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Abstract 

This paper investigates the effects of financial market consolidation on risk capital allocation in a 
financial institution and the implications for market liquidity in dealership markets. We show that an 
increase in financial market consolidation can have ambiguous effects on liquidity in foreign exchange 
and government securities markets. The framework employed assumes that financial institutions use 
risk management tools (for example value-at-risk) in the allocation of risk capital. Capital is determined 
at the firm level and allocated among separate business lines, or divisions. Market-makers� ability to 
supply liquidity is influenced by their risk-bearing capacity, which is directly related to the amount of 
risk capital allocated to this activity. A model of inter-dealer trading is developed similar to the 
framework of Volger (1997). However, we allow for heterogeneity among dealers with respect to their 
risk-bearing capacity. 

The allocation of risk capital within financial institutions has implications for what types of mergers 
among financial institutions can be beneficial for market quality. This effect depends on the correlation 
among cash flows from business activities that the newly merged financial institution will engage in. A 
negative correlation between market-making and the new activities of a merged firm suggests the 
possibility of increased market liquidity. Our results suggest that, when faced with a proposed merger 
between financial institutions, policymakers and regulators would want to examine the correlations 
among division cash flows. 

1. Introduction 

Change in financial markets is ubiquitous. Historically, regulatory restrictions have often inhibited the 
ability of financial institutions operating in one area of the financial services industry to expand their 
product set into other areas, but deregulation has allowed financial institutions to offer a broader range 
of banking, insurance, securities and other financial services.4 Innovations in financial engineering and 
evolving market structures have altered the way financial markets and institutions operate. At the 
same time, deregulation in the industry has increased competition, prompting financial institutions to 
look for new profitable lines of business. Some financial institutions have found it advantageous to 
merge in order to generate higher returns through economies of scope or scale. The impact of 
consolidation on market liquidity, in particular liquidity in government securities and foreign exchange 
markets, is of increasing importance to policymakers. Ensuring liquidity in these two markets is 
important to governments and central banks interested in maintaining or enhancing the functioning of 
these markets so that they can effectively implement fiscal and monetary policies. In Canada, 
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policymakers are concerned with the declining number of dealers in both Government of Canada fixed 
income markets and foreign exchange markets, and worry that increased consolidation among 
financial institutions will cause liquidity in these markets to fall. 

This paper analyses the impact of financial consolidation on market liquidity by studying the effects of 
consolidation on the risk-bearing capacity of market-makers, or dealers, in dealership markets. To 
carry out our analysis, two previously separate areas of research are bridged. The first, market 
microstructure theory, focuses on how market participants and the trading mechanism affect price 
discovery and market liquidity.5 The second, risk management, influences the way in which firms look 
at both the returns and risks of individual business operations. Our analysis traces the impact of a 
merger on the capital allocation decisions of the new merged financial institution and the resulting 
change in the behaviour of dealers. 

Using a model in which a financial institution, henceforth referred to as a bank in this paper, allocates 
risk capital across its business activities in order to satisfy a firm-wide capital requirement, we show 
that the optimal capital allocation conditions the risk aversion of division managers and traders. This 
key result relates risk management by the bank to the behaviour of its market-makers in asset 
markets. The risk-bearing capacity of a dealership market depends on the number of market-makers 
present as well as the risk aversion of each market-maker. Since market liquidity in dealership markets 
is determined by the inherent riskiness of the market and the risk-bearing capacity of the market, 
capital allocation affects market liquidity by influencing the risk aversion of market-makers. 

We apply this framework to examine the effects of financial consolidation on market liquidity. We find 
that consolidation has an ambiguous effect on market liquidity. In particular, market liquidity can 
increase upon consolidation. Whether this happens depends on the correlation among the cash flows 
from the merged bank�s division. This is in contrast to other results in the literature, which argue that 
market liquidity will necessarily deteriorate with consolidation. These other studies only consider the 
effects of a reduction in market-makers on risk-sharing, while our paper shows that the effect on 
liquidity of a bank merger will also depend critically on the risk-bearing capacities of the old and new 
banks. Therefore, policymakers and regulators faced with a proposed merger between banks would 
want to examine the correlations among division cash flows. A negative correlation between 
market-making and the new activities of a merged firm suggest the possibility of increased market 
liquidity. 

Capital allocation decisions are more complicated than a simple application of the capital asset pricing 
model (CAPM), since frictions exist in capital markets. Imperfect capital markets impose deadweight 
costs that must be covered by the cash flows of a business line if the business line is to be profitable. 
Froot and Stein (1998) and Perold (2001) model the capital structure decision by positing frictions in 
capital markets and/or in the internal management of firms that lead to deadweight costs. In Froot and 
Stein (1998) firms engage in risk management to avoid ex post penalties resulting from a cash flow 
shortfall. Perold (2001), on the other hand, derives ex ante deadweight costs associated with actions 
undertaken by the firm to provide performance guarantees on its customer contracts through the 
purchase of insurance and a cash cushion. Both papers demonstrate that there is a trade-off between 
managing risk via ex ante capital structure policies and via capital budgeting and hedging policies. 
Hence, the capital structure, hedging and capital budgeting policies of a firm are interrelated and 
jointly determined. In a multi-divisional firm, risk management tools are also used for performance 
evaluation. Specifically, risk capital allocation is an important component of the process of determining 
the risk-adjusted rate of return and ultimately the economic value added of each business unit. Such 
calculations can then form the basis for incentive compensation. Stoughton and Zechner (1999) 
examine performance evaluation and managerial compensation issues but we will abstract from those 
issues in this paper. In addition to the internal risk management that financial institutions engage in, 
regulators impose capital requirements on banks. Externalities from bank failures, risk-shifting in the 
presence of fixed premium deposit insurance, and the protection of uninformed investors who hold 
most of a bank�s debt are the main justification for regulating bank capital. For all these reasons, 
financial institutions often maintain capital levels over and above the amounts they need to finance 
their operations. 

                                                      
5 See O�Hara (1995) for a survey of the theoretical literature on market microstructure and Madhavan (2000) for a survey of 

the empirical literature. 
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Market liquidity is influenced by the way the market is structured. For example, most foreign exchange 
and government bond markets are characterised by price competition (quote-driven) among multiple 
dealers and inter-dealer trading rather than by Cournot competition (order-driven), and the actions of 
the dealers in the public and inter-dealer markets provide much of market liquidity. Such markets are 
referred to as dealership markets. This paper develops a dealership market model similar to the 
framework of Volger (1997). However, we allow for heterogeneity among dealers with respect to their 
risk-bearing capacity. 

The paper is organised as follows: Section 2 presents the capital allocation model for a bank with 
multiple divisions; Section 3 provides an analysis of a dealership market model in which dealers can 
be heterogeneous with respect to their risk aversion; Section 4 looks at the effects of financial 
consolidation on capital allocation and liquidity in the dealership market; and Section 5 suggests 
implications for regulators and policymakers, and for further research. 

2. Capital allocation in a multi-divisional firm 

Effective risk management promotes both financial institution and industry stability by protecting a 
financial institution against market, credit, liquidity, operational and legal risk. The primary means of 
protection is the financial institution�s risk (or economic) capital. One goal of risk management is to 
determine the firm�s optimal capital structure. This process involves estimating how much risk each 
business unit, or division, contributes to the total risk of the firm and thus to overall capital 
requirements. Since investment decisions and risk exposures are determined at the division level, 
correlations between portfolios held by different divisions are externalities among units that create a 
need for centralised risk management. Hence, risk management in a multi-divisional firm also involves 
determining the capital charge to each division whose activities contribute to firm risk in order to 
induce the appropriate risk-taking behaviour by division managers. 

The framework that we use in this section is adapted from Stoughton and Zechner (1999). Consider 
an economy with N + 1 banks, indexed i = 0,. . , N.6 Each bank is engaged in a number of financial 
activities that generate income or cash flows. These activities are indexed by j. We denote the set of 
all possible financial activities by J. One activity that all banks participate in is market-making in a 
dealership market for a particular security.7 In this section, we analyse the problem of a bank that 
engages in a subset K J of activities, each of which generates cash flows to equity holders.8 Each 
business line j is undertaken by a division, so we will denote the division by the same index j. 

Each division j has an expected cash flow µj determined by the function 

� � Kjjjj �� ,2
���  (1) 

where 2
j�  is the variance of cash flow from division j. It is assumed that more risk-taking by a division 

yields a higher expected return, 
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6 Later, we analyse the case where a merger occurs and N banks remain in the economy. 
7 This may be a foreign exchange, fixed income or equity market. 
8 We will drop for now the index i corresponding to the N + 1 banks. In later sections of the paper, the index is brought back 

into our notation. 
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To simplify the analysis without loss of generality, investment activities are assumed to require zero 
cash outlay, or cash flows are defined after the appropriate interest costs. Furthermore, for any 
j, h � J, the correlation between project j�s and project h�s cash flows is given by �hj. 

The opportunity cost of equity capital, r > 0, is assumed to be constant and identical across banks. 
Financial institutions must allocate the scarce equity capital without violating regulatory constraints. A 
bank�s equity capital requirement is determined as a fixed proportion of the risk of its portfolio, as 
measured by the variance of its total cash flows, 

0,2
�� ��� pC  (2) 

The bank�s overall risk, ,2
p� can be expressed as 

jhhj
hjKjKj Kh

jp ����� �� �
��� �
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22  (3) 

The bank�s objective function is to maximise the net present value of cash flows, taking into account 
the opportunity cost of capital. This is equivalent to maximising the economic value added (EVA) or 
the contribution to shareholder value, where 

rC
Kj

j ���
�

�EVA  (4) 

2.1 First-best: centralised investment decisions 
Before we examine the problem of allocating capital across divisions in a delegated environment, we 
first derive the solution to the bank�s centralised problem. Continuing with our analysis of a bank with 
multiple divisions, indexed by j � K, the centralised problem is 

� � � �
2

2

..

max

p

jjKjKj

Cts

rC
j

��

��
�

�

�� �
�  (5) 

where 2
p�  is defined in (3). Since capital is costly, the constraint in the maximisation problem is always 

satisfied with equality. 

The first-order conditions (for an interior optimum) are 
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where Kjj �,�� is the optimal risk level for division j. 

The right-hand side of the above equation is just the marginal contribution to the overall risk of the 
bank by division j�s activities multiplied by the cost of capital. At a given risk level, 2σ j , division j�s 
marginal contribution to the overall risk of the bank is 
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Intuitively, investment (in terms of risk undertaken) will occur up to the point where the marginal 
increase in expected returns from activities by division j is balanced by the marginal cost of risk 
undertaken by that division. 

2.2 Delegated investment decisions 
In an environment where investment decisions are delegated to each division, the bank�s problem is 
one of allocating the appropriate amount of risk capital across divisions to maximise the bank�s 
economic value added. It is straightforward to determine the capital allocation function that implements 
the first-best solution to the delegated problem. Suppose that the bank establishes a capital allocation 
rule for each division, Tj, j � K. The formal delegation problem can be written 

� �
� �� ��

�

�

��

Kj
Kjj

jjjT
UrC2max ��  (8) 
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pC ���  (10) 

where Uj denotes the compensation that the firm transfers to division managers. This compensation 
function is designed so that each division makes optimal investment decisions and is assumed to 
consist of a fixed (salary) component, Sj, and a performance component in the form of a share of the 
EVA generated by the division. The division�s EVA is, in turn, defined as the mean return from the 
division�s project adjusted for the appropriate capital charge, rTj, that is, 

Uj = � [�j � rTj ] + Sj, j � K (11) 

This compensation scheme induces each division to solve the problem 

� � KjrTjjj
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which yields constraint (9) in the bank�s delegation problem. We present the solution to the delegation 
problem and its implication in the following proposition. 

Proposition 1. The optimal capital allocation function to each division j, j � K, is a linear function of 
the risk undertaken by the division: 
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This capital allocation function conditions the division manager�s risk aversion so that the manager, by 
maximising his utility, behaves like a risk-averse agent with exponential utility and risk-aversion 
parameter given by 

�j = r�j, j � K (14) 

in the presence of normally distributed cash flows. 

Proof: See Appendix. 

The optimal capital allocation to a division is thus proportional to the risk undertaken by the division, 
where risk is measured by the variance of the cash flow generated by the division. One can think of 
this as a charge to the division for the risk imposed on the bank by the division�s activities. More 
importantly, this proposition relates the risk management of a bank to the behaviour of its dealers in 
the bank�s trading activities. We elaborate on this point in the next section, where a dealership market 
model is presented. 
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3. Model of the dealership market 

Liquidity is an important dimension of all financial markets.9 For example, government securities 
markets perform several important functions that hinge on the fact that they are very liquid. They are 
the markets in which governments raise funds and are thus of particular interest to central banks with 
fiscal agency responsibilities. Furthermore, because of their virtually riskless nature, government 
securities serve as the pricing benchmark and hedging vehicle for other fixed income securities. While 
market liquidity is a concept that is difficult to measure or define because of its multidimensional 
nature, most market participants would agree on the following characterisation. A liquid market is one 
in which large transactions can be completed quickly with little impact on prices.10 The various 
dimensions of liquidity also tend to interact.11 In this paper, we focus on bid-ask spreads as a measure 
of liquidity. 

In this section, we develop a model of the dealership market in which banks provide market-making 
services. Each bank�s market-making activity is carried out by a dealer who is constrained in his 
risk-taking behaviour by the bank�s capital allocation. This allows us to study how the capital allocation 
decisions by individual banks impact market liquidity. We will then apply this framework to a merger 
between two banks by first examining how capital allocation is affected by the merger and the 
consequences of that for market liquidity. 

Consider a security that trades in a dealership market with N + 1 market-makers (or dealers). The 
security is traded at price p between dealers and outside investors in the public market, and at price pd 
among dealers in a separate inter-dealer market. The exogenously given liquidation value of the 
security is denoted by v, a random variable which is normally distributed with zero mean and standard 
deviation σv. We assume that no market participant has private information about the future liquidation 
value of the traded security. There is one investor in the market who trades a quantity w, the 
realisation of a random variable which is independent of the asset�s liquidation value, v, and 
distributed with zero mean and standard deviation σv. By convention, w � 0 denotes an investor�s buy 
order and w � 0 a sell order. We consider one trading period where trade takes place in two stages. 

In stage 1, all dealers simultaneously quote a price schedule over customer orders, w, in the public 
market. The investor observes the quotes of all the competing dealers and submits the whole order w 
to the dealer quoting the best price. It is a defining characteristic of dealership markets that market-
makers compete for the whole order. We assume that each dealer starts with a zero inventory position 
which is observable to all dealers.12 Bargaining between investors and market-makers is resolved by 
assuming that market-makers compete à la Betrand. That is, all bargaining power is on the investor�s 
side. 

Trading between market-makers to reallocate inventories takes place in stage 2. Once an investor 
gives the whole order to one of the N + 1 competing dealers, that particular dealer�s inventory changes 
by �w.This dealer now has an incentive to trade in the inter-dealer market to reduce his risk exposure. 
Hence, inter-dealer trading allows dealers to risk-share. Dealers are assumed to behave as strategic 
competitors by submitting their demand functions in the inter-dealer market. That is, they take into 
account the effect their quantities are expected to have on the market-clearing price. The equilibrium 
concept we employ is that of a non-competitive rational expectations Nash equilibrium in demands 
(Kyle (1989)). The security will be liquidated at the end of the inter-dealer trading in stage 2. 

                                                      
9 The discussion of liquidity is taken from Gravelle (1999, 2001). 
10 In the literature, market liquidity is typically defined over four dimensions: immediacy, depth, width (bid-ask spread) and 

resiliency. Immediacy refers to the speed with which a trade of a given size at a given width is completed. Depth refers to 
the maximum size of trade that can be carried out for any given bid-ask spread. Width refers to the cost of providing 
liquidity, with narrower spreads implying greater liquidity. Resiliency refers to how quickly imbalances in transaction flows 
dissipate. An imbalance in transaction flows means that there is a one-way market, or prices are gapping. If imbalances 
tend to persist, or when imbalances tend not to generate a counterbalancing order flow (once prices have moved enough to 
attract this counterbalancing order flow), the market is not resilient. 

11 For example, width will generally increase with the size of a given trade, or, for a given bid-ask spread, all transactions 
under a given size can be executed immediately with no movement in the price or spread. 

12 Allowing for different initial inventories only complicates the analysis without qualitatively affecting our merger analysis 
results in the next section. 
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The N + 1 dealers are indexed by i = 0,...,N. Each dealer behaves like a risk-averse agent with a 
coefficient of absolute risk aversion given by �i.13 Specifically, dealer i with risk aversion parameter �i 
maximises the exponential utility function 

U(�i) = �e��i�i 

where �i = v(xi � w) + pw � pdxi is the profit of dealer i if he gets an order from the investor, while 
�i = vxi � pdxi is his profit if he gets no customer order, xi is the demand of dealer i in the inter-dealer 
market, p is the price at which the customer order is transacted, and pd is the price that prevails in the 
inter-dealer market. 

We will solve the model under two different scenarios. In the first, we assume that dealers have 
identical risk aversion, �. In the second, we assume that dealers are one of two types. Type 1 dealers 
have risk aversion �1 = ��, � > 0 and type 2 dealers have risk aversion �2 = �. There are N1 type 1 
dealers and N2 type 2 dealers. Naturally, N1 + N2 = N + 1. 

Later, when we analyse the effects of a merger between two banks (and consequently two dealers), 
the starting point is a market with identical dealers. This is the case when potentially differentiated 
banks allocate the same amount of capital to market-making. When two of those banks merge, we 
allow for the case that the merged entity engages in a different set of activities, thus allocating risk 
capital differently across business lines. To this end, we will need an analysis of a dealership market 
with heterogeneous dealers. 

3.1 Dealership market with identical market-makers (���� = 1) 

In this section, dealers have an identical coefficient of absolute risk aversion, given by �. We solve the 
model by backward induction. That is, we first solve stage 2 of the model for a symmetric equilibrium 
in the inter-dealer market, taking the equilibrium price in the public market as given. Then, we solve 
stage 1 of the model for the equilibrium reserve prices (the price that leaves the dealer indifferent 
between getting the customer order and not getting it) in the public market. For reservation prices that 
differ, the equilibrium price in the public market is given by the second-best reservation price which is 
quoted by the dealer with the best reservation price. When all dealers have the same reservation 
price, they each quote their reservation prices and receive the customer order with equal probability. 

3.1.1 Equilibrium in the inter-dealer market (stage 2) 
We simplify the analysis by assuming that the inter-dealer market is a call market. All market-makers 
submit their orders simultaneously to an inter-dealer broker who executes the set of multilateral 
transactions at one market-clearing price. 

A symmetric linear equilibrium in the inter-dealer market is obtained if the demand schedules of the 
each dealer i can be written 

xi = � � 	pd + 
wi, i = 0,...,N (15) 

Proposition 2. There exists a linear equilibrium in the inter-dealer market in which market-makers� 
demand is given by (15). The parameters are given by 
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v���� The equilibrium price in the inter-dealer market is 
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Proof: See Appendix. 

                                                      
13 In our framework, dealers� risk aversion is determined by the amount of risk capital allocated to market-making in that 

security by the financial institutions that own the dealers. 
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The equilibrium price in the inter-dealer market depends on the size of the investor�s order. � is the 
proportion of the investor�s order that a dealer passes on in the inter-dealer round of trading and 
hence a measure of risk-sharing. It is increasing in N. Therefore, risk-sharing improves as the total 
number of dealers in the market increases and the inter-dealer market becomes more competitive. 

Using the fact that wi = w if dealer i receives the customer order and wi = 0 otherwise, demands and 
inventories after inter-dealer trade are 
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Notice that risk-sharing is not perfect in this model. Since dealers are ex ante identical, perfect 
risk-sharing implies that all dealers will end up with identical inventory levels after inter-dealer trade, or 
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wI  However, �Ii� > �I*�if wi = w and �Ii� <�I*� if wi = 0. 

Perfect risk-sharing does not obtain because of imperfect competition in the inter-dealer market. That 
is, each dealer has an incentive to restrict the quantity he trades in the inter-dealer market relative to 
what he would trade if the inter-dealer market was competitive. Notice that perfect risk-sharing will 
obtain if N � �. 

3.1.2 Equilibrium in the public market (stage 1) 

To solve for the equilibrium in the public order market, we first determine each dealer�s reservation 
quotes, in anticipation of inter-dealer trading in the next stage. The dealer with the best reservation 
price receives the public order by quoting the second-best reservation price. Recall that if dealer i gets 

the public order, he has a final inventory w
N 1
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while if he does not, his expected utility is 
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At his reservation price, dealer i is indifferent between getting the public order and not getting it. 
Equating 0

i
w
i EUEU � and simplifying, we get dealer i�s reservation price, given in the next proposition. 

Proposition 3. For N > 0, the equilibrium price in the public market is 

� � w
N

Np 22
12 ��

�  (24) 

and the market bid-ask spread for a customer order of size �w� is 

� � .12
2 w

N
Ns ��

�  (25) 

Since all dealers are identical, they quote the same price (equal to their reservation price) and have 
equal chances of receiving the public order. The market bid-ask spread for an order of size �w� is just 
s = 2�p�. 

If dealers are risk-neutral )0( 2
��� v�� , the equilibrium price is equal to the expected value of the 

security, which is normalised to zero. For risk-averse dealers and multiple dealers, N > 0, the 
equilibrium price is increasing in the size of the customer order and decreasing in N. The larger the 
size of the customer order, the higher the risk premium required by dealers to absorb this quantity. An 
increase in the number of competing dealers leads to better risk-sharing and hence a lower risk 
premium is required. 

3.2 Dealership market with heterogeneous market-makers 

In this section, there are two types of dealers: type 1 dealers have risk aversion �1 = ��, and � > 0 
type 2 dealers have risk aversion �2 = �. There are N1 type 1 dealers and N2 type 2 dealers, where 
N1 + N2 = N + 1. We begin this section by characterising the equilibrium for the case where N1 and N2 
can take any values but we solve explicitly for the equilibrium with only one type 1 dealer and N type 2 
dealers. This minimal amount of heterogeneity is all we need in order to perform the merger analysis 
that comprises the next part of this paper. 

3.2.1 Equilibrium in the inter-dealer market (stage 2) 

Let the set of type 1 dealers be denoted by �1 and the set of type 2 dealers be denoted by �2. From 
here on, we will denote an arbitrary type 1 dealer by i and an arbitrary type 2 dealer by j. Since each of 
the two types of dealers is identical with respect to the other dealers in his group, a linear equilibrium 
in the inter-dealer market is obtained if the demand schedules of each dealer i can be written 

xi = �1 � �1pd + �1wi, 	 i � �1 (26) 

xj = �2 � �2pd + �2wj, 	 j � �2 (27) 

Proposition 4 (General case). There exists a linear equilibrium in the inter-dealer market in which the 
market-makers� demand is given by (26) and (27). The parameters are given implicitly by 

�1 = �2 = 0, �1 = �
�1, �2 = 
�2, 
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where 2211 ��� NN �� and 2
�

���� . Denoting the type of the dealer who received the customer order 
in stage 1 by y, the equilibrium price in the inter-dealer market is: 

�

�� wpd
�

�
1  if y � �1 (30)

 
�

� w�
�

2  if y � �2. (31)

The proof of proposition 4 follows the same steps as for proposition 1. Note that the equilibrium inter-
dealer price is lower if the dealer with the public order is the one with lower risk aversion. For 
� < 1(� > 1), a type 1 dealer has a lower (higher) risk aversion than a type 2 dealer. As well, the 
equilibrium inter-dealer price is increasing in the size of the customer order,�w�. 

Although the solutions to the two equations for β1 and β2 are difficult to derive explicitly, we can 
characterise the solutions. 

1. β1, β2 and � are increasing in �. 

2. β1 � β2 > 0 and �
β1 � 
β2 < 0 for N > 2 and � < 1. 

 β1 � β2 < 0 and �
β1 � 
β2 < 0 for N > 2 and � > 1. 

3. β1, β2 and � are decreasing in 
. 
4. Holding N constant, β1, β2 and � are decreasing in N1 if � < 1 and increasing in N1 if � > 1. 

For the special case of N1 = 1, the explicit solutions for β1 and β2 are given in the next proposition. This 
special case is relevant when we analyse a merger between two banks, and hence two dealers. 

Proposition 5 (Special case). For N1 = 1 and N > 3, there exists a linear equilibrium in the inter-
dealer market in which the market-makers� demand is given by (26) and (27). The parameters are 
given implicitly by 

�1 = �2 = 0, �1 = �
�1, �2 = 
�2, 
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.2
vwhere ����  

3.2.2 Equilibrium in the public market (stage 1) 
In this section, we carry through the assumption that N1 = 1 and N2 = N. As before, we first determine 
each dealer�s reservation quotes in the public market, in anticipation of inter-dealer trading in the next 
stage. Since there are two types of dealers, there will be two different reservation prices. The dealer 
with the best reservation price receives the public order by quoting the second-best reservation price. 

Let rp1 be the reservation price of the type 1 dealer and rp2 be the reservation price of a type 2 dealer. 
Proposition 6. Let 2

1 v����� and .2
2 v����  The type 1 dealer has a reservation price given by 
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while a type 2 dealer has a reservation price given by 
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if the winning dealer is a type 1 dealer, and 
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if the winning dealer is another type 2 dealer. 

We turn to numerical examples (Figure 1) to illustrate the following proposition, which lays out the 
equilibrium price in the public market. 

Figure 1 
Reservation prices for type 1 and type 2 dealers 

 

 
 

 

Proposition 7. Assuming that N � 3, then the following is true. 

(1) If � < 1, the type 1 dealer has the better reservation price, .2
21 ppr

�  Hence, the equilibrium 

price is given by (35) and the type 1 dealer receives the customer order. 

(2) If � > 1, type 2 dealers have the better reservation price, .2
21 ppr

�  Hence, the equilibrium 

price is given by (34) and a type 2 dealer receives the customer order. 
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In addition, the gap between type 1 and type 2 dealers� reservation prices is increasing in the 
difference in the two types� risk parameter. That is, the gap in reservation prices is decreasing in �  for 
�  > 1 and increasing in �  for �  > 1. Note that the two types are identical when �  = 1. 

4. Merger analysis 

In order to analyse the effects of a merger between two banks on capital allocation and market 
making, we impose restrictions on the model in order to derive closed-form solutions with which we 
can perform numerical simulations. 

It is assumed that before a merger, a bank engages in two of three available financial activities. As 
before, we assume that all banks are engaged in market-making. In addition, each bank chooses one 
of two activities, project X or project Y. Hence, banks can be differentiated according to whether they 
are engaged in project X (type X banks) or in project Y (type Y banks). However, we will impose 
symmetry between project X and Y so that both types of banks will end up allocating the same amount 
of risk capital towards market-making. 

We will conduct the analysis of a merger assuming that prior to the merger, all N + 1 banks have the 
same capital allocation functions and hence have the same amount of risk capital allocated to market-
making. This is the case of N + 1 dealers with identical risk preferences. A merger is then considered 
between two banks which results in (1) a reduction in the number of firms and hence dealers in the 
dealership market considered, and, potentially, (2) the creation of a new type of dealer with a different 
risk preference from all the other dealers, in which case we have a dealership market with 
heterogeneous dealers. 

4.1 The stylised model 
Prior to a merger, all banks consist of two divisions, or business lines. Type X banks are engaged in 
market-making and project X while type Y banks are engaged in market-making and project Y. We 
denote the variance and expected return from project X by 2

X� and )( 2
XX �� , from project Y by 2

Y� and 
)( 2

YY �� and from market-making by 2
M�  and )( 2

MM �� . We assume that the relationship between the 
expect return and variance of any particular project�s cash flow, � �,,,),( 2 MYXjjj ���  is increasing and 
satisfies the Inada conditions. We further restrict the relationship between expected return and 
variance to be the same across projects X and Y. 

�X (�2) = �Y (�2) = � (�2) 

Finally, the correlation between cash flows from projects X and Y is denoted by �XY � [�1,1], the 
correlation between cash flows from project X and market-making by � � [�1,1] and the correlation 
between cash flows from project Y and market-making by � � [�1,1]. 

The assumption of symmetry between activities X and Y implies that type X and type Y banks are 
identical from a risk-return perspective. Hence, each bank allocates the same amount of risk capital to 
market-making and this results in N + 1 identical dealers in the dealership market with risk aversion 
coefficient denoted by �. 

Recall from equation (6) that the first-order conditions for optimality for a bank engaging in set K of 
financial activities are 
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Specialising this condition for our two-division banks yields 
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and 
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for a type X bank. The conditions are identical for a type Y bank since Y�� = X�� due to the symmetry 
assumptions. 

4.2 Effect of a merger on capital allocation 
In this section, we show that a merger between two banks can have ambiguous effects on the risk-
taking it undertakes in its various divisions. The results depend on the correlation in cash flow among 
different divisions of the newly merged bank, and hence on the types of banks that participate in the 
merger. 

4.2.1 Merger between two banks of the same type 

Consider a merger between two type X (or type Y) banks. By assumption, there are no economies of 
scale to any of the banking activities considered. We proceed by assuming that the risk-return 
characteristics of all banking activities, represented by the functions µ(�)and µM(�), are unchanged by 
the merger.14 Since the merged bank remains engaged in the same two activities with the same risk-
return characteristics as before the merger and there are no economies of scale present, the merged 
bank is identical to each of the banks prior to the merger. That is, the merged bank�s optimisation and 
capital allocation problem is the same as before. The only change is that there are now N banks 
instead of N + 1. This will have an unambiguously negative impact on market quality in the dealership 
market considered since the decrease in the number of dealers results in less efficient risk-sharing 
than before and hence higher risk premiums charged by dealers, or higher spreads. 

Recall that the pre-merger market spread is given by 

.12
2 w

N
Ns �
�

�  

This is decreasing in N since 

.)12(2
3 w

N
N

N
s

�
�

��
�

�  

4.2.2 Merger between two banks of different types 

Consider a merger between a type X and a type Y bank. Assuming that the merged bank retains all 
three business activities, M, X and Y, this merged bank is now different from all the other banks in the 
economy. The merged bank�s market-making activities are now carried out by a dealer who is 
potentially different from the rest of the dealers in the market. This dealer is denoted as a type 1 dealer 
who has a risk aversion coefficient denoted by ��. 

                                                      
14 These are rather restrictive assumptions but they are made so as to focus attention on the economies of scope effects from 

a bank merger. 
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The risk associated with the merged bank�s total cash flow is 

.)(222222
MYXYXXYMYXp ����������

�
������  (39) 

The first-order conditions (for an interior optimum) facing the merged bank are simply 
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The symmetry between activities X and Y implies that, at the optimum, ,~~ 22
YX �� �  where the ~ denotes 

optimal risk levels for the merged bank. The next proposition outlines two factors driving the change in 
risk-taking by the merged bank in each if its business lines. 

Proposition 8. Suppose that a unique solution exists to the capital allocation problem. Then, the 
merged bank tends to undertake more risk in projects X and Y relative to its pre-merger level 

)( XX
22 �~

�� �  

(1) The more negatively correlated are the cashflows of division X and the new division Y, and 

(2) The more positively correlated are the cash flows from market-making and division X or Y if 
more risk is undertaken in market-making, or the more negatively correlated are the cash 
flows from market-making and division X or Y if less risk is undertaken in market-making 
after the merger. 

The merged bank tends to undertake more risk in market-making )( MM
22 �~

�� �  

(1) the more negatively correlated are the cash flows from market-making nd the new division, Y, 
and 

(2) the more positively correlated are the cash flows from market-making and division X if more 
risk is undertaken in division X after the merger, or the more negatively correlated are the cash 
flows from market-making and division X if less risk is undertaken in project X after the merger. 

Proof: See Appendix. 

A lower (higher) level of risk-taking in any division corresponds to less (more) risk capital being 
allocated to that division by the merged bank. Finally, since the merged bank�s market-making 
activities are carried out by a type 1 dealer with a coefficient of risk aversion given by ��, the merged 
bank undertakes more (less) risk in market-making if and only if � < 1 (� > 1). 

Numerical examples for a given function form for the expected return to each division illustrate the 
proposition. Suppose that the expected return to risk-taking in each division can be expressed as 

� � � � ,22 Xb
XXXX a ��� �  

� � � � .22 Mb
MMMM a ��� �  

We find that the following is true. 

(i) The merged firm undertakes more risk in market-making if and only if the cash flow from 
market-making is (strictly) negatively correlated with cash flows from the other divisions, 
X and Y. If that correlation is zero, there is no change in the level of risk-taking in 
market-making. 

(ii) The merged bank undertakes more risk in division X if the cash flows from division X and Y 
are not too correlated. 

Graphs from the numerical examples are presented in the Appendix. 
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4.3 Effect of a merger on market liquidity 
Here, we show that the impact on market liquidity of a merger between two banks depends crucially 
on whether more or less risk capital is allocated to market-making by the newly merged bank. If the 
newly merged bank allocates more capital to market-making, market liquidity can improve. On the 
other hand, market liquidity will deteriorate if the newly merged bank allocates less capital to 
market-making. 

Prior to the merger, the equilibrium price in the public market is given by (24), or 

� � .
2

12
2

0 w
N

Np ��
�  

After the merger, the equilibrium price that prevails depends on whether the type 1 dealer has a higher 
(� > 1) or a lower (� < 1) risk aversion. This depends on whether the merged firm allocates more or 
less risk capital to market-making. If more risk capital is allocated, the type 1 dealer has a higher risk-
bearing capacity and hence � < 1. The reverse is true if the merged firm allocates less risk capital to 
market-making. From proposition 6, we know that if � < 1, the new equilibrium price in the public 
market is given by 
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However, if � > 1, the new equilibrium price in the public market is given by 
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Proposition 9. Market liquidity improves, in the sense that market spreads are smaller, when � is 
small enough, and the number of dealers in the market is large enough. That is, for values of � < 1 
small enough, a merger improves liquidity for any number of dealers. For intermediate values of � < 1 
a merger improves liquidity only if the number of dealers in the market is large enough. For � > 1 a 
merger always results in a deterioration of liquidity. 

Figures 2 to 4 illustrate the proposition. What the figures show is the following. For any � < 1 there is a 
critical N* for which liquidity improves if N > N* while liquidity deteriorates if N < N*. N* (� ) is implicitly 
defined as the N that solves 

p0 � pm (� ) = 0 (45) 

where p0 and pm (� ) are defined by equations (24), (43) and (44). For small values of �, this critical N* 
is negative. For intermediate values of � < 1, this critical N* becomes positive (and finite) and is 
increasing in �. For � > 1, however, N* → �. 

As stated at the beginning of this section, the merger that we consider between two banks has the 
following consequences: (1) a reduction in the total number of dealers in the dealership market, and 
(2) the creation of a new type of dealer with a different risk preference from all the other dealers (a 
type 1 dealer and N type 2 dealers). The first effect reduces the efficiency of risk-sharing among 
dealers in the market. As we have already argued, risk-sharing is inefficient in this market because of 
imperfect competition among dealers. That is, the efficiency of risk-sharing is increasing in the number 
of dealers in the market and tends towards first-best as the number of dealers tends towards infinity. 
Hence, a reduction in the number of dealers will have a negative impact on market prices and 
spreads. 

The second effect induces a change in the risk-bearing capacity of the market since there is a change 
in the risk preference of one dealer, the newly created type 1 dealer. If the type 1 dealer has a larger 
capacity for bearing risk (that is, a lower risk aversion parameter or � < 1), the second consequence of 
a merger has a positive impact on market price and spreads. In this case, the net impact of a merger 
on market prices and spreads is ambiguous. If the type 1 dealer has a smaller capacity for bearing risk 
(� > 1), the second consequence of the merger has a negative impact on market prices and spreads. 
In this case, the net impact of a merger on prices and spreads is negative. 
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When the type 1 dealer has a larger risk-bearing capacity, � < 1, the two consequences of the merger 
as outlined have offsetting effects. The greater the increase in the type 1 dealer�s ability to bear risk 
(or, the smaller �), the more important is the impact of the increased risk-bearing capacity in the 
market. Moreover, the larger the number of dealers in the market to start with (N), the less important 
will be the reduction in the efficiency of risk-sharing from a merger. Hence for any � < 1, the larger N, 
the more likely is the merger to improve market liquidity. As well, for any N, the smaller � < 1, the more 
likely is the merger to improve market liquidity. 

Figure 2 
Equilibrium prices before and after a merger, ���� < 1 
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Figure 3 
Equilibrium prices before and after a merger, ���� > 1 

   

 

Figure 4 
Equilibrium price (spread), ���� = 2 
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5. Conclusion 

The paper bridges two topics in financial economics that until now have evolved as separate areas of 
research: market microstructure models and capital allocation decision-making within financial 
institutions. This is a first step towards consolidating advances made in the individual fields of study 
and will be a useful framework for understand how financial institutions and markets are interrelated 
through the interaction of risk management of institutions and the risk-bearing capacity of markets. 

Although there are many possible applications for the framework we introduce, we focus in this paper 
on the impact of financial market consolidation on liquidity in dealership markets. Liquidity is 
characterised by bid-ask spreads in a model of inter-dealer trading that has been extended to allow for 
heterogeneity among dealers. The impact on market-making behaviour from a change in the allocation 
of capital across bank divisions is explicitly modelled so that we are able to characterise the potential 
effects of financial market consolidation on dealership markets such as foreign exchange and 
government securities markets. 

We find that a merger of two banks can lead to increased market liquidity in dealership markets, even 
in highly concentrated markets, if the merger results in a sufficient increase in the risk-bearing capacity 
of the market. The risk-bearing capacity of the dealership market in turn depends on how the capital 
allocation decision in a financial institution is affected by the merger. This depends on the correlation 
among cash flows from business activities that the newly merged financial institution will engage in. A 
negative correlation between market-making and the new activities of a merged firm suggests the 
possibility of increased market liquidity. Our results suggest that, when faced with a proposed merger 
between financial institutions, policymakers and regulators would want to examine the correlations 
among division cash flows. 
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Appendix 

A.1 Proof of proposition 1 
The first-order condition (for an interior optimum) to division j�s problem is 

� � � �
.,2

2

2

2

Kj
T

r
j

jj

j

jj
�

�

�
�

�

�

�

�

�

��
 (46) 

In order to induce the first-best choice of 2
j� at the division level, the bank�s risk manager has to 

choose a capital allocation function Tj so that, at the optimal risk level for the division, 
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Integrating over 2
j�  yields the optimal capital allocation functions 

� � .,
�
�1 2

,
2

2
2

2/1

KjT j
Khjh j

h
hjjj �

�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�

�

�

�
�
�
�

	




�
�
�
�

�



�� �
��

�
�

�
���  (47) 

The salary component of the division manager�s compensation, Sj, is chosen so that the manager 
obtains at least his reservation utility, Uj, 
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we can rewrite the objective function of the manager of division j as 

� � .
2

max 2
2 j

j
ji

j

�
�

��
�

�  (48) 



 

BIS Papers No 12 
 

105

Hence, the optimal capital allocation function induces the (otherwise risk-neutral) manager of division j 
to behave like a risk-averse agent with exponential utility function and risk-aversion parameter �j with 
net payoff � �2

jj �� .15 

A.2 Proof of proposition 2 
Each dealer takes into account the effect his trade has on the equilibrium inter-dealer price when 
determining his trading strategy. A dealer�s strategy is an excess demand function. These functions 
are communicated to the inter-dealer broker who chooses a market-clearing price. By changing the 
excess demand function he sends to the inter-dealer broker, a dealer changes the equilibrium price. 
Therefore, each dealer has an incentive to restrict the quantity he trades in comparison with the 
competitive level, since he is trading against an upward-sloping residual supply curve, much like a 
monopolist. 

Consider the problem of a dealer i. Market clearing implies that xi + �j � i� � �pd + �wj = 0, or 
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The assumption that the market-clearing price and the investor�s order do not convey any information 
and are normally distributed random variables along with an exponential utility implies that maximising 
expected utility of profits is equivalent to maximising the certainty equivalent, given by 
� � � �iiE �� var2

�
�  or, 
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The first-order condition with respect to Xi  yields 
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Equating coefficients yields the desired results. 

A.3 Proof of proposition 8 
The pre-merger problem for a bank is the following. 
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The first-order conditions are 

� � �
�

�
	



�
��

M

X
MM r

�

�
����

�
�1� 2  (53) 

� � .
�
�1� 2
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�
��

X

M
XX r

�

�
����  (54) 

Note that � �2
MM ��  is a function of 2

M�  only and � �2
XX ��  is a function of 2

X�  only. 

Now, we turn to the merged bank�s problem. 

� � � � � � � �� �YXXYYXMYXMYYXXMM r
YXM

�����������������
���

22max 222222

,, 222
�������� . (55) 

Taking derivatives with respect to 2
M� , 2

X� , and 2
Y� yields 

� � � �2222 ,1 YXMM
M

YX
MM Dr ���
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����
��� ��

�

�
	



� �
��  (56) 
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� � � �2222 ,1 XMYY
Y

MXXY
YY Dr ���
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����
��� ��

�

�
�
�

� �
�	
  (58) 

Post-merger optimum 222 ~~,~
YXM ��� �  is implicitly defined by 

� � � � .0~~~~ 2222 �� MXXXMM DD ����  (59) 

Now, consider the function 

� � � � �
�

�
�
�

� �
��	
 2/1

2
~~

1~
z

yxrzzD MXM
����

��� . (60) 

Notice we have taken YX �� ~~ � as (fixed) parameters. This defines a function in z that we know is 
decreasing in z (from the existence and uniqueness of the solution to the merged bank�s problem). We 
also know that evaluated at 2~

Mz ��  the function is equal to zero. 

Therefore, for a value z = z�, � � 0~2
�� XM zD � implies that 2~

Mz ���  and � � 0~2
�� XM zD � implies that 2~

Mz ��� . 

Since we are interested in comparing 2�M�  with ,� 2
M�  we want to know whether the function � �2~

XM zD �  

evaluated at 2�Mz ��  is positive or negative. 
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From equation (2), we can substitute �
�

�
	



�
�

M

Xr
�

�
��

�
�1  for � �.� 2

MM �� �  (Remember that � �2�MM �� �  does not 

depend on 2
X� or .2

Y� ) So the above works out to 
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The same can be done for project X to obtain 

�� � �
�
�

�
�
�

� ��
�	

X

MMYXY
MXX rD

�

�����
���

�

~~~~� 22 . (63) 

Expression (63) is more likely to be positive if �XY is negative and large in absolute value. That is,  
post-merger risk-taking in division X is influenced by the correlation of its cash flow with division Y�s 
cash flow. In addition, it is also more likely to be positive when � is negative if 0�~ �� MM ��  and vice 
versa. That is, post-merger risk-taking in division X is also influenced by the correlation of its cash flow 
with market-making and by what happens to the risk-taking level in market-making as a result of the 
merger. The net effect on 2

X�  of the merger, of course, depends on the combination of the two effects. 
The same analysis can be made for market-making: expression (62) is positive if � � 0�~2 �� XX ��� and 
negative if the reverse is true. 

A.4 Numerical examples 
For return functions characterised by 

� � � � ,22 Xb
XXxX a ��� �  

� � � � ,22 Mb
MMMM a ��� �  

we obtain the following results with the parameter values: aX = 1.5, aM =1, bX = bM = 1/3, r = 0.1, and 
a = 0.05. Changing the parameters does not affect the results. 

 



 

108 BIS Papers No 12
 

 

 



 

BIS Papers No 12 
 

109

 

References 

Froot, Kenneth A and Jeremy C Stein (1998): �Risk management, capital budgeting, and capital 
structure policy for financial institutions: an integrated approach�, Journal of Financial Economics, 47, 
pp 55-82. 

Gravelle, Toni (1999): �Markets for Government of Canada securities in the 1900s: liquidity and 
cross-country comparisons�, Bank of Canada Review, Autumn, pp 9-18. 

��� (2001): The economics of market liquidity and transparency in dealership markets, mimeo, 
Bank of Canada. 

Ho, Thomas S Y and Hans R Stoll (1983): �The dynamics of dealer markets under competition�, 
Journal of Finance 38, pp 1053-74. 

James, Christopher (1996): �RAROC based capital budgeting and performance evaluation: a case 
study of bank capital allocation�, Working Paper 96-40, The Wharton School, University of 
Pennsylvania. 

Kyle, Albert S (1989): �Informed speculation with imperfection competition�, Review of Economic 
Studies 56, pp 317-55. 

Madhavan, Ananth (2000): �Market microstructure: a survey�, Journal of Financial Markets, 3, 
pp 205-58. 

O�Hara, Maureen (1995): Market microstructure theory, Basil Blackwell, Cambridge, Massachusetts. 

Perold, Andre F (2001): �Capital allocation in financial firms�, Working Paper 98-72, Harvard Business 
School. 

Stoughton, Neal M and Josef Zechner (1999): Optimal capital allocation using RAROC and EVA, 
mimeo, UC Irvine and University of Vienna. 

��� (2000): The dynamics of capital allocation, mimeo, UC Irvine and University of Vienna. 

Volger, Karl-Hubert (1997): �Risk allocation and inter-dealer trading�, European Economic Review 41, 
pp 1615-34. 


	The effects of bank consolidation on risk�capital allocation and market liquidity
	Abstract
	1.	Introduction
	2.	Capital allocation in a multi-divisional firm
	2.1	First-best: centralised investment decisions
	2.2	Delegated investment decisions

	3.	Model of the dealership market
	3.1	Dealership market with identical market-makers (( = 1)
	3.1.1	Equilibrium in the inter-dealer market (stage 2)
	3.1.2	Equilibrium in the public market (stage 1)

	3.2	Dealership market with heterogeneous market-makers
	3.2.1	Equilibrium in the inter-dealer market (stage 2)
	3.2.2	Equilibrium in the public market (stage 1)


	4.	Merger analysis
	4.1	The stylised model
	4.2	Effect of a merger on capital allocation
	4.2.1	Merger between two banks of the same type
	4.2.2	Merger between two banks of different types

	4.3	Effect of a merger on market liquidity

	5.	Conclusion
	Appendix
	A.1	Proof of proposition 1
	A.2	Proof of proposition 2
	A.3	Proof of proposition 8
	A.4	Numerical examples

	References

