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Abstract

The purpose of studying the national population census model is to provide important references
for the government statistics department to verify the population number and statistical popula-
tion structure so as to make scientific decisions. The research object is the total population at the
standard time point of the census. By reasoning these data, the maximum population and the pop-
ulation growth rate are calculated, and the population census model is obtained. The model expe-
riment is carried out by using MATLAB through mathematical theory and mathematical logic. The
actual data is fitted with the predicted data, and the error is fine tuned. After experimental verifi-
cation, it can predict the population number and the population structure, and provide data sup-
port for government decision-making.
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1. 518§

LR A EN DS 1 32 B 45 R oK 2020 “EHE N 3R 14.12 {2 N, 5 2010 4F 1 13.40 /¢ A
b, AR, 2020 E4E A IdF, Bk ANEh 723,339,956 A, i 51.24%; Mk Ak 688,438,768
N, 15 48.76%, ANIIGEMIBAERAL ., Stk 4s BN D8 2 ) R A A 45 4 N 1 3 25430 A v 5 R AT
K. AE N AR i E R A GUK L A E A N Ot & PR AT — R T S R,
A pS RS HIE N DA PRI Sk 2 N &S, DMEE K GE TP RBEGE. £H
WAEEANDEELREANDRBIEN RN —RERKEEEDAE. A TREAOBERK, &
UCGHAT I A BN O 8 TAERSEAR R KB T1. WA 77, o Re A @i oy Ra N D5 &
F M EEE 1A BTN — AR A U

FB 148 AR O A AR P T B R TR X A R AT RS e . ESE N O TR R
() B TEEBLA, VRS [2)7E R F0HT A H BN V540 1R K e 25 38T 98 P 4 HA RN 1 RS T i 7 0 Kt 4
N PR ARE BR8N VAR 328 HUIBN T A3 A AN, X 30 i RN S A A AT A
SERIMGTER . ZEAKBIE (RN DM AR A, Al GEE WA —Chia A Al k%
REEEN AW . BRAEMAIET T DS B 5 517 B G R w B LR 78, BK 2[5 5%5#kT T
BT Z A W 2R I N DI T7 R0 7T, AR (6] 3 R IECE BT E A & =R Gl &
JI5 Z AR HIRE S AL v 1) IX SR TR AR tH R B P AT N D, DR R RSk
FH

i bRTiA, ARAEAEGT LR O SR GRS R, B e N AR, AT
NEEE T, HFReEAT N D SR 2, e N 35 A e g A

2. HEXHFAR
2.1. [E)RRHEAR

R E E A4 B L8R (A 42 10 4E— K. Brh B O (1949 4F) B 4y, —JEHEHT T Bk 4 E AL
WA, BRI B [T % 1 FR.

Table 1. Time points for the seven censuses
F 1 ERAOTEMRES

I IR =R YR FHIK SR R
1953.6.30 1964.6.30 1982.7.1 1990.7.1 2000.11.1 2010.11.1 2020.11.1
24 W} 24 W} 0 It 0 It 0 It 0 0 I}

SCRR[L145 B 7 N 8 B AR VRO B PP A SR 2 AT @A S 1 o pfr s mh P 0N 3 e
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Table 2. China’s previous census population data table

F 2 pERXAODEEAORER

o 1953 1964 1982 1990 2000 2010 2020
UNEPES 5.94 12 6.95 12 10.08 12 11.34 12 12.66 12 13.40 12 14.12 ¢
KR 23%o 27.8%o 15.68%o 14.39%o 7.58%0 4.8%o 1.4%o

N B R BN 1 PR

NEP=E

15
¢
* 2
L
10 @
L J
s | ¢ o NOES
O T T T T 1

1940 1960 1980 2000 2020 2040

Figure 1. Scatter plot of seven census data in China from 1949 to 2021
1. FRETE 1949 £33 2021 FHITHERA DS EREHR~E

MIE 1 R LLEH, FREM 1949 45 2021 42N LS — B AL TS, 1964 F 1982 [HIINE &
K, 2000 F| 2010 FIEIEHLE. WA DRI K252 N RA TS AT s BRI PR SR, KR IRAN
SR —HK, SR 2R E

2.2. 1REEIR

N RIS Y £ 8 L FR) 2 i 50 AR (Malthus A5 288) 5 B i 19 K A58 (Logistic #52%Y) [7]. Malthus 5
R AA I N I r AR, Logistic BRLINEKE N DI r il B S N LS E x BRI KA, JF BB
X RN, 2R BRI, BIAE e F /2 Logistic %Y.

1) Logistic &7

e r (x) 2 x e %, B

r(x)=r—sx(r>0,s>0) @)}

KHP r R ANERDE GRS B x=0)MMKE, A DASZIE AT R E A KA. s
NER B, N TS E s RS SIINRRANBEREX,, WHx=x, K, NHOEBKENO.

MIE L ATLLE Y, 1964 FE2 )5 12 x ISR 4, LAFEGHE NI A] t, TIEL 1964 SF-4E At =0 [ %1,
1E X(0) = %, o IRAEN FIHGK AT H r, WA EI AL [R] A x (t) OIS EAE T r LA x(t) , B8 t 3 t+ At
IR PN 3 L, A

X(t+At)—x(t)=r=x(t)=*At )
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A At —0, BRI ITHE:

E:rx:r(x)x (3)

BT x=x, i, AOEKE)0, WG
r(%,)=0=s=r/x, =r(x)= r[l—i]

Xm
TROAXTHEN
r(x)=r(l-x/x,) “
(4 A (3) I 15
9 =r [1—i] X
dt X, ®)
x(0) =X,

2) A E T
R¥E: —S KM ERREALZEREN, NS, WES., PEIATHEBRNA—BEAZE., EFKF
R RIPNEE i &S Al
7 EIRBERT, WANABKARKE x, M WEEEKZE . MANOEKE] x, T, AR
FFIZANKHMEA G RINAD), $EE A
dx X
@ [1_Z]X ®)

X(0) =%,
FE@)Rh, x &N HE, ) 2 0IH A DR,
P A 2 B 1 (i y’=d—y AL X,y BB AT S B A 8. RS0 g (y)dy = f(x)dx [
k. Ay Jﬁﬁﬂﬁ;ﬂﬁﬁ WIARIN RSy, 43HEAE g (yv) = f(X)+c )T AR5 5(6) i i

=ce 7
X, — X
FI WG %415
o= ®)
Xm - XO
o ARNIEFR IR A 15
x(t)= XX— )
1+ [m —1} "
XO
(9T LA B N
x(1)= 1+);me*bt (10)
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3) HIkLIR
Step 1: 1HHAFFIIGKE,
RN P EIR > T2 dx/dt = o x BLEATIRZEAT x(0) = X, o Jet N Bt AT BB o >R i x
FEA i P AU (R BB oy b s A Q) A
X'(t) = (X — %, )/2At (k=1,2,---,n-1) (11)

H k MRS, M LIFIGES: G s BZE At L, x'(t,) X 1964~2010 iX 5 AF MK K. 5
A1 — RN 3% (1953 4F) (1K 2%

X'(t,) =(-3%, + 4%, — X, )/2At (12)
LR # (2020 4F) 3K 2N
X'(t,) =(x,, —4x,, +3x,)/2At (13)

Step 2: fE AR EVERITHE S B, BLK X, - B
TIRAN Tk, WG HARARN y =ksx+b, HRRIABEENRZN, - 2 g

> x?—nx?
RIEZ G, WAE(x, v)MCmAZ LR R E REGER B b, REEAE KR .
BT ANAEERRS, DA OEEEI, K% i, Hr(x)=a+bsx £, |
OH x=0KF, r(0)=r, Wa=r.
@M x=x, B, B ANOAFEEEK, HKEr=0, TE: b=-r/x-
Step 3: ARYFINAFENL, SERREE S TSR AT LR, THE R ZE L, I T A B AT RO

3. BIELWS D4R
31 £EAOHM

FIFH Logistic #7, T LAFIH MATLAB 445 Tk fEFA0H .
x=[5.94 6.95 10.08 11.34 12.66 13.40 14.12];%3% E A\ [ =244
year1=[1953 1964 1982 1990 2000 2010 2020];
n=length(x);
t=0:1:n-1;
rk=zeros(1,n);
rk(1)=(-3*x(1)+4*x(2)-x(3))/2;
rk(n)=(x(n-2)-4*x(n-1)+3*x(n))/2;
for i=2:n-1
rk(i)=(x(i+1)-x(i-1))/2;
end
rk=rk./x;
p=polyfit(x,rk,1);
b=p(2); %' £
a=p(1); Y IR A 1F 1) 2 W — I R 2
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r0=b;
xm=-r0/a;

o0 i

pnum=zeros(n,1);

for i=0:1:n-1
pnum(i+1)=xm/(1+(xm/x(1)-1)*exp(-r0*i));

end

plot(yearl,pnum+1.3,'r--0',yearl,x,'k-*");

p5=polyfit(yearl,x,5);
people_test=polyval(p5,yearl)

xlabel (‘44"
ylabel(FkE A D ¥ /ML)

grid on

legend (TIINA I HCE", SR A HIECR
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people =

14.0457

FI| 2030 AR UM ERE N S SR LA 14.0457 {2 N, TN L3 AR ZE, KECH 15.3457 {4\

X2 2 A AR AR Gy 0l SR F B R S AR L 60 T AR R [ U SR AR A R AT N R R S . D T
FERAR, FX =F ki T M RIE, ik 3 Fral.

Table 3. Comparative experimental model
Fz 3. FftbscigiRal

RN MR

Pfm1 LR s Al
Pfm 2 TR AT A
Pfm 3 [ = 3 0 455 2

XFEE 2 v B SR AN R 75 VR AT N D B AT B Bl AT an ] 2 s

15

15

15

A M A8 e BMA S T
< e SHRALEE < e SRALSE 7 < —— UIRAHKE w0
d A S S
= . 1 A i
= ® e = )
0ot s 0o+ ¥ 010 f ¥
< v < <
H y H H
& v £ / ®
A
5 s ‘ A 5 : : 5 s . :
1940 1960 1980 2000 2020 1940 1960 1980 2000 2020 1940 1960 1980 2000 2020
Fy A Ff
(a) Pfm 1 (b) Pfm 2 (c) Pfm 3

Figure 2. Distribution of predicted population and actual population
E 2 mmAOBESIFEAORESHE

ME 2 T Y, B PFme 1 A] DA BTN 2 B I TR A S T AN T, AN 2 52 3P BE A 3%
VRAE DR APRA, A R RRTE. i Pfm2 AT LG R B R U AN & I AENLER, 32 L E BRI
R, BT ER TR AUV BEAT O TT, T DARG 2N G LI A B A REAS LI T o BV R
HHAMRIAALE, Pfm3 (8 70 A1 5 IR A B ORIk foe e, HLREME X FRARBEAT 456, 2R (L 35 5
WA .

B 1) ND TR S5 18 B AR R FE SRR 2, Qa8 A 9 e e 0 N DB 15
Mo 53 AR N VRO O TN 2 32 BN B G . R BOR. HARBIERAE S IR LGN, XL KA
R b X A AR B

2) AHERIMADEER ARG LA, BT AOBER, BEmSHL CERRIR SR
DL, X TG FF) 15,3457 AL NHEAT ¥ 2 AR IRORE LA 24 PR AR, 52 75 75 225 18 HL AR S R RE R IR T B

3) logistic [Al AR (AR U2 SEBLMRT 8, 5 By A T MIRRe i ELAE R DGR A RE 3R 70 B, T2 B L
T AR F . (EN DB BTN B A A, RIRE B A5 & DU 7 R R BEAT SR B MR s, A
IR €0 SRS TR AR 56 U DR AT 5 Pl R (0 i ZE AN SR PR, BETIAS 2R L R (R B

4) NEERH R 2w E R E A D RSEARE I, JCHA RS ZARYE A (A 1 S50 s
WEFCHE N D BER M G 2 R R WR3RAE, N I G5 RO R E R A% o [
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3.2. JAEEAOFMW
TG TE 1949 7 2021 FHATH-BIR AN O EFIRUE 4 Fiw.

Table 4. Data from seven censuses conducted in Henan Province from 1949 to 2021

= 4. SUFATE 1949 43 2021 FH#H TR A O L SR

FAry 1953 1964 1982 1990 2000 2010

2020

BANO¥E 4420 AN 50325 N 744227 N 8649 FFN  9255.8 /i A 9402.3 Fi A

9936.6 /1 A\

ARAS U
x=[4420 5032.5 7442.2 8649 9255.8 9402.3 9936.6]; %71 F & A I K%L
year1=[1953 1964 1982 1990 2000 2010 2020];

LOREAE oE
10000
— & —TUAOHRE 4
E —*— TR AOHE I
& 8000 -
< -
41 6000 @
1@ ¢
4000
1940 1960 1980 2000 2020
==}
people =
1.0e+03 *

4.4200 5.0560 5.7457 6.4835 7.2616 8.0694  8.8950

it A LA AN UL A I O, RTINS BEAT G, KB 22 1100 3N, BIER LN 1 2 A

TEEVIE .
pUCEEUNEE 1§ ¢
x=[4420 5032.5 7442.2 8649 9255.8 9402.3 9936.6]; %7 B4 A I 53]
year1=[1953 1964 1982 1990 2000 2010 2020 2030];
plot(yearl,pnum,'b--0");
people=pnum(8)
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people =
9.7252e+03
F| 2030 M FTE N O A BIEL4A 9725.2+1100=10825.2 5 A, KE 1.082 1Z N\ . HHE I
BRI 32 L, ZEG LTI, 455wk 5 fs.

Table 5. Predicted population structure of Henan Province

5. FUMARIE A Q4R

For 1953 £ 1964 4 1982 4F 1990 4£ 2000 4F 2010 4F 2020 4 2030 4F

MONCI¥E 44,214594 50,325,511 74,422,573 85,509,535 91,236,854 94,029,939 99,365,519 108,250,213
HE 22,745,054 25,490,705 37,949,774 43,900,595 47,075,743 47,493,063 49,831,362 55,082,131
Eeid 21,469,540 24,834,806 36,472,799 41,608,940 44,161,111 46,536,876 49,534,157 53,168,082
P E 105.90%  102.60%  104.05%  1055%  106.60%  106.75%  100.6% 103.6%
WD 3,536,093 5,517,360 10,771,790 11,488,123 17,180,966 26,294,786 35,852,883 38,008,106
AN 40,678,501 44,808,151 63,650,783 74,021,412 74,055,887 67,735,153 63,512,635 70,242,107
W2t 8.69% 12.31% 14.42% 15.52% 23.20% 38.82% 56.45% 54.11%

AEEANFR 35.71% 39.76% 34.90% 26.72% 27.07% 30.20% 22.25% 22.63%
LA 5.13% 4.26% 5.23% 6.84% 6.96% 12.60% 13.99% 14.56%
ZA e 14.37% 10.70% 14.98% 25.60% 25.7% 41.7% 62.8% 70.2%

¢ 5 W EE A= e 3 R 4 Fios i iR .

EBEI3HE 4B 1) NEEsg. i EaREEE T A A A 1953 4EF] 2030 45, A HEE M
4421 T N—HEIKR] 1.08 12N, KIEZTT T AE | I 9508 SRS B B 4 BN G K 26(23%o.
27.8%o~ 15.68%0- 14.39%o0. 7.58%0- 4.8%o- 1.4%0) %L, fILAEH FA& 4t TR 2 [ 52 TH I i 2L 1 1n) 75t
Z—, AERNRAE BT R W] T 6T I )
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%%‘& bb“& q;»‘& &< QQ‘& F S
SRS N
Figure 3. Quantity curve of population structure
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Figure 4. Demographic ratio curve

E 4. AOZEHIEE R E

2) k. W CE R LU R, RN DR R, 2R ELZL BT, SEcEE
R . R LA H 1990 £ IR ECH 25.60%, 2010 4EZAFEEU Mk 41.7%, Kbk
E N DY B, T 2030 4F 2 AL TEECN 70.2%, M\ 2010 43 2030 4E N HEE R T AN
ISR B o A B K 2 A AR, SCAnHaT 3k 47 B IR A VR T AN i A

3) WRELINE. W2 LLBZFEK, 2020 F ik 56.45%, Tiit 2030 FEHEE A 54.11%, XFERES
NI &7 b ok b, BB B A R sh A 0, LI S SR WA AL . RAT A DU o LeAk s,
1M H TR Z AT G, 2 B IS5 3 N AR [m) AT # 138 8 T BRI, A AR R4 )i
R, KEAAT 0 F b BE IR Sz o] B BEFI R H o

4) Nl A SRR R &, WA TR s a2 8, s A 3
o NORBIER R B S TEm P, mTREEFEE, NRIEBERKHIEFRSG 1, AN
g, Jik%S LEBMADWEAS, AN ERESETET A A6 KR,

4, &5ig

i N AECE B T T, e e E N D BRI, AT, 58] 2030 A A D HE,
B NS EAFE R RIAE, SR 5 SO R A N S T 70 A, 182t N DO ot = A AN R
mEy keI

ASCTEGHI DA TN DR (SR AN oH A, SERSHIE N DO PN B AR, JF i DR
SEIHARN O G E#ET 0T B, EEERG LU LA

1) WERRARIEREGE. /b Rk BRONESHOERIHMT S HR, iR 2N IR .

2) WAV, Bl S, PR DA CEERE, BRI DR A

3) fEr BRI AT LA RE AL N VA5, BRBURFET XA R J 9 N S5 M B 2 k3

SEAR A O HE B AR AR R 08, 47— M SEFIIME, SR DTN Y 2% R8BSR O3 S R R A 3K
TP AR S H AT ot . Aefl, BEFUA Al S iR FN B 2 T A D Bgs R, UMREUR Stit
P8 BN I ) A PR AT N I SR T, R e 38 R R AN N A FR S AR AR &, et A G
WIS R R RA VIR 2, Rl e E IRA TNt A e, HESh B i B R
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