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Introduction:
The following details the process of fitting monthly milk prices over the past to an appropriate time series model with the goal of forecasting future milk prices.  The data for this project came from the http://future.aae.wisc.edu/data/monthly_values/by_area/10.  We will examine the monthly milk prices from January 2000 to December 2011, for a total of 132 data points.
Data:


At first we examine a simple plot of the data points over time shown below.  Other than a slight increase over time, there doesn’t seem to be any apparent trends.  
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Next we take a look at the average monthly prices by month to get an idea of any potential seasonality in the data. It does indeed look like seasonality is present so we will keep this in mind when fitting an appropriate model.
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Now we must determine if our data is stationary and if not determine an appropriate transformation to make it so.  We will examine the autocorrelations at various lags to accomplish this.  From looking at the correlogram for the price time series we can see that the autocorrelations do not drop off to zero rapidly, thus we have shown it to be non-stationary.
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Next we will examine the first difference of the time series.  From looking at a simple plot of this transformation we can already see that it oscillates around zero, a good sign.

[image: image4.emf]Firt Difference of Price of Milk From 2000-2011

-3

-2

-1

0

1

2

3

Jan-01 Jan-03 Jan-05 Jan-07 Jan-09 Jan-11

Time

First Difference

First Difference


A quick look at the first difference correlogram confirms that this time series is in fact stationary as the autocorrelation rapidly drops to zero with an increase in lag.
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Model Fitting:

Now that we know the first difference of the prices is a stationary process we will being running regression analysis to determine an appropriate time series.  The time series we will consider are the SARI(1, 1), SARI (2,1), and SARI (3,1) models fit to the data.
Regression Model 1: SARI (1,1)
An SARI (1,1,0) process has the following form

Wt = α + φ * Wt-1 + Ф* Wt_12 + et
Arranging the data in Excel as necessary and using the Regression Analysis tool we produce the following results. 
[image: image6.emf]SUMMARY OUTPUT

Regression Statistics

Multiple R 0.796253064

R Square 0.634018941

Adjusted R Square 0.627708923

Standard Error 0.521369391

Observations 119

ANOVA

df SS MS F

Regression 2 54.62515395 27.31257697 100.478147

Residual 116 31.53182084 0.271826042

Total 118 86.15697479

Coefficients Standard Error t Stat P-value

Intercept 0.022530076 0.047907718 0.470280707 0.639037477

X Variable 1 0.316393724 0.063189421 5.007067953 1.99295E-06

X Variable 2 0.417438848 0.043728757 9.546094455 2.74931E-16


We can see that the R2 value for this regression is 63.4%.  However, we do see that the p-values for the coefficients are close to zero indicating to us that they are significant.  The forecasted change in milk price according to this model would look like the following:

Wt = 0.023 + 0.316* Wt-1 + .417* Wt_12 + et
A quick look at the Actual Vs Fitted time series chart will give us a visual representation of how well this model would have predicted past prices.
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Regression Model 1: SARI (2, 1)
An SARI(2,1) process has the following form

Wt = α + φ1 * Wt-1 + φ2 * Wt-2 + Ф* Wt_12 + et

Arranging the data in Excel as necessary and using the Regression Analysis tool we produce the following results. 
[image: image8.emf]SUMMARY OUTPUT

Regression Statistics

Multiple R 0.814189402

R Square 0.662904383

Adjusted R Square 0.654110584

Standard Error 0.502542566

Observations 119

ANOVA

df SS MS F

Regression 3 57.11383623 19.03794541 75.38316553

Residual 115 29.04313856 0.252549031

Total 118 86.15697479

Coefficients Standard Error t Stat P-value

Intercept 0.024672972 0.0461828 0.534245906 0.594202706

X Variable 1 0.47477055 0.079089568 6.002947832 2.3109E-08

X Variable 2 -0.220616601 0.07027912 -3.139148596 0.002153368

X Variable 3 0.375434651 0.044222638 8.489648419 8.3438E-14


We can see that the R2 value for this regression is 66.3%, slightly higher than the first model.  Again the p-values for the coefficients of the lags are close to zero, indicating significance. One thing to note is the negative coefficient for lag 2, indicating negative correlation.  The forecasted change in milk price according to this model would look like the following:

Wt = 0.025 + 0.475 * Wt-1 + -0.221 * Wt-2 + 0.375* Wt_12 + et

Below is a chat comparing the Actual Vs Fitted values.
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Regression Model 1: SARI (3, 1)
An SARI(3,1) process has the following form

Wt = α + φ1 * Wt-1 + φ2 * Wt-2 + φ3 * Wt-3 + Ф* Wt_12 + et

Arranging the data in Excel as necessary and using the Regression Analysis tool we produce the following results. 
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Regression Statistics

Multiple R 0.815351015

R Square 0.664797278

Adjusted R Square 0.653035779

Standard Error 0.503322753

Observations 119

ANOVA

df SS MS F

Regression 4 57.27692232 14.31923058 56.52317592

Residual 114 28.88005247 0.253333794

Total 118 86.15697479

Coefficients Standard Error t Stat P-value

Intercept 0.022739463 0.04631723 0.490950408 0.624405296

X Variable 1 0.502649268 0.086498064 5.811104229 5.73539E-08

X Variable 2 -0.274070246 0.096917219 -2.827879791 0.005536632

X Variable 3 0.061062199 0.076104535 0.802346398 0.424022078

X Variable 4 0.374146324 0.044320389 8.441855556 1.13125E-13


We can see that the R2 value for this regression is 66.5%, again slightly higher than the first model.  Unlike the other models though, we see that the p-value for lag 3 is 42.4% indicating that the variable is not significant.  The forecasted change in milk price according to this model would look like the following:

Wt = 0.023 + 0.503 * Wt-1 + -0.274 * Wt-2 + 0.061 * Wt-3 + 0.374* Wt_12 + et

Examining the Actual Vs Fitted time series plots for this model again shows us it does an adequate job of predicting prices.
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The chart below summarizes some key statistics about the models.
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SARI(1,1) 62.8% 1.21         105.09      136.98       

SARI(2,1) 65.4% 1.18         103.98      135.90       

SARI(3,1) 65.3% 1.17         109.06      134.81       


We have examined the R2 values for the 3 models and all 3 are very similar.  However, the first model was the only one that showed that all explanatory variables were significant and without negative correlation.  In addition, the Actual vs. Fitted price graphs for each of the 3 models showed that each did an adequate job of forecasting milk prices.  The Box-Peirce Q statistics are well below the χ2 critical values thus we cannot reject the null hypothesis that residuals are a white noise process.  The Durbin Watson Statistics are below 2 indicating the possibility of positive serial correlation, however they are above 1 so there is no cause for alarm.
In conclusion I would choose the SARI(1,1) model as the best of the 3 and believe it can adequately forecast future milk prices.  However, I remain a bit skeptical due to the R values and the low Durbin Watson statistics and believe further research into other models may be appropriate.
