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AbstractAbstractAbstractAbstract    

Taiwan dairy industry started in 1980.  We are interested in this industry 
and would like to model monthly milk productions and to forecast it. We 
consider monthly of fresh milk production from January 1999 to December 

2009. We reserve the last 12 observations for out-of-sample forecasts.  We 

employ four kinds of statistical methods/models for forecasting, which included 

the time series regression, exponential smoothing, decomposition method, and 

the ARIMA model. We use MSE, MAE, MPE, and MAPE four criteria to 
evaluate the above-mentioned four methods to choose the best model.  
We employ SAS statistical package to analyze data set. The results 
show that exponential smoothing method – Winters additive model is the 
best model based on out-of-sample forecast. 
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2-2  

1. Time Series Regression 
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(Trend TRt) (Season SNt) (εt)  

 

tttt SNTRy ε++=  

 

  

),0(~ 2σε N
iid

t     

: 



台灣鮮乳月產量之分析 

                                    8       逢甲大學學生報告 ePaper(2011年) 

Durbin-Watson(DW)  

 

 

 

   Pr<DW α =0.05  

   Pr>DW α =0.05  

 

2. (Decomposition Method) 

 

 

yt=TRt+SNt+CLt+IRt 

 

yt= TRt×SNt×CLt×IRt 
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   Pr<DW α =0.05  
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   Pr>DW α =0.05  

 

3. Exponential Smoothing  

    

 

 

Winters Method‐Additive

Winters Method‐Multiplicative

Damped Trend  

 

    

 

Winters Method‐Additive  

  Lt = (Yt St-s) (1 )(Lt-1 bt-1) 

  bt = (Lt Lt-1) (1 ) bt-1 

  St = (Yt Lt-1) (1 ) St-s 

  Ft+m = (Lt btm) St-s+m 

 

Winters Method‐Multiplicative  

  Lt = (Yt/St-s) (1 )(Lt-1 bt-1) 

  bt = (Lt Lt-1) (1 ) bt-1 

  St = (Yt/Lt-1) (1 ) St-s 

  Ft+m = (Lt btm) St-s+m 

 

Damped Trend Exponential Smoothing  

  Lt = Yt (1 )(Lt-1 bt-1) 

  bt = (Lt Lt-1) (1  ) bt-1 

 

2-1-2 

 Winters Method‐Additive   
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4. ARIMA  

    ARIMA 模型全稱為自回歸移動平均模型自回歸移動平均模型自回歸移動平均模型自回歸移動平均模型(Autoregressive Integrated Moving Average 

Model,簡記 ARIMA)，又稱為 box-jenkins 模型模型模型模型。其中 ARIMA（（（（p，，，，d，，，，q））））稱為差分自回歸移

動平均模型，AR 是自回歸, p 為自回歸項; MA 為移動平均，q 為移動平均項數，d 為時間序列成

為平穩時所做的差分次數。 ARIMA (1)

ARIMA (2)

(3)

(4)

 

     ARIMA 模型建模的基本條件是要求待預測的數列滿足平穩的條件，即個體值要圍繞序列均

值上下波動，不能有明顯的上升或下降趨勢，如果出現上升或下降趨勢，需要對原始序列進行差

分平穩化處理。 

: 

 

: 

      0H : white noise 

 

      1H : no white noise 

 

 

    P‐value 0.05  H0  

    P‐value 0.05  H0  

 

: 

      0H :unit roots  (non-stationary) 

 

      1H :no unit roots  (stationary) 

 

 

    P‐value 0.05 H0 unit roots( )    



台灣鮮乳月產量之分析 

                                    11       逢甲大學學生報告 ePaper(2011年) 

   

    P‐value 0.05  H0 no unit roots ( )
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§  

2-3 Time Series Regression 

 

 

 

2222----3333----1111     

 

2-3-1

p-value

 

  

DW  

    DW 0.5037  Pr<DW

α =0.05  

    

 

Pr<DW Pr>DW 

α =0.05  
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: 

    1ϕ) 0.706943    σ) 911.59379 

yt*=12503-7.8657t+624.3439Xt-1306M1-3367M2-1094M3-547.5749M4+1284M5+1036M

6+1957M7+1967M8+960.569M9+1608M10-105.9345M11+εt  

Where    εt 0.706943εt-1+ at 

Mt : 

    

 

 

12 12

95

2-3-2  

    

1  when Jan. 

0  Otherwise 

1  when Feb. 

0  Otherwise 

1  when Mar. 

0  Otherwise 

1  when Apr. 

0  Otherwise 

1  when May. 

0  Otherwise 

1  when Jun. 

0  Otherwise 

M1 

 

M2 

 

M3 

 

M4 

 

M5 

 

M6 

M7 

 

M8 

 

M9 

 

M10 

 

M11 

1  when Jul. 

0  Otherwise 

1  when Aug. 

0  Otherwise 

1  when Sep. 

0  Otherwise 

1  when Oct. 

0  Otherwise 

1  when Nov. 

0  Otherwise 
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2-4 Decomposition Method  
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2222----4444----4444        

    

  

DW  

    DW 0.4975  Pr<DW

α =0.05  

    

 

Pr<DW Pr>DW 

α =0.05  

     

: 

   dyt = 23281 -8.0687t + εt 

  ttt SNdyy ×=ˆ  

  εt = 0.7625682εt -1   + at 

 

  12
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12 95%

 

    

2222----4444----5555    

2-4-5 10

2010 3

 

2-5 Exponential Smoothing  

   

Winters model-Additive   

    Winters Method‐ Additive 

TREND

 

 

Lt =0.79161( Yt - St-s ) + ( 1-0.79161) ( Lt-1 + bt-1 ) 

bt =0.001( Lt - Lt-1 ) + ( 1-0.001) bt-1  

St =0.001( Yt - Lt ) + ( 1-0.001) St-s 

Ft+m = ( Lt + bt m ) St-s+m 
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Lt : the level  bt : the growth rate   

st : the seasonal factor of time series 

 

ACF PACF         

2-5-1 AR(8) Lag  

Lag  

 

2222----5555----1 1 1 1 ACFACFACFACF PACFPACFPACFPACF     

  : 

    2-5-2  White Noise Test lag  

=0.05 H0 White Noise  

     2-5-2 Unit Root Test lag  =0.05

H0

Method‐ Additive  
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2-6-1 ACF PACF
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    2-6-1 ACF  
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ACF PACF  

  



台灣鮮乳月產量之分析 

                                    21       逢甲大學學生報告 ePaper(2011年) 

 

 

2222----6666----3333     

ARIMA(1,0,0)(1,1,0)12 cut off

 

 

white noise Unit root

 

2-6-4 Lag 0.01 white noise

ARIMA(1,1,0)(1,1,0)12  

Unit root   

2-6-4 Lag 0.05 H0

ARIMA(1,1,0)(1,1,0)12  
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2222----6666----4444 white noise Unit root     

white noise Unit root

ARIMA(1,1,0)(1,1,0)12  

 

  P-value

 

 

tt yBZ )1( 12−=  

(1-0.78189B)(1+0.4717412)Z t = 430.20366Xt + at 

1072764ˆ 2 =σ  
12 12

12 95%
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    2222----6666----5555    ARIMA     

 

2-6-5 95%

 

2-7  

利用在第二節中介紹得評估準則經由計算可得知以下數據 

 

 MAD RMSE MPE MAPE 

 

1610.9166 1994.357 5.767 7.106 

 3320.203 

 

3519.9986 

 

7.724 

 

13.2715 

 

 

1148.666 1419.4086 - 0.952 4.4529 

ARIMA 1698.341 1897.0683 6.473 6.601 

2222----7777----1111        

    

2-7-1
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