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Four time series prediction models for incidence prediction of hand, foot
and mouth disease: a comparative study

LIU Chao, MENG Yuan-yuan, ZHANG Qing-wen (Department of Statistics, College of Economics, Hebei University,
Baoding, Hebei Province 071000, China)

[ Abstract] Objective To compare the performance of seasonal autoregressive integrated moving average (SARIMA)
model, Winter linear and seasonal exponential smoothing model, Census X12 seasonal decomposition model, and linear
combination prediction model in incidence prediction of hand, foot and mouth disease (HFMD) for facilitating incidence
prediction of the disease. Methods Data on reported monthly HFMD incidence from January 2008 through December 2019
were collected from the dataset published by China Center for Disease Control and Prevention and those on annual
population during the same period were collected from China Statistical Yearbook 2020 for calculating the monthly incidence
of HEMD in China in the period; then monthly incidence of HFMD in China from January 2008 to December 2018 was used
as sample modeling data to construct SARIMA model, Winter linear and seasonal exponential smoothing model, Census X12
seasonal decomposition model and linear combination prediction model; finally the monthly incidence of HFMD in China
from January through December 2019 was used as the out-of-sample evaluation prediction data to evaluate prediction
efficacy of the four models. Results The mean absolute deviation (MAD), mean square error (MSE), mean absolute
percentage error (MAPE) were 10.311, 30.757, 1.725% for SARIMA model, 14.433, 112.847, 2.415% for Winter linear and
seasonal exponential smoothing model, 8.424, 12.007, 1.409% for Census X12 seasonal decomposition model, and 9.334,
18.847, 1.562% for linear combination prediction model, respectively. The optimum model established was Census X12
seasonal decomposition model, followed by linear combination prediction model, SARIMA model, and Winter linear and
seasonal exponential smoothing model. Conclusion The established Census X12 seasonal decomposition model could well
predict the incidence of HFMD in China and the utilization of the model could facilitate developing strategies on HFMD
prevention and control.

[ Key words ] hand, foot and mouth disease; incidence prediction; seasonal autoregressive integrated moving average
model; Winter linear and seasonal exponential smoothing model; Census X12 seasonal decomposition model; linear
combination prediction model; comparison
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1 0. 424 0. 424 24. 14 <0. 001

2 - 0. 169 - 0. 426 28.01 <0. 001

3 - 0.441 - 0.235 54. 47 <0. 001

4 - 0.305 - 0.048 67. 20 <0. 001

5 - 0.043 - 0.061 67. 46 <0. 001

B 0.072 - 0.127 68. 17 <0. 001

T - 0.028 - 0.203 68. 28 <0. 001

8 - 0.249 - 0.345 77.09 <0. 001

9 - 0.343 - 0.401 93.93 <0. 001

10 -0.112 - 0.300 95.75 <0. 001

11 0. 364 114. 940 114.94 <0. 001

12 0.601 0. 052 167. 74 <0. 001

13 0. 369 - 0.030 187.85 <0. 001

14 - 0.055 - 0.023 188. 30 <0. 001

15 - 0.322 - 0.063 203. 84 <0. 001

16 - 0.233 0.035 212.07 <0. 001

17 - 0.016 0.034 212.11 <0. 001

18 0.078 0.015 213.06 <0. 001

19 - 0.020 0.042 213.12 <0. 001

20 - 0.269 - 0.110 224.51 <0. 001

21 - 0.420 - 0.295 252.39 <0. 001

22 - 0.176 -0.249 257.32 <0. 001

23 0.338 - 0.086 275.71 <0. 001

24 0.677 350. 240 350. 24 <0. 001

25 0.470 0. 061 386. 61 <0. 001

26 - 0.038 - 0.030 0. 06 <0. 001

27 - 0.3714 410. 270 410. 27 <0. 001

28 - 0.241 0.098 420.09 <0. 001

29 - 0.002 0.043 420.09 <0. 001

30 0. 061 - 0.087 420.72 <0. 001

31 - 0.031 0.028 420.89 <0. 001

32 - 0.216 0.111 429.13 <0. 001

33 - 0.216 0.111 429.13 <0. 001

34 - 0.112 0. 163 447.53 <0. 001

35 0.233 0. 027 457. 36 <0. 001

36 0.479 0. 044 499.41 <0. 001

B 2 E TR A R T 8 — B 25 43 IS 0 E AR G
F 1 HFEBRSEMATTE Gt REE R

Y AR(1) AR(2) MA(1) MA(2) SAR(12) SMA(12)
(1,1, Dx(1,1, 1)}, -0.981 1.719 —2.029b —47216°¢
(1,1,1)%(0, 1, 1), —2.364"b 3.346 ~30.338°¢
(1,1, Dx(1,1,0), —2.044b 2.897°¢ —8.566 ¢
(2,1, Dx(1,1, 1), 15.780 ¢ —6.444 ¢ —~27.984¢ —1.553 —47.703 ¢
(2,1, 1)x(0, 1, 1), 20.185¢ —~7.143¢ —31.644 ¢ —-28.936°¢
(2,1, 1)x(1,1,0), 8.193 ¢ —~2.598b —~39.092°¢ —8.440 ¢
(1,1,2)x(1, 1, 1), 3.117¢ —3269¢ —~3.704¢ —~2.283b —41.004 ¢
(1,1,2)x(0, 1, 1), 3.326¢ —3.661¢ ~3.505¢ —22.883¢
(1,1,2)x(1,1,0), 3.654¢ —4.737¢ —~3.486¢ —~8.092¢
(2,1,2)x(1,1,1), 11.939 ¢ ~6.189¢ ~8.053¢ 0.227 —1.534 —47.183 ¢
(2,1,2)x(0,1, 1), 22.987 ¢ —43.681¢ —43.670 ¢ 194.235¢ —38.762°¢
(2,1,2)x(1,1,0), 0.673 0.924 —1.389 —2.685¢ —8.428¢

#:aP<0.1,bP<0.05cP<001,
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(1,1, 1)x(0,1, 1)y, 0.546 0.538 1336.282 5316 5.386
(1,1, 1)x(1,1,0), 0.461 0.450 1371.374 5.454 5.530
(2,1, 1)x(0,1, 1)y, 0.637 0.628 1062.381 5.112 5.207
(2,1, 1)x(1,1,0), 0.559 0.546 1121.768 5.283 5.384
(1, 1,2)x(1, 1, 1)y, 0.674 0.661 829.176 4.989 5.115
(1,1,2)x(1,1,0), 0.613 0.603 1138.853 5.173 5.267
(1, 1,2)x(1,1,0), 0.559 0.546 1121.569 5272 5373
(2,1,2)x(0,1, 1), 0.602 0.588 1164.851 5222 5.269
28 0.668y3,. U H1, yy, 18 F SARIMA 155 A 1) 15 0 {F
v AR R L Pk 5 2215 45 B0V 1 B AL 1 1000 4
= vy 83 Census X12 %45 i 50RO B . o1 e 7 A
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¥ AT AL
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by PR ZE 05 FEHOT TSR R R 5 25 IR, etk

3 B T O R R A

24 ZAEAASFTMALA  FTF SARIMA & A iE
PRk M 5 2 18 B T L RURN Census X12 275 43
fiff ASE TR ) S v R AR 90 R 1 M 2 T A
AU, H AR () AL X N yo, = 0.261y1,+0.07 Ly +

AT B TN RE 1 #E, Census X 12 255 43 i A 7Y
4 T BE J) B At (% 3) o L MAD. MSE il MAPE
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A v T R 1 9 2R 23 1 B DA T A A

F3 A TR A FMAERT LG (1/10 J7)
R[] SEBRME SARIMAZ Y TR S R RO IR Census X 12275 /i 51 LRPELH & T AR
2019414 5.977 7.537 5.223 6.640 6.773
20194F2H 2.014 5.901 2.938 3.726 4.237
2019431 3.853 9.362 8.222 6.123 7.117
20194F4H 11.121 18.986 23.087 13.862 15.854
20194F5H 19.187 27.860 43293 24210 26.518
20194F6H 24.099 29.499 42.005 27.590 29.113
20194F7H 24251 23.401 32.112 21.928 23.036
20194F8 A 13.802 14.932 17.451 13.231 13.975
20194F9H 13.462 15.653 17.851 14.321 14.919
20194F104 9.375 16.328 17.898 15.969 16.200
20194F11H 7.154 14.186 15.642 12.014 12.838
20194F12H 4.562 11.657 11.608 8.692 9.673
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3 3 it

] MAD MSE MAPE(%)
SARIMA Y 10311 30.757 1.725
e e RS U e G R g Xl 14433 112.847 2415
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