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Table 1 Simulation results of PLE-StoNED ( Model 1 n =100 replications = 100)
o’ =1.88 § =1.66 o’ =1.63 § =1.24 o’ =1.35 1 =0.83
Value Mse Bias Value Mse Bias Value Mse Bias
6> | 1.8250 | 0.2528 | 0.0550 | 1.5912 | 0.2871 | 0.0388 | 1.3275 | 0.2236 | 0.0225

A 1.816 0 1.412 2 -0.156 0 | 1.3545 1.0220 | -0.1145 | 0.8299 | 0.6239 | 0.000 1
a’ 1.2488 | 0.490 6 0.130 6 0.8426 | 0.5491 0.145 1 0.405 1 0.4149 | 0.1456

u

o’ 0.4740 | 0.059 8 0.026 6 0.5809 | 0.074 6 0.052 5 0.7407 | 0.059 1 0.058 7
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2 PLE-StoNED (Model 1 n =300 replications = 100)
Table 2 Simulation results of PLE-StoNED ( Model 1 n =300 replications = 100)

6> =1.88 A =1.66 6> =1.63 A =1.24 6> =1.35 {1 =0.83
Value Mse Bias Value Mse Bias Value Mse Bias
1.8708 | 0.1064 | 0.0092 | 1.6030 | 0.1108 | 0.0270 | 1.3387 | 0.1182 | 0.0113
i 1.7345 | 0.2535 | -0.0745 | 1.2252 | 0.2566 | 0.0148 | 0.7863 | 0.3444 | 0.0437
o> | 1.3585 | 0.1957 | 0.0210 | 0.9174 | 0.2129 | 0.0703 | 0.4378 | 0.2422 | 0.1129
6% | 0.4850 | 0.0206 | 0.0155 | 0.6324 | 0.0242 | 0.0099 | 0.7766 | 0.0330 | 0.0227

o

2 ( Model 2) 4 2~ 3 o’ Mse
£ = Jr, +ay — 0 —u, 4o, 1 u, ~ 0.2638 0.085 8 Bias 0.123 8
’ 0.0511 A Mse 1.2252 0.220 4
k
Bias -0.3379 -0.123 1. 1

=1.88 p =1.66) (o =1.88

2
(o - .
) o0 A Mse Bias
p =1.66) (o =1.88 p =1.66)

(o, o) A Mse Bias
n=100 n =300 ST o9 1 2 ~ 3 3 2 ~ 3 5
110 y 01 Mse 1 0.2528 302638 A
3 4 . Mse 1 1.4122 3 1.2252.
3 4 n =100
n =300 6—2 A Mse Bias PLE-StoNED
3 2 ~ 3
3 PLE-StoNED (Model 2 n =100 replications = 100)

Table 3 Simulation results of multiple inputs and multiple outputs PLE-StoNED ( Model 2 n =100 replications = 100)

o> =1.88 A =1.66 o* =1.63 X =1.24 o> =1.35 {1 =0.83
Value Mse Bias Value Mse Bias Value Mse Bias
6 | 1.7562 | 0.2638 | 0.1238 | 1.5489 | 0.1925 | 0.0811 | 1.3301 | 0.1984 | 0.0199
h 1.9979 | 1.2252 | -0.3379 | 1.5444 | 0.7204 | -0.3044 | 1.2046 | 0.8854 | -0.3746
6 | 1.2486 | 0.3379 | 0.1308 | 0.9242 | 0.2794 | 0.0635 | 0.5631 | 0.4263 | -0.0124

u

ol 0.3888 | 0.0515 0.1118 0.508 9 | 0.068 6 0.133 4 0.6321 0.110 0 0.167 3

4 PLE-StoNED (Model 2 n =300 replications =100)
Table 4 Simulation results of multiple inputs and multiple outputs PLE-StoNED ( Model 2 n =300 replications = 100)
o’ =1.88 § =1.66 o’ =1.63 § =1.24 o’ =1.35 } =0.83
Value Mse Bias Value Mse Bias Value Mse Bias

o’ 1.8289 | 0.0858 0.051 1 1.5979 | 0.0485 | 0.0321 1.3534 | 0.044 6 -0.003 4
A 1.783 1 0.220 4 -0.1231 | 1.2209 | 0.0862 | 0.019 1 0.9269 | 0.1874 | -0.096 9
o’ 1.3379 | 0.1229 0.0415 0.9412 | 0.0739 | 0.0465 | 0.5595 | 0.1162 -0.008 8
o2 0.4484 | 0.017 1 0.052 2 0.6289 | 0.0088 | 0.0134 | 0.7523 | 0.0263 0.047 0

2006 —2014
45 “
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Table 5 Descriptive statistics of inputs-outputs and efficiencies of China mainland’ s commercial banks
DEA PLE-StoNED
3518.30 803.40 4214.76 75.60 1.2527 1.276 8
1 228.87 412.40 1976.27 93.37 0.2109 0.137 6
38 38 38 38 38 38
421.89 117.45 744.79 1.76 1.705 8 1.4253
293.93 88.97 591.63 2.83 0.725 4 0.263 8
80 80 80 80 80 80
61.17 10.05 86.34 0.30 3.3135 1.898 3
62.61 10.45 115.55 0.52 1.709 5 0.550 8
153 153 153 153 153 153
81.43 19.19 95.90 1.55 3.093 3 1.8759
52.76 14.86 74.53 3.76 1.564 1 0.502 1
37 37 37 37 37 37
* )
5
3 518.30
81.43
DEA PLE-StoNED
3
3
1 Fig. 3 Yearly average efficiency among the four types of commercial banks
2006 —2008

2009 —2010 . DEA
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Estimation of multiple inputs and multiple outputs frontiers in stochastic envi—

ronment

XIE Jian-hui' LI Yong<un® LIANG Liang® WU Ji"

1. Lingnan College Sun Yat-sen University Guangzhou 510275 China;

2. The School of Management University of Science and Technology of China Hefei 230026 China;
3. Business School Sun Yat-sen University Guangzhou 510275 China

Abstract: Traditional DEA method assumes that all inputs-outputs of observed samples are deterministic data
which restricts the practical applications of DEA. The pseudo likelihood estimation method based stochastic
non-smooth envelopment of data ( PLE-StoNED) in this paper extends this assumption and can estimate fron—
tiers in stochastic environment. The current paper proves that a frontier based on the assumptions of production
possibility sets can be represented by a function with restrictions of convexity and monotonicity. Compared with
the previous StoNED methods our method can estimate the efficiencies of DMUs with multiple inputs and mul-
tiple outputs. Based on Monte Carlo experiments the multiple inputs and multiple outputs PLE-StoNED is
verified to be effective and it can correct the bias generated by traditional methods like DEA. Finally the
new method is applied to estimate the frontier and efficiencies of commercial banks in mainland China. Our
method fills up the gap of deterministic DEA method and statistical nature which can provide decision refer—
ences for decision makers who want to evaluate the productivity and efficiency for DMUs with multiple inputs
and multiple outputs in stochastic environments.

Key words: productivity and efficiency analysis; frontier estimation; data envelopment analysis; stochastic

non-smooth envelopment of data
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