MgtOp 340—Operations Management


Professor Munson


Topic 6

Forecasting
“Get your facts first, and then you can distort them as much as you please.” 

Rudyard Kipling, From Sea to Sea

“Hindsight may be 20–20, but foresight certainly is not.” 

Philip T. Keenan, Jonathan H. Owen, and Kathryn Schumacher

Example: Forecasting at Disney

· Revenues are derived from people—how many visitors and how they spend their money

· Daily management report contains only the actual attendance at each park and the forecast made 365 days earlier
· Forecasts used by labor management, maintenance, operations, finance, & park scheduling

· Forecasts used to adjust opening times, rides, shows, staffing levels, food/merchandise carts, & guests admitted

· 20% of customers come from outside the USA, especially Canada & the UK

· Econometric models include GDP data from 7 countries, exchange rates, & “consumer confidence”

· > 1 million surveys from guests annually

· Forecasting inputs include airline specials, Federal Reserve policies, vacation/holiday schedules for 3000 school districts
· Average error for annual forecasts = 0%–3%

· Main cause of error: rain
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You're organizing a Kwanza meeting.  You want to forecast attendance for Year 6 using

exponential smoothing (α = .20).  The Year 1 forecast was 1750.
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Example from Industry

· Scientific Products Division of American Hospital Supply Corporation

· 70,000 items

· 25 stocking locations

· Update forecasts monthly

· Store 3 years of data (63 million data points)

· 12 million forecast updates per year

· If update takes only 1 second, forecasting takes 8 months of computer time each year!


Qualitative Forecasting Methods

· Jury of Executive Opinion

· Pool opinions of a small group of high-level experts & managers
Disadvantage:
· Sales Force Composite

· Estimates from individual salespersons are reviewed, then aggregated
Disadvantage: 
· Delphi Method

· An iterative, written process that uses a panel of experts
Disadvantages:
· Consumer Market Survey

· Market research; ask the customer
Disadvantage:
· Naive Approach


Moving Average Method

· A series of arithmetic means

· Used if little or no trend

· Smooths random fluctuations

· Provides overall impression of data over time

· Equation:

Moving Average Example

You’re the manager of a museum store that sells historical replicas. You want to forecast sales (in thousands) for June using a 3-period moving average.
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Weighted Moving Average Method

· Used when trend is present

· Older data usually less important

· Weights based on intuition

· Weights often between 0 and 1 and sum to 1

· Equation:

Example
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Sales of electric coffee makers at a local retail store over the last five months are shown below. Using weights of 1, 2, 3, and 4, prepare a forecast for June. More recent data has the higher weights. 


     Sales

Weight
Jan.

90

Feb.

70

Mar.
80

Apr.
85


May
82

ForecastJune = 

Exponential Smoothing Method

· Form of weighted moving average

· Weights decline exponentially

· Most recent data weighted most

· Requires smoothing constant (α)

· Ranges from 0 to 1

· Subjectively chosen

· Involves little record keeping of past data

Exponential Smoothing Equation

Ft = forecast value for period t
At = demand at period t
α = smoothing constant

Then the forecast for period t+1 is:

Ft+1 = Ft + α(At − Ft)

Thus, you only need to look at this period’s forecast and actual values to compute the forecast for the next period.
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The exponential smoothing formula can 

also be written as:
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Implication: Choose high values of α when underlying average is likely to change. Choose low values of α when underlying average is stable.

Linear Regression Using Excel

Regression is useful for two types of forecasting: time series and causal.
Time Series Forecast

Based on a least-squares fit of historical data, Excel will generate a forecast Ft = a + bt, where a = intercept term and b = slope term.
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With Excel, you can either use the Data Analysis: Regression tool, or directly use the SLOPE(known y’s, known x’s) and INTERCEPT(known y’s, known x’s) functions.
Warning: A time series linear regression forecast loses its validity too far out into the future.  For example, if you have only 5 periods of old data, don’t use regression to make a forecast for 10 periods into the future.

Example: Demand for the last six months was 25, 23, 30, 34, 38, and 40, respectively.  Using linear regression, make a forecast for the next three months.

In Excel, enter the numbers 1-6 in column A and enter the last six months of demand in column B as shown below.
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In two empty cells, enter:


=SLOPE(B1:B6, A1:A6), and


=INTERCEPT(B1:B6, A1:A6)
The slope formula will yield 3.542857 (which represents the average monthly increase in demand), and the intercept formula will yield 19.26667.  

So the forecasts for the next three months (months 7, 8, and 9) are:


Month 7: 19.26667 + 7(3.54857) = 44.1 ≈ 44


Month 8: 19.26667 + 8(3.54857) = 47.6 ≈ 48


Month 9: 19.26667 + 9(3.54857) = 51.2 ≈ 51

Alternatively, you can directly use the 
FORECAST(x, known y’s, known x’s) function in Excel.  

Here, for example, you could enter the numbers 7-9 into cells A7 through A9, respectively.  Then, by anchoring the input ranges with dollar signs, enter into cell B7 the formula:

=FORECAST(A7,$B$1:$B$6,$A$1:$A$6)
Then copy that formula into cells B8 and B9.  Your three forecasts now appear in cells B7 through B9.
Seasonality

Seasonal variations in data are regular movements in a time series that relate to recurring events such as weather or holidays
Forecasting with seasonal data

1.
Compute a seasonal index for each season by dividing that season’s historical average demand by the average demand over all seasons.

2.
Estimate next year’s total annual demand.

3.
Divide this estimate of total annual demand by the number of seasons, then multiply it by the seasonal index for each season. This provides the seasonal forecast.

Example of Forecasting with Seasonality

Average demand over the last 5 years:


Spring: 2000


Summer: 3200


Fall: 2400


Winter: 1600


Average Seasonal Demand = 


(2000 + 3200 + 2400 + 1600) / 4 = 2300

Seasonal indices:


Spring:


Summer:


Fall:


Winter:

Suppose that the annual forecast for next year = 10,400
Average seasonal forecast = 

Seasonal forecasts for next year =

Spring:


Summer:


Fall:


Winter:

Forecast Error Equations
Mean Squared Error (MSE)
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Mean Absolute Deviation (MAD)
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Mean Absolute Percent Error (MAPE)
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Selecting a Forecasting Model

Example

You’re a marketing analyst for Hasbro Toys.  You’ve forecast sales (in thousands) with a linear model and an exponential smoothing model with α = 0.9.  Which model should you use?

Actual
                    Forecast
 
Year
 Sales 

Linear Model
Exp. Smoothing
   1
    
    1



0.6



   1.0

   2 

    1



1.3



   1.0

   3

    2



2.0



   1.0

   4

    2



2.7



   1.9

   5

    4



3.4



   2.0
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1 1 0.6 0.4 0.16 0.4 0.40

2 1 1.3 -0.3 0.09 0.3 0.30

3 2 2.0 0.0 0.00 0.0 0.00

4 2 2.7 -0.7 0.49 0.7 0.35

5 4 3.4 0.6 0.36 0.6 0.15

Total 0.0 1.10 2.0 1.20

MSE = 

MAD =

MAPE =

Exponential Smoothing Model

Year

A

t

F

t

Error

Error

2

|Error|

|Error|/A

t

1 1 1.0 0.0 0.00 0.0 0.00

2 1 1.0 0.0 0.00 0.0 0.00

3 2 1.0 1.0 1.00 1.0 0.50

4 2 1.9 0.1 0.01 0.1 0.05

5 4 2.0 2.0 4.00 2.0 0.50

Total 3.1 5.01 3.1 1.05

MSE = 

MAD =

MAPE =


Example—MAD with Historical Data

The table below provides actual sales for years 1 through 7. The firm uses a three-year moving average to make forecasts.

Year
Sales

   1
 100

   2
 200

   3
 300

   4
 400

   5
 100

   6
 900

   7
 800

a. What is the forecast for year 8?

b. What is the MAD based on these data?


F4 = (100 + 200 + 300) / 3 = 200


F5 = (200 + 300 + 400) / 3 = 300


F6 = (300 + 400 + 100) / 3 = 267


F7 = (400 + 100 + 900) / 3 = 467
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