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Abstract 

 

The proposed research objectified to determine an appropriate model, the 

seasonal ARIMA model, and forecast the dengue hemorrhagic fever cases in 

Rayong, Thailand.  The estimation of 7 parameters in the seasonal ARIMA 

model was defined by p=1, d=0, q=2, P=0, D=0, Q=3 and S=12 with no 

constant or ARIMA(1,0,2)(0,0,3)12. Then the performance of model was 

measured with 35.68 of root mean square error (RMSE) and 0.942 of the 

correlation coefficient (R) between the observed and forecasted cases (p-

value=0.000). 
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1. Introduction 
Epidemic of dengue fever is more than 100 countries, mostly in tropical and sub-

tropical regions [1][2]. The outbreak of dengue fever caused by many factors, for 

example, 1) Social change from rural to urban led to a larger urban societies 

becoming overcrowded, lack of hygiene management and consequently increased 

mosquito breeding [3], 2) Transportation is more convenient and comfortable causing 

the spread of dengue [4], 3) The growth of tourism conducts many tourists travel 

across countries where the outbreak of dengue fever explodes, especially,  the 

countries in Southeast Asia and the Pacific Rim [5] and it was reported that tourists 

from Europe infected dengue virus after visiting to the Asia region [6], 4) The global 

warming has a part to the spread of infected mosquitoes with dengue virus in several 

areas in the world [7][8][9]. In Thailand, the Bureau of Vector - Borne Diseases and 

the Bureau of Epidemiology, Department of Diseases, Ministry of Public Health is 
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responsible for monitoring dengue fever. Currently, there are 99,452 patients of 

dengue hemorrhagic fever, a rate of 154.75 per thousand populations, and 94 patients 

died, a mortality rate of 0.15 per thousand populations. The number of dengue 

hemorrhagic fever cases in the past 5 years, 2009 – 2013, displayed the dengue 

hemorrhagic fever was significantly increasing trend [10].  Rayong is one of the 

eastern provinces in Thailand encountering the epidemic of dengue fever [11]. The 

number of dengue hemorrhagic fever cases probably rise to 100,000 – 120,000 cases 

without controlling the outbreak. Then the objective of proposed research aimed to 

fitting the model to forecast the number of dengue hemorrhagic fever cases in the year 

2014 – 2015 in Rayong and present this results to the Bureau of the Vector - Borne 

Diseases and the Bureau of Epidemiology of Thailand for more efficient planning, 

controlling and preventing the outbreak of the disease. 

 

 

2. Materials And Methods 
The number of dengue hemorrhagic fever patients in Rayong was collected from the 

Bureau of Epidemiology, Department of Disease Control, Ministry of Public Health 

of Thailand, since January 2007 to December 2013. 

 

 

3. Building The Seasonal Arima Model 
3.1 The Stationary Time Series 

The Sample Autocorrelation function (SACF) and the Sample Partial autocorrelation 

function (SPACF) were plotted to check the stationary time series as of Equation 1 

and Equation 2 respectively. 
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more than 50 [12]. 
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3.2 Parameters Estimation 

Seven parameters of the ARIMA(p,d,q)(P,D,Q)S, seasonal ARIMA model, were 

estimated as of Equation 3 [12].  

Pp s d Ds
1 p 1 P t

Qq s s
1 q 1 Q t

(1 B B )(1 B B )(1 B) (1 L) Z

(1 B B )(1 B B )a

   (3) 

where at be the random error at time t, i and I be regression coefficient at time i 

and I; i=1, 2, …, p; I=1, 2, …, P, j and J be moving average coefficient at time j 

and J; j=1, 2, …, q; J=1, 2, …, Q.  

 

4. Checking The Fitted Seasonal Arima Model 
4.1 The Residuals 
Verifying the seasonal ARIMA model, the SACF graph of residuals was plotted to 

check. In case of the residuals was within (1 )100% confidence interval then the 

seasonal ARIMA model is fitted. 

 

4.2 The Ljung-Box Q Statistic 

Validating the estimators of the seasonal ARIMA model, the Ljung-Box Q statistic 

was determined as of Equation 4 [13]. 
2

k j

j 1
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Q {(n d)[(n d) 2]}

[(n d) j]
 (4) 

where k be the distance of time lag, n be the number of observations of the time 

series, d be the order of the time series variances and rj be autocorrelation at time lag 

j. When n is large, the Q statistic was chi-square distribution with degrees of freedom 

k p q. 

 

 

5. Measurement Of The Fitted Seasonal Arima Model 
The root mean square error (RMSE) was calculated to validate the fitted seasonal 

ARIMA model as of Equation 5. Also, two graphs, were plotted to measure the fitted 

seasonal ARIMA model. One was the time series plot between the observed (OBS) 

and the forecasted cases (FOR) of dengue hemorrhagic fever and the other was the 

scatter plot of the correlation coefficient (R) displayed in Equation 6.  
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where OBSi be the i
th

 observed value, OBS  be the average of OBS, FORi be the i
th

 

forecasted value and FOR  be the average of FOR. 

 

 

6. Results And Discussion 
Examining the stationary time series, the SACF and SPACF graph were plotted as of 

Figure 1. Obviously, the time series was not stationary so the parameters of the 

seasonal ARIMA model should be estimated by p=1, d=0, q=2, P=0, D=0 and Q=3 

with S=12 and no constant or ARIMA(1,0,2)(0,0,3)12 which was illustrated in 

Equation 7. 
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(a)          (b) 

Figure 1: Checking the stationary conditions (a) SACF graph, (b) SPACF graph 

 

t 1 t 1 t 1 t 1 2 t 2 1 t 12 1 1 t 13Z Z a a a a a  

2 1 t 14 2 t 24 1 2 t 25 2 2 t 26a a a a  

1 3 t 27 3 t 36 2 3 t 38a a a                                              (7) 

 
Table 1: The estimator values and testing of the parameters of ARIMA(1,0,2)(0,0,3)12 

 

Parameters Estimates Error T statistic p-value 

1(AR 1) 0.7163 0.0920 7.79 0.000 

1 (MA 1) 0.6676 0.1258 5.31 0.000 

2 (MA 2) 0.4083 0.1218 3.35 0.001 

1(SMA 12) 0.4308 0.1165 3.70 0.000 

2 (SMA 24) 0.6883 0.1237 5.57 0.000 

3 (SMA 36) 0.4645 0.1248 3.72 0.000 

 

All parameter estimates of ARIMA(1,0,2)(0,0,3)12 were tested following 1

(T=7.79, p-value=0.000), 1 (T = 5.31, p-value=0.000), 2 (T = 3.35, p-

value=0.001), 1(T= 3.70, p-value=0.000), 2 (T = 5.57, p-value=0.000) and 3
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(T = 3.72, p-value=0.000) as of Table 1. The conclusion was that 

ARIMA(1,0,2)(0,0,3)12 was appropriate to forecast the number of dengue 

hemorrhagic fever patients in Rayong as showing in Equation 8.   

 

t t 1 t t 1 t 2 t 12Z 0.7163Z a 0.6676a 0.4083a 0.4308a  

t 13 t 14 t 24 t 250.2876a 0.1759a 0.6883a 0.4595a

 
t 26 t 27 t 36 t 380.281a 0.3101a 0.4645a 0.1897a

   
  (8) 

 
After testing all estimates of the model, then the SACF graph of residuals was 

plotted to validate ARIMA(1,0,2)(0,0,3)12 shown in Figure 2 which the residuals was 

within 95% confidence interval. 

The forecasted dengue hemorrhagic fever patients were verified in the next 

succeeding 4 years. The Ljung-Box Q statistic values showed in Table 2 with Q12=6.6 

(p-value=0.361), Q24=11.9 (p-value=0.853), Q36=20.9 (p-value=0.890) and Q48=31.6 

(p-value=0.879). The results exhibited that ARIMA(1,0,2)(0,0,3)12 was fitted to 

forecast the dengue hemorrhagic fever cases in Rayong. 
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Figure 2: The SACF graph of the residuals of ARIMA(1,0,2)(0,0,3)12 

 

Table 2: The Q statistic of ARIMA(1,0,2)(0,0,3)12 

 

Lag 12 24 36 48 

Chi-square statistic 6.6 11.9 20.9 31.6 

Degree of freedom 6 18 30 42 

p-value 0.361 0.853 0.890 0.879 

 

The RMSE of 35.68 was computed to measure accuracy of 

ARIMA(1,0,2)(0,0,3)12. Time series plot between the OBS and the FOR depicted that 

the forecasted cases were very close to the observed cases shown in Figure 3a and 

scatter plot between OBS and FOR was generated with the correlation coefficient of 

0.942 (p-value=0.000) displayed in Figure 3b. Then the dengue hemorrhagic fever 

cases in Rayong were forcasted from 2014 to 2015 and demonstrated in Table 3.  
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Figure 3: Comparison between the OBS and the FOR; (a) Time series plot, (b) 

Scatter plot 

 

Table 3: The forecasted cases in Rayong by ARIMA(1,0,2)(0,0,3)12 

 
 Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Year              

2014  49.55 26.95 42.93 65.61 120.83 191.27 190.3 160.38 79.87 86.24 120.92 102.94 

2015  101.78 69.39 69.82 61.09 73.09 109.18 103.79 77.83 42.24 33.78 42.54 29.01 
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