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Prediction of Shanghai’s Population Aging Based on Grey Theory
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[ Abstract] Shanghai’s aging level is among the highest in the whole country. According to statistics, in 2017, the aging rate in
Shanghai reached 14.3% (referring to the proportion of the total permanent population older than or equal to 65 years old to the total
permanent population). This paper establishes a model to predict the elderly population aged 65 or older in Shanghai from 2018 to
2027. The forecast results show that Shanghai has presented a serious problem of population aging, and will continue to rise
significantly in the foreseeable future. It is particularly important to pay attention to and solve the problem of aging which restricts

social development.
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Tab. 1 List of the total household registration population and the

population over 65 years old and the aging coefficient in
Shanghai from 2007 to 2017

AEf BAH/TT 65 Z L L AD/ T ERERE
2007 1378.86 211.18 15.3
2008 1391.04 214.5 15.4
2009 1 400.7 221 15.8
2010 1412.32 226.49 16
2011 1419.36 235.22 16.6
2012 1 426.93 245.27 17.2
2013 1432.34 256.63 17.9
2014 1 438.69 270.06 18.8
2015 1 442.97 283.38 19.6
2016 1 449.98 299.03 20.6
2017 1 456.35 317.67 21.8
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KEEBIEHE T,
import numpy as np
#BA math, S E SO R R

import math

#EAND(TT)

# history _data = [ 1378. 86, 1391. 04,
1400.7, 1412.32, 1419.36, 1426.93 , 1432.34,
1438.69,1442.97,1449.98 ,1456.35 |

#65 4V EANF(T)

history_data = [211.18,214.5,221,226.
49,235.22,245.27,256.63,270.06, 283.38,
299.03,317.67]

279 GNIRE &/ 33

n = len(history_data)
REEVEIIE LI Yk e

X0 = np.array ( history_data)

# R AR
history_ data _agg = [ sum ( history _data

[0:i+1]) for i in range(n) ]
X1 = np.array( history_data_agg)

#HTREERE M B AR ) & Y

B = np.zeros([n—1,27)  #¥iR1LHE
¥ B
Y = np.zeros([n—-1,1])  ##iH4bsE
MY
for i in range(0,n-1): #HTEHIT
BHER TR
B[i][0] = 0.5+ (X1[i] + X1[i
+1])
B[i][1] =1
Y[i][0] = XO[i+1]

#HHHE CM(1,1) A TT BRI ZH a Al u

A = np.linalg.inv(B.T.dot(B) ).dot(B.
T).dot(Y)

#np.linalg. inv I TR, T T4
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= A[0][0]
= A[1][0]
#EENT IR TR A
XXO0 = np.zeros(n)  #FILRAL T 25
FE I XX0
XX0[0] = X0[0] #1545
P 2 — T3
for i in range(1,n) : #IEFR T 25

R A —ME
XX0[i] = (X0[0] = wa) * (1-
math.exp(a) ) * math.exp(—a * (i) );

HETURG 09 )5 00 25 A 56
e=0 #RE 2T IE
for i in range(0,n) :

e += (XO0[i] - XX0[i])
e/=n

print( FE2EME A, np.round (e,2) )
#2R Dy SRR 241

aver = 0;
for i in range(0,n) ;
aver += XO0[i]
aver /= n
print ( 57 B s R “, np. round
(aver,2))

#R Py S B Ty 2
s12 = 0;
for i in range(0,n) ;
s12 += (XO[i]-aver) * *2;
sl2/=n
print(“J7 5 48 75 258, np.round (512,
2))

#HRER 22T 2%
s22 = 0;

for i in range(0,n) ;

326.08

22 += ((XO[i] - XXO0[i]) - )
#* k2
22 /=n
print( FE 22752247, np.round (s22,2) )

R T2 HE
C =822/ 512
print (5 %52% AE N7, np.round(C,2) )

#R/MRZERAR
cout = 0
for i in range(0,n) :
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25% ) 75% X I,

i IE A3 A el 50, XA 25% F1 75%
FYE S35 4 -0.6745 F1+0.6745,

if abs((XO0[i] - XXO[i]) —e) <
0.6754 * math.sqrt(s12) :
cout = cout+1
else:
cout = cout
P = cout/ n
print( VIMRZEMEFEH np.round (P,2) )

if (C<0.35andP >0.95); #E7EHE
— RIS

mo=10  #TEHAFER
print(FEJG 7, m, FAERARTA )
f = np.zeros(m)
for i in range(0,m) :
HTL 55 R {E
fli] = (X0[0] - wa) * (1-
math.exp(a) ) * math.exp(—a * (i+n))
print(np.round (f[i],2)) #
Wi /N
else:

print (R BITEAE )
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Fig. 1 Population Forecast of Shanghai over 65 in 2018-2027
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Fig. 2 Total Population Forecast for the Next 10 Years
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Tab. 2 Forecast of total population, population over 65 years old

and aging coefficient in Shanghai from 2018 to 2027

M BAO/TT 65 B EAL/TT EALER
12018 1 465.7 326.08 22.2
2019 1 472.86 341.06 23.2
2020 1 480.06 356.74 24.1
2021 1 487.29 373.13 25.1
2022 1 494.56 390.28 26.1
2023 1 501.86 408.21 27.2
2024 1509.2 426.97 28.3
2025 1516.57 446.6 29.4
2026 1523.98 467.12 30.7
2027 1531.43 488.59 31.9
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