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Abstract. The population issue is related to regional economic development, and
population changes will affect the formulation of the regional basic policies, the
arrangement of labor and employment. Huizhou is located in the Pearl River Delta
Economic Belt of Guangdong Province in China, with a high population density. In
recent years, the population has gradually increased. Based on the grey incremental
model GM (1,1) method, this paper uses the population data from 2000 to 2022 to
construct a population prediction model for Huizhou and predict the population
in the next 15 years. The prediction results show that the urban population of
Huizhou will still increase year by year from 2023 to 2037, which will have an
impact on the sustainable development of the city. Finally, the countermeasures
for population development in Huizhou are proposed for regional development.

Keywords: Grey incremental model - population quantity - population
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1 Introduction

China is a total population of 1411.78 million according to the seventh population cen-
sus in 2021. According to economists’ estimates, with a population growth of 1%, it is
necessary to increase by about 3% to maintain the living standard of the current popu-
lation, which still exerts tremendous pressure on China’s society and economy [1-3]. In
China’s modernization process, it is necessary to achieve coordinated and sustainable
development of population and economy, society, resources, and environment, further
control the population quantity, improve the population quality, improve the population
structure, guide the population distribution, and stabilize low fertility levels.

The grey system was founded by Chinese scholar Professor Deng Julong in, and its
research object is “small sample” and “poor information” uncertain systems with “some
information known and some information unknown”. It understands and understands
the real world through the generation and development of “part” of known information,
achieving a correct understanding and description of the system’s operational behav-
ior and evolution laws [4-8]. In 1982, Professor Deng, a Chinese scholar, established
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Fig. 1. Population Change Trend of Huizhou from 2000 to 2022

the grey system theory, which is a new method for studying uncertain problems with
little data and poor information [9]. The grey system theory takes “small samples”
and “poor information” uncertain systems with “partially known and partially unknown
information” as the research object. It mainly extracts valuable information through the
generation and development of partially known information, and realizes the correct
description and effective monitoring of system operation behavior and evolution rules.
The grey system model has no special requirements and limitations on experimental
observation data, so its application fields are very broad [7-13].

The study area is Huizhou, a prefecture level city in Guangdong Province, located
on the southeast bank of the Guangdong Hong Kong Macao Greater Bay Area, in the
northeast of the Pearl River Delta, bordering Dongguan, Shenzhen, with a total area of
about 11000 square kilometers. With the continuous advancement of industrialization
and urbanization in China, the building density has increased, and the population has
gradually increased.

The main topic of this paper is to construct a population prediction model for Huizhou
based on the grey incremental model GM (1,1) method and the population data from 2000
to 2022 (Fig. 1), to predict the population of Huizhou in the next 15 years. Therefore,
scientifically and accurately predicting the future population development of a region
has extremely important practical significance for strategic decision-making of regional
economic and social development [14-16].

2 Grey Discrete Incremental Model

2.1 Modeling

To study a system, it is generally necessary to first establish a mathematical model of
the system, and then conduct a specific quantitative study of the overall function and
coordination function of the system, as well as the correlation and dynamic relationship
between various factors in the system. This research must be led by qualitative analysis,
with a close combination of quantitative and qualitative analysis. The establishment
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of a system model generally involves five steps: thought development, factor analysis,
quantification, dynamism, and optimization, so it is called five-step modeling [17-20].

1.

The first step is to develop ideas and form concepts. Through qualitative analysis and
research, the direction, objectives, approaches, and measures of research are clarified,
and the results are expressed in accurate and concise language. This is the language
model.

The second step is to analyze the factors in the language model and the relation-
ship between them, and identify the antecedents and consequences that affect the
development of things.

The third step is to conduct quantitative research on the causal relationship of each
link, and initially obtain a low-level approximate quantitative relationship, which is
called a quantitative model.

The fourth step is to further collect the input and output data of each link, and use the
obtained data sequence to establish a dynamic GM model, that is, a dynamic model.
Dynamic model is a high-level quantitative model that more profoundly reveals the
quantitative relationship or conversion rules between input and output, and is the
foundation of system analysis and optimization.

The fifth step is to conduct systematic research and analysis on the dynamic model.
Through adjusting the structure, mechanism, and parameters, the system is reorga-
nized to optimize the configuration and improve the dynamic quality of the system.
The resulting model is called an optimization model.

The whole process of five-step modeling is the process of establishing five models

in five different stages:

Language model — Network model — Quantitative model — Dynamic model — Optimization model.

During the modeling process, the model gradually tends to be improved [21, 22].

2.2 GM (1,1) Model

(1) Cumulative generation, set X° as the original series

X0 =M, x0@), - 2O (1)
Accumulate X° as the original series once to generate a sequence:

XD =P, xP @), -, xPm)] (2)

where:

k
1) — ©)¢; — .
x (k)—E X @O k=1,2,--.n 3)
(2) Modeling, let X! be the construction background value sequence

ZW =z0@2),z03), -+, O] @)
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where:
DR =axPhk =D+ A —a)xVk), k=2,3,---,n (5)

Take: a = 0.5 Establish shadow equation:

=  +axV=p (6)

This is called the original formation of the GM (1,1) model.
By discretizing the above equation and differential variation, the GM (1,1) grey
differential equation is obtained as follows:

xO%) +azV (k) = b (7)

It is called the basic form of the GM (1,1) model. Where a and b are undetermined
coefficients, called development coefficients and gray action quantities, respectively.
The effective interval of a is (—2,2).

(3) Solve parameters. The least square method can be used to obtain:

a=(b’ =@®BB B .Y, (8)
Including:

—126 ) +xD@2)), 1
—172(x1@2) +x1(3)), 1) ©

1260 — 1) +xD @), 1
Yo = x?2),x93), -, xQm)] (10)

In actual gray modeling, not all of the original sequence data of the system may be
used for modeling. When modeling with different dimension length sequences, the values
of the parameters a and b obtained are different, and thus the prediction effects of the
models are different. They form a prediction gray interval. The development coefficient a
reflects the development trend of the system. According to gray theory, when ais negative,
the greater its absolute value, the faster the system develops, and vice versa. The gray
action quantity b is mined from the background value, which reflects the relationship
between data changes, and its exact connotation is gray. The grey action quantity is
the concrete embodiment of connotation extension, and its existence is the watershed
between grey modeling and general input output modeling. It is also an important symbol
to distinguish between the grey system perspective and the grey box perspective.

(4) Establish prediction formula

Ak +1) = @O) - byemak 48

11
FOU(+1) =2V +1) — 2D (k) (1D

(5) Model verification.
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In order to ensure that the established grey model has a high accuracy and is applied
to prediction practice, the following steps are generally required for testing:

1) Find x° (k) Residual error e (k), relative error A k, and average relative error Ag
of:

e(k) = xO (k) =30 k) (12)
«® | 1009 (13)
= |——| X
A OIS v
— 1
A= Zk:l Ax (14)
2) Find the average value x of the original data, Average residual value e :
1
¥ = _ 0
%= Zk:lx (k) (15)
o ! S fOm) (16)
n—1 k=2

3) Calculate the original data variance S12, the ratio of residual variance S22 to mean
square deviation C, and the small error probability p,

1
g=- o O - 8 (17)
3= Xn: [ k) — 2’ (18)

n—1
k=2
C = S2/S1 (19)
p=PleQk) —2|< 0.6745s1) (20)

4) Find x * 0 (k) and x™* Absolute correlation degree of 0 (k) .
Generally, the smaller the values of e (k), Ak, and C, y, The higher the P value, the
better the accuracy of the model.

3 Results

3.1 Grey Incremental Model Prediction

The data is sourced from the “Huizhou Statistical Yearbook” from 2010 to 2021. In
actual gray modeling, the original sequence data of the system may not be all used for
modeling. The values of the parameters obtained by modeling with different dimensions
or length series are different, so the prediction effect of the model is also different. Here,
we select the long series one year (2000-2022) and the medium long series one year
(2015-2022) to simulate and predict the population of Huizhou, respectively, the best
prediction sequence is obtained through comparative analysis.
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Table 1. Prediction of population in 2022

Model GM GM(1,1)
Actual value (10000 persons) 606.65 606.65
Estimate 605.32 605.78
Residual 1.53 0.89
Relative error (%o) 0.19 0.12
Mean square deviation ratio C 0.0021 0.0013
Small probability error P 1 1

Based on the simulation prediction of the population in 2022 using the long series
grey increment model, the simulation prediction formula of the ordinary grey increment

model is as follows:

X1t + 1) = —43275.255 % exp(—0.0238632%1) + (655371.383),r = 1,2,3, ...

Simulation prediction formula of discrete grey incremental model:

XDk +1) =0.95329x VD (k) + 1843.4521,k = 1,2,3, . ..

Prediction results of permanent population in 2022:

3.2 Future Population Fo

recast

2y

(22)

The population of Huizhou in the next 15 years is predicted. The prediction results show
that the urban population of Huizhou will still increase year by year from 2023 to 2037.

The results show that the population will continue to grow in the next 15 years, and
the net increase in population and growth rate both decreased after reaching their peak

in 2031.

Table 2. Population Forecast from 2023 to 2037
Year 2023 2024 2025 2026 2027 2028
Population (10000 people) | 621.90 |632.95 |651.99 |662.96 |682.83 |695.48
Net increase 15.40 11.05 19.04 10.97 19.87 12.65
Growth rate (%o) 24.76 17.46 29.20 16.55 29.09 18.19
Year 2029 2030 2031 2032 2033
Population (10000 people) | 711.51 | 728.04 |747.24 |760.17 |771.26
Net increase 16.02 16.54 19.20 12.92 11.09
Growth rate (%o) 22.52 22.71 25.70 17.00 14.38
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4 Conclusion

This paper describes the research situation of population development trend prediction
based on the gray discrete incremental model, using the GM (1,1) model theory to
achieve the method. According to the prediction results, the total population will reach
7.7126 million in 2033, 2031 indicates that population growth will tend to slow down.

Taking the permanent population of Huizhou as an example, the permanent popula-
tion data of Huizhou was released in 2022, and the permanent population of Huizhou
continued to grow, exceeding 6 million. What is more appropriate for housing supply?
Against this background, it is necessary to predict the future number of permanent resi-
dents in Huizhou in order to better plan the housing supply. Therefore, the gray discrete
incremental model has a great prospect and future, so it is hoped that scientists around
the world can further make better research.
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