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Lecture 3 


Time Series Decomposition 
Read:

(WK Ch 6)

EC 413/513

Economic Forecast and Analysis
(Professor Lee)
This lecture is about:
Time Series Decomposition method
Y = T ( S ( C ( I
· Trend

· Seasonality
· Cycle
· Irregular Component
Procedures
1.  MA and CMA ; Seasonality

MAt  =   eq \f( 1 , 4 ) (yt-2 + yt-1 + yt + yt+1)

.. for quarterly data 

       (Note: For monthly data, use 12 periods.)
CMAt =   eq \f( 1 , 2 ) (MAt  + MAt+1)

      .. Centered Moving Average
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Point : CMAt is the deseasonalized data. Why?

SFt = Yt / CMAt   .. Seasonal Factor (SF)


SF3 = Y3 / CMA3  = 20/15.25 = 1.31



SF4 = Y4 / CMA4  = 12/15.75 = 0.76

          ; It makes sense for the data of swimwear sales.

SI (Seasonal Index) is the average of the seasonal factors (SF) for each quarter.  
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2.  CMAT (Centered Moving Average TREND)


We use a regression model, using CMAt.



CMAt = a + b ( t  + error,  t = 1,2,..,T.
.. CMAt is a fitted value from this regression.



CMATt  =  eq \O(a,^) +  eq \O(b,^) ( t



Here,  eq \O(a,^) and  eq \O(b,^) are estimated coefficients.



E.g,  CMATt  = 134.8 – 0.04 ( t
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3.  Cycle Factor (CF)

CFt  = CMAt / CMATt

If CFt  > 1, the deseasonalized value is above the long-term trend of the data.  

4.  Irregular Factor

Hard to predict, and use It =1.0.

5.  Forecasts using the Decomposition method

        From Y = T ( S ( C ( I
   eq \O(y,()t  = CMATt ( SIt  ( CFt ( It 
Note: For future predictions, one may apply the exponential smoothing technique (Lecture 2) or the Box-Jenkins technique (Lecture 5) to forecast future values of  CFt.
Example: Gap Sales (text, p. 310)

1. Describe what you see in the graph.

2. Find CMA, CMAT and SI.

3. Find CF and forecasts.

4. Using the holdout period (2004Q1-2004Q4), find the RMSE.
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Review Questions

1.  The time-series decomposition model, it is argued, has the advantage in allowing analysts to forecast the cyclical components of a time series.

(a)  Present a brief overview of time-series decomposition paying specific attention to how the business cycle is modeled.

(b) Present a brief discussion on how analysts provide forecasts of the cyclical component of a time series.
2.  You are the sales manager for Tom Turkey Farms, which is a major producer of turkey food products.  Discuss the reasons why you might prefer to use time-series decomposition to generate sales forecasts.  In your answer address each aspect of the time-series decomposition procedure.
3.  Consider the following sales data measured in millions of dollars:

	Period
	Time 
Index
	Actual
Sales 

	1999Q1
	1
	12

	1999Q2
	2
	18

	1999Q3
	3
	20

	1999Q4
	4
	12

	2000Q1
	5
	12

	2000Q2
	6
	20


(a)  Find a four-period moving average for each quarter.

(b)  Find the centered moving averages for the sample.

(c)  Find the seasonal factors for Q3 and Q4 of 1999?  Can you find the seasonal factor for 2000Q1?

Exercise (book, p. 317, Q. 5)


Data: Chapter_6_Q5.xls

A tanning parlor located in a major shopping center near a large New England city has the following history of customers over the last four years (data are in hundreds of customers):

Quarter

Year                 Q1                     Q2                    Q3                      Q4

           1        3.5        2.9       2.0        3.2

           2        4.1        3.4       2.9        3.6 

 3        5.2        4.5       3.1        4.5

 4        6.1        5.0       4.4        6.0 

          Yearly   18.9       15.8      12.4       17.3

     Totals
a) Construct a table in which you show the actual data (given in the table), the centered moving average, the centered moving-average trend, the seasonal factors, and the cycle factors for every quarter for which they can be calculated in years 1 through 4.

b) Determine the seasonal index for each quarter.

c) Do the best you can to project the cycle factor through year 5.

d) Make a forecast for each quarter of year 5.

e) The actual numbers of customers served per quarter in year 5 were 6.8,5.1,4.7, and 6.5 for quarters 1 through 4, respectively (numbers are in hundreds). Calculate the RMSE for year 5.

f) Prepare a time-series plot of the actual data, the centered moving averages, the long-term trend, and the values predicted by your model for years 1 through 5 (where data are available).
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Time Moving Moving
Index Y Average Average
Year 1:
First quarter 1 10 MISSING MISSING
Second quarter 2 18 MISSING MISSING
Third quarter 3 20 15.0(MA3) \_3-15.25(CMA3)
Fourth quarter 4 12 15.5(MA4)} 15.75(CMA,)
Year 2: /

First quarter 5 12 \16.0(I\/IA5) MISSING
Second quarter 6 20 MISSING MISSING
MAs = (10 + 18 + 20 + 12)/4 = 15.0
MA, = (18 + 20 + 12 + 12)/4 = 15.5
MAs = (20 + 12 + 12 + 20)/4 = 16.0




[image: image10.png]TABLE 6.2 Time-Series Decomposition of Private Housing Starts (c6t2)

1 2 3 4 5 6 7 8 9
Period Time Index PHS PHSMA PHSCMA PHSCMAT CF SF S|
Jan-72 1 149.1 0.71
Feb-72 2 152.2 0.74
Mar-72 3 203.9 1.00
Apr-72 4 2116 1.13
May-72 5 2258 1.18
Jun-72 6 223.1 1.18
Jul-72 7 206.5 196.38 13 196.27 34.54 46 1.05 1.13
Aug-72 8 2286 196.17 } 95.58 34.50 45 1.17 1.1
Sep-72 9 203.0 194.98 94.82 34.46 45 1.04 1.06
Oct-72 10 216.5 194.66 94.38 34.42 45 1.11 1.10
Nov-72 11 185.7 194.11 94.45 34.38 45 0.96 0.90
Dec-72 12 150.5 194.79 93.94 34.35 44 0.78 0.76
Jan-73 13 146.6 193.08 92.92 34.31 44 0.76 0.71
Feb-73 14 138.0 192.76 91.45 34.27 43 0.72 0.74
Mar-73 15 200.0 190.14 87.87 34.23 40 1.06 1.00
Apr-73 16 205.0 185.59 82.70 34.19 36 1.12 1.13
May-73 17 234.0 179.81 77.63 34.16 32 1.32 1.18
Jun-73 18 2026 175.44 72.94 34.12 29 117 1.18
Jul-73 19 2026 170.43 67.85 34.08 25 1.21 1.13
Aug-73 20 197.2 165.26 64.07 34.04 22 1.20 1.11
Sep-73 21 148.4 162.88 59.74 34.00 19 0.93 1.06
Oct-73 22 147.1 156.61 54.71 33.97 15 0.95 1.10
Nov-73 23 1333 152.82 49.28 33.93 A1 0.89 0.90
Dec-73 24 90.4 145.73 43.44 33.89 .07 0.63 0.76
an-02 361 10.4 136.52 36.57 21.07 13 0.81 0.71
Feb-02 362 204 136.63 36.85 21.03 13 0.88 0.74

ar-02 363 38.2 137.08 38.02 20.99 14 1.00 1.00
Apr-02 364 488 138.96 39.25 20.96 15 1.07 1.13

ay-02 365 65.5 139.54 40.04 20.92 16 1.18 1.18
un-02 366 60.3 140.54 4131 20.88 A7 1.13 1.18
ul-02 367 55.9 142.08 4239 20.84 18 1.09 1.13
Aug-02 368 47.0 142.70 4225 20.80 18 1.03 1.11
Sep-02 369 55.6 141.81 42.18 20.77 18 1.09 1.06
Oct-02 370 46.8 142.56 42.66 20.73 18 1.03 1.10
Nov-02 371 33.0 142.76 42.74 20.69 18 0.93 0.90
Dec-02 372 23.1 142.72 4331 20.65 19 0.86 0.76
Jan-03 373 17.8 143.90 4473 20.61 20 0.81 0.71
Feb-03 374 09.7 14556 46.26 20.58 21 0.75 0.74
Mar-03 375 472 146.96 47,61 20.54 22 1.00 1.00
Apr-03 376 51.2 148.27 49.38 20.50 24 1.01 1.13
May-03 377 65.0 150.49 51.35 20.46 26 1.09 1.18
Jun-03 378 74.5 152221 5, 153.10 20.42 27 1.14 1.18
Jul-03 379 75.8 }—>153.98 } 1.13
Aug-03 380 63.8 1.11
Sep-03 381 71.3 1.06
Oct-03 382 73.5 1.10
Nov-03 383 53.7 0.90
Dec-03 384 442 0.76

F = Seasonal factor (PHS/PHSCMA)
= Seasonal indices (normalized mean of seasonal factors)

PHS = Private housing starts (in thousands)

PHSMA = Private housing starts moving average
PHSCMA = Private housing starts centered moving average
PHSCMAT = Private housing starts centered moving-average trend (trend component)
CF = Cycle factor (PHSCMA/PHSCMAT)
S
S



[image: image11.png]FIGURE 6.3 Private Housing Starts (PHS) with Centered Moving Average
(PHSCMA) and Centered Moving-Average Trend (PHSCMAT) in Thousands of Units
(c6f3)

The long-term trend in private housing starts is shown by the straight dotted line
(PHSCMAT). The lighter line is the raw data (PHS), while the wavelike dark line is the
deseasonalized data (PHSCMA). The long-term trend is seen to be slightly negative. The
equation for the trend line is: PHSCMAT = 134.8 — 0.04(TIME).
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[image: image12.png]Date Seasonal Indices
Mar (Q1) 0.86
Jun (Q2) 0.87
Sep (Q3) 1.03
Dec (Q4) 1.24
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