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Prediction of pulmonary tuberculosis incidence in Zhejiang Province from

2011 to 2021 : based on trinity model and trinity forecasting method

LOU Run-ping, PAN Yi-fei, WANG Di-nan, ZHANG Yun-xin (International Business
School , Hainan University , Haikou 570228, China)

[Abstract] Objective To study the application of the trinity model and trinity forecasting method in predicting the
incidence trend of pulmonary tuberculosis (PTB). Methods By applying the monthly PTB incidence data in Zhe-
jlang Province from 2011 to 2021, a prediction model was constructed based on the trinity model and trinity forecas-
ting method. Predictive performance of the model was evaluated. Results The mean relative prediction errors of
model 1 and model 2 based on trinity model and trinity forecasting method were 7. 94% and 8. 43 %, respectively.
The mean relative prediction error obtained by adopting autoregressive integrated moving average (ARIMA) model
was 8.87% , and the above mean relative prediction error were all in the range of 7. 9% — 8. 9% , which presented an
excellent performance of the forecasting model. Conclusion The trinity model is an excellent time series forecasting
model, and the trinity forecasting method is an excellent time series forecasting method, with high application value.
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Figure 1 Framework of trinity forecasting method
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Figure 2

PTB incidence trends in Zhejiang Province from

January 2011 to December 2021
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Table 1 Forecasting model based on monthly PTB incidence

data in Zhejiang Province

AS R AR R A WAL R 1) T AR 2(2)

1H my 0.973 392* (9. 38) 1.027 613% (9.75)
31 ms 1.412 372* (13.53) 1.199 527 (12.50)
4 H my 0.538 653* (5. 49) 0.557 710* (4. 98)
54 ms 0. 656 172* (6. 07) 0.462 319* (4.79)
7H m 0.350 910" (3.81) 0.355 483" (3.67)
8 A ms 0. 165 2427 (1. 78) 0.229 1114 (2. 43)
1A mi —0.271 8922 (=2.93) —0.216 0452 ( —2.30)
WG —B v 0. 708 447* (12.21) 0.731 595* (10. 98)
W =B v - 0. 135 6344 (2. 16)
Wi JE =B v s 0.199 079" (3.52) =
WEIR constant 0. 064 981(0. 33) 0.253 950(1. 34)
R2 0.880 8 0.875 0

He* Fm P<AY%; #FEm P<10%;AFmxm P<5%,
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Table 2 Actual value, predicting value and predicting error of PTB incidence in Zhejiang Province from January to December

2021
- T LAY 1 T A2 A 2 - T AL 78 1 T ALY 2
B ] S R A - - ] SR A - -
i (10 5) DUl RPE  Hilfi RPE il (/1075) BfE RPE  BWE  RPE
(10 ) (%) (105 (%) (10 (%) (10 (%)
2021 4E 1 H 3.2385 4.2495 31.22  4.3238 33.51 | 202149 A 3.9908  3.9316 1.48  3.9547  0.90
2021 42 H 2.6575 3.0912 16.32  3.0948 16.46 || 2021 4 10 A 3.6697  3.7613 2.50 3.7499  2.19
2021 47 3 J 41590 40522 2.57  3.8369  7.74| 20214 11 H 3.8333  3.2388 15.51 3.2639 14.85
2021 4 4 H 41972 41948 0.06 42148 0.42 | 505 4 12 f 32416 3.5752 10.29  3.5561 9.70
202 4.310 4 4,223 .0 43510 0.9
14E5 A 43104 4.2237 2,01  4.351 o YT 7 o4 s 13
2021 4 6 A 4.3012 3.946 6 8.24 3.9767  7.54 | MRPE(%)
2021 4 7 A 43654 42986 1.53 43408  0.56 | {12 j 778 7.92
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Table 3 PTB incidence in Zhejiang Province from January 2011 to December 2022 (/100 000)

AR A 1A 2 A 3 A 4 A 5H 6 A 7H 8 A 9 A 10 A 11 H 12 A
2011 4F 5.038 0 4.966 3 5.5451 5.7251 6.0154 5.3962 1923 5.0876 4.5364 4.6466 4.0017 3.4046
2012 4 4,955 2 5.359 7 5.947 3 5.7935 5.9784 5.2608 L4238 4.968 0 L2632 4.283 4 4633 3.1613
2013 4F 4,405 7 4.057 0 4,991 8 5.3022 5.1397 4.6266 4.5225 4.5116 4.3199 4,1464 3.4983 3.4764
2014 4F 4.7344  4.1033 4.9782 5.0473 4.9145 4.7254 5.1382 4.7636 4.4853 4.1433 3.5613 3.4558
2015 4F 4,488 0 3.487 7 4.9401 5.0000 4.7131 4.5824 4.7640 4.4136 .8272 3.9216 .3315 3.3333
2016 4 3.8888  3.5638 4.6055 4.4575 4.6994 4.4069 4.2463 4.3546 3.8617 3.8220 3.5909 3.280 4
2017 4F 3.595 7 3.642 2 4.5116 4.2826 4.4830 4.1377 4.0751 4.4651 4,1055 3.7853 3.3345 3.1216
2018 4E 3.9226  3.3587 4.4228 4.1895 4.3946 3.9703 3.8908 3.9296 3.5125 3.4099 3.1943 3.0599
2019 4F 3.874 8 3.505 3 4.526 8 4.2897 4.3246 4.0840 4.1816 3.9463 3.7210 3.3694 3.0486 2.9179
2020 4 3.247 6 2.2487 3.797 4 4.5346 4.6182 4.6028 4.8459 4.4603 4.5160 3.7572 3.6766 3.4768
2021 4F 3.238 5 2.6575 4,159 0 4.1972 4.3104 4.3012 4.3654 4.2492 3.9908 3.6697 L8333 3.2416
2022 4 2.925 3 2.458 6 4.444 3 3.7525 3.7433 4.1022 L2603 4,105 2 128 0 3.658 2 .624 8 2,625 8
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Table 4 Actual value, predicting value and predicting error

of PTB incidence in Zhejiang Province from January

to December 2022

o L A 2

Wi  RPE
(10T (Y%

PR 1
S R {E

ME ooy WM RPE
(107 (9%

202241 H 2.9253  4.0654 38.97 4.173 0 42.65

2022 4E2 H 2.458 6 2.9005 17.98 2.8338 15.26
202243 H 4.444 3  3.8645 13.05 3.6489  17.90
2022 4F 4 H 3.7525 4.3346 15.51 4.396 6 17.16
202245 H 3.7433  3.869 1 3.36 4.064 4 8.58

2022 4E 6 H 4.102 2

)

L6017 12.20  3.5015 14.64
2022 47 H 4,260 3  4.069 1  4.49 4,118 3 3.33
2022 4E 8 H 4.1052  3.9936 2.72  4.156 3 1.24
2022 49 4.1280 3.7900 8.19  3.8351 7.10
2022410 H  3.6582 3.8376 4.90  3.8308  4.72

2022 4E 11 A 3.6248 3.2020 11.66 3.274 1 9.67

20224E12 H  2.6258 3.4548 31.57  3.4020 29.56
1—12 A 13.72 14.32
MRPE( %)
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Figure 3 Curves of actual PTB incidence and trends of pre-
dicting PTB incidence in Zhejiang Province from

January to December 2021
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