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1 HEHURZE o, ~ N(0,0.4°) HIEEEMER

Table 1 Numerical simulation results for the case of stochastic error o, ~ N(0,0. 4%)

i i, 1 X, 2
1A AREE 1 £ F 3448 o 1 £

nM 5.001 9 0. 060 9 0.001 9 2.137 6 0. 0551 0.137 6

nlS 5.001 5 0.057 3 0.001 5 2.136 6 0.052 0 0.1372

100 nESL 5.001 6 0.056 8 0.001 6 2.073 1 0.038 0 0.073 1
IVM 4.996 3 0.1355 -0.003 6 2.004 4 0.109 1 0.004 4

IVLS 4.995 3 0.1252 -0.004 6 1.996 6 0.100 1 -0.003 3

IVESL 4.999 5 0.1327 -0. 000 4 1.997 7 0.043 5 -0.002 2

nM 4.997 7 0.047 2 -0.002 8 2.1373 0.045 7 0.137 3

nLS 4.997 5 0.044 5 -0.002 4 2.137 4 0.042 2 0.137 4

150 nESL 4.997 7 0.046 0 -0.002 3 2.073 6 0.0320 0.073 6
IVM 4.997 2 0.1113 -0.002 7 1.997 5 0.090 9 -0.002 4

IVLS 4.997 9 0.104 2 -0.002 2 1.997 2 0.082 5 -0.002 7

IVESL 4.997 9 0.105 5 -0.002 0 1.999 0 0.035 7 -0.000 9

nM 4.998 5 0.039 1 -0.001 4 2.138 8 0.038 3 0.138 8

nlLS 4.998 2 0.037 2 -0.001 7 2.138 1 0.036 6 0.138 1

nESL 4.998 6 0.038 2 -0.001 3 2.074 6 0.026 7 0.074 6

200 IVM 4.997 1 0.096 9 -0.002 8 2.002 2 0.077 0 0.002 2
IVLS 4.996 9 0.091 3 -0.003 0 2.001 3 0.068 2 0.001 3

IVESL 4.996 8 0.091 5 -0.003 1 2.000 6 0.031 3 0. 000 6

FR2 BEHLRZE 0, ~ 0.27(2) HMBEEBER

Table 2 Numerical simulation results for the case of stochastic error o, ~ 0.27(2)

. i, 1 MK 2
FHE AR £ £ 1A Ao £ 1 %
nM 5.000 3 0.053 3 0.000 3 2.137 8 0.048 3 0.137 8
nLS 5.002 0 0.1158 0.002 0 2.136 7 0.070 3 0.136 7
nESL 5.000 1 0.053 6 0.000 1 2.074 1 0.036 1 0.074 1
100 IVM 4.969 4 0.1225 -0.030 5 2.0102 0.0955 0.0102
IVLS 4.969 1 0.1316 -0.030 8 2.002 6 0.1450 0.002 6
IVESL 4.9577 0.116 1 -0.042 2 2.001 4 0.039 1 0.001 4
nM 5.000 9 0.043 4 0.000 9 2.1383 0.039 7 0.1383
nLS 4.999 5 0.061 1 -0. 000 4 2.138 8 0.059 2 0.138 8
nESL 5.001 1 0.043 2 0.001 1 2.074 9 0.028 6 0.074 9
130 IVM 4.982 0 0.109 0 -0.017 9 2.0039 0.094 4 0.073 9
IVLS 4.988 9 0.107 5 -0.011 0 1.996 7 0.081 2 -0.003 2
IVESL 4.988 5 0.102'1 -0.011 4 1.999 5 0.034 1 -0.000 5
nM 4.999 2 0.0354 -0.000 7 2.1387 0.034 8 0.1387
nLS 4.999 8 0.047 7 -0.000 1 2.140 7 0.047 0 0.140 7
nESL 4.999 7 0.0352 -0.000 2 2.075 4 0.0250 0.075 4
200 IVM 5.001 2 0.077 5 0.001 2 1.992 4 0.088 2 -0.007 6
IVLS 5.003 2 0.083 5 0.003 2 1.992 1 0.081 4 -0.007 8
IVESL 5.005 2 0.0759 0.005 2 2.001 3 0.033 7 0.001 3
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x3 KEWLRE o, ~ 0.2Cauchy(2) KIS BRI R

Table 3 Numerical simulation results for the case of stochastic error o, ~ 0. 2Cauchy(2)

. M 1 X 2
n F ik . — . —
F3 A AR ZE " £ F3H1E o " £
nM 4.998 6 0.063 6 -0.001 3 2.137 8 0. 060 4 0.137 8
nlS 4.806 0 5.086 8 -0.193 9 2.1347 3.524 1 0.174 7
nESL 5.000 6 0.063 1 0.000 6 2.073 0 0.044 5 0.073 0
100 IVM 5.002 7 0.147 4 0.002 7 1.993 8 0.1222 -0. 006 1
IVLS 4.470 2 2.3533 -0.259 7 1.989 8 1.372'5 -0.010 1
IVESL 4.996 1 0.140 1 -0.003 8 2.000 8 0.073 9 0.000 8
nM 4.999 7 0.050 1 -0.000 2 2.136 6 0.047 6 0.136 6
nlS 4.856 0 17.101 5 -0.143 5 2.408 3 4.755 4 0.408 3
nESL 4.999 2 0.052 2 0. 000 7 2.073 4 0.035 5 0.073 4
130 IVM 4.996 9 0.119 2 -0.003 0 1.995 6 0. 100 7 -0.004 3
IVLS 4.984 4 3.3754 -0.0155 1.954 1 2.346 6 -0.045 8
IVESL 4.996 1 0.1158 -0.003 8 1.998 2 0.0519 -0.001 7
nM 5.000 6 0.043 6 0.000 6 2.1375 0.040 1 0.137 5
nlS 5.633 1 21.412 0 0.633 1 2.837 8 29.802 3 0.837 8
nESL 5.000 4 0.044 7 0. 000 4 2.074 7 0.030 1 0.074 7
200 VM 5.002 2 0.103 4 0.002 2 2.008 7 0.084 7 -0. 008 7
IVLS 4.912 0 2.4252 -0.087 9 1.909 2 3.6118 -0.090 7
IVESL 5.001 8 0.101 2 0.001 8 2.001 6 0.044 9 0.001 6

x4 BEHIRE o, ~ N(0,0.4°) B 15%HEERATIITR X, = 3 HEEENER

Table 4 Numerical simulation results for the case of o, ~ N(0,0.4°) and 15% high—leverage samples with X, = 3
i 1 K 2

F A o ¥ h £ FH A £ 1 £

nM 5.001 4 0.061 7 0.001 4 2.0730 0.052 8 0.073 0
nLS 2.005 5 0.384 8 -2.994 4 1.644 2 0.4277 -0.3557

nESL 4.9959 0.061 3 -0.004 0 2.0723 0.041 6 0.0723

100 IVM 5.010 8 0.162 5 0.010 8 2.002 9 0.061 5 0.002 9
IVLS 2.009 8 0.3233 -2.997 1 1.543 0 0.268 6 -0.456 9

IVESL 4.990 0 0.158 1 -0.009 9 2.000 8 0.065 5 0.000 8

nM 4.998 0 0.048 8 -0.001 9 2.073 3 0.044 5 0.073 3
nlLS 2.0127 0.298 0 -2.987 2 1.674 8 0.228 7 -0.0733

nESL 4.992°5 0.049 1 -0.007 4 2.072 4 0.031 4 0.072 4

120 IVM 5.000 3 0.1139 0.000 3 2.0010 0.050 4 0.0010
IVLS 2.0340 0.207 1 -2.9659 1.560 9 0.328 1 -0.4390

IVESL 5.000 9 0.114 6 0. 000 9 1.999 4 0.051 6 -0. 0005

nM 4.998 7 0.042°5 -0.001 2 2.079 4 0.029 2 0.074 9

nLS 1.985 8 0.2455 =-3.041 1 1. 665 8 0.178 0 -0.334 1

nESL 4.993 2 0.044 0 -0.006 7 2.074 1 0.038 2 0.074 1

20 IVM 4.999 2 0.091 2 -0. 000 7 2.001 1 0.044 0 0.001 1
IVLS 2.016 0 0.224 2 -2.983 9 1.524 6 0.1850 -0.453 7

IVESL 4.984 7 0.093 2 -0.015 2 2.000 0 0.038 1 0.000 0
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Table 5 Fitting results of the wage and schooling data

ik A AEHE B, Mol £
nM 0.078 5 0.022 9
nLS 0.092 3 0.022 8
nESL 0. 089 02 0.022 8
IVM 0. 165 0.040 7
VLS 0.156 6 0.040 3
IVESL 0.160 5 0.039 9
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Exponential Squared Loss Estimation of Linear Regression Models
Using Instrumental Variables

ZHANG Wei' ,YANG Yi-ping'~

(1. School of Mathematics and Statistics, Chongqing Technology and Business University, Chongqing 400067, China;
2. Chongging Key Laboratory of Social Economy and Applied Statistics, Chongqing Technology
and Business University , Chongqing 400067, China)

Abstract : Endogenous variables are often encountered when discussing the relationship between covariates and
response variables. Most of the existing researches on endogenous variables are discussed in the framework of least
squares objective function. However, this method is not robust. In this paper, the exponential squared loss
estimation method is used to construct the robust estimation of regression coefficient in the model. In order to
overcome the bias of endogenous variables on the estimation, instrumental variables are used to eliminate the
endogeneity of covariates, and then the exponential squared loss estimation of regression coefficients is constructed.
For the exponential squared loss objective function, the estimation process of selecting effective adjustment
parameters is proposed. Under some regular conditions, the asymptotic normality of the proposed estimator is
studied. In the simulation study, six estimation methods are compared, including the naive least squares
estimation, the naive M estimation, the naive exponential squared loss estimation, the least squares estimation
using instrumental variables, the M estimation using instrumental variables, and the exponential squared loss
estimation using instrumental variables. The simulation results show that the proposed method can effectively
eliminate the endogeneity of covariates, and has good robustness. Finally, the wage and schooling data collected
from the survey of identical twins is analyzed by our proposed method.
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