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Multiplicative SARIMA model for prediction of pulmonary tuberculosis incidence
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[Abstract] Objective To examine the feasibility of using multiple seasonal autoregressive integrated moving average
(SARIMA) model for predicting pulmonary tuberculosis (TB) incidence, so as to provide scientific evidence for the prevention
and treatment of TB, Methods EViews 7. 0. 0. 1 software was used to create a SARIMA f{it model for seasonal incidence of TB
on a monthly basis from January 2004 to December 2012, and the predicting performance of the model was tested with TB data
from January to December in 2013. Results The established SARIMA (2,0,2) X (0,1,1);, model could better fit with the
previous TB incidence; and it basically well predicted the TB incidence of the 12 months of 2013, with the mean absolute error
being 0. 416 992 and the mean absolute error rate being 5. 350 8%. Conclusion The established multiplicative SARIMA model
can better simulate and predict the trend of TB incidence with time, and it may have a future in predicting the incidence of TB.
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Fig 1 AC function of incidence rate sequence in the sample data

AC: Autocorrelation; PAC; Partial correlation; Prob: Q statistic value is greater than the probability of the Q value of the sample calculation
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Fig 2 AC function of original sequence with seasonal difference

AC: Autocorrelation; PAC; Partial correlation; Prob: Q statistic value is greater than the probability of the Q value of the sample calculation
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Tab 1 Parameter estimation and test of alternative models

SARIMA(2,0,2) X (0,1,112 SARIMA(1,0,1) X (0,1,112 SARIMA(0,1,1) X (0,1, D12

Variable C  AR(D AR(Z2) MA(D MA®) SMA(12) C  AR(D MA(D SMA(12)  MA(D  SMA(2)
Coefficient —0.266 —0.156 0.748 0. 287 —0.713 —0.868 —0.232 0.860 —0.781 —0.839 —0.675 —0. 865
Std. Error 0. 046 0.057 0.064 0. 090 0.093 0. 031 0.055 0.039 0. 082 0. 047 0.072 0. 030
t-Statistic —5.789 —2.713 11.729 3. 185 —7.706 —27.567 —4.237 22.147 —9.545 —17.839 —9.403 —29. 161
Prob 0. 000 0.008 0.000 0. 002 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000

SARIMA: Seasonal autoregressive integrated moving average; C: Constant; AR: Autoregressive parameters; MA: Moving average

parameters; SMA: Seasonal moving average parameters

R2 FREEBEREFIINARERE

Tab 2 White noise test for residual series of alternative models

SARIMA(2,0,2) X (0,1, 112 SARIMA(1,0,1) X (0,1,1)1 SARIMA(0,1,1)X(0,1,1)1

To lags AC PAC  QStat  Prob AC PAC  QStat  Prob AC PAC  QStat Prob
6 0.042  —0.026 6.790  0.341 —0.014 —0.019 0.891  0.989 —0.041 —0.059 2.157 _ 0.905
12 —0.072  —0.035 9.680  0.644 —0.038 —0.040 3.098  0.995 —0.009 —0.040 4,147  0.981
18 —0.092  —0.092 11.593  0.868 —0.072 —0.084 4.106  1.000 —0.038 —0.061 4.737  0.999
24 —0.255 —0.264 29.444  0.204 —0.105 —0.151 11.901  0.981 —0.078 —0.147 9.130  0.997

SARIMA; Seasonal autoregressive integrated moving average; AC: Autocorrelation; PAC: Partial correlation; Prob: Q statistic value is

greater than the probability of the Q value of the sample calculation

3 BEBEBNSRESITE
Tab 3 Goodness of fit statistics of alternative models

SARIMA(1,0,1) X (0,1,Dy
2.094 243
2.201 774

SARIMA(0,1,1) X (0,1,1)12
2. 247 831
2.301 597

SARIMA(2,0,2) X (0,1,1)12
AIC 1. 925 663
SBC 2. 088 001

SARIMA: Seasonal autoregressive integrated moving average; AIC; Akaike information criterion; SBC: Schwarz bayesian information

criterion
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B3 SARIMA(2,0,2) X (0,1,1) REFEAR N ERSTN IS E (A) S EFNINE E (B)
Fig 3 The fitting chart of static forecast (A) and dynamic forecast (B) in the sample by SARIMA(2,0,2) X (0,1,1), model

IR: Incidence rate; IRF: Incidence rate forecast value; SE: Standard error; SARIMA: Seasonal autoregressive integrated moving average

Incidence (1/100 000)

12

IRF3+2SE

Forecast: IRF

Actual: IR

Forecast sample: 2013M01 2013M12
Included observations: 12

Root mean squared error 0.537 649
Mean absolute error 0.416 992
Mean absolute percent error 5.350 757
Theil inequality coefficient 0.033 682
Bias proportion 0.003 026
Variance proportion 0.309 546
Covariance proportion 0.687 428

El 4 SARIMA(2,0,2)X(0,1,1) REERIM SIS HLE E
Fig 4 The fitting chart of dynamic forecast outside the sample by SARIMA(2,0,2) X (0,1,1),; model

IR: Incidence rate; IRF: Incidence rate forecast value; SE: Standard error; SARIMA: Seasonal autoregressive integrated moving average

%* 4 SARIMA(2,0,2) X (0,1,1), B3} 2013 FRTEZ &R EFATRNLE R

Tab 4 SARIMA(2,0,2)X(0,1,1),, model in prediction of pulmonary tuberculosis incidence of 2013
Month Actual Predicted Absolute Absolute error Month Actual Predicted Absolute Absolute error
value value error value rate( %) value value error value rate( %)
2013.1 7.660 503 6.421 110 1. 239 393 16. 179 000 2013.7 8. 343 451 8. 300 335 0.043 116 0.516 765
2013.2  6.583 426 6.923 418 0. 339 990 5. 164 332 2013. 8 7.867 232 7.996 233 0. 129 000 1. 639 713
2013.3  9.226 659 9.733 268 0. 506 610 5. 490 720 2013.9 7.732 597 7.554 359 0.178 238 2. 305 021
2013.4  8.943 868 9. 446 776 0.502 910 5. 622 959 2013. 10 7.367 717 6. 750 824 0.616 893 8.372 919
2013.5  8.978 482 8. 941 809 0. 036 673 0. 408 454 2013.11 7.466 268 7.181 030 0. 285 238 3. 820 356
2013.6  7.756 629 8. 602 610 0. 845 980 10. 906 540 2013.12 7.399 391 7.119 526 0. 279 865 3.782 271

SARIMA; Seasonal autoregressive integrated moving average
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