EZFFH 2026 £ 6 HE 36 &5 6 ) New Medicine, Jun. 2026, Vol.36, No.6 657

EFRYEET DENMARKBHETEA
R 4R A A B S R R

E#®IL, FUFE, TEE, %L, FEFH, £ R

&

TRERAFANETAEFR (4 230032)

[BE)] By T8 By AN BB R, WL fh B A TR IRAS
UM ALIEXT o, BT R AL A BB AL SR G . sk T (CRBGETTHELE) 3R
1988—2022 4F 2 B8 R I7 DA A BB B0, T Holt Y | ARIMA A48 | NNAR 15
B GM (1,1) FIREALERMA R S A v e YL AR, 430 Bl 2018—2022 - 514
BI7 DAEMMI A DO, XS BRI B iR 2 (MSE) . FH4axiiR2E (MAE) FIF-34s
STEHIR2ZE (MAPE) 3TR 484N, TRk idl S8, SR 16 Hra M ALA s R
i, GM (1,1) S RENLARRBR A 1 4L AR TN R 25 /)y, HEMSE . MAE F MAPE 43
5124146 101 146, 10 587.465., 2.267, ZAGHA w4 & WIS, & mHE—a %k
AR, PR HES A A 07 A BT T RE AL AR, AR PR IR 22 FR AR UEA T BE
RIS . RO R TR 2 /N AL A AR L ORME RERL 2 L A BT 2 AR, B
ZAF RN A A TR AL

[oRHEIR] DL A SR IR OB BENLARARRRL ;44 T

[FESES]) R197322  [STEFRIREE] A

Exploring strategies for constructing optimal combined forecasting models for
health human resources based on personnel numbers in Anhui Province's
healthcare institutions

WANG Yifan, WEI Xinyu, WANG Guoying, SHEN Zhengxian, YIN Qingqing, WANG Bin

School of Public Health, Anhui Medical University, Hefei 230032, China
Corresponding author: WANG Bin, Email: phili_wc@163.com

[Abstract] Objective To construct and compare various combined forecasting models
for health human resources based on personnel number in Anhui Province's healthcare institutions,
to explore strategies for developing the optimal combined forecasting model. Methods Data on
the personnel number in healthcare institutions in Anhui Province from 1988 to 2022 was obtained
from the Anhui Statistical Yearbook. All possible combined models were constructed using the Holt
model, ARIMA model, NNAR model, GM (1,1) , and random forest model. The personnel number
in Anhui Province's healthcare institutions from 2018 to 2022 was predicted. The optimal
combined model was selected by comparing 3 error metrics of mean squared error (MSE), mean
absolute error (MAE), and mean absolute percentage error (MAPE). Results The combined
model of the GM(1,1) and random forest achieved the lowest prediction error among all combined
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models, with MSE, MAE and MAPE values were 146,101,146, 10,587.465 and 2.267, which was the optimal

combined forecasting model. Conclusion A certain number of individual models are initially selected, and all

possible combinations are generated. These combined models are then evaluated using error metrics to

effectively identify the one with the smallest prediction error. This strategy can scientifically and rationally

screen various models, ultimately yielding the optimal combined forecasting model.
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Table 1. Prediction results of each sub—model

AEfy ENINENON)

BE L)

Holt A57 ARIMA 5528 NNAR 54 GM (1, 1) BEHL AR AR
20184 426 851 423 115 423 894 421262 4551795 426 628
20194F 454 616 438 835 440 258 439 485 481 499 448 224
20204 503 226 454 555 456 622 457 808 501 521 469 913
2021 4F 519 677 470 276 472 985 472 385 532155 494 034
20224 553 360 485 996 489 349 487 667 566 985 519053
R2 FFEBETNERHEIRERBEIRE
Table 2. Absolute and relative errors of prediction results from each sub—model

PN Holt #5144 ARIMA F5%) NNAR 4! GM (1, 1) B AL AR AR Y

AxfiR2e  MXTERZE daXiiRZE O MIXTBEZE AERTIRZE O MXTIRZE AANERZE AEXTRZE AANRE AR
20184 3736.495 0.00875  2957.126 0.00693  5588.610 0.01310 28943.562  0.067 80 223239 0.000 52
20194F  15781.156  0.03470 14358253 0.03160 15131.453 0.03330 26883.397 0.05910  6392.253  0.014 10
20204F 48 670.817 0.09670 46 604.379  0.09260 45418.083 0.09030  1704.605 0.00339 33312.640  0.066 20
20214F 49401478  0.09510 46691.505 0.08980 47292.178 0.09100 12477.815 0.02400 25643.426  0.049 30
20224F  67364.139  0.12200 64010.632 0.11600 65693.295 0.11900 13625.010  0.02460 34 306.645  0.062 00
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Table 3. The prediction results, absolute error, and relative error of the combined model
P T {EL %ﬁiﬂ‘ fﬁi@‘ . TIME %ﬁﬁ ﬁX¢ . TiME ?@X\T 7‘FHS(‘T
(N) BR2E BR2E (N) BR2E BR2E (N) B2 PR2E
A_B A_C A_D
2018 4F 423524 3326.639 0.008 | 20184F 422152 4699.380 0.011 |20184F 450389 23 537.962 0.055
20194 439583  15032.877 0.033 || 20194 439173 15443.386  0.034 | 20194 474442 19 826.264 0.044
20204 455642  47584.115  0.095 | 20204F 456246  46979.772  0.093 |20204F 493753 9473.274 0.019
20214 471701  47976.353  0.092 | 2021 4F 471372 48304.886 0.093 |20214F 521919 2242377 0.004
20224 487759  65600.591 0.119 | 20224 486865 66 495.494  0.120 |20224F 553589 228.620 < 0.001
A_E B_C B_D
20184 425795  1055.894 0.002 | 20184F 422594  4257.053 0.010 |20184F 450046 23 194.599 0.054
20194F 445999  8617.460 0.019 | 20194F 439876 14 740.206 0.032 |20194F 474067 19 451.058 0.043
2020 4F 466273 36952.588 0.073 || 20204 457208 46018.361 0.091 |20204F 493 430 9796.191 0.020
20214 488403 31274.178 0.060 |20214F 472689 46988231  0.090 | 20214 521492  1814.652 0.003
2022 4 511219 42141401 0.076 || 2022 4F 488518 64 841.851 0.117 |[20224F 552994 366.046 < 0.001
B_E C_D C_E
20184F 425927 923.795  0.002 | 20184F 449 693 22842.077 0.054 | 20184F 425277  1573.671 0.004
20194 446 182 8433.533 0.019 |20194F 474076  19459.798 0.043 |20194F 446 024 8591.857 0.019
20204 466 507 36 718.635 0.073 | 20204F 493798  9428.334 0.019 |20204F 466 866 36 359.508 0.072
2021 4F 488640 31036.976  0.060 || 20214 521594  1917.062 0.004 | 20214F 488 585  31092.288 0.060
2022 4F 511442 41918263 0.076 || 2022 4F 552970 389.728  0.001 |20224F 511154 42206.477 0.076
D_E A_B.C A_B_D
20184 444 434 17 582.570 0.041 || 20184 422757 4093.971 0.010 | 20184 446 282  19430.524 0.046
20194 468 538 13921935 0.031 ||20194F 439550 15066317 0.033 | 20194F 469 143 14 526.762 0.032
20204 489209 14 016.501 0.028 | 20204F 456377 46 849.328 0.093 |20204F 487996  15229.575 0.030
20214 517306  2371.092 0.005 || 2021 4F 471933  47744.259 0.092 (20214 514333  5343.666 0.010
2022 4F 548 315 5045.226  0.009 || 20224 487728  65632.039 0.119 |20224F 543 630 9 730.159 0.018
A_B_E A_C_D A_C_E
2018 4F 425399  1451.653 0.003 | 20184F 445965 19113.542  0.045 |20184F 424869  1981.584 0.005
20194 444804 9812457 0.022 || 20194 469 132 14 516.075 0.032 | 20194 444 668  9947.774 0.022
20204F 464264 38961.694 0.077 | 20204F 488293 14 933.406 0.030 |20204F 464 545 38 681.446 0.077
20214 485194 34483.432 0.066 | 20214 514395  5282.081 0.010 | 2021 4F 485132 34545438 0.067
2022 4F 506 666 46 693.676  0.084 || 2022 4F 543575  9785.130 0.018 | 20224F 506409 46 951.263 0.085
ADE B_C_D B_C_E
20184 442133 15281.521 0.036 | 20184F 445739 18 888.292 0.044 |20184F 424994 1857.241 0.004
20194 465332 10715.965 0.024 | 20194F 468893  14277.107 0.031 |20194F 444842 9773811 0.022
2020 4F 485469 17 756.875 0.035 | 20204F 488 100 15 125.645 0.030 | 20204F 464 767 38 459.426 0.076
20214 512230  7447.263 0.014 || 2021 4F 514145  5532.308 0.011 |20214F 485387  34289.701 0.066
20224 541588 11771.547 0.021 || 20224F 543220 10139.771 0.018 |20224F 506 684 46 675.733 0.084
B_D_E C_D_E A_B_C_D
20184F 442003 15152.240 0.036 | 20184F 441749 14 898.456  0.035 | 20184F 442993 16 141.766 0.038
20194 465192 10575.722  0.024 | 20194F 465172 10556.435 0.023 |20194F 465244 10 628.198 0.023
20204F 485354 17872.416 0.036 | 20204F 485572 17654.012  0.035 | 20204F 484028 19 197.846 0.038
2021 4F 512062 7615242 0.015 | 20214 512102 7574.681 0.015 | 20214 508 819 10 857.786 0.021
20224 541338 12022224  0.022 || 20224F 541289 12070.604 0.022 | 20224F 536274 17 086.498 0.031
A B CE A_B_D_E A_CDE
20184F 424701 2150355 0.005 || 20184F 440 182 13331.483 0.031 |20184F 439949 13 097.589 0.031
20194 443905 10710.797 0.024 || 20194 462651  8035.082 0.018 | 20194 462627  8011.190 0.018
20204 463174 40052.132  0.080 | 20204F 482385 20841.191 0.041 |20204F 482575 20 651.453 0.041
2021 4 483030 36646.736 0.071 | 2021 4F 508034 11643.176 0.022 |20214F 508 060 11 616.791 0.022
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gk

P T {E %ﬁi@‘ ifﬁﬁ‘ P TIME ?ﬁﬁ Tﬁﬁ P TIME ?EX»T Tﬁxﬁ
(N) BR2E BR2E (N) B2 B2 (N) R TR

20224F 503457 49902.575 0.090 [ 20224F 536003 17356.842 0.031 | 20224 535946 17414130  0.032

B_C_D_E A_B_C_D_E

20184F 439855 13004497 0.031 || 20184F 438394 11543287 0.027

20194F 462530 7913709 0.017 | 20194F 460462 5845542 0.013

20204F: 482501 20724.807 0.041 | 20204F 480062 23 164.028 0.046

2021 4F: 507953 11723.842  0.023 | 2021 4F 504 665 15012472 0.029

2022 4F 535780 17579.936  0.032 | 20224F 531435 21925267 0.040

E: A, B, C. D, ES AR A Hole A | ARIIMA AR | NNAR AR | & & GM (1, 1) EAfeAILAMKRER, Ld, A_BKRE Holc A Fo
ARIIMA BER A 2 e A48, A e,

x4 FIETIMEEH 3THREIEIR
Table 4. Three error indicators for all predictive models

R MSE MAE MAPE
A 1922 057 592 36 990.817 7.140
B 1732 865 963 34924379 6.733
C 1775 030 961 35 824.724 6.927
D 380 937 879 16 726.879 3.579
E 597 034 781 19 975.641 3.842
A_B 1821293972 35904.115 6.926
AC 1 844 538 817 36 384.584 7.029
A_D 208 387 974 11 061.700 2.446
A_E 838 968 231 24 008.304 4.624
B_C 1753 089 037 35369.140 6.829
B_D 203 145 075 10 924.509 2415
B_E 828 134 125 23 806.240 4583
C_D 198 632 942 10 807.400 2.389
C_E 829 285 467 23 964.760 4.619
D_E 146 101 146 10 587.465 2.267
A_B_C 1 805 138 580 35 877.183 6.926
A_B_D 188 748 563 12 852.137 2712
A_B_E 997 162 338 26 280.582 5.063
A_C_D 184 539 940 12726.047 2.685
ACE 999 389 509 26 421.501 5.094
A_D_E 171 538 894 12 594.634 2.605
B_C_D 184 561 980 12792.625 2.694
B_C_E 986 502 361 26211.182 5.052
B_D_E 172 677 056 12 647.569 2,613
C_D_E 169 628 350 12 550.838 2.592
A_B_C_D 230 382 483 14 782.419 3.022
A_B_C_E 1111353743 27892519 5.378
A_B_D_E 222 693 941 14 241.555 2.882
A_CD_E 220 082 049 14 158.231 2.863
B_C_D_E 221552795 14 189.358 2.868
A_B_CD_E 282016 334 15 498.119 3.089

E: A, B, C. D, ES AR A Hole B8 | ARIIMA AR | NNAR AR | & & GM (1, 1) EAfeAILAMKRER, L b, A_BKR A Holc A Fo
ARIIMA ¥ 7 M 22 69 4R ARE R, WAk 33 ; MSE. 3772 £; MAE. B % tig £; MAPE. B34t a 2t 2
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3 it

ABFTEIET L RAE BT BANU N 5 B )
Y5, F7d Hol B/ . ARIMA A% %! | NNAR 8 |
GM (1,1) M FEALARARALAL 5 Ff 5o — F50 0 A AY
FEa T HES LA 7 A 26 P& TR A, 2
LU IR ZEFEPR L, RAHEGCM (1,1) 5kl
HLAR MR T ) 7 21 5 ARS8 Sy i DL TROAR B 2%
HAMRIF) MSE, MAE, MAPE YT HiAth #—
BT S AT, o X 2 55 ARG R 22 9 Tl A 3K
K, FEWTZASRL A TN R 22 4041 . TUNg g
=Y/

G R Th e S v N N i i o N il
B T BEAEAE I R 25 5. RAIGM (1,1) Tl
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