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Abstract

The Lerner index is widely used to assess firms’ market power. However, estima-

tion and interpretation present several challenges, especially for banks, which tend

to produce multiple outputs and operate with considerable inefficiency. We estimate

Lerner indices for U.S. banks for 2001–18 using nonparametric estimators of the un-

derlying cost and profit functions, controlling for inefficiency, and incorporating banks’

off-balance-sheet activities. We find that mis-specification of cost or profit functional

forms can seriously bias Lerner index estimates, as can failure to account for inefficiency

and off-balance-sheet output.
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1 Introduction

The ongoing consolidation of the U.S. banking industry, reflected in a reduction in the

number of commercial banks as well as greater concentration of the industry’s total assets

among the very largest banks, has prompted concerns about the level of competition in the

industry. Economists and policymakers have long been interested in the competitiveness

of banking markets, both for antitrust purposes and to assess how market structure and

competition affect such outcomes as the efficiency or stability of banking systems. Whereas

antitrust authorities generally infer the competitiveness of banking markets from measures of

market concentration (e.g., the Herfindahl index), economists recognize that concentration

might not accurately reflect the degree of competition in banking markets (e.g., Berger

et al., 2004). Concentration measures focus on how markets are proportioned between firms,

which may be related to firms’ pricing power. However, if entry is free or nearly so, firms

in concentrated markets might have little pricing power. Accordingly, most modern studies

use the Lerner index (Lerner, 1934), i.e., the difference between a firm’s output price and its

marginal cost at the profit-maximizing rate of output, or similar measures to estimate the

market power of individual banks. Lerner index estimates are then used to investigate such

topics as the relationship between bank competition and stability (e.g., Berger et al., 2009;

Beck et al., 2013; Buch et al., 2013; Jimenez et al., 2013; and Forssbaeck and Shehzad, 2015)

and efficiency (e.g., Maudos and de Guervara, 2007; Delis and Tsionas, 2009; Koetter et al.,

2012; and Huang et al., 2017). Clearly, well-grounded and accurate estimation of the Lerner

index is critical to assessing banks’ market power and, therefore, these relationships.1

This paper presents new estimates of the Lerner index for U.S. banks for 2001–18. Recent

refinements in the estimation of Lerner indices for banks include adjustments for operating

inefficiencies and banks’ off-balance-sheet activities. We adopt these refinements here, but

unlike previous studies we use nonparametric estimation methods to avoid untenable func-

1 See Elzinga and Mills (2011) for information about the origins and uses of the Lerner index and some
alternative measures, and Shaffer and Spierdijk (2019) for a comprehensive list of recent banking studies
that use the Lerner index. The Lerner index also frequently appears in studies involving other industries
and markets. Recent examples include Hovhannisyan and Gould (2012), Aghion et al. (2015), Booth and
Zhou (2015), Hall (2018), and Lopez et al. (2018).
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tional form assumptions about the cost and profit relationships that underly the Lerner

index. We present Lerner index estimates based on our nonparametric methods and esti-

mates based on the widely-used translog functional form for comparison. We show that the

translog models mis-specify banks’ costs and profit functions, and lead to under-estimation

of mean Lerner indices across banks by as much as 69 percent or more. Further, we show

the consequences of ignoring operating inefficiency and off-balance-sheet activities for Lerner

index estimates.

Although numerous studies use Lerner indices to assess market power, estimating Lerner

indices for banks and interpreting the results present several challenges. For example, in

banking studies, the output price component of the Lerner index is usually measured as total

revenue divided by a bank’s total assets (recent examples include Berger et al., 2009; Beck

et al., 2013; Anginer et al., 2014; Spierdijk and Zaouras, 2018; and Shamshur and Weill,

2019). However, as Shaffer and Spierdijk (2019) note, equating bank output with total

assets erroneously treats some assets, such as the value of a bank’s premises, as outputs,

while ignoring off-balance-sheet activities, such as trading and investment services, which

are an important source of revenue for many banks. To date, only a few studies incorporate

measures of off-balance-sheet activities in Lerner index estimation (Buch et al., 2013; Hakenes

et al., 2015; Shaffer and Spierdijk, 2019).2

A second short-coming of many Lerner index studies is a failure to account for operat-

ing inefficiencies. Researchers have found evidence of considerable inefficiency in banking,

however, including cost, profit and revenue inefficiency (e.g., Berger and Humphrey, 1991;

Wilson, 2019), and in terms of scale (e.g., Wheelock and Wilson, 2012, 2018; Hughes and

Mester, 2013). Any inefficiency in the use of inputs or failure to maximize profits will bias

estimates of market power derived from the Lerner index. Koetter et al. (2012), for exam-

ple, find that adjusting for cost and profit inefficiencies increases Lerner index estimates for

U.S. banks by approximately 30 percent.3 Similarly, Spierdijk and Zaouras (2018) note that

2 By contrast, several studies include measures of off-balance-sheet activities when estimating banks’ cost
efficiency or returns to scale (e.g., Jagtiani et al., 1995; Jagtiani and Khanthavit, 1996; Berger and Mester,
2003; Hughes and Mester, 2013; Wheelock and Wilson, 2012, 2018; and Assafa et al., 2019).

3 Other Lerner index studies that incorporate inefficiency include Coccorese (2013) and Huang et al.
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in the presence of economies of scale, Lerner index values greater than zero can reflect the

infeasibility of marginal-cost pricing rather than market power. Their estimates of a “scale-

corrected” Lerner index for U.S. banks are significantly higher than uncorrected estimates

over a majority of their sample period (2000–14).

The contributions of these and other recent studies have greatly improved upon conven-

tional, though still widely-used, approaches to estimating Lerner indices for banks. Although

each of these studies addresses one or more short-comings of the conventional approach, they

have in common the use of parametric specifications for cost and profit functions that un-

derly the Lerner index, and thus run the risk of mis-specified functional forms.4 Although

useful in many applications, the translog and other parametric functions are only suitable

for samples consisting of relatively homogeneous banks. Various studies reject the translog

function in particular as a mis-specification of banks’ cost, revenue or profit relationships

when fit globally.5 We also test and reject the translog functional form for a sample con-

sisting of all U.S. bank holding companies observed from 2001 through 2018. A few studies

attempt to avoid or minimize specification error by estimating models on samples consisting

of similarly-sized banks observed over short periods of time (e.g., Spierdijk and Zaouras,

2018; Shaffer and Spierdijk, 2019), though in the absence of formal testing it is unclear

whether restricting samples in this way overcomes the problem.

Rather than attempt to identify a homogeneous sample of banks for which translog

cost or profit functions might be fit without incurring specification error, in this paper,

we produce new estimates of Lerner indices for U.S. banks for 2001–18 using an almost

fully-nonparametric approach to estimation and inference that avoids the potential for mis-

(2018). Delis and Tsionas (2009) allow for inefficiency while estimating a different measure of market power.
4 For example, among Lerner index studies, Koetter et al. (2012), Buch et al. (2013), Spierdijk and Zaouras

(2018), Coccorese (2013) and Huang et al. (2018) estimate translog cost (or profit) functions. Hakenes et al.
(2015) use the closely related Fourier-flexible function form of Berger and Mester (1997), and Shaffer and
Spierdijk (2019) estimate variations of a generalized Leontief cost function (Fuss, 1977). We are unaware
of any Lerner index studies that use nonparametric estimators of the underlying cost or profit functions,
though a large number of studies have used data envelopment analysis or other nonparametric approaches to
estimating banks’ cost, revenue or profit inefficiency (see Wilson, 2019 and references therein for examples).

5 See McAllister and McManus (1993), Mitchell and Onvural (1996), Wheelock and Wilson (2001, 2012,
2018) and Hughes and Mester (2013, 2015).
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specified functional forms. Specifically, we first use a nonparametric, local-linear estimator to

estimate conditional mean functions for bank cost and profit relationships. Next, we regress

cubed residuals from the conditional mean function estimation on covariates in the cost

and profit functions in order to estimate (locally) the third moment of the conditional mean

function residuals. Using this information, we adjust the original estimates of the conditional

mean function to estimate cost and profit frontiers as well as the corresponding inefficiencies

by exploiting the skewness of the original estimated residuals along the lines of Simar et al.

(2017) and Hafner et al. (2018). Consistency of the local-linear estimator requires only mild

assumptions. In addition, because we assume only symmetry of stochastic, two-sided noise in

the frontier functions, the shape of the composite error in our cost and profit functions is quite

flexible. Although we adopt a local half-normal distribution for the one-sided inefficiency

term, the shape parameter of the half-normal is allowed to depend on the covariates in the

response function and is estimated locally. As a result, our model avoids global functional

form assumptions and the associated risk of mis-specification. Moreover, unlike most Lerner

index studies, we include a measure of banks’ off-balance sheet activities in both the cost

and profit functions, as well as in the parameterization of the shape parameter in the local

half-normal inefficiency term. Consequently, we allow for the possibility that off-balance

sheet activities as well as other covariates affect the cost and profit frontiers, the inefficiency

processes, or both, and thereby avoid the restrictive separability condition discussed by

Simar and Wilson (2007) and Daraio et al. (2018). We report inefficiency and Lerner index

estimates from both our nonparametric approach and from estimation of translog cost and

profit functions to gauge the consequences of the standard functional form assumptions,

which turn out to be quantitatively important. We also show the effects of controlling for

inefficiency and incorporating off-balance-sheet activities on estimates of the Lerner index.6

The next section presents a microeconomic model for banks and defines components

6 As noted above, Spierdijk and Zaouras (2018) observe that returns to scale confounds the interpretation
of the Lerner index as a measure of market power, and propose a scale-corrected Lerner index. However, their
index estimates are based on a fully-parametric translog cost function and do not control for inefficiency.
We leave for future research the problem of simultaneously controlling for inefficiency and scale economies
in a nonparametric framework. In the discussion that follows, we are careful to note that in the presence of
scale economies, the Lerner index cannot be interpreted as a pure measure of market power.
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needed to compute Lerner indices. Of course, these components, as well as the Lerner in-

dices, are unobserved and must be estimated. Section 3 discusses the data used to define

variables described in Section 2. Section 4 presents our statistical model and gives details

for estimation and inference, and Section 5 presents empirical results. Section 6 provides a

summary and conclusions. Some additional details on (i) rejection of the translog specifica-

tion, (ii) estimation of profit functions needed to estimate Lerner indices, and (iii) additional

estimation results are given in the separate Appendices A, B and C, respectively.

2 Microeconomic Specification

Lerner (1934, p. 169) defines

L :=
Price−Marginal Cost

Price
(2.1)

as an index of market power. Under perfect competition, firms have no market power and

price should equal marginal cost so that L = 0. However, if firms have market power, then

L > 0, with L becoming larger with increasing market power. Noting that (i) price×output

equals revenue and hence price equals revenue/output, and (ii) profit equals revenue−cost

and hence revenue equals profit+cost, the Lerner index L can be written as

L =
Average Revenue − Marginal Cost

Average Revenue

= 1−
Marginal Cost × Total Output

Profit + Cost
. (2.2)

Estimating the Lerner index using the formulation in the second line of (2.2) requires esti-

mating cost and profit functions.

To establish notation, let x ∈ R
p

+ and y ∈ R
q

+ denote column vectors of p input quantities

and q output quantities, respectively. Let wx ∈ R
p

++ denote the column vector of input

prices corresponding to x, and let wy ∈ R
q

++ denote the column vector of output prices

corresponding to y. Then variable cost is given by C := w
′

x
x, which firms seek to minimize

with respect to x subject to h(x,y) = 0 where h(·, ·) represents the product-transformation

function that determines the possibilities for transforming input quantities x into output
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quantities y. Solution of the constrained minimization problem yields a mapping R
q

+×R
p
7→

R
p

+ such that x = x(y,wx); substitution into C = w
′

x
x yields

C = w
′

x
x = w

′

x
x(y,wx) = C(y,wx) (2.3)

where C(y,wx) is the variable cost function.

The story so far is part of the standard microeconomic theory of the firm (e.g., see

Varian, 1978). Under perfect competition in output markets, the same body of theory implies

that firms maximize revenue R := w
′

y
y with respect to output quantities, again subject to

h(x,y) = 0, yielding the solution y = y(wy,x). Substitution then yields R = w
′

y
y(wy,x) =

Rs(x,wy), i.e., a standard revenue function that maps input quantities and output prices to

revenue. Fuss and McFadden (1978) and Laitinen (1980) describe the conditions on h(x,y)

required for existence of the revenue (and profit) function(s).

Banking studies, however, often estimate alternative revenue or profit functions, where

revenue (or profit) are functions of output levels and input prices. As discussed, for example,

by Berger and Mester (1997), the alternative revenue and profit functions provide a means of

controlling for unmeasured differences in output quality across banks, imperfect competition

in bank output markets (which gives banks some pricing power), any inability of banks

to vary output quantities in the short-run, and inaccuracy in the measurement of output

prices. Berger et al. (1996) describe the assumptions underlying standard and alternative

revenue functions, and the validity of those assumptions for banks. The standard form

assumes that banks are price takers. The alternative form, by contrast, assumes that banks

have some pricing power, and views banks as having greater on-going flexibility in setting

output prices than output levels. Based on a review of available evidence, Berger et al.

(1996) conclude that some two-thirds of bank revenues are associated with services that

reflect a degree of price-setting behavior, and they proceed by viewing banks as negotiating

prices and fees, where feasible, to maximize revenues and profits for given levels of output.

Berger et al. (1996) argue that this model better represents how banks actually operate

than the perfectly-competitive model which underlies standard revenue and profit functions.

Berger and Mester (1997, 2003) elaborate further on the advantages of the alternative form
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of the revenue and profit function. For example, they note that in addition to admitting

the possibility that banks have some degree of pricing power, the alternative form can be

informative about bank performance when there are unmeasured differences in the quality

of services provided by banks, when banks are unable to adjust their sizes quickly, or when

output prices are not measured accurately. Indeed, bank input prices are, for the most

part, more readily observed in published financial data than output prices. The absence

of output price information for the vast majority of banks means that standard revenue or

profit functions cannot be estimated (unless outputs are aggregated to an even greater degree

than in our models).

Focusing on profits, let wxy =
[

w
′

x
w

′

y

]

′

and q =
[

−x
′

y
′
]

′

. Standard theory suggests

that firms operating in perfectly competitive input and output markets maximize profit

P := w
′

xy
q with respect to q, subject to h(x,y) = 0. Solution of the constrained optimization

problem yields q = q(wxy); substituting this back into the profit function P = w
′

xy
q gives

P = w
′

xy
q(wxy) = P s(wx,wy), i.e., the standard profit function that maps input and output

prices into profit. Under imperfect competition in output markets, however, banks maximize

profit with respect to input quantities x and output prices wy, subject to h(x,y) = 0 and

g(y,wx,wy) = 0. The solution results in a mapping R
q

+×R
p
7→ R

p

+ such that x = x(y,wx),

and a mapping R
q

+ × R
p
7→ R

q such that wy = r(y,wx). Substituting these into the profit

function gives the alternative profit function

P = w
′

xy
q =

[

r(y,wx)
′

w
′

x

] [

y
′

−x(y,wx)
′
]

′

= P (y,wx) (2.4)

introduced by Berger et al. (1996) where output quantities and input prices are mapped into

profit.

Note that the cost function C(y,wx) must be homogeneous of degree one with respect to

input prices wx since the cost minimization problem implies that factor demand equations

must be homogeneous of degree zero in input prices. However, there is no such requirement

for the alternative profit function. Without additional assumptions, the alternative profit

function is neither homogeneous with respect to input prices wx nor homogeneous with

respect to output quantities y. See Berger et al. (1996) and Restrepo-Tobón and Kumbhakar
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(2014) for discussion.

The cost and profit functions derived above rely on the microeconomic theory of the firm.

The next section develops the statistical models that we estimate to obtain the predicted

values needed to estimate the Lerner index defined in (2.2). Section 4 then describes the

nonparametric estimation methods we use to estimate the cost and profit functions and

subsequently the Lerner index.

3 Data Specification

To obtain estimates of the Lerner index in (2.2), we must first specify the cost function

C(y,wx) in (2.3) and the profit function P (y,wx) in (2.4). Our specification of right-hand-

side (RHS) explanatory variables closely follows Wheelock and Wilson (2012, 2018) and much

of the banking literature. We use year-end data on U.S. bank holding companies for 2001–

2018 from the Federal Reserve System’s FR Y-9C reports. For each year, we obtain a unique

list of regulatory high-holder identifiers from the FDIC call reports for commercial banks,

and use these to select bank holding companies. Doing so ensures that our data consist only

of firms that engage in traditional banking activities, and exclude other financial holding

companies that file FR Y-9C reports but engage primarily in insurance, brokerage services,

and other non-banking activities.

We define two dependent variables, namely profit before taxes (P ) and total operating

costs (C). Among our explanatory variables, we include the price of premises and fixed

assets (W1); the price labor (W2); and the price of deposits and other funding liabilities

(W3). We measure the input price variables (i.e., W1, W2, W3) by dividing expenditures

on inputs by the corresponding quantities of inputs. We define three output measures,

namely total securities (Y1), total loans (Y2) and off-balance sheet activities (Y3).
7 Following

7 To obtain values for the off-balance sheet variable (Y3) we follow McCord and Prescott (2014) and sum
credit-equivalent measures of various off-balance sheet activities as reported in the FR Y-9C schedule HC-
R, part II (“Regulatory Capital”). For 2015–2018, these activities include off-balance sheet securitization
exposures, financial standby letters of credit, performance standby letters of credit and transaction-related
contingent items, commercial and similar letters of credit with an original maturity of one year or less,
retained recourse on small business obligations sold with recourse, repo-style transactions, unused commit-
ments with original maturity of one year or less, excluding unused commitments to asset backed commercial
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Berger and Mester (2003), we include total equity (Q1) as a quasi-fixed input to control in

part for differences in risk across banks.8 As an additional control for differences in risk,

we also include a measure of non-performing assets (Q2) consisting of (i) total loans and

lease financing receivables past due 30 days or more and still accruing, (ii) total loans and

lease financing receivables not accruing, (iii) other real estate owned, and (iv) charge-offs

on past-due loans and leases. With the exception of labor input (which is measured as full-

time equivalent employees) our inputs and outputs are stocks measured by dollar amounts

reported in FR Y-9C schedules, consistent with the widely used intermediation model of

Sealey and Lindley (1977).

As a final control variable, we index the years 2001–2018 by T = 1, 2, . . . , 18. Although

T is an ordered, categorical variable, we treat it as continuous since its range is relatively

wide. Changes in regulation, advances in information-processing technology, and the finan-

cial crisis all occurred during our sample period. Including T as an explanatory covariate

controls for these and other changes that occurred during the period by allowing functional

forms to change over time. Two features of our estimation strategy allow a great deal of

flexibility. First, our fully nonparametric estimation method imposes no constraints on how

T might interact with other explanatory variables. Second, the local nature of our estimator

ensures that when we estimate cost or profit at a particular point in time, observations from

distant points in time will have little or no effect on the estimate. Typical approaches that

involve estimating fully parametric translog cost functions by ordinary least squares (OLS)

or maximum likelihood are not local in the sense that when cost or profit is estimated at

some point in the data space, all observations contribute to the estimate with equal weight.

Moreover, the typical approach requires imposing a priori a specific functional form for any

interactions among explanatory variables.

paper conduits, unused commitments with original maturity exceeding one year, unconditionally cancelable
commitments, over-the-counter derivatives, centrally cleared derivatives, and all other off-balance sheet li-
abilities. The specific credit-equivalent items reported in the FR Y-9C differ somewhat for other years.
Specific FR Y-9C identifiers and other details are available from the authors upon request.

8 We define equity (Q1) as the sum of the book values of common stock, perpetual preferred stock and
related surplus, surplus, undivided profits and capital reserves, and cumulative foreign currency translation
adjustments, less net unrealized loss on marketable equity securities.
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Table 1 reports the number of observations for each year of our sample, and Table 2

reports summary statistics for the response and explanatory variables defined above, as well

as for total assets. All monetary values are reported in constant 2018 dollars. After removing

observations with missing or implausible values, we have a total of n = 19, 223 bank holding

company observations. Among other things, Table 1 shows that the number of observations

falls from 2005 to 2006, and again from 2014 to 2015. These declines are due to changes in

reporting requirements for bank holding companies. Beginning in 2006, holding companies

with less than $500 million of assets were no longer required to file an FR Y-9C report,

and beginning in 2015, companies with less than $1 billion of assets were no longer required

to file. Although such changes might be problematic for parametric estimation, our use of

nonparametric, local estimators together with inclusion of the variable T for time makes

them less of an issue. Because our estimator is a local estimator, estimation of a large bank’s

cost or profit is not sensitive to data for smaller banks, and vice-versa.

The summary statistics in Table 2 indicate that the densities for both response variables,

the three output variables, equity and non-performing loans are all heavily skewed to the

right. This is an obvious clue that translog specifications for the cost and profit functions are

not likely to be well-specified. In addition, as shown in Table 2, profit is sometimes negative,

especially for a number of BHCs during the recent financial crisis.9 Negative values present

a problem when estimating translog functions but not for our nonparametric estimators.

Now let i = 1, . . . , n index observations. Define the vector

Z1i =
[

W1i

W3i

W2i

W3i

(Y1i + Y2i + Y3i) Q1i Q2i exp(Ti)
]

(3.1)

of covariates to be used on the right-hand side (RHS) of the cost function. Dividing cost

Ci and the first two input prices by the third input price ensures linear homogeneity of the

cost function with respect to input prices. However, because the profit function need not be

homogeneous with respect to input prices, we define the vector of covariates

Z2i =
[

W1i W2i W3i (Y1i + Y2i + Y3i) Q1i Q2i exp(Ti)
]

(3.2)

9 Among the 19,223 observations in our sample, profit is negative in 554 observations.

10



for the RHS of the profit function. The main difference between (3.1) and (3.2) is that

we do not divide by the third input price in (3.2). Consequently, the vector used in the

profit function estimation consists of one more element than that used in the cost function

estimation.10

4 Econometric Specification

Our data trivially reject translog functional forms for both the cost and profit functions. The

separate Appendix A describes our specification tests and presents results.11 Consequently,

we proceed with nonparametric, local linear estimators. Although nonparametric methods

are less efficient than parametric methods in a statistical sense when the true functional

form is known, nonparametric estimation avoids the risk of specification error when the true

functional form is unknown, as in the present application. Nonparametric regression models

can be viewed as infinitely parameterized; as such, any parametric regression model (such

as an assumed translog functional form) is nested within a nonparametric regression model.

Clearly, adding more parameters to a parametric model affords greater flexibility. Nonpara-

metric regression models represent the limiting outcome of adding parameters, and may be

viewed as the most general encompassing model that a particular parametric specification

might be tested against.12

Our nonparametric estimation strategy avoids the risk of specification error resulting

from mis-specified functional forms. A downside of nonparametric estimators, however, is

that they suffer from the “curse of dimensionality,” i.e., convergence rates fall as the number

10 Both Z1i and Z2i contain the exponential of the time variable in the last element, which simplifies
notation later when we take logs of all elements in the vector. By including exp(Ti) instead of Ti in (3.1)–
(3.2) we avoid having to treat the last element separately in the discussion that follows.

11 In Appendix A, we estimate translog functional forms for cost and profit functions, both with and
without inefficiency as well as with and without the measure Y3 of off-balance sheet activities. We estimate
models for single years as well as for all years, resulting in 136 different models. Likelihood-ratio and Wald
tests reject the translog specifications at better than .01 significance in 127 of 136 cases. When estimating
over all years, we reject the translog specification with p-values of order 10−6 or smaller. Statistics and
p-values for each of the 136 tests are given in Tables A.1–A.4 of Appendix A.

12 Several methods for nonparametric regression exist. Cogent descriptions of nonparametric regression
and the surrounding issues are given by Fan and Gijbels (1996, chapter 1), Härdle and Linton (1999), Li and
Racine (2007) and Henderson and Parmeter (2015).
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of model dimensions increases. The convergence rate of our local-linear estimator is n1/(4+d)

where d is the number of unique, continuous RHS variables. The slow convergence rate

implies that for a given sample size, the order (in probability) of the estimation error we

incur with our nonparametric estimator will be larger than the order of the estimation

error one would achieve using a parametric estimator in a correctly specified model with the

usual parametric convergence rate n1/2. However, we adopt the view of Robinson (1988),

who argues that parametric models are likely mis-specified and should be viewed as root-n

inconsistent instead of root-n consistent. Moreover, we are able to mitigate in part the slow

convergence of our nonparametric estimator by using eigensystem decompositions to reduce

dimensionality.

Consistency of the local-linear estimator requires that the dependent variable (denoted

generically by Y) is continuous at the point where the conditional mean function is estimated,

and that the expectation of |Y|2+η conditional on RHS covariates exists for some η > 0.

One can view the conditional mean functions that we estimate as either parametric but

of unknown form, or infinitely parameterized, nonparametric functions. Finally, in order

to estimate frontiers and to allow for inefficiency, we employ the moment-based method of

Simar et al. (2017) and Hafner et al. (2018) as described below.

We first take logs of each RHS variable, then standardize the logs by subtracting means

and dividing by standard deviations (of the logs). This transforms Z1i and Z2i to Z̃1i and Z̃2i

(respectively). As is typical in econometric applications, and particularly in banking studies,

the RHS variables are highly correlated. We exploit this fact to reduce dimensionality via

eigensystem decompositions. Let E1 denote the matrix of eigenvectors of the correlation

matrix of Z̃1, the (n×6) matrix with ith row Z̃1i. The eigenvectors in the columns of E1 are

ordered by the corresponding eigenvalues so that the first column corresponds to the largest

eigenvalue and the last column corresponds to the smallest eigenvalue. Then compute the

(n× 6) matrix

Ψfull =
[
Ψ Ψdel

]
= Z̃1E1 (4.1)

of principal components. Let e1,j, j = 1, . . . , 6 denote the eigenvalues, sorted in decreasing
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order, and let ẽ1,j =
∑j

k=1
e1,k/

∑
6

k=1
e1,k for j = 1, . . . , 6. Then ẽ1,j gives the proportion

of the independent linear information in Z̃1 contained in the first j principal components,

i.e., the first j columns of Ψfull. These values are 0.5876, 0.8410, 0.9257, 0.9755, 0.9941 and

1.0000. Consequently, we define the partition in (4.1) so that Ψ is an (n× 4) matrix, and we

use these first d = 4 principal components to estimate the cost function. By construction, Ψ

contains more than 97 percent of the independent linear information in Z̃1, and the number

of dimensions is reduced from 6 to 4.13

Now let Ψi =
[
Ψi1 . . . Ψid

]
denote the ith row of Ψ. We use the local-linear estimator

to estimate

log(Ci/W3i) = m1(Ψi1, . . . , Ψid) + ε1i, (4.2)

where E(ε1i | Ψi) = 0 ∀ i = 1, . . . , n. Clearly, m1(·) is a conditional mean function, but the

distribution of the errors may be skewed to the right if there is inefficiency. Following Simar

et al. (2017), suppose that

ε1i = Vi + Ui − µU(Ψi) (4.3)

where Vi has zero mean, finite variance σ2

V (Ψi) > 0, and a density that is symmetric around

0, while Ui > 0 is a one-sided stochastic term reflecting inefficiency with mean µU(Ψi).

Although the density of (Ui + Vi) is skewed to the right, finite samples from this density

might be skewed to the left as sometimes happens when parametric, stochastic frontier

models are estimated (see Simar and Wilson, 2010 for discussion). To avoid truncation used

by Simar et al. (2017) when estimating third moments, we use the idea of Hafner et al.

13 The idea here is to sacrifice a small amount of information in the data to reduce likely estimation
error by improving the rate of convergence of our estimators. A number of methods exist for determining
how many principal components should be retained or deleted. A common method is to plot eigenvalues
ej (ordered from largest to smallest as a function of j), and choose d as the value of j where segments
connecting the plotted eigenvalues have an “elbow” and tend to “level out” (e.g., see Ferré, 1995, Jolliffe,
2002, Johnson and Wichern, 2002 or Keho, 2012 for examples and discussion). Others choose a threshold
such as 80, 90 or 95-percent and include enough principal components to capture at least that much of the
variation in the sample (e.g., see Härdle and Tsybakov, 1995 or Leskovec et al., 1984 for examples). We use
a conservative threshold, i.e., 95-percent, to avoid possibly missing subtle features that might be present in
the principal components with small—but not too small—corresponding eigenvalues.
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(2018). Specifically, let the density of Ui be given by the mixture

h(u | γ(Ψi)) = h+(u | γ(Ψi))I(u ≥ 0 ∩ γ(Ψi) > 0)+

h−(u | γ(Ψi))I(u ∈ (0,−a0γ(Ψi)) ∩ γ(Ψi) < 0) (4.4)

where γ(Ψi) is a shape parameter that can be either positive or negative, I(·) denotes the

indicator function,

h+(u | γ(Ψi)) =
2

γ(Ψi)
φ

(

u

γ(Ψi)

)

, (4.5)

h−(u | γ(Ψi)) = [Φ(a0)− Φ(0)]−1 1

−γ(Ψi)
φ

(

a0 +
u

γ(Ψi)

)

, (4.6)

and a0 ∈ R++ is a constant. When γ(Ψi) > 0, h+(u | γ(Ψi)) is the half-normal density

and U ∼ N+(0, γ(Ψi)
2) with mean E(U | γ(Ψi)) = a+1 γ(Ψi), variance VAR(U | γ(Ψi)) =

a+2 γ(Ψi)
2 and E [(U − E(U | γ(Ψi)))

3 | γ(Ψi)] = a+3 γ(Ψi)
3 > 0 where a+1 = (2/π)1/2, a+2 =

(π − 2)/π and a+3 = (2/π)1/2(4− π)/π.

When γ(Ψi) < 0, U is N(a0, γ(Ψi)
2) truncated on the left at 0 and on the right at

−a0γ(Ψi) with mean E(U | γ(Ψi)) = a−1 γ(Ψi) where

a−1 = −

[

a0 +
φ(a0)− φ(0)

Φ(a0)− Φ(0)

]

, (4.7)

and variance VAR(U | γ(Ψi)) = a−2 γ(Ψi)
2 and E [(U − E(U | γ(Ψi)))

3 | γ(Ψi)] = a−3 γ(Ψi)
3 <

0. Setting a+1 = −a−1 , i.e.,
[

a0 +
φ(a0)−φ(0)
Φ(a0)−Φ(0)

]

= φ(0)
Φ(0)

, and solving numerically for a0 yields

a0 ≈ 1.38920329287428724. of the sign of γ(Ψi). Then a−1 ≈ −0.79788456080286537. Some

additional algebra reveals that when γ(Ψi) < 0,

a−2 = 1−

[

φ(a0)− φ(0)

Φ(a0)− Φ(0)

]2

+
−a0φ(a0)

Φ(a0)− Φ(0)
≈ 0.14471441381698115 (4.8)

and

a−3 =− 2

[

φ(a0)− φ(0)

Φ(a0)− Φ(0)

]3

+

[

φ(a0)− φ(0)

Φ(a0)− Φ(0)

]

×

[

1−
3a0φ(a0)

Φ(a0)− Φ(0)

]

−

[

a20φ(a0)

Φ(a0)− Φ(0)

]

≈ 0.016741474809719979. (4.9)
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As noted by Hafner et al. (2018), the density in (4.6) is a special case of the doubly truncated

normal distribution used by Almanidis and Sickles (2011) and Almanidis et al. (2014).14

Both shape parameters, σ2
V (Ψi) and γ(Ψi), are allowed to depend on Ψi. If γ(Ψi) = 0,

then the distribution in (4.4) is degenerate with a single probability mass at 0, and there is

no inefficiency. Summarizing the above results, we have

µU(Ψi) := E(Ui | Ψi) =

{
a+1 γ(Ψi) for γ(Ψi) ≥ 0;

a−1 γ(Ψi) for γ(Ψi) < 0.
(4.10)

Moreover, µU(Ψi) gives the expected value of (log) cost inefficiency. In addition, it is easy

to show that

E(ε31i) =

{
a+3 γ(Ψi)

3 ≥ 0 for γ(Ψi) ≥ 0;

−a−3 γ(Ψi)
3 > 0 for γ(Ψi) < 0.

(4.11)

We use local-linear estimators to estimate

ε̂31i = m3(Ψi1, . . . , Ψid) + ε3i, (4.12)

where the LHS variable is computed by cubing the estimated residuals from (4.2). After

estimation of (4.12), some algebra leads to the estimators

γ̂(Ψi) =





[(
a+3

)
−1

m̂3(Ψi)
]1/3

for m̂3(Ψi) ≥ 0;

−
[(
a−3

)
−1

m̂3(Ψi)
]1/3

for m̂3(Ψi) < 0
(4.13)

and

Ĉi = W3 exp [m̂1(Ψi)− µ̂U(Ψi)] (4.14)

where µ̂U(Ψi) is the estimator of µU(Ψi) obtained by replacing γ(Ψi) in (4.10) with γ̂(Ψi)

given by (4.13).15

14 Almanidis and Sickles (2011) derive the analytical expressions for the constants in (4.8) and (4.9).
Hafner et al. (2018) give values for the mathematical constants a0, a

−

2 and a−3 with 11, 8 and 8 significant
digits, respectively, but their last digit for a0 and a−3 is contaminated by round-off error as the given digit is
incorrect after rounding in both cases, and will contribute to additional round-off error in computations using
these values. The values given above were computed using the GNU Multiple Precision Arithmetic Library
called by by R package Rmpfr (Mächler, 2019). We used 256-bit precision, resulting in values accurate to
well more than the 17 significant digits we report, where the 17th digit has been rounded in each case. Most
modern statistical software uses 64-bit precision, allowing for 15–16 decimal digits.

15 It is also easy to show that

E(ε21i) =

{
σ2
V
(Ψi) + a+2 γ(Ψi)

2 ≥ 0 for γ(Ψi) ≥ 0;

σ2
V
(Ψi) + a−2 γ(Ψi)

2 ≥ 0 for γ(Ψi) < 0.
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To obtain marginal cost estimates needed to estimate the Lerner index in (2.2), note

that the local-linear estimator applied to (4.2) and (4.12) gives intercept terms β̂1i0 and β̂3i0

that provide estimates of the response functions m1(Ψi) and m3(Ψi) in (4.2) and (4.12), and

slope terms β̂ki1, . . . , β̂kid that provide estimates of partial derivatives ∂mk

∂Ψi1
, . . . , ∂mk

∂Ψid
for

k ∈ {1, 3}. For Z1iℓ defined in (3.1), the ℓ-th element of Z1i, we have

∂Ci

∂Z1iℓ

= Ci

(
∂m1(Ψi)

∂Z1iℓ

−
∂µU(Ψi)

∂Z1iℓ

)
, (4.15)

where

∂m1(Ψi)

∂Z1iℓ

= s−1

ℓ Z−1

1iℓ

d∑

j=1

β̂1ijE1,ℓj, (4.16)

∂µU(Ψi)

∂Z1iℓ

=





2
1/3

3
π1/6(4− π)−1/3×

m̂3(Ψi)
−2/3s−1

ℓ Z−1

1iℓ

∑d
j=1

β̂3ijE1,ℓj ∀ m̂3(Ψi) > 0

0 otherwise,

(4.17)

and E1,ℓj is the (ℓ, j)-th element of the matrix E1 of eigenvectors defined above and sℓ is

the standard deviation of the un-logged ℓ-th variable, i.e., the standard deviation of the ℓ-th

column of Z1. Moreover, the β̂kijs are computed at each observation i in each regression due

to the local nature of the local-linear estimator.

The estimation approach described here is almost fully nonparametric. Although we

assume that inefficiency is distributed half-normal, the shape parameter is estimated locally

and is allowed to vary continuously across observations. A fully nonparametric approach

does not seem possible, as some structure is needed in order to identify expected inefficiency

in (4.10). Kumbhakar et al. (2007) propose a local-likelihood approach where the response

function is nonparametric, the inefficiency process is half-normal, and the noise process is

Then the local-linear estimator can be used to estimate

ε̂
2
1i = m2(Ψi1, . . . , Ψid) + ε2i,

where the LHS variable is computed by squaring the estimated residuals from (4.2). Then σ2
V
(Ψi) can be

estimated by

σ̂
2
V (Ψi) =

{
m̂2(Ψi)− a

+

2 γ̂(Ψi)
2 for m̂2(Ψi) ≥ 0;

m̂2(Ψi)− a
−

2 γ̂(Ψi)
2 for m̂2(Ψi) < 0.

We mention this only for completeness; for our purposes, estimation of σ2
V
(Ψi) not necessary.
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normal. Estimation and inference are difficult, however, because of the problem of residuals

that are skewed in the unexpected direction as discussed by Simar and Wilson (2010). In

the context of local-likelihood, the problem potentially occurs not just once as when a fully

parametric stochastic frontier model is estimated, but potentially n times if efficiency is

estimated for each of n observations.16 By contrast, our approach relaxes the assumption of

normality for the noise process, requiring only that the density of vi be symmetric around

0, and avoids the computational difficulties of Kumbhakar et al. (2007).

Estimation of the profit function is similar. Let E2 denote the (7 × 7) matrix whose

columns are the eigenvectors of the correlation matrix of Z̃2 of transformed RHS variables

for the profit function defined in (2.4). Let the eigenvectors in E2 be ordered so that the

first column corresponds to the largest eigenvalue and the last column corresponds to the

smallest eigenvalue. Analogous to (4.1), compute the (n× 7) matrix

Υfull =
[
Υ Υdel

]
= Z̃2E2 (4.18)

of principal components. Let e2,j, j = 1, . . . , 7 denote the eigenvalues, sorted in decreasing

order, and let ẽ2,j =
∑j

k=1
e2,k/

∑
7

k=1
e2,k for j = 1, . . . , 7. Then ẽ2,j gives the proportion

of the independent linear information in X̃P contained in the first j principal components,

i.e., the first j columns of Ψfull. These values are 0.4781, 0.6591, 0.8267, 0.9080, 0.9668,

0.9950 and 1.0000. Consequently, we define the partition in (4.18) so that Υ is an (n × 5)

matrix, and we use these first d′ = 5 principal components to estimate the profit function.

The columns of Υ contain more than 96.5 percent of the independent linear information

in Z̃2, with only 5 (as opposed to 7) dimensions. Appendix B provides precise details on

16 It is well-known that the residuals in fully-parametric, stochastic frontier models are sometimes found to
have skewness in the unexpected direction. Simar and Wilson (2010) show that this is a consequence of finite
samples, and the probability of such outcomes depends on the signal-to-noise ratio in the stochastic frontier
model. The problem can arise even when the model is correctly specified. The method of Kumbhakar
et al. (2007) involves estimating a stochastic frontier model locally using kernel weights. Consequently,
the unexpected skewness problem can potentially arise (and often does) at each point where the model is
estimated. In addition, any problems in achieving convergence with the particular optimization method
used for estimation are multiplied by the number of points at which the model is estimated. Simar and
Wilson (2010) propose a bagging method based on machine learning techniques for making inference in
stochastic frontier models, but even with one set of estimates the computational burden is not trivial. With
local estimates, the bagging method would involve substantial computational burden at each point where
inference is to be made.
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nonparametric estimation of the profit function.

Two remarks regarding our nonparametric specification are in order. First, Kumbhakar

(2006) and Restrepo-Tobón and Kumbhakar (2013, 2017) claim that the alternative profit

function described above and in Section 2 should not be used to estimate profit efficiency.

The main points of their argument are (i) revenue and profit functions may have different pa-

rameters, and subtracting cost from revenue can affect the parameters and functional form of

the profit function; and (ii) (multiplicative) revenue and profit inefficiency are likely different,

affecting the inefficiency term in the profit function. Their points are well-taken in the case

of parametric models, and unfortunately have largely been ignored in recent applied studies,

resulting in profit inefficiency being estimated from mis-specified models in many cases. How-

ever, the problems they describe do not apply in the context of our nonparametric model. To

see this, note that (2.4) (where inefficiency has not yet been introduced) can be rewritten as

P (y,wx) = R(y,wx)−C(y,wx) where P (y,wx) is the alternative profit function, R(y,wx)

is the alternative revenue function discussed in Section 2, and C(y,wx) is the cost function

defined in (2.3). Clearly, if one specifies parametric forms for R(y,wx) and C(y,wx), the

profit function may have a rather different form. For example, if both logR(y,wx) and

logC(y,wx) are specified as translog functional forms, then logP (y,wx) cannot have the

translog form and is inherently nonlinear in parameters unless logR(y,wx) and logC(y,wx)

have identical variables and identical parameter vectors. However, under the assumptions

of our nonparametric model, no such problem exists; in our model, provided both R(y,wx)

and C(y,wx) are continuous and both E(|C(y,wx)|
2+δC ) and E(|R(y,wx)|

2+δR) exist for

some δC , δR ∈ R++, then P (y,wx) is necessarily continuous and E(|P (y,wx)|
2+δP ) exists

for some δP ∈ R++, which permits consistent local-linear estimation.

Now suppose R(y,wx) and C(y,wx) are multiplied by random variables ζR and ζC

with support on (0, 1] and [1,∞), respectively, with ζR tending to lower revenue and ζC

tending to raise costs. Obviously, R(y,wx)ζR, C(y,wx)ζC and (R(y,wx)ζR − C(y,wx)ζC)

are random variables. Since (i) we only assume a local (as opposed to global) functional form

for inefficiency and symmetry for noise, (ii) we allow R(y,wx), C(y,wx) and P (y,wx) to be
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infinitely parameterized, and (iii) the random variables ζR and ζC combine to reduce profit

from its efficient level, we can write P (y,wx)ζP = R(y,wx)ζR − C(y,wx)ζC , where ζP is a

random variable with support on (0, 1]. In our model, not only are the three functions P (·),

R(·) and C(·) possibly infinitely parameterized, but so are the scale parameters of the three

stochastic terms ζP , ζR and ζC . The function P (y,wx) may have shape or form different

from either R(y,wx) or C(y,wx), and the distribution of ζP may be quite different from the

distribution of either ζR or ζC . Thus, the problem identified by Kumbhakar (2006) does not

apply in our nonparametric framework.

Second, it has become increasingly common in banking and other industry studies to

specify parametric models that allow (to some degree) technological heterogeneity across

firms (examples include Orea and Kumbhakar, 2004 and Poghosyan and Kumbhakar, 2010).

Our minimal assumptions on the conditional mean function mj(Ψi), j ∈ {1, 3}, for the cost

function (and the corresponding conditional mean functions gj(Υi) for the profit function

described in Appendix B), as well as inclusion of the time variable T , permit far more

flexibility than any parametric model. Although we maintain an assumption of continuity,

our nonparametric specification and local estimation method allow the conditional mean

functions to have quite different shapes across neighborhoods of individual firms as well as

across time. In addition, the interaction of time T in the response function is left unspecified,

allowing far more flexibility than in typical parametric specifications. In our model, firms

face a single cost (or profit) frontier, but may adopt very different business plans and hence

operate under different parts of the frontier.

To implement the local-linear estimator we must select a bandwidth parameter to con-

trol the smoothing over the continuous dimensions in the data. We use least-squares cross-

validation to optimize an adaptive, κ-nearest-neighbor bandwidth. In addition, we employ

a spherically symmetric Epanechnikov kernel function.17 This means that when we estimate

cost or profit at any given point of interest in the space of the RHS variables, only the κ

observations closest to that point can influence estimated cost or profit. In addition, among

17 See Wheelock and Wilson (2018, Appendices D.2–D.3) for details, and see Fan and Gijbels (1996) for
additional discussion and theoretical results for local linear estimators.
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these κ observations, the influence that a particular observation has on estimated cost or

profit diminishes with distance from the point at which the response is being estimated.

Our estimator is thus a local estimator, and is very different than typical, parametric, global

estimation strategies (e.g., OLS, maximum likelihood, etc.) where all observations in the

sample influence (with equal weight) estimation at any given point in the data space. More-

over, because we use nearest-neighbor bandwidths, our bandwidths automatically adapt to

variation in the sparseness of data throughout the support of our RHS variables.

Unless otherwise noted, for making statistical inference about Lerner indices, inefficiency,

or differences in these across different models based on our nonparametric estimates, we use

the wild bootstrap introduced by Härdle (1990) and Härdle and Mammen (1993), which

allows us to avoid making specific distributional assumptions. Previous applications of the

wild bootstrap include Wheelock and Wilson (2011, 2012, 2018). Although our estimators

are asymptotically normal, the asymptotic distributions depend on unknown parameters; the

bootstrap allows us to avoid the need to estimate these parameters, which would introduce

additional noise.

Before turning to our empirical results, we note that two recent, interesting papers take

an approach different from ours by allowing for possible dependence between cost efficiency

and market power. Delis and Tsionas (2009) use local maximum likelihood to estimate a

seemingly unrelated regression (SUR) system that includes a translog cost function and mul-

tivariate normal errors, and use these estimates to construct an estimate of the conjectural

variation elasticity. However, if the translog form mis-specifies banks’ costs as it does in

our data, then local-likelihood estimation of a translog model places one in the “small-h”

(i.e., small bandwidth) scenario analyzed by Eguchi et al. (2003), where convergence rates

are slow and become slower with increasing dimensionality. In addition, use of the translog

form for the cost function, even when coupled with local estimation methods, prevents use

of dimension-reduction methods that might help mitigate estimation error resulting from

slow convergence rates.18 Huang et al. (2018) also estimate an SUR system that includes

18 Delis and Tsionas report that cross-validation with their data yielded a bandwidth of 0.707, presumably

much smaller than one would obtain if the translog functional form correctly specifies the cost function, in
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a translog cost function and a stochastic output price frontier. Huang et al. use a copula

to model dependence between the composite errors of both equations, but approximate the

joint distribution function to avoid the numerical integration that would otherwise be re-

quired as there is no closed-form solution for their joint distribution function. Their model

is fully parametric, with parameters estimated by maximum likelihood. The approaches

of both Delis and Tsionas (2009) and Huang et al. (2018) require the structure of a fully-

specified cost function to permit dependence between cost and market power. But again,

the translog specification is often problematic for banking data, and especially so for our

data. Our approach avoids these specification issues. Although we cannot explicitly model

the dependence structure considered by Delis and Tsionas (2009) and Huang et al. (2018),

we allow the same variables to affect both the cost and profit frontiers as well as the (local)

shape parameters of the cost and profit inefficiency terms, which permits possibly nonlinear

dependence (as well as heteroskedasticity) through these variables.

5 Empirical Results

5.1 Nonparametric Estimates

This section reports Lerner index estimates for U.S. bank holding companies based on the

empirical model described in Section 3 and nonparametric estimation methods discussed

in Section 4 and the separate Appendix B. Following other recent studies, our main spec-

ification controls for cost and profit inefficiency and includes a credit-equivalent measure

of off-balance-sheet activity as a bank output. For comparison, we also report Lerner in-

dex estimates from models that assume no inefficiency and/or that ignore off-balance-sheet

output.

Revenue from off-balance-sheet activities has comprised a growing share of bank income

in recent years, and the credit-equivalent measure indicates that such activities have been

a growing share of total bank output. Table 3 reports information on the distribution of

which case local fitting would not be necessary and least-squares cross validation would drive the bandwidth

toward infinity.

21



off-balance sheet activities across U.S. bank holding companies, as reflected in the ratio of

the credit-equivalent measure (Y3) to total bank output (Y1+Y2+Y3) for various quantiles of

banks in each year of our sample. Although off-balance-sheet activities account for less than

10 percent of total output for the median bank throughout the period, the off-balance-sheet

share generally rises over time. By 2018, off-balance-sheet activities comprised 14.2 percent

of total output for banks at the 0.9 quantile and 35.2 percent of total output among banks

at the 0.99 quantile. Thus, it seems plausible that Lerner index estimates would be sensitive

to including off-balance-sheet activities as a bank output, at least for some banks.19

As noted previously, many studies find evidence of considerable operating inefficiency

among U.S. banks, suggesting that controlling for inefficiency could also have a substantial

impact on Lerner index estimates. Table 4 reports means of our nonparametric estimates

of cost and profit inefficiency in each year for (i) the full models (i.e., cost and profit) that

include off-balance-sheet activities (Y3) as one of three bank outputs and, for comparison,

(ii) models that exclude Y3. Quantitatively, the inefficiency estimates are similar regardless

of whether we include Y3 as an output. However, the differences in mean cost inefficiency

between the models that either include or exclude Y3 are are statistically significant in five

years (as indicated by the superscripts on the values in column 2) and in three years for profit

inefficiency (as indicated by the superscripts in column 3). All of the means reported in Table

4 are statistically significantly different from 1.0 (which would indicate no inefficiency).20 Like

19 Shaffer and Spierdijk (2019) estimate separate Lerner indices for individual bank outputs, including
off-balance-sheet activities. Their Lerner index estimates for off-balance-sheet output are consistently higher
than their estimates for loans, securities, and aggregated output measures.

20 Recall from the discussion in Section 4 that we estimate locally the shape parameter γ(Ψi) in (4.4) for the
inefficiency process in the cost function, and as well the shape parameter γ(Υi) appearing in Appendix B for
the profit function. In the case of the cost function, estimates γ̂(Ψi) are used to construct estimates µ̂U (Ψi) of
µU (Ψi) defined in (4.10). Consequently, in year t, we have nt estimates µ̂U (Ψi). The sample mean and sample

variance of these nt estimates are given by µ̂nt
= n−1

t

∑nt

i=1
µ̂U (Ψi) and σ̂2

nt
= n−1

t

∑nt

i=1
(µ̂U (Ψi)− µ̂nt

)
2
,

respectively. We test H0 : E(µU (Ψi) = 0 versus H1 : E(µU (Ψi) > 0. It is easy to show that under H0,
n
−1/2
t µ̂nt

σ̂

d
−→ max(Q, 0) where Q ∼ N(0, 1). Hence for a test of size α, H0 is rejected when the p-value

1− Φ

(
n
−1/2
t µ̂nt

σ̂

)
is less than α. Tests for significance of mean profit efficiency are analogous. Table C.7 in

the separate Appendix C gives p-values for tests of significance of cost and profit efficiency in each year, as
well as for over all years, when off-balance sheet activities (Y3) are included in the cost and profit functions.
Similarly, Table C.10 gives p-values for the same tests when Y3 is omitted from the cost and profit functions.
The smallest p-value reported in Tables C.7 and C.10 is 1.17 × 10−308. Consequently, we strongly reject
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other studies, we find considerable inefficiency among U.S. bank holding companies, with

mean cost inefficiency ranging from 1.284 to 1.979, and mean profit efficiency ranging from

0.438 to 0.548.21

Table 5 reports means of Lerner index estimates for all banks by year obtained from

nonparametric estimation of each of the four specifications (i.e., including or excluding Y3,

and either allowing for cost and profit inefficiency or not). The results reveal that operating

inefficiency has a large impact on Lerner index estimates. Furthermore, controlling for

inefficiency is important regardless whether or not we include off-balance-sheet output. Mean

Lerner index estimates are both quantitatively and statistically larger (at better than .01

significance) when we control for inefficiency (i.e., comparing values in columns 2 and 3, and

columns 4 and 5 in Table 5).22

Whereas inefficiency has a consequential impact on estimates of the Lerner index, includ-

ing off-balance-sheet activities (Y3) has only a small impact on the industry mean values.

Across all years, mean Lerner index estimates are about 0.4 percent larger when we include

Y3. Though quantitatively modest, the differences in mean values between models that ei-

ther include or exclude Y3 are statistically significant in nine years (2007–09 and 2013–18)

as indicated by the second superscript on the values reported in column 2 of Table 5.23

Large banks tend to engage in more off-balance-sheet activities than small banks. Hence,

we expect that including such activities as an output in the model would have more impact

on Lerner index estimates for larger institutions. Moreover, market power is likely of greater

concern for the largest banks, some of which have extensive branching networks or operate

globally. Table 6 reports mean inefficiency estimates based on our nonparametric cost and

no cost or profit inefficiency in every year, as well as over all years, regardless whether or not we include
off-balance-sheet activities as an output.

21 For comparison, Koetter et al. (2012) report mean cost efficiency estimates ranging from 1.235 to 1.285,
and mean profit efficiency estimates ranging from 0.398 to 0.641. Their estimates for cost efficiency are less
variable than ours, but their estimates for profit efficiency are more variable than ours.

22 Results are similar if we weight Lerner index estimates by total bank assets (such weighting might be
useful for assessing market power for the industry as a whole rather than for individual banks). See Table
C.2 in the separate Appendix C.

23 The impact of including off-balance-sheet output is larger if Lerner index estimates are weighted by
total bank assets. See Table C.2 in the separate Appendix C. This is not surprising since off-balance-sheet
activity is positively correlated with banks’ total assets.
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profit function estimators for the 10 largest bank holding companies in each sample year,

and Table 7 reports mean Lerner index values for the same banks. As reported in Table 4 for

all banks, we find substantial cost and profit inefficiency among the largest 10 banks in each

year. We also find a few statistically significant differences in mean inefficiency estimates

between models that either include or exclude Y3. However, the differences are quantitatively

small.

Not surprisingly, given the evidence of substantial operating inefficiency among the 10

largest banks, inefficiency has a large impact on estimates of the Lerner index for those banks,

as shown in Table 7. As for all banks, the mean Lerner index estimates are larger from models

that control for inefficiency, regardless whether or not off-balance-sheet activities are included

as an output. For example, mean estimates from the model that allows for inefficiency and

includes Y3 as an output (column 2) are some 15 to 45 percent larger than the mean estimates

from the model that ignores inefficiency (column 3), and the differences in the means are

statistically significant at p-values of 0.01 or better in every year.

The results in Table 7 also show that Lerner index estimates for the largest 10 banks are

more sensitive to whether or not off-balance-sheet activities are included as an output. The

means are on average 2.9 percent larger in models that include Y3 than in models that omit

Y3. The differences in the means reported in columns 2 and 4 are also statistically significant

in all years. Thus, the results indicate that accounting for off-balance-sheet activities has a

larger impact for the largest banks than it does on average for all other banks.24

5.2 Comparison with Translog Estimates

Our finding that inefficiency has a large impact on Lerner index estimates is qualitatively

similar to results reported elsewhere (e.g., Delis and Tsionas, 2009, Koetter et al., 2012 and

Huang et al., 2018). However, unlike previous studies, we avoid making untenable functional

form assumptions about the cost and profit relationships used to estimate marginal cost and

inefficiency in computing the Lerner index. As noted at the beginning of Section 4 and in

24 The effect of including Y3 is even larger if we weight Lerner index estimates by total assets. See Table

C.4 in the separate Appendix C.
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footnote 11, we soundly reject the widely-used translog functional form for our bank cost

and profit specifications. Therefore, Lerner index estimates based on underlying translog

cost and profit functions would be suspect, at least when fit globally on U.S. bank data.

To explore the consequences of imposing the translog form, we re-estimated the Lerner

indices using translog, stochastic frontier cost and profit functions to estimate inefficiency and

marginal cost. We use the same variables that we use in our nonparametric estimation, and

we estimate models both with and without off-balance sheet activities (Y3). Details are given

in the separate Appendix A. Table 8 reports mean Lerner index estimates obtained using

estimates of efficiency and marginal cost from these translog cost and profit functions. The

estimates for each year, and the trends over time, are similar across the four specifications.

The estimates for 2001–07 in Table 8 are also broadly similar to those reported in Koetter

et al. (2012, Table 5), who report unadjusted Lerner index estimates ranging from 0.319 to

0.376 and Lerner index estimates adjusted for inefficiency from 0.484 to 0.583 for the same

years. The estimates are also similar to those of Shaffer and Spierdijk (2019, Tables 4–5),

who report mean aggregated Lerner index estimates of about 0.60 for 2011-17.25 However,

the Lerner index estimates in Table 8 are quite different from those based on nonparametric

estimation reported in Table 5. The estimates reported in Table 8 are smaller than the

corresponding nonparametric estimates reported in Table 5 by as much as 72.3 percent.

The differences are largest in the earlier years and when we control for inefficiency, but still

are quantitatively important in the later years. The comparison shows that Lerner index

estimates are sensitive to how the underlying components of the index are estimated, and

that estimates based on the widely-used, but mis-specified parametric translog function may

substantially mis-characterize (and under-estimate) the market power of U.S. banks.26

25 Our data differ from those of Koetter et al. (2012) and Shaffer and Spierdijk (2019) in several ways.
Importantly, whereas we use bank holding company data, the other studies use commercial bank data. Our
empirical specifications are also somewhat different, and Shaffer and Spierdijk (2019) do not control for
inefficiency.

26 As noted previously, the presence of scale economies confounds the interpretation of the Lerner index
as an indicator of market power (Spierdijk and Zaouras, 2018). Nonetheless, the comparison suggests that
one should be cautious in drawing conclusions about market power from Lerner index estimates based on
translog cost or profit functions.
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6 Summary and Conclusions

The Lerner index is widely used to assess the market power of banks and other firms.

Recent methodological improvements in the estimation of Lerner indices for banks have

included adjustments for operating inefficiencies, scale economies, and banks’ off-balance-

sheet activities. Nonetheless, it remains common in banking studies that use Lerner indices

to ignore inefficiency and off-balance-sheet output. Furthermore, nearly all studies estimate

the marginal cost or inefficiency components underlying the index from a translog cost (or

profit) function, despite evidence that the translog function is a misspecification when fit

globally on banking data.

This paper presents new estimates of the Lerner index for U.S. banks for 2001–18. Statis-

tical tests soundly reject the translog function as a mis-specification for our data and, hence,

we estimate banks’ cost and profit relationships nonparametrically. Our approach also al-

lows for inefficiency in an almost fully-nonparametric framework by using the moment-based

corrections of Simar et al. (2017) and Hafner et al. (2018). We obtain Lerner index estimates

that differ substantially from estimates based on the standard parametric stochastic frontier

model, illustrating the consequences of using a mis-specified model for drawing conclusions

about the market power of U.S. banks.

Our results also confirm that controlling for inefficiency is important. On average, Lerner

index estimates are some 15 to 45 percent higher when we control for operating inefficiency.

This is due to the finding that U.S. banks operate with considerable inefficiency, both in

terms of cost as well as profit. Our estimates indicate in addition that inefficiency decreased

beginning in 2006 through 2008 or 2009, but has increased since and is worse in 2018 than

in 2001, suggesting an agenda for future research.

For most banks, the impact of ignoring off-balance-sheet activities on estimates of Lerner

indices is quantitatively small. However, for the largest banks—those for which market

power is likely of greatest concern and which tend to engage more intensively in off-balance-

sheet activities—incorporating off-balance-sheet activities into the estimate of Lerner indices

is more consequential. On average, including off-balance-sheet activities as a component
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of bank output increases estimates of the Lerner index by about 3 percent. For banks

that engage in a substantial amount off-balance-sheet activity, failure to account for such

activities has an even larger impact on estimates of the Lerner index. Overall, our results

indicate that studies that fail to account for inefficiency or off-balance-sheet output, or that

make untenable parametric-form assumptions about the cost or profit functions that underly

Lerner index estimates, are at high risk of reaching erroneous conclusions about the market

power of U.S. banks.
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Härdle, W. (1990), Applied Nonparametric Regression, Cambridge: Cambridge University
Press.

28
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Table 1: Number of Observations in Each Year

Year Obs. Year Obs.

2001 1646 2010 859

2002 1766 2011 868

2003 1972 2012 872

2004 2049 2013 895

2005 2038 2014 911

2006 885 2015 526

2007 867 2016 520

2008 854 2017 530

2009 867 2018 298
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Table 3: Quantiles of Y3/(Y1 + Y2 + Y3) by Year

Quantiles
Year 0.5 0.9 0.95 0.97 0.98 0.99 0.995 Max

2001 0.015 0.059 0.091 0.117 0.157 0.254 0.303 0.821
2002 0.017 0.063 0.088 0.119 0.159 0.251 0.313 0.770
2003 0.018 0.068 0.092 0.127 0.146 0.235 0.331 0.836
2004 0.021 0.071 0.095 0.117 0.139 0.206 0.295 0.897
2005 0.024 0.079 0.104 0.126 0.149 0.219 0.287 0.864
2006 0.037 0.098 0.126 0.158 0.216 0.319 0.569 0.891
2007 0.035 0.095 0.126 0.163 0.180 0.297 0.387 0.869
2008 0.029 0.080 0.109 0.148 0.207 0.240 0.360 0.820
2009 0.025 0.073 0.106 0.156 0.185 0.247 0.427 0.786
2010 0.025 0.074 0.118 0.151 0.175 0.233 0.316 0.770
2011 0.025 0.075 0.108 0.146 0.179 0.256 0.352 0.739
2012 0.026 0.078 0.113 0.147 0.191 0.246 0.376 0.704
2013 0.028 0.077 0.112 0.139 0.189 0.224 0.349 0.729
2014 0.031 0.080 0.115 0.144 0.181 0.226 0.383 0.743
2015 0.061 0.124 0.154 0.192 0.220 0.298 0.308 0.399
2016 0.061 0.129 0.163 0.191 0.205 0.278 0.358 0.844
2017 0.061 0.122 0.152 0.169 0.190 0.273 0.355 0.878
2018 0.071 0.142 0.182 0.202 0.245 0.352 0.370 0.849
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Table 4: Mean Efficiency, All BHCs in Each Year

With Y3 Without Y3

Year Cost Profit Cost Profit
(1) (2) (3) (4) (5)

2001 1.416[0] 0.548[0] 1.406 0.543
2002 1.463[2] 0.533[0] 1.449 0.537
2003 1.510[2] 0.525[2] 1.495 0.535
2004 1.549[2] 0.519[3] 1.533 0.534
2005 1.555[0] 0.518[3] 1.548 0.532
2006 1.315[0] 0.482[0] 1.313 0.484
2007 1.285[0] 0.494[0] 1.284 0.494
2008 1.289[0] 0.499[0] 1.296 0.500
2009 1.333[0] 0.496[0] 1.355 0.501
2010 1.450[2] 0.494[0] 1.488 0.504
2011 1.593[2] 0.492[0] 1.623 0.504
2012 1.687[0] 0.483[0] 1.704 0.495
2013 1.715[0] 0.471[0] 1.722 0.485
2014 1.707[0] 0.459[0] 1.712 0.472
2015 1.652[0] 0.463[0] 1.673 0.474
2016 1.731[0] 0.454[0] 1.751 0.464
2017 1.815[0] 0.441[0] 1.831 0.451
2018 1.950[0] 0.438[0] 1.979 0.447

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity. The superscripts
in column 2 indicate significance of bootstrap tests for differences between values in column
2 versus column 4. The superscripts in column 3 indicate significance of differences between
column 3 and column 5. In all cases, superscripts 0, 1, 2, and 3 indicate no significance,
significance at .1 but not .05, significance at .05 but not .01, and significance at .01.
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Table 5: Mean Lerner Indices, All BHCs in Each Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.
(1) (2) (3) (4) (5)

2001 0.889[3,0] 0.675[3] 0.889[3] 0.669
2002 0.900[3,0] 0.696[3] 0.899[3] 0.692
2003 0.901[3,0] 0.704[3] 0.899[3] 0.700
2004 0.898[3,0] 0.700[3] 0.895[3] 0.696
2005 0.894[3,0] 0.690[3] 0.891[3] 0.686
2006 0.872[3,0] 0.608[3] 0.872[3] 0.600
2007 0.872[3,2] 0.651[3] 0.877[3] 0.645
2008 0.891[3,2] 0.701[3] 0.894[3] 0.695
2009 0.901[3,3] 0.715[3] 0.906[3] 0.708
2010 0.911[3,0] 0.725[3] 0.906[3] 0.719
2011 0.914[3,0] 0.738[3] 0.907[3] 0.733
2012 0.910[3,0] 0.737[3] 0.903[3] 0.731
2013 0.917[3,2] 0.750[3] 0.909[3] 0.744
2014 0.922[3,3] 0.758[3] 0.914[3] 0.751
2015 0.908[3,3] 0.728[3] 0.896[3] 0.720
2016 0.909[3,3] 0.734[3] 0.899[3] 0.727
2017 0.913[3,3] 0.741[3] 0.904[3] 0.734
2018 0.895[3,2] 0.709[3] 0.885[3] 0.705

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity. The two super-
scripts in column 2 indicate significance of bootstrap tests for differences between values in
(i) column 2 versus column 3, and (ii) column 2 versus column 4. The superscripts in column
3 indicate significance of differences between column 3 and column 5. The superscripts in
column 4 indicate significance of differences between column 4 and column 5. In all cases,
superscripts 0, 1, 2, and 3 indicate no significance, significance at .1 but not .05, significance
at .05 but not .01, and significance at .01.
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Table 6: Mean Efficiency for 10 Largest BHCs in Each Year

With Y3 Without Y3

Year Cost Profit Cost Profit
(1) (2) (3) (4) (5)

2001 1.400[0] 0.566[2] 1.370 0.590
2002 1.383[2] 0.542[2] 1.339 0.573
2003 1.374[3] 0.501[1] 1.322 0.523
2004 1.368[3] 0.570[1] 1.316 0.585
2005 1.339[2] 0.490[1] 1.293 0.516
2006 1.318[0] 0.509[1] 1.278 0.535
2007 1.271[2] 0.450[0] 1.214 0.477
2008 1.330[2] 0.476[0] 1.503 0.483
2009 1.661[0] 0.572[0] 1.769 0.594
2010 1.751[0] 0.528[0] 1.830 0.553
2011 1.802[0] 0.569[0] 1.884 0.574
2012 1.830[0] 0.533[0] 1.915 0.558
2013 1.841[0] 0.520[0] 1.934 0.534
2014 1.840[0] 0.544[0] 1.941 0.560
2015 1.894[0] 0.562[0] 1.990 0.581
2016 1.958[0] 0.555[0] 2.035 0.574
2017 2.043[0] 0.512[0] 2.097 0.527
2018 2.101[0] 0.504[0] 2.187 0.514

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity. The superscripts
in column 2 indicate significance of bootstrap tests for differences between values in column
2 versus column 4. The superscripts in column 3 indicate significance of differences between
column 3 and column 5. In all cases, superscripts 0, 1, 2, and 3 indicate no significance,
significance at .1 but not .05, significance at .05 but not .01, and significance at .01.
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Table 7: Mean Lerner Indices, 10 Largest BHCs in Each Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.
(1) (2) (3) (4) (5)

2001 0.826[3,3] 0.676[3] 0.807[3] 0.655
2002 0.849[3,3] 0.706[3] 0.829[3] 0.685
2003 0.850[3,3] 0.679[3] 0.833[3] 0.657
2004 0.817[3,3] 0.664[3] 0.800[3] 0.640
2005 0.842[3,3] 0.655[3] 0.825[3] 0.641
2006 0.829[3,3] 0.644[3] 0.814[3] 0.632
2007 0.865[3,2] 0.683[3] 0.849[3] 0.653
2008 0.899[3,3] 0.647[3] 0.804[3] 0.607
2009 0.875[3,3] 0.741[3] 0.844[3] 0.707
2010 0.869[3,3] 0.713[3] 0.835[3] 0.655
2011 0.849[3,3] 0.697[3] 0.822[3] 0.646
2012 0.859[3,3] 0.701[3] 0.830[3] 0.660
2013 0.861[3,3] 0.695[3] 0.831[3] 0.648
2014 0.853[3,3] 0.698[3] 0.822[3] 0.654
2015 0.802[3,3] 0.631[3] 0.766[3] 0.608
2016 0.838[3,3] 0.656[3] 0.814[3] 0.629
2017 0.824[3,2] 0.597[3] 0.799[3] 0.578
2018 0.847[3,3] 0.582[3] 0.811[3] 0.565

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity. The two super-
scripts in column 2 indicate significance of bootstrap tests for differences between values in
(i) column 2 versus column 3, and (ii) column 2 versus column 4. The superscripts in column
3 indicate significance of differences between column 3 and column 5. The superscripts in
column 4 indicate significance of differences between column 4 and column 5. In all cases,
superscripts 0, 1, 2, and 3 indicate no significance, significance at .1 but not .05, significance
at .05 but not .01, and significance at .01.
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Table 8: Mean Lerner Indices, Translog Specifications, All BHCs in Each Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.
(1) (2) (3) (4) (5)

2001 0.269 0.296 0.246 0.276
2002 0.380 0.389 0.362 0.374
2003 0.439 0.439 0.424 0.428
2004 0.462 0.460 0.450 0.450
2005 0.400 0.410 0.385 0.397
2006 0.361 0.388 0.338 0.368
2007 0.328 0.360 0.302 0.336
2008 0.389 0.412 0.368 0.392
2009 0.449 0.463 0.431 0.446
2010 0.489 0.499 0.474 0.484
2011 0.543 0.549 0.531 0.537
2012 0.595 0.599 0.586 0.591
2013 0.635 0.638 0.630 0.634
2014 0.676 0.679 0.674 0.678
2015 0.746 0.751 0.739 0.747
2016 0.749 0.755 0.743 0.753
2017 0.739 0.747 0.734 0.744
2018 0.742 0.756 0.731 0.748

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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A Rejection of Translog Specifications

The translog cost function specification is given by

log (Ci/W3i) = δ0 +
K∑

k=1

δj logZ1ik +
K∑

k=1

k∑

j=1

ψjk(logZ1ij)(logZ1ik) + vi + ui (A.1)

where Z1ij is the (i, j)-th element of the matrix Z1 of RHS variables defined in Section 4 and

the vi and ui are iid with

vi ∼ N(0, σ2

v) (A.2)

and

ui ∼ N+(0, σ2

u) (A.3)

(i.e., u has a half-normal distribution). The translog (alternative) profit function is given by

logPi = δ∗0 +
K∑

k=1

δ∗k logZ2ik +
K∑

k=1

j∑

j=1

ψ∗

jk(logZ2ij)(logZ2ik) + ωi − υi (A.4)

where Z2ij is the (i, j)-th element of the matrix Z2 of RHS variables for the profit function

defined in Section 4 and the ωi and υi are iid with

ωi ∼ N(0, σ2

ω) (A.5)

and

υi ∼ N+(0, σ2

υ). (A.6)

As noted in Section 4, profit can be (and in our data, is) sometimes less than zero. Replac-

ing Pi on the LHS of (A.4) with (Pi −min(Pi, i = 1, . . . n) + 1) results in failure to achieve

convergence when maximizing the resulting log-likelihood for the model in (A.4) with our

data. Of course, adding 1 after subtracting the minimum from profit is entirely arbitrary.

One could replace the value 1 with a parameter to be estimated, but this would complicate

the estimation. Consequently, we follow what is often done in such cases (e.g., Koetter et al.,
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2012) and omit the 554 observations where profit is non-positive, and estimate translog cost

and profit functions with the remaining 18,669 observations.1

In both (A.1) and (A.4), the inefficiency terms are distributed half-normal. We estimate

A.1 and A.4 both for individual years 2001, . . ., 2018 as well as for all years 2001–2018. When

estimating the model using data for all years, we have in (3.1)–(3.2) K = 6 unique variables

for the cost function and K = 7 unique variables for the profit function. When estimating the

models using data from a single year, we omit the time variable Ti from (3.1)–(3.2), leaving

K = 5 or 6 unique variables for the cost or profit functions, respectively. We estimate both

the cost and profit models with the vectors of explanatory covariates defined in (3.1)–(3.2),

with off-balance sheet activities Y3i included as one of three outputs in one set but excluded in

a second set. In addition, we estimate the models both with and without inefficiency. Thus,

we consider eight different models indexed by m ∈ {1, 2, . . . , 8}:

m = 1 : cost function, with Y3i, with inefficiency

m = 2 : cost function, without Y3i, with inefficiency

m = 3 : cost function, with Y3i, without inefficiency

m = 4 : cost function, without Y3i, without inefficiency

m = 5 : profit function, with Y3i, with inefficiency

m = 6 : profit function, without Y3i, with inefficiency

m = 7 : profit function, with Y3i, without inefficiency

m = 8 : profit function, without Y3i, without inefficiency.

For the models without Y3i (i.e., m ∈ {2, 4, 6, 8}), we re-define Z1i3 and Z2i4 in (3.1)–(3.2)

so that

Z1i3 = Y1 + Y2

Z2i4 = Y1 + Y2.

The models with inefficiency (i.e., m = {1, 2, 5, 6}) are estimated by maximum likeli-

hood. The models without inefficiency (i.e., m = {3, 4, 7, 8}) are estimated by or-

dinary least squares (OLS) after omitting the half-normal inefficiency terms in (A.1) and

1 It is not necessary to omit non-zero profit observations when using our nonparametric estimators, in

which case we use all of the 19,223 observations.
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(A.4) (this amounts to restricting σ2
u = σ2

v = 0). When inefficiency is included, there are

3 +K +K(K + 1)/2 parameters to be estimated; ignoring inefficiency results in 2 fewer pa-

rameters in each case. Hence the cost function with inefficiency involves 23 parameters for

individual years, and 30 parameters for all years. The profit function with inefficiency involves

30 parameters for individual years and 38 parameters for all years.

To test the translog specifications, first consider estimation over all years, and consider the

models with inefficiency. We first sort the data by values of total assets, and then split the

data into two subsamples so that the first subsample contains the first ⌊18, 669/2⌋ = 9, 334

sorted observations, and the second contains the remaining 9,335 observations. For model

m = {1, 2, 5, 6}, we estimate the model on the full data (with 18,669 observations); denote

the value of the log-likelihood by L0m. Then estimate the model independently on the two

subsamples; denoting the values of the log-likelihoods by L
(j)
0m for j ∈ {1, 2}. The likelihood-

ratio statistic is then R0m = −2(L0m − (L
(1)
0m + L

(2)
0m)).

Next, we repeat the above exercise for models m = {1, 2, 5, 6}, using data for individual

years. This requires omitting Z1i6 from the cost function and Z2i7 from the profit function.

Consequently, for the translog cost function given by (A.1), we now have K = 5 covariates,

and for the translog profit function in (A.4) we now have K = 6. For each year, we split the

observations into two subsamples as before.2 Proceeding as above, we obtain likelihood-ratio

statistics Rtm where m = {1, 2, 5, 6} and t = 1, 2, . . . , 18 (corresponding to 2001, 2002, ...,

2018).

Now consider the models without inefficiency. Using the full data (18,669 observations

after omitting observations with negative profit), we split into two subsamples j ∈ {1, 2} as

described above and estimate the models by OLS on each subsample (note that here, we do

not compute estimates using the full set of observations). In the cost function with K = 6,

there are 1+K +K(K +1)/2 = 28 coefficients, while in the profit function with K = 7 there

are 36 coefficients. Denote the vector of estimated coefficients for model m, subsample j by

β̂mj. Let Zmj denote the matrix of right-hand side variables for subset j and model m. So

for m ∈ {3, 4} Zmj has 28 columns (the first column is a vector of ones). For m ∈ {7, 8},

Zmj has 36 columns, where again the first column is a vector of ones.

2 In the case where year ℓ has nℓ observations and nℓ is odd, we split the sorted nℓ observations so that the

first subsample contains the first ⌊nℓ⌋ observations, and the second subsample contains nℓ−⌊nℓ⌋ observations
where ⌊a⌋ is the integer part of a.
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For each subsample, we compute covariance matrix estimates

Σ̂mj = (
nmj

nmj −Km

)(Z ′

mjZmj)
−1Z ′

mjdiag(ε̂
2

mji)Zmj(Z
′

mjZmj)
−1, (A.7)

where nmj is the number of observations for model m and subsample j, Km is the number of

parameters for model m (i.e., either 28 or 36), and the ε̂mji are the OLS residuals for model m,

subset j. The factor (
nmj

nmj−Km
) scales up the usual White (1980) heteroskedasticity-consistent

covariance estimator as suggested by Davidson and MacKinnon (1993) to account for the fact

that squared OLS-estimated residuals tend to underestimate squares of true residuals. Finally,

for models m ∈ {3, 4, 7, 8}, we compute the Wald statistic

Ŵ0m = (β̂m1
− β̂m2

)′(Σ̂m1 + Σ̂m2)
−1(β̂m1

− β̂m2
) (A.8)

to test the null hypothesis H0 : βm1
= βm2

versus the alternative hypothesis H1 : βm1
6= βm2

.

Under the null, the Wald statistic is asymptotically distributed chi-square with degrees of

freedom equal to 1 + K + K(K + 1)/2. Rejection of the null provides evidence against the

translog specification within a given group.

The last step involves computing similar Wald statistics for each year. For year t ∈

{1, 2, . . . , 18} corresponding to 2001, 2002, ..., 2018, we select observations for year t and

split the data for year t as described above. We then estimate each model m ∈ {3, 4, 7, 8} by

OLS on subset j ∈ {1, 2}, but omitting the time variable so that K = 5 for the cost function

and K = 6 for the profit function. This yields 64 different Wald statistics Ŵtm, in addition to

the 4 Wald statistics obtained with the full data.

Results of the likelihood-ratio tests are given in Tables A.1–A.2, while results of the Wald

tests are given in Tables A.3–A.4. All together, we test 19 × 4 × 2 = 152 models. Looking

at the results for the likelihood-ratio tests in Tables A.1–A.2 where we allow for inefficiency,

we see that the likelihood ratio statistics range from 38.275 to 913.486, with corresponding

p-values ranging from 0.1428 to 8.862 × 10−173. We reject the null hypothesis in 75, 74 and

72 of 19 × 4 = 76 cases at .10, 0.5 or .01 significance (respectively). Estimation over all

years yields p-values ranging from 1.024× 10−35 to 8.862× 10−173. Turning to the results for

the Wald tests in Tables A.3–A.4, it is evident that the Wald statistics range from 28.270

to 204.598, with corresponding p-values ranging from 0.5561 to 6.809× 10−28. We reject the

null hypothesis in 71, 66 and 50 of 76 cases at .10, .05 and .01 significance. Estimating the
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models using data over all years, p-values for the Wald statistics range from 5.587× 10−13 to

1.953 × 10−25. The data provide clear and compelling evidence that the translog functional

form mis-specifies banks’ cost and profit functions.

Although we reject translog functional forms for the cost and profit functions, we nonethe-

less use the translog estimates (obtained using the full data, with K = 6 for the cost function

and K = 7 for the profit function) to estimate the Lerner index in (2.2) for each bank in each

year in order to provide a comparison with our nonparametric results reported in Section 5.3

Table 8 in Section 5 reports mean values of the Lerner index for each sample year for four

different models.

We also report means of Lerner indices weighted by total assets in Table A.5. The weighted

means in Table A.5 are considerably larger than the unweighted means in Table 8. The

weighted means in Table A.5 range from 0.587 to 0.970. By contrast, the unweighted means

in Table 8 range from 0.246 to 0.756. The unweighted means for 2001–2007 are somewhat

similar to the means reported for the same years by Koetter et al. (2012, Table 5), but our

weighted means in Table A.5 are much larger for those years. However, it is important to

realize that our data differ from those of Koetter et al. (2012) in several ways. One perhaps

should not expect similar results. Koetter et al. used annual data on all U.S. commercial

banks from 1976 to 2007 to estimate their Lerner indices, whereas we use annual data on

bank holding companies over 2001 to 2018. Hence the size distribution of banks in our sample

is rather different than the size distribution of banks used by Koetter et al.. Since our banks are

much larger on average than the banks considered by Koetter et al., one should anticipate that

our estimated Lerner indices will be larger on average than those estimated by Koetter et al..

This does not, however, explain the difference between the weighted means and unweighted

means based on our translog estimates. Rather, the difference is likely a consequence of model

mis-specification.

In contrast to our nonparametric results, both the unweighted and weighted means of

estimates from the translog model reported in Tables 8 and A.5 suggest that controlling for

inefficiency is quantitatively unimportant in the aggregate, though it might be important for

assessing the market power of some banks. However, the data provide clear indication that

3 Due to noise estimation error, a few estimates of the Lerner index lie outside the interval [0, 1]. In such
cases, we set any observation of the Lerner index with negative values equal to 0 and any with values in excess
of 1.0 equal to 1.0.
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the translog function is a mis-specification of the cost and profit relationships. The results

discussed here provide a comparison with our nonparametric results that appear in Section 5,

but otherwise one should not put much stock in results from the translog models.
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Table A.1: Tests of Translog Functional Form: Likelihood-Ratio Statistics

— Cost Function — — Profit Function —

With Y3 Without Y3 With Y3 Without Y3

2001 133.349 128.077 69.840 69.717

2002 76.456 70.559 78.206 80.473

2003 87.060 92.389 106.486 109.937

2004 57.242 67.232 78.791 81.241

2005 65.071 71.242 66.686 68.736

2006 43.979 58.809 41.543 38.275

2007 77.867 76.178 49.002 50.138

2008 81.287 78.092 58.350 65.643

2009 81.141 75.803 62.344 69.745

2010 68.527 71.725 82.756 84.126

2011 102.937 105.382 68.204 75.368

2012 100.507 104.435 86.924 100.467

2013 72.411 73.367 70.513 68.918

2014 100.118 104.782 82.041 76.665

2015 58.822 62.710 69.158 69.501

2016 67.129 66.889 105.392 100.533

2017 62.683 62.548 65.963 59.040

2018 48.873 45.098 68.984 95.936

All Years 907.787 913.486 264.479 344.606

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table A.2: Tests of Translog Functional Form: Likelihood-Ratio Test p-values

— Cost Function — — Profit Function —

With Y3 Without Y3 With Y3 Without Y3

2001 1.559× 10−17 1.435× 10−16 5.100× 10−5 5.297× 10−5

2002 1.179× 10−7 9.966× 10−7 3.566× 10−6 1.689× 10−6

2003 2.203× 10−9 2.814× 10−10 1.710× 10−10 4.709× 10−11

2004 9.470× 10−5 3.229× 10−6 2.944× 10−6 1.308× 10−6

2005 6.842× 10−6 7.808× 10−7 1.329× 10−4 7.154× 10−5

2006 5.289× 10−3 5.669× 10−5 7.827× 10−2 1.428× 10−1

2007 7.008× 10−8 1.305× 10−7 1.571× 10−2 1.200× 10−2

2008 1.963× 10−8 6.449× 10−8 1.452× 10−3 1.814× 10−4

2009 2.073× 10−8 1.497× 10−7 4.746× 10−4 5.252× 10−5

2010 2.049× 10−6 6.567× 10−7 7.874× 10−7 4.958× 10−7

2011 4.362× 10−12 1.635× 10−12 8.411× 10−5 8.953× 10−6

2012 1.151× 10−11 2.392× 10−12 1.907× 10−7 1.567× 10−9

2013 5.132× 10−7 3.634× 10−7 4.143× 10−5 6.767× 10−5

2014 1.343× 10−11 2.081× 10−12 1.001× 10−6 5.892× 10−6

2015 5.644× 10−5 1.536× 10−5 6.288× 10−5 5.661× 10−5

2016 3.347× 10−6 3.640× 10−6 2.566× 10−10 1.529× 10−9

2017 1.550× 10−5 1.623× 10−5 1.649× 10−4 1.201× 10−3

2018 1.292× 10−3 3.866× 10−3 6.632× 10−5 8.048× 10−9

All Years 1.403× 10−171 8.862× 10−173 1.024× 10−35 4.616× 10−51

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table A.3: Tests of Translog Functional Form: Wald Statistics

— Cost Function — — Profit Function —

With Y3 Without Y3 With Y3 Without Y3

2001 73.669 69.863 30.893 29.843

2002 40.834 37.446 44.215 39.678

2003 43.384 44.982 43.446 44.264

2004 43.974 53.884 51.174 47.833

2005 63.054 74.298 47.813 46.056

2006 38.067 46.215 57.704 49.649

2007 76.103 79.035 44.507 40.516

2008 51.081 45.525 51.034 51.523

2009 72.398 63.776 50.332 49.499

2010 62.084 65.604 61.953 58.439

2011 87.540 94.579 54.860 56.487

2012 79.585 86.174 40.392 50.473

2013 37.969 46.655 76.358 79.726

2014 119.124 128.821 44.313 42.241

2015 43.848 46.002 28.270 29.176

2016 51.200 47.730 106.455 105.256

2017 45.065 47.408 61.032 57.981

2018 36.784 34.562 80.059 108.086

All Years 191.439 204.598 136.188 160.672

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table A.4: Tests of Translog Functional Form: Wald Test p-values

— Cost Function — — Profit Function —

With Y3 Without Y3 With Y3 Without Y3

2001 3.258× 10−7 1.277× 10−6 4.207× 10−1 4.737× 10−1

2002 1.237× 10−2 2.918× 10−2 4.559× 10−2 1.113× 10−1

2003 6.234× 10−3 3.995× 10−3 5.349× 10−2 4.513× 10−2

2004 5.297× 10−3 2.777× 10−4 9.336× 10−3 2.060× 10−2

2005 1.366× 10−5 2.593× 10−7 2.069× 10−2 3.069× 10−2

2006 2.505× 10−2 2.812× 10−3 1.730× 10−3 1.348× 10−2

2007 1.342× 10−7 4.547× 10−8 4.287× 10−2 9.525× 10−2

2008 6.633× 10−4 3.425× 10−3 9.660× 10−3 8.570× 10−3

2009 5.156× 10−7 1.068× 10−5 1.145× 10−2 1.397× 10−2

2010 1.899× 10−5 5.691× 10−6 5.307× 10−4 1.417× 10−3

2011 1.833× 10−9 1.196× 10−10 3.682× 10−3 2.399× 10−3

2012 3.706× 10−8 3.090× 10−9 9.749× 10−2 1.107× 10−2

2013 2.567× 10−2 2.477× 10−3 6.507× 10−6 2.163× 10−6

2014 5.979× 10−15 1.050× 10−16 4.466× 10−2 6.824× 10−2

2015 5.485× 10−3 2.989× 10−3 5.561× 10−1 5.084× 10−1

2016 6.396× 10−4 1.811× 10−3 1.730× 10−10 2.698× 10−10

2017 3.902× 10−3 1.990× 10−3 6.892× 10−4 1.605× 10−3

2018 3.425× 10−2 5.746× 10−2 1.937× 10−6 9.420× 10−11

All Years 1.954× 10−25 6.809× 10−28 5.587× 10−13 5.021× 10−17

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table A.5: Weighted Mean Lerner Indices, Translog Specifications, All BHCs in Each Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.
(1) (2) (3) (4) (5)

2001 0.650 0.680 0.587 0.640
2002 0.732 0.752 0.681 0.721
2003 0.775 0.793 0.728 0.767
2004 0.804 0.824 0.757 0.798
2005 0.743 0.771 0.692 0.740
2006 0.722 0.758 0.664 0.722
2007 0.703 0.742 0.638 0.699
2008 0.802 0.825 0.754 0.794
2009 0.867 0.889 0.820 0.862
2010 0.885 0.905 0.840 0.883
2011 0.902 0.919 0.862 0.901
2012 0.926 0.937 0.900 0.927
2013 0.939 0.951 0.922 0.942
2014 0.951 0.960 0.937 0.955
2015 0.961 0.970 0.949 0.966
2016 0.958 0.969 0.946 0.964
2017 0.947 0.962 0.931 0.954
2018 0.922 0.943 0.887 0.932

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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B Profit Function Estimation

Recall the definition of the (n × 5) matrix υ in (4.18). Let Υi =
[
Υi1 . . . Υid′

]
denote the

ith row of Υ. We use the local-linear estimator to estimate

log(Pi − λ) = g1(Υi1, . . . , Υid′) + ξ1i, (B.1)

where λ = (min(Pi | i = 1, 2, . . . , n)− 1) and where E(ξ1i) = 0 ∀ i = 1, . . . , n. Analogous

to (4.3), let

ξ1i = Vi − Ui + µU(Ui) (B.2)

where Vi has zero mean, finite variance σ2
V
(Υi) > 0 and a density symmetric around 0, and

Ui has density h(u | γ(Υi)) where the shape parameter γ(Υi) replaces γ(Ψi) in (4.4). The

form of the density of Ui is the same as the form of the density of Ui appearing in (4.3), but

in (4.3) the one-sided inefficiency term Ui is added, whereas in (B.2) the one-sided inefficiency

term Ui is subtracted.

Using reasoning similar to that used in Section 4, it is easy to show that

µU(Υi) := E(Ui | Υi) =

{
a+1 γ(Υi) for γ(Υi) ≥ 0;

a−1 γ(Υi) for γ(Υi) < 0
(B.3)

and

E(ξ31i) =

{
−a+3 γ(Υi)

3 ≤ 0 for γ(Υi) ≥ 0;

a−3 γ(Υi)
3 < 0 for γ(Υi) < 0.

(B.4)

Analogous to (4.10), µU(Υi) gives the expected value of (log) profit inefficiency for bank i.

We use a local linear estimator to estimate

ξ̂31i = g3(Υi1, . . . , Υid′) + ξ3i. (B.5)

This leads to estimators

γ̂(Ψi) =





[
−
(
a+3

)
−1

m̂3(Ψi)
]1/3

for γ(Ψi) ≥ 0;

−
[
−
(
a−3

)
−1

m̂3(Ψi)
]1/3

for γ(Ψi) < 0
(B.6)

and

P̂i = exp [ĝ1(Υi) + µ̂U(Υi)]− λ (B.7)

where µ̂U(Υi) is the estimator of µU(Υi) obtained by replacing γU(Υi) in (B.3) with γ̂U(Υi)

given by (B.6).
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C Additional Estimation Results

Tables C.1 and C.2 present weighted (by total assets) mean estimates of inefficiency and Lerner

indices by year, corresponding to the unweighted means given in Tables 4 and 5 appearing in

the main part of the paper. Tables C.3 and C.4 show weighted (by total assets) mean estimates

of inefficiency and Lerner indices for the ten largest banks in each year, corresponding to the

unweighted means given in Tables 6 and 7 appearing in the main part of the paper.

Tables C.5 and C.6 provide summary statistics for estimates of cost and profit inefficiency

(respectively) in each year from the models that include off-balance sheet activity (Y3). Table

C.7 gives results of the tests for presence of inefficiency described in footnote 20 of the paper

for cost and profit functions where Y3 is included. Tables C.8, C.9 and C.10 show similar

results obtained from models where Y3 is not included.

Tables C.11–C.14 give weighted means of mean estimated Lerner indices and inefficiency

estimates for each year as do Tables C.1–C.4, but Tables C.11–C.14 also give corresponding

bootstrap estimates of 95-percent confidence intervals for each reported estimated mean. Sim-

ilarly, Tables C.15–C.16 give similar information but for unweighted means of estimates of

inefficiency and Lerner indices for each year.

In all cases where confidence intervals are estimated for inefficiency, the estimated intervals

are two-sided intervals estimated using the wild bootstrap. Note that in some cases, the

estimated confidence intervals do not include the corresponding point estimate, reflecting

finite-sample bias of the nonparametric estimates.
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Table C.1: Weighted Mean Efficiency, All BHCs in Each Year

With Y3 Without Y3

Year Cost Profit Cost Profit
(1) (2) (3) (4) (5)

2001 1.389[0] 0.479[2] 1.362 0.497
2002 1.383[2] 0.495[2] 1.344 0.519
2003 1.383[3] 0.466[1] 1.337 0.487
2004 1.385[3] 0.510[1] 1.335 0.531
2005 1.359[3] 0.448[1] 1.315 0.467
2006 1.320[2] 0.430[0] 1.277 0.447
2007 1.270[3] 0.459[0] 1.215 0.487
2008 1.303[2] 0.518[0] 1.502 0.524
2009 1.635[0] 0.546[0] 1.764 0.577
2010 1.751[0] 0.544[0] 1.868 0.568
2011 1.805[0] 0.569[0] 1.917 0.573
2012 1.853[0] 0.548[0] 1.959 0.558
2013 1.847[0] 0.543[0] 1.964 0.551
2014 1.825[0] 0.541[0] 1.952 0.551
2015 1.853[0] 0.541[0] 1.980 0.551
2016 1.953[0] 0.545[0] 2.060 0.554
2017 2.073[0] 0.497[0] 2.151 0.515
2018 2.178[0] 0.473[0] 2.252 0.487

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity. The superscripts in
column 2 indicate significance of bootstrap tests for differences between values in column 2
versus column 4. The superscripts in column 3 indicate significance of differences between
column 3 and column 5. In all cases, superscripts 0, 1, 2, and 3 indicate no significance,
significance at .1 but not .05, significance at .05 but not .01, and significance at .01.
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Table C.2: Weighted Mean Lerner Indices, All BHCs in Each Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.
(1) (2) (3) (4) (5)

2001 0.850[3,3] 0.658[3] 0.834[3] 0.636
2002 0.859[3,3] 0.687[2] 0.841[3] 0.664
2003 0.858[3,3] 0.663[1] 0.841[3] 0.639
2004 0.836[3,1] 0.651[3] 0.812[3] 0.615
2005 0.854[1,3] 0.640[3] 0.837[0] 0.616
2006 0.850[3,3] 0.627[3] 0.835[3] 0.600
2007 0.848[3,3] 0.642[2] 0.829[3] 0.610
2008 0.911[3,0] 0.697[0] 0.851[3] 0.671
2009 0.875[0,0] 0.724[3] 0.844[0] 0.691
2010 0.866[0,3] 0.704[3] 0.837[0] 0.671
2011 0.854[3,3] 0.697[3] 0.828[3] 0.662
2012 0.858[3,3] 0.701[0] 0.834[3] 0.671
2013 0.858[3,0] 0.694[0] 0.832[3] 0.661
2014 0.857[0,0] 0.693[3] 0.830[0] 0.660
2015 0.857[0,3] 0.698[3] 0.830[0] 0.671
2016 0.861[3,3] 0.707[3] 0.840[3] 0.683
2017 0.861[3,3] 0.686[2] 0.840[3] 0.666
2018 0.861[3,3] 0.660[1] 0.838[3] 0.643

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity. The two superscripts
in column 2 indicate significance of bootstrap tests for differences between values in (i) column
2 versus column 3, and (ii) column 2 versus column 4. The superscripts in column 3 indicate
significance of differences between column 3 and column 5. In all cases, superscripts 0, 1, 2,
and 3 indicate no significance, significance at .1 but not .05, significance at .05 but not .01,
and significance at .01.
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Table C.3: Weighted Mean Efficiency for 10 Largest BHCs in Each Year

With Y3 Without Y3

Year Cost Profit Cost Profit
(1) (2) (3) (4) (5)

2001 1.401[0] 0.495[2] 1.367[3] 0.517
2002 1.379[1] 0.507[3] 1.331[3] 0.539
2003 1.371[3] 0.466[3] 1.314[3] 0.485
2004 1.365[3] 0.541[3] 1.306[2] 0.563
2005 1.338[3] 0.452[2] 1.284[0] 0.474
2006 1.313[3] 0.431[0] 1.261[3] 0.453
2007 1.258[0] 0.450[3] 1.190[3] 0.484
2008 1.321[3] 0.517[3] 1.588[3] 0.518
2009 1.725[3] 0.557[3] 1.881[0] 0.592
2010 1.836[3] 0.545[0] 1.964[0] 0.572
2011 1.877[0] 0.584[0] 2.001[3] 0.584
2012 1.923[0] 0.559[3] 2.044[3] 0.568
2013 1.919[3] 0.555[2] 2.052[3] 0.560
2014 1.899[2] 0.555[3] 2.045[0] 0.563
2015 1.936[3] 0.558[0] 2.076[0] 0.565
2016 2.033[0] 0.569[2] 2.151[3] 0.577
2017 2.159[1] 0.514[3] 2.243[3] 0.533
2018 2.239[3] 0.493[3] 2.318[3] 0.508

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity. The superscripts in
column 2 indicate significance of bootstrap tests for differences between values in column 2
versus column 4. The superscripts in column 3 indicate significance of differences between
column 3 and column 5. In all cases, superscripts 0, 1, 2, and 3 indicate no significance,
significance at .1 but not .05, significance at .05 but not .01, and significance at .01.
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Table C.4: Weighted Mean Lerner Indices, 10 Largest BHCs in Each Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.
(1) (2) (3) (4) (5)

2001 0.843[3,3] 0.663[3] 0.824[3] 0.638
2002 0.855[3,3] 0.696[2] 0.834[3] 0.671
2003 0.857[3,3] 0.669[1] 0.840[3] 0.644
2004 0.827[3,1] 0.666[3] 0.803[2] 0.633
2005 0.851[1,3] 0.650[3] 0.834[0] 0.628
2006 0.850[3,3] 0.634[3] 0.834[3] 0.613
2007 0.850[3,3] 0.645[2] 0.829[3] 0.613
2008 0.930[3,0] 0.707[0] 0.851[3] 0.676
2009 0.874[0,0] 0.736[3] 0.837[0] 0.701
2010 0.860[0,3] 0.704[3] 0.828[0] 0.666
2011 0.845[3,3] 0.696[3] 0.817[3] 0.655
2012 0.852[3,3] 0.702[0] 0.826[3] 0.668
2013 0.850[3,0] 0.691[0] 0.822[3] 0.652
2014 0.847[0,0] 0.685[3] 0.817[0] 0.647
2015 0.844[0,3] 0.691[3] 0.815[0] 0.659
2016 0.848[3,3] 0.700[3] 0.826[3] 0.672
2017 0.847[3,3] 0.671[2] 0.824[3] 0.647
2018 0.849[3,3] 0.644[1] 0.822[3] 0.620

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity. The two superscripts
in column 2 indicate significance of bootstrap tests for differences between values in (i) column
2 versus column 3, and (ii) column 2 versus column 4. The superscripts in column 3 indicate
significance of differences between column 3 and column 5. In all cases, superscripts 0, 1, 2,
and 3 indicate no significance, significance at .1 but not .05, significance at .05 but not .01,
and significance at .01.
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Table C.5: Summary Statistics for Cost Inefficiency, with Y3

Year Min. 1st Qu. Median Mean 3rd Qu. Max.

2001 1.015 1.245 1.405 1.416 1.586 2.073

2002 1.014 1.279 1.470 1.463 1.644 2.158

2003 1.018 1.315 1.531 1.510 1.703 2.110

2004 1.018 1.346 1.581 1.549 1.758 2.140

2005 1.033 1.342 1.601 1.555 1.762 2.134

2006 1.045 1.195 1.281 1.315 1.396 2.132

2007 1.038 1.186 1.256 1.285 1.316 2.026

2008 1.023 1.196 1.247 1.289 1.316 2.156

2009 1.010 1.184 1.249 1.333 1.480 2.139

2010 1.019 1.223 1.435 1.450 1.653 2.231

2011 1.042 1.397 1.651 1.593 1.791 2.163

2012 1.039 1.503 1.767 1.687 1.894 2.313

2013 1.072 1.447 1.810 1.715 1.954 2.344

2014 1.036 1.419 1.792 1.707 1.974 2.361

2015 1.054 1.355 1.698 1.652 1.934 2.368

2016 1.044 1.446 1.775 1.731 2.010 2.385

2017 1.036 1.591 1.904 1.815 2.075 2.456

2018 1.045 1.844 2.050 1.950 2.143 2.465

All 1.010 1.267 1.508 1.523 1.744 2.465

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.6: Summary Statistics for Profit Inefficiency, with Y3

Year Min. 1st Qu. Median Mean 3rd Qu. Max.

2001 0.133 0.430 0.523 0.548 0.647 0.965

2002 0.129 0.432 0.514 0.533 0.613 0.944

2003 0.126 0.433 0.511 0.525 0.596 0.984

2004 0.135 0.437 0.516 0.519 0.587 0.966

2005 0.128 0.430 0.513 0.518 0.591 0.950

2006 0.125 0.372 0.472 0.482 0.563 0.992

2007 0.125 0.371 0.475 0.494 0.584 0.942

2008 0.131 0.382 0.486 0.499 0.591 0.961

2009 0.134 0.390 0.481 0.496 0.584 0.964

2010 0.136 0.403 0.493 0.494 0.575 0.970

2011 0.140 0.404 0.495 0.492 0.565 0.983

2012 0.159 0.385 0.494 0.483 0.563 0.918

2013 0.152 0.367 0.473 0.471 0.554 0.958

2014 0.160 0.349 0.453 0.459 0.547 0.944

2015 0.156 0.340 0.434 0.463 0.553 0.924

2016 0.130 0.322 0.419 0.454 0.551 0.949

2017 0.129 0.318 0.408 0.441 0.533 0.946

2018 0.131 0.299 0.396 0.438 0.533 0.960

All 0.125 0.399 0.494 0.503 0.583 0.992

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.7: Tests for Inefficiency, with Y3

Year # Obs. Statistic Statistic p-value p-value
(Cost) (Profit) (Cost) (Profit)

2001 1646 96.21 −82.24 6.54× 10−2013 1.44× 10−1471

2002 1766 104.29 −92.46 6.85× 10−2365 1.60× 10−1859

2003 1972 114.60 −102.68 6.14× 10−2855 1.07× 10−2292

2004 2049 118.78 −112.32 4.19× 10−3067 1.06× 10−2742

2005 2038 117.09 −105.58 2.82× 10−2980 7.41× 10−2424

2006 885 65.17 −65.31 3.97× 10−925 3.01× 10−929

2007 867 65.39 −59.48 1.49× 10−931 3.22× 10−771

2008 854 63.24 −60.00 1.89× 10−871 1.05× 10−784

2009 867 54.85 −64.20 3.58× 10−656 7.79× 10−898

2010 859 62.32 −67.62 2.71× 10−846 7.49× 10−996

2011 868 77.93 −70.92 9.95× 10−1322 2.70× 10−1095

2012 872 87.80 −72.13 3.41× 10−1677 7.93× 10−1133

2013 895 84.93 −74.05 2.00× 10−1569 1.18× 10−1193

2014 911 80.22 −75.82 2.41× 10−1400 3.76× 10−1251

2015 526 55.65 −51.84 2.35× 10−675 2.17× 10−586

2016 520 61.92 −50.52 2.06× 10−835 5.91× 10−557

2017 530 68.84 −53.14 6.37× 10−1032 4.23× 10−616

2018 298 65.07 −37.67 2.16× 10−922 6.56× 10−311

All 19223 301.37 −307.71 2.10× 10−19725 6.25× 10−20564

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.

20



Table C.8: Summary Statistics for Cost Inefficiency, without Y3

Year Min. 1st Qu. Median Mean 3rd Qu. Max.

2001 1.030 1.238 1.387 1.406 1.580 2.050

2002 1.023 1.269 1.451 1.449 1.629 2.147

2003 1.035 1.304 1.512 1.495 1.689 2.045

2004 1.020 1.325 1.561 1.533 1.741 2.076

2005 1.026 1.321 1.594 1.548 1.757 2.126

2006 1.014 1.196 1.283 1.313 1.399 2.093

2007 1.033 1.183 1.252 1.284 1.330 2.022

2008 1.030 1.184 1.244 1.296 1.375 2.111

2009 1.028 1.186 1.270 1.355 1.530 2.131

2010 1.047 1.250 1.505 1.488 1.678 2.183

2011 1.026 1.472 1.681 1.623 1.807 2.182

2012 1.066 1.557 1.780 1.704 1.894 2.289

2013 1.046 1.495 1.820 1.722 1.953 2.323

2014 1.041 1.433 1.795 1.712 1.969 2.342

2015 1.032 1.377 1.749 1.673 1.952 2.341

2016 1.065 1.485 1.820 1.751 2.014 2.357

2017 1.030 1.649 1.909 1.831 2.075 2.461

2018 1.078 1.896 2.062 1.979 2.150 2.469

All 1.014 1.269 1.512 1.524 1.744 2.469

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.9: Summary Statistics for Profit Inefficiency, without Y3

Year Min. 1st Qu. Median Mean 3rd Qu. Max.

2001 0.138 0.424 0.515 0.543 0.653 0.966

2002 0.129 0.428 0.517 0.537 0.627 0.976

2003 0.135 0.433 0.518 0.535 0.617 0.982

2004 0.139 0.436 0.525 0.534 0.611 0.990

2005 0.132 0.428 0.521 0.532 0.613 0.961

2006 0.128 0.368 0.476 0.484 0.559 0.982

2007 0.128 0.368 0.479 0.494 0.584 0.971

2008 0.135 0.387 0.487 0.500 0.593 0.952

2009 0.136 0.391 0.486 0.501 0.594 0.970

2010 0.139 0.404 0.498 0.504 0.588 0.973

2011 0.144 0.408 0.502 0.504 0.582 0.978

2012 0.171 0.390 0.496 0.495 0.581 0.937

2013 0.157 0.374 0.480 0.485 0.571 0.956

2014 0.165 0.357 0.458 0.472 0.560 0.958

2015 0.162 0.345 0.441 0.474 0.565 0.922

2016 0.136 0.331 0.426 0.464 0.559 0.925

2017 0.131 0.326 0.413 0.451 0.546 0.933

2018 0.133 0.304 0.404 0.447 0.536 0.920

All 0.128 0.399 0.498 0.511 0.598 0.990

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.10: Tests for Inefficiency, without Y3

Year # Obs. Statistic Statistic p-value p-value
(Cost) (Profit) (Cost) (Profit)

2001 1646 95.11 −82.03 3.10× 10−1967 3.58× 10−1464

2002 1766 102.67 −88.43 6.20× 10−2292 4.74× 10−1701

2003 1972 111.96 −94.60 3.72× 10−2725 2.37× 10−1946

2004 2049 116.24 −99.96 4.93× 10−2937 8.06× 10−2173

2005 2038 116.11 −95.42 7.90× 10−2931 2.74× 10−1980

2006 885 64.91 −64.97 8.24× 10−918 1.33× 10−919

2007 867 62.38 −60.20 5.02× 10−848 6.59× 10−790

2008 854 59.62 −60.42 1.07× 10−774 1.20× 10−795

2009 867 55.35 −62.87 4.03× 10−668 3.89× 10−861

2010 859 67.90 −64.42 4.95× 10−1004 3.72× 10−904

2011 868 86.07 −66.78 1.37× 10−1611 2.26× 10−971

2012 872 93.58 −68.11 1.46× 10−1904 2.93× 10−1010

2013 895 87.65 −69.38 3.78× 10−1671 2.65× 10−1048

2014 911 82.80 −71.70 9.55× 10−1492 2.56× 10−1119

2015 526 57.78 −50.20 8.37× 10−728 4.46× 10−550

2016 520 64.80 −49.49 1.25× 10−914 1.03× 10−534

2017 530 71.59 −52.17 7.10× 10−1116 6.37× 10−594

2018 298 71.88 −37.54 5.34× 10−1125 1.17× 10−308

All 19223 301.94 −294.65 2.58× 10−19800 2.20× 10−18855

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.11: Weighted Mean Efficiency (with 95-percent CIs), All BHCs in Each Year

With Y3 Without Y3

Year Cost Profit Cost Profit

2001 1.3894 0.4787 1.3617 0.4966
(1.2316, 1.4683) (0.5980, 0.4553) (1.1982, 1.4521) (0.7375, 0.4329)

2002 1.3833 0.4950 1.3444 0.5192
(1.1919, 1.4679) (0.5783, 0.4866) (1.1886, 1.4385) (0.7076, 0.4594)

2003 1.3834 0.4660 1.3371 0.4875
(1.1792, 1.4750) (0.5284, 0.4661) (1.1483, 1.4347) (0.7067, 0.4401)

2004 1.3849 0.5098 1.3350 0.5313
(1.1809, 1.4805) (0.5833, 0.5238) (1.1112, 1.4262) (0.7022, 0.4781)

2005 1.3589 0.4475 1.3145 0.4669
(1.1647, 1.4419) (0.5265, 0.4297) (1.1625, 1.3909) (0.7205, 0.4079)

2006 1.3202 0.4301 1.2768 0.4475
(1.1547, 1.3951) (0.5631, 0.4013) (1.1660, 1.3570) (0.7498, 0.3798)

2007 1.2696 0.4586 1.2151 0.4871
(1.1615, 1.3275) (0.6181, 0.4297) (1.1486, 1.2209) (0.7531, 0.4038)

2008 1.3031 0.5179 1.5023 0.5245
(1.1618, 1.3954) (0.6320, 0.5103) (1.3463, 2.1811) (0.6941, 0.4758)

2009 1.6351 0.5456 1.7640 0.5768
(1.4315, 2.1750) (0.5967, 0.5771) (1.4357, 2.2472) (0.7227, 0.5386)

2010 1.7512 0.5444 1.8676 0.5679
(1.4670, 2.2281) (0.5952, 0.5703) (1.5895, 2.3065) (0.7127, 0.5384)

2011 1.8054 0.5688 1.9173 0.5729
(1.5177, 2.2360) (0.5901, 0.5901) (1.6780, 2.3429) (0.7134, 0.5610)

2012 1.8527 0.5478 1.9591 0.5583
(1.5946, 2.3288) (0.5945, 0.5866) (1.7271, 2.4543) (0.7187, 0.5369)

2013 1.8470 0.5429 1.9644 0.5508
(1.5890, 2.4523) (0.6006, 0.5736) (1.7408, 2.5877) (0.7168, 0.5294)

2014 1.8249 0.5407 1.9520 0.5506
(1.5300, 2.5661) (0.6224, 0.5600) (1.5527, 2.6982) (0.7056, 0.5333)

2015 1.8532 0.5411 1.9802 0.5506
(1.5340, 2.7359) (0.6131, 0.5546) (1.5846, 2.8308) (0.7294, 0.5365)

2016 1.9527 0.5450 2.0600 0.5539
(1.6970, 2.8231) (0.6557, 0.5747) (1.7616, 2.9030) (0.6907, 0.5304)

2017 2.0732 0.4974 2.1505 0.5152
(1.2316, 1.4683) (0.5980, 0.4553) (1.1982, 1.4521) (0.7375, 0.4329)

2018 2.1783 0.4727 2.2517 0.4867
(1.1919, 1.4679) (0.5783, 0.4866) (1.1886, 1.4385) (0.7076, 0.4594)

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.12: Weighted Mean Lerner Indices (with 95-percent CIs), All BHCs in Each Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.

2001 0.8497 0.6581 0.8341 0.6359
(0.8053, 0.8641) (0.6499, 0.6745) (0.7303, 0.8581) (0.6299, 0.6515)

2002 0.8593 0.6871 0.8413 0.6635
(0.8246, 0.8687) (0.6853, 0.6926) (0.7684, 0.8624) (0.6631, 0.6688)

2003 0.8583 0.6628 0.8412 0.6387
(0.8313, 0.8657) (0.6545, 0.6721) (0.7568, 0.8605) (0.6329, 0.6482)

2004 0.8358 0.6507 0.8124 0.6146
(0.7997, 0.8406) (0.6448, 0.6611) (0.7435, 0.8334) (0.6072, 0.6247)

2005 0.8535 0.6401 0.8371 0.6161
(0.8120, 0.8651) (0.6355, 0.6497) (0.7260, 0.8609) (0.6175, 0.6225)

2006 0.8498 0.6270 0.8346 0.6002
(0.7914, 0.8649) (0.6189, 0.6426) (0.7025, 0.8621) (0.5945, 0.6183)

2007 0.8483 0.6420 0.8291 0.6096
(0.7834, 0.8608) (0.6317, 0.6602) (0.7045, 0.8602) (0.5988, 0.6287)

2008 0.9109 0.6972 0.8507 0.6711
(0.9056, 0.9541) (0.6830, 0.7020) (0.7829, 0.8728) (0.6544, 0.6768)

2009 0.8748 0.7237 0.8437 0.6908
(0.8520, 0.8751) (0.7219, 0.7219) (0.7985, 0.8544) (0.6919, 0.6919)

2010 0.8656 0.7038 0.8366 0.6713
(0.8415, 0.8676) (0.6998, 0.7005) (0.7926, 0.8433) (0.6701, 0.6701)

2011 0.8541 0.6975 0.8278 0.6617
(0.8378, 0.8528) (0.6907, 0.6985) (0.7837, 0.8357) (0.6553, 0.6615)

2012 0.8581 0.7010 0.8344 0.6714
(0.8302, 0.8600) (0.6901, 0.7065) (0.7780, 0.8394) (0.6603, 0.6761)

2013 0.8583 0.6943 0.8319 0.6607
(0.8271, 0.8647) (0.6918, 0.7011) (0.7554, 0.8414) (0.6570, 0.6720)

2014 0.8571 0.6929 0.8299 0.6595
(0.8222, 0.8674) (0.6911, 0.7001) (0.7527, 0.8416) (0.6562, 0.6710)

2015 0.8571 0.6982 0.8295 0.6710
(0.8210, 0.8650) (0.6943, 0.7065) (0.7698, 0.8376) (0.6632, 0.6802)

2016 0.8605 0.7073 0.8396 0.6829
(0.8281, 0.8643) (0.7061, 0.7145) (0.7877, 0.8500) (0.6786, 0.6959)

2017 0.8605 0.6858 0.8400 0.6658
(0.8228, 0.8712) (0.6860, 0.6919) (0.7599, 0.8562) (0.6658, 0.6748)

2018 0.8606 0.6605 0.8384 0.6428
(0.8118, 0.8731) (0.6594, 0.6715) (0.7425, 0.8539) (0.6423, 0.6533)

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.13: Weighted Mean Efficiency (with 95-percent CIs), 10 Largest BHCs in Each Year

With Y3 Without Y3

Year Cost Profit Cost Profit

2001 1.4012 0.4949 1.3666 0.5173
(1.1996, 1.5022) (0.5967, 0.4904) (1.1557, 1.4792) (0.8158, 0.4471)

2002 1.3790 0.5075 1.3314 0.5389
(1.1328, 1.4813) (0.6217, 0.5161) (1.1466, 1.4392) (0.7785, 0.4604)

2003 1.3709 0.4658 1.3144 0.4849
(1.1333, 1.4751) (0.5566, 0.5052) (1.1050, 1.4265) (0.7692, 0.4224)

2004 1.3652 0.5406 1.3061 0.5628
(1.1143, 1.4706) (0.6449, 0.5601) (1.0831, 1.4188) (0.7673, 0.5071)

2005 1.3378 0.4516 1.2842 0.4736
(1.1404, 1.4315) (0.5477, 0.4517) (1.1218, 1.3895) (0.7836, 0.3993)

2006 1.3132 0.4311 1.2614 0.4535
(1.1411, 1.4080) (0.5672, 0.4022) (1.1208, 1.3583) (0.7923, 0.3780)

2007 1.2575 0.4499 1.1897 0.4837
(1.1448, 1.3339) (0.6218, 0.4316) (1.1257, 1.2015) (0.7874, 0.3841)

2008 1.3215 0.5171 1.5878 0.5183
(1.1427, 1.4472) (0.6678, 0.5074) (1.3731, 2.3498) (0.7200, 0.4654)

2009 1.7247 0.5568 1.8806 0.5916
(1.4582, 2.3419) (0.6279, 0.5813) (1.5707, 2.4148) (0.7622, 0.5549)

2010 1.8358 0.5450 1.9641 0.5722
(1.5026, 2.3935) (0.6152, 0.5882) (1.6877, 2.4444) (0.7505, 0.5233)

2011 1.8774 0.5841 2.0015 0.5841
(1.5117, 2.4009) (0.6172, 0.6172) (1.7010, 2.4749) (0.7526, 0.5638)

2012 1.9226 0.5586 2.0442 0.5683
(1.5831, 2.4805) (0.6261, 0.5833) (1.7801, 2.5746) (0.7677, 0.5402)

2013 1.9194 0.5549 2.0522 0.5603
(1.6261, 2.5822) (0.6311, 0.5924) (1.7852, 2.6907) (0.7678, 0.5375)

2014 1.8994 0.5546 2.0445 0.5631
(1.5703, 2.7128) (0.6668, 0.5801) (1.7069, 2.8261) (0.7623, 0.5415)

2015 1.9356 0.5581 2.0760 0.5652
(1.5940, 2.8491) (0.6639, 0.5808) (1.7577, 2.9564) (0.7874, 0.5489)

2016 2.0327 0.5694 2.1511 0.5775
(1.7277, 2.8971) (0.7277, 0.5918) (1.8398, 2.9908) (0.7341, 0.5505)

2017 2.1589 0.5145 2.2434 0.5335
(1.1996, 1.5022) (0.5967, 0.4904) (1.1557, 1.4792) (0.8158, 0.4471)

2018 2.2393 0.4934 2.3182 0.5080
(1.1328, 1.4813) (0.6217, 0.5161) (1.1466, 1.4392) (0.7785, 0.4604)

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.14: Weighted Mean Lerner Indices (with 95-percent CIs), 10 Largest BHCs in Each
Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.

2001 0.8425 0.6626 0.8240 0.6384
(0.8022, 0.8498) (0.6482, 0.6895) (0.7007, 0.8514) (0.6235, 0.6669)

2002 0.8550 0.6962 0.8338 0.6710
(0.8130, 0.8595) (0.6886, 0.7105) (0.7511, 0.8601) (0.6631, 0.6858)

2003 0.8567 0.6685 0.8402 0.6435
(0.8213, 0.8548) (0.6501, 0.6778) (0.7352, 0.8613) (0.6267, 0.6567)

2004 0.8267 0.6662 0.8028 0.6329
(0.7801, 0.8219) (0.6541, 0.6792) (0.7302, 0.8279) (0.6157, 0.6436)

2005 0.8514 0.6498 0.8342 0.6276
(0.8052, 0.8578) (0.6404, 0.6645) (0.7099, 0.8607) (0.6201, 0.6407)

2006 0.8503 0.6337 0.8337 0.6128
(0.7900, 0.8630) (0.6211, 0.6541) (0.6971, 0.8632) (0.6029, 0.6341)

2007 0.8499 0.6454 0.8288 0.6126
(0.7778, 0.8614) (0.6305, 0.6679) (0.6913, 0.8610) (0.5969, 0.6363)

2008 0.9302 0.7067 0.8506 0.6756
(0.9344, 0.9637) (0.6857, 0.7158) (0.7686, 0.8741) (0.6521, 0.6849)

2009 0.8737 0.7356 0.8374 0.7012
(0.8426, 0.8724) (0.7285, 0.7333) (0.7931, 0.8417) (0.6985, 0.6985)

2010 0.8598 0.7041 0.8275 0.6662
(0.8297, 0.8579) (0.6955, 0.7041) (0.7767, 0.8363) (0.6622, 0.6647)

2011 0.8451 0.6962 0.8171 0.6546
(0.8304, 0.8420) (0.6852, 0.6993) (0.7646, 0.8239) (0.6453, 0.6549)

2012 0.8520 0.7020 0.8263 0.6681
(0.8222, 0.8501) (0.6894, 0.7095) (0.7591, 0.8336) (0.6536, 0.6748)

2013 0.8498 0.6910 0.8223 0.6525
(0.8152, 0.8550) (0.6886, 0.7006) (0.7319, 0.8337) (0.6476, 0.6660)

2014 0.8468 0.6854 0.8168 0.6465
(0.8084, 0.8563) (0.6834, 0.6947) (0.7240, 0.8266) (0.6432, 0.6594)

2015 0.8437 0.6907 0.8151 0.6591
(0.8071, 0.8518) (0.6881, 0.7005) (0.7338, 0.8276) (0.6509, 0.6747)

2016 0.8483 0.7002 0.8261 0.6720
(0.8144, 0.8538) (0.7006, 0.7074) (0.7665, 0.8388) (0.6699, 0.6865)

2017 0.8472 0.6711 0.8237 0.6467
(0.7938, 0.8587) (0.6726, 0.6767) (0.7272, 0.8420) (0.6482, 0.6548)

2018 0.8491 0.6440 0.8224 0.6200
(0.7941, 0.8702) (0.6455, 0.6566) (0.7098, 0.8442) (0.6196, 0.6315)

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.15: Mean Efficiency (with 95-percent CIs), All BHCs in Each Year

With Y3 Without Y3

Year Cost Profit Cost Profit

2001 1.4163 0.5477 1.4064 0.5434
(1.2642, 1.6589) (0.6300, 0.4951) (1.2574, 1.6580) (0.6206, 0.4938)

2002 1.4629 0.5329 1.4491 0.5369
(1.3367, 1.7274) (0.5857, 0.4970) (1.3114, 1.7369) (0.5923, 0.5061)

2003 1.5101 0.5245 1.4947 0.5354
(1.3551, 1.8192) (0.5668, 0.4969) (1.3302, 1.7985) (0.5795, 0.5162)

2004 1.5490 0.5185 1.5333 0.5342
(1.3623, 1.9041) (0.5524, 0.4854) (1.3391, 1.8982) (0.5912, 0.5103)

2005 1.5547 0.5176 1.5476 0.5317
(1.4061, 1.8034) (0.5560, 0.4880) (1.3891, 1.7976) (0.5846, 0.5102)

2006 1.3151 0.4823 1.3133 0.4842
(1.1371, 1.3887) (0.5407, 0.4283) (1.1689, 1.3889) (0.5428, 0.4308)

2007 1.2846 0.4944 1.2843 0.4943
(1.1379, 1.3186) (0.5615, 0.4353) (1.1789, 1.3277) (0.5644, 0.4332)

2008 1.2886 0.4990 1.2964 0.5000
(1.1495, 1.3437) (0.5548, 0.4481) (1.1949, 1.3521) (0.5561, 0.4476)

2009 1.3327 0.4962 1.3554 0.5014
(1.1651, 1.4071) (0.5429, 0.4554) (1.2142, 1.4380) (0.5481, 0.4566)

2010 1.4503 0.4943 1.4879 0.5038
(1.1674, 1.5949) (0.5280, 0.4393) (1.2027, 1.6348) (0.5390, 0.4477)

2011 1.5925 0.4924 1.6227 0.5037
(1.2145, 1.8406) (0.5274, 0.4209) (1.2266, 1.8672) (0.5371, 0.4272)

2012 1.6866 0.4833 1.7040 0.4952
(1.3025, 2.0973) (0.5303, 0.4081) (1.3156, 2.0978) (0.5405, 0.4193)

2013 1.7146 0.4713 1.7223 0.4845
(1.3056, 2.2731) (0.5304, 0.3884) (1.3078, 2.2956) (0.5402, 0.3982)

2014 1.7067 0.4594 1.7118 0.4722
(1.2884, 2.4101) (0.5324, 0.3753) (1.2877, 2.4069) (0.5396, 0.3822)

2015 1.6516 0.4634 1.6732 0.4740
(1.2874, 2.3941) (0.5300, 0.4260) (1.2836, 2.4225) (0.5444, 0.4302)

2016 1.7313 0.4544 1.7511 0.4641
(1.3097, 2.4759) (0.5292, 0.4187) (1.3011, 2.4910) (0.5422, 0.4195)

2017 1.8154 0.4412 1.8307 0.4509
(1.3629, 2.5455) (0.5278, 0.3986) (1.3436, 2.5415) (0.5402, 0.3988)

2018 1.9499 0.4375 1.9792 0.4467
(1.7220, 2.4600) (0.5021, 0.4223) (1.7349, 2.4919) (0.5526, 0.4170)

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.16: Mean Lerner Indices (with 95-percent CIs), All BHCs in Each Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.

2001 0.8893 0.6745 0.8889 0.6695
(0.8595, 0.9229) (0.6677, 0.6827) (0.8620, 0.9200) (0.6631, 0.6781)

2002 0.8998 0.6965 0.8988 0.6916
(0.8706, 0.9249) (0.6905, 0.7012) (0.8752, 0.9237) (0.6860, 0.6966)

2003 0.9008 0.7037 0.8986 0.6997
(0.8757, 0.9210) (0.6988, 0.7096) (0.8751, 0.9211) (0.6955, 0.7063)

2004 0.8985 0.7005 0.8953 0.6962
(0.8711, 0.9187) (0.6931, 0.7049) (0.8710, 0.9181) (0.6894, 0.7014)

2005 0.8945 0.6905 0.8911 0.6860
(0.8648, 0.9144) (0.6843, 0.6965) (0.8634, 0.9128) (0.6806, 0.6932)

2006 0.8724 0.6076 0.8721 0.6001
(0.8374, 0.8993) (0.6035, 0.6153) (0.8453, 0.8993) (0.5963, 0.6073)

2007 0.8720 0.6515 0.8767 0.6451
(0.8131, 0.9009) (0.6469, 0.6587) (0.8311, 0.9091) (0.6410, 0.6530)

2008 0.8910 0.7008 0.8939 0.6954
(0.8436, 0.9192) (0.6941, 0.7082) (0.8576, 0.9237) (0.6896, 0.7035)

2009 0.9005 0.7152 0.9060 0.7083
(0.8570, 0.9287) (0.7068, 0.7200) (0.8863, 0.9400) (0.6995, 0.7133)

2010 0.9110 0.7254 0.9058 0.7186
(0.8855, 0.9451) (0.7211, 0.7262) (0.8850, 0.9420) (0.7141, 0.7195)

2011 0.9142 0.7383 0.9066 0.7326
(0.8938, 0.9453) (0.7274, 0.7435) (0.8850, 0.9376) (0.7224, 0.7383)

2012 0.9098 0.7371 0.9025 0.7308
(0.8792, 0.9325) (0.7298, 0.7394) (0.8733, 0.9276) (0.7233, 0.7329)

2013 0.9171 0.7495 0.9089 0.7435
(0.8940, 0.9465) (0.7380, 0.7579) (0.8840, 0.9383) (0.7311, 0.7518)

2014 0.9225 0.7579 0.9139 0.7513
(0.9028, 0.9538) (0.7470, 0.7677) (0.8917, 0.9464) (0.7397, 0.7609)

2015 0.9077 0.7279 0.8960 0.7202
(0.8782, 0.9320) (0.7178, 0.7320) (0.8633, 0.9218) (0.7101, 0.7237)

2016 0.9091 0.7338 0.8985 0.7274
(0.8745, 0.9303) (0.7221, 0.7405) (0.8620, 0.9224) (0.7160, 0.7340)

2017 0.9129 0.7406 0.9036 0.7343
(0.8813, 0.9354) (0.7306, 0.7510) (0.8709, 0.9278) (0.7250, 0.7449)

2018 0.8946 0.7092 0.8849 0.7048
(0.8519, 0.9076) (0.6983, 0.7134) (0.8413, 0.8994) (0.6936, 0.7108)

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.17: Mean Efficiency (with 95-percent CIs), 10 Largest BHCs in Each Year

With Y3 Without Y3

Year Cost Profit Cost Profit

2001 1.3998 0.5656 1.3704 0.5901
(1.2113, 1.4963) (0.6452, 0.5782) (1.1808, 1.4794) (0.7889, 0.5429)

2002 1.3832 0.5421 1.3391 0.5730
(1.1638, 1.4828) (0.6426, 0.5502) (1.1602, 1.4490) (0.7548, 0.5163)

2003 1.3737 0.5007 1.3217 0.5228
(1.1479, 1.4777) (0.5676, 0.5217) (1.1161, 1.4367) (0.7612, 0.4657)

2004 1.3683 0.5702 1.3156 0.5854
(1.1327, 1.4738) (0.6389, 0.6273) (1.1102, 1.4302) (0.7655, 0.5643)

2005 1.3394 0.4903 1.2933 0.5161
(1.1527, 1.4307) (0.5750, 0.4933) (1.1374, 1.3953) (0.7563, 0.4509)

2006 1.3178 0.5089 1.2776 0.5350
(1.1302, 1.4123) (0.6366, 0.4842) (1.1326, 1.3729) (0.7789, 0.4492)

2007 1.2708 0.4500 1.2138 0.4769
(1.1504, 1.3474) (0.6145, 0.4139) (1.1262, 1.2398) (0.7746, 0.3921)

2008 1.3305 0.4758 1.5033 0.4828
(1.1744, 1.4311) (0.5913, 0.4507) (1.3569, 2.3100) (0.6933, 0.4302)

2009 1.6608 0.5716 1.7687 0.5940
(1.4255, 2.1867) (0.5950, 0.5861) (1.4031, 2.3123) (0.7331, 0.5537)

2010 1.7508 0.5284 1.8304 0.5530
(1.5270, 2.2024) (0.5991, 0.5536) (1.5239, 2.2628) (0.7082, 0.5088)

2011 1.8023 0.5695 1.8838 0.5737
(1.5338, 2.2188) (0.5864, 0.5864) (1.5985, 2.3441) (0.7059, 0.5621)

2012 1.8299 0.5329 1.9154 0.5580
(1.6060, 2.3523) (0.5950, 0.5490) (1.6836, 2.5055) (0.7210, 0.5519)

2013 1.8405 0.5204 1.9340 0.5339
(1.6245, 2.5091) (0.5940, 0.5798) (1.6213, 2.6711) (0.7132, 0.4992)

2014 1.8395 0.5439 1.9408 0.5602
(1.5571, 2.6319) (0.6229, 0.5540) (1.5173, 2.7986) (0.7073, 0.5385)

2015 1.8937 0.5619 1.9904 0.5809
(1.5700, 2.8249) (0.6614, 0.5613) (1.5546, 2.9660) (0.7158, 0.5571)

2016 1.9577 0.5550 2.0353 0.5745
(1.6808, 2.7168) (0.6624, 0.5626) (1.6891, 2.8551) (0.7204, 0.5469)

2017 2.0432 0.5120 2.0973 0.5273
(1.7681, 2.7414) (0.6104, 0.5008) (1.8350, 2.8066) (0.7086, 0.4821)

2018 2.1006 0.5045 2.1873 0.5142
(1.8016, 2.6630) (0.5612, 0.5138) (1.9770, 2.7032) (0.7137, 0.4750)

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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Table C.18: Mean Lerner Indices (with 95-percent CIs), 10 Largest BHCs in Each Year

With Y3 Without Y3

Year With Ineff. Without Ineff. With Ineff. Without Ineff.

2001 0.8263 0.6762 0.8068 0.6551
(0.7994, 0.8238) (0.6587, 0.6916) (0.7306, 0.8270) (0.6373, 0.6709)

2002 0.8494 0.7062 0.8291 0.6845
(0.8160, 0.8536) (0.7006, 0.7172) (0.7645, 0.8504) (0.6802, 0.6950)

2003 0.8504 0.6786 0.8334 0.6574
(0.8277, 0.8486) (0.6613, 0.6863) (0.7475, 0.8525) (0.6447, 0.6698)

2004 0.8174 0.6636 0.7996 0.6404
(0.7887, 0.8053) (0.6495, 0.6727) (0.7356, 0.8166) (0.6256, 0.6494)

2005 0.8417 0.6554 0.8254 0.6410
(0.8049, 0.8458) (0.6448, 0.6673) (0.7417, 0.8490) (0.6342, 0.6509)

2006 0.8294 0.6442 0.8137 0.6317
(0.7758, 0.8407) (0.6285, 0.6582) (0.6930, 0.8452) (0.6203, 0.6492)

2007 0.8653 0.6826 0.8490 0.6533
(0.8050, 0.8747) (0.6695, 0.6952) (0.7377, 0.8758) (0.6435, 0.6675)

2008 0.8987 0.6468 0.8037 0.6068
(0.8910, 0.9411) (0.6358, 0.6511) (0.7724, 0.8896) (0.5920, 0.6116)

2009 0.8753 0.7414 0.8445 0.7075
(0.7853, 0.8774) (0.7368, 0.7375) (0.8001, 0.8540) (0.7026, 0.7059)

2010 0.8687 0.7126 0.8348 0.6551
(0.8491, 0.8647) (0.7081, 0.7110) (0.7907, 0.8462) (0.6387, 0.6607)

2011 0.8494 0.6967 0.8217 0.6460
(0.8351, 0.8404) (0.6863, 0.7002) (0.7559, 0.8304) (0.6214, 0.6575)

2012 0.8588 0.7006 0.8298 0.6604
(0.8292, 0.8554) (0.6887, 0.7108) (0.7602, 0.8322) (0.6447, 0.6754)

2013 0.8605 0.6950 0.8309 0.6478
(0.8242, 0.8610) (0.6874, 0.7091) (0.7542, 0.8442) (0.6381, 0.6668)

2014 0.8531 0.6978 0.8224 0.6542
(0.8140, 0.8606) (0.6933, 0.7076) (0.7584, 0.8320) (0.6503, 0.6645)

2015 0.8018 0.6310 0.7658 0.6082
(0.7301, 0.8131) (0.6245, 0.6424) (0.7061, 0.7864) (0.5976, 0.6153)

2016 0.8382 0.6564 0.8141 0.6293
(0.7825, 0.8492) (0.6529, 0.6733) (0.7232, 0.8273) (0.6170, 0.6558)

2017 0.8237 0.5975 0.7994 0.5776
(0.7395, 0.8350) (0.5915, 0.6133) (0.6824, 0.8216) (0.5696, 0.5973)

2018 0.8467 0.5824 0.8106 0.5652
(0.7656, 0.8697) (0.5779, 0.5983) (0.7015, 0.8310) (0.5594, 0.5867)

NOTE: Variable Y3 measures credit-equivalent off-balance sheet activity.
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