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Lecture 3.  Modeling & Forecasting Seasonality
Toptics:

· Modeling & Forecasting Seasonality 

Read:


Diebold Ch 5 (easy)
 Seasonal Dummy Variables
Consider the sales data of the Gap Store
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This is the example of the seasonally UN-ADJUSTED data.

We may consider seasonal dummy variables.

	Quarter
	Sales
	D1t
	D2t
	D3t
	D4t

	Mar-85
	105,715.00
	1
	0
	0
	0

	Jun-85
	120,136.00
	0
	1
	0
	0

	Sep-85
	181,669.00
	0
	0
	1
	0

	Dec-85
	239,813.00
	0
	0
	0
	1

	Mar-86
	159,980.00
	1
	0
	0
	0

	Jun-86
	164,760.00
	0
	1
	0
	0

	Sep-86
	224,800.00
	0
	0
	1
	0

	Dec-86
	298,469.00
	0
	0
	0
	1

	Mar-87
	211,060.00
	1
	0
	0
	0

	Jun-87
	217,753.00
	0
	1
	0
	0

	Sep-87
	273,616.00
	0
	0
	1
	0

	Dec-87
	359,592.00
	0
	0
	0
	1

	..
	
	..
	..
	..
	..

	..
	
	..
	
	
	

	Sep-99
	3,045,386.00
	0
	0
	1
	0

	Dec-99
	3,858,939.00
	0
	0
	0
	1


Then, we may consider a regression



Yt = a + d1D1t + d2D2t + d3D3t + et 
t=1,2,.., T



(D4t is dropped)
Using this regression, the estimated coefficients imply:



 eq \O(d,^)1 =  difference between spring and winter sales



 eq \O(d,^)2 =  difference between summer and winter sales



 eq \O(d,^)3 =  difference between fall and winter sales

Thus,


Gap_sales = 1,249,297 – 509613.7 D1t – 463046.8 D2t  – 244191.5 D3t 



 eq \O(d,^)1 = – 509613.7 =  









 eq \O(d,^)2 = – 463046.8 =   









 eq \O(d,^)3 = – 244191.5 =   






Note: The above regression does not include any other independent variables.  In this case, the constant term has a meaning.  
For Winter,




Yt = a + d10 + d20 + d30 +et    … Winter




Yt = a + et    



Thus,  eq \O(a,^) = mean of the dependent variable in winter 





(average Gap sales in winter) = 1,249,297
    Then,  what is the average Gap sales in spring?




Yt = a + d11 + d20 + d30 +et    … Spring




Yt = (a + d1 )+ et    




Thus,  eq \O(a,^) +  eq \O(d,^)1 = mean of the dependent variable in Spring






  = 1,249,297 + (–509,613.7) = 739,683.3




The difference between spring and winter sales is





( eq \O(a,^) +  eq \O(d,^)1) –  eq \O(a,^) =  eq \O(d,^)1



Yes,    eq \O(d,^)1 =  difference between spring and winter sales

Other variations 

(1)  Logged dependent variable


LOG(Gap_sales) = 13.717 – 0.541D1t – 0.485 D2t  – 0.225 D3t 

How do you interpret each of the estimated coefficients?



– 0.541  = 









– 0.485  = 









– 0.225  = 







(2)  Using all four dummies but without a constant term.
  Gap_sales = 739683.1D1t + 786250.0 D2t  + 1005105D3t   



+ 1249297 D4t

How do you interpret each of the estimated coefficients?


For spring,

    Gap_sales = 739683.1 (1) + 0 + 0 + 0   for spring


 Thus, 739683.1 = 





Note:  If there are other regressors, it is better to include a constant

           term (and drop one dummy).

(3)  Adding a trend term.

Gap_sales = - 52803.50 – 387541.8 D1t – 381665.5 D2t 



 – 203500.8 D3t  +  40690.63 trend 
The coefficients still denote the difference in sales between each quarter and winter, but after controlling the effect of a trend.

The differences might be overated when ignoring the upward trend in sales over time.  

The coefficient of the trend term (t) is 40690.63.

How do you interpret this estimate? 


40690.63
=








(4)  Logged data with a trend term.

Log(Gap_sales) = 12.169 – 0.3959D1t – 0.3883 D2t 




 – 0.1768 D3t  +  0.0484 trend 

How do you interpret each of these estimates? 

– 0.3959 = 






– 0.3883 = 






– 0.1768 = 






+  0.0484 = 





(5)  Monthly Data



Monthly effects: How many dummy variables to use?  



 11 dummies!  Why?



Weekly data: How many dummy variables to use?  



   


        Why?

(6)  Other dummy variables



Holiday effects,  January effects, Oil shocks dummies, …
 Testing for Seasonality
“Is there a seasonality in the data?  



Yt = a + d1D1t + d2D2t + d3D3t + et 
t=1,2,.., T
There is no seasaonlity if all differences are insignificant.



H0:  d1 = d2 = d3 = 0,  
Ha:  H0 is not true


Use F-test (joint hypothesis.)

Unrestricted model


Gap_sales = 1,249,297 – 509613.7 D1t – 463046.8 D2t  – 244191.5 D3t 

R2 = 0.06171
, 
.. This is Ru2

N = 60

Restricted model



Yt = a + et 


RR2 =   




F* =   eq \f( (Ru2 - RR2 )/m, (1 - Ru2)/(N-k)) =  …



=  1.227  



d.f. = 



Critical value =  




Thus, we  




  the null hypothesis.


Note:  p-value = 0.308 (from computer)




Thus, we  




  the null hypothesis.

Exercise) 


Gap_sales = - 52803.50 – 387541.8 D1t – 381665.5 D2t 




 – 203500.8 D3t  +  40690.63 trend






R2 = 0.8079


Gap_sales =  -313024.5 +  41249.45 trend






R2 = 0.7701

(a) Is there evidence that seasonality exists in the data?  Use the F-test to answer this.
(b) Is there evidence that both seasonality and a linear trend exist in the data?   Use the F-test to answer this.
Forecasting with Seasonality
Each model discussed in the above can be used as a forecasting model.  It is important to include dummy variables. 

(eg)
Gap_sales = - 52803.50 – 387541.8 D1t – 381665.5 D2t 



 – 203500.8 D3t  +  40690.63 trend 
	Quarter
	Sales
	D1t
	D2t
	D3t
	trend

	Sep-99
	3,045,386.00
	0
	0
	1
	59

	Dec-99
	3,858,939.00
	0
	0
	0
	60

	Mar-00
	?
	1
	0
	0
	0

	Jun-00
	?
	0
	1
	0
	1

	Sep-00
	?
	0
	0
	1
	0

	Dec-00
	?
	0
	0
	0
	0


Mar-00
Gap_sales = - 52803.50 – 387541.8 (1) – 381665.5 (0)  – 203500.8 (0) +  40690.63 (61) 



    = 2041783.13

Jun-00

Gap_sales = - 52803.50 – 387541.8 (0) – 381665.5 (1)  – 203500.8 (0) +  40690.63 (62) 

           = 2088350.06
and so on.
Concluding Remarks

· The forecasting models based on the trend and seasonality are rather simple.  But, these models provide a general trend of the data. 

· These models are based on regression analysis.  There are other forecasting tools that are commonly used in business applications to capture trend and seasonality; 
(Lecture 4, Moving Average & Exponential Smoothing)
· The trend and seasonality terms are deterministic terms, and we have not yet examined the stochastic components of the data.  (Lecture 5, ARIMA models) 
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Gap Sales & GapF - data

		Date		Gap Sales ($000)  (Gap)		Gap Sales: Naïve Forecasting Model Using a Four Quarter Lag (GapF)		Error                 (Gap-GapF)		Squared Error

		Mar-85		105,715.00

		Jun-85		120,136.00

		Sep-85		181,669.00

		Dec-85		239,813.00

		Mar-86		159,980.00		105,715.00		54,265.00		2,944,690,225.00

		Jun-86		164,760.00		120,136.00		44,624.00		1,991,301,376.00

		Sep-86		224,800.00		181,669.00		43,131.00		1,860,283,161.00

		Dec-86		298,469.00		239,813.00		58,656.00		3,440,526,336.00

		Mar-87		211,060.00		159,980.00		51,080.00		2,609,166,400.00

		Jun-87		217,753.00		164,760.00		52,993.00		2,808,258,049.00

		Sep-87		273,616.00		224,800.00		48,816.00		2,383,001,856.00

		Dec-87		359,592.00		298,469.00		61,123.00		3,736,021,129.00

		Mar-88		241,348.00		211,060.00		30,288.00		917,362,944.00

		Jun-88		264,328.00		217,753.00		46,575.00		2,169,230,625.00

		Sep-88		322,752.00		273,616.00		49,136.00		2,414,346,496.00

		Dec-88		423,669.00		359,592.00		64,077.00		4,105,861,929.00

		Mar-89		309,925.00		241,348.00		68,577.00		4,702,804,929.00

		Jun-89		325,939.00		264,328.00		61,611.00		3,795,915,321.00

		Sep-89		405,601.00		322,752.00		82,849.00		6,863,956,801.00

		Dec-89		545,131.00		423,669.00		121,462.00		14,753,017,444.00

		Mar-90		402,368.00		309,925.00		92,443.00		8,545,708,249.00

		Jun-90		404,996.00		325,939.00		79,057.00		6,250,009,249.00

		Sep-90		501,690.00		405,601.00		96,089.00		9,233,095,921.00

		Dec-90		624,726.00		545,131.00		79,595.00		6,335,364,025.00

		Mar-91		490,300.00		402,368.00		87,932.00		7,732,036,624.00

		Jun-91		523,056.00		404,996.00		118,060.00		13,938,163,600.00

		Sep-91		702,052.00		501,690.00		200,362.00		40,144,931,044.00

		Dec-91		803,485.00		624,726.00		178,759.00		31,954,780,081.00

		Mar-92		588,864.00		490,300.00		98,564.00		9,714,862,096.00

		Jun-92		614,114.00		523,056.00		91,058.00		8,291,559,364.00

		Sep-92		827,222.00		702,052.00		125,170.00		15,667,528,900.00

		Dec-92		930,209.00		803,485.00		126,724.00		16,058,972,176.00

		Mar-93		643,580.00		588,864.00		54,716.00		2,993,840,656.00

		Jun-93		693,192.00		614,114.00		79,078.00		6,253,330,084.00

		Sep-93		898,677.00		827,222.00		71,455.00		5,105,817,025.00

		Dec-93		1,060,230.00		930,209.00		130,021.00		16,905,460,441.00

		Mar-94		751,670.00		643,580.00		108,090.00		11,683,448,100.00

		Jun-94		773,131.00		693,192.00		79,939.00		6,390,243,721.00

		Sep-94		988,346.00		898,677.00		89,669.00		8,040,529,561.00

		Dec-94		1,209,790.00		1,060,230.00		149,560.00		22,368,193,600.00

		Mar-95		848,688.00		751,670.00		97,018.00		9,412,492,324.00

		Jun-95		868,514.00		773,131.00		95,383.00		9,097,916,689.00

		Sep-95		1,155,930.00		988,346.00		167,584.00		28,084,397,056.00

		Dec-95		1,522,120.00		1,209,790.00		312,330.00		97,550,028,900.00

		Mar-96		1,113,150.00		848,688.00		264,462.00		69,940,149,444.00

		Jun-96		1,120,340.00		868,514.00		251,826.00		63,416,334,276.00

		Sep-96		1,383,000.00		1,155,930.00		227,070.00		51,560,784,900.00

		Dec-96		1,667,900.00		1,522,120.00		145,780.00		21,251,808,400.00

		Mar-97		1,231,186.00		1,113,150.00		118,036.00		13,932,497,296.00		Historic

		Jun-97		1,345,221.00		1,120,340.00		224,881.00		50,571,464,161.00		RMSE =

		Sep-97		1,765,939.00		1,383,000.00		382,939.00		146,642,277,721.00		233,091.90

		Dec-97		2,165,479.00		1,667,900.00		497,579.00		247,584,861,241.00

		Mar-98		1,719,712.00		1,231,186.00		488,526.00		238,657,652,676.00

		Jun-98		1,904,970.00		1,345,221.00		559,749.00		313,318,943,001.00

		Sep-98		2,399,900.00		1,765,939.00		633,961.00		401,906,549,521.00

		Dec-98		3,029,900.00		2,165,479.00		864,421.00		747,223,665,241.00

		Mar-99		2,277,700.00		1,719,712.00		557,988.00		311,350,608,144.00		Holdout

		Jun-99		2,453,300.00		1,904,970.00		548,330.00		300,665,788,900.00		Period

		Sep-99		3,045,386.00		2,399,900.00		645,486.00		416,652,176,196.00		RMSE =

		Dec-99		3,858,939.00		3,029,900.00		829,039.00		687,305,663,521.00		654,976.00



Note carefuly that Gap Inc. uses a fiscal year that starts in February. Thus, the first quarter of the year includes the months of February, March, and April.

Gap Sales in thousands of dollars.

GapF(t) = Gap(t-4)

Gap - GapF

(Gap - GapF)^2
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Gap Sales ($000)  (Gap)

Gap Sales: Naïve Forecasting Model Using a Four Quarter Lag (GapF)

Quarter

Dollar Sales (000)

Gap Sales and a Naive Forecast with a Four Quarter Lag
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Gap Sales Graph
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Gap Sales ($000)  (Gap)
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