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Abstract. Investment, consumption and export are the troika which
promotes China's economic development. Investment is the most important
factor and plays a vital role to drive economic growth. However, due to the
differences in the geographical location, education level and infrastructure
construction of various regions in China, the structure of economic
development and the imbalance of growth still exist. This paper takes the
fixed asset investment of 31 provinces, municipalities and autonomous
regions in my country from 1999 to 2017 as the research objects in our
country and uses functional data analysis methods to functionalize discrete
data, uses Fourier basis functions to fit the smooth curve, and then uses
FPCA analysis of the characteristics of the principal component function
shows that the contribution rates of the first two principal components to the
regional economy are 96.4% and 2.8% respectively, and the cumulative
contribution rate reaches 99.2%, which can represent most of the sample
information to a certain extent. Therefore, this paper uses the first two main
components to analyse the overall change for law of China's regional
economy, and roughly divides my country's 31 provinces and municipalities
into 4 categories and adjust my country's economic development structure
and promote coordinated regional development.

1 Introduction
Fixed asset investment is an important reference for economic development, economic
structure, and economic growth, and an important indicator of national economic
development. At present, there are large regional differences in my country's economic
development. This deformity has caused a serious imbalance in the Chinese economy, and
has brought serious hidden dangers to the future development of the Chinese economy.
Studying the fixed asset investment in various regions of our country can know the
economic development trends of various regions, so as to optimize the investment structure
and promote the coordinated development of various regions. For example, Xue Beibei
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established an ARIMA model based on time series analysis to study and predict the total
fixed asset investment in Anhui Province in the next few years [1]. Chao Wang et al. used
spatial econometrics to analyse the temporal and spatial characteristics of regional financial
development and economic growth [2].
With the continuous development and maturity of the theory and practice of Functional
Principal Component Analysis (FPCA), the application results involve medical diagnosis [3],
mortality in demographics [4], Beijing industry population control analysis [5], stock market
division [6] and other fields. In order to make up for the shortcomings of time series data
model analysis methods and other statistical methods, this paper analyses the impact of fixed
asset investment on regional economic growth from a functional perspective.

2 Model introduction
2.1 Functional data principal component analysis calculation method
First, the original data is converted into a function form, and the i-th observation value of the
original data is converted into a function 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖 (𝑡𝑡𝑡𝑡) defined at time t through this step. In order to
do this, a set of basis functions must be selected and each function is expressed as a linear
combination of basis functions. The given sample basis function 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 is expanded as follows:
𝐾𝐾𝐾𝐾

𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖 (𝑡𝑡𝑡𝑡) = � 𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝛷𝛷𝛷𝛷𝑖𝑖𝑖𝑖 (𝑡𝑡𝑡𝑡) , 𝑖𝑖𝑖𝑖 = 1,2, … , 𝑁𝑁𝑁𝑁.

(1)

𝑿𝑿𝑿𝑿(𝒕𝒕𝒕𝒕) = 𝐶𝐶𝐶𝐶Φ.

(2)

𝑖𝑖𝑖𝑖=1

Referred to as 𝑋𝑋𝑋𝑋 = (𝑥𝑥𝑥𝑥1 , 𝑥𝑥𝑥𝑥2 , … , 𝑥𝑥𝑥𝑥𝑁𝑁𝑁𝑁 ), Φ = (Φ1 , Φ2 , … , Φ𝐾𝐾𝐾𝐾 )𝑇𝑇𝑇𝑇 , 𝐶𝐶𝐶𝐶 = (𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )𝑁𝑁𝑁𝑁×𝐾𝐾𝐾𝐾 .
Therefore, the sample basis function can be equivalently written in the following matrix
form:
Set 𝑵𝑵𝑵𝑵 = 𝒏𝒏𝒏𝒏 − 𝟏𝟏𝟏𝟏, then the estimate of the covariance function can be expressed as:

� (𝑠𝑠𝑠𝑠, 𝑡𝑡𝑡𝑡) = 𝑁𝑁𝑁𝑁−1 𝑋𝑋𝑋𝑋𝑇𝑇𝑇𝑇 𝑋𝑋𝑋𝑋 = 𝑁𝑁𝑁𝑁−1 Φ𝑇𝑇𝑇𝑇 (𝑠𝑠𝑠𝑠)𝐶𝐶𝐶𝐶 𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶Φ(𝑡𝑡𝑡𝑡).
𝑉𝑉𝑉𝑉

(3)

Since the Fourier basis function is used as the basis function in this paper, the Fourier
2𝜋𝜋𝜋𝜋
basis function is a periodic function with a period of , which is orthogonal. Its expression
𝜛𝜛𝜛𝜛
is as follows:

𝑥𝑥𝑥𝑥�(𝑡𝑡𝑡𝑡) = 𝑐𝑐𝑐𝑐0 + 𝑐𝑐𝑐𝑐1 sin(𝜛𝜛𝜛𝜛𝑡𝑡𝑡𝑡) + 𝑐𝑐𝑐𝑐2 cos(𝜛𝜛𝜛𝜛𝑡𝑡𝑡𝑡) + 𝑐𝑐𝑐𝑐3 sin(2𝜛𝜛𝜛𝜛𝑡𝑡𝑡𝑡) + 𝑐𝑐𝑐𝑐4 cos(2𝜛𝜛𝜛𝜛𝑡𝑡𝑡𝑡) + ⋯

where ϕ0 (𝑡𝑡𝑡𝑡) = 1, ϕ2𝑟𝑟𝑟𝑟−1 (t) = sin(𝑟𝑟𝑟𝑟𝜛𝜛𝜛𝜛𝜛𝜛𝜛𝜛), ϕ2𝑟𝑟𝑟𝑟 (𝑡𝑡𝑡𝑡) = cos(𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑡𝑡𝑡𝑡).
Expand by characteristic function:
𝐾𝐾𝐾𝐾

𝛽𝛽𝛽𝛽𝑗𝑗𝑗𝑗 (𝑠𝑠𝑠𝑠) = � 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 Φ𝑖𝑖𝑖𝑖 (𝑠𝑠𝑠𝑠) = Φ𝑇𝑇𝑇𝑇 (𝑠𝑠𝑠𝑠)b ,
𝑖𝑖𝑖𝑖=1

(4)
(5)

� (𝒔𝒔𝒔𝒔, 𝒕𝒕𝒕𝒕),
b = [𝑏𝑏𝑏𝑏1 , 𝑏𝑏𝑏𝑏2 , … , 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 ] is the parameter vector to be estimated, and replace 𝑽𝑽𝑽𝑽(𝒔𝒔𝒔𝒔, 𝒕𝒕𝒕𝒕) with 𝑽𝑽𝑽𝑽
𝑻𝑻𝑻𝑻
� (𝒔𝒔𝒔𝒔, 𝒕𝒕𝒕𝒕)𝜷𝜷𝜷𝜷𝒋𝒋𝒋𝒋 (𝒕𝒕𝒕𝒕)𝒅𝒅𝒅𝒅𝒕𝒕𝒕𝒕 = 𝝀𝝀𝝀𝝀𝒋𝒋𝒋𝒋 𝜷𝜷𝜷𝜷𝒋𝒋𝒋𝒋 (𝒔𝒔𝒔𝒔) , substituting (5) into the above
then we can know that ∫𝟎𝟎𝟎𝟎 𝑽𝑽𝑽𝑽
formula:
𝑻𝑻𝑻𝑻

� (𝒔𝒔𝒔𝒔, 𝒕𝒕𝒕𝒕)𝜷𝜷𝜷𝜷𝒋𝒋𝒋𝒋 (𝒕𝒕𝒕𝒕)𝒅𝒅𝒅𝒅𝒕𝒕𝒕𝒕 = � 𝑵𝑵𝑵𝑵−𝟏𝟏𝟏𝟏 𝚽𝚽𝚽𝚽𝑻𝑻𝑻𝑻 (𝒔𝒔𝒔𝒔) 𝐶𝐶𝐶𝐶 𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶Φ(𝑡𝑡𝑡𝑡)Φ𝑇𝑇𝑇𝑇 (𝑡𝑡𝑡𝑡)bdt = Φ𝑇𝑇𝑇𝑇 (s)𝑁𝑁𝑁𝑁 −1 𝐶𝐶𝐶𝐶 𝑇𝑇𝑇𝑇 CWb. (6)
� 𝑽𝑽𝑽𝑽
𝟎𝟎𝟎𝟎

Let the symmetric matrix 𝑾𝑾𝑾𝑾 = ∫ ΦΦ′ , and substitute (5) and (6) into (3):
Further :

𝑵𝑵𝑵𝑵−𝟏𝟏𝟏𝟏 Φ𝑇𝑇𝑇𝑇 (𝑠𝑠𝑠𝑠)𝐶𝐶𝐶𝐶 𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶b = λΦ𝑇𝑇𝑇𝑇 (𝑠𝑠𝑠𝑠)b.
2

(7)
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𝑵𝑵𝑵𝑵−𝟏𝟏𝟏𝟏 𝐶𝐶𝐶𝐶 𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶b = λb.

(8)

The eigenvalue problem of the matrix equation is the weight function 𝛽𝛽𝛽𝛽(𝑠𝑠𝑠𝑠), and the
eigenvector corresponding to the largest eigenvalue is the weighting coefficient of the first
principal component.
The first principal component function is obtained by calculating 𝑉𝑉𝑉𝑉𝛽𝛽𝛽𝛽1 (𝑠𝑠𝑠𝑠) =
𝜆𝜆𝜆𝜆1 𝛽𝛽𝛽𝛽1 (𝑠𝑠𝑠𝑠), ‖𝛽𝛽𝛽𝛽1 ‖ = 1 . Under the restriction conditions ∫ 𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗 (𝑠𝑠𝑠𝑠)𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 (𝑠𝑠𝑠𝑠) 𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠 = 0, ∀𝑗𝑗𝑗𝑗 < 𝑘𝑘𝑘𝑘 , by
calculating 𝑉𝑉𝑉𝑉𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 (𝑠𝑠𝑠𝑠) = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 (𝑠𝑠𝑠𝑠), ‖𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 ‖ = 1 to get the k-th Principal component function.

2.2 The principal components of the fixed asset investment curve

Each sample curve 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 (𝑡𝑡𝑡𝑡) can be represented by a set of orthogonal basis functions
{𝑓𝑓𝑓𝑓1 , 𝑓𝑓𝑓𝑓2 , … 𝑓𝑓𝑓𝑓𝑛𝑛𝑛𝑛 }, approximately expressed as:
𝑛𝑛𝑛𝑛

𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 (𝑡𝑡𝑡𝑡) ≈ 𝑥𝑥𝑥𝑥�𝚤𝚤𝚤𝚤 (𝑡𝑡𝑡𝑡) = � 𝛼𝛼𝛼𝛼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 (𝑡𝑡𝑡𝑡), 𝛼𝛼𝛼𝛼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = � 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 (𝑠𝑠𝑠𝑠)𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 (𝑠𝑠𝑠𝑠) 𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠.
𝑖𝑖𝑖𝑖=1

Minimize the objective function

𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = �‖𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 − 𝑥𝑥𝑥𝑥�𝚤𝚤𝚤𝚤 ‖2 ,

where

𝒏𝒏𝒏𝒏

𝑛𝑛𝑛𝑛

𝑻𝑻𝑻𝑻

𝑖𝑖𝑖𝑖=1

�(𝒔𝒔𝒔𝒔))𝟐𝟐𝟐𝟐 𝒅𝒅𝒅𝒅𝒔𝒔𝒔𝒔 , 𝜶𝜶𝜶𝜶𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 = � 𝒙𝒙𝒙𝒙𝒊𝒊𝒊𝒊 (𝒔𝒔𝒔𝒔) 𝒇𝒇𝒇𝒇𝒊𝒊𝒊𝒊 (𝒔𝒔𝒔𝒔)𝒅𝒅𝒅𝒅𝒔𝒔𝒔𝒔,
�‖𝒙𝒙𝒙𝒙𝒊𝒊𝒊𝒊 − 𝒙𝒙𝒙𝒙�𝒊𝒊𝒊𝒊 ‖𝟐𝟐𝟐𝟐 = � (𝒙𝒙𝒙𝒙(𝒔𝒔𝒔𝒔) − 𝒙𝒙𝒙𝒙
𝒊𝒊𝒊𝒊=𝟏𝟏𝟏𝟏

𝟎𝟎𝟎𝟎

Is the principal component score.

(9)

(10)
(11)

3 Functional principal component analysis
This paper selects 589 samples of fixed asset investment in 31 provinces, municipalities and
autonomous regions across the country from 1999 to 2017 from the National Bureau of
Statistics. Based on the above data, discuss the impact of fixed asset investment on my
country's regional economic development.

Fig. 1. The functional curve of fixed asset investment.

Based on R programming, the functionalized curve graph is drawn. It can be seen from
Figure 1 that the GCV curve achieves the minimum value when 𝑙𝑙𝑙𝑙𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜2 𝜆𝜆𝜆𝜆 = 2, that is, when
the penalty factor is equal to 4, the fitting error of the model is small, which has a good model
interpretation.
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Fig. 2. The effect diagram of the deviation of the four principal components from the mean function

The first principal component function has a positive effect on economic development
when the investment in fixed assets has a good momentum and stable economic development,
and has a negative effect on economic development when the economic development is hot.
The second principal component function has a negative effect on economic development
when economic development is low. According to calculations, the contribution rates of the
first two main components to the regional economy are 96.4% and 2.8% respectively, and
the cumulative contribution rate reaches 99.2%, which can represent most of the sample
information to a certain extent. Therefore, this paper selects the first two principal
components to analyze the overall change law of China's regional economy.
Figure 3 is drawn according to the principal component score table. The abscissa
represents the score of the first principal component function, and the ordinate represents the
score of the second principal component function. The 31 provinces and municipalities in the
country are divided into 4 categories.
The fixed asset investment in Fujian and Jiangxi in the first quadrant accounts for a larger
proportion of the national fixed asset investment, and the economic development speed is
higher than that of other provinces and cities, which has a greater impact on the national
economy. Shaanxi, as a transportation hub connecting the eastern and central regions of
China and its rich mineral resources and water resources, plays an important role in
stimulating the economy of western my country. The 15 central and western provinces,
municipalities and autonomous regions in the second quadrant, including Xinjiang and
Ningxia, have undertaken a large number of industrial transfers and settlements in the eastern
coastal areas, and their industrial investment has grown rapidly. Therefore, their fixed asset
investment development has an increasing impact on national economic development. Inner
Mongolia and Liaoning in the third quadrant have poor fixed asset investment due to the
backward industrial structure. In the fourth quadrant, the developed regions along the central
and eastern coastal areas such as Hunan and Hubei have entered the stage of industrial
transformation and structural adjustment, and the growth rate of fixed asset investment has
remained stable.
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Fig. 3. The first and second principal component function score classification diagram.

4 Conclusions and recommendations
As we all know, China's economic structure shows the characteristics of high in the east and
low in the west, strong in the south and weak in the north. Due to the regional differences in
the level and structure of my country’s fixed asset investment, to promote the coordinated
development of my country’s economy, we must improve macro-control and deepen the
reform of the investment system. strengthen inter-regional cooperation and promote regional
coordinated development, etc.
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