eq. (27) with respect to θ yields

Ψ′(θ) = −φ
′′[U(L∗, θ)]

φ′[U(L∗, θ)]

{∫ R

R
u′′(W ∗)L∗Fθ(R|θ)dR

+

{
φ′′′[U(L∗, θ)]

φ′′[U(L∗, θ)]
− φ′′[U(L∗, θ)]

φ′[U(L∗, θ)]

}
EF [u′(W̃ ∗)|θ]

∫ R

R
u′(W ∗)L∗Fθ(R|θ)dR

}
. (28)

Since φ(U) exhibits non-increasing absolute ambiguity aversion, Eq. (28) implies that

Ψ′(θ) < (>) 0 if an increase in θ always deteriorates (improves) F (R|θ) in the sense of

first-order stochastic dominance.
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Consider first the case that an increase in θ always deteriorates F (R|θ) in the sense of

first-order stochastic dominance. Since Φ(W ) ≤ 1, Eq. (16) implies that ∂UL(L∗, θ)/∂θ < 0.

There are three possible cases: (i) UL(L∗, θ) > 0 for all θ ∈ [θ, θ), (ii) UL(L∗, θ) < 0 for all

θ ∈ (θ, θ], and (iii) there exists a unique point, θ1 ∈ (θ, θ) such that UL(L∗, θ) > (<) 0 for

all θ < (>) θ1. In case (i), the first term inside the curly brackets on right-hand side of Eq.

(26) must be negative. Using Eqs. (10) and (27), we can write

∫ θ

θ
φ′′[U(L∗, θ)]EF [u′(W̃ ∗)|θ]UL(L∗, θ)L∗dG(θ)

=

∫ θ

θ
[Ψ(θ)−Ψ(θ)]φ′[U(L∗, θ)]UL(L∗, θ)dG(θ). (29)

Since Ψ′(θ) < 0, we have Ψ(θ) > Ψ(θ) for all θ ∈ [θ, θ). It then follows from UL(L∗, θ) > 0

for all θ ∈ [θ, θ) that the right-hand side of Eq. (29) is positive, a contradiction. Hence,

case (i) cannot hold. Analogously, we can show that case (ii) cannot hold. In case (iii), we

can use Eqs. (10) and (27) to write

∫ θ

θ
φ′′[U(L∗, θ)]EF [u′(W̃ ∗)|θ]UL(L∗, θ)L∗dG(θ)

=

∫ θ

θ
[Ψ(θ)−Ψ(θ1)]φ

′[U(L∗, θ)]UL(L∗, θ)dG(θ). (30)

Since Ψ(θ) > (<) Ψ(θ1) and UL(L∗, θ) > (<) 0 for all θ < (>) θ1, the right-hand side of

Eq. (30) is positive.

Consider now the case that an increase in θ always improves F (R|θ) in the sense of first-

order stochastic dominance. Since Φ(W ) ≤ 1, Eq. (16) implies that ∂UL(L∗, θ)/∂θ > 0.

There are three possible cases: (i) UL(L∗, θ) > 0 for all θ ∈ [θ, θ), (ii) UL(L∗, θ) < 0 for all

θ ∈ (θ, θ], and (iii) there exists a unique point, θ1 ∈ (θ, θ) such that UL(L∗, θ) < (>) 0 for

all θ < (>) θ1. In case (i), the first term inside the curly brackets on right-hand side of Eq.

(26) must be negative. Using Eqs. (10) and (27), we can write

∫ θ

θ
φ′′[U(L∗, θ)]EF [u′(W̃ ∗)|θ]UL(L∗, θ)L∗dG(θ)
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=

∫ θ

θ
[Ψ(θ)−Ψ(θ)]φ′[U(L∗, θ)]UL(L∗, θ)dG(θ). (31)

Since Ψ′(θ) > 0, we have Ψ(θ) > Ψ(θ) for all θ ∈ (θ, θ]. It then follows from UL(L∗, θ) > 0

for all θ ∈ [θ, θ) that the right-hand side of Eq. (31) is positive, a contradiction. Hence,

case (i) cannot hold. Analogously, we can show that case (ii) cannot hold. In case (iii), we

can use Eqs. (10) and (27) to write

∫ θ

θ
φ′′[U(L∗, θ)]EF [u′(W̃ ∗)|θ]UL(L∗, θ)L∗dG(θ)

=

∫ θ

θ
[Ψ(θ)−Ψ(θ2)]φ

′[U(L∗, θ)]UL(L∗, θ)dG(θ). (32)

Since Ψ(θ) < (>) Ψ(θ2) and UL(L∗, θ) < (>) 0 for all θ < (>) θ2, the right-hand side of

Eq. (32) is positive. 2

The intuition for Proposition 3 is as follows. Since RE > RD, the bank regards equity

capital to be more expensive than deposits. Raising the capital-to-loan ratio, α, reduces

the net worth of the bank’s shareholders at date 1. Since the bank’s smooth ambiguity

preferences exhibit non-increasing absolute ambiguity aversion, the bank becomes more

ambiguity averse when the capital requirement is more stringent. It then follows from

Proposition 1 that the bank reduces the optimal amount of loans in response to a more

stringent capital requirement.

5. Conclusion

In this paper, we have examined the asset investment decision of a banking firm under

uncertainty when the bank’s preferences exhibit smooth ambiguity aversion developed by

Klibanoff et al. (2005). The KMM model represents ambiguity by a second-order probability

distribution that captures the bank’s uncertainty about which of the subjective beliefs

govern the asset return risk. On the other hand, the KMM model specifies ambiguity
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preferences by the (second-order) expectation of a concave transformation of the (first-

order) expected utility of profit conditional on each plausible subjective distribution of the

asset return rate risk. Within this framework and the industrial organization (IO) approach

of banking, we have shown that the ambiguity-averse bank finds it less attractive to invest

in the financial asset in the presence than in the absence of ambiguity, and with greater

ambiguity aversion. The value of financial investment as such decreases when ambiguity

and ambiguity aversion prevail.

References

Admati, A., Hellwig, M., 2013. The Bankers’ New Clothes. Princeton University Press.

Princetion, New Jersey.

Alary, D., Gollier, C., Treich, N., 2013. The effect of ambiguity aversion on insurance and

self-production. Economic Journal 123, 1188–1202.

Baker, H. K., Filberg, G., 2015. Investment Risk Management. Oxford University Press,

New York.

Broll, U., Wong, K. P., 2015. The incentive to trade under ambiguity aversion. Journal of

Economic Asymmetries 12, 190–196.

Chesson, H. W., Viscusi, W. K., 2003. Commonalities in time and ambiguity aversion for

long-term risks. Journal of Risk and Uncertainty 24, 57–71.

Chow, C. C., Sarin, R. K., 2001. Comparative ignorance and the Ellsberg Paradox. Journal

of Risk and Uncertainty 22, 129–139.

Deck, C., Schlesinger, H., 2014. Consistency of higher order risk preferences. Econometrica

82, 1913–1943.

Einhorn, H. J., Hogarth, R. M., 1986. Decision making under ambiguity. Journal of Busi-

ness 59, 225–250.

Ellsberg, D., 1961. Risk, ambiguity, and the Savage axioms. Quarterly Journal of Economics



Banking Firm under Ambiguity 16

75, 643–669.

Freixas, X., Rochet, J.-C., 2008. Microeconomics of Banking. 2nd. ed. MIT Press, Cam-

bridge, MA.

Gilboa, I., Schmeidler, D., 1989. Maxmin expected utility with non-unique prior. Journal

of Mathematical Economics 18, 141–153.

Gollier, C., 2011. Portfolio choices and asset prices: the comparative statics of ambiguity

aversion. Review of Economic Studies 78, 1329–1344.

Klibanoff, P., Marinacci, M., Mukerji, S., 2005. A smooth model of decision making under

ambiguity. Econometrica 73, 1849–1892.

Knight, F. H., 1921. Risk, Uncertainty and Profit. Boston, Houghton Mifflin.

Pausch, T., Welzel, P., 2013. Regulation, credit risk transfer with CDS, and banking

lending. Credit and Capital Markets 46, 439–465.

Sarin, R. K., Weber, M., 1993. Effects of ambiguity in market experiments. Management

Science 39, 602–615.

Snow, A., 2010. Ambiguity and the value of information. Journal of Risk and Uncertainty

40, 133–145.

Snow, A., 2011. Ambiguity aversion and the propensities for self-insurance and self-protection.

Journal of Risk and Uncertainty 42, 27–43.

Taboga, M., 2005. Portfolio selection with two-stage preferences. Finance Research Letters

2, 152–164.

Viscusi, W. K., Chesson, H. W., 1999. Hopes and fears: the conflicting effects of risk

ambiguity. Theory and Decision 47, 153–178.

Wong, K. P., 1997. On the determinants of bank interest margins under credit and interest

rate risk. Journal of Banking and Finance 21, 251–271.

Wong, K. P., 2011. Regret theory and the banking firm: the optimal bank interest margin.

Economic Modelling 28, 2483–2487.



Banking Firm under Ambiguity 17

Wong, K. P., 2015. A smooth ambiguity model of the competitive firm. Bulletin of Eco-

nomic Research 67, 97–110.


	Umschlag
	CEPIE_WP_01_2016_body

