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Abstract The 2008 financial crisis, originated by securitization of sub-prime mortgage 

loans, had a huge impact on U.S. financial institutions and markets. We hypothesize that 

due to this crisis, the commercial banking industry has changed their portfolio structures 

and risk-taking behavior. To shed light on the response of U.S. banks to the 2008 financial 

crisis, we use the non-parametric approach to measure and compare the overall efficiency 

of large U.S. banks pre- and post-2008 financial crisis. We then decompose the overall 

measure of efficiency into allocative, overall technical, pure technical, and scale efficiency 

measures to better understand the sources of banking inefficiencies. The results indicate 

that large U.S. banks indeed changed their portfolios structure, and the efficiency of large 

commercial banks in the United States declined substantially during the financial crisis. 

Although it has been recovering since then, it still has not reached to the pre-crisis 

efficiency level. 
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1. INTRODUCTION 

The global financial crisis of 2008 was created by the real estate sector of the 

U.S. economy through introduction of the sub-prime rate, relaxed methods taken 

by banks in the process of the credit evaluation of applicants, the expansion of 

mortgage backed securities, and the introduction of exotic financial instruments. As 
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the result of the 2008 financial crisis, financial markets collapsed, housing prices 

plummeted, and bankruptcies and foreclosures increased drastically. Following this 

crisis, many banks and other financial institutions in the United States and abroad 

faced considerable liquidity pressure, which resulted in higher than usual default 

risk on non-performing assets. This phenomenon pressed policymakers in the 

United States to intervene in market through the introduction of the Troubled Asset 

Relief Program. 

The aim of this paper is to examine the potential effects of the 2008 financial 

crisis on the behavior of commercial banks following the crisis at least for two 

reasons. First, we believe that in response to the 2008 financial crisis, banks 

repositioned their portfolio of earning assets by focusing on less risky assets to avoid 

further financial problems and insolvency. We argue that this repositioning affected 

the production process of large banks, as well as their efficiency. Second, as Assaf et 

al. (2019) demonstrated, the high cost efficiency of banks is associated with good 

management, and the high cost efficiency of banks during normal times helps reduce 

failure probabilities and decrease risk subsequent to the financial crisis. This study 

supports the above assertions, as increased understanding of the impact of financial 

crisis on banks’ cost efficiency may help policymakers better protect the banking 

system from the negative impact of a potential future financial crisis. Therefore, the 

objective of this paper is to measure the efficiency of large U.S. banks during pre- 

and post-2008 global financial meltdown time periods to shed light on the impact of 

the crisis on the efficiency of large banks. Results indicate that in response to the 

2008 crisis, large U.S. banks modified their assets and liability portfolios. Further, 

there was statistically significant reduction in the cost efficiency of large U.S. 

commercial banks in the post-crisis period when compared to the pre-crisis period.  

This paper is organized as follows: Section 2 provides a brief review of 

literature. Section 3 explains the data, while Section 4 discusses the input and output 

variables and the linear programming methodology used in the study. Section 5 

describes the empirical results, and Section 6 presents a summary and conclusions. 

2. REVIEW OF LITERATURE 

During the last two and half decades, there have been numerous cost 

efficiency studies using banking data from all parts of the world. Concerning the 

study of cost efficiency in U.S. banking, researchers have used different 

methodologies, time periods, corporate structures, sizes, and combinations of 

inputs and outputs to answer a variety of cost efficiency questions. A few of these 



The Effect of the 2008 Global Financial Crisis on the Efficiency of Large U.S. Commercial Banks 

 

13 

studies conducted in the 1990s include Aly et al. (1990), Hunter and Timme 

(1991), Berger (1993), Elyasiani and Mehdian (1990 and 1995), DeYoung and 

Hasan (1998), and Wheelock and Wilson (1999). Alam (2001), Berger and 

DeYoung (2001), Akhigbe and McNulty (2003), DeYoung and Rice (2004), 

Berger et.al. (2005), and Ho and Wu (2009) conducted studies during the 2000s. 

Finally, Lee and Rose (2010), Feng and Zhang (2014), Ghosh (2015), Feng, Peng 

and Zhang (2017), Doan, Lin and Doong (2018), and Wheelock and Wilson 

(2018), examine these questions in the 2010s. A general conclusion reached from 

the above studies indicates that, on average, U.S. banks are operating at 65 to 70 

percent of overall cost efficiency. 

Surprisingly, despite the importance of the impact of financial crisis on 

banking cost efficiency, we are not aware of any study that examined the impact of 

the 2008 financial crisis on the cost efficiency of U.S. banks. However, there are a 

limited number of studies that examine the impact of financial crisis on bank 

efficiency using banking data from other countries. Isik and Hassan (2003) 

examined the response of Turkish banks to the 1994 financial crisis in Turkey. 

They report that the 1994 financial crisis in Turkey resulted in a 17% reduction in 

banking productivity, of which 10% was attributed to technical regress and the 

remaining 7% was due to efficiency decline. Maredza and Ikhide (2013) reported 

similar results using South African banks in response to the 2008 financial crisis. 

Sufian (2010) examined the impact of the 1997 Asian financial crisis on the 

technical efficiency of banks in Malaysia and Thailan and reports that the technical 

efficiency of banks in both countries declined substantially during and a year after 

the 1997 Asian financial crisis. Moradi-Motlagh and Babacan (2015) examined the 

impact of the 2008 financial crisis on the technical efficiency of Australian banks 

and found that the 2008 financial crisis had an inverse effect on the pure technical 

efficiency of Australian banks. Andrieş and Ursu (2016) examined the impact of 

the global financial crisis on banks’ efficiency across the European Union (EU). 

They reported that in terms of cost efficiency, the most effected by the crisis are 

large publicly traded EU banks from the old members of the EU. Ferreira (2019) 

also examined the impact of the 2008 financial crisis on European banks and 

reported a statistically significant decline in the technical efficiency of European 

banks in the aftermath of the 2008 financial crisis. 
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3. DATA  

The data for this study was collected from the bank “Call Report,” 

published by the Federal Financial Institutions Examination Council 

(https://cdr.ffiec.gov/public/) on the website “FFIEC Central Data Repository's 

Public Data Distribution.” The data covers a period of 12 years from 2005 to 

2016. We excluded four years, from 2009 to 2012 from the data, as this period is 

considered to be the crisis period and a necessary transitionary period for banks 

following the 2008 financial crisis. Additionally, we limited our results only to 

large U.S. banks, those with total assets of 2 billion USD or higher for two 

reasons: (1) the portfolio of liabilities and assets (source and uses of funds) of 

large and small banks are different, and (2) because of that, the large banks 

should respond faster and stronger to a major financial crisis. The final data set 

containing the information on the banks presented in Table 1. 

4. INPUT AND OUTPUT VARIABLES AND THE METHODOLOGY 

4.1 Variables 

We define inputs and outputs using the intermediation approach, in which 

the bank is assumed to convert three inputs into four outputs. We define the input, 

price of input, outputs, and total costs as follows: 

X1 = Number of full-time equivalent employees; 

X2 = Premises and fixed assets; 

X3 = Total liabilities;  

P1 = Unit price of labor = Wages & benefits expenses / # of full-time 

equivalent employees; 

P2 = Unit price of fixed assets = Total expenses of fixed assets / Total fixed 

assets; 

P3 = Unit price of interest = Total interest expenses / Total interest-bearing 

liabilities; 

Y1 = Commercial and industrial loans; 

Y2 = Real estate loans; 

Y3 = Other loans; 

Y4 = Total investment securities; 

TC = Total cost, the sum of total interest expense and total noninterest 

expense; 

TA = Total assets, same as included in the bank’s balance sheet. 

  

https://cdr.ffiec.gov/public/
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4.2 Efficiency Indices 

We computed several efficiency indices for each bank from the period 

between 2005 and 2016, excluding 2009 to 2012, using the non-parametric 

methodology introduced by Farrell (1957), Färe, Grosskopf, and Lovell (1985), and 

Turk-Ariss, Rezvanian, and Mehdian (2007). This methodology involves solving 

several linear programs using data on inputs, outputs, input prices, total cost, and 

total assets data. The solutions of linear programs and derivations of the results 

provide us with overall efficiency (OE), allocative efficiency (AE), overall 

technical efficiency (OTE), pure technical efficiency (PTE), and scale efficiency 

(SE). Specifically, for a given bank, k, we can write the following ratios: 

  (1)  

To compute the OE empirically for bank k in year t, we first solve the 

following linear programming (LP1) to find the minimum potential total cost: 

         

Where 

k = 1, ..., K is number of banks in the sample, P, X, and Y are as defined 

earlier, and z is the intensity factor.  

Given the solution of LP1, the OE for bank k is found using the following 

ratio: 
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In order to estimate OTE for the kth bank, a new linear program (LP2), given 

below is solved: 

   

The calculated OTE, δ, measures for bank k’s overall technical efficiency 

under the assumption that the bank operates at constant returns to scale in the 

production process.  

In order to compute PTE (denoted by ψ) for bank k, LP2 is solved with an 

additional constraint as  and replacing by ψ. Then, SE for bank k is 

obtained by the ratio in (3):  

    (3)   

Bank k is called scale efficient if SEk = 1. It follows if 0 ≤ SEk < 1, k is called 

inefficient. In order to identify the source of scale inefficiency of bank k, we 

resolve LP3 after replacing  by  and by ω.  

Following Färe, Grosskopf and Lovell (1985) and Turk-Ariss, Rezvanian, 

and Mehdian (2007), if  and ω = ψ, the source of scale inefficiency of k is 

decreasing returns to scale (DRS). On the other hand, if  and ω ψ, then 

the scale inefficiency of k is due to increasing returns to scale (IRS). 

To facilitate the comparison of efficiency indices between pre-crisis and 

post-crisis, we use the following approach in the process of calculating efficiency 

indices: 

1) Combine 2005 to 2016 (excluding 2009 to 2012) and calculate OE, AE, 

TE, PTE, and SE; 

2) Combine 2005, 2006, 2007, and 2008 and calculate OE, AE, TE, PTE, and 

SE (before the financial crisis); and 

3) Combine 2013, 2014, 2015, and 2016 and calculate OE, AE, TE, PTE, and 

SE (after the financial crisis). 
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5. EMPIRICAL RESULTS 

As described previously, this study uses data obtained from the balance 

sheets of a sample of large U.S. banks from 2005 to 2016. Because the purpose of 

the study was to examine the impact of the 2008 financial crisis on the efficiency 

measures of large banks, we divided the period of study into three distinct sub-

periods: (1) pre-crisis (2005-2008), (2) crisis (2009-2012), and (3) post-crisis 

(2013-2016). We removed the crisis period from the study because we believe this 

period is not representative of typical banking environment and isolating this 

period allowed us to have a more unbiased picture of the impact of the 2008 

financial crisis on bank efficiency.  

Table 1 displays the annual descriptive statistics of the variables used in this 

study for the pre-crisis (2005-2008) and post-crisis (2013-2016) periods. 

Comparing the raw data from the pre- and post-crisis periods reveals some 

worthwhile information; that is, the average percentage of earning assets (non-

earning assets) to total assets has been lower (higher) in post-crisis period when 

compared to the pre-crisis period. This is expected since banks were not willing to 

invest in earning assets in post-crisis period due to high systematic risk. Although 

the mix of portfolio of earning assets have been stable, the share of real estate loans 

in portfolios of earning assets has been consistently lower in post-crisis period 

compared with the pre-crisis period. It seems that in response to the 2008 crisis, 

large banks became more conservative by holding less liquid (earning) assets and 

real estate loans. Again, this is an expected response since the major source of the 

2008 financial crisis was long-term real estate loans.  

The next obvious reaction by large banks has been a steady reduction in the 

number of full-time equivalent employees, with a simultaneous increase in the 

average salary and wages of the remaining employees. The combination of the 

lower number of employees accompanied by higher salary and wages per 

employee resulted in a steady increase in labor cost per unit of earning assets. 

Furthermore, the amount of interest paying liability has been increasing since the 

crisis, but at the same time, the interest cost of these liabilities has been declining 

sharply so that the combinations of larger interest paying liabilities accompanied 

by historically lower costs of borrowing result in a much lower cost of sources of 

funds in the post-crisis period.  

Concerning the unit cost of fixed assets, the unit cost of fixed assets has been 

steadily higher in pre-crisis period, and this ratio has been declining since 2013. 

The cumulative impact of the lower cost of borrowing and fixed assets, 
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accompanied by a lower level of employment and high wages and salary per 

employee has resulted in a lower cost per unit of output in the post-crisis period. 

Overall, the preliminary cost per unit of output analysis from the raw data in 

response to the 2008 financial crisis is not surprising, but rather reaffirms the 

common reaction of financial institutions to the economic crisis; that is, reduce the 

number of employees but increase the quality of labor force by hiring highly-

educated, expensive employees, take advantage of lower market rates, and limit the 

use of fixed assets. 

Using the pooled data provided in Table 1 and linear programs 1-3 presented 

in the methodology section, we calculated five different measures of efficiency for 

each bank relative to the efficient frontier. The average and descriptive statistics of 

the efficiency measures relative to the pooled sample efficient frontier is given in 

Table 2. The mean values of all efficiency measures, except scale efficiency (SE), 

are very low compared with their historical values reported in previous studies. For 

example, the overall measure of efficiency for the period is only 39.8%. This low 

overall efficiency measure is the result of low allocative and overall technical 

efficiencies. Concerning the volatility of the efficiency measure, we used two 

proxies: standard deviation and the range of efficiency measures. As evident from 

Table 2, both measures of volatility indicate the major cause of high volatility in 

overall efficiency is the result of high volatility in AE rather than OTE and its 

components (PTE and SE). 

To better understand the negative impact of the 2008 financial crisis on 

large U.S. banks’ efficiency measures and its high volatility, we divided 

efficiency results into pre- and post-crisis periods. Tables 3 and 4 present the 

descriptive statistics of efficiency measures relative to the pooled sample 

efficient frontier for the periods of pre- and post-crisis, respectively. As evident 

from Table 3, the average OE measure of efficiency of large banks in the pre-

crisis period was 0.638. This level of efficiency is very similar to the findings of 

comparable studies. The major cause of overall inefficiency during this period 

was the low level of AE (0.737) rather than OTE (0.863). The high level of OTE 

in turn is the result of both high levels of PTE (0.907) and SE (0.952). A review 

of Table 4 provides a different picture on the efficiency values for the post-crisis 

period. The overall efficiency measure for the post-crisis period is only 37.8%, 

which is significantly lower than the historical value reported by other studies for 

the pre-crisis period. The major cause for the low level of OE during this period 

has been the decline in both AE and OTE; however, a sharp decline in AE (from 

0.737 to 0.474) is more noticeable. The differences between means of efficiency 
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measures in pre- and post-crisis are all significant at the 1% level. Concerning the 

volatility of efficiency measures, both the average standard deviation and the 

range of the OE (and its components AE and OTE) are higher than the 

corresponding values for the pre-crisis period.  

To examine the trend of changes in efficiency measures in pre- and post-

crisis periods, we present the yearly efficiency measure along with the descriptive 

statistics for the period of study in Table 5. As shown in Table 5, the overall 

efficiency measure and its components (AE and OTE) has been increasing during 

the pre-crisis period. However, there was a sharp decline in OE during the crisis 

period of 2009 to 2012, caused by a sharp decline in AE. This decline in efficiency 

measures (OE and AE) persisted in the period of post-crisis until 2016. We also 

examined the volatility of efficiency measures. It is evident from Table 5 that both 

the standard deviation and the range of overall efficiency measures are much 

higher in the post-crisis period compared to the pre-crisis period. The higher 

volatility of OE measures in the post-crisis period is the result of higher volatility 

in AE than OTE and its components (PTE and SE).  

6. SUMMARY AND CONCLUSIONS 

In this paper, we used the raw data to compare portfolios of assets and 

liabilities of large U.S. banks from the pre-crisis (2005-2008) and post-crisis 

(2013-2016). We also used a non-parametric approach to calculate overall 

efficiency measures of large U.S. banks during pre- and post-2008 financial 

crisis. We then decomposed the overall measure of efficiency into allocative and 

overall technical, pure technical, and scale efficiency measures to determine the 

sources of inefficiencies. We focused on large U.S. bank performance, and 

compared and contrasted their performance pre- and post-2008 financial crisis. 

We hypothesized that due to this crisis large U.S. commercial banks repositioned 

their portfolio of assets and liabilities toward less risky holdings, which in turn 

impacted their efficiencies.  

Our results indicate large U.S. banks modified their portfolios of assets and 

liabilities in response to the 2008 financial crisis. Further, the results indicate that 

before the 2008 financial crisis, large U.S. banks had high levels of cost 

efficiencies compared to levels reported in previous studies. The financial crisis of 

2008 resulted in a sharp decline in banking efficiency, which has been stabilized 

since then, but still has not reached to the pre-financial crisis level. These findings 

have important policy implications that the policy makers who are responsible for 
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the stability of banking system should carefully monitor the cost efficiency of 

banks during the normal economic times to better prepared for the future financial 

crisis that negatively impact banks cost efficiency and may lead to financial 

instability. 
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ANNEXES 

Table 1: Summary statistics of outputs, inputs, input prices and total assets, 2005-2016 

(USD in thousands) 

 

  2005 2006 2007 2008 2013 2014 2015 2016 

Mean 
       

 

Y1 3090420 3192088 3319719 3284189 3595979 3632774 3835999 3907242 

Y2 9448153 10207570 9957679 10041572 9183316 8594303 8635142 8770107 

Y3 4328503 3841742 3295966 3084034 4611407 4556004 4767749 4787421 

Y4 4853178 4974375 4253670 4826213 5124304 4809503 4973110 5078411 

X1 5817.339 5749.814 5059.605 5042 4482 4138 4004 3846 

X2 266595.3 261074.6 247939.7 272523 248732 232416 225643 212640 

X3 23335504 24114642 23004102 24973069 25306868 24652252 25077983 25287447 

P1 66.8141 69.5009 68.5182 70.4293 87.1136 88.2066 92.0578 97.0112 

P2 0.3972 0.4065 0.3813 0.3793 0.3916 0.3913 0.3839 0.3828 

P3 0.0309 0.0427 0.0462 0.0342 0.0069 0.0060 0.0056 0.0059 

TA 26357622 27303197 26005858 27953809 29060241 28213550 28611278 28772162 

TC 1414477 1740299 1592658 1518354 998786 911154 862940 837013 

N 227 242 248 255 292 320 333 343 

Stand 

Dev:        
 

Y1 9578652 10138021 10855195 12793278 13580401 14293357 15215979 16227081 

Y2 29456107 35030172 35611654 38691980 36483584 33793024 33109401 33110025 

Y3 17524891 14164088 12635359 14063710 20220608 22737790 23875552 25092605 

Y4 18981949 20725259 18154220 22628825 24545021 25602908 26763691 27615324 

X1 20886.61 21545.83 19969.61 21059 19866 19110 18382 17983 

X2 846251.8 826793.6 803891.9 996487 836632 804160 786070 748921 

X3 80364680 87240606 89130831 112933419 108403978 114441655 116688682 120752986 

P1 26.9745 29.6300 22.7687 23.6130 30.2920 29.5132 31.6212 33.1073 

P2 0.2675 0.3016 0.3133 0.2801 0.3530 0.3459 0.3138 0.308 

P3 0.0115 0.0129 0.0119 0.0105 0.0049 0.0046 0.0042 0.0034 

TA 90805592 98689678 99962896 126031013 124303231 130681096 132721200 136835578 

TC 5485935 6966802 6742273 6932572 4297109 4368028 3918941 3896469 

Min: 
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Y1 261 804 4442 3029 149 149 1549 50 

Y2 187 9 2 287671 566 528 927 448 

Y3 12 68 54 22 315 115 90 15 

Y4 5522 2000 992 108 22 19 16 13 

X1 15 19 19 17 129 97 96 88 

X2 864 156 134 217 486 104 2337 1702 

X3 1492056 1701548 1586203 1683772 1568602 1048939 1032925 1359091 

P1 24.0017 16.6281 20.6684 25.8568 37.8613 19.9975 36.1653 44.1213 

P2 0.0718 0.0610 0.0629 0.0587 0.0761 0.0261 0.0122 0.0046 

P3 0.0036 0.0084 0.0087 0.0130 0.0004 0.0002 0.0006 0.0005 

TA 2014306 2001980 2006592 2009347 2006973 2021366 2007720 2000620 

TC 19998 84038 27533 77983 47250 39471 28167 32593 

Max: 
       

 

Y1 89140171 98317544 113168764 141928152 143912000 161240000 181815000 199785000 

Y2 308447411 386270452 390010745 395177667 436880000 445922000 460848000 475681000 

Y3 149627000 125701237 125589685 129917496 181545000 257125000 270577000 286963000 

Y4 226936860 208845000 208876001 264261940 259176000 278724000 302719000 292845000 

X1 184489 202936 213967 176003 223040 227946 228815 235178 

X2 8102000 7279360 8372089 11362837 8943000 9080000 8927000 8629000 

X3 880069754 972783341 1072568510 1241678220 1196448000 1347674000 1409744000 1514068000 

P1 255.9229 330.0845 196.0198 238.4118 228.4974 246.4712 268.2202 251.5773 

P2 2.1226 2.0892 2.7687 1.7991 2.8807 3.1923 2.5675 2.3561 

P3 0.0889 0.0887 0.0848 0.0826 0.0363 0.0391 0.0514 0.0234 

TA 984153190 1084130429 1182832523 1375012989 1344741000 1493085000 1560663000 1669852000 

TC 49517000 62949000 70129000 64635000 42283000 47283000 40385000 44666000 

 
Y1 = Commercial and industrial loans; Y2 = Real estate loans; Y3 = Other loans; Y4 = Total 

investment securities;X1 = Number of full-time equivalent employees; X2 = Premises and fixed 

assets; X3 = Total liabilities; P1 = Unit price of labor = Wages & benefits expenses / # of full-

time equivalent employees; P2 = Unit price of fixed assets = Total expenses of fixed assets / Total 

fixed assets; P3 = Unit price of interest = Total interest expenses / Total interest-bearing 

liabilities; TA = Total assets, same as included in the bank’s balance sheet. TC = Total cost, the 

sum of total interest expense and total noninterest expense; 
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Table 2: Descriptive statistics of efficiency measures relative to the pooled sample 

frontier, 2005-2016  

 

Efficiency 

Measures 

Mean Standard 

Deviation 

Maximum 

 

Minimum 

OE 0.398 0.235 1.000 0.013 

OTE 0.760 0.091 1.000 0.493 

AE 0.520 0.293 1.000 0.022 

PTE 0.837 0.097 1.000 0.531 

SE 0.912 0.083 1.000 0.572 

 
OE = Overall efficiency; OTE = Overall technical efficiency; AE = Allocative efficiency PTE = Pure Technical 

Efficiency; and SE = Scale Efficiency. 

 

Table 3: Descriptive statistics of efficiency measures relative to the pooled sample frontier, 

2005-2008  

 

Efficiency 

Measures 

Mean Standard 

Deviation 

Maximum 

 

Minimum 

OE 0.638* 0.135 1.000 0.130 

OTE 0.863* 0.075 1.000 0.607 

AE 0.737* 0.128 1.000 0.130 

PTE 0.907* 0.072 1.000 0.621 

SE 0.952* 0.054 1.000 0.607 

 
OE = Overall efficiency; OTE = Overall technical efficiency; IRS = Increasing Return to Scale; DRS = Decreasing 

Return to Scale; and AE = Allocative efficiency. 

*The mean differences of efficiency measures of pre- and post- crisis are significant at 1% level. 

 

Table 4: Descriptive statistics of efficiency measures relative to the pooled sample frontier, 

2013-2016  

 

Efficiency 

Measures 

Mean Standard 

Deviation 

Maximum 

 

Minimum 

OE 0.378* 0.188 1.000 0.034 

OTE 0.777* 0.098 1.000 0.495 

AE 0.474* 0.190 1.000 0.058 

PTE 0.856* 0.097 1.000 0.536 

SE 0.911* 0.083 1.000 0.627 

 
OE = Overall efficiency; OTE = Overall technical efficiency; IRS = Increasing Return to Scale; DRS = Decreasing 

Return to Scale; and AE = Allocative efficiency. 

*The mean differences of efficiency measures of pre- and post- crisis are significant at 1% level. 
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Table 5: Descriptive statistics of efficiency measures relative to the pooled sample 

common efficient frontier, year by year, 2005-2016 

 

   2005  2006  2007  2008  2013  2014  2015    2016 

Mean： 
        

OE 0.707 0.697 0.776 0.763 0.422 0.417 0.411 0.412 

OTE 0.890 0.887 0.906 0.922 0.860 0.788 0.837 0.844 

AE 0.793 0.782 0.855 0.825 0.481 0.516 0.480 0.478 

PTE 0.932 0.932 0.942 0.954 0.919 0.872 0.903 0.906 

SE 0.955 0.953 0.963 0.967 0.937 0.906 0.930 0.933 

Stand Dev:                 

OE 0.144 0.139 0.107 0.131 0.197 0.197 0.195 0.203 

OTE 0.079 0.072 0.066 0.086 0.109 0.188 0.092 0.086 

AE 0.132 0.119 0.091 0.115 0.192 0.188 0.190 0.200 

PTE 0.070 0.066 0.061 0.055 0.074 0.103 0.087 0.081 

SE 0.048 0.055 0.044 0.048 0.062 0.085 0.070 0.069 

Min:                 

OE 0.257 0.245 0.254 0.201 0.108 0.110 0.044 0.034 

PTE 0.697 0.653 0.699 0.712 0.707 0.545 0.640 0.639 

AE 0.257 0.331 0.324 0.255 0.145 0.198 0.072 0.054 

PTE 0.697 0.653 0.699 0.712 0.707 0.545 0.640 0.639 

SE 0.716 0.668 0.738 0.704 0.702 0.637 0.684 0.680 

Max:                 

OE 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

OTE 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

AE 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

PTE 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

SE 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

 
OE = Overall efficiency; OTE = Overall technical efficiency; AE = Allocative efficiency; PTE = Pure 

technical efficiency; and SE = Scale efficiency. 

 

 


