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Abstract

The seventh population census showed the status of an unbalanced sex ratio and a rising de-
pendency ratio. Based on the data of the Gansu Statistical Yearbook from 2011 to 2020, GM(1,1)
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prediction model was used to predict the population change trend of Gansu in 2020~2029.
Based on the grey prediction model of the total population, the population change in Gansu is
further predicted from the perspectives of gender composition and age composition. The results
show that while the population of Gansu Province may keep growing in the future, the outflow of
the working population and the aging problem coexist, and the burden of the local working
population may increase, but at the same time, the gender ratio tends to balance. This paper
suggests that the government should attract the local population to live in the local area from
the perspective of industrial policy to reduce the burden of the local working population, speed
up the barrier free transformation of the city, actively expand the elderly care and childcare
undertakings, and reduce the pension and children problems faced by the working population
from multiple perspectives.
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1. 518
11 MiRER

FLRN DE LSRR, FE A D CIL 14.1012 N, 65 % LA AN TE 1.97 12N, ZHAFESEIX 18.7%,
IR 19.74%. 2013 EH G T INREE IR Z RS AIE TEN) K& 2019 FEH &1 (THE)
FREMSRKIEME I BB LR EFRZ I ETI TR . 2020 FE &SP G CCTREFRELE M
FARRRERIEILY K (TR EFRE M LA W (e #7722 s = i E KRR L) LAEZ)
FREME R IE . T NG5 R 785 T 78X 5% 38 B 55 (0 F2 gk 5 Th B S EAE A .

1.2. fARA*

8. BRESHEESE5NRGNEKA R[], +La@FSHEEA A ZIEMERE, H95R
SR ARG AN T R E,  MOTORS B A RrBE[2] . IUASSCE G GM(L, L) TR AL B4 T Tl . K
TR HE T K ARG T, ELbRRg, 2 RH GM(L1)BAY, BI—Fr— oA G R ol 7772,
Hef “G” fR3% Grey, Fonkt, “M” A Model, FRtiRl, BA “17 7 RlFRR—MA— DR R
Oy TR AL . IR E TS B K R B VN S TE R ) SR AR A AT R, AR BB R B
MR H RS0 N FERRAE S8 B . e 7 VR REAS & B RVEUE 0 A I A TS Bk, BTl Bt e —, i
TR, 38 PR, IR KRR SR AN 7 BB (1 I [ 37 5 5000 3t R i3 47 000 S A5 1) T 282

BT HIRRI PR EA R, 4SO T H A N DRt fE o DLSE ISR R v T . A H
BRI EARE L, N OSSR IR LU GM(L, )R 347 04 [3]. (HR 249E R, T GM(1,1)
R 8 S A bR B TRT S, RSS2 ) R0 S AT DA FH BAEAT T B R 20 AT o D RUmT Rk Sk B 404
BRI R 22, WOZE S — M E e A VB AT TR0 R Bl b, 78 GMI(L )R (i S ft v, JE R A O
AR HAT VRN« SR P E T IR 2 3 AT TN, 2 SRAE BORT N D T 25 5, DA/ SR 5
BT R 2RI
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FIT7 ) S ORI S5 46 T 2455 T 3 b AT i — P RO, R Tt BN DB AT S B 2

45 540K TERAE A T H R A AN LR FE R R PR . AR, B GM(L ),

PAPERILE . PEIR FLSE DA T3 TG HO 8 AN I S5 A8 slita St 171 18

2. SHFHEHREBRAOMNZKE GM(L,1) M SSI]

2010~2019 FEHMA N DR FRARINE 1 Froc. BTt EEhiEE T A% 7 ——2010 Fit
TTHEANRANOEE, FENDSBNOAEER, HAERNEEX —ZER. KACTEX— 2K
i GM(L, L) TRIAS R 5t H 7k 44 (80N AR 2020 2 2029 4E AR Sh#a AT TN, 45 SR 1 fiow.

Table 1. Gender and age composition of Gansu population in 2010~2019

5% 1. 2010~2019 FFH R A A ORI FIERE AR

F4
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

A ()
2559.98
2564.19
2577.55
2582.18
2590.78
2599.55
2609.95
2625.71
2637.26
2647.43

ABE)
1307.64
1309.02
1316.87
1318.72
1322.85
1326.81
1331.86
1339.64
1345.27
1350.19

AB(Z)
1252.34
1255.17
1260.68
1263.46
1267.93
1272.74
1278.09
1286.07
1291.99
1297.24

0~14 %
464.45
454.63
444.89
440.95
440.59
455.85
455.18
458.45
461.26
461.18

15~64 %
1882.6
1896.22
1915.89
1921.67
1928.68
1888.16
1884.12
1880.53
1879.05
1878.88

65 L |k
210.48
213.34
216.77
219.56
22151
255.54
270.65
286.73
296.95
307.37

HEAD
2557.53
2564.19
2577.55
2582.18
2590.78
2599.55
2609.95
2625.71
2637.26
2647.43

2.1. RECHIE

FEREAT GM(L )T AT, N et Bl AT LA a6, 45 AR L — 5 Vi Bl U W] AR 8347 Tt . 3¢
2010~2019 4R A1 (g A B R i a6 T I IR 4, 00 42 4 A A s X©), 2080 — A L 0 TF AR
& FA, B NS N RO R S . HL S TR BB A Y N g T
MRS . A XOHFII AR IR, FHERARMAR(Q)FIR, F R 5 b R 8 38K

@

O]

®)

“=B2/B3” , TERLZ LLASES FIME

NN A KB R
szwqéqggnwg
x(©)
=
2 2
O'(k) E(e n+1,en+1j
AR AT IREE Foin e 2 Fiom. BIrRgLeAR a6 i i 508 -
WitE N  “=EXP(-2/(COUNT(B2:B11) + 1))” K “=EXP(2/(COUNT(B2:B11) +1))” , £&tb#%, itk

HH v i U 75 G AT R € GM(L, L) TR R 4% A, 4R R kAT TR o
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Table 2. Grade comparison test results of five population classifications predicted by GM(1,1)
% 2. F GMQU)BUUF AR A O S LHOBRBRLER

ADO(E) ABH) AB(%&) 0-14 % 15~64 % 65 % bl E
w5 b A 4k A % A %k A #KE AR %k A
1 0.998 1 0.999 1 0.998 1 1.022 1 0.993 1 0.987 1
2 0.995 1 0.994 1 0.996 1 1.022 1 0.981 1 0.984 1
3 0.998 1 0.999 1 0.998 1 1.009 1 0.997 1 0.987 1
4 0.997 1 0.997 1 0.997 1 1.001 1 0.996 1 0.991 1
5 0.997 1 0.997 1 0.996 1 0.967 1 1.022 1 0.867 1
6 0.996 1 0.996 1 0.996 1 1.002 1 1.002 1 0.944 1
7 0.994 1 0.994 1 0.994 1 0.993 1 1.002 1 0.944 1
8 0.996 1 0.996 1 0.995 1 0.994 1 1.001 1 0.966 1
9 0.996 1 0.996 1 0.996 1 1.000 1 1.000 1 0.966 1
EIR (0.8338, 1.1994)

2.2. REMEEI TR

Bk XOukAT 2552 XO, 3 XOR & GEEHT I EEE Y 55, Y BHIREE =
3 TR. (B FHREERN “=—1/2 * (D2 + D3)” Y1 T 3 51502 AN W 5 3% Jo & 2 s~ 14,
WU 2V B Y A B B M T XWE b — ATk, R AN TR 1 e, AR B 45K,
AR a2 3 Fis.

Table 3. B-matrix of five population classifications based on GM(1,1) prediction

% 3. EF GMQ,)FUMF R FFEA O 5 2A) B 58

AB(&) AB&) AB(%&) 0~14 % 15~64 % 65 F L
-384208 1  -196215 1  -187993 1 -691.77 1  -283071 1  -31715 1

—6412.95 1 —3275.10 1 —3137.85 1 114153 1 —4736.77 1 —532.21 1

—8992.81 1 —4592.89 1 —4399.92 1 158445 1 —6655.55 1 —750.37 1
-11,579.29 1 —5913.67 1 —5665.62 1 202522 1 —8580.72 1 —970.91 1
-14,174.46 1 —7238.51 1 —6935.95 1 247344 1 -10,489.14 1 -120943 1
-16,779.21 1 —8567.84 1 —8211.37 1 -292810 1 1237528 1 147253 1
-19,397.04 1 —9903.59 1 —9493.45 1 33877 1 1425761 1 175122 1
-22,02852 1 -11,246.05 1  -10,78248 1 384562 1 -16,137.34 1 -2043.06 1
-24,67087 1  -1259378 1  -12,07710 1 430684 1 -18,016.36 1 234522 1

FniX —HE L SO R T 1 B AR o A TS TR Fr) B R A T BRI (R R AK E T
TR e R a2 — S E AR 28, UL S HORME R4 B RS HIX — R R R 5EdE, 12—
BRI AX@) IR, TR, KEOFNEMKSHHERA T 5o B8, A
AXEG)FR, Hrva, bZidAR s RITTECA 2 ((4) b #EE .
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NAFE] p HERE, ZEHAE excel I TP LLSLHL. Bk, 7E B HMEFEAEEAL 1SR B N B BT(2
HAN “=TRANSPOSE(E3:F11)” ); 2530, 142 BT* B (l2H N “=MMULT (A11:F12,F3:G8)” );
=, 55 MAFEEIBT *B) Y, IZH N “=MINVERSE (A14:B15)” ); BI04, 153 M * BTHIIRM (S
#H “=MMULT(C17:D18, Al4:115)” ); %5 Tk, 4%5%?%@5@%%@{xg"),x§°>,x§°>,...,xfg>}ﬂ%ﬁfc

(Y FEFEARTR, 153 p FFEGEHE AN “=MMULT(C17:D18, A14:115)” ), Hrh /KM a. b S Ein
* 4 FR

) (BBT) "BTY (5)

Table 4. Parameters a and b of five population classifications based on GM(1,1) prediction

=4 BETF GMAUDFUNFERAELEAOS LR a. b &8

SH AB(R) AO(E) AO() 0~14 % 15~64 & 65 LA
a —0.00396 -0.00377 —0.00416 —0.00462 0.00269 —0.05296
b 2547.56824 1301.64752 1245.92145 441.05122 1925.13035 187.23184

23 EHERERSEE

K GM(L,1)TEL I S 402 55 N BRI A5 H i BUE 5 SR an B AT b, AR A(4), 7R
B BB Y 2 B KB AR (G), excel W FARG)MLIEE T XOBFIGEHR N “=($B$2 -
$B$23/$B$22)*EXP(—$B$22 * $A25) + $B$23/$B$22” YA X (G)EEIMIHIME X, &t BN K. AR
Hh, Gt EGEE N “=B26-B25” )BT LA ¥R HEAT FU B R X, B, e
EE 5 R AGEUA M2 50 2 e R “=C26 — B3” ), Hxt NI 7R 2 5 IR ah B /8 HL A5 BUAR R
75, RGN 2 45 06HE (G 20 =ABS(D26/B3) ), i £ KRG HH X% 2 )7 ¥4 iz 5 X =AVERAGE
(E26:E34)” ), FifH# p (s “=1-G25” ), HA /NI GM(L, )R 45 R L3 5.

b) & b
=[x§°>—§]e k+§ 5)

Table 5. Error test parameters of five population classifications based on GM(1,1) prediction
F 5. EF GM(L )TN A EEA O KWRERESH

28 AEE) AL AO() 0~14 % 15~64 % 65 %L E
¢ (avg) 0.0010 0.00094753 0.001087833 0.009239113 0.005456561 0.026636629
p 0.9990 0.99905247 0.998912167 0.990760887 0.994543439 0.973363371
S, 28.6107 13.93324948 14.68469029 8.19108668 18.2282901 36.12478097
S, 2.929263655 1.544079838 1.457739017 5.599064343 13.21165573 7.804693391
c 0.102383613 0.110819794 0.099269306 0.683555743 0.724788538 0.216048186

3. THREEAOMNRE GM(1L,1)FTMER

FERN DR T K GM(L L) TR, A SO0 T H 48 N RPN AR R S5 1 . TR 45
FEAT T, 250 6 Fron . WRAEE R S5 M 3EAT TIOR8 N 0 D Bk 2tk 20 3o it AT 0,
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AR P59 25 K 32 AT T BIORE Hfr s A 73 0~14 % 15~64 2. 65 S DL =R A,

FSURCIK LTINS R () 2] LU AT 36 K JE SR RE TS P H IR 3 Fom . BT A SC BT LS 8 Ei S48k e T
2010~2019 I, HNABA 2% LA 56 I 75 2440 F-(0.833752918, 1.199396102)ix — [X [H] R AT, #

NIRRT O] DS 2 AR Y, LA AR RORS 1 52 2R 0 L

Table 6. Inspection of six grey prediction models
= 6. FURRETUMERIRIG ER

A

Kt

i
0.998946
0.994039
0.998597
0.996878
0.997015
0.996208
0.994192
0.995815
0.996356
0.999052

T
0.997745
0.995629

0.9978
0.996475
0.996221
0.995814
0.993795
0.995418
0.995953
0.998912

0~14 %
1.0216
1.021893
1.008935
1.000817
0.966524
1.001472
0.992867
0.993908
1.000173
0.990761

15~64 %
0.992817
0.989733
0.996992
0.996365
1.02146
1.002144
1.001909
1.000788
1.00009
0.994543

65 % DL b
0.986594
0.984177
0.987293
0.991197
0.866831
0.944171
0.943919
0.965583
0.966099
0.973363

ISYN|
0.998358
0.994817
0.998207
0.996681
0.996626
0.996015
0.993998

0.99562
0.996159
0.998986

3.1 MR AN HBRESAORNZRE GM(L,1) T

PERFI RS — R “R N TI(S)” 2 B B HAR RIS 2 “HH” |
7o SN D E EEAAT IO R N7 — AR ZE BRI, RTINS 2 i S eg AT g,
B R N O BT e N AT TN 5 15 B0 R A AL, PRI B AE D T H R B ARk AT
AT B — e A EE, N DA AR R R ORFE LT3, [R50 44 1 1 A8 3 70 22 12 b bl
AN [ P S

Table 7. Prediction of 2020~2029 in the grey prediction model composed of gender

7. MR TR R & FUNFRE B 2020~2029 BOFUIER

CLE NBZ AR, WAk

4 59044 F
Fn BAR FiE ik HAAE)
HE el HE e
2020 2655.781 1354.27 50.99% 1301.51 49.01% 2655.78
2021 2666.321 1359.40 50.98% 1306.93 49.02% 2666.32
2022 2676.902 1364.53 50.97% 1312.37 49.03% 2676.90
2023 2687.526 1369.69 50.96% 1317.84 49.04% 2687.53
2024 2698.192 1374.87 50.96% 1323.32 49.04% 2698.20
2025 2708.9 1380.07 50.95% 1328.83 49.05% 2708.90
2026 2719.65 1385.29 50.94% 1334.37 49.06% 2719.66
2027 2730.443 1390.53 50.93% 1339.92 49.07% 2730.45
2028 2741.279 1395.78 50.92% 1345.50 49.08% 2741.29
2029 2752.158 1401.06 50.91% 1351.11 49.09% 2752.17
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3.2. NERMEBREEZNEHREBAONZRE GM(1,1)FEM

SR BN DA R A, BRI R 8 Frsf3E TR &5/ AN D282 il —— 2 AN (A).
IR R B AR TP RS E R BN E(A)” MET MR S E R C R
NIEI(S)” BahiEEE R K. R R, 0~14 NI K 65 % LL BN DRKE BT, T 15~64 %
UNEVIEES RN S =E2 N

Table 8. Prediction of the grey prediction model under age composition from 2020~2029
7= 8. FMAL TR R & U R 2020~2029 BTN R

0~14 8 15~64 % 65 Z Pk
Fn BAOA) 7 s
¥E =] ¥E =] ¥E e
2020 2662.88 463.11 17.39% 1871.64 70.29% 328.13 12.32% 42.28%
2021 2677.85 465.25 17.37% 1866.62 69.71% 345.98 12.92% 43.46%
2022 2693.81 467.41 17.35% 1861.60 69.11% 364.80 13.54% 44.70%
2023 2710.82 469.58 17.32% 1856.60 68.49% 384.64 14.19% 46.01%
2024 2728.93 471.75 17.29% 1851.62 67.85% 405.56 14.86% 47.38%
2025 2748.20 473.94 17.25% 1846.65 67.19% 427.62 15.56% 48.82%
2026 2768.70 476.14 17.20% 1841.69 66.52% 450.87 16.28% 50.33%
2027 2790.48 478.34 17.14% 1836.74 65.82% 475.40 17.04% 51.93%
2028 2813.62 480.56 17.08% 1831.81 65.11% 501.25 17.82% 53.60%
2029 2838.20 482.79 17.01% 1826.89 64.37% 528.52 18.62% 55.36%

IR TR AR S 068 T2 — Bl AR R B A2 Bl S5 R T o R B R AR ORI 2 B T — i R %
Pho BERFRAN L BT S RIEIR SUER R BRAE SN D228 23U T BN BT RS, X
R H R 57 SN LHE R R 57 SN LU R BL GRS AR — e AR B E AN o 38 ph F0000 26 e i\ 1 P9 B
A REE LK.

3.3. ¥

MNP FRER . R =AM, L GM(L LB R ILH IR & N DA g,
SEAE J3 2t ) LGB TP AT 1) 7S B b 2 W A IZ T R R BUIR o 55 MR B e P AT A e B T R BT 2%
AR B BUR LA AR B AL A Rt . BT 2 A i TR A & BUR 0 AT 35 58 SR A7 — 2 ) )

HIRE R 0~14 % AM{E 2010~2014 FFAREF TR, (HFEIR, 0~14 5 N DEEA R H ORI
()9 055 AU R A — e oetE: 2015 4F 10 A, WFEBLSEE ) URPRBRESE IR RS
WARSRH: RBEFFRIEFERAES, BRIFRI A O ZRAITEN, SEidm _ZBOE. —RBUE—
ERLE RS T HRERAEEEE, 0~14 2 AT 2015 EFFMEMREE ETE, (BRI K (T 25 50 pe il %=
2019 A IR AT 2010 4R 0~14 5 N N EEKF, Hlva N E it @ sIn k.

4, B5RIE

HRE KN D AEBU BUORFR AN BT3RO TR A SRR AU I S0 P9t 4790 f 5 T2
o AP BN DR S KT S & Ja KL, HIl A 157 s N DR R S . i HN A 1
BURATFHAL,  HARMEX T BAT WA DR BIWR S 0 $2TEE R, ARREEEH i AN X il e
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I S5EN PSR R AL, (BRI, N PR AR s P —— i A B EORAE e R B
RACBERE RIS, ol M@ AR T4 1 B AL, MO RE M AT RIZE B RIBRAE, TRl RiK
EHRIAER, ERRENAOBORAR. . ZIRBERINM G, £ ENeE T AN EED T
RIS RON  H T ZRRER S E WA =BG 6, NHIFR IR A R E IR B—HR= T,
WURT IS 24 M MV BRSRE AR 5L A S N VR AR 3 o A DA D A 55 3 N 1 B, IR T JE RS i, AR
W EIREILE F, AR TN OHIGIRE . T2,

SE MK
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