Advances in Applied Mathematics BIF #2438, 2022, 11(4), 2113-2133 Hans X
Published Online April 2022 in Hans. http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2022.114229

ETHRIESREETBERE T LeslielZRIAY
LLAEEAOBRYH

2R, ke, T O3
KEF TR, P KR

Weks . 20224F3 260 S ER: 20224F4H21H; KA HM: 20224F428H

wm B

ASCAILTEN D SERREAL . 3K UL RS R R, W T A D& LogisticRH AR, KB
PR R FFFIEE, SRERABBUES B E, RETIEREER; X T KA DR Leslietx
RN BPAHEM AR, EL=BEFBEREMPFMAT, 5% U R KN D30T 7
WA FHFH LR K Lesliel B 9B MTEL=BMNAE = EFBURSMF T K- DK B
A%, |BUE2050FE=HBORSHE ZZBERMMIELKA DB 583424.975 Af343975 N
RIFBATRARGTIE, FARBKSPRL, XlfaE A ORRET IR, SHRRTEAD
—HATRERSERRA O SZEHHD .

KA
LogisticPHF S KRR, BEFF, A E, Leslielifl, BPHERM %

Analysis of Population Situation
in Shanxi Province Based on the
Combination of Entropy Weight
and the Leslie Model under

the Fertility Policy

Xinglong Lu, Zhenzhou Fan, Fei Wang

Taiyuan University of Technology, Taiyuan Shanxi

Received: Mar. 26", 2022; accepted: Apr. 21%, 2022; published: Apr. 28", 2022

NEF|IM: R, iR, EIE R TRAAES LAEFBOE T Leslie BRI LITIA N DAL RN,
2022, 11(4): 2113-2133. DOI: 10.12677/aam.2022.114229


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2022.114229
https://doi.org/10.12677/aam.2022.114229
http://www.hanspub.org

Wil 5

Abstract

Based on the actual situation, growth and flow characteristics of Shanxi’s population, this paper
establishes a Logistic retarded growth model, a gray prediction model, and a time series model for
the short-term population, and the entropy weight method is used to allocate the proportion to
improve the prediction accuracy; for the long-term population, a Leslie model is established. At
the same time, a BP neural network model was established to predict and analyze the short-term
and long-term population trends without the influence of the three-child birth policy. And using
the above Leslie model to analyze the short- and medium-term and long-term population trends
under the conditions of no three-child policy and three-child birth policy, it is concluded that in
2050, the population forecast for the no-three-child policy and the three-child policy is 3424.9
million and 34.39 million respectively. Finally, we use the grey prediction method to analyze and
predict the population loss in Shanxi Province by using the principle of association analysis, and
conclude that the population will be lost in the next ten years, but the lost population will gradu-
ally decrease.
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Figure 1. The resident population and average annual growth rate of Shanxi Province in previous national censuses
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Figure 2. Two groups of population data in Shanxi Province from 2010 to 2020 (Left: Source “National Data”; Right:
Source “China Statistical Yearbook™)
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Figure 3. Model map
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Table 1. Logistic retarded growth model for short- and medium-term forecasts
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Figure 4. Logistic retarded growth model population curve
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Figure 5. Brown linear trend model Shanxi population medium- and short-term forecast
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Figure 6. ARIMA (0, 2, 0) model residual plot
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Figure 7. ARIMA model parameters
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Figure 8. ARIMA (0, 2, 0) model short and medium term prediction of Shanxi population
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Figure 9. Comparison of Three GM (1, 1) Models
B 9. =# GM (1, )IRRILLE

BATEINGRA TR HEHE A5, AOGHBRACH GM (1, 1) R T SR 45 2 A N A3 FRAE, W&l 10
Fise ~“FRIAXT TR %N 0.0009145 DL F-141 2% LA 7 9 0.00083413 it 45 S 2% B Z A% 2R S5+ SR 5 i 1 00 &
FE AR R AN o

1 J

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

4

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

4

Figure 10. Relative residuals and ratio bias tests
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Figure 11. Metabolic GM (1, 1) model curve
11. FhBRIHE GM (1, 1)iRBYphZk

35. A S

FAVEBCE AR ZE . PRHGHMERE . WHRE. FYRLIE A R ZE . FHAHE G 5 iR
ZE5F EIRFE B = AME T AT A .

Bl Matlab xR BEAT R AR, BRI=AEBFAE, R 2 Fis.

Table 2. Three predictive model weights
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Table 3. 2021~2030 Shanxi province population forecast (10,000 people)
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2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

3483.98  3479.60 347536  3471.00 3466.93  3462.83  3459.03  3455.74  3452.59  3449.88
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Figure 12. Leslie prediction model
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Figure 13. Mortality prediction curve for 2-year-old girls from 2021 to 2050
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Figure 15. BP neural network trend forecast
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Figure 16. Demographic trends in different age groups
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Table 4. Population loss forecast

N E S iy

Fy A RE =B = HBUR ZE

2030 35,841,000 35,978,000 137,000
2033 35,915,000 36,063,000 148,000
2036 35,904,000 36,050,000 146,000
2039 35,772,000 35,919,000 147,000
2042 35,528,000 35,677,000 149,000
2045 34,972,000 34,972,000 188,000
2048 34,455,000 34,789,000 334,000
2050 34,249,000 34,249,000 141,000
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Figure 17. The changing trend of population in Shanxi under the influence of
birth policy
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Figure 18. The number of health institutions in each city
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Figure 19. Number of beds and personnel in health institutions by city
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Figure 20. Per capita disposable income of cities in Shanxi Province
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Figure 21. Urban and rural population trends in Shanxi Province from 2008 to 2018
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Figure 22. The trend of urban and rural per capita disposable income in Shanxi Province from 2008 to 2018
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