9
Time series analysis and Forecasting

Forecasting is a very useful technique in business for estimating such items as demands in order to optimise production levels and minimise losses.

All methods are based on analysing past data, time series analysis, and, with the assumption that no significant changes will take place, projecting the same pattern or trend into the near future, forecasting XE "forecasting" . Several methods were described in Chapters 12 and 13 but the stress in this course is on seasonal decomposition using an additive model. This method produces a model which is a sum of the overall trend plus an additional amount, the seasonal factor, which may be positive or negative and is due to it being a particular season. This same model is used to produce the forecasts.

When the model is projected backwards in time it is found that the observed data did not fit it exactly. These past discrepancies are used to measure how good we expect the forecasts from the model to be in the future. If they were small we would expect a good forecast; if large it is unlikely to be accurate.

Revision questions

(All answers after question 3:  Note that SPSS and Minitab outputs differ.)  

9.1
The following quarterly data represents the output of a small manufacturing company, in £'0000 for four consecutive years:  


Year

  Q1

   Q2

   Q3

  Q4


1997

  58

  195

  573

 102



1998

  81

  171

  507

   94



1999

  60

  183

  479

   96



2000

  69

  127

  397

 113

Summaries of the analysis performed by SPSS and Minitab on this data follow.

a)  
Using the values in the computer output, plot the given data on graph paper as a 
time series, leaving room for your forecasts  for Year 2001.

b)  
Plot the Smoothed Trend-cycle for SPSS, Trend for Minitab on your graph.
c)
State the four seasonal factors and use with your graph to forecast demand for 

outward passenger movement for each of the four quarters of Year 2001, stating 
your forecasts clearly and showing how they were calculated.

d)
Estimate the likely error in your forecasts.


e)
Demonstrate how the Seasonally adjusted series for SPSS, Deseasonal for Minitab, for each of the quarters of Year 2000 have been found.  Explain how these figures might be used.

f)
With reference to your graph and the summary statistics given in the SPSS or 
Minitab output, discuss the suitability of the additive model.

SPSS output for use with Question 9.1

    

Additive Model.  Centered MA method.  Period = 4.

                                             Seasonally Smoothed

                    Moving          Seasonal   adjusted   trend- Irregular

  DATE_    OUTPUT averages   Ratios  factors     series    cycle component

Q1 1997    58.000     .        .    -137.875   195.875   213.722   -17.847

Q2 1997   195.000     .        .     -40.667   235.667   235.097      .569

Q3 1997   573.000  234.875  338.125  299.250   273.750   239.194    34.556

Q4 1997   102.000  234.750 -132.750 -120.708   222.708   233.412   -10.704

Q1 1998    81.000  223.500 -142.500 -137.875   218.875   222.986    -4.111

Q2 1998   171.000  214.250  -43.250  -40.667   211.667   213.963    -2.296

Q3 1998   507.000  210.625  296.375  299.250   207.750   210.306    -2.556

Q4 1998    94.000  209.500 -115.500 -120.708   214.708   210.079     4.630

Q1 1999    60.000  207.500 -147.500 -137.875   197.875   206.431    -8.556

Q2 1999   183.000  204.250  -21.250  -40.667   223.667   206.407    17.259

Q3 1999   479.000  205.625  273.375  299.250   179.750   202.750   -23.000

Q4 1999    96.000  199.750 -103.750 -120.708   216.708   201.634    15.074

Q1 2000    69.000  182.500 -113.500 -137.875   206.875   185.208    21.667

Q2 2000   127.000  174.375  -47.375  -40.667   167.667   173.630    -5.963

Q3 2000   397.000     .        .     299.250    97.750   166.375   -68.625

Q4 2000   113.000     .        .    -120.708   233.708   162.102    71.606
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Minitab output for use with Question 9.1
Row  Output     Trend  Seasonal Deseasonal Residuals  Fitted values

   1      58   218.838  -141.281   199.281  -19.5570    77.557

   2     195   217.201   -42.031   237.031   19.8298   175.170

   3     573   215.565   297.594   275.406   59.8415   513.158

   4     102   213.928  -114.281   216.281    2.3533    99.647

   5      81   212.291  -141.281   222.281    9.9901    71.010

   6     171   210.654   -42.031   213.031    2.3768   168.623

   7     507   209.018   297.594   209.406    0.3886   506.611

   8      94   207.381  -114.281   208.281    0.9004    93.100

   9      60   205.744  -141.281   201.281   -4.4629    64.463

  10     183   204.107   -42.031   225.031   20.9239   162.076

  11     479   202.471   297.594   181.406  -21.0643   500.064

  12      96   200.834  -114.281   210.281    9.4474    86.553

  13      69   199.197  -141.281   210.281   11.0842    57.916

  14     127   197.560   -42.031   169.031  -28.5290   155.529

  15     397   195.924   297.594    99.406  -96.5173   493.517

  16     113   194.287  -114.281   227.281   32.9945    80.006

Variable      N       Mean     Median     TrMean      StDev    SE Mean

Output       16      206.6      120.0      191.0      176.3       44.1

Residuals    16      -0.00       2.37       2.62      33.47       8.37

Variable       Minimum    Maximum         Q1         Q3

Output            58.0      573.0       84.2      346.5

Residuals        -96.52      59.84     -15.78      17.64

9.2
The following quarterly data represents the number of marriages, in thousands, for four consecutive years:  (Source Office of Population censuses.)


Year

  Q1

   Q2

   Q3

  Q4


   1

71.6

 111.0

 135.7

 79.6



   2

62.2

 108.8

 138.0

 78.0



   3

61.9

 108.9

 140.5

 78.0



   4

61.3

 115.0

 146.2

 73.3

A summary of the analysis performed on this data, using both SPSS and Mimitab, is 

shown overleaf.

a)  
Plot the given data on graph paper as a time series, leaving room for your 
forecasts  for Year 5.

b)  
Calculate the missing values indicated by the three question marks (?) on the table


 in the printout.

c)  
Plot the Smoothed Trend-cycle, Trend for Minitab, on your graph.
d)
State the four seasonal factors and use with your graph to forecast the expected 

      
number of marriages for each of the four quarters of Year 5, stating your 
forecasts clearly and showing how they were calculated.

e)
Estimate the likely error in your forecasts.


f)
Demonstrate how the Seasonally adjusted series for SPSS, or Fitted values for Minitab, of the number of marriages for each of the
quarters of Year 4 have been found.

 g)    
With reference to your graph and the summary statistics given in the SPSS or 
Minitab outputs, discuss the suitability of the additive model.

SPSS output for use with Question 9.2
      

-> * Seasonal Decomposition.

->   /VARIABLES=marriage

->   /MODEL=ADDITIVE

->   /MA=CENTERED.

                                             Seasonally Smoothed

                    Moving          Seasonal  adjusted   trend-     Second

  DATE_  MARRIAGE averages   Ratios  factors    series    cycle      resid

Q1    1    71.600     .        .     -35.718   107.318   101.004     6.314

Q2    1   111.000     .        .      13.207    97.793    99.973    -2.181

Q3    1   135.700   98.300   37.400   40.891    94.809    97.912    -3.103

Q4    1    79.600   96.850  -17.250  -18.380    97.980    96.976     1.005

Q1    2    62.200   96.863  -34.662  -35.718    97.918    96.980      .938

Q2    2   108.800   96.950   11.850   13.207    95.593    96.799    -1.206

Q3    2   138.000   96.713   41.287   40.891    97.109    96.757      .353

Q4    2    78.000   96.688  -18.688  -18.380    96.380    96.653     -.273

Q1    3    61.900   97.012  -35.112  -35.718    97.618    97.080      .538

Q2    3   108.900   97.325   11.575   13.207    95.693    97.144    -1.451

Q3    3   140.500   97.250   43.250   40.891    99.609    97.512     2.097

Q4    3    78.000   97.938  -19.938  -18.380    96.380    97.764    -1.384

Q1    4    61.300     ?        ?     -35.718    97.018    99.146      ?

Q2    4   115.000   99.538   15.463   13.207   101.793    99.788     2.005

Q3    4   146.200     .        .      40.891   105.309    99.594     5.715

Q4    4    73.300     .        .     -18.380    91.680    99.497    -7.817

Summary Statistics

Variable      Mean    Std Dev   Minimum   Maximum   N  Label

MARRIAGE     98.12      30.79      61.3     146.2  16  Number of marriages (0,000)

FIRST         -.04      30.83     -38.0      47.0  16  First residuals

SECOND        -.04       3.35  -7.81690   6.31389  16  Second residuals

	


	



	


	



	


	




Minitab output (from an older version) for use with Question 9.2
 ROW  QUARTER  THE DATA     TREND  1ST.RESD  SEASONAL    FITTED  2ND.RESD

   1        1      71.6         *         *         *         *         *

   2        2     111.0         *         *         *         *         *

   3        3     135.7   98.3000   37.4000   40.6458   138.946  -3.24583

   4        4      79.6   96.8500  -17.2500  -18.6250    78.225   1.37500

   5        5      62.2   96.8625  -34.6625  -35.9625    60.900   1.30000

   6        6     108.8   96.9500   11.8500   12.9625   109.912  -1.11250

   7        7     138.0   96.7125   41.2875   40.6458   137.358   0.64166

   8        8      78.0   96.6875  -18.6875  -18.6250    78.063  -0.06250

   9        9      61.9   97.0125  -35.1125  -35.9625    61.050   0.85000

  10       10     108.9   97.3250   11.5750   12.9625   110.287  -1.38750

  11       11     140.5   97.2500   43.2500   40.6458   137.896   2.60417

  12       12      78.0   97.9375  -19.9375  -18.6250    79.313  -1.31250

  13       13      61.3      ?          ?    -35.9625    63.450      ?

  14       14     115.0   99.5375   15.4625   12.9625   112.500   2.50000

  15       15     146.2         *         *         *         *         *

  16       16      73.3         *         *         *         *         *

  PLOT OF THE DATA AND THE TREND LINE
      150+

         -                                                 

         -         

         -

         -

      120+

         -                                            

         -                               

         -                                           

         -          

       90+

         -

         -             

         -                                                    

         -

       60+                 

         -

           +---------+---------+---------+---------+---------+------

         0.0       3.0       6.0       9.0      12.0      15.0

Summary Statistics
FOR THE DATA

   MEAN    =      98.125

   ST.DEV. =      30.791

FOR THE FIRST RESIDUALS

   MEAN    =    -0.24479

   ST.DEV. =      30.775

FOR THE SECOND RESIDUALS

   MEAN    =3.178914E-07

   ST.DEV. =      1.8536

9.3
Whiterose Brewers are a small brewery supplying a number of public houses in the Huddersfax area. Ten years ago they introduced a new 'Strong Bitter'. Having allowed five years for the sales to settle down, they require you to analyse the sales for the past four years, given in gallons below, and estimate demands for the next year.


Year

  Q1

   Q2

  Q3
 
   Q4


   1

1485

 1560

1605

 1842



   2

1576

 1620

1700

 1804



   3

1602

 1817

1975

 1998



   4

1813

 1831

2006

 2110

A summary of the analysis performed on this data, using SPSS and Minitab, is shown overleaf.

a)  
Plot the given data on graph paper as a time series, leaving room for your 
forecasts for Year 5.

b)  
Calculate the missing values indicated by the three question marks (?) on the table in the printout.

c)  
Plot the Smoothed Trend-cycle for SPSS, Trend for Minitab, on your graph.
d)
State the four seasonal factors and use them with your graph to forecast the 

expected demand for 'Strong Bitter' for each of the four quarters of Year 5, stating 
your forecasts clearly and showing how they were calculated.

e)
Estimate the likely error in your forecasts.


f)
Demonstrate how the Seasonally adjusted series for SPSS and Fitted values for Minitab, of demand for 'Strong Bitter' for each of the four quarters of Year 4 have been found.  Explain how these figures might be used.

g)
With reference to your graph and the summary statistics given in the SPSS 


output, discuss the suitability of the additive model. 

SPSS Output for use with Question 9.3
-> * Seasonal Decomposition.

->   /VARIABLES=sales

->   /MODEL=ADDITIVE

->   /MA=CENTERED.

                                             Seasonally Smoothed

                    Moving          Seasonal  adjusted   trend-     Second

  DATE_     SALES averages   Ratios  factors    series    cycle     resids

Q1    1  1485.000     .        .    -114.854  1599.854  1576.764    23.090

Q2    1  1560.000     .        .     -50.396  1610.396  1593.604    16.792

Q3    1  1605.000 1634.375  -29.375   34.438  1570.563  1627.285   -56.722

Q4    1  1842.000 1653.250  188.750  130.813  1711.188  1659.688    51.500

Q1    2  1576.000 1672.625  -96.625 -114.854  1690.854  1674.650    16.204

Q2    2  1620.000 1679.750  -59.750  -50.396  1670.396  1678.711    -8.315

Q3    2  1700.000 1678.250   21.750   34.438  1665.563  1676.840   -11.278

Q4    2  1804.000 1706.125   97.875  130.813  1673.188  1702.465   -29.278

Q1    3  1602.000 1765.125 -163.125 -114.854  1716.854  1759.762   -42.907

Q2    3  1817.000 1823.750   -6.750  -50.396  1867.396  1828.600    38.796

Q3    3  1975.000 1874.375  100.625   34.438  1940.563  1881.729    58.833

Q4    3  1998.000 1902.500   95.500  130.813  1867.188  1898.576   -31.389

Q1    4  1813.000     ?        ?    -114.854  1927.854  1910.317      ?

Q2    4  1831.000 1926.000  -95.000  -50.396  1881.396  1921.044   -39.648

Q3    4  2006.000     .        .      34.438  1971.563  1944.049    27.514

Q4    4  2110.000     .        .     130.813  1979.188  1955.551    23.637
Summary Statistics

Variable      Mean    Std Dev   Minimum   Maximum      N  Label

SALES      1771.50     187.12      1485      2110     16  Sales of Strong Bitte

FIRST         3.40     101.98      -158       182     16  First residuals

SECOND        3.40      35.41 -56.72222  58.83333     16  Second residuals

	


	



	


	



	


	




Minitab output ( from an older version) for use with Question 9.3
 ROW  QUARTER  THE DATA     TREND  1ST.RESD  SEASONAL    FITTED  2ND.RESD

   1        1      1485         *         *         *         *         *

   2        2      1560         *         *         *         *         *

   3        3      1605   1634.37   -29.375    31.000   1665.37  -60.3750

   4        4      1842   1653.25   188.750   127.375   1780.62   61.3750

   5        5      1576   1672.62   -96.625  -118.292   1554.33   21.6666

   6        6      1620   1679.75   -59.750   -53.833   1625.92   -5.9166

   7        7      1700   1678.25    21.750    31.000   1709.25   -9.2500

   8        8      1804   1706.13    97.875   127.375   1833.50  -29.5000

   9        9      1602   1765.13  -163.125  -118.292   1646.83  -44.8334

  10       10      1817   1823.75    -6.750   -53.833   1769.92   47.0834

  11       11      1975   1874.38   100.625    31.000   1905.37   69.6250

  12       12      1998   1902.50    95.500   127.375   2029.87  -31.8750

  13       13      1813      ?          ?    -118.292   1789.83       x

  14       14      1831   1926.00   -95.000   -53.833   1872.17  -41.1666

  15       15      2006         *         *         *         *         *

  16       16      2110         *         *         *         *         *

PLOT OF THE DATA AND THE TREND LINE
         -                                                    

         -

         -

     2000+                                        

         -                                     

         -                                        

         -                                  

         -            

     1800+                         

         -                              

         -                       

         -                  

         -           

     1600+          

         -       

         -

         -   

           +---------+---------+---------+---------+---------+------

         0.0       3.0       6.0       9.0      12.0      15.0

Summary Statistics
FOR THE DATA

   MEAN    =      1771.5

   ST.DEV. =      187.12

FOR THE FIRST RESIDUALS

   MEAN    =     -3.4375

   ST.DEV. =      105.87

FOR THE SECOND RESIDUALS

   MEAN    = 0.000000000

   ST.DEV. =      43.895

Answers to Time series & Forecasting questions 
9.1
c)
Seasonal factors   
-137.9,  -40.7,  299.3,  -120.7 (£'0000)  (SPSS)





     
-141.3,  -42.0,  297.6,  -114.3 (£'0000)  (Minitab)



Forecasts (in the region of)     20,  110,  450,  20 (£'0000)  (SPSS)







50,  150,  460,  70 (£'0000)  (Minitab)


d)
Maximum likely error = 59  (SPSS) or 67 (Minitab) (£'0000)


f)
Yes. Regular seasonal quarterly pattern; Data and fitted values close on 

graph; Second residuals have very small mean and standard deviation much


            reduced.

9.2
b)
Moving average = 99.41,  Ratio = -38.11,  Second residual = -2.3 or –2.2


d)
Seasonal factors   -35.718,  13.207,   40.891,  -18.380 thousand



Forecasts (in the region of)    65,   114.0,   142,   84  thousand
.


e)
Maximum likely error  =  6.7 thousand


f)
Deseasonalised values for year 4: 97.0,  101.8,  105.3,  91.7  thousand. (SPSS)







      97.3,  102.1,  105.6,  91.9  thousand (Minitab)

g)
Yes. Regular seasonal quarterly pattern; Data and fitted values close on graph; 
Second residuals have mean of nearly zero and standard deviation much 
reduced.

9.3
b)
Moving average   = 1908.1,
Ratio  = -95.1,  Second residual = 17.54


d)
Seasonal factors   -114.9,   -50.4,   34.4,  130.8  thousand (SPSS)





     -118.3,   -53.8,   31.0,  127.4   thousand (Minitab)



Forecasts (in the region of)    1830,   1920,   2030,   2140 thousand
.


e)
Maximum likely error  =  71 or 87 thousand


f)
Deseasonalised values for year 4:1928, 1881, 1972, 1971 thousand  (SPSS)







     1830, 1885, 1975,  1983 thousand  (Minitab)


g)
Not a very good model. Seasonal quarterly pattern not so regular; data and 
fitted values not very close on graph; second residuals have low mean but



the standard deviation is still fairly high and the residuals do not appear to be



random on the plot.
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