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Abstract

Per capita GDP is a core indicator of national economic accounting and an important indicator for
measuring the economic status and development level of a country or region. This article uses Py-
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thon as a data analysis tool and builds a prediction model based on the GM gray system model to
predict the future GDP of Fuqing City. By collecting the per capita GDP data of Fuqing City from
2000 to 2022, a prediction model is established using the GM gray system model. As an important
economic node in Fujian Province, the prediction of Fuqing City’s per capita GDP is of great signif-
icance for understanding the economic development dynamics of the eastern region of Fujian, op-
timizing the economic structure, and promoting high-quality economic development. This article
attempts three types of gray prediction methods. By comparing the indicators and predicted val-
ues of the three prediction methods, the characteristics of the three methods are summarized.
Compared with the Deng Julong model, the prediction results are more optimistic, and the general
solution also provides the upper and lower limits of the predicted values, showing flexibility and
uncertainty. The Deng Julong model provides a more conservative prediction, mainly based on the
average growth trend of historical data. The optimized solution further refines the predicted val-
ues through more refined algorithms and additional considerations, and provides results from mul-
tiple prediction methods to enhance credibility and reliability. These three differences reflect the
different factors and assumptions considered during model construction. This article aims to
combine multiple model results to obtain a more comprehensive and accurate prediction analysis.
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Table 1. Per capita GDP data of Fuging City
= 1. &A™ AL GDP i

G A% GDP Ay A% GDP
2000 16,453 2011 44,813
2001 17244.24 2012 48,677
2002 19073.5 2013 53,107
2003 21,579 2014 57,444
2004 25004.38 2015 61,169
2005 21727.15 2016 66,526
2006 24220.12 2017 76,721
2007 28,620 2018 84,101
2008 38,212 2019 86,935
2009 34,137 2020 88,352
2010 38,651 2021 100,859
2011 44,813 2022 113,628
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Figure 1. General solution data fitting renderings of GM(1,1) model (Unit: Yuan)
1. GM1L ) RB BRI S B RE (R4 TT)

AT, #4715 UG, SSRGS HI T & 2 fR:

Table 2. Data fitting parameter table of GM(1,1) model
= 2. GM(L, )R BEBHEINEEHE

Adjusted

hias a b R_Square R_Square_Sqrt R_Square SER RMSE
1 —-0.08 171.9 0.970825983 0.98530502 0.969436744 2682.947201 2563.644818
2 —-0.08 171.9 0.970826089 0.985305074 0.969436855 2682.947201 2563.644818
3 —-0.08 171.9 0.970826052 0.985305055 0.969436816 2682.947201 2563.644818
4 —-0.08 171.9 0.970826054 0.985305056 0.969436818 2682.947201 2563.644818
5 —-0.08 171.9 0.970826118 0.985305089 0.969436885 2682.947201 2563.644818

TEFTA T F, 240 a B{E48-0.08, T4 b KMERIN 171.9. BEFHLA SO E, RN
4 R_Square fi#ix 1 (£ 0.9708 % 0.970826 X [d]), [FH} R_Square_Sqrt F1 Adjusted R_Square . {r%F 1 15
Ko e B SHOAEELN:
171.9 171.9) ooa
t)=—"" 0)+—=le 22
x(1) —0.08+(X( )+ 0.08) (22)
T T AT A A A B B IRATT AT R4 T A N F5) GDP ZE TN 1A B 23 2 27 4 Y I AR AR K
. M 2023 FE1 121381.11 ol F| 2027 F I TMME S 169611.84 Jt, Bin | HATFRFEIG KSR,
HE Rk 3:

Table 3. GM(1,1) general solution prediction table
Fz 3. GM(1, 1)@ R

Year FO F1 F2 F3 F4
2023 121381.107 121381.113 121381.095 121381.106 121381.105
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2024 131991.108 131991.117 131991.092 131991.106 131991.105
2025 143512.874 143512.885 143512.852 143512.871 143512.870
2026 156024.757 156024.770 156024.729 156024.753 156024.752
2027 169611.841 169611.858 169611.806 169611.836 169611.835

5.2 . GM(L 1)’ PEBEMRINE

TR f e SR B HUT 51 x(0) A — Bk 7 77 R R A FR AL R T % H— Wk B %1 x(1)F1 x(0)

() —B s 75 R, AT e 220 5 2 1 AR BOR SR AR I — N R VAR R T 78, 3R45 28 (a, b) I THE . A0
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BAE) F B RARITH, —REEANE, WARTR R RN ok, XS R ARR 2 AR

PEsferk; TRFEAARE, AR UFE RN GBI, XTI R A A B S I — IR B
FFHIREAR . 25688, 1HEAN:

RS)=( @)_16135A527j80%%w4J_161354527
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(23)
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Figure 2. GM(1,1) model Deng Julong data fitting renderings (Unit: Yuan)
2. GM(L )RR PR L RHIEU A BERE (R )

A CFRERAT T kNG, BRI A RORR T R_Square (W52 RE0)HKITAL, HAE Y 0.928588 # ]
R G AR B Th 40 92.86% 148 5. 3 —b 4, Adjusted R_Square (W5 4k 230N 0.925 % )&
B A R T, AR R A ARAN 20 AR R R AR S AT IO O T R R AR
Mo FrfF4RbRINE 4:

Table 4. Deng Julong data fitting parameter table of GM(1,1) model
= 4. GM(L )RR B EBEN A SRR

fahbn X A
[a, b] [-0.0868, 16135.4527]
R_Square (#5€ &%) 0.928588083
R_Sqrt (W& REUFITIR) 0.963632753
Adjusted R_Square (% Ji5 14 & 7%%) 0.925187516
Spread of the error (i%Z~F 77 1) 6265.592448
Root mean squared error(34) 75 {12 %) 5986.980887
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Table 5. G(1,1) Deng Julong solution prediction table
= 5. GM(L,1) AP R LM R

Year Prediction Year Prediction

2023 113900.877 2025 135483.137
2024 124224.185 2026 147762.533
2025 135483.137 2027 161154.863

S350t UK R R S AR AT AR 17 N 35 GDP Tl i) LA 3B, FRATT A I 5 52 Bt N 35 GDP
BERK A, EERNTINBUEAAAE — €2 KEBRXEER Ik T e, FE M 2023 4
ff) 113900.877 Jj JCIZ4EI6I 45 2027 4 161154.863 Jiut, Bon I X RE I KEA . KEOBAER
HEAT TS, e th i TOIME Y5 R R 56 2, (BRIAE R N GDP B4 BTt s . FEMFIMEDR T,
R BRI R fiAR P TN A 05 P13 5 v T Ak E S B XS SR I R T, X S B 1 A [ 28 A 3 50 AR 30 A
RGBT )2 5, KT A e AU\ () 00 ) 384 T P AR R ST o

5.3. GMQ2, 1)@l &
[FEIFEHE, ARSCEBREIR LG 5k, FHA WA 3 ol a EE.

® Sample Curve
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Figure 3. GM(2,1) model optimization data fitting renderings (Unit: Yuan)
3. GM2 DER ML RIS BRE (R4 TT)

L Curve-Fit AR 2K 20 HMESHLI, HirZ%a, b e AReURsk®IE —4HME, U m
ZHMPUEWM AR (Hi2, 23k, Ci, Coff 20 A H ZHMRKF—8, HA—ZEABIELAESE, FHARH
WARKMWZ, HGHIRHIRE a, b, m AR, Hk, Ci, CoHMERWEH. By R KI5 E#AH
A, WOARSCERIBASE — X IE R NG, HIERBCR R, HAABRT .

X(t) = 689.2518e ***®"™ +15763.748e" % (24)

BITREIZHE RNk 6.

A it e oxod Bt ) T 40 5 7

A SEAE TIIME b 5 I AR R B R, (B AA T R e v T A 2R o DL AN 72 T B ] e FH
THEOREAN SRR R T E 2 R R, AMAAR T E O BIE. S5XREERAL, AR
TODNE H 52 30 L B K
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Table 6. Parameter values of GM(2,1) model
2 6. GM(2, )EEI S HME

7 a b m k C1 C R?
0 479.968 —43.093 —480.057 0.090 689.252 15763.748 0.982
1 1175.281 —105.508 —1175.370 0.090 689.255 15763.745 0.982
2 25.238 —2.274 —25.328 0.090 689.254 15763.746 0.982
3 13501.557 —1211.982 —13501.647 0.090 689.256 15763.744 0.982
4 48365.757 —4341.582 —48365.847 0.090 689.254 15763.746 0.982
5 8480.682 —761.280 —8480.772 0.090 689.254 15763.746 0.982
6 609.166 —54.690 —609.255 0.090 689.254 15763.746 0.982
7 225.507 —20.251 —225.597 0.090 689.254 15763.747 0.982
8 3960.764 —355.547 —3960.854 0.090 689.253 15763.747 0.982
9 14355.363 —1288.625 —14355.453 0.090 689.256 15763.744 0.982
10 180.679 —16.227 —180.768 0.090 689.256 15763.744 0.982
11 1729.579 —155.265 —1729.669 0.090 689.259 15763.741 0.982
12 1867.388 —167.635 —1867.478 0.090 689.253 15763.747 0.982
13 20290.079 —1821.355 —20290.169 0.090 689.253 15763.747 0.982
14 35.649 —3.208 —35.739 0.090 689.257 15763.743 0.982
15 88.581 —7.960 —88.671 0.090 689.254 15763.746 0.982
16 54.893 —4.936 —54.983 0.090 689.255 15763.745 0.982
17 6432.537 —577.428 —6432.627 0.090 689.255 15763.745 0.982
18 37.250 —3.352 —37.339 0.090 689.254 15763.747 0.982
19 78.185 —7.026 —78.275 0.090 689.254 15763.746 0.982

Table 7. G(2,1) optimization solution prediction table
= 7. G\ ETUNR

Year FO F1 F2 F3 F4
2023 124252.346 124252.843 124252.800 124252.996 124252.786
2024 135921.816 135922.384 135922.335 135922.560 135922.319
2025 148687.253 148687.901 148687.845 148688.102 148687.827
2026 162651.588 162652.327 162652.263 162652.555 162652.242
2027 177927.419 177928.259 177928.186 177928.519 177928.163
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TG T N — B IR T e, BT s /). B E RIS . AR A RO S i, |
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5) HEREH B 1

AR ZN AT R R R B EE 51 8, . AR T ROIDPRHEE AL R, R B R AR .
e AR . RS AR AR, WEI 2 AN DR AT RN (2
WIG, i A\ GDP.

6) NNk MRS

SR R R R RIAR A A . FETE T EHEZN A5 R R R, Rk B AR S ISR, @i s
WEGVR B, ) IS AR IR S, LA S PMAK .. XA B TR ARG TR R AR T &,
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