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Abstract

Since 2020, China has experienced multiple domestic outbreaks of COVID-19, which have posed
repeated challenges to the country’s public health system and its emergency management capaci-
ty. Therefore, it is crucial to understand the construction level of a local public health system and
predict its future development momentum for the current construction of a regular epidemic
prevention and control system. In this paper, Hubei Province, which started the first battle for the
prevention and control of COVID-19 in China, was selected as the research object. Based on the
statistical yearbook from 2011 to 2020 released by Hubei Provincial Bureau of Statistics, the
number of health workers in Hubei Province was counted, and the data for the next five years
were predicted by using three methods of (GM(1,1)) grey prediction model. To get the next few
years of Hubei Province health personnel team construction trend. According to the forecast re-
sults, in the next five years, the health workforce in Hubei Province will continue to grow and the
proportion of licensed physicians will be higher and higher. Based on these results, five sugges-
tions are put forward, such as improving the security mechanism of public health personnel and
strengthening the training of public health personnel.
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M fi 3 T B [ R 156 9 4 S B2 ISR, R A 3 DA A S e s 3k PAE R R IR A Rk
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—NH T AR AN RS R B ARG, BOl(BVER)ERIT, OB, Mt Zme
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Table 1. Number of persons engaged in health care institutions in Hubei Province (Unit: 10,000 persons)

=L OBIEEDENMARB(RE: AAN)

2011  36.52 26.81 10.21 8.53 10.21 1.77 4.41 1.66
2012 38.64 28.87 10.91 9.01 1157 1.74 4.30 1.89
2013 4112 30.93 11.72 9.65 12.79 177 4.29 1.90
2014 43.82 33.55 12.61 10.39 14.40 1.78 4.22 2.17
2015 4755 36.76 13.60 11.22 16.51 1.82 4.09 2.32
2016  49.54 38.54 14.24 11.74 17.52 1.85 4.04 2.42
2017 51.04 39.97 14.76 12.23 18.43 1.87 3.96 2.50
2018 52.18 41.08 15.19 12.66 19.08 1.87 3.74 2.57
2019 52.98 41.95 15.50 12.97 19.59 1.87 3.45 2.62
2020 53.87 42.90 16.00 13.44 20.00 1.87 3.27 277

Bk Wb B SR

3. TR s+ BAEM
3.1 HERR KR

MRAEWI AL GEvt 5 P s A SF S 8, B R AT DU — S L 2011~2020 (I TRL R 51 i

X% = (O (1), X0 (2),+-, X (n)) R BADNOH SR, A B R (3B 0 K1

9 = (X<1> (1),x (2), -, xY (n)) . B X 5 1-AGO 751

X0 (m) =3 X0 (i), m=1,2,---.n (3.1)
i=1
4 2 %) XY (1 SEAR I A R, R
2 =(29(2),29(3),, 2% (n) (3.2)
Mo
2% (m)=ax" (m)+(1-0)x" (m-1),m=2,3,-,n Ha =05 (3.3)
M3 2] GM(1,1) ) 2 AR A5 Y
x% (k)+az" (k) =b (3.4)
Horb b FoR KA, —a R KR AE KRR RS 115
@) L) 1]
x(3) (3 1
u=(ab)", Y=[x9(4)|, B= —2¥(4) 1 (3.5)
x° (n) —2Y(n) 1]
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M43 GM DB AZ N Y = Bu, #FI B/ —aRiE1G 2] a, b KMIZHUE

~ a _(rTR\ ' RT
u_[t;]_(s B) B'Y (3.6)

RIS, AR T B Stk — M HEFR SO IR X, @R R 2 DA D). K 2
B 20 ¢ KJa AT

29 =(2(2),2 (3).-,2 (n)) 3.7
TR IS 7 51 ) 5 L2 b
z(°)(k)
o(k)= k=23, 3.8

i vk,o(k)e[ab], EXMKEo=b-a<05, MFRM c KEIFAIEA R, FAA
SCo SR TR OB R 5 00, S A B K I, B8 O(K) SHaE T 0, BLIEE 2 LA
HEMOME, DRI 0(K) € (0,05) EI AT, BILFATAT LUK SN NG, BT 05 Hu%E
{5 H— KT 60%LA S £ ATTIAN I5h, e N T 0.5 MM d HoK T 90%.

3.2. AT
i GM(L, )R RS HEAT T I, BATTE oA 36 R FU 235 Oxt S Hictle A IR AR L, 70 Jnll il i e 2=
A6 A2 EE i 72 6 56 P T VoK AT

3.2.1. FELREKRE
i X (k ~1) #1 x0 (k) vH o AR B 2 L

X(O)(k)
o(K)=——_ k=23, 3.9
() X(O)(k—l) n ( )
FHAR AR TR0 e 1 A e R E B 2 L 22
1-058 1| _ &
U(k)=‘1—mm7 7 —én(k)/(n—l) (3.10)

M7 <021, FTIHZAETIS JEEIEOR S A2 —BER, Ji7 <018, WA PLAAIZ TR T
Xof TR S (30 R R AR AN
3.2.2. REKRIE

Bk ZEAG I P 235 SR A el T R AR e p Bk 2, AT B 25 DA ST B A R B 25 A ko

HxtHk 22 -
e(k)=x"(k)-%(k), k=2,3,,n (3.11)
FAR R -
X (1) = (k)
g, (k) = ——————x100%, k = 2,3,--,n (3.12)
X(O)(k)
TR B -
— n <
g _mé & (k)| (3.13)
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Figure 1. The total number of personnel in health institutions in Hubei Prov-

ince from 2011 to 2020
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Figure 2. Smoothness of raw data (Total health institutions population)
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Fidb4E 2011~2020 4F AR S NE (5 1) %R 5 N MATLAB F0 Fo T EFR SO R 38, 45
Rl 2 o, HoW /AN T 05 FIEUER 74, HELSEN 77.7%, JEELER LRTPIIEGE 2 5, HA
P e /T 0.5 ¥ 47 BTk F) 100%, REWSIE I HEFE BONEART R, I nT LA AT T — 25 1.

DA A S A RO T 4, B DABRATT AT DK St 28 20 MU ZR B AR 4, e 2 i

Table 2. Data grouping of experimental group and training group (Total number of health institutions)

2. LWESNGERESBER(EENBSAL)

SN YIkd
36.52 47.55 52.18
38.64 49.54 52.98
41.12 51.04 53.87

43.82

N ORAETII 45 3R 22 REAS B i ME,  BATER 2 BIAES GM(L,1), #i{EE GM(L,1), HrFaitis
GM(1,1) = t PRI R SRAR e BT 7 0S50 A B W S 3 ST SRl I ih 3 =R o0 T SR 41
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Figure 3. Experimental group prediction data of three prediction methods (total population
in health institutions)

Bl 3. =N AR SR UM BIR (R E A2 AL)

S EAF H A R WA 3 Frs, M4 GM(L,1)5% 126 41 Yot 1) i 22 7 77 Fi Ay 95.6037, 15 & GM(1,1)
X T 4 TR Fr i3 22 ~F 75 R 95.0272,  BTBRARIT GM(L, L)% T8 41 Tl 1 i 22 ~F 75 fil Ay 83.104,
JUHTBRARU GM(L, L)Y ()5 25~ J7 Al ey, BT AFRATT R B 34T T~ — B i i, Toii & 2R WL 4
PAK 3,
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Figure 4. Forecast results of total number of personnel in health institutions in Hubei

Province in 2021~2025

4.2021~2025 £EHdLE DEHNMA R B HFUNEER

Table 3. Prediction results of total number of health institutions in Hubei Province
3. HAtADENMREABTUNER

WAL TAENUR R B 45 5

FAy 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
LA R 36.52  40.627 42272 43984 45765 47177 49455 51552 53.639 55.811
Ay 2021 2022 2023 2024 2025
WM HE  58.017 59.826 61491  63.154  65.223
TR = 0.027702 Tt 2 = 0.020073
0.06
1
0.04 —— i
\'\ > 1
0.02 \ / ]
0 e - 1 1 1 1 1
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Figure 5. Relative residuals and grade ratio deviations of predicted
results (Total population in health facilities)
5. FUNLZRWAENZRESRILRE(CENBRAR)
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il 5 BN, SERIAXT R ZE 8 0.027702 < 0.1, “FIZ ek 2~ 0.020073 < 0.1, PTG IR, 152 B
EFEARHT GM(L, 1) RS 06 R B 4 & AL BT AR ANl
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Figure 6. Total number of medical practitioners in health institutions of Hu-
bei Province from 2011 to 2020
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Figure 7. Smoothness of raw data (Number of medical practitioners)

7. RIGEIRANSEIE B (HLEITAR)

SR 6 LK 7 Frow, HOGIE/NT 0.5 BIBUHEA 74, S ELEEU 77.7%, I BAERR AT HIEdE
ZJa, HEHECELL/NT 0.5 4 LEAEF] 100%, AEMEEI MR BOMEAGES, JF T DO b7~ — 5 il
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Figure 8. Experimental group prediction data of three prediction methods (Total

number of practicing physicians)
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Figure 9. Prediction results of the number of practicing physicians in health institu-
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Table 4. Prediction results of the number of practicing physicians in health institutions of Hubei Province in 2021~2025
F= 4. 2021~2025 it & A HAGHL EIH A BTUNILE R

WAL AU RO B T B &5

Ay 2011 2012 2013 2014 2015 2016 2017 2019 2020
ERer i 8.53 9.427  9.885 10.365 10.868 11.395 11.949 12528 13.136 13.774
R 2021 2022 2023 2024 2025
TRLE R 14442 15016 15587  16.189  16.879

TR Z = 0.022774

FH R ZE = 0.015599
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Figure 10. Relative residual and grade ratio deviation of predicted results
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10. ML RBIENZRESRLRERULET2AL)

Wi 10 Fios, SFEIAER R ZE N 0.022774 < 0.1, FRZERI6 45 B % B A 6 R B S FE AR
WAV . T LW %N 0.015599 < 0.1, 2 L 2 45 56 1) 25 SR 3% B ZAR T 5o Jd B0 PO 400 & FE B B A4

5. MMERSHh

AR 2 AL OO T A5 5 SR (141 9 L2 4), B AR IL AR B T A B B LU R B3R, S5 5R 046 5 s

Table 5. Forecast table of total number of health institutions and number of medical practitioners in Hubei Province (Unit:

10,000 persons)

%= 5. HItADENMBABURRIEIMABTUNFREL: AA)
Ay MRSV APS PN ok BN\ % POl IT & B
2021 58.0712 14.4423 24.87%
2022 59.8263 15.0163 25.10%
2023 61.4907 15.5867 25.35&
2024 63.1536 16.1886 25.63%
2025 65.2232 16.897 25.91%
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5.1. MtEDENMA ZMRE RIS AREFEKSE X

Rt R, WHbE 1 AN G BMA B R AKCF IEERDIRTE . Bk 2020 K, £HESH PAN
Ky TAERI NBCH 53.87 Ji N, 5 10 4ERTIGK T3 50%. TGS kA, fEARRTAEN, WAbEm A
MUK N D B 4k SR AR 7 2 i )k 34, TRTTKs A 2020 £E4E 5K 1) 53.87 J5 NI &2 2025 4E 45K 1] 65.22
TN 2020 e il 5 B WAL R A, AR ASE P A N RTEM 2 BT R Bk, MHRAA
BRI R AN . Xt S8 T WAL TE 2021 AR AL TUAE SCH TRET L 2020 45748 T KIEIIG K,
FH I G AR AT DATRUL, AR TLAEA IR A 3k TAE A BT I RS R 38 5 B S AR F 45

5.2. #tE DENMA ST T WKFRFE—BRA

PRV R T (R HASE 7 A 2 R IR SRS, HL2R b8 DU BRT A 55 /KT AR oAt T AR 4
TARE 2, Hik, HECR &R — @R BT DR B2y BB b A Ko FE 2850 4
b, BRSO EE T AN 8.53 5 NI A 13.44 TN, HICFIRE, ROl B ITTE 448 TAENUR A HL
(& BRI T i, T2 2025 4R, WAL A PRIk BRI BE B AN 4 3k AR BT o BORER £ 25.91%.
TR R T ALE 2~ 3k A AN RS H B RFER AL LU Tk AT AT i, R A A 4 A%
PR R R R R

6. HIRS5EIW
6.1 BERFMNALDERIHIBRSHANE, TEAHLDE NGRS

AL AT TR R AL U s A ik, Bk, D ATORBRE AL TUAE MO A R & BRI a5 1k, BAsk
BUAT T A DA TS, dB s m s, HEsh A RAEN REIBRMSLIE S E.
RO T A LAEREENE MR, BB T A DA NG 2N, —RIED 5
FEURR T AL DA B RN IR, TCHGR N AL P A N e L T S 5cHF, IR ORUE SN 240
B =RALPANG THEMAMRT ZHHA 55 5P THKT, T RERAA B 2% 25k
Bt [7]— HRAR Bl B A BN K, T ZE N SAT — N8, RIS SeAt SR RppRAENG . RHTE
LI ANNF LI IBIN

6.2. MAAFIEFNE

NI TPAEZFERAINA TN EZE RS HnsAes A A SRRSO FG R 2RE, UK
Bofe, WiAbrPBR 2, WIHBEE B A2 R B i B, R RIS, A ERAS SR
AT, NARIRFEE RS RIR, ARSI A S T NA MR . SUkER, BT B AR
X RAAFE DB SRR RE AN S RE T IR o B T 7 BT I RIRAE, B IR 5 SR 5 5K
N5 S 2 (B IR R . 2R A S AN UG Rk BEBE SRS B RLE,  BEAT Tk AR
ALK, P RFFEEM . RGNH AR FELS . BEARSH B BE[3]. MM A
WAL AN ARG T IUIR, B 7 MWECE AT AN SR BLAh, tBRAZAE AN A R R BN DAKN e . S
PR BOL R BRI A S DA [4], 5O e S e A AR SR B A, I IZ
AL BAR R LA A 55 2 RN B TR A .

6.3. MIREEBESUREENEMER AR OEER

FEX LW AE 2 BB R Al R G B DR, A ERFF A mE B, ARE EREA, KRS EE
T, $TRR T BARBUR EECNE I — 3R] o B HT80a Il 2800 3 A I R 2R 1, AR ARV R
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AT T A 3 49 LA R A A8 510 - FOR AR AR o T — URBENG I B8 A AN DU S B A 3L AR
VAR R — KGR, R BT BN 3 B B AR — Bkl FEREITAI A, 5 28 v 2R v 7 e 1
BEAT — RIPUE T3, FHMEP NSO E RS, P sttt DAERRMIERIZT. Fit, Eit
AT BB PR R, R BRI B AN D B RREAT 51 3o AEORBE RS B 12 7 FEANER R IR I
T, AELHAREANEE A G AR, SR RERE G PR B e 1 703 K S B 3k BA BB SR RIS DL .

6.4. IRAKDE TS HERER

FERKASEPARMET, BT aE —REF AR, KERNBIFAPRA R, AU
WA T ANXEIR S A G SEEEHMS SR TR, KiE TERMEM. B2, AL
M B, IR AR B I R AU, 38T T BESs fh N OR XU o AT, MR Hn i 28 3% LA B
FIEE, — XS P BER T ] Fb SR AN E A Al g N R T LW . RGEVERER I, 2SR
H AHUAREEEA N GOEATASE W BT EAME =2 “ 3 5mE" APP 28T M
WA

S E WK
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