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Abstract

Objective: To predict the changes of total health costs and financing structure in Shanghai, and to
provide reference for relevant departments in Shanghai to formulate and improve health policies.
Methods: Data were obtained from the 2009~2019 Shanghai Statistical Yearbook, Shanghai Health
and Medical Resources and Medical Services Briefing, and the GM(1, 1) model was used to analyze
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the changing trends of the total cost of health and financing structure in Shanghai. Conclusion: The
forecast results show that the total cost of health in Shanghai is still on an upward trend, with a
small increase in the proportion of government and personal health expenditure and a small
downward trend in the proportion of social health expenditure.
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1. 5|15

AR .3 F (total expenditure on health, THE) & #5—ANE K 8uth X 7E— & B B (B 18 1 4F), 2t
FF BT DA T AT FE IR I 08 T A (1] 2 S B SR sl X B2 7 T AR e N KT BRI AR v F) 2 2 4
bro AR¥ERIRZEZE DA R RH, PARHRHBBUN PASIH . fha PASCH AN N PA S H =445
A% Hr B me 7B A2 AR A NS BAE BN G EE DA R A Ak dh . IEBLAT “+ 10
F7 (2020~2025) Kk K R I B B B, 2 AT oAk 2 32 ORGSR [E 1) S 1, BT AR 2
BRI F e T E A5 R AN IR A & PARFEMEHAH ARG BEEE . BT EREZF R ER KT
Wi, EEFET AR AL, W s A A S A S P KR DA B R A, B
FOBEACHL S M [0 R, A BUR T A A o ) B B R AR R . % g T TLAE e 2 FH kAT Y00 8 22 B 2 B
PARSCH RS, NEEITAHICERT TR R SRR AR R . JE Tk, ASCRA GM(L, 1B Fifg
T PA R B G LE M, WBUF. HEE A N A SCH IR AT R TR /3B, S 3 T A G
[IAE i) e R R RE DA e AR, SR R A SRR S ki

2. BURERIRT A%
2.1. BIRFkE

A TR SRR T 2009~2020 - Ll T GivH R4, AKHE T4 48 9 FH CRIE) (2009~2020 4F) 15 ,
e PR, BUFPAS ., e BA A N A S BAVE A TRIFE AR o

22. IRA*E

ARFFCR KB GM(L, L)RERINT 2020~2027 4= _Eifg 17 T A 2 9% F K 5 0 S5 M R 7R sl 35t AT 30
HEWT T 2 A AT B, T AR D, B AR ) 58 3 i MR E BT B A S . K
R (Grey System Theory) A H RS K2 XE R 7 T 20 T4l 80 (EREBIS ML, KE RS, 18
BEEL S LS B A S AHE . REERN RS, @ CAYE BB FC A TN A R0 AT M ik 2 T fi#
BARGMHTI2]. HH “G” REMZ Grey, RRKE, “M” BN Model, FRBA, HA “17 4
RN — I — MR E R R . Z R R DU REARRE RN . ATREREMNFE
AR HMEARATFENEE . B RS E, WA S, HBUSEUFR B, vTH T, 5
A AT, IR Tz . &0t 40 2R E, 45 KERGE IR O Zis a2 &5
AR R AR . kR R R
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1) Hy S 9 -
X0 _ {X(O) (1)’)((0) (2),-, «© (n)}

S aEHE X O fH— R B A FE(1-AGO), Bk A
X @ ={x(l) (1),)((1)(2),...,)((1)(,1)}
2) TFEEAE, ZY K XY RS AR A R A
® () = 1@ ®
z" (k)_z[xl (k)+x (k-1)]

dx®©)

FAL K GM(L, 1) B R B 5 FE
3) FIH X O X @ 4y 5l E S BRAE M B AIEUE A& Y

1 1 1
_E[X( 'W+x9(2)] 1 )
B —E[x(l)(2)+x(l)(3)J 1 v x(o)'(3)
: : o
—%[x(l)(n—l)+x(l)(n)J 1_ (n)

4) KM/ TR EEI, KA a Al s
a T\l aT
a=|, =(8"B) BY,

5) KM TR, 19 TR Y .

T Oy A e

XY (k+1) {x (1) a}e +a
6) 1 FH J5 U6 ZE A B0 7 VR AT A AR A R A B

Wz E(k)=x"(k)-% (k)

X(O)(k)—f((o)(k)

AN 22 « E(k): (0)(k)
X

1
X0l X =30 X (K)

XV (5% s, = \/%ZE_l[X(O) (k)- )?}2

- = 1 n

s s 1 n =2
ﬁf%:EGﬁ%‘:' Sz =\/E2k_2|:E(k)_E]

FRI L C: C :%

1

MR P = P{|E (k) - E| < 0.67458, }

Xt vaxV=p, Hob, aBREEAY, u BRKOMEHR.

DOI: 10.12677/aam.2022.117454 4280


https://doi.org/10.12677/aam.2022.117454

[7pUIBULE

7) BERSEG S A, WA 1.

Table 1. Accuracy test comparison table

= 1 TR RE

AL C P
1 (th75) <0.35 >0.95
2 (HH%) 0.36~0.50 0.80~0.94
3 Z(fvnE i) 0.51~0.65 0.7~0.94
4 BOREHS) >0.65 <0.7

2.3. BUREAIE X

AW FAE MicrosoftExcel B4 s N REHE, X 2009~2019 4E3Lit 11 A4 > i B A S 2
Ko ¥, BIBUR A 3 dk 2 AR SO AAS N AR S0 AR s Il BE AT R iR ME G 140 M, FE RIS 7E Excel
WEESTEIREE, M T 4 ik GM(, 1) TRl AR,

3. &R
3.1.2009~2019 FF FisT DA R EATHIER

2009 4:~2019 4F, MRS HRE, AR HRASCH £ FEHKMES, H 2009 (1) 656.66
2,76, K F) 2019 411 2532.68 1.7, HHK 1 3.85 fif. Horb, FEBUM T A3 H 2% F J7 T A\ 2009 4R (1) 141.3
¢ 763N %) 2019 1) 564.16 1470, 4122 TASCH 2 FHAIAS N TAE S HE 27 43 51 A 2009 4F 1) 366.9 12.7T,
148.45 {7 3K 31| 2019 4E[1) 1439.66 1 528.86 1270, MG ELEMIKE, BUF LASCH 5 LLTE 20%~24%
Z I8 |k, 2010 4F 24 2013 4 2 /MERE T REEH, M 2010 4F 20.5% 0 5 R FE 2 2013 4R 20.1%.
1A 2013 4E 2 2016 - X /MR ki, bk 2016 1) 23.4%, 25 RikshiEas, SRS
AR oAz PA S HAIAS N A SCH SR BN AN K, 43 1) A 2009 4F (1) 55.9%, 22.6% 72 44, %] 2019 4] 56.8%
A120.9%. W7 2.

Table 2. Total health expenses and current composition in Shanghai Province
2. BIEMIERBERATHRERITK

BT BA HePATH MABEATH [ PR

p=d _ GDP -

Hpry # # 4 (12,5t AN$(TT) —., Hdi GDP
% % b (%) (fe.7%)

Gy THOO 5 (%) ey THOO b % (%)

2009 141.3 21.5% 366.9 55.90%  148.45 22.60%  656.66 3418 1574244 417%
2010 177.2 23.60%  419.82 55.80%  154.98 20.60%  751.99 3266 1791541 4.20%
2011 215.7 23.20%  521.62 56.00%  193.68  20.80% 931 3966  20009.68 4.65%
2012 23249 21.20%  646.51 59.20%  213.35 19.50% 1092.35 4589  23105.59 5.13%
2013 250.82 20.10% 74042 59.30%  257.44 20.60% 1248.68 5170  23204.12 5.38%

2014 27529  20.40% 79251 58.80%  279.99  20.80% 1347.79 5556  25269.75 5.33%
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Continued

2015 319.94  20.80% 88239 57.40% 33427 21.80%  1536.6 6362  26887.02 5.72%

2016 430.73  23.40% 1061.74 57.80% 34553  18.80% 1838 7596  32925.01 5.58%

2017 449.64 21.50% 1209.53 58.00%  427.92  20.50%  2087.09 8611  36011.82 5.80%

2018 507.92  22.00% 1326.42 57.60%  467.26 20.30%  2301.6 9496 3798755 6.06%

2019 564.16  22.30% 1439.66 56.80% 528.86 20.90% 2532.68 10183 38700.58 6.54%

3.2. b ID4E s ERTNER
AT ST 2008~2018 4 g A S 30 F e Bk 454, 57 GM(Y, 1) B,

[-1032.7 1 [751.99 ]
18742 1 931
_2885.8 1 1092.35
_4056.3 1 1248.68
53546 1|  |1347.79
B=| 67068 1|" ' | 1536.6
84841 1 1838
10447 1 2087.09
_12641 1 2301.6
| ~15058 1 | 2532.68|

1) HREEE I

X ©) = {656.66, 751.99,931.00,1092.35,1248.68,1347.79,1536.60,1838.00, 2087.09, 2301.60, 2532.68}
2) *F XOfi 1-AGO, 15351
XY = {656.66,1408.65, 2339.65,3423, 4680.68,6028.47, 7565.07,9403.03,11490.16,13791.76,16324.44)

3) FIH X O X @ 4w g S BRI B B A Y-

T | 671879704.6 —68630.06
—68630.06 10

(578) -

i BB, (BTB)_l, BTY £551.

4.97831E-09 3.4166E-05
3.41662E-05 0.33448286

(BTB)’l BTy _ ~0.126947031
" | 695.5397641

3. a=-0.126947031; u=695.5397641, u/a=-5478.9762 753 Lifg i T A= 2% FH (0 2 1+ H T A5
A XY (k+1) = 6135.64 €125 _5478.976 .

FEE, S=E ERDER MK GM(L, )RR, AR BN BASCH . A PASCHAIA AR
G TR, Ik 3.

il
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Table 3. GM(1, 1) model fitting equation
3. GM(L, 1)ERME 5T

Foum i 5 ZHUE GM(1, 1)y
T B T__géf:??:; X (k +1) = 6135.64¢"*** —5478.976
BURF BAES T;&éiﬁ? X" (k +1) =1262.6e"™* ~1121.3
e DA 2::_4?6;2530777 X" (k +1) = 3641.75e"* —3274.853
AT, :Zgigf X (K +1) = 1234.04¢™%* _1085.6

33 EEmIDERERATMNEENKESR

M, BT DA RS 7 2 il C 4 0.075460721, /T 0.35, “FHIAHNTRZE 0.74%, e < S,
it p=1, WTFX. FWEITZEEINRT, MREMERN, ZENET R ER S, "
DA Z A AL AT T . SR UL FADER, WU HBUR PAEH . S PA AN N BASTH
Z Al C 205 0.127897763, 0.101295169, 0.081279137. Fl A fA C ¥)/~hF 0.35 H/AMEZEME P
Bl 1, U AR I AR A, BdRT (5. bR, L AR 3 R B A R & R R
BN, S0 1 9%, T HAAMERL- o /8T 0.3, HATHT B DA RSB KEH. 0E 4.

Table 4. Test table for prediction error of GM(1, 1) prediction model on total health expenditure in Shanghai Province
2 4. GM(L, 1)FUNREST EiET DE R BATUNIRERE FR

Ay TAMFMEEME DAL HIME bz FxS PR 22
2009 656.66 656.66 0 0
2010 751.99 830.50 ~78.51 ~10.44%
2011 931.00 942.91 -11.91 ~1.28%
2012 1092.35 1070.54 21.81 2.00%
2013 1248.68 1215.45 33.23 2.66%
2014 1347.79 1379.97 -32.18 ~2.39%
2015 1536.60 1566.76 -30.16 ~1.96%
2016 1838.00 1778.83 59.17 3.22%
2017 2087.09 2019.61 67.48 3.23%
2018 2301.60 2292.97 8.63 0.37%
2019 2532.68 2603.34 ~70.66 —2.79%

3.4.2020~2027 &£ gt DA R BHATNE R 94

R ST AR AT AR I, SRR R T — g, B T A5 RS R R, BB X LT
PR B AT & B AT, SCEETIUNE 80 2020 4:~2027 £E. ML 5.
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Table 5. Forecast of total health cost and composition in Shanghai from 2020 to 2027 based on GM(1, 1) model
2 5. #F GM(L, 1)1REYHY 2020~2027 F Li5H DA 28 A RAR TN

T A B
BUF RAEXH e PAEXH NN SAEH
y — bt (% — b (% — b (% s
2020 574.07 22.05% 1495.61 57.45% 533.47 20.49% 2603.344
2021 654.39 22.14% 1694.88 57.34% 606.33 20.51% 2955.724
2022 745.95 22.23% 1920.70 57.24% 689.15 20.54% 3355.802
2023 850.31 22.32% 2176.60 57.13% 783.27 20.56% 3810.032
2024 969.28 22.41% 2466.61 57.02% 890.25 20.58% 4325.747
2025 1104.90 22.50% 2795.25 56.92% 1011.84 20.60% 4911.266
2026 1259.48 22.59% 3167.68 56.81% 1150.03 20.62% 5576.04
2027 1435.70 22.68% 3589.73 56.70% 1307.11 20.65% 6330.795

MFMEE KT, Aok Bl DA BT A5 2 BT EaSS . 25T GM(L, 1)1 2020~2027
H F i DA 2 s 2603.34 {201 K 31 6330.795 12 7T, BN T 49 2.43 1%, fEIHINE 2N 532.49
1276, WA B S5 MR BUM A 5 BRI N AR S o be /INIEFE SR T S, BUR AR SO
b A 2020 4117 22.05% /Mg 7 E] 22.68%; NN TAESZH A 2020 4R [1] 20.49%/IMig B FHF 20.65%.
M =ANMabrp e DA H R ME—— A N ERIFEAR 2020~2027 4E[A] ) 57.45% R[4 % 56.70%, {HFEEAT
A B G AR IR . BURF DAESE RIS N AR A B k2 Z IR RIS, N i e
—NECREEARE, iR E R AR ST, R TR 2 R B AR ORI KB T .
W RIEE LR, #ubE] 2020 F)K, g 60 % K UL AN 533.49 TN, (HE AT 36.1%,
WIS K246 N 364, A7 AR WIR LA KPR AN/ MR BE AR

4. T1ig
4.1, EFESEBRTN A E

BB AT R G R R AR SR R S D2 AR R iR, (H2 AR DL AR
P P BN 18] P 51 et AT T[] [4]. 1ASHT Fei ] GM(L, L)AL ey AR 2% AT F0, &
FAHLTER, H—, Kt GM(L, 1)ER)T TAUEE F KA, X 4 S0 0000 B 6 HUA A e (1 T
ROR o H TR b it 7 R 3 ) AR A 9 R BBURT A 2 RS N 2R S 0 S BB 5 TR IR Z2 5
BFF GRS LS, IR GM(L, DAL A TN MR B o H - F000 45 R 32 e 5 0 4 4
SRR ER SN, A5 5 BT A ERRAE T R AR AL R AR A T H ), R S WA R AT A
[ N 3 TSR 2 by At 4 5 1 SRR A, PR 2% 0 0 B A I, S5 0 ) 000 5 SR i 1
i, AR RAE R, SO PAEBOR RS -

4.2. BT RERERBESREHEKTSE

PR RAETF RN LGS . BEEZERAAINE], Bl g e [ S i, 2R R R
s, SO0 BT BARS A R ORI AL, By RS IR 2 AR T 2 2 e R R . L JLEE)
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HAEaTan Bl BAE R 1 5 GDP L EAEIRESE S, 2019 4 B 6.54%.
43. BB PERFEAPMAZHEERS EFHA

WIS RKF, M 2020 43 2027 4F_ Bl BAES 9 A N AR SCH S HoA /MR ETHE S, 3
2027 £, NN DAESCH HIE 20.65%. AN TAESCH & LA L0 ARV SR bR, B2 S A ARl v pL ] 40 i)
REPUER, T8 G R BT A R R R

5. i
5.1. REMABAEN, BFEMMIEXH

FE AT IEA T HESE “ MR D BRI B A DI ARTE T Dt A SRR ST [ 57 A2
BN “aRERER" KR, REVREHFETRL. E. WHRENEIF LAERAR K
JESEBLORIRANI SRR o R BUR ROE R0 BA BN | 58 3 B2 AR SO 7 308 2 Al BUR RS AN LA S 5],
PEEEUR LA ST H AL

5.2. HBRATPEIR, BRABRKRZH

FR A SCHRARIE ,  HUAR I G TR 3 A A By 7 ML 9 1A 80% LA b, EREAKH I T =il eg, Xk
JRALT “HIFT B B SEOCERASE, NAZINsRY R IR AAR, MERgoR T BA N, b
KRR, PR A S Hi[6].
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