Operations Research and Fuzziology 1255 5#2%, 2021, 11(2), 228-237 Hans Y
Published Online May 2021 in Hans. http://www.hanspub.org/journal/orf
https://doi.org/10.12677/0rf.2021.112027

RESNARFERNREXKE ST EIRE
D /RBER T

R

SR ZHA S G b, ST SR
Email: 11399155916@163.com

Weks HiH: 20214F4H19H; FHER: 20214F5 H19H; KA H: 202145 H26H

H E

AR T RESAKTE S mE R RBFEE KR E SN R EE LR EBUR T RELENR,
FIF1990~20173528E MR B “ BiEsh” Bt EHRERSAKEE, A 5EHTREARERL
SONARTEEERE, S HEMMERRT T REXBEST, - PBAKED RAFRERTN TR
EARR=ENSAREE. DMEREH: BREMINRAREEEBERRE G LT AE; SHPmE
BEXERZRADBE. CPL. ILRAF=/=It; D/RBRBEIEEHGM(1,1)HEA T AIHERE 4R
WA B 2B BB L, TS B 1% 99.33%, HIGM(1,1)BE%, TSRS T 42%.

KA

SRR, “BIEBN %, REBREKE, KED/RPRER

Grey Correlation Analysis and Grey Markov
Prediction of China’s Foreign Trade
Dependence

Chengfeng Li

School of Mathematics and Statistics, Guizhou University, Guiyang Guizhou
Email: 11399155916@163.com

Received: Apr. 19", 2021; accepted: May 19", 2021; published: May 26", 2021
Abstract
This paper explores the degree of correlation between China’s foreign trade dependence and its
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ZERA

influencing factors and the changes of China’s foreign trade dependence under the current policies,
calculates China’s foreign trade dependence by the “total activity” method using data for 28 years
from 1990 to 2017, and compares it with the nominal foreign trade dependence obtained by the
classical formula. A gray correlation analysis is conducted for its influencing factors, and a gray
Markov model is further applied to predict China’s foreign trade dependence in the next three
years. The results of the analysis show that: China’s foreign trade dependence is not as high as the
nominal one after the correction; the influencing factors are total population, CPI, exchange rate
and tertiary industry share; the Markov modified GM(1,1) model can predict the slight fluctuation
of China’s foreign trade dependence with 99.33% prediction accuracy, which is about 2% higher
than the GM(1,1) model.

Keywords

Foreign Trade Dependence, “Total Activity” Method, Gray Correlation, Gray Markov Model

Copyright © 2021 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/
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KON Gy R AL TR 1 — D E S AT R UL 2 5 [ BRse 4R oy TRIFERE[L]- 22 1 2018 4F+f
KA G IEEE, ENETA T, WELEXINE D RAEL N 33.9%, BAFFT T4 35%. FhH
WAF LR, F N AN TRAE SR 2 R A B o AL, B TN B 3R R SARAE L e, 3o 3 [
Mhr i Re. Frst. LaREAAEER

FEANSARAF FETH ST, AR [2100 “ B3l ik, R B [BIRIHRN = ik, ZEWT4E[4]H) GDP 121k
IEHRAE—ERRE EABIE T ARG SUIRAE L, o LR S 4 1t S R R TR A B 0 5 SE R A AR OL - FE AR SR
A7 LSRR 7T, Kuznets Simon [STE I LA 2 [H IOARSHMRAT L, ABL— > B SR K1 1 B2 A A7 15 5 M [
N Hg i - Catao S5[6]4493E 1 H U5 5 bR, HORE BEBR BN 1 BTAREE AR H 141 52 5 il BR 2R 0 #
i3 2 R R PR A I HE AR B IR . RS SR [T U R 0 R BT 4 A B AT LR
KRBT HRSIEGH S B S BCRAIE AR, LA 3 [ A1 5 MR AF AN T B AR 3 22 RO B0 1 AR SR
Wity HEE[B] /T I 1978~2015 - X 405 Gy AT L2 e BEURE . I L5 5y IEAR Pl kg%
FESIEA NI R U A A SN L k-3 O E T AL PN R 9

B3, A RSB TR GE Tt I ik AR LU B —, FERE T8 HL 20 DR 2 I A0 DA I B3 Y R 90 5 5 4K
AT IHE TR, I H AR X B E A SURAF B AT PN BIT 7T o o, ASSCHe R A AR [0
BN EAT AN WA LB IETHE, AR5 PR G DR IRVE 73 H 4% DR 3O SR E AN AR AE LR R, iea
P B 2R B RAB IE f 2 E TN T 2018~2020 4 e 8 41 5K A7

2. BERIBESMREZE
2.1 BHEkRIR

AR T 1990 S F 2017 FEHIE A A BME(ILFETE) AR R ITITER . XM BB S br i
(fe3om)s F=r"lkh GDP M., FEERME IR, MEFERSANDEOIN) RS H BB (L%
Jo)s PRI ETT). B HdeIT). #EREE(ICEIT)IE 10 MR IERZ SR, Bihika TEK
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Figure 1. Comparison of revised and nominal foreign trade dependence
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Table 1. Calculation of foreign trade dependency in China
1. BENRRFEMITESR

O @ wn wp v ewe Bt Sl
1990 18,872.9 2784.761 42213 0.4471 44,997.76 0.1359 0.3240
1991 22,005.6 3616.955 52,127.68 0.4221 55,744.64 0.1426 0.3612
1992 27,1945 4961.672 68,464 0.3972 73,425.67 0.1408 0.3803
1993 35,673.2 6677.64 89,733.94 0.3975 96,411.58 0.1329 0.3591
1994 48,637.5 11,364.95 122,457.9 0.3972 133,822.9 0.1759 0.4840
1995 61,339.9 13,152.55 154,801.6 0.3962 167,954.2 0.1643 0.4499
1996 71,813.6 13,436.41 181,866.3 0.3949 195,302.7 0.1449 0.3942
1997 79,715 14,127.74 199,844.2 0.3989 213,972 0.1501 0.4028
1998 85,195.5 13,844.9 215,298 0.3957 229,142.9 0.1358 0.3652
1999 90,564.4 16,360.72 230,717.6 0.3925 247,078.3 0.1413 0.3854
2000 100,280.1 21,635.58 257,552.8 0.3894 279,188.4 0.1618 0.4503
2001 110,863.1 23,412.06 285,106.2 0.3888 308,518.3 0.1578 0.4390
2002 121,717.4 28,279.11 313,430.5 0.3883 341,709.6 0.1728 0.4852
2003 137,422 38,772.78 368,333.5 0.3731 407,106.2 0.1947 0.5768
2004 161,840.2 52,453.03 452,265.7 0.3578 504,718.8 0.2131 0.6647
2005 187,318.9 61,154.33 546,764.7 0.3426 607,919 0.2143 0.6954
2006 219,438.5 71,412.47 652,502.5 0.3363 723,914.9 0.2163 0.7136
2007 270,232.3 83,189.7 818,859 0.3300 90,2048.7 0.2058 0.6870
2008 319,515.5 90,562.26 968,475.1 0.3299 1,059,037 0.1892 0.6272
2009 349,081.4 79,472.86 1,058,396 0.3298 1,137,868 0.1507 0.49112
2010 413,030.3 107,791.7 1,252,645 0.3297 1,360,437 0.1665 0.5484
2011 489,300.6 129,166.3 1,466,919 0.3335 1,596,086 0.1655 0.5400
2012 540,367.4 132,558.1 1,601,627 0.3373 1,734,185 0.1583 0.5082
2013 595,244.4 141,512.2 1,775,404 0.3353 1,916,916 0.1517 0.4887
2014 643,974 146,950.2 1,932,935 0.3332 2,079,885 0.1463 0.4725
2015 689,052.1 131,460.8 2,081,447 0.3310 2,212,907 0.1297 0.4165
2016 743,585.5 134,997 2,260,613 0.3289 2,395,610 0.1205 0.3883
2017 827,121.7 156,361.2 2,530,840 0.3268 2,687,201 0.1207 0.3921

3.2. IEBXREXE SR

IRAEXT AN G S mALHIR AN IZ 38, ASONBEMEE R SR RAR 55 R =A KR 3t
EET 8 ANMEFR[13], Al RERENAZSEGDP). ADSH. HOa%. =I5 GDP tt
RS G DA A B AL N RS SETT I A R R S R . R E SR KA
EAENZHETA, &k FZ T H, B IR AT H GDP. AR ML ICICE . X4 E
BB schra. H =75 GDP L, FEERIE IR IEEL RN DL REA5H. HEOH
BERE SN ZRATE IR R BP0, « 8 s~ Tas Mo~ e~ 1o~ 10 SR 2 PR,
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HIE 2 W& R RBUT IO, #5305 3 B R S R E SN IRTE L AR LR IRE . S5 53R,
ot ] A1 57 A P 5 e P S K P N TR PV SR 3 — 7ll  B s S R P R IR 2 11 /& GDP;
TSI R P BE O — R IR 95 52 S 8, H LR AU b ELRAR R I SE Bl SRS SK, BATHIK B K
BRABOHGE R T 0.6, X0 F[H A1 5K AF FE R LM AR R AN RE /ML o

Table 2. Sequence of correlation coefficients for each influencing factor

2. BEYMERNXKRBFS

Ui 7, Ue . s U T, Ty
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
0.9999 0.9977 0.9927 0.9801 0.9983 0.9987 0.9980 0.9961
0.9923 0.9958 0.9287 0.9858 0.9998 0.9996 0.9740 0.9874
0.9790 0.9918 0.7997 0.9849 0.9951 0.9979 0.9594 0.9809
0.9951 0.9820 0.7669 0.9973 0.9967 0.9912 0.9436 0.9747
0.9769 0.9809 0.7430 0.9922 0.9974 0.9946 0.9082 0.9564
0.9609 0.9763 0.7170 0.9872 0.9994 0.9999 0.9016 0.9490
0.9539 0.9777 0.6993 0.9780 0.9961 0.9992 0.8759 0.9329
0.9449 0.9742 0.6964 0.9770 0.9987 0.9967 0.8965 0.9332
0.9409 0.9756 0.7240 0.9708 0.9970 0.9978 0.8768 0.9275
0.9363 0.9808 0.7247 0.9780 0.9922 0.9970 0.8585 0.9062
0.9251 0.9798 0.6921 0.9554 0.9934 0.9984 0.8425 0.8965
0.9183 0.9837 0.6659 0.9633 0.9889 0.9947 0.8163 0.8728
0.9087 0.9893 0.6649 0.9816 0.9839 0.9892 0.7940 0.8328
0.8907 0.9942 0.6357 0.9832 0.9801 0.9846 0.7314 0.7771
0.8675 0.9951 0.6371 0.9774 0.9791 0.9846 0.6971 0.7249
0.8368 0.9973 0.6262 0.9752 0.9785 0.9842 0.6503 0.6687
0.7865 0.9973 0.5808 0.9701 0.9822 0.9872 0.5813 0.6079
0.7289 0.9979 0.5238 0.9678 0.9869 0.9917 0.5288 0.5688
0.6998 0.9886 0.5277 0.9625 0.9947 0.9979 0.5425 0.6046
0.6598 0.9932 0.4869 0.9744 0.9920 0.9981 0.4899 0.5371
0.6056 0.9952 0.4628 0.9660 0.9930 0.9986 0.4411 0.4904
0.5735 0.9944 0.4721 0.9624 0.9939 0.9993 0.4222 0.4719
0.5429 0.9936 0.4585 0.9569 0.9956 0.9973 0.3953 0.4532
0.5199 0.9925 0.4539 0.9551 0.9968 0.9957 0.3490 0.4381
0.5048 0.9876 0.4392 0.9423 0.9989 0.9911 0.3477 0.4442
0.5011 0.9822 0.4392 0.9328 0.9963 0.9885 0.3448 0.4633
0.4779 0.9814 0.4294 0.9308 0.9965 0.9883 0.3333 0.4437

Table 3. Grey correlation of factors

3 BERRNREXEKE

ESES GDP biBES FDI Bk it CPI ANOEH MESHHEH  BH e

7; 0.808 0.988 0.642 0.971 0.993 0.994 0.696 0.744
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3.3. RESMAKFEENREDRPXTNEREE

T I A SR AE AL 1990 45| 2017 41X 28 4 [A] L i Bert Az 4k, Tk e il i2d A T-JF 5
i, FEETRECE A HASASRIRIR I P51 BTbL, AR TS AR r U T 2009~2017 45 (1 K
SKIIJE T 3 SRS SR AR . R R BRAFEAT SR, @572 GMQ B, 45 R Bon R AR H
HHHa=00511, WAESHIREMHE ©=01843, X FRRESKTERRGF ], XY %R Em
ARG TS U GM(L, 1) AR S K1 23 T R -

®
dX ., 0.0511x M = 0.1843

N T RS ST AR €5 TR R L B 0 2 A S B SCH T IR [E AN SRS R OR 3 4EMIAR AL, X kAT
T HRZERT IR I A B0 AN 50 ZE A5G o THEEL GM(L, 1) Tl Fr)~F- 35 A R % 25 2y 2.65% , AHG RS FE 2l 97.35%:
AT ZIRAC=013<0.35, NMNEZEMERP =1, KEOEEREN 0.99, /L p = 0.5 I K65 HE
y>0.6, FTLAYCHISER (TR B R 75 -

B2, GM(L1)HER RS s 7 R E A SRARAE FEI — AN KA E S, e DA 2 — LS R S BE LI 5 .
To, ARSI 2 SR AN R ZE AT S R BRABIE,  DURE 058 22 Y0 TRl 8 r JEL U A R Ak A ot 2
PHATIRSX AR5y . W GM(L LB M IR Z IR BT, WE 2, Kik %45 h(-0.04,
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Figure 2. Histogram of probability density of relative error

E 2. ExrERNGEREEESE
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T I A5 RE R ZE BT AL IR S H 5K (16)~(18) 18 1E GM(L, 1) TIE, 1B IERT G 4E RILE 4, BIEE T
TSR 22 0.67%, ENFRIKE AR T 99.33%, # GM(L,1)BHY, FHMkE L E T4 2%. ME
3 ATLARBLL /R BB IE JE 1 GM(L, 1) RY AR 4 H 700 o B AL 3, (22 3 [H) 2018~2020 = 4E [ 4h 54K A7
FEFMAE AR VRN 0.1164 0.110. 0.104, 1552 T s,

Table 4. Comparison of forecast results between the two models

I 4. AIPIEBEHTUNEE R

Eht E i GM(L 1) Tl HIRBRBIE GM(LD)FIAN  HRFFREIE GM(L,1)

GM(11) A ) B 2(%)
2009 0.151 0.151 0.151 0.000 0.000
2010 0.166 0.172 0.167 3.733 0.621
2011 0.166 0.164 0.165 1.432 0.446
2012 0.158 0.155 0.157 1.597 0.613
2013 0.152 0.148 0.152 2.805 0.111
2014 0.146 0.140 0.145 3.849 0.964
2015 0.130 0.133 0.129 2.609 0.469
2016 0.121 0.127 0.123 4.752 1.610
2017 0.121 0.120 0.122 0.463 0.532

- e GMBINIE

S @l\ e GMI AR

A X JRIRE
21/ N\

SNRARATHAE
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Figure 3. Comparison of two model prediction maps
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4, B REN
4.1. g5ig

“EESN” R AR SURAT B R T A S A S AU T 19%~500%, H “EIESIE T 1)
SURTERERENS N 5 R IENRF o R OO i, BN DL RRE MRS ART R
RITHNER . H ="k GDP Lt H X JE AR SRA7 L (Mo RE S i K By /R T RABIEJA K GM(L, 1)
RT3 21 7 BRI A SAARAE L RIS, TS L GM(L D) BERL R 5 7 2%, 5R4M 17 GM(L, )RR
YA TIPNEN SR

4.2. &

FERXA A AR H 3R AR, XSS ) R AN AT G 1, (EZ I AR AR A2 5 5t 2 45 3R]
USRI ARE, Rl Ik, ERRTIp A SAF R 2 AR, AW o hdh E 6%k, SRR SR
WUk, B E XA B AN E PR ZR I I, SRR INR . T, ARSOIT R B BRERAE — R A b e
LiE XA, PR LR PEE L

Fs MREEBOR . RIRPREERSS S M JE, B R =k FRERISR SIS 5 05 s AT B
T RBNA G HIRSS R 5, MR E GDP BTk By DA s — kb, 5 =g ==, miikss
G AR AAE AL =ML, BT LA AN BE#R AT LA Hh I 55 52 2 A2 BB A1 52 5y v 473 T8 A A A A
Fi5h, SRS, 55 SR 5 AR KR A A, Rl A T 55 N DR BE 5, i 4 AR
FE P PRARAN AARAE L, 7T DL I 2503 52 5 45 A6 R R BE R R A SR AL

B, BEGRESTRENRE R, 2N AT A 1 5 E S SUURAT L o Tt i [ 41 52 H A4 il R
B, AT S SR R B, BRI, DA R ROTFI L R B AhfEl. (HR A S T
FTHHNR R, X E L EVE A A B, AR R A Rk T T
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