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Abstract

Objective: Predicting the medical and health resources in Shanghai according to the development of
medical and health human and material resources in Shanghai during the 12th Five Year Plan and
the 13th Five Year Plan, providing a reference for the formulation of medical and health policies in
Shanghai during the 14th Five Year Plan. Methods: Based on the data related to health resources
from 2010 to 2019, traditional GM(1,1), new information GM(1,1) and metabolic GM(1,1) models
were constructed to predict and analyze the allocation of health manpower and health material re-
sources in Shanghai from 2020 to 2025. Result: From 2020 to 2025, medical and health resources in
Shanghgai will generally maintain a development trend of making progress while maintaining sta-
bility. The number of licensed doctors, registered nurses and general practitioners per thousand
population will all meet the expected targets set forth in the “14th Five-Year Plan for Shanghai’s
Health Development”. Among the 10 indicators, the fastest growth rate is the number of general
practitioners per thousand population, with a growth rate of 7.12%, and the growth rate of the
number of medical institutions is the slowest, only 2.91%. Conclusion: Shanghai’s medical institu-
tions have moved from quantitative expansion to high quality development, and the attractiveness
of medical talents will be further enhanced. However, the allocation of beds in medical institutions in
various regions is unbalanced, the number of nursing services is small and the quality is low, and
there is still a gap in the training of qualified general practitioners. It is urgent to take measures. Ef-
fective measures should be taken to rationally optimize the allocation of medical and health re-
sources to meet the needs of the masses for diversified and personalized medical and health services.
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2. BESFE=E
2.1. HIRFKIR

RIS DA RIRS NET DAY SRR S ET TANTRIEFSS, HAHCER I RIET
2010~2019 4F ( LW IIFELY & (PEIBABESITFEL) , Mo ARG T O2REE, RIE
2012 LLE IR .. Sl AR EE 1.

Table 1. Allocation of medical and health resources in Shanghai from 2010 to 2019
% 1.2010~2019 F EBETDEFFRERR

B T A4 B A\ ViR
T e BTHL FAD R bk g en S DAL T
IEC e kbl AREE B b s ORI SR
e
2010 105,083 3270 4.56 169,985 51,278 55,871 - 2.23 2.43 -
2011 107,130 3358 4.56 173,980 52,067 58,892 - 2.22 2.51 -
2012 109,612 3465 4.60 182,104 54,218 63,229 5323 2.28 2.66 0.22
2013 114,314 4929 4.73 192,471 58,070 67,941 5957 2.40 2.81 0.25
2014 117,510 4987 4.84 201,829 61,328 71,939 6925 2.53 2.97 0.29
2015 122,813 5016 5.08 208,624 63,118 75,438 7352 2.61 3.12 0.30
2016 129,166 5011 5.34 217,185 65,519 79,373 7967 2.71 3.28 0.33
2017 134,607 5144 5.57 227,791 68,271 84,037 8491 2.82 3.48 0.35
2018 147,249 5298 6.08 251,358 74,948 93,478 8629 3.09 3.86 0.36
2019 154,637 5610 6.37 259,052 77,729 97,072 9924 3.20 4.00 0.41
2.2. AIRA*

IRETRMEXTE— 2 VE Bl AR S R DGR G R AT T, 17 GM(1, )& 2K L R Girp
) Z EA TR, BT e TREAZIE D . EEMATER RS, FULTERST DA
Wirizig e

AT S excel X JEEARBEAT W10 (AL B H @47 AEFR BN A 5%, $2E FIH Matlab R2017 #4)
HAEGE GM(1,1) HHE 2 GM, D)ARGHRACHE GM(1, DRERY,  EilgEEy7 A N 5 A 13 I8 10 G s
RTINS, IR PR P B IR AL AR OR 6 4 AR BRIR AR S AT T , 55 xoF TU &5 SR 2E AT 2 LY

2.2.1. EREBMERD
BIE B A WESR BN A I8 B 50— N R A A K (0 R G RL R E B, BEHOGIE VN,

RS E SRR, R IIORIRE, p(k) ==L k= 23em, Hoob p(K) €(0,0.5)

k-1

2.x(7)

i=1

o bR, Ul BB KOG BB 1]
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2.2.2. MEFER GM(1,1)ER
1) HH GM(1, 1)
X} JEUE 7 914 16 20 B8 A7 4k B A3 30 4Go 791, 10 XY = 460x"0 . Ak xR

#L{%WQJWGLMZ@@»,ﬁ¢ﬂ%@:%@m@pﬁwk4»°ﬁﬁAgoﬁﬂzwﬁﬁﬂﬁﬁ
KW IR 2 (k)+az (k) =b, RN TRt a=(B"B) B'Y, RIESHa W b, B¥a
WRIEFE b AHEM IR, HE (AR R 2 (k) = ( @y.j o P gy

a

JE WS AR B E LG A X A .

2) HifE B GM(1, 1)

W& I (] RS . RO — L3R Bl R R 3K 2 M4k R G0iE e, AR Reas 72 7 FLFH OB (5 2.
ASCBNHAE S GM(1,1)EEAL,

TEHEAT 1 R ETIN BT A S5 9 3R 5 <) (n+1) DUE, K B0 S5 (e BER 51 h, 2 St 4
{x(o)(Z),x(O) (3),-, °>(n+1)} TEREIEFF], BEEHPRARGHES GML DR, Wit ik ZARYE 1
MY RE T, B E R GML DR . #1515 GM(1, 1) 5 R85 ik G it 25 TR A3 m, —
SEPR B AR 20T RGuE BRI, AR CARE R, MHETAES GM(1, )BT R I R 4i1E H
i ARARFAE o

3) HBRARHE GM(1, 1) B R

TEJRA R I E R b, HEAT 1 ORGP Bl 5 )5 X (n+1) uF LRIEA R Y
SR X0 (1), TR T U 15 F@Jﬁ%ﬁéﬂzﬁ%%{w(2),x<°>(3),.. (n+1)} 1B T 5,
E’Eﬁtﬂ%f}%ﬁt%%%mﬁi GM(1, )Y, Gkt J 52, 386 8 400 B 21 58 s 5 A%, BEETRARE GM(1,1)
B, WA RARTMME, SRAERM KL, Skt amH adE, FH RS GM(1,1)
B LE B 2 GM(I,D%I‘?EGE\E’JHHT, RE S BT BT BE S R 4t H ATRHER 25 8, $ v T A
HEE.

TR EREL RE T, IR TR T, JCHIETE (= n B IOREEE, AWFFOR LiETH 2010~2016 41
AR RTIIZRA, K 2017~2019 FHIFARIENTNRIEH . Al @A SR GM(1,1). #ifE &
GM(1, )BERSFIHT BRAR GM(1, DB I ZREFEAT T (2] T =ANBIRY (¥ 1% 2275 1 SSE, 5k 7
/N RS AT T

2.2.3. ERRIS

O (1) + 29 (k
1ﬁﬁ%§=é4@Jx()x(ﬂ

x100% . TR B % 5 =13 [a (0] - %K
n

%9 (k)
(k) ‘ ‘ 1-05a 1 n(k)
= .4 T LA 2 D
o@)x@“_n g ot 2 RIS i (k) =1 03ao@)| 2o
3 R
RERBRFESHR

3.0.1. EEBAENKRIER
ETTEEIT DAE N R SY 1 R IRS PRI R UG A e N T 0.5 B S ERE R 70%, BT TR
FRERZ=HIPEANIAN, ek BN T 0.5 (5 EEA 100%, BTG Febrdlimid 7 dEFs BORER IR LS, W4 2.
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Table 2. The smoothness of the original sequence of each indicator of medical and health resource allocation in Shanghai

=2 BEmEFIERRERE & ERRIAFIIRCRE

RO BTPHL TAR AN ol Bl &R TARSR TARE TAHRAS

O Tw mm RO AREM BT P B DB IR RN
2011 1.02 1.03 1.00 1.02 1.15 1.05 - 0.99 1.03 -
2012 0.52 0.52 0.50 0.53 0.61 0.55 - 0.51 0.54 -
2013 0.36 0.49 0.34 0.37 0.43 0.38 1.12 0.36 0.37 1.12
2014 0.27 0.33 0.26 0.28 0.33 0.29 0.61 0.28 0.28 0.61
2015 0.22 0.25 0.22 0.23 0.27 0.24 0.40 0.22 0.23 0.25
2016 0.19 0.20 0.19 0.19 0.23 0.20 0.31 0.19 0.20 0.22
2017 0.17 0.17 0.17 0.17 0.21 0.18 0.25 0.17 0.18 0.16
2018 0.16 0.15 0.15 0.16 0.20 0.17 0.21 0.16 0.17 0.14
2019 0.14 0.14 0.14 0.14 0.18 0.15 0.20 0.14 0.15 0.13
%ﬁét 0.78 0.78 0.78 0.78 0.78 0.78 0.71 0.78 0.78 0.71

3.1.2. = GM,DERNGE R

PABNE POERIT. ML T ADEMR SERHES GMO, DB R 27 A, 4
BHEAE. FADEMN, RAEL T ANCURME. BT HUA S FDERAR T GM(1, BERL 135 221 75 Fl fi
Ny BAREER L 3.

Table 3. The sum of the error squares of different models for the prediction of medical and health resources in Shanghai

3. NEMREY B HETT DA SFIRTNEIRE T 7

T FE bR e i Btk
48 GM(1,1)  #if5 5 GM(1,1)  BiFRARH GM(1,1)

PA AR 258247649.34  260357156.33 306637833.39 F£48 GM(1,1)IE 8

Pl [ )T 9013734.38 9136425.88 12620346.62 R4 GM(1,1)H 7

PG/ E/aln 16299398.21 16623777.95 24305879.65 1£48 GM(1,1)# 2
E%Jgﬁ RHEA 1451782.90 1413619.78 916507.75 B GM(1, DER
o R NEE N 0.0328 0.0331 0.0325 SERREACIE GM(1, 1)

N P 0.0611 0.0619 0.0678 45 GM(1,1) B
T AOAREA 0.0013 0.0013 0.0008 B GM(1, 1)
PRAEEL 2160743228 216970083.8 186566918.3 AR GM(1, 1)
Eggﬁ EITHLAL 2904798.32 2897045.32 1625551.31 BRRARHE GM(1, )BT
T N A # 0.5658 0.5671 0.4362 HBRACHT GM(1, 1) %Y

3.1.3. ERRIS
SRR R ZE TR 25N T 0.2, AT BAIA K GM(L, )BT 5 R B R A A3 T —ESR

DOI: 10.12677/aam.2022.118543 5187 IR Esid


https://doi.org/10.12677/aam.2022.118543

SIS IR ZE | PR 22/ T 0.1, TR BLIA Y GM(1, RS R it i 40L& RCR AR 47 [3]. 240,
JEHStE B P ROR S, R af R WL 4.

Table 4. Relative residuals, stage ratio deviation, development coefficient and grey action of the prediction model

4. TUNRRIE TR E . RELRE. KRARLKEERE

RMIE LA feit ALY FHRENRE PR tRE O RKERH KOEHE
AN S 1£48 GM(1,1) 0.013 0.015 0.050 159680.89
Pl =i &4 GM(1,1) 0.012 0.018 0.050 48115.15
M 1£48 GM(1,1) 0.011 0.015 0.062 53920.71
%%g SRR HBRACH GM(1,1) 0.027 0.038 0.073 8013.77
T ANRHOLERNT B GM(,1) 0.012 0.019 0.049 2.54
T ANREMN L &4 GM(1,1) 0.011 0.014 0.059 2.27
T ANE2EREA BB GM(1,1) 0.022 0.043 0.073 0.33
IR E HRACH GM(1,1) 0.018 0.015 0.052 120355.00
%;ﬁ By T ALk WRAHE GM(1,1) 0.078 0.054 0.039 4708.12
FAORBE  HBRARH GM(1,1) 0.022 0.019 0.005 4.99

3.2. EFT DA SRR ETR ST

| 2025 4 iR T BAE NI SR 5P 1 BHIR K A DR AR 2 UGBS (LK 5). Hr <03
AR BT AR AN BRI KB B R, BN RS POl T A DOk RN AR
TR RIGIER] 5% LA L, 7 BHRARFE R RIL R 5.73%; Boy7 DAY AIRIRIT I, BT pLi
IROLECHK I 50K, BKRIE R 5.07%; 10 BiFRbr h 8 A2 T A D R AER, KRN 7.12%,
i L T ]

BEIT WU BON I o 218, N 2.91%. X EE “+ =0 HiME).

“=17 HirE).

FARPR KA B SRR, Redt— D U] BB AR BRI R a3 S HLAE AR 1 il L

Table 5. Projected value of medical and health resources allocation in Shanghai from 2020 to 2025
% 5.2020~2025 F EigmETT DE SRECE R TUNE

T DA R =7 AN W R
B BTHL FAD BRME pE wmp ee [T T T
T o kR AREE W o gy GRS IRME SRR
i 1% HHL
2020 159,100 6063 6.51 270,983 81,259 103,300 10,498  3.32 423 0.43
2021 167,960 6224 6.88 284,929 85,401 109,894 11,176  3.49 4.49 0.46
2022 177,189 6258 7.26 299,592 89,755 116,908 12,009  3.66 476 0.50
2023 187,102 6526 7.65 315,010 94,330 124,371 12,894  3.85 5.05 0.53
2024 197,169 6819 8.05 331,222 99,138 132,309 13,886  4.05 5.36 0.57
2025 207,542 7122 8.46 348268 104,192 140,755 14,966  4.26 5.69 0.62
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3.2.1. BT REMNER

Mg R TR, 2025 F LT BT HAECKE K 2 7122 4, FIKEA 2.89%, MET “+ 4"
A, “F =R BIRGAE 9.87%. 4.20% 35 AH Lk, HAE B REE BT s, (HIERIRsR. “+
TR A g ER T P A AU AR A K SR R SO DA OG, 2009 SRR A (R 2 P AR AR SO I
ST 22(2009~2011)) o Bf7E =4 P 52 5 2400 Frg ikt X BA RS o 5 1.1 Jikt X BAE IR SS ik
(BT 5 B ER, R St S ISR A S DA RS [4], MHAEY 9.87% 134 vT LU H -
TTBURFA I N, 7 B R BCR R, s TR ZET i mE . “+=H” . “F=R" . “TNR”
RO ECAE IR K EN 2.93% 4.63% 4.71%, AT “+=F7 MEEKEE FTFHT 1.78%; FAN
RO B E KR 58 2.28% 4.39%. 4.59%, HLEBHEEMKIEA . SAmE, EFEFA
A S v (R RIS ) B S  F, BT AR R R R R R B R R AR, (HEES L
WA RSN, ZEANDCEARRIER, HulMig s 5 A 055820 BrBBOn Sk 1) TAE 7 SRk
SRR ET TARBERESRENX Z 252 0ib. MELIRS T RITIE

3.22. BITREANHER

BB AN GLEEUE IO T R PR A P gE, BRIEBON IR PolkBERAE . v
MR =R TR BRE K E SN 4.24%. 4.80%. 4.40%55 5.62%. 6.03%.
5.62%, %  “T=H7 AETATHEANA KRR Frigt DA NA IR MBEE IR, WIUYE “+ =
F.7 B EL/NE B, FEBOR RO FIMIRAE DY R JARDRSE, KIBREIERT ST A0 3.6
AP EEIT . T AN 4.7 Ard e L R AR AR« =7 B Bl 2 RHE A B E K EN 6.35%,
FE R T A $R bR kiR i bR, ISR AR 2 SRR W A E R B BOR S 5t R (5], “ T4 JHE E
AR AR T N B R AR BN G b 3 — 2 Ik, 1531 6.78%. 6.81%, I AT 5E T A 11 0.45
ANHRIH bR, X “+ =7 “H=T0" MiE 7 BHEAR KR JATAT UKL, Aok BilgEyT AN
RS RO, JFEME R REEST TAEANA AL 53R BUBURVE L, BT TAEA
77 R A A A ) v B P R R

4. WS
41, EFMHEANEASRELR, RaEFIEETSE

“APY 7 IE)_Eie AR ) BHIR R AR R T AR R eSS, e i BT MUR R I T R RO
B, DUEE] 2.89%, FEHIER: —J5i, bR#gE “+ 237 . =37 WiEnRt R ES T RANY
I 55 RE S v, BT, DO T ORHLIAE X AR RS L M PAE, HAT#REAX PARS HO. #
PAFCREINEANE N, 5H—H, BEANERE EGRERRIERE, DERETAENE
bR, FESEELERST SR TE 20 AT (SR L SeAT YA, IR skt — DR . SR, BRITHUA PR £L
FERBE—2E MR, #2020 4F_RHFESTHUET N DR ECRGE (R iy A RO R “ D0 1 #D
P BT NS 7.5 IRGLEU TN ML R, BAT S RAESS, R 2 2025 48 R BT MU R A Beks
ETHE) 207,542 5K, e R R Ry DU BR T AR BHURAC B SR AR (HER B =0 .
“CAPYFL I N D RO EOIRI B AR [R5 7.5 9%), T H AT BT LR I R 28 RT BEATS E
A B H 2 G PR B R 5% 7 oK, et 1T e 1 X JR) B9 70 B A AN S M S DD ARG o 3t 2019 4F BT &%
AR NARMECRE , WAGHT X T 3 E X PNTIXET AN DR E /N T 3.7, 18 X T
N EURALE A 20.82, S IIRATLIX Y 6.85 %, 16 A EEE X A US X m T 243 i1l 6.23 5KIRALAF
P, TR BT AR BRI X (] APV AEAE R Gk, R B AR L, X BRIREZ, Hh T
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KB PAE BRI B AR g5, H S ENEEI T B6]. B BOE R BT HUAAIE LR AR
re R R S T [ BRAG R T IR S AR R AONLIE, RFETTS . X B Xt 1 54k, etk BRyT 55 RE T4 Tt
F A EEBESAERORHEN « BRI NGl SURCE IS TT I SLAT R B B SR A |, “—
Be 2 X7 BBOR i AU B T UTE] “ TR Sl SEBISEREIX, SEBLBST RAEBHEIY R, [
W, BUMMARFEAE “EN DA B4 7 AR, B PAREAR, X R E7]; 8
DX BRI MU LS5 SN A AL ¥, D PR 508 2 At v 5

4.2. EfFLL R RESHELYT, FERSBRESRENFEERE

2010 & 2019 4 ROV EEIMAE M L8 TP K S, ERERMYHN T, R
2020 FHIE L ATIA R 1:1.27, 18 B4 B P97 AR AR 55 1k R AR A9 22(2015~2020) ) B4 H R T 1:1.25
MESR, “HIHE” KEPEE—SY KA 1:1.35, H5 WHO HEERES L RAARAE 1.2 A7 —E M
ZR, BFRETRIEER 1:3~1:6 KITFHKF[7]. BAKRE, “+2H” . “+=H7 . “+UHE” ¥
(A P L B 23 & T HOEE T, X R ARSR EE 47 EL B B I S0 K A A2 . ENK RS,
N OGRS 2T R R Re 2 AR, @R ST, 2 ANIGERW, KERIRLHAH
S o) BB A ANATIR BT DA R SR N 2 oK, JCH R HRS, Mok B B S R
KB JE R SE o o B Al i B2 e S BRI MU AF AR B = 97 LS E A R PRI, —J7 B3 B
PRAP e g T IRAAE 2. IR S HEK . AR ES B TAE ol 4 N3 IR sebr, 5 797
AT HE R T, T AR S S R SRS b R ORI T RN A R ) 0] 8]
F—J, 2 CREAL NP R g AR, it = RIERIE B ZEITI, PLERER
Frid . BRBRVPE S5 7 3 5 BEAEAAAE — € 200, BRARERMEIRG] Jy. tbsh, BAR Bilg DAAT LA 3 3
N ZIRAE B AR B8, H R LT Sl m ey, shbmde, g B L5515 5 M
LR ITCVER 5L, RS T R R S RS R RE (9] X G, B R ERIT AL AE S A sk
B NEHEAN RERS RS, RERERCENZERESZMEHFEANS, e EA
JIBRIRBIRI 2% . BUR RAEBRYT PAE BRI B b SRR 2 ) L, R N D S EEE, R EE
EERIBY B R R R, 58 40 BN SUHRALE THLA, i 55 47 BN 53 AT 58 0 AH DL B 10 B 305 b
S U AL Y AN S AR AR TR, S SR IARE R NS, B A B R
MAR R EMZEE, it HEORA NESEHE R HIR R, [R5 22 U230 i R SO B B A7
MBI R R

43. IFIERENEEARFERD, TIHIRERFHRES

H 2011 FESFERAN OT @ AREA R R ZEL) K, 2012 £ 2019 FHE & E 1TED
TP AR R AR BT, M N A RHE 5 T N B80S B R A 5 IS AR 5 AN E K Bk,
FHAECT 4 E AR R A R IR DL, AECHATA], i AR AR S B LRSS 7.12% 38 3 s R (LK 6),
HoEN AR RSB 2R A NBOZ TS, | 3324 A B#KE 8533 A, HE[ERIEAERIE
AR N B EHHP IR AR B A, M 2012 4 1999 AHK % 2017 4F 2732 N\, BEJEHEHBL R,
2019 FiEd ARHEAF M AZLCH 1391 N, B FRSEMASRE S NSRRI A K. HIhx
RIS AT RE LS 2018 A FHETTRAN (O T AT BUE 78 35 R AL 55 77 540 FTURI LI St W) AH R,
HARH BB 2R R E T AEBE R ITEEI N 2, A& R 2R R IR . AR X Ze e, BB AR A
B SIS BB 10], BRI GRS 15T B B i R i 2 0 E Ry 7 R RHE AR I I XA
FEENA SRS NERD: 53— Bl TR T Bk X AR SS s, HHERE SR DR AE R A IR 55 AR,
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Table 6. General practitioner training in Shanghai in 2019

6. L2019 F2REEZIINER

) RHEA R FEM N SRR Bl A g BRI S HAE S AT 0L
D NHu(#) NEu(#) NE(#) it (%)
2012 5323 3324 1999 37.55%
2013 5957 4008 1949 32.72%
2014 6925 5040 1885 27.22%
2015 7352 5071 2281 31.03%
2016 7967 5761 2206 27.69%
2017 8491 5759 2732 32.18%
2018 8629 7106 1523 17.65%
2019 9924 8533 1391 14.02%

BEIN T e RHEAR ENT R, WS T 2 i a H I A AR A I AR EEAE B, IR e 4
FHE 2 BV NBE T . XSS ER A th O o R UM AL I R R AR B 4%, AT 1 ik i TE
i RENENFER, SHAAEGHKIET R EREAR KEANSGEE TR, S0l g L Rnse
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