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Abstract

In the process of statistical modeling we often encounter nonlinear relationships.
However, linear models are often the conventional choice to approach such analy-
ses. we seldom verify if linearity assumptions are satisfied. Ignoring the nonlinear
relationships among variables in statistical modeling may lead to serious problems.
There are two types of methods addressing nonlinearity in statistical modeling: data
transformation and the computationally intensive methods such as neural networks,
support vector machines, projection pursuit, and tree-based methods. As useful as
these methods can be, they either face major limitations in application or produce
results that are difficult to interpret.

The aforementioned limitations can be overcome by employing nonparametric
and semiparametric regression methods. Nonparametric and semiparametric regres-
sion models do not make assumptions regarding specific functional forms. Instead,
they estimate functional forms based on the actual characteristics of data. Semipara-
metric regression models and its generalization have improved classical linear models
in several ways and developed into a new theoretical framework. The framework
consists of a number of important statistical models and therefore contributes signif-
icantly to the development of the relevant theories. In addition, the semiparametric
regression models and its generalization play an important role in statistical modeling
and have great prospects in application.

This book focused on the semiparametric regression models and its generalized
models, and employed them to investigate a problem in the official statistics: the
degree of accuracy in China’ s national and regional GDP data. In the introduc-
tion section , the research background and significance were discussed. Literature
review of the semiparametric regression models and its generalized models were also
presented. Research design and possible break-through of this book were outlined.
This book can be divided into six chapters: The first chapter discusses nonparamet-
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ric smoothing methods; Semiparametric regression models and generalized additive
models are discussed in detail in the second chapter; The third chapter discusses the
semiparametric mixed model; The fourth chapter assesses the accuracy of China’s na-
tional GDP data with semiparametric regression model and its statistical diagnostic
theory. The fifth chapter assesses the accuracy of China’s regional GDP data with
semiparametric mixed model and its statistical diagnostic theory. The sixth chapter
is the conclusion. The main contents of each chapter are:

Chapter 2 discussed the non-parametric regression models. First, the basic ideas
underlying nonparametric regression were illustrated. Second, two important smooth-
ing methods are introduced: local polynomial regression and smoothing spline. Local
polynomial smoothers are introduced in local polynomial regression. The choice of
smoothness parameter, confidence belt construction and hypothesis testing are also
discussed. Several common splines are introduced, including simple splines, quadratic
and cubic splines and B-splines. By selecting the appropriate node number and lo-
cation, these splines can fit nonlinearity. However, these splines are prone to overfit
data, which can be prevented by smoothing spline. So smoothing spline is discussed,
the confidence belt construction and hypothesis testing of smoothing spline are also
discussed. Finally, two automated smoothing techniques are discussed: generalized
cross-validation and likelihood method to estimate the smoothing parameter.

Chapter 3 discusses additive models and semiparametric regression models. Non-
parametric regression models can be extended to multiple situations with the additive
assumption: the extended models are additive models and semiparametric regression
models. First, model specification, estimation methods and statistical inference of
additive models and semiparametric regression models are discussed. Then, semi-
parametric regression models can be extended into generalized additive models. Gen-
eralized linear models (GLM) are the basis of generalized additive models. Therefore,
generalized linear models are outlined, including three components of GLM: system-
atic component, stochastic component and link function. Finally, the model speci-
fication, estimation methods, confidence belt construction and hypothesis testing of
generalized additive models are discussed.

Chapter 4 extends semiparametric models to mixed model framework, Semipara-
metric mixed models are discussed. First, model specification, estimation methods
and computation of linear mixed models are outlined. Then, the relationship of
nonparametric methods and mixed models are reviewed, model specification of semi-
parametric mixed models are presented. Finally, generalized linear models, semipara-
metric models and mixed models are combined to one: generalized additive mixed
models (GAMM). Model specification and estimation methods of GAMM are also



Abstract

discussed.

Chapter 5 assesses the accuracy of China’s national GDP data. Firstly, We
review assessment methods of accuracy of China’s GDP data and take the statisti-
cal diagnostic method as our assessment method. The economic background of the
GDP data - economic growth theories are briefly introduced, the general form of the
production function is also proposed. Secondly, we collect and organize 1953-2010
China’s GDP, capital stock, employment and education spending funds data. Linear
regression model and semiparametric model are estimated with the data. Through
the model comparison, the semiparametric regression model appears to fit GDP data
better than the linear regression model, therefore was chosen as the optimal model.
Thirdly, to evaluate the accuracy of the GDP data, statistical diagnostic theory of
semiparametric regression models are discussed. we calculate the value of diagnostic
statistics of the estimated semiparametric regression model. Based on these diagnos-
tic statistics, figure observation and rigorous hypothesis testing are used to detect
outliers. Finally, we analyze the economic background of these outliers and decide
China’s GDP data real outliers.

Chapter 6 first presents the fact that the gap between the sum of the regional
GDP and national GDP is rather big and analyze the causes of this discrepancy. One
of the key methods in curbing the artificial inflation of regional GDP is effective as-
sessment of the accuracy of the region’s GDP data. Then, we review the research on
China region’s GDP data, collect and organize 1990-2010 China region’s GDP , cap-
ital stock, employment and education spending funds panel data. Thirdly, with this
panel data, we establish linear regression model, linear regression model with vari-
ance structure, linear regression model with dummy variables, linear mixed model and
semiparametric mixed model. With model comparison and selection, and combined
with the economic meaning, the optimal model is linear mixed model. Finally, sta-
tistical diagnostic theory of linear mixed models is discussed. We calculate the value
of diagnostic statistics of the estimated linear mixed model. Based on these diag-
nostic statistics, statistical outliers are identified with figure observation and rigorous
hypothesis testing.

Chapter 7 first summarizes the conclusions of the China's GDP data accuracy
and reviews statistical diagnostic method for the assessment of the accuracy of GDP
data. Finally, based on empirical study we summarize the conditions and potential
concerns when using semiparametric regression models and its generalized models in
practical application.

The main work and major findings of this book are:

1. In this book, the semiparametric regression and many other mainstream and
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frontier regression models are comprehensively discussed from a practical point of
view. The discussions include the basic ideas and the course of development of these
models, and the internal logical connections between these models. In addition, sta-
tistical diagnostics of semiparametric regression models and linear mixed model are
also discussed. Through the process of empirical analysis, this book also demonstrates
the protocol and process of statistical modeling and summarizes the conditions and
potential concerns of the application of semiparametric regression models.

2. Empirical analysis from China’s national level shows that GDP data in 1958,
1959, 1961, 1991 and 1994 are the outliers of the estimated semiparametric model.
These five outliers are distributed in two time periods: 1958-1961 and 1991-1994. We
take into account China’s specific circumstances of the two time periods to decide
real GDP outliers. During 1958-1961, political impact and Three Years of Natural
Disasters resulted in the destruction of normal economic activity, which may lead
to real GDP data of 1958-1961 being quite different compared to the other years.
Therefore, GDP data of 1958, 1959 and 1961 may have no accuracy problem and
reflect the real economic activities in these years. During the period of 1991-1994,
China suffered serious inflation, but inflation does not necessarily cause a very serious
impact on the country’s total output. The outliers of 1991 and 1994 may be due to
the accuracy or lack thereof in official statistical work.

3. The empirical analysis of China’s district GDP data identified a total of
27 outliers. Geographically, these 27 outliers are distributed among the provinces
of Shanxi, Inner Mongolia, Liaoning, Jilin, Shanghai, Anhui, Shandong, Henan,
Guangxi, Hainan, Sichuan and Yunnan. Henan and Liaoning had the most serious
accuracy problems of GDP data, Henan had 7 outliers and Liaoning had 5 outliers.
Jilin province had 3 outliers, Shandong, Shanxi and Sicuan had 2 outliers, the other
six provinces had one outlier each. Most of these 27 outliers are occurred within
three time periods :1990-1991, 2004-2006 and 2009-2010. Ounly 5 out of the 27 oc-
curred outside of these three time periods. Based on the above studies, the possible
break-through of this book may be reflected by: synthesis of statistical models, ex-
pansion of empirical research framework, expansion of empirical research time period,
improvement of empirical research accuracy and reproducible research of this book.
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