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Abstract

Analyzing and predicting the development data of Gross Domestic Product (GDP) has a great ref-
erence value for predicting the economic development of a country or region. This paper analyzes
the historical GDP data of 2011~2021 in Shandong Province, establishes the GM(1,1) model, and
conducts residual test and empirical test. The results indicate that the feasibility and effectiveness
of this prediction method have high prediction accuracy and accuracy, and can appropriately de-
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scribe the GDP transformation status of Shandong Province, which can be used for predicting and
analyzing the future GDP development of Shandong Province. The research results indicate that
the GDP data of Shandong Province will continue to rise in the next five years. Without encounter-
ing major special events, Shandong Province’s GDP is expected to not experience significant fluc-
tuations, which has certain significance for the economic development of Shandong Province.

Keywords
GM(1,1) Model, Grey Theory, GDP of Shandong Province, Trend Prediction

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 3]

GDP f8HRTE— R I, — AN E R BHLX S50 10 5 2857 3= i A 95 45 B, A R T & X
WA R AT ) BN CRGHRPR[1]. LS B KB X (R 2 5 S DRI T S . Ll 2R P E 2 0 i
KIEREWZ— PIRTT REMLIE « A @A GM(1,D)EEAA MATLAB 34011 R4 Rk T
SEM) GDP BEATTRIN, T DLAZGR 0TI B SR B A SC I3

IRE TR AL A B R AR R e BUZ IR, OIS MTIAE T 2. Wik
W R ATRMATE Y R FH T g i e A 77 A RO T 2] 0 — 23 ek R €8 P AR 2R 14T 1 AN R 5 1 1) ek
b WEKN T SESG K AT AT TEIE, ¥ R2PNES KOS, $Em 7B E
FEIE[3]o WEMABSREH T —FEET GML 1)K ETRNIR ZE EFA, 8l iz i Sl S ol 5 ik %=
B IERE AL T BEAT O, 5 J5 A R ZE 45 IE RS20 e A% R A M Ge R Ea TN B AL (R AN /2, DTS 11988 s 1) T
DREFE 4]0 0055 75 R FH G2 o B SO AR RS 8, b L SR b AT 77 LR A0 T[S ] 3 56 2 £ TR AL
RURTE 7 T e, #0987 R A . AR, DU 3 s A GM(L DA GDP i 7 T,
JAEEIE ] GM(1, )RR SE B E A EX ) GDP #EAT 1 FRINIF 52 A DS i 6]. XIMIRHESE )
GM(1, D)BEAEATH R, - T 2 ik GM(L, DAL, XI5 M 7 GDP #E47 7 7]

2. FMiER
2.1. GM(1,)#EH [ 18

HERGZTERFNBHILE E 2 CHE, RORFRIBRAGNIEEZE RN, MRERGZ
N THORGMBORF N —MARG, KOERGHLNH 2 ELRCH, H—0E B ARMBAH
o RERGHIGRRIE T RIKA ] ey SR B & 2 UK SECS K 75, 2Em ) i 51l
TN TR A B AR, B (s AR M) Y o AL e oo A 2 D LA A 3 22 11 55 0 L 3oy
UL R, ST TR U, SR T 0 HAR (i AR BEAT BT ST RN A 8]

IRETRI, AR RGAT NRHIEE AR AR BEAT BT, 6 BE S SRS B S A A E S B
RGHAT TN, R AE — B T AR . S I E] R S SR A R AT T . R AR AR T i
DRI RN REUEER, HEEEAFN. AR, RIS R8s & Bl e,
5 CE TN 5 R FH T AR 2 ST R A R 0 AR € 2R e AT T o

][l

DOI: 10.12677/mo0s.2023.124355 3896 jé

[

S K


https://doi.org/10.12677/mos.2023.124355
http://creativecommons.org/licenses/by/4.0/

N

FI R A8 )32 B AR o TR RS Y A 5% T B B i) — MR . — B i GM(L DB, G 3R
grey (K th), M IR model (BE8Y). & A& 3E T BEALA AR 8] 2 51, 28 A% N 5] 000 P 72 FS RO PO B ()
5\ IR AT F — I Ve Ty R R T . RUER, G — BRI O R IR A T P 48 R 1 S A
I TR PP 2 AR RO AU . PRI, R AR 18] 21 Fa & B fe BOR AL A, ARG GM(1, D R TI2
AR e Zh 1.

2.2. GM(1,1)#E B 1y

W EE 751
X0 <49 (1), (2), 0+, () m
THEES L
P (k—l)
Alk)= ,k=2,3,--+, 2

-2 2

USRI B2 LA AE ) A ot X TR X =(e"+1,e”*'j Py, R 5 ) T DA S GM(L, 1R FL AT L
BEAT AR TI »
o G HE X AR BN, A0

X0 = (20 (1). (2). .2 () ®)

ot xO (k) =35 x(i), k=1,2,,n .
WU GM(1, TR R AR I (6l 7 T RE A
dx(])

—+tax'’ = 4
m X =u (4)

Kol o WRERS: u KA.
G A SRR G = [%j AR TR AR,

a=(8"B) BYY, ()

s, po| T OHIC) Ly ) o o]

—%(x(l) (n-1)+ x (n)) e 1

R TTRE, BRI PR A .

)%(1) (k+1):|:x(0)(1)_ﬁ:|eak +£>k 20,1,2,"',1’1 (6)
[24 (04

DOI: 10.12677/mos.2023.124355 3897 e RSE TR


https://doi.org/10.12677/mos.2023.124355

NERIBE

T AH 2 45 280 FoT I A7 -
ROk +1)= 2" (k+1) =2 (k), k=1,2,-,n—1 7
2.3. GM(1, E& R T8

PRI+ 7 HE L, ST — SRR PR A R AT EUOPE A RO — AN E P IR . GM(1L DB A
RIrEARER M R 2 E R . ASCRPURZR Y, 0 TS A R SR ZE R AT I8

‘ X (k)= (k) . s e
*BXU‘%%_%Le(k):T(k),k:I,z,m,n, FXE I e (k)| < 0.1, WUNEBIERIER; 5
X

W, XA 1 |e(k)|<0.2, TN R IE B — R .
3. lUEE GDP HIEFN
3.1. GM(1, )iERIFYE T

R4 2 rh E AT RIE R A 22—, A GDP S + 0k, A2 MU IEw Bk, AR
KA FRIIREEE—MELAL TR =R ATTRE, MUl RE R GDP KAk T AT+452%
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Table 1. GDP data and forecast of Shandong Province in 2011~2021
# 1. LWAHE 2011~2021 449 GDP HESTR

A () S2Fr GDP (EH1Z7T) il GDP (H1Z7T) FHXS R 2
2011 390.6 390.6 0
2012 429.6 443.1 —0.03163
2013 473.4 474.0 —0.00131
2014 507.7 507.0 0.001395
2015 552.9 5423 0.019247
2016 587.6 580.0 0.012971
2017 630.1 620.3 0.015518
2018 666.5 663.5 0.004543
2019 705.4 709.6 —0.005988
2020 728.0 759.0 —0.042563
2021 831.0 811.8 0.023127

JRIER 51 X1 = (390.6,429.6,473.4,507.7,552.9,587.6,630.1,666.5,705.4,728,831) :  Z 14
X" =(390.6,820.2,1293.6,1801.3,2354.2,2941.8,3571.9,4238.4,4943.8,5671.8,6502.8) : # &% Lb 75 & 5% AF,
Fea ) x ) AT LU ST GM(1, )RS HL AT LABEAT AR 2 T

i N 2 ] 15
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a5 a =-0.0672481628316748 , 11 =402.187828098908 , i & N Tl 7 #2, K43 HlH N

390.6,
3.2. GM(1,) =B p 4018

443.1, 474.0, 507.0,

542.3, 580.0,

620.3, 663.5, 709.6, 759.0, 811.8.
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I 2 &R~ TN 2022~2026 47 111 7744 GDP 48 1 748, 43514 868.3,928.6,993.2,1062.3,1136.2.
%2 9 2022~2026 1L 448 GDP FE KT . 18 1 PR 5 WiE st . B 1 8 MATLAB 1%
i,

1200

1100

1000+ °

900

GDP (F147T)

800

700

600

500

400

300

oo

X

8

°

1 1 Il 1 ! ] 1 Il 1 1 1 1 1 1 1

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
G (4F)

Figure 1. GDP data and forecast of Shandong Province from 2011 to 2026
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Table 2. GDP data forecast of Shandong Province from 2022 to 2026
R 2.2022~2026 FLIZRE GDP BURETM

A () 2022 2023 2024 2025 2026
TME(H 1270) 868.3 928.6 993.2 1062.3 1136.2

FR 4 AR F LR 2022 4F GDP #05 nl %1, 2022 4F 111 748 92Fx GDP ${8 0 874.3 HAZIG, TME N
868.3 HAZJT, HXTIRZE 0.69%, it 2023~2026 F1LA A K GDP 4374 928.6 H14IG. 993.2 HAZIT
1062.3 HAZIGH 1136.2 LI,

5. &t

1) IR L AR 2011~2021 45 GDP [y SR 347 704, 857 GM(1L DAL, X ASK 7u4F L 744 GDP
RIEFEHATIN, KIAKFF L ZRE GDP RIEF HikEas.

2) BRERZERGINAE, T 2022 411 448 S2Pr GDP BE1E N SEUEAG R, 73 HAHXT IR ZE N 0.69%, Tl
(EIEE) 3=

3) it 2026 F1l1 %4 GDP Wik 1136.2 FHALIG.

SE 3k
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[6] JABm. FTKE GM(1, DR FREEE GDP T FL[T]. %% 560k, 2022, 33(22): 42-44.
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clear;clc
a=[390.6,429.6,473.4,507.7,552.9,587.6,630.1,666.5,705.4,728.0,831.0]; %1 T4 111 4 24 GDP %#f
n=length(a); % &4 K &
k=1:n;%scatter(k,a,'r");
h=1:n+5;%scatter(h,b7,'b");
b=zeros(1,n); %1175 2%
b(1)=a(1);
for i=2:n

b(i)=b(i-1)+a(i);
end
% IR BN R
bl=zeros(1,n-1);% W] IG5 28
for i=2:n

b1(i)=b(i-1)/b(i);
end
% bt
c=exp(-2/(n+1)); %%k LU {8 i /MA
d=exp(2/(n+1)); %2 Lb 5 i B¢ KAE

coun=sum(c<bl<d);

if coun==n

disp( L FF & 264, BARFI AT LS. GM (1, 1) B8 H AT DA T 2K 6 730"

else

disp( R LEAFFE KA, BURFIATT LS. GM (1, 1) B8 HAAT PUEAT 2K 4 95000
end

Yot S S

b2=zeros(1,n-1);% M IHIL 75 2%

for i=2:n

b2(i-1)=0.5*b(i-1)+0.5*b(i);
end
Yoil S /N LA T
A=[(-b2)",ones(n-1,1)];
Y=a(2:n)';
b3=zeros(2,1);% VIG5 25
b3=inv(A'*A)*(A'*Y);
%iH5 1-AGO T {E
%x(k+1)=(b(1)-b3(2)/b3(1))exp(-b3(1)*k)+b3(2)/b3(1)
bd=zeros(1,n);% Vi1 25 28
b4(1)=b(1);

it
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for i=2:n
b4(1)=(b(1)-b3(2)/b3(1))*exp(-b3(1)*(i-1))+b3(2)/b3(1);
end
Yot ST
b5=zeros(1,n);
b5(1)=b4(1);
for i=2:n
b5(1)=b4(i)-b4(i-1);
end
z=(a(i)-b5(i))/a(i);
if z<0.05
disp(‘FHXT R 22 (M 4a X {H 35 <0.05, KERASE Ry, BT LAEAT Tl
b6=zeros(1,n+5); %I IH L7 3%
b6(1)=b(1);
for i=2:n+5

b6(i)=(b(1)-b3(2)/b3(1))*exp(-b3(1)*(i-1))+b3(2)/b3(1);

end
Yot S I AR
b7=zeros(1,n+5);
b7(1)=b4(1);
for i=2:n+5
b7(1)=b6(i)-b6(i-1);

end

disp([b7]);
scatter(k,a,'');
hold on
scatter(h,b7,'d");

else

disp(‘FEEARNT B 22 46 E>0.05, AFHAEEAR, Joidk AT Fuil')

end
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