ForeTime

an exploration of medium term forecasting 

INTRODUCTION

This simulation is designed to explore the preparation of a Medium Term Forecasting using Time-Series Analysis. Participants analyse past sales data to identify trends, seasonal patterns and the likely level of accuracy. Following this a sales projection is made and participants consider budgetary control aspects. 

So, this activity explores the practicalities of the statistical analysis of past sales and the implications involved in projecting the outcomes of the analysis.

Because of time limitations, the simulation concentrates on the general aspects of medium term forecasting using Time-Series Analysis. However, the business environment has be specially chosen to reflect the principle problems facing companies when using this technique and to act as a stimulus for discussion.

To save time and to ensure the efficient use of executives' time a computer performs most of the calculations so participants can concentrate on business forecasting.

THE SIMULATION

The simulation consist of the following elements:

INITIAL FAMILIARISATION

PREPARATION OF FORECASTS

REVIEW AND DISCUSSION

Initial Familiarisation consists of a briefing, reading and digesting the contents of this brief, setting objectives, deciding on a programme of action and organising the group. 

Analysis and Projection involves analysing the sales history and preparing projections. The projections are to be used to prepare an annual plan and budget for the business.

Review and Discussion involves the participants (who up this point worked in separate teams) reuniting to compare and discuss results and approaches.

Throughout the simulation the tutoring staff are available to answer questions about the conduct of the simulation, discuss any points arising and supply, if necessary, further information about the current business situation.

THE TASK 

You will explore the analysis of past history and the preparation of a medium-term forecast as follows:

1. Visual Analysis of Sales Patterns

2. Perform Time-Series Analysis

3. Preparing Forecasts

TIME-SERIES ANALYSIS

When analysing the sales history and preparing a forecast you will use a technique known as Time-Series Analysis. This assumes that there is a pattern to sales and this consists of the following components:

· Trend (& Cycle)
· Seasonal
· Residual
The Trend Component represents the long-term movement in sales of a product over the years. Identification and quantification of this is important since it has a direct impact on the company's strategic needs. In particular it affects the needs for productive capacity and new (replacement) products and affects the ability to generate profits and cash. Besides the Trend Component, the analysis also assumes that this component includes any economic of business cycles.

The Seasonal Component represents the repeating annual pattern caused by weather, business and social activities. It has a direct impact on the company's annual tactical plan as it influences operating schedules, cash flow, inventory plans and capacity utilisation.

The Residual Component represents the remainder of the sales pattern after the trend and seasonal components have been removed. It influences both the potential accuracy of the forecast and short-term operational management. It influences short-term cash needs, inventory buffers and performance measurement. As it caused by short-term fluctuations in demand due to weather etc. it is usually regarded as an erratic, randomly fluctuating pattern.

THE BUSINESS SITUATION

In order to provide a realistic forecasting environment a particular product and business situation has been chosen. However, the choice has been made to ensure that it provides a realistic, comprehensive and challenging forecasting and control environment.

The company makes a range of products that are sold both on an off-the-shelf basis in small volumes and in larger volumes to manufacturers.

The product is a small electric motor that is used to power packaging, pumping and conveying equipment for agricultural and horticultural producers. Sales are made both the replace units and for units which are being built into equipment by original equipment manufacturers (OEMs).

The replacement motors are bought individually or in small numbers and must be available 'off-the-shelf'. 

Sales to OEMs can be for a single delivery or for a number of deliveries over a number of quarters. Some of the OEMs have been regular clients for a number of years and a relationship has been built up. Others represent totally new, possibly, non-repeating clients.

THE PRODUCT RANGE

There are five motors available in different physical sizes, power ratings and voltages. These products are lettered A to E. Products A and D sell to domestic and export markets. Product B is for the African market and is not sold elsewhere. Products C and E are for domestic manufacturers and are not exported. 
SALES HISTORY

Information is available for the sales of products over the last five years are listed in the accompanying appendix. The sales history shows the amount of product shipped and invoiced during the period in question. The sales history is provided for these key markets as follows:

Product A - Domestic Market

Product A - Export Markets

Product A - All Markets

Product B - African Market

Product C - Domestic Market 

Product D - Domestic Market

Product D - Export Markets

Product D - All Markets

Product E - Domestic Market

MANUAL ANALYSIS OF DATA

Before using the Time-Series analysis program you should visually analyse Model A's Domestic sales to answer the following questions.

1. Is there a trend in the sales over the five years? I.E. Do the sales seem to be growing or declining over the years?

2. Is this trend constant or does it seem to be changing? (You may wish to express this as a percentage.)

3. What will the growth be (if any) for next year?

4. Is there a repeating seasonal pattern?

5. If there is, which month seems to have the peak sales and how high is this peak as a percentage of average sales?

6. Does the sales pattern seem to be erratic or smooth?

7. How accurate do you think your forecast might be? (In other words, what is the maximum percentage error that you might expect between actual sales for a month and your forecast of sales for the month?)

You should answer these questions individually before sharing them with the other members of your team. You should use the form below to record your answers

Visual Analysis
Answer


Individual
Group

Is there a trend (Y/N)?



Is the trend constant?



Growth next year (%)?



Is there a seasonal pattern (Y/N)?



Which is the peak month?



What is the extra peak sales?



How accurate will the forecast be (%)



Next you should ask the trainer for a graph of Model A's Domestic sales and repeat your analysis and answer these questions again and record them on the next form.

Graphical Analysis
Answer


Individual
Group

Is there a trend (Y/N)?



Is the trend constant?



Growth next year (%)?



Is there a seasonal pattern (Y/N)?



Which is the peak month?



What is the extra peak sales?



How accurate will the forecast be (%)



ANALYSIS PROCESS

You have access to a computer program to perform the calculations needed to perform a Time-Series Analysis. These calculations are as follows:

Review Sales History

Decompose the Sales History into its Components

Analyse the Trend Component

Analyse the Seasonal Component

Analyse the Residual Component

Review Sales History

This allows you to review the pattern of sales by displaying them in a table, as a graph and as a few summary statistics.

The Summary Statistics are as follows: Average Monthly Sales (or Mean Sales) is calculated by totalling the past sales and dividing by the number of months to obtain the average monthly sales. Lowest Monthly Sales is the smallest month's sales. And Greatest Monthly Sales is the largest month's sales. The Statistical Spread (or Standard Deviation) is a statistical measure of the spread of sales about the average sales. And the Percentage Spread is the statistical spread expressed as a percentage of the average sales.

Decomposing the Sales History 

This separates out the Trend, Seasonal and Residual components prior to their analysis and projection. 

The decomposition starts by calculating a Moving Annual Total (MAT) by adding on a rolling basis a year's sales data. This has the effect of removing any seasonal patterns and smoothing out any residual patterns. Next the MAT is changed into a Moving Monthly Average (MMA) by dividing by 12. Finally, the monthly averages are centred on months by averaging pairs of MMAs to produce the Moving Monthly Average (adjusted) (MMAadj).

The Adjusted Moving Monthly Average approximates to the Trend Component and can be displayed, printed, graphed before being analysed further to find the monthly changes in sales in actual and percentage terms. These monthly changes can be displayed, printed and graphed.

Next the appropriate Actual Sales are divided by the Monthly Moving Average (adj.) to compute the Stationary Time-Series. As the Actual Sales encompass all three components and the Monthly Moving Average (adj.) equates to the Trend Component, the Stationary Time-Series consists of the Seasonal and Residual Components and will be used to calculate the Seasonal and Residual Components.

Analysing the Trend Component

This allows you to investigate the trend further to produce a forecasting model that can be projected into the future. It does this by doing Regression Analysis to calculate the formulae and Correlation Analysis to determine which is the most appropriate formula (growth pattern) and what historical data to use.

This analysis looks at three growth patterns - Linear Growth, Compound Growth and Saturating Growth. 

Linear Growth assumes that each month's sales grow by a similar number of units and is appropriate where the product is in the growth portion of the product life-cycle or where sales have stagnated.

Compound Growth assumes that each month's sales grow by a similar percentage and is appropriate where the product is at the start of the product life-cycle.

Saturating Growth assumes that each month's sales grow by a declining number of units and will plateau. It is appropriate where the product is reaching maturity.

But these patterns may be changing overtime and the analysis must take this possibility into account and find the most appropriate pattern and parameters to be used as to project the trend into the future. This is done by starting with the most recent trend data and analysing this to determine how well each of the growth patterns fit this data. Then, progressively earlier and earlier data is used to see if this improves the quality of the fits between the trend data and the growth curves. The quality of these relationships are measure by the index of determination and the closer that this is to one the better the fit. This analysis is summarised in the Trend Best Fit Analysis. This shows for each growth pattern the index, the period  where the fit is best and the parameters associated with the growth pattern.

Analysing the Seasonal Component

This allows you to determine the seasonal component. It takes the Stationary Time-Series and averages together like months. This averaging tends to smooth out the residual component but this is not complete and so there is a further adjustment. (This process is shown in the Seasonality Calculation.)

Finally, the Actual Sales are divides by the Seasonality Component to calculate the Deseasonalised Time-Series (that equates to the aggregation of the Trend and Residual Components.

Analysing the Residual Component

This allows you determine the Residual Component. Initially the Stationary Time-Series by the Seasonal Component to obtain the Residual Pattern (that may be displayed, printed and graphed).

If this is just an erratic, random pattern, then the residual component can be expressed as a single statistical measure - the Percentage Residual Spread.

SALES FORECASTING

The final stage is to take the data obtained from the Time-Series analysis and turn it into a Medium Term Forecast and translating this into a budget.

A starting point for this forecast is a projection of the Time-Series Components. When you do this you must decide which Growth Pattern and associated parameters are appropriate and whether it is appropriate to include seasonality.

Also, as no forecast is going to be completely accurate, it is useful to take this into account using the Residual Component. 

Overall, this means that the projection will consist of a month by month estimate of the expected sales together with estimates of the maximum and minimum sales. (Where these maximum and minimum sales estimates are calculated from the expected sales using the Residual Component.)

USING THE COMPUTER

After you have completed the visual and graphical analysis of Product A - Domestic Market, you are ready to analyse this and the other products helped by the microcomputer. 

The first set of sales history to analyse is that of Product A's Domestic Market. When you do this, the computer will take you through the analysis stage by stage and, again, you should complete a summary form.

Time-Series Analysis




Result

Is there a trend (Y/N)?



Is the trend constant?



Growth next year (%)?



Is there a seasonal pattern (Y/N)?



Which is the peak month?



How accurate will the forecast be (%)



For the other sales histories you must prioritise the time you spend working on them and the detail of your analysis and discussion. So, unlike Product A - Domestic Market, for the other products & markets you will not be led through the analysis but decide which parts of the analysis you wish to explore in detail and which you do not. You will need to budget your time so that you spend more time analysing the more important products and markets and on appropriate analyses. But, also, you must budget time to discussion and reflection that helps you understand forecasting and the implications of what you are doing.

APPENDIX - SALES HISTORY

The following sales histories are provided for information. They show for each product and market sector sales by month for the last five years. The oldest period is Year - 4 and the most recent Year 0.

Model A - Domestic


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
1080
660
430
590
840
720
1080
820
1560
2510
1670
1360

Year -3
970
900
390
710
720
1090
1290
1130
1960
2340
1800
1390

Year -2
1230
780
580
830
940
1110
1460
1550
2150
2770
2340
1500

Year -1
1120
1110
600
1090
1400
1570
1480
1700
2920
4020
2870
2050

Year  0
1710
1620
880
960
1220
1530
2510
2290
3350
4820
3960
2280

Model A - Export


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
166
162
284
378
294
272
168
144
88
86
142
176

Year -3
200
230
328
538
356
272
268
194
108
156
228
296

Year -2
334
364
540
738
606
408
328
288
160
218
284
362

Year -1
434
410
884
828
686
580
416
358
212
342
420
418

Year  0
662
420
1016
1228
1076
684
720
492
334
440
484
724

Model A - Total


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
1246
822
714
968
1134
992
1248
964
1648
2596
1812
1536

Year -3
1170
1130
718
1248
1076
1362
1558
1324
2068
2496
2028
1686

Year -2
1564
1144
1120
1568
1546
1518
1788
1838
2310
2988
2624
1862

Year -1
1554
1520
1484
1918
2086
2150
1896
2058
3132
4362
3290
2468

Year  0
2372
2040
1896
2188
2296
2214
3230
2782
3684
5260
4444
3004

Model B - Africa


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
81
93
55
92
90
135
184
224
296
453
386
329

Year -3
232
254
162
239
225
253
350
526
822
1049
587
595

Year -2
460
392
247
337
378
568
701
805
948
1258
1117
663

Year -1
619
517
303
418
598
712
661
953
1294
1688
1205
984

Year  0
760
670
393
679
585
788
912
736
1317
1546
1312
1024

Model C - Domestic


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
30
80
140
300
370
490
610
580
550
520
360
290

Year -3
230
160
270
440
500
550
520
710
770
610
510
350

Year -2
200
180
290
510
560
560
630
540
680
620
390
380

Year -1
230
220
300
490
490
460
680
770
600
540
460
320

Year  0
200
170
280
470
480
530
550
760
610
540
430
400

Model D - Domestic


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
117
152
95
127
95
83
138
255
387
447
160
230

Year -3
167
138
92
107
117
205
262
297
330
417
420
192

Year -2
215
177
103
127
230
263
198
360
445
560
373
337

Year -1
257
238
142
272
192
280
330
178
410
398
402
337

Year  0
283
335
140
163
322
315
380
277
470
905
732
485

Model D - Europe


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
103
75
98
147
25
158
165
257
280
313
282
330

Year -3
138
227
72
173
140
207
225
210
238
440
165
522

Year -2
158
150
150
218
205
198
170
282
302
658
500
395

Year -1
153
55
85
215
178
315
302
265
538
723
455
237

Year  0
107
375
98
223
107
368
288
272
787
1220
305
442

Model D - Total


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
220
227
193
274
120
241
303
512
667
760
442
560

Year -3
305
365
164
280
257
412
487
507
568
857
585
714

Year -2
373
327
253
345
435
461
368
642
747
1218
873
732

Year -1
410
293
227
487
370
595
632
443
948
1121
857
574

Year  0
390
710
238
386
429
6863
668
549
1257
2125
1037
927

Model E - Domestic


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
90
0
40
0
0
300
260
600
330
0
230
20

Year -3
50
60
140
0
0
280
610
310
410
90
0
210

Year -2
0
80
0
180
90
0
680
0
560
130
230
250

Year -1
50
260
110
190
290
140
860
680
0
0
0
10

Year  0
30
200
0
370
260
20
0
310
300
220
160
260

Grand Total


Jan
Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct
Nov
Dec

Year -4
1667
1222
1142
1634
1714
2158
2605
2880
3491
4329
3230
2735

Year -3
1987
2969
1454
2207
2058
2857
3525
3377
4638
5102
3710
3555

Year -2
2597
2123
1910
2940
3009
3107
4167
3825
5350
6353
5358
3690

Year -1
2932
2857
2457
3550
3901
4136
4803
5010
6117
7898
5946
4465

Year  0
3837
3864
2851
4169
4115
4322
5461
5219
7315
9863
7529
5729

This simulation is one of a comprehensive range of Computer Aided Management Education simulations developed by Hall Marketing, Studio 11, Colman's Wharf, 45 Morris Road, London E14 6PA.
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