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Abstract 
Existing literature related to efficiency measurement and productivity analy-
sis of banks is swarmed with the input-output classification of banks based on 
using accounting conventions. This usage varies from paper to paper. No two 
research papers are in consensus as to which classification should be used. This 
present work, however, uses the input-output classification of banks based on 
Barnett’s generalized model of production for financial intermediaries origi-
nally proposed in Barnett (1987) [1]. This model is based on economic theory 
definitions of inputs and outputs of a bank. Using this classification, the pa-
per applies Data Envelopment Analysis to US banks during 2006-2016. This 
new methodology seeks to resolve and fix the issue of lack of consensus re-
garding which inputs and outputs to use for productivity analysis of banks. 
Furthermore, a standardized way of measuring productivity across banks is 
developed which can be used all over the world. This is accomplished by us-
ing the Malmquist Index of Productivity which is a tool used under Data En-
velopment Analysis. The paper further establishes the connection of this tool 
with Barnett’s generalized model of production for financial intermediaries. 
Results indicate very high efficiency levels for US banks even post financial 
crisis. The reason for this performance is the cleansing of the financial system 
as unhealthy banks either left the scene or were merged. Better risk manage-
ment, cost management and efficiency of structure of funding are some other 
reasons for high efficiency. 
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1. Introduction 

Efficiency and productivity analysis of banks throughout much of history 
have been under the domain of Finance and Accounting fields. This has fos-
tered the usage of accounting conventions such as the balance sheet identity to 
define input and outputs for a bank. There is enormous variation from one re-
search paper to another in terms of this usage, so much so that no two research 
papers use a similar set of input-output vector to define a bank. This lack of 
consensus poses a problem, since not having a standardized way of defining pro-
duction process of banks could undermine the very basis of such measurement 
and analysis. 

The field of economics has the solution to this problem, namely “Barnett’s 
generalized model of bank production” as in Barnett (1987). The model was spe-
cifically developed to define the production process of a bank parallel in com-
parison to the production process of a firm as in the field of Microeconomics. 
Although a pioneering piece of work in economics, this model has never been 
tried for efficiency analysis purposes. The main contribution of this paper is the 
use of this model first-time ever to measure efficiency of banks in the US during 
the recent decade of 2006-2016. The paper also uses a methodology known as 
Data Envelopment Analysis (DEA) for measuring efficiency of banks. Under 
DEA, the Malmquist Index of Productivity is the tool used for this measurement. 
Theoretical links between the index and Barnett’s generalized model are also 
brought forth in this research. Research further aims to answer questions such as: 
has there been a continuation in the financial and technological innovation of 
the 1990’s as experienced by US Banking industry, well into the 2000’s; or is the 
boom in technological productivity over?  

Surprisingly, not a lot of research has taken place regarding the productivity 
of US banks, recently. The 2007-08 financial crisis is also one grave area of con-
cern which makes researchers over-cautious, which is why they do not attempt 
to tread onto data around that point in time. However, Wheelock Wilson (2017) 
[2], is a recent paper examining the economies of scale  
(https://www.investopedia.com/terms/e/economiesofscale.asp, n.d.) in the US 
Banking industry from 2006-2015, which covers the post-financial crisis era. 
Their result finds a high proportion of banks experienced increasing returns-to- 
scale even during the post-crisis period, which is especially prevalent in the case 
of the largest banks in the US. An obvious question is then the exploration of ef-
ficiency of banks in the same time period, and this paper is an attempt at mea-
suring that for the recent decade from 2006-2016. 

1.1. Existing Approaches to Define Bank Production Process 

Any attempt at efficiency and productivity analysis requires output–input classi-
fication, which is not an easy task, especially in case of financial intermediaries 
because they are producing services and production process is not that clear in 
their case. The two main approaches to defining production process of a bank so 
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far in the literature are: 1) Production Approach and 2) Intermediation Ap-
proach. Production approach views Financial Institutions as producing services 
for account holders. Output is therefore defined as how many transactions are 
processed in a given time. Because of the unavailability of this kind of data the 
proxy used is the number of deposits and loans serviced. Only physical inputs 
qualify as inputs in the production process. Amongst these are labor and capital 
and their costs. 

The Intermediation Approach or asset approach (Sealey and Lindley 1977) [3] 
views financial institutions as intermediaries which transfer funds between sav-
ers and borrowers. Outputs are defined as the dollar volume of various types of 
earning-assets e.g. dollars of loans and deposits. Inputs under this approach also 
include the input of funds and their input costs, the reason being that in case of 
banks funds are used as the main raw material which is converted from one 
form into another in the intermediation process. 

None of the approaches are adequate since they don’t capture all aspects of 
services offered by financial intermediaries. Processing transactions is just one 
role and providing earning assets is also a single role. Therefore, both approach-
es leave out much of the production process. 

Another issue which complicates matters is that there does not exist a con-
sensus among researchers as to which approach to use. More recently, rather 
than using Production or Intermediation approaches in their true essence, re-
searchers are resorting to using Accounting based Financial Outputs and Inputs 
to calculate efficiency. This exercise has led them to randomly pull out variables 
from the balance sheet of a bank. The fact that contemporary research has 
started using accounting conventions to define inputs as financial inputs of a 
bank and outputs as financial outputs is actually problematic. This is further 
elaborated upon in Section 3. Section 4 presents the literature review, 5, 6, 7 are 
data, methodology and results respectively. Table 1 below is a manifestation of 
efficiency values based on several different classifications of inputs and outputs, 
no two of which are the same. Notice the stark differences in results which be-
long to same time periods. 

It is this difference in input-output classification which ultimately leads to 
confusion regarding historical efficiency data which gives wide variation; under-
lying reason being the differences in measurement of inputs and outputs. 

1.2. Approach Used to Define Outputs and Inputs in This Paper 

There is a third approach which has never been used before, especially in the ef-
ficiency analysis of banks. This approach is novel because it uses economic 
theory definitions of inputs and outputs of a bank, which is quite dissimilar to 
either production or Intermediation approach discussed above. Accounting 
conventions are devoid of any economic theory to offer an explanation regard-
ing theoretical underpinnings of variables. Economic theory on the other hand 
removes this anomaly and justifies the selection of variables based on economic 
logic and reasoning.  
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One example of Accounting based approach is Alam (2001) [4] efficiency 
analysis. Table 2 illustrates this usage. 

This usage follows from the general accounting convention to define the 
right-hand side (RHS) of a bank’s balance sheet as the financial inputs; so the 
general tendency is to pick and choose a few things from there and call them 
“inputs” of a bank although they are not inputs in the production sense of the 
word. Similarly, the left-hand side (LHS) of a bank’s balance sheet is called the  
 

Table 1. Efficiency score variations based on various research. 

Aly, Grabowski, Pasurka and Rangan (1990) 0.75 0.81        

Barr, Seiford, Siems (1994) 0.81 0.83        

Bauer, Berger, Ferrier and Humphrey (1995) 0.73 0.71 0.71 0.71 0.73 0.75 0.76   

Devaney and Weber (1995) 0.75 0.75 0.71       

Elysiani and Mehdian (1992) 0.88         

Elysiani and Mehdian (1995) 0.89         

Elysiani, Mehdian and Rezvanian (1994) 0.97 0.95 0.95 0.96      

English, Grookopf, Hayes (1993) 0.86 0.83        

Ferrier, Kerstens, Vanden (1994) 0.69 0.60        

Ferrier and Lovell (1990) 0.37 0.33        

Hermalin and Wallace (1994) 0.64 0.70        

Miller and Noulas (1996) 0.93 0.92 0.93 0.85 0.87 0.89 0.88 0.86 0.85 

Rangan, Garbowsky et al. (1988) 0.87         

Ray and Mukherjee (1994) 0.7         

Sherman and Gold (1985) 0.96         

Sherman and ladino (1995) 0.8         

Thomson et al. (1997) 0.81 0.69 0.59 0.59 0.54 0.62    

Thomson et al. (1996) 0.53 0.51 0.45 0.39 0.35 0.31 0.46 0.44 0.53 

Wheelock and Wilson(1994) 0.84 0.77 0.69 0.59 0.46 0.51 0.42   

 
Table 2. Alam’s use of accounting-based approach. 

Models: 
Alam 2001 

Inputs Outputs 

1. 
Equity, capital, labor, purchased funds, 
deposits. 

Commercial and Industrial Loans, 
Installment loans, real estate loans, 
Securities. 

2 
Equity, capital, labor, purchased funds, 
deposits. 

Securities, Total loans. 

3 
Equity, capital, labor, purchased funds, 
Core deposits. 

Securities, Total loans. 

4 Equity, capital, labor, loanable funds. Securities, Total loans. 
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financial outputs which does not qualify everything on this side to be an output 
of the production process of a bank. 

Barnett (1987), Hancock (1985) [5], Barnett and Hahm (1994) [6] are some 
papers outlining economic modelling of banks as firms. In particular Barnett 
1987, economic model of banks production process is used in this paper to de-
fine outputs and inputs of a bank. Table 3 outlines the elements of this model. 

Further justification and description for using this approach is presented in 
Section 2 and 3 of the paper.  

2. Financial Firm Production of Monetary Services: A  
Generalized Symmetric Barnett Variable Profit  
Function Approach 

This model talks about the transmission of monetary policy through the econo-
my which is enabled by financial intermediaries. Financial firms play the role of 
suppliers of monetary assets. This they carry out through financial intermedia-
tion. Transaction services are provided by monetary assets. Therefore, rigorous 
microeconomic analysis of financial firm is essential to understand the monetary 
transmission process. This section summarizes an alternative monetary produc-
tion model in which the financial firm is at the center. This firm carries out 
production of monetary services as outputs. This is an optimal behavior test for 
the hypothesis of weak separability and therefore also can be used to test for the 
presence of consistent monetary aggregates in financial firm’s monetary produc-
tion technology. 

This model portrays financial firms as entities that solve the problem of 
maximizing the discounted present value of variable profits. The problem is 
solved subject to a given technology, which is stated as an intertemporal trans-
formation function. At the same time these financial firms are producing mone-
tary assets via financial intermediation. We can formulate the model into the 
conventional neoclassical form of production undertaken by multiproduct firm 
after deriving the user-cost prices of monetary assets. Therefore, this enables the 
construction of a neoclassical aggregate money supply function with some sepa-
rability conditions in financial firm’s monetary production technology. We can 
use previous literature on output aggregation to carry out this exercise. 

3. Data Envelopment Analysis and the Malmquist Index of  
Productivity 

Measuring group efficiency has been a considerably important topic in aggregation  
 
Table 3. Barnett’s new input-output classification. 

Model: Inputs Outputs 

Derived from Barnett 1987 

Inputs 
Labor 

Materials 
Excess Reserves 

Outputs 
Demand deposits 
Savings deposits 
Time deposits 

https://doi.org/10.4236/ajor.2022.125012


F. Hasan 
 

 

DOI: 10.4236/ajor.2022.125012 213 American Journal of Operations Research 
 

theory. Group efficiency should be considered not only for one time period, but 
also over many. The Malmquist productivity index by Caves, Christensen & 
Diewert (1982) [7] has been chosen for this purpose. The index is also important 
because it has several interesting decompositions available, namely technological 
changes and efficiency changes, which are also the two components of this index. 
Technological changes highlight expansion or contraction in the production 
possibility frontier whereas efficiency changes focus on firm’s convergence to-
wards existing technology. Malmquist index falls under a linear programming 
technique called Data Envelope analysis (DEA). The most important feature of 
DEA is that it constructs a nonparametric frontier and therefore it does not need 
a particular functional form to define it. Sherman and Gold (1985) [8], Elyasiani 
and Mehdian (1990, 1992, 1995) [9] [10] [11], Ferrier and Lovell (1990) [12], 
and Athanassopoulos (1998) [13], are some studies which have used this ap-
proach for US banks, however for a small number of time periods only. Alam 
2001, also uses this index, focusing on US banks for the decade of the 80’s.  

The Malmquist index uses distance functions to measure productivity changes. 
If we have two time periods, namely “s” and “t”, then using period s-technology, 
the output-oriented Malmquist index is defined as 
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Taking these two possible Malmquist index measures, one based on period s and 
the second based on period t technology, the Malmquist Productivity index is 
defined as the geometric average of the two: 
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which could also be written in the form of Equation (4) 
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In the following is the decomposition of the index into efficiency change and 
technical change:  
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Figure 1 illustrates the two decompositions.  

Efficiency change t c

s a

q q
q q

=                       (5) 

0.5

Technical change t b s a

t c s b

q q q q
q q q q
 

× 
 

=                  (6) 

Equations (5) and (6) depict the distance functions being used by the actual dis-
tances being measured in the two decompositions also shown in the graph. 

The following is the equation for input-orientated Malmquist productivity 
index 
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For a technology that exhibits constant returns to scale output-orientated and 
input-orientated Malmquist indexes are exactly the same. Another interesting 
property of the index is that if panel data on input and output quantities are 
available then one can do away with the need for data on prices. 

4. Link between Barnett’s Production Function of Banks and  
Malmquist Index for Productivity 

Aggregation theory and index number theory both play a valuable role in mea-
suring technical change. In the following is a brief account of some of the main 
results in the literature, on measuring banking industry technical change.  

When technical change is possible, the financial intermediary’s production 
function is 

( ),t
b
t g tM α=                            (8) 

 

 
Figure 1. Malmquist index decomposition. 
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where αt is the vector of factor inputs, namely labor, capital and materials as out-
lined in Barnett’s production process for banks. And 

( );t
b
t tf kM µ=                           (9) 

is the exact economic quantity aggregate over monetary assets μt, which includes 
outputs namely transaction deposits savings and time deposits. The technical 
change in the production of aggregate monetary output is equal to a shift in 
technology given in Equation (1) above, over time, so the right hand side of the 
equation has time as an argument. 

Ohta (1974) defines the rate of change of total factor productivity as: 

( )log ,
t

tg t t
α

α∂ ∂                         (10) 

This measures the rate of disembodied technical change. 
In case of neutral technological progress Equation (8) can be written as 

( ) ( )t
b
t gM t α= Φ                         (11) 

where variations in Φ(t) produce parallel translations of isoquants. Then in dis-
crete time the log change of this equation is the rate of disembodied technical 
change according to Ohta’s definition: 

( ) ( ) ( )( )1log log log 1
t

b b
t tM tM t

α+ − = Φ + Φ              (12) 

By substitution of (11) in (12) we get 

( ) ( ) ( ) ( )( )11 1log log log log
t

b b b b
t t t tt tM M M M g g

α
α α+ + +− = −      (13) 

Applying linear homogeneity to input or output aggregator function we get 

( ) ( )( ) ( ) ( )1 1log log logt t t tg g g gα α α α+ += −            (14) 

and  

( )1 1log log logb b b b
t t t tM M M M+ += −                 (15) 

where (14) and (15) can be measured by the discrete Divisia index over growth 
rates of input and output quantities respectively. Hence the rate of technological 
progress can be measured by the difference between two Divisia indices, one ag-
gregating over growth rates of output quantities and the other over the growth 
rate of input quantities. 

Caves, Christensen (1982) applied the same results to the case of non-homothetic 
g and f. They defined technical progress in terms of Malmquist input and output 
indexes. Furthermore, translog distance functions usage leads to measuring the 
rate of technological change in terms of Divisia input and output indices. This is 
the justification for using a proper production function in this paper for finan-
cial intermediaries i.e. Barnett’s function in the Malmquist index for productivi-
ty and nothing else. The kind of outputs a financial firm uses, connect its role to 
the transaction technology which is at the basis of the payment mechanism in 
the economy, only under this model. No other production function, except for 
this has satisfied all conditions for being amenable to calculations under the 
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Malmquist index. 
Barnett’s production function fulfills the following properties: 
Separability of technology, confirmation to Aggregation theory (Barnett 1987). 
1) Separability of technology: Aggregation over outputs is possible only if 

outputs are separable from inputs in the firm’s technology. This is referred to as 
“weak separability of the production function in the block of monetary compo-
nents”. This is also of significance because Hicksian aggregation is not easy to 
satisfy aggregation over the firm’s joint monetary supplies μt. The existence of an 
output aggregate is shown in detail in Barnett 1987. 

2) Confirmation to Aggregation Theory: Furthermore, once separability of 
the technology is established it is possible to apply the literature related to output 
aggregation to the case of multiproduct firms. This can then be used to aggregate 
over the produced monetary assets and to measure value addition and technolo-
gical change in financial intermediation. 

None of the two approaches i.e., the Production approach and Intermediation 
approach discussed earlier satisfy these properties, therefore Barnett’s produc-
tion function is the best candidate in terms of input-output classification to be 
used in the Malmquist output and input indices. 

Another reason why Malmquist should not be used with Accounting Ap-
proach stems from Valverde, Humphrey and Paso (2007) [14]. They warn against 
using the Malmquist index with the accounting-based approach. When the two 
are combined, index links the two sides of balance sheet output (assets) to inputs 
(liabilities) plus labor and physical capital. Because of the balance sheet con-
straint, which is also the accounting identity that equates the sum of asset (out-
puts) to the sum of liabilities (inputs). This identity makes efficiency measure-
ment with this approach equivalent to a calculating a ratio of labor and capital 
inputs to asset value. This is erroneous and defeats the purpose. 

Summarizing over the results and arguing in favor of the generalized produc-
tion function we could say that: 
● Distance functions completely characterize a production technology. (Fare 

1988) [15]. It is possible to recover a technology from a distance function and 
vice versa. We have a proper production technology in case of Barnett’s pro-
duction function, which obeys separability in inputs and outputs. This is not 
possible in case of Accounting based approaches. 

● the rate of technological progress can be measured by the difference between 
two Divisia indices, one aggregating over growth rates of output quantities 
and the other over the growth rate of input quantities. 

● Caves, Christensen (1982) generalized the same results to the case of non- 
homothetic input and output aggregators. In that case, technical progress is 
defined in terms of Malmquist input and output indexes. When the distance 
functions used to define the Malmquist indexes are trans-log, the rate of 
technological change is measured exactly in terms of Divisia input and out-
put indices. This is in fact the nexus between Divisia index and the Malm-
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quist index. Divisia index is actually a predecessor of the Malmquist index 
and this makes the case for an alliance between Malmquist index and Bar-
nett’s Generalized Product ion function for financial intermediaries. 

● The nature of financial firms’ outputs relates to their role in the transaction 
technology underlying the payment mechanism in the economy only under 
this model, which again qualifies the generalized function as the best candi-
date for measuring efficiency. 

5. Literature Review  

Research is filled up with several studies using accounting conventions to define 
inputs and outputs for a bank. There has never been even a single attempt to use 
economic theory-based definitions of a bank as in this paper. Table 4 summa-
rizes the route research has taken over the years. The first column states the au-
thors and year of publication, the second gives the title of the paper and third 
column summarizes the input-output classification used. 

The following is a descriptive account of similar research based on accounting 
conventions: 

Yang and Cao 2010 [22], examine the performance of seven of the largest Ca-
nadian Schedule 1 banks. They have used DEA analysis in order to calculate the 
efficiency scores for the Schedule 1 banks between 1998 and 2007. From these 
efficiency scores, Malmquist Productivity Index was used to calculate the prod-
uctivity changes. They then compare the results with economic development in 
Canada within the research timeframe. Model sits well in comparison to general 
findings. 

Asmild 2004 [23], calculate Malmquist index using DEA window analysis 
scores for Canadian top 5 banks. According to the calculations for both periods, 
Malmquist index and for all suggested definitions of same period frontier, the 
standard decomposition gives inappropriate results. 

Berg et al. 1992 [9], used chained Malmquist indices in their paper. Results 
give evidence of regressive productivity growth before deregulation in the Scan-
dinavian Banking industry but improved productivity after deregulation. 

Vivas and Humphrey 2002 [24] talk about the bias in Malmquist index due to 
the technique applied in previous research studies. They are able to eliminate the 
bias when all output and inputs of the banking industry are used, rather than re-
stricting the case due to unavailability of data or convenience of available data 
only. 

Maniadakis and Thanasoullis 2004 [25], develop a productivity index. This 
can be used when producers cost minimize and know the input prices. The in-
dex is similar to the Malmquist index and has been extended to measure prod-
uctivity. Productivity change has two components; efficiency and cost technical 
change. They furthermore, decompose aggregate efficiency change into technical 
and allocative efficiency change. 

Worthington 1999 [26] uses nonparametric techniques to explore productivity  
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Table 4. Literature review various approaches. 

Aly, Grabowski, Pasurka, 
and Rangan (1990) [16] 

Technical, Scale, and Allocative  
Efficiencies in U.S. Banking: An  
Empirical Investigation 

Intermediation Approach 
Outputs: real estate loans, commercial and industrial 
loans, consumer loans, all other loans, and demand deposits. 
Inputs: Labor, capital, loanable funds. 

Barr, Seiford, and Siems 
(1994) [17] 

Forecasting Bank Failure: A 
Non-Parametric Frontier Estimation 
Approach 

Inputs: Full-Time Equivalent Employees Salary Expenses 
Premises and Fixed Assets Other Noninterest Expenses, 
Total Interest Expense Purchased Funds. Outputs: Core 
Deposits Earning Assets, Total Interest Income. 

Bauer, Berger, Ferrier, and 
Humphrey (1995) [18] 

Consistency Conditions for Regulatory 
Analysis of Financial Institutions:  
A Comparison of Frontier Efficiency 
Methods 

Outputs: demand deposits, real estate loans, commercial 
and industrial loans, and installment loans. Inputs: labor, 
physical capital, small denomination time and savings  
deposits, and purchased funds. 

Elysiani Mehdian 1992 
Productive efficiency performance of 
minority and nonminority-owned  
banks: A nonparametric approach 

The output vector used here includes: 1) commercial and 
industrial loans, 2) real estate loans, 3) other loans, and 4) 
investment securities. Inputs include: 1) CDs and time and 
savings deposits, 2) demand deposits, 3) capital (book  
value of bank’s premises, machinery, and equipment), and 
4) labor. 

Elysiani Mehdian 1995 
The comparative efficiency performance 
of small and large US commercial banks 
in the pre and post deregulation eras” 

Outputs: investment, real estate loans, commercial and 
industrial loans, other loans. Inputs: Time and savings 
deposits, Demand deposits, Capital, Labor. 

Elysiani et al. 1998 
Economies of Scale and Scope in Small 
Depository Institutions: Evidence from 
U.S. Cooperative Banks 

Outputs: Consumer loans, real estate loans, securities and 
other earning assets. Inputs: Labor, capital, borrowed 
funds. 

Ferrier, Kerstens, and  
Vanden Eeckaut (1994) 
[19] 

Radial and Nonradial Technical  
Efficiency Measures on a DEA Reference 
Technology: A Comparison Using US 
Banking Data 

Production Approach. 
Outputs: the numbers of demand and time deposit  
accounts, and the numbers of real estate, instalment and 
commercial loans 
Inputs: considered: the total number of employees,  
occupancy and equipment costs and expenditures on  
material. 

Ferrier and Lovell 1990 
Measuring cost efficiency in banking: 
Econometric and linear programming 
evidence* 

Outputs: number of demand deposit accounts, 
number of time deposit accounts, number of real estate 
loans, number of installment loans, number of commercial 
loans. 
Inputs: total number of employees, occupancy costs and 
expenditure on furniture and equipment, expenditure on 
materials. 

Barth, J.R., Lin, C., Ma,  
Y., Seade, J., Song, F.M.,  
2013 [20] 

Do bank regulation, supervision and 
monitoring enhance or impede bank  
efficiency? 72 countries. 

Outputs: Total loans and other earning assets, operating 
income. Inputs: total deposits, total money market funds, 
personnel expenses, total fixed assets, loan loss provision. 

Georgios Chortareas*, 
George Kapetanios, Alexia 
Ventouri K 2016 [21] 

Credit market freedom and cost  
efficiency in US state banking 

Outputs: Consumer loans, Business loans, Securities  
Inputs: Labor, Physical capital, Total deposits. 
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of Australian banks by decomposing Malmquist index into technical efficiency 
change and technological efficiency change. This is carried out for a sample of 
credit unions. Post-deregulation evidence of efficiency change is observed. 

Molyneux et al., 2004 [27], calculate parametric as well as non-parametric es-
timates of productivity change for European banks between 1994-2000. They use 
these approaches to identify structures that have benefited most and least from 
productivity change during the 1990s. Improvements in technological change 
are an outcome of productivity change. They also find that there is no appear-
ance of catching-up by non-best practice institutions. 

Grifell and Lovell 1997 [28] analyze the pattern of productivity change in 
Spanish banking from 1986-1993. The commercial banking sector and the sav-
ings banks sector dominate the banking industry. The paper examines produc-
tivity change separately for each sector and then also after merging them. Ac-
cording to the results commercial banks experienced a slightly lower rate of 
productivity growth, although a slightly higher rate of potential productivity 
growth. The reason was differences in managerial and institutional efficiency. 
Rate of technical progress, and also the adverse impact of diseconomies of scale 
in the commercial banking sector are some other reasons. 

Tortosa-Ausina et al., 2008 [29], use DEA and bootstrapping techniques in 
order to explore productivity growth and productive efficiency specifically for 
Spanish savings banks from 1992-1998. Improvement in production possibilities 
have led to productivity growth as indicated by results. But average efficiency 
has remained quite constant over time. Bootstrap analysis however, is not statis-
tically significant and it reveals that the disparities in the original efficiency 
scores of some firms are decreased to a huge degree. 

Zeleneyuk 2006 [30], further elaborates on the work of Färe and Zelenyuk, 
2003 [31] in which they use a theory to look for a method of aggregating Malm-
quist Productivity Index over units, which could be firms or countries. They 
further explore the aggregation of broken down components of the Malmquist 
Productivity Index. 

Portela, Thanassoullis 2010 [32], work with negative data and come up with 
an index and an indicator of productivity. They use RDM (the range directional 
model). RDM is a particular case of the directional distance function, for calcu-
lating efficiency in case of negative data. This RDM can reflect productivity 
change, and it can also measure RDM inefficiency which can be used to result in 
a Luenberger productivity indicator. They also establish relationship between the 
two. This is called the meta-Malmquist index and meta-Luenberger indicator. 
They then show how the meta-Malmquist index can be both used to compare 
the performance of a unit over two time periods and the performance of two 
units in the same time period. 

Pastor et al., 1997 [33], employ a non-parametric approach with the Malm-
quist index, to perform a comparison between efficiency, productivity and dif-
ferences in technology of a subset of European and US banking systems for the 
year 1992. 
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Wheelock and Wilson 2003 [34], analyze the performance of U.S. commercial 
banks during 1984-2002. They measure performance relative to the maximum 
expected output and not relative to an estimated and difficult to measure boun-
dary. Non-parametric Estimation with n-consistency is allowed because of this 
approach. It also avoids the usual curse of dimensionality that weakens tradi-
tional non-parametric efficiency estimators. The resulting estimates turn out to 
be robust with respect to outliers and noise in the data. 

Alam 2001 examines US commercial banking industry in the 1980’s. The 80’s 
was an era of marked changes in the industry. Alam tries to answer the question 
if intensified competitive pressure which was generated by deregulation and 
notable financial innovations led to higher productivity during the 1980’s. To 
investigate this question, the paper uses the nonparametric Malmquist index. 
Paper finds a statistically significant productivity surge between 1983 and 1984. 
Post-1985, there was a regression in productivity and then the next two years 
sustained productivity progress was observed. Technological changes are the 
main reason for productivity changes rather than scale changes. 

6. Data 

The FDIC is the source of data for US Banks from 2006-2016. Detailed data on 
bank’s report of income and report of financial condition were used to extract 
input and output data. Outputs are checking deposits, savings and time deposits. 
Inputs are labor, materials and excess reserves. Rather than taking a sample of 
banks, all banks in the data in a given year are used in calculations. There are 5102 
banks in the dataset for the year 2016. This number is larger for data from 2006, but 
as the industry passed through consolidation the number of banks dwindled. Below 
Table 5 gives a summary statistics of inputs and outputs used in this paper. 
 
Table 5. Variable names, average and maximum values for all US Banks 2006-2016 (000’s 
of dollars). 

 
Maximum (000’s)  

of dollars 
Average (000’s)  

of dollars 

Demand deposits 4.51E+08 273200.9 

Savings and Time deposits 7.4E+08 698,496 

Labor 24,478,000 22,124 

Materials: Advertising 2,469,763 1699 

Materials: Postage 670,349 358.78 

Materials: Data Processing 3,738,000 1626 

Materials: Printing 624,000 128.68 

Materials: Accounting 169,520 107 

Materials: Consulting 4,357,000 1252 

Materials: ATM 325,000 172 

Materials: Telecommunications 1,989,000 649 

Excess Reserves 1.22E+09 1,032,597 
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7. Methodology 

Table 3 represents the approach taken in this paper to define inputs and outputs 
of a bank. Table 1 on the other hand depicts the models used in Alam 2001. The 
two approaches are in stark contrast as accounting conventions are used in Ta-
ble 1 to define inputs and outputs of a bank. 

For this paper using inputs and outputs defined in Table 2 the Malmquist in-
dex is calculated as: 

( ) ( ) ( )

( )
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R language has a package called “productivity” which enables calculation of 
Malmquist index for a bank for every two years in the time period considered. 
This process results in three scores for every bank, namely an overall Malmquist 
index efficiency score, a technical efficiency score and a scale efficiency score. 
Process is repeated for large banks separately which have a total asset size of 
more than $500 million. 

8. Results 

Table 6 gives the Malmquist index, average productivity scores for all banks in 
US from 2006-2016 and then for banks with asset sizes larger or equal to $500 
million. Below is a graphic illustration of how the indices progress over time.  

Figure 2 presents a comparison of average Malmquist productivity scores 
over the recent decade for all banks and large banks only. The average produc-
tivity for all banks lies below the 1.00 mark, which is in concordance with the es-
timates for efficiency from 80’s and 90’s, Berger, Hunter, and Timme (1993) 
[11]. 

Although values below 1.00 point towards a regression in performance as  
 
Table 6. Malmquist index scores all banks and large banks only. 

Years All banks Large banks 

2015-16 0.9923765 0.9900498 

2014-15 0.9895800 1.00 

2013-14 0.9899543 0.9850746 

2013-12 0.9893834 0.995 

2012-11 0.9873324 0.9950249 

2011-10 0.9904257 0.98001 

2009-10 0.9884269 0.9850746 

2008-09 0.9878415 1.00 

2007-08 0.9869169 1.00 

2006-07 0.9858757 0.9900498 
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Figure 2. Malmquist over the years. 
 
compared to earlier, but the average values are still very close to the cutoff point. 
There is a sort of smooth plateauing of the scores around the 0.985 mark, al-
though the post-financial crisis era is also a part of this time period. Performance 
of large banks exceeding $500 million in total assets is showing some spikes and 
there are some points in time when they are able to touch the efficient cutoff 
point of 1.00. Large banks were more efficient as compared to all banks taken 
together. 

Figure 3 is a depiction of 95% confidence intervals for Malmquist efficiency 
scores for all US banks. The confidence intervals also manifest the high efficien-
cy value trend in the data. 

Efficiency of banks: 
Average efficiency scores are depicted in Table 7 and Figure 4. Efficiency 

scores highlight the within-the-frontier productivity of banks.  
Efficiency has been rising overall for all banks, although falling short of the 

1.00 mark. For this entire decade, overall efficiency has never touched 1.00. 
There is a slight upward trend in efficiency and overall the level is very close to 
1.00, which means that even the financial crises didn’t dampen the performance 
of banks on average. 

Large banks are even more efficient as we can see many years in the data, 
when large banks have shown 1.00 index score.  

Figure 5 shows the 95% confidence interval range for all banks, which again is 
showing a trend towards the higher side. 

Table 8 below gives technological scores for all banks and large banks. 
Technological productivity: 
Technology scores are slightly lower than the overall Malmquist scores and 

the efficiency scores alone. This is evident in Figure 6, scores for all banks mostly 
hover in the range of 0.97. Even large banks have shown slightly lower perfor-
mance since the spikes as seen in the first two indices are not seen in case of 
technological productivity. But still technological productivity has also been quite 
high in the time period being studied. 

0.97

0.975

0.98

0.985

0.99

0.995

1

1.005

2006-7 2007-8 2008-9 2009-102019-112011-122012-132013-142014-152015-16

   

All banks Large banks
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Figure 3. 95% confidence intervals for Malmquist efficiency scores for all US banks. 

 

 
Figure 4. Efficiency scores over the years. 

 

 
Figure 5. 95% confidence interval range for all banks. 

 
Table 7. Scale efficiency scores for all banks and large banks only. 

Years All banks Large banks 

2015-16 0.9923765 0.9950249 

2014-15 0.9902212 1.00 

2013-14 0.9899543 1.00 

2013-12 0.9895288 0.9850746 

0.976
0.978
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0.99
0.992
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Max range Min range Avg
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Continued 

2012-11 0.9882162 1.00 

2011-10 0.9905730 1.00 

2009-10 0.9887127 0.9950249 

2008-09 0.9878415 0.9850746 

2007-08 0.9869169 1.00 

2006-07 0.9858757 0.9900498 

 
Table 8. Technological index scores all banks and large banks only. 

Years All banks Large banks 

2015-16 0.9834272 0.9900498 

2014-15 0.9809234 1.00 

2013-14 0.9791476 0.9850746 

2013-12 0.9787667 0.9850746 

2012-11 0.9768744 0.9850746 

2011-10 0.9793784 0.9900498 

2009-10 0.9781397 0.9800995 

2008-09 0.9767760 0.9850746 

2007-08 0.9755517 0.9900498 

2006-07 0.9731638 0.9900498 

 

 
Figure 6. Technology scores over the years. 

 
Figure 7 shows 95% confidence interval range of all banks technical scores 

which is also on the high side, although not as high as efficiency index ranges. 
Reasons for persistence in index scores: 
There could be a number of explanations of continued efficient performance 

of the US Banking sector. One of them is the fact that troubled banks are no 
longer in the population. Table 9 below gives the number of total banks in US 
over the years. 
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Figure 7. 95% confidence interval range of all banks technical scores. 

 
Table 9. gives the total number of banks as reported by the FDIC over the years. 

Years No. of total banks 

2006 7380 

2007 7262 

2008 7061 

2009 6813 

2010 6506 

2011 6263 

2012 6061 

2013 5836 

2014 5595 

2015 5330 

2016 5102 

 
Banks with trailing efficiency levels being no longer a part of the population 

could be a reason for persistence in high efficiency scores into the 2000’s and 
beyond. Increased consolidation could be another reason, this can be observed 
by looking at the trend in the total number of branches and detailed record of 
M&A’s. 

Secondly, Wheelock and Wilson 2017 [22], results for economies of scales of 
the US Banking sector also highlight a continued reaping of increasing returns to 
scale by the banking sector and this is especially applicable to larger banks. The 
same conclusion can be found in the case of productivity and scale and technol-
ogical efficiency. 

To further explore reasons for high efficiency, I run a panel regression of 
Malmquist index scores on a set of efficiency correlates. These efficiency corre-
lates are also based on Barnett’s generalized model of production for banks. The 
following Table 10 illustrates the broad categories of correlates in the first col-
umn, traditional ratio measures used in the existing literature in the second 
column and correlates for Barnett’s generalized function in the third column. 
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Table 10. Efficiency correlates. 

Broad category Traditional efficiency correlates Proposed correlates for Barnett’s model 

Economic Environment GDP GDP 

Size and scope of bank 
1) Total assets 
2) HHI based on TA 

Total deposits 

Risk management Standard Deviation of ROA, ROE 
Standard deviation of Net income/inputs to 
production 

Cost management Interest expenses, Non-interest expenses. TC/deposits 

Structure of funding 
1) Interbank dep/TA, customer dep/TA, securitized 
liab/TA, branches per million of TA 

Deposits/labor, Deposits/excess reserve, 
Deposits/material 

Quality of staff Expense per employee Same 

Quality of facilities Expense per branch Same 

Investment in technology ATM’s, online banking, new products ATM and Telecommunication expenditure 

 

1 2 3 4

5 6 7 8

Malm GDP Dep NI/input TC/dep Dep/excess
Dep/labor Dep/mat Exp/emp Atm

it i t it it it it

it it it it it

α β β β β
β β β β ε

= + + + + +

+ + + + +
 

Above equation illustrates the fixed effects regression being used. Where iα  is 
the term for unobserved fixed effects across banks. GDPt is specific to the time 
period of observation; it represents any change over time that affects all observa-
tional units in the same way. In this case it is the economic environment. We are 
considering the time period from 2011-2016, i.e., 5 years of observations for all 
banks in US in a given year. This creates an unbalanced panel of 38633 banks. 

Depit is total deposits for ith bank in tth year. 
NI/inputit is the net income to inputs of production ratio for ith bank in tth 

year. 
TC/depit is the Total cost to total deposits ratio for ith bank in tth year. 
Dep/excessit is the Deposits to excess reserve ratio for ith bank in tth year. 
Dep/laborit is the total deposits to labor ratio for ith bank in tth year. 
Dep/matit is total deposits to material ratio for ith bank in tth year. 
Exp/empit is total expenses to employees ratio for ith bank in tth year. 
Atmit is Atm expense for ith bank in tth year. 
Table 11 below is a fixed effects regression of Malmquist index on efficiency 

correlates. 
Besides economic environment, efficiency scores are significantly affected by 

the risk management ratio, cost management ratio, and structure of funding.  
Under risk management, Net income to inputs of production ratio was used. 

This is an efficiency ratio of inputs to production. Significant results for this 
correlate would mean higher input efficiency leads to better risk management, 
and therefore higher Malmquist efficiency index.  

Cost management is measured in terms of deposits to excess reserve ratio, 
deposits to labor ratio and deposits to materials ratio. Deposits to excess reserve 
and deposits to material ratio both significantly affect Malmquist efficiency scores.  
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Table 11. Fixed effects regression of Malmquist index on efficiency correlates, US Banks 
panel data 2011-2016. 

COEFFICIENTS:    

 Estimate Std. Error t-value 

gdp −4.8951e+03 1.8368e+03 −2.6650** 

dep −2.7976e−07 1.1769e−06 −0.2377 

ni_input 1.1290e−02 2.2470e−03 5.0246*** 

tc_dep 2.8818e−02 6.5361e−03 4.4090*** 

dep_exc 4.7277e−02 5.5396e−03 8.5343*** 

dep_labor 2.6439e−03 4.1370e−03 0.6391 

dep_mat 5.9885e−02 7.8575e−03 7.6214*** 

exp_emp −1.5618e−03 3.1682e−03 −0.4930 

atm 7.8774e−03 6.1364e−03 1.2837 

Signif. codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1 “ ” 1; Unbalanced Panel: n = 7405, T 
= 1 - 6, N = 38,633; Total Sum of Squares: 4.7608e+11; Residual Sum of Squares: 
4.7324e+11; R-Squared: 0.0059708; Adj. R-Squared: −0.23006. F-statistic: 20.8359 on 9 
and 31219 DF, p-value: <2.22e−16. 
 
Table 12. One way (individual) effect between model. 

Coefficients:    

 Estimate Std. Error t-value 

(Intercept) −4.7514e+03 1.4027e+02 −33.8735*** 

gdp 3.7173e+03 3.8884e+01 95.6019*** 

dep −4.5729e−06 3.8756e−06 −1.1799 

ni_input 4.4981e−02 5.4378e−03 8.2718*** 

tc_dep 1.7234e−01 4.3855e−03 39.2969*** 

dep_exc 2.6679e−02 7.9394e−03 3.3603*** 

dep_labor −1.0220e−01 9.3157e−03 −10.9712*** 

dep_mat −2.3852e−01 1.3891e−02 −17.1707*** 

exp_emp −9.5370e−02 7.4205e−03 −12.8522*** 

atm −1.9268e−03 2.0187e−02 −0.0954*** 

Signif. codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1 “ ” 1; Total Sum of Squares: 
2.6492e+11; Residual Sum of Squares: 4.4496e+10; R-Squared: 0.83204; Adj. R-Squared: 
0.83184; F-statistic: 4070.36 on 9 and 7395 DF, p-value: < 2.22e−16. 
 
Better management of excess reserves and material resources in order to gener-
ate more deposits leads to higher efficiency for banks. 

Bank size as measured by total deposits is not a significant correlate, and this 
is also evident in large US banks just being slightly better in performance in 
comparison to all banks. 

Technology measures such as ATM expenses do not significantly affect the ef-
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ficiency index. Expense per employee ratio is not a significant factor, which 
means banks are not displaying expense preference behavior. 

To improve the goodness of fit of the model a “between” regression was also 
run, Table 11 illustrates the results of the regression. 

Table 12 gives the results of the one way (individual) effect Between Model. 
The “between” regression immensely improves the R-squared and Adjusted 

r-squared values. Not only that but except for total deposits and ATM expenses 
all efficiency correlates turn out to be statistically highly significant. 

9. Conclusions 

In this paper, a different approach for defining bank inputs and outputs; namely 
Barnett’s generalized model of production for financial intermediaries was used 
to calculate the Malmquist productivity index and its components. This ap-
proach is based on economic theory model of banks as a firm. Previous research 
has only focused on accounting definitions of input and output of banks. 

Results show a continuing trend in higher productivity for the entire banking 
sector, especially large banks. Within frontier efficiency has hovered in the high 
range of 0.985 which amounts to an average inefficiency of 1.5%, which is quite 
remarkable, especially after the financial crisis. Technological productivity, which 
measures how much further the frontier has been pushed, also continued to expe-
rience high scores, although slightly lower than scale efficiency. The reasons for 
continued high performance of the banking sector are mainly: cleansing up of 
the system post financial crisis and further consolidation being observed in the 
industry. Among the efficiency correlates, better risk management, cost man-
agement and improved structure of funding are some reasons for high efficiency 
of banks, based on Barnett’s generalized model of production. 
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