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Abstract

Data with hierarchical structure is very common in daily life. This
kind of data is widely used in growth studies, institutional effects and
synthesis studies. In order to deal with hierarchical data, a hierarchical
linear model is proposed, which has two basic assumptions: (1) the error
terms between groups are independent and identically distributed with
zero mean and bounded variance; (2)The models of each layer are linear.
However, in actual studies, data often have heteroscedasticity or heavy
tail spikes, and there is often a non-linear relationship between covariates
and response variables. Therefore, the above assumption cannot meet the
actual needs of data analysis. In addition, hierarchical linear model adopts
mean regression in data processing, which can only reflect the average
change of response variables when given covariables, but cannot depict
the overall conditional distribution of response variables. Therefore,
quantile regression is a good method to depict the overall conditional
distribution of response variables. In order to better explain the possible
nonlinear relationship between the explained variables and explanatory
variables, the combination of non-parametric quantile regression model
provides a good idea to solve this problem. Therefore, the combination of
non-parametric regression theory and quantile regression theory into
hierarchical model will be a good solution to this problem.

In this thesis, nonparametric regression theory and quantile
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regression theory are combined into the layered model, and the mixed
effect is added to establish the layered nonparametric mixed effect model,
and the nonparametric quantile regression based on the test function is
used to estimate its parameters. In the process of estimation, the
challenges of kernel function and window width selection are
encountered. The research shows that when the data sample size is large
enough, no matter which kernel function is selected, the consistency of
the estimator can be guaranteed under certain regular conditions, so the
Gaussian kernel function is selected in this thesis, and the relationship
between the optimal window width and the mean window width is given
by the optimal asymptotic theory. At the same time, since it is difficult to
give analytical solutions to the estimation results, quantile regression is
combined with EM algorithm to form EQ two steps, and the purpose of
estimation 1s achieved through iteration. Secondly, the asymptotic
properties of parameter estimators are deduced theoretically. Then, the
estimation results of model parameters with different distributions of
error terms are compared by Monte Carlo simulation. It can be found that
the estimators proposed in this thesis converge to a true value when the
sample size increases, which proves the robustness of the estimation
method. Finally, the effectiveness and practicability of the method are

illustrated by practical data.
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ME 4.1 ATAE H, ARG T SR RS ER K ZER, X850
FAE T HTABEE T LA AT RAY, BT, R RO e Ay A T A THAS R Ae S
AR TR RS 7525 1) S PR M R RS 12

P2 TR AR Z EA R 4040 F RIS R o s Rk 5, 10,
100, 500, 1000. HUEAFIZALTHIIHILATE 60=0.2, [E5ERNAHTIRME 7,=[L1,11]"

A

o7 ZXIEAE T, =02, 1, =0, T, =0, T, =02

& 4.1 REJONESHHHS A THER

ERE o} Ty, T, Yoo Yor Y0 i
5 1.003  1.255 1387  0.716 0.698  0.993 0.955
10 0.999 0466 1275  0.4l11 0367 0989  0.908
100 0.997  0.006  0.002  -0.053 20.005  0.525  -0.004
500 0.991  0.001  0.001  -0.051 -0.004 0525  -0.005
1000 0.991  0.001  0.001  -0.051 -0.004 0525  -0.005

K 4.1 RRZETRMIREILS 0 A G OL N A S H b T 45 0. WTRUE
FEIBAREAWIE Z R b, fSTHEA B EREoES, 540500 K5, &
BT B — AN e E, RS EAS TSR 67 =0.991, BT ZfTHE
[foo,fm,fm,f“]=[0.001,-0.002,-0.002,0.001] B E I AN < I =S g AR R e W (= W

[700> Po1s 10> 711 ] = [-0.051,-0.004,0.525,~0.005] o

& 4.2 RETA expHRIBHhTHER

EARIREL 0';2 T T, Yoo Yoi Y10 i
5 1.088 0.336 1.505 1.050 0.462 0.958 0.956
10 1.064 0.086 1.361 1.071 0.000 0.920 0914
100 1.053 0.014 0.002 1.000 -0.063 0.517 0.014
500 1.055 0.013 0.001 0.998 -0.064 0.517 0.014
1000 1.055 0.013 0.001 0.998 -0.064 0.517 0.014
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R A2 RETIRNSHOY 1 TR E A N B S HUG TS R T LA
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10 1.465 0.086 0.780 0.043 0.030 0.942 0.870
100 1.463 0.006 0.001 0.025 -0.024 0.501 0.015
500 1.471 0.001 0.000 0.026 -0.025 0.501 0.015
1000 1.471 0.001 0.000 0.026 -0.025 0.501 0.014
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BARUSL o} Ty, T, Yoo Yor Y10 i
5 7587 9325  0.880  2.001  0.624  1.030  0.640
10 7436 4155 0455 2911 0214 0995 0211
100 7630  0.054  0.014 4779  0.065 0445  0.022
500 7687 0015 0010 4779  0.064 0445  0.022
1000 7694  0.008  0.009 4779  0.064 0445  0.022
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