Operations Research and Fuzziology iz& 5112, 2022, 12(3), 1073-1080 Hans iXJ
Published Online August 2022 in Hans. http://www.hanspub.org/journal/orf
https://doi.org/10.12677/0rf.2022.123113

ET7% xﬁ?%GM(l DRBR R D E R 5
FA 7 53

xRN, 2 #
Fig TRERRRY:, L

Wk H . 20224F7H18H; FHHEM: 202248 H16H; KA HiH: 202248 H24H

R

HE: A RR EAE SR ARREREN, ABUTHCE T RAR R BN EL S, #it
BT BARWKIRR. ik 1RIE2012~2019F BE DA SR AMRERE, ETRERGER, WE
GM(1L,1)TIAET, 2t DAESFANRLES. FRORM. BrhGDPHE. 47 WEE EAELRA
K SGDPHLEZRER N, HPBUT. MATASTH G RA ST S HRHREEK, e TAESTHETRA
EIRA G AR BT RS . 80 X TR R AT E. BTSSR BRI EREE,
RS A DA R R R

X 5in

PAEETH, BREM, RERE

Study on the Forecast of Total Health
Expenditure in Henan Province Based

on Grey System GM(1,1) Model

Wanrui Huang, Lu Liu

Shanghai University of Engineering Science, Shanghai

Received: Jul. 18", 2022; accepted: Aug. 16", 2022; published: Aug. 24", 2022

Abstract

Objective: To analyze and predict the future total health expenditure and its financing structure in
Henan Province, so as to provide scientific basis and theoretical support for relevant government
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departments, and to explore the development of medical and health undertakings. Methods: Ac-
cording to the data of total health expenditure in Henan Province from 2012 to 2019, a GM(1,1)
prediction model was constructed based on the grey system theory, and the trend, financing status
and proportion of total health expenditure in GDP were analyzed. Results: The total health ex-
penditure and its proportion in GDP in Henan Province increased year by year, among which the
proportion of government and individual health expenditure in total health expenditure gradually
decreased, and the proportion of social health expenditure in total health expenditure continued
to show an upward trend. Conclusion: It provides a scientific basis for the optimization of regional
health cost management, financing level and structure, and promotes the development of public
health in Henan Province.
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Table 1. Accuracy test comparison table

F 1 BEREXRE

TG 2S5 2 P C
1 %(F) >95% <0.35
2 (&%) >80% <0.50
3 H () >70% <0.65
4 FAEHE) <70% >0.65

2.3. BIBLETSE
izl Excel X HESEAT e AL FE, JFE ST R DA R IR A S B EE BT K (1 GM(L,1) B JE T
T o
3. &R
3.1.2012~2019 fESMEAE RE S BATHRER

MIT RS 48 A B3 ] 2012~2019 4EHIASLRE, B LB Bk, i, 4 PA STl
PR FER K, MW 381.86 12T & 1429.51 12,75, Fr o TAE & 2% A L BB AEAS BTG 0, A\ 25.16%
WK% 39.61%. Kbz Ab, BUF BA A N AR S eIz Bk, E T G AR A B A b AR
R FE, BURF A SCH 5 A 32.25% T[4 %8 28.3%, N PASZHE 5 LA 42.50% P4 %2 32.08%. L% 2.

Table 2. Present situation of total health expenditure and its composition of Henan Province

2. A DA R BRI R

PR
Fhr WU PAESCH o PASCHY AMNEASH RN NI
WML HHO)  BIAMLT AL(%)  BERANLT (%)
2012 489.46 32.25 381.86 25.16 646.30 42.59 1517.63 1613.47
2013 561.33 32.99 437.19 25.70 702.84 4131 1701.35 1807.45
2014 612.55 32.60 533.89 28.42 732.35 38.98 1878.78 1997.07
2015 729.70 3231 734.65 32.53 794.14 35.16 2258.5 2382.38
2016 794.42 32.13 859.06 34.74 819.15 33.13 2472.63 2594.03
2017 844.81 30.75 1015.67 36.96 887.19 32.29 2747.67 2874.43
2018 935.60 30.18 1170.29 37.75 994.28 32.07 3100.17 3215.94
2019 1021.44 28.30 1429.51 39.61 1157.86 32.08 3608.8 3743.57
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3.2.2012~2019 ‘EAEaE B4 S #A & GDP EEETHRA

2012~2019 4, JAIFE4E ARG o FAEE AR P~ BB (GDP) I BT i b 3 fa A 7, BEARARAE T A2, (H
WA DA HEE 4 GDP MKW AW & . £ AR, BUR L2 AR S
GDP i G L ERE A I, I 1.69%. 1.320614%8 45 1.86%F1 2.6%. A PA 57 Hi7E GDP Hifif 5 EL &
BHTFBE, M 2.23% NER] 2.11%. WEE BE, rE PAS A S GDP LLEAK Lk, M 5.24%3%
K2 6.56%. W% 3.

Table 3. The total health expenditure of GDP in Henan Province
3 AMEREREER S GDP HELE

TP
Rt %szl BOfF T IS AT 'é‘%()j/q)5 .
e OOy T g RTHO) ’

2012 28961.92 489.46 1.69 381.86 1.32 646.30 2.23 5.24
2013 31632.50 561.33 1.77 437.19 1.38 702.84 2.22 5.38
2014 34574.76 612.55 1.77 533.89 1.54 732.35 2.12 5.43
2015 37084.10 729.70 1.97 734.65 1.98 794.14 2.14 6.09
2016 40249.34 794.42 1.97 859.06 2.13 819.15 2.04 6.14
2017 44824.92 844.81 1.88 1015.67 2.27 887.19 1.98 6.13
2018 49935.90 935.60 1.87 1170.29 2.34 994.28 1.99 6.21
2019 54997.07 1021.44 1.86 1429.51 2.60 1157.86 2.11 6.56

3.3. EERE R HEATNEE
1) @SR 5.
X ={x®(1),x (2),--,x° (8)| = {1517.63,1701.35, -, 3608.8)

JF UG E R RN A
X ={1517.63,3218.98, ---,19285.53}

2) i&ﬁ‘{&ﬁ‘c‘iﬁﬁﬁ%o%ﬁﬁ% p(2)=0.47, p(3)=0.33, p(4)=0.26, p(5)=0.23, p(6)=0.20,
p(7)=0.18, p(8)=0.16, EHEIIK. ATLLE. GM(L1) K ETRMAEA .
3) LA AT LA

~Lus17.63+321898) 1
2

-2368.31 1

—1(3218.98 + 5097.76) 1 -4158.37 1

B= 2 - : :
-17481.1 1
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1701.35
1878.78
Y = .

3608.8
4) ZHIARETE
2R (BTB)'1 BTX, 78%]: a=-0.123306598, u=1408.135458, * - _11419.79006
a

5) TR AR B A TR A

X (k +1) =12937.42006e" %% _11419.79006
6) ALK .
TSR, A AR R PR R R 2 0.014, C 24 0.06397, HEAUKSEE Py 98.64%,

AT ERKT . WA 4,

Table 4. Inspection of forecast model of total health expenditure prediction of Henan Province
4. e DE S ERATIIREG

G SEhrA TN AE Vs & FXHRZ P S S,
2012 1517.63 1517.63 0 0.00210 98.64% 674.08 43.12
2013 1701.35 1697.79 —3.56 0.02226

2014 1878.78 1920.60 41.82 0.03802

2015 2258.50 2172.64 —85.86 0.00602

2016 247263 2457.76 ~14.87 0.01187

2017 2747.67 2780.29 32.62 0.01451

2018 3100.17 3145.15 44.98 0.01411

2019 3608.80 3557.89 -50.91 0.00209

34. AL BRATNSESR

R, RSB ey DA PAER RO Z8EHE, BB iR, a
73924 : —0.096731084 . ~0.183615046. —0.084384691, 1 7)7|4: 501.9369901 . 364.2303075. 582.1828936 .
I, AT LA H GM(L, 1) B2 3 5 2 -

BUF A 3% S H

X @ (k +1) = 5678.453745e 7184 _ 5188 993754
oz PAE SR H:

X ™ (k +1) = 2365.522643¢" 1561046k _1983.662643
AN PA RS

X @ (k +1) = 7545.452958e" %4 _gg99 152958
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I AL SO OB, A B . #2972 H 5 BI: 0.00752. 0.08725.
0.20527, 9/ T 0.35. i ¢ 1 IR, REBRFTEE SLBUR IR HE KRS, FA BRI b T 4T 1,
B, B RO R, R ZER. % 5.

Table 5. 2020~2026 Henan Province total health expenditure prediction results based on GM(1,1) model
5. HF GM(L )RR 2020~2026 £ E DA 2 EBATUNER

BURF T Y e TR AN 2
B [ (4) PRl
WHIZTE) %) WAI(LE)  HH) BT s (1e.75)
2020 1135.11 28.20% 1723.92 42.83% 1199.32 29.80% 4024.80
2021 1250.40 27.46% 2071.38 45.50% 1304.92 28.66% 4552.98
2022 1377.39 26.74% 2488.88 48.32% 1419.82 27.57% 5150.47
2023 1517.29 26.04% 2990.52 51.33% 1544.83 26.51% 5826.38
2024 1671.39 25.36% 3593.27 54.52% 1680.84 25.50% 6590.98
2025 1841.14 24.69% 4317.50 57.91% 1828.84 24.53% 7455.92
2026 2028.14 24.05% 5187.71 61.51% 1989.86 23.59% 8434.37

4. Wig

KB AT CAR T 2N T 2 A0k, BAREARE/DN, @htEE. eSS Ra, £
FLERYT A AR AR FETE ., BN AN D HEE 8], ASCE S K 1 GM(L, 1) Tt A5
A, 15 HEE R SR 2020~2026 AR R AE AR 9 R 4024.8 270 N3] 8434.37 12 7t, Mtk A
KR L H—EH SIS, (5 42.83%1 NE] 61.51%, 1MBUF A S HAAS N PA ST BT
ELBIASKT R R, BURF PAESZH N 28.2% R &2 24.05%, AN AT HIM 29.8% 44 23.59%. (A5
SEBRE AR A JE A — B0, R Ik R AR 000 A SR o] e 8 T A A 2 A A ) AR A 3

B 5 ] B A HEAT BT P AR S A S i, Ry DA RS IEAE AR R G & e, PR 2 29 BT
&, U E SO AR YT AR I RN, B IR A R R IR, B S A R H
FR[9]e [RIRF, AN TAESCH AT G HCEZE TR, B PA R B R AP, U 610 & IiE
ITRRE I D) SRR T NIRIIAIS, S HUEFEAWR SRR, RIESRISITHIE . KRR
Mo B, FEARWIREET RS KT ALET PARHERSER . WRNNEHENETHM. K
B ISR, IR BT ARSI, AR R EF BT DA S IS B . W AR s L
HFREEMEIT DAMRSS, i RINEEARRTT TR BN L, e s 4 RAgFEKF.
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