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Abstract
We propose a new technique for measuring the efficiency of banks’ capital allocation using the difference between their potential market value based on a stochastic frontier calculation and their observed market value.  

We find evidence of a dichotomous role of equity capital in promoting market-value efficiency that suggests less capitalized banks may be exploiting the subsidy of underpriced components of the federal safety net, while more capitalized banks may be signaling their safety to capital markets.  In particular, inefficient banks that are less capitalized improve their market-value efficiency by reducing their capital ratio and their asset quality while inefficient banks that are more capitalized improve their market-value efficiency by increasing their capital ratio and their asset quality.  This dichotomy in equity capital’s effect on efficiency suggests a separating equilibrium in which more and less capitalized banks have different incentives to employ capital.

Introduction 
Numerous studies have measured bank efficiency by estimating frontier cost and profit functions to identify “best-practice.”
   However, the ultimate arbiter of bank efficiency is the market value of the bank.  If financial markets are informationally efficient, a bank’s efficiency should be reflected in its market value.  The standard profit and cost functions may not fully account for market value.  Modigliani and Miller (1958) note that, when uncertainty exists, the objective of profit maximization fails to account for the riskiness of the production plan and, hence, the rate of interest at which the stream of profits is discounted.  Thus, maximizing the market value of the firm to its owners is a more appropriate goal of the firm’s managers.  Another advantage of using market values to measure efficiency is that these values reflect not only the current prices and quantities of inputs and outputs, but also all relevant expected future cash flows and expected costs of financial distress.  If a firm undertakes expenditures that have low or even negative returns in the short run, but increase profits in the future, efficient financial markets will accurately reflect the discounted value of those expenditures.  Thus, in some circumstances a bank’s management might efficiently increase market value by taking actions that lower current profitability, if those actions protect charter value, protect against liquidity crises, or reduce the probability of regulatory interventions.

Since a bank’s market value reflects all these various considerations, it provides a more general metric for measuring efficiency than either profit or cost.  Although the standard efficiency analysis has not adopted the market-value metric, it has been employed as a proxy for efficiency.  For example, Benston, Hunter, and Wall (1995) use the ratio of market value to book value to control for efficiency differences among banks in their study of mergers.  It is important to note, though, that the market-to-book ratio, a proxy for Tobin’s q-ratio, captures not only efficiency differences, but also differences in market power,  growth opportunities, and fortuitous events.
  Hence, if the difference between market and book values is used to make efficiency comparisons, it will be important to account for banks’ market opportunities and luck. 


We propose a related but more direct measure of a bank’s efficiency that relies on comparing its market value to those of its peers.  Its peers are defined by the replacement cost of the bank’s assets, proxied by the assets’ book value (adjusted to remove goodwill).  We ask, what is the potential market value of the bank’s assets, and we compare this value with the actual value.  The potential market value of a bank’s assets can be defined narrowly or broadly.  The narrow definition conditions the bank’s potential value on the economic environment of the markets in which it operates, while the broad definition does not.  This environment might be characterized by the banks’ growth opportunities and by their market power.  Thus, potential value given by the narrow definition is generally less than that of the broad definition since the former holds market opportunities constant while the latter allows market opportunities to vary.  The potential value, narrowly defined, less any “lemons” discount, is the bank’s charter value--its value in a competitive auction of its charter.  In contrast, the observed market value of the bank represents the value that its current owners produce--its franchise value.
  We employ the broad definition of potential market value, and consider how differences in market opportunities and market structure affect financial performance.  We define this potential value of a bank by the highest market value we observe in our sample for the bank’s level of investment in assets, proxied by the assets’ book value.  The difference between the potential market value and the observed market value reflects both the bank’s inefficiency and its market opportunities. We call this difference the bank’s market-value inefficiency, and we analyze how differences in market power, growth opportunities, and production decisions affect it.

To identify the highest (or potential) market value of a bank’s assets, we fit a stochastic frontier, an upper envelope, of market value, given adjusted book value.  Fitting a stochastic frontier is a standard technique of efficiency measurement that attempts to separate the luck of the draw from inefficiency--the systematic failure to achieve the envelope value.  We fit the stochastic frontier of market value to determine the broadly defined measure of the potential market value of any bank’s book-value investment in assets.  We define the difference between the observed market value of these assets and their potential value, adjusted for noise, as the market-value inefficiency.  We then examine how this measure of inefficiency is affected by variations in market power, growth opportunties,  and capital allocation. 

We consider the difference between the market and book values of banks' assets, as well as equity.  In the absence of agency problems, maximizing the value of a firm’s equity is equivalent to maximizing the value of its assets.  However, the potential for agency problems, such as asset substitution, raises the possibility that maximizing the market value of equity leads to a suboptimal value of assets. To allow for potential agency problems, we also compute inefficiency from the market value of equity and compare the results with our results using our asset inefficiency measure. 

To furthercheck the robustness of our results derived from the asset-based frontier measure of market-value inefficiency, we compute an additional measure of inefficiency that is not derived from a frontier: the simple difference between the observed market and adjusted book values of assets.  This measure is analogous to the market-to-book ratio used by Benston, Hunter, and Wall (1995).  Our results are qualitatively the same for all three measures of inefficiency.  Hence, for simplicity, we report only the results obtained from the asset-based, frontier measure of market-value inefficiency.

We have suggested that some banks might improve their financial performance by increasing safety at the expense of lower short-term profits.  These banks would reduce their market-value inefficiency by lowering leverage and generally lowering risk.  On the other hand, some banks may be in a position to profitably exploit safety net subsidies and will enhance their financial performance by increasing leverage and taking greater risk.  We find evidence in our data of both types of banks.  These two types are distinguished by their degree of capitalization.  Controlling for size, we find that inefficient banks with higher capital-to-assets ratios reduce their market-value inefficiency when they increase capital or raise the quality of their assets.  In contrast, inefficient banks with lower capital-to-assets ratios reduce their market-value inefficiency when they increase leverage and assume greater credit risk.  This dichotomy in equity capital’s effect on market value is consistent with two opposing incentives for risk-taking--first, the incentive to exploit underpriced safety net subsidies through increased leverage and taking greater risks, and second, the incentive to reduce the "lemons" premium on the discount rate that capital markets apply to banks' cash flows by taking less risk and signalling safety with a high capital ratio.  Ceteris paribus, higher financial distress costs give banks an incentive to choose the lower‑risk strategy, while lower distress costs make the higher‑risk strategy more attractive.

In the sections that follow, we consider banks’ unique asset production problem that results from leveraging their portfolios with demand deposits. We show how banks that are efficient producers of assets maximize their market value.  We suggest that capital plays a dichotomous role in promoting market-value efficiency, a role that depends on the amount of risk banks assume in their production plans.  Finally, we develop our market-value measures of efficiency and apply them to a sample of the highest level bank holding companies
 in the United States in 1994 to investigate how banks’ employment of capital influences their financial performance.

I.  Demandable Debt and Liquidity Risk 
Equity capital performs distinctive roles in commercial banking that complicate the problem of employing it efficiently.  These distinctive roles arise from commercial banks’  leveraging equity capital with demandable debt that participates in the economy’s payments system. This demandable debt--banks’ demand deposits--affords them a comparative advantage over nonbank lenders in obtaining information needed to assess credit risk and to monitor customers’ financial performance and gives them the incentive to specialize in producing information-intensive assets and off-balance-sheet products, such as loans, credit guarantees, and swaps.
  However, the informational advantage that banks obtain from their demandable debt is equivalently an informational asymmetry between them and their creditors concerning the riskiness of banks’ assets, which gives banks’ uninsured creditors the incentive not just to apply a “lemons” premium to the cost of banks’ borrowed funds, but also to liquidate their claims whenever a bank’s assets appear to be unduly risky.  Since banks rely heavily on this unique form of demandable debt to leverage their equity, they expose themselves and, hence, the payments system, to an unusual degree of liquidity risk.

Government regulations have been developed in large part to protect the payments system from imprudent risk-taking at individual banks.  Banks must obtain a charter to operate and must submit to substantial on-going supervision.  In addition, government backed deposit insurance minimizes the potential for bank runs, and the central bank stands ready to supply liquidity to prevent disruptions in financial markets.  The combination of these measures employed to protect the payments system leads to opposing incentives to undertake risk and to structure capital.

II.  Dichotomous Capital Strategies

Demandable debt reduces the moral hazard problem inherent in the debt contract.  (See Jensen and Meckling (1976).)  Unlike equity, debt payments are fixed and, thus, do not vary with the financial success of the assets financed by the debt.  As a result, the borrower has an incentive to substitute riskier assets to seek a greater payoff and to decrease the risk-adjusted value of its outstanding debt.  Thus, risk shifting may result in an expropriation of debtholders' wealth.  Demandable debtholders can demand repayment at par at any time, particularly any time they suspect risk shifting, and this potential for bank runs lowers the incentive of bank managers to engage in asset substitution.  

II.A. Regulatory Distress Costs.  While demandable debt’s inherent liquidity risk tends to discipline banks’ risk-taking, governments have opted for additional regulatory measures to protect the safety of the payments system.  In the usual debt contract, covenants protect the debtholders from undue risk-taking.  However, DeYoung, Hughes, and Moon (1997) note that banks’ depositors are not explicitly covered by such covenants; instead, bank regulation substitutes for these missing covenants.  To issue demandable debt that participates in the economy’s payments system, banks must obtain a valuable charter and comply with numerous safety-and-soundness regulations (or covenants).  When banks experience episodes of financial distress, they must submit to additional regulatory constraints (or remedial covenants) on their risk-taking, and may even have their charters revoked.  These expected costs of financial distress give banks the incentive to reduce risk and, hence, to increase bank safety at the expense of short-run returns.
  While such a strategy decreases current profitability, it could improve banks’ market value by protecting them from liquidity crises, regulatory intervention, or loss of their valuable charters.

II.B. Option Value of Underpriced Safety Net Protections. Since neither the disciplining nature of demandable debt nor restrictive regulatory covenants completely eliminate the potential for liquidity crises and disruptions to the payments system, governments have opted to institute deposit insurance.  Deposit insurance eliminates the need for insured depositors to fear imprudent risk-taking.  To the extent that this component of bank discipline is replaced by insurance premiums that properly price risk-taking, insurance should not lead to increased moral hazard.  However, when a bank’s insurance is underpriced, it subsidizes risk-taking and works against the risk-reducing incentives of financial distress.  Merton (1977) shows that underpriced deposit insurance can be viewed as a put option on the bank’s assets whose strike price equals the market value of its liabilities.  In addition to insured depositors, uninsured creditors do not have the incentive to appropriately price risk if governments underprice implicit insurance through other government safety net protections.  The option value of underpriced deposit insurance and other safety net protections increases with the overall riskiness of the institution.

The capital structure of commercial banks reflects these distinctive consequences of their issuing demandable debt that participates in the payments system.  On the one hand, the potential for costly episodes of financial distress gives banks the incentive to maintain a higher ratio of equity capital to assets and to produce higher quality assets.  On the other hand, deposit insurance and other safety net protections may give some banks the incentive to operate with a lower capital ratio and with lower asset quality to maximize the cost-of-funds subsidy.

Numerous models of bank valuation have investigated the opposing incentives created by mispriced insurance and by different types of distress costs.  Studies such as those by Keeley (1990) and Demsetz, Saidenberg, and Strahan (1996) emphasize the loss of “franchise value,” the present value of future cash flows.  They measure banks’ franchise value by the ratio of their market value to the book value of their assets and find that banks with a higher franchise value, ceteris paribus, take less risk. Marcus (1984) uses options pricing to show that banks with a higher charter value have less incentive to exploit the deposit insurance subsidy. (Charter value is the competitive price the charter would command in a sale.)  Grossman (1992) documents the moral hazard effect of deposit insurance in the thrift industry. 

II.C. Signaling Risk.  The fundamental informational asymmetry that arises between lenders and borrowers concerning the borrowers’ credit risk gives lower risk borrowers the incentive to signal their riskiness to lenders to minimize the “lemons” premium that results from pooling with higher risk borrowers.  Much of the literature investigating the impact on capital structure and risk-taking of the opposing incentives of safety net subsidies and financial distress costs has generally concentrated on the potential for moral hazard without much discussion of the incentives for choosing lower-risk business strategies.  However, there is a body of literature that has considered this issue.

Lucas and McDonald (1992) construct a model in which lower-risk banks signal their safety by holding a relatively large proportion of their assets in government securities.  These securities offer safety from credit risk and a buffer against liquidity risk.  This signal is credible because higher-risk banks obtain a greater option-value of underpriced deposit insurance that makes it too costly for them to mimic the signal by holding a higher proportion of low-yielding government securities.  Lucas and McDonald’s empirical tests confirm that lower-risk banks hold higher proportions of these securities in their asset portfolios.

Ross (1977) and Leland and Pyle (1977) employ a signaling framework to illustrate how capital structure can resolve informational asymmetries, and Greenbaum and Thakor (1995) give several examples of different signaling mechanisms in lending which involve the borrowers’ signaling risk with their equity stakes.   Hughes and Mester (1998) find evidence from cost data that banks use equity capital to signal risk.  

II.D. Capitalization and Risk Signaling.  Since a bank’s equity capital is a cushion against losses and, hence, protection against financial distress, its level influences the probability of financial distress and is a critical consideration in dealing with liquidity risk.  Moreover, since capital represents the bank’s own bet on the quality of its assets and on its efforts at maintaining asset quality, the level of capital can function as a credible signal of the bank’s exposure to risk.  Given their asset sizes, lower-risk banks may choose to hold higher levels of capital as a signal to outsiders that their exposure to risk is lower.  A higher-risk bank may not choose to mimic a lower-risk bank’s signal because the opportunity cost of holding this extra capital is greater for them.  These banks, by definition, hold riskier assets than lower-risk banks, and, in an informationally efficient loan market that is not risk-neutral, they expect a higher return on their assets than do lower-risk banks.  In addition, the higher risk of their assets exploits the option value of underpriced deposit insurance. This difference in opportunity costs creates the potential for a separating equilibrium.  In a pooling equilibrium, the average cost of borrowed funds would result in a “lemons” penalty on borrowing for lower-risk banks that would encourage them to take a greater equity stake in their assets’ better-than-average performance.  For higher-risk banks, the average cost of borrowed funds would represent a subsidy on borrowing, like the subsidy created by underpriced deposit insurance, that could be exploited by taking additional risks through increased leverage and reduced asset quality.  Hence, these differences in incentives between higher and lower-risk banks can lead to a separating equilibrium in which higher-quality banks are able to signal their lower risk to outsiders by their degree of capitalization.  This signal is credible because higher-risk banks will be worse off if they choose to mimic the capitalization rates of lower-risk banks.

The separation between higher-risk and lower-risk banks represents dichotomous capital strategies that exploit entirely different cost-of-funds advantages.  The higher-risk strategy takes advantage of the bank’s ability to borrow insured funds at a rate subsidized by underpriced insurance.  The lower-risk strategy relies on the bank’s ability to provide a credible signal of its lower risk with its higher capital-to-assets ratio, which improves its market value in two ways.  First, by lowering the cost of borrowed funds, it improves its cash flows, and, second, by reducing the informational asymmetry between bank insiders and outsiders, a low-risk bank can decrease the “lemons” mark-up on the discount rate applied to its cash flows.

The magnitude of the costs a bank would incur as a result of financial distress undoubtedly plays an important role in determining whether it chooses a lower or higher-risk strategy. As studies such as those by Marcus (1984), Keeley (1990), and Demsetz, Saidenberg, and Strahan (1996) have shown, the incentive to exploit the deposit-insurance subsidy by taking additional risk is moderated by the potential for costly episodes of financial distress.  An increase in risk tends to increase market value by increasing the option value of mispriced insurance, while it tends to decrease market value by increasing the expected distress costs.  However, the incentive to minimize the “lemons” premium by signaling with a higher capital ratio is reinforced by the effect of a less risky investment strategy on the expected costs of financial distress.  Thus, an increase in the capital ratio that conveys a credible signal of lower risk tends to improve market value by reducing both the “lemons” premium and expected distress costs. 

A bank’s capital structure is a critical component of these strategies.  It substantially influences the likelihood of financial distress and reflects the risk inherent in the production plan that it finances.  Thus, higher-risk and lower-risk investment strategies are realized not just in the capital structure, but also in the details of the production plan.

III. Efficient Financial Production and the Employment of Capital

Individual investors all face the same efficient risk-return frontier of market assets.  Their choice set is determined exogenously by the risk and return characteristics of individual securities they purchase.  Banks, however, face a more complex investment problem than that of individual investors.  On the one hand, commercial banks in the United States cannot legally invest in many of the assets found in the individual investor's portfolio, but, on the other hand, only commercial banks can leverage their portfolios with demand deposits.  These deposits give commercial banks a comparative advantage in producing and investing in information‑intensive loans.  Hence, banks not only purchase assets, but they also use this comparative advantage to produce assets.  When banks are efficient investors, they are also efficient producers.     

Banks combine labor and physical capital as well as equity capital and borrowed funds to produce information‑intensive assets and off-balance-sheet products.  The production process for these assets and products involves collecting information, assessing credit risk, writing contracts, monitoring borrowers' financial  performance, and managing borrowers' financial distress.  Banks that are more efficient at accomplishing these tasks expect a higher return and a lower variance of return on individual loans. Hence, banks that are more efficient producers reduce both the systematic and idiosyncratic components of an individual loan’s total variance through better credit assessment, contract writing, and monitoring.
  Unlike individual investors, banks can influence the magnitude of an individual asset’s systematic risk or “beta.”  When loans are combined in banks’ portfolios, more efficient banks can expect a lower variance for any given return on their portfolios.  Thus, capital markets price this efficiency.

Like individual investors, banks are concerned with the diversification of their portfolios and with their asset compositions.  However, since banks are producing assets, their portfolios have a geographic reference that is associated with the location of their production processes.  Banks in the United States have historically faced a number of legal restrictions on branching that have limited their size and ability to diversify geographically.  These restrictions have led banks to seek other avenues of diversification by using such means as loan participations, correspondent-respondent relationships, and interstate holding companies.  These restrictions on branching have considerably complicated banks’ investment decisions.

Because banks produce as well as purchase assets, their portfolio production processes generate idiosyncratic risk that is not eliminated simply by combining assets in banks' portfolios.  Although banks' owners can diversify this risk in their own portfolios, they cannot eliminate its effect on the expected cost of financial distress.  Since idiosyncratic risk as well as systematic risk influences the probability of financial distress, it is likely that idiosyncratic risk will affect market value. Given two banks with the same total return, the bank that is more efficient at controlling idiosyncratic risk as well as systematic risk is likely to have a higher total market value, ceteris paribus.
 

A bank’s market value, of course, ultimately depends on the market’s perception of its risk.  The actual quality of a bank’s assets and the resources and skill a bank brings to the task of maintaining asset quality are relatively opaque to outsiders.   If banks with high quality assets can credibly signal their low risk to outsiders, they can improve their market value by lowering the cost of borrowed funds and by reducing the “lemons” mark-up on the discount rate applied to their cash flows.  We have argued in Section II that a bank’s capital structure is a likely means of signaling which is made credible by the cost-of-funds subsidy that is exploited by increasing leverage and reducing asset quality.  Thus, the informational asymmetry between the bank and its creditors combined with the bank’s unusual demandable debt and related regulatory protections lead to dichotomous capital strategies for achieving market-value efficiency.

IV. Efficiency Measurement Using Market Values
To measure efficiency, we focus on the difference between banks’ market and book values of assets.  The market value of assets represents the sum of the discounted expected cash flows from the bank’s assets during the current and future periods.  This value explicitly considers the riskiness of the bank’s assets since it is obtained by applying a bank-specific discount rate to its cash flows.  In contrast, the book value of assets primarily reflects the costs of the bank’s assets at the time these assets were originated or acquired.  The book value of assets net of goodwill is often used as a proxy for the assets’ replacement cost since actual replacement costs are usually difficult to obtain.
  Typically the market and book values will differ.  We propose that this discrepancy can be useful in determining the efficiency of a bank relative to its peers.  The comparison of a bank’s market value with that of its peers is facilitated by fitting a stochastic frontier of market value to the assets’ adjusted book value to identify the broadly defined measure of a bank’s potential market value.  As we note in the Introduction, we use a two-step procedure where, in the first step, we measure a bank’s market-value inefficiency by the difference between the broadly defined measure of the potential value of its assets and their actual value, and in a second step we ask how a bank’s capital allocation, its market opportunities, and its market power affect its efficiency.

In the second step, we do not compare levels of market-value inefficiencies across banks.  Instead, we ask how market-value inefficiency, the distance between a bank’s frontier market value and its observed market value, is affected by variations in its leverage, its asset quality, and other components of its production plan when we control for growth opportunities and market power.   For example, does an improvement in asset quality, ceteris paribus, reduce or increase the distance?  Or, what is the marginal effect of equity capital on the distance?  And, what are the marginal effects of market power and growth opportunities on the distance? We attribute the change in the distance to an increase or decrease in managerial inefficiency.  

IV.A. The Empirical Model for Measuring Inefficiency.  To illustrate the relationship between book and market values, we use a simple discounted cash-flow model.  In a multiple period setting, the current market value of the i-th firm’s assets, MVAi,0, is measured by the book value of equity, MVEi,0, and the market value of debt, MVLi,0:
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where E(CFEi,t  ) is the i-th firm’s expected cash flow paid to its shareholders at time t while E(CFDi,t  ) is the expected cash flow paid to debtholders at time t.  Expectations are based on available information at time 0.  The shareholders’ required return on equity for the i-th firm is ki while ri is the debtholders’ required return.   The expected cash flows are the sum of the expected cash flows in solvent states of the world and in financially distressed states.  Hence, this sum accounts for the expected costs of financial distress.
  

The cash flows depend on the i-th bank’s current and future production plans as well as its economic environment, designated by the vector, si,t .  The production plan consists of the bank’s on- and off-balance-sheet products, given by the vector, yi,t ; the level of equity capital, ki,t ; the amounts of other financial and nonfinancial inputs, xi,t ; and by variables, ni,t, characterizing the credit quality of the outputs, yi,t . These variables are measured by their book values.  We observe only the current production plan ( yi,0 , ki,0 , xi,0, ni,0 ).  Hence, our investigation focuses on how the current plan influences the market value of assets, MVAi,0, and of equity, MVEi,0 .  Nevertheless, we might expect that the current production plan is a good proxy for future production plans and cash flows.  The efficiency of a bank’s current production plan is likely to indicate the bank’s ability to generate future cash flows and to manage the risk that affects the discount rate on these cash flows.  In addition, some components of the current production plan may proxy expected costs of financial distress.  For example, the expected cash flow and risk associated with the current production plan, along with the degree of capitalization, figure into the bank’s risk of insolvency as well as its charter value.  If we interpret the amount of nonperforming loans as one of the measures of asset quality, ni,0, then it, too, may give some indication of the probability and magnitude of financial distress.

In addition to influencing expected cash flows, the current production plan affects the bank’s required return on capital, ki.  For example, if we assume a single-factor, asset-pricing model adequately describes the bank’s securities, the required return would be a function of the bank’s market “beta.”  The bank can alter the trade-off between the expected return and riskiness of its bank-specific assets through the resources and skill it brings to bear on the tasks of credit evaluation, contract writing, monitoring, and managing clients’ financial distress.  A change in these factors can alter the bank’s exposure both to systematic risk, measured by “beta,” and to idiosyncratic risk, measured by the market model’s standard error.  These factors are, of course, components of the bank’s current production plan.  Consequently, they are endogenous to the production process.  

Since the current production plan and the economic environment influence both expected cash flows and the discount rates applied to the cash flows, we can summarize these notions in a stylized valuation model:

  


=   g( yi,0 , ki,0 , xi,0 , ni,0 , si,0 ),
(2)

which can, in turn, be used to estimate inefficiency.     

In the first step of our two‑step procedure, we compute market‑value inefficiency.  We can define the market‑value inefficiency of a bank's assets by the difference between the broadly defined measure of potential (or frontier) market value and the bank's observed market value.  The frontier market value can be interpreted as the market value of the most valuable bank of comparable size.  To obtain this upper envelope of observed market values defined over adjusted book values, we employ stochastic frontier analysis.

This upper envelope of market values is fitted by appending a composite error term to a regression of observed market values, MVAi,0 , on adjusted book values, BVAi,0.  The composite error term, i , consists of a two-sided term,  i , that captures statistical noise and a one-sided term,  i , that gauges inefficiency.  This composite term fits an upper boundary to the data rather than an average relationship.  We employ a quadratic specification of the regression equation to allow for the possibility that the relationship between market and book value is nonlinear.  The resulting equation is

MVAi,0   =   +   (BVAi,0 ) +   (BVAi,0 ) 2  +  i  
(3)

where i = i - i , i  ~  iid N( 0,2 ),  i (0 ) ~ iid N( 0,2 ), which is estimated using maximum likelihood.  The frontier value, FMVAi,0 , is given by the deterministic kernel of the stochastic frontier,

 

FMVAi,0   =   +   (BVAi ,0) +   (BVAi,0 ) 2,
(4)

while the stochastic frontier, SFMVAi,0 , consists of the deterministic kernel and the two-sided error term:  SFMVAi,0 = FMVAi,0 + i .

Inefficiency,  i , is simply the difference between a bank's stochastic frontier market value and the observed market value, or equivalently the difference between a bank's value of the deterministic kernel and its noise‑adjusted market value such that

         

i = SFMVAi,0 - MVAi,0 = FMVA0  - (MVAi,0 - i ) ,

       (5)
where (MVAi,0 - i  ) is the noise-adjusted, observed market value of assets.  However, since i itself is not directly estimable, as in other cross‑sectional stochastic frontier studies, we estimate the inefficiency redefined as the expectation of i conditional on i : 
IEi = E( i | i) = FMVA0  - (MVAi,0 - i ). 


       (6)

These estimates are measured in dollars of lost market value. The measure of inefficiency in (6) relies on the broadly defined measure of potential value, which gives the highest value of the assets over all observed economic environments.  In our second step, we estimate the effect of production decisions and the economic environment on our measure of market-value inefficiency.

Substituting (2) into (6), we obtain the key relationship that motivates the second step of the analysis: 

IEi = h( yi,0 , ki,0 , xi,0 , ni,0 , si,0 ),
(7)

which indicates that the difference between a bank’s frontier market value and its noise-adjusted market value is a function of the bank’s production plan and, in particular, its employment of capital, as well as its economic environment.  We estimate this relationship using ordinary least squares.

In the absence of agency problems, efficiency can be measured equivalently in terms of the market value of assets or the market value of equity.  To compare the evidence that would be obtained from the latter measure, we compute inefficiency using both measures.  Since we find no significant qualitative differences in our empirical results, we report only the findings from the asset-based measure.

To check the robustness of our results, we compute an additional measure of inefficiency that does not rely on the frontier analysis and potential market values.  We re-estimate (7) using the difference between the observed market value and the adjusted book value of a bank to gauge its efficiency.  The results from this alternative measure of efficiency agree with the frontier-based measures, and we choose to report only the results from our frontier measure.

IV.B.  The Data.  Following the procedure described by Greene (1997), we estimate (3) and (7) separately using data on 190 highest-level bank holding companies in the United States in 1994.  The balance-sheet items were obtained primarily from the Federal Reserve Y-9C Consolidated Financial Statements for Bank Holding Companies.  The end-of-year book values of equity and total liabilities as well as the number of shares outstanding were obtained from the Standard & Poor’s Compustat data base while end-of-year stock prices were retrieved from the data banks of the Center for Research in Securities Prices (CRSP).

The production plan, ( yi,0 , ki,0 , xi,0 , ni,0 ), is specified as follows.  The outputs, yi,0, include on- and off-balance-sheet products.  The former consist of liquid assets (the sum of cash, balances due, federal funds sold, reverse repurchase agreements, and securities), commercial and industrial loans, agricultural loans, loans to individuals, real estate loans, other loans, leases, assets held in trading accounts, investments in unconsolidated subsidiaries, intangible assets, customers’ liabilities related to bank acceptances, and other assets.  The off-balance-sheet products are credit guarantees (unused portions of lines of credit, standby letters of credit, and so on), the notional amount of swaps, and the notional amount of all futures and options activity.  Equity capital, ki,0, is measured by the book-value of shareholders’ equity.  The inputs, xi,0 , consist of labor (measured by the number of full-time equivalent employees), physical capital (measured by the amount of premises and fixed assets), uninsured domestic deposits, all other domestic deposits, and other borrowing (foreign deposits, federal funds purchased, repurchase agreements, commercial paper, subordinated notes and debentures, mandatory convertible securities, trading account liabilities, mortgage indebtedness, and all other borrowing).  The credit quality of output, ni,0, is proxied by nonperforming loans (the sum of accruing and nonaccruing loans, leases, and other assets past due 90 days or more) plus gross charge-offs.  We add charge-offs to past-due loans to account for differences among banks in their aggressiveness toward charging off past-due loans.  To control for the economic environment, si0, we include a measure of market power and a measure of growth opportunities or potential.  Market power is proxied by a Herfindahl index of the bank’s share of deposits in the markets in which the bank operates.  A bank’s growth opportunities are proxied by a 10-year, weighted average growth rate of personal income: for each state in which the bank operates, the state’s 10-year average growth rate in personal income is weighted by the bank’s proportion of assets located in that state. 

V. Explaining Differences in Efficiency
The results of regressing inefficiency, equation (7), on the variables that characterize the production plan are shown in Table 2.  The first column of coefficients is derived by estimating (7) using the entire sample of 190 bank holding companies.  Since the results may differ between larger and smaller banks, we divide the sample in half.  The second and third columns of coefficients report the results for the two halves, whose dividing line occurs at $2 billion.  The signs of the coefficients in these three columns are generally in agreement, though the significance levels are different for large and small banks.

Another distinction between banks that might imply that the full-sample results are misleading is the level of capitalization.  As discussed previously, the role of capital may differ between banks with higher and lower capital-to-assets ratios.  Consequently, we divide the sample into more and less capitalized banks so that the latter group contains one-third of the sample while the former consists of two-thirds.  The capital-to-assets ratio that brings about this division is 0.0773.  The choice of this structural break in the sample was consistent with results using recursive Kalman filter estimation techniques applied to the sample ordered by the capital-to-assets ratio. The fourth and fifth columns of coefficients in Table 2 report the findings that follow from this splitting of the sample. 

Controlling for asset size, we find distinct differences between banks that have higher capital-to-assets ratios and those with lower ratios.  The signs of the coefficients on types of assets are generally negative and significant for the less capitalized banks while they are positive and significant for the more capitalized banks.  In other words, an increase in the book value of most types of assets results in a relatively larger increase in the market value of assets for less capitalized banks--an increase which is sufficiently large to reduce their distance from the market-value frontier.  In contrast, for more capitalized banks an increase in the book value of most types of assets results in a smaller increase in their market value--sufficiently smaller that it increases their distance from the frontier.  Hence, if we control for the unadjusted book value of capital, an increase in the level of most types of assets or, equivalently, a decrease in the capital-to-assets ratio decreases inefficiency for less capitalized banks while it increases inefficiency for more capitalized banks. 

When we turn to the effect on inefficiency of the level of capital, measured by its unadjusted book value, once again, after controlling for asset size, we find that the effect differs between the two groups.  For the less capitalized group, an increase in capital increases inefficiency while, for the more capitalized group, it decreases inefficiency.  Hence, an increase in the book value of equity increases the market value of assets relatively more for the more capitalized banks--an increase which is sufficiently large so as to reduce their distance from the frontier.  In contrast, for the less capitalized banks, an increase in the book value of equity results in a smaller increase the market value of assets--sufficiently smaller that it increases their distance from the market-value frontier.  Since an increase in capital, given asset size, is equivalent to an increase in the capital-to-assets ratio, this difference in coefficients on capital implies that an increase in the capital-to-assets ratio for the less capitalized group increases inefficiency while it decreases inefficiency for the more capitalized banks.  Hence, the implications of the differences in sign between the coefficients on assets and those on equity capital are in agreement.

Since larger banks typically have lower capital ratios, it is important to investigate whether the difference in capital’s effect on inefficiency between the more and less capitalized groups could really reflect a size difference.  Table 1 reports that banks in the less capitalized group are larger on average, and the differences in the means is statistically significant.  Of course, the regressions run on the subsamples of larger and smaller banks show no evidence of this dichotomous effect of capital--a result which is robust to any variation in the split between larger and smaller banks.  In fact, a Wald test applied to the difference between the values of the regression coefficient on the book-value of equity between the larger and smaller banks shows that there is no significant difference in the effect of capital for any of the different splits defining the grouping of larger and smaller banks. 

We confirm this result by applying recursive Kalman filter estimation techniques to variables that characterize the production plan.  While this technique is typically used to uncover structural change or parameter inconsistency in time series, it can also be used to uncover structural differences or heterogeneity in cross-sectional models by ordering the data with respect to the reference variables that are thought to generate the structural differences.  (See p. 118 of Johnston and DiNardo (1997).)  Here, we consider two reference variables‑‑the capital-to-assets ratio and the book value of total assets.  When the data are ordered by the capital ratio, the estimate of the coefficient on the book value of equity evolves from positive to significantly negative, which suggests a possible structural difference in the relationship of inefficiency and the book value equity between the more and less capitalized banks.  On the other hand, when data are ordered by the book value of total assets, the evolution of the parameter estimate for the book value of total assets does not display any directional move. 

This evidence suggests that inefficient holding companies with lower capitalization improve their performance by reducing capital-to-assets ratios while those with higher capitalization achieve better financial performance by increasing their capital ratios--a result which applies to smaller banks as well as larger banks.  Hence, the less capitalized group appears to improve efficiency by taking on more risk, and the more capitalized group, less risk.  This interpretation receives additional support from the statistically significant negative sign on nonperforming loans (plus charge-offs) for the less capitalized banks.  When these banks assume more credit risk, they can expect a higher level of nonperformance.  Hence, the negative sign suggests that the less capitalized group can also improve efficiency by assuming more credit risk.

These dichotomous findings extend as well to the signs on the coefficients for the three types of borrowed funds.  The statistically significant positive signs for the holding companies in the less capitalized group imply that increased borrowing increases their inefficiency while, for the greater capitalized group, the negative signs indicate that increased borrowing reduces their inefficiency.  This difference in signs suggests that investors distinguish between more and less capitalized banks.

If, in fact, investors discriminate among banks by their degree of capitalization, and if less capitalized, inefficient banks can enhance their efficiency by decreasing their capital ratios, it would appear that the more capitalized banks can provide a credible signal of their riskiness by the level of capital they put at risk.  Our evidence seems to suggest that the less efficient banks in this group can improve their performance by increasing their capital-to-assets ratios.  In contrast, it would appear that banks in the group with lower capital-to-assets ratios cannot provide a credible signal by their level of capital.  In fact, the less efficient banks in this group can improve their performance by reducing their capital-to-assets ratios.  In line with our signaling argument, this evidence may imply that investors penalize less capitalized banks (by reducing their market valuation) whose capital levels appear to send a false signal that their assets are of better quality.  That is, less capitalized banks cannot afford to mimic the signal of better capitalized banks because their opportunity costs are too high. And, of course, an important component of these opportunity costs is the cost-of-funds subsidy created by underpriced insurance that is increased by taking additional risk.

Finally, the variables controlling for the economic environment do not in general have a statistically significant impact on market-value inefficiency.  Although the coefficient on the economic growth variable indicates that a higher growth rate reduces inefficiency, it is not significantly different from zero in any of the regressions.  The Herfindahl index of market power is statistically significant only for the less-capitalized banks.  As expected, an increase in market power reduces the difference between potential and observed market values.

5. Conclusions 
Our evidence indicates that the level and allocation of equity capital influences banks’ efficiency and, hence, the market value of their assets.  However, even controlling for the effect of asset size, we find that the influence of equity capital differs markedly between inefficient banks with higher capital-to-assets ratios and those with lower ratios.  This dichotomy in equity capital’s effect on efficiency suggests a separating equilibrium in which more and less capitalized banks have different incentives to employ capital.
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Table 1.  Summary Statistics of Bank Holding Companies


                      +Measured in thousands of dollars.






                  *Inefficiency ratios are the amount of lost value divided by the observed market value.










I.  Full Sample (n = 190)
   Mean
    Std. Dev.
  Minimum
     Maximum

Asset Inefficiency Ratio*

Equity Inefficiency Ratio*



0.0289168
0.0341621
0.00013625
0.2231045



0.4459849
0.8749832
0.0028606
7.6140949

Market-to-Book Assets

1.0363696
0.0321529
0.9702756
1.1718826

Market-to-Book Equity

1.4368271
0.3743982
0.5631479
2.6226742

Market Value of Assets+

12822466
31512790.75
155108.25
249287434

Adjusted B.V. Assets+

12549629.8
31328410.3
159860
250447500

Book Value of Assets+
12613070.6
31505390.21
159860
250489000

B.V. Capital/B.V. Assets
0.0849826
0.0159363
0.0442443
0.1353974

II. Smaller Half of Sample (Total Assets < $2 Billion, n = 96 )


Asset Inefficiency Ratio*

0.0521778
0.0346014
0.016013
0.2231045

Equity Inefficiency Ratio*

0.815847
1.1134749
0.1155143
7.6140949

Market-to-Book Assets

1.0385358
0.0374851
0.9702756
1.1718826

Market-to-Book Equity

1.4300979
0.417894
0.5631479
2.5431147

Market Value of Assets+

934999.85
527957.47
155108.25
2139888.75

Adjusted B.V. Assets+

897583.17
503686.99
159860
1975677

Book Value of Assets+

900645.83
505049.42
159860
1984629

B.V. Capital/B.V. Assets
0.0900651
0.0166454
0.0442443
0.1353974

III. Larger Half of Sample (Total Assets > $ 2 Billion, (n = 94)


Asset Inefficiency Ratio*

0.0051609
0.0044498
0.00013625
0.0164349

Equity Inefficiency Ratio*

0.0682533
0.0630257
0.0028606
0.3000964

Market-to-Book Assets

1.0341573
0.0256092
0.9825025
1.1286057

Market-to-Book Equity

1.4436995
0.326166
0.7522922
2.6226742

Market Value of Assets+

24962857
41509240.79
2103458
249287434

Adjusted B.V. Assets+

24449592.4
41364937.64
2030235
250447500

Book Value of Assets+

24574695.9
41601834.34
2030235
250489000

B.V. Capital/B.V. Assets
0.0797919
0.0133865
0.0484868
0.1333966

IV. Less Capitalized 1/3 of Sample (Capital-to-Assets Ratio < 7.73%, n=64)

Asset Inefficiency Ratio*

0.024398
0.0399184
0.00013625
0.2231045

Equity Inefficiency Ratio*

0.5887181
1.3798845
0.0028606
7.6140949

Market-to-Book Assets

1.0240151
0.0298291
0.9702756
1.1111299

Market-to-Book Equity

1.3597754
0.4377585
0.5631479
2.4884998

Market Value of Assets+

24368550
43227901.15
155108.25
249287434

Adjusted B.V. Assets+

23977140.9
43055584.16
159860
250447500

Book Value of Assets+
24058305.9
43130004.12
159860
250489000

B.V. Capital/ B.V. Assets

0.0694074
0.0068875
0.0442443
0.0772241

V. More Capitalized 2/3 of Sample (Capital-to-Assets Ratio > 7.73%, n = 126)

Asset Inefficiency Ratio*


0.031212
0.0307522
0.00016452
0.1450918

Equity Inefficiency Ratio*


0.3734854
0.4268425
0.0033018
2.1866924

Market-to-Book Assets

1.0426449
0.0315727
0.9751226
1.1718826

Market-to-Book Equity

1.4759645
0.3328312
0.690944
2.6226742

Market Value of Assets+

6957788.45
21372293.92
238472
211675396

Adjusted B.V. Assets+

6745179.75
21186140.24
238216
211764250

Book Value of Assets+
6799617.73
21496996.2
238216
215475000

B.V. Capital/B.V. Assets

0.0928938
0.0131452
0.0778753
0.1353974









Table 2.  OLS Regressions of Bank Inefficiency (Rounded Data)

























*Significant at the 10% level, **at the 5% level, ***at the 1% level.  Two-tailed t-statistics are computed from White

 reported in brackets. 









standard errors and are reported in the brackets.

























Independent Variable




Book Value
Book Value
Less
Better




Assets
Assets
Capitalized
Capitalized



Full
< $2 Bil.
 > $2 Bil.
< 7.73%
> 7.73%



N=190
N=96
N=94
N=64
N=126









Constant

34752.0***
34612.0***
34959.0***
34777.0***
34621.0***



[304.501]
[1507.325]
[146.798]
[200.449]
[597.668]

Cash and Securities



-0.00059
-0.00055
-0.00074*
-0.00198***
0.00135*



[-1.237]
[-1.068]
[-1.667]
[-7.04]
[1.704]

C&I Loans

-0.00023
-0.00072
-0.00035
-0.00194***
0.00105



[-0.485]
[-1.416]
[-0.812]
[-5.812]
[1.571]

Agricultural Loans



-0.00179*
-0.00066
-0.00198**
-0.00134
0.00268**



[-1.758]
[-0.999]
[-2.075]
[-1.527]
[2.383]

Individual Loans



-0.00049
-0.00064
-0.00054
-0.00181***
0.00107*



[-1.056]
[-1.29]
[-1.265]
[-5.838]
[1.715]

Real Estate Loans



-0.00059
-0.00087
-0.00072*
-0.00188***
0.00125



[-1.301]
[-1.643]
[-1.681]
[-7.346]
[1.579]

Other Loans



-0.00105**
0.00044
-0.00111**
-0.00220***
0.00083



[-2.019]
[0.528]
[-2.243]
[-6.383]
[0.788]

Leases

-0.00146**
-0.00269***
-0.00154**
-0.00424***
0.00032



[-2.093]
[-3.324]
[-2.373]
[-6.15]
[0.351]

Trading Account



-0.00083
-0.00139**
-0.00097*
-0.00329***
0.00107



[-1.53]
[-2.234]
[-1.927]
[-6.855]
[0.939]

Unconsolidated



0.00786
-0.02483**
0.00482
0.03922***
0.01782***

Subsidiaries



[1.463]
[-2.371]
[0.904]
[6.284]
[3.137]

Intangible Assets



-0.00121
-0.00192
-0.00042
0.00082
0.00299***



[-0.851]
[-1.416]
[-0.307]
[0.477]
[3.806]

Other Assets



0.00050
-0.00079
0.00047
-0.00274***
0.00177*



[1.036]
[-0.485]
[1.011]
[-3.24]
[1.895]

Acceptances



-0.00175
-0.01812
-0.00201
0.00583*
0.00307**



[-0.757]
[-0.808]
[-0.955]
[1.706]
[2.259]

Book Value Equity



-0.00107*
-0.00067
-0.00147***
0.00183***
-0.00197*



[-1.925]
[-1.12]
[-2.605]
[3.076]
[-1.756]

Nonperforming



-0.00115
0.00208**
-0.00071
-0.00710***
0.00068

Assets

[-0.887]
[2.49]
[-0.546]
[-5.155]
[0.35]

Economic Growth



-190.93
-99.57
-235.96
-905.97
-549.03



[-0.211]
[-0.488]
[-0.168]
[-0.598]
[-0.835]

Credit Guarantees



0.00004*
0.00025**
0.00005**
-0.00010***
0.00004



[1.676]
[2.478]
[2.059]
[-2.978]
[0.863]

Swaps

0.00007***
0.00027
0.00007***
0.00004**
0.00009



[4.915]
[0.812]
[5.608]
[3.129]
[1.369]

Futures and Options



-0.00001
0.00153**
-0.00001*
0.00004***
-0.00003



[-1.288]
[2.159]
[-1.686]
[2.962]
[-0.952]

Labor

0.05774
0.21261***
0.02599
-0.00130
0.01454



[0.875]
[2.675]
[0.399]
[-0.022]
[0.186]

Physical Capital



0.00130
-0.00417***
0.00154
-0.00640***
0.00334***



[0.541]
[-2.831]
[0.68]
[-2.771]
[3.035]

Uninsured Domestic



0.00115**
0.00072
0.00108**
0.00224***
-0.00136*

Deposits

[2.241]
[1.463]
[2.182]
[7.222]
[-1.812]

Independent Variable



Book Value
Book Value
Less
Better





Assets
Assets
Capitalized
Capitalized



Full
< $2 Bil.
 > $2 Bil.
< 7.73%
> 7.73%



N=190
N=96
N=94
N=64
N=126









Other Domestic



0.00053
0.00069
0.00069
0.00217***
-0.00128*

Deposits

[1.039]
[1.281]
[1.443]
[6.457]
[-1.688]

Other Borrowed



0.0006
0.00094*
0.00079*
0.00215***
-0.00143*

Funds

[1.218]
[1.737]
[1.709]
[6.691]
[-1.915]

Herfindahl Index



-107.29
-57.26
161.41
-546.17**
76.38



[-0.665]
[-1.159]
[0.256]
[-1.995]
[0.719]









Adjusted R^2



0.856
0.632
0.869
0.976
0.898









F-statistic

40.749
5.09
19.121
67.452
37.002

�Berger and Humphrey (1997) and Berger and Mester (1997) provide an extensive survey of this literature.


�Book value, adjusted to remove goodwill, is often employed in banking studies to proxy replacement cost. For example, see Demsetz, Saidenberg, and Strahan (1996) and Keeley (1990).


�Keeley (1990) and Demsetz, Saidenberg, and Strahan (1996) use the ratio of the market value to the book value of assets as a measure of relative franchise value to investigate how it affects bank risk-taking.


�Lower-level holding companies--holding companies owned by the highest-level companies--are not individually included in the sample since their business strategies are likely to depend on the strategy of their highest-level owner.


�See Bhattacharya and Thakor (1993) for a review of the extensive literature on banking theory.  Mester, Nakamura, and Renault (1998) provide empirical evidence that banks obtain an informational advantage from their demand deposits.


�See Smith and Stulz (1985) for a discussion of the effect of potential financial distress on the firm’s investment strategy.  Tufano (1996) and Smith and Stulz (1985) examine various reasons why value-maximizing firms might trade current profits for reduced risk.


�The discussion in this section relies on Hughes and Moon (1995).


�Flannery (1989) made a similar point in a different context.


�Levy and Sarnat (1970) made a similar point about idiosyncratic risk in relation to conglomerate mergers.  They argued that two unrelated firms that merge can reduce the expected costs of bankruptcy because there may be some states of nature where the cash flow from one subsidiary can be used to prevent the other subsidiary from entering bankruptcy.  The authors note that this reduction in expected bankruptcy costs cannot be replicated by an external investor.  This result has a direct parallel to a bank that merges with another bank since the expected costs of financial distress can be reduced in a way that an investor, such as a depositor, cannot duplicate.  Therefore, the reduction of idiosyncratic risk via bank-initiated rather than investor-initiated diversification may affect the market value of the bank.


�Since goodwill is a component of market value, it should be subtracted from book value to obtain a proxy for replacement cost.   See Demsetz, Saidenberg, and Strahan (1996) for a discussion of using adjusted book value as a proxy for replacement costs. 


�The standard profit function used to measure efficiency accounts for the part of the expected cash flow to shareholders that is due to production in the current period, E(CFEi,0 ).  Since it assumes that current period profit is maximized, it does not allow for the influence of expected costs of financial distress on the current production plan or its expected profitability.


�See Jondrow, Lovell, Materov, and Schmidt (1982) for the details of this technique.  It has been extensively employed in a variety of contexts.  For its application to banking, see Berger and Humphrey (1997) and Berger and Mester (1997).


�See Greene (1997), p.109, for the details of this two-step procedure.
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