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Associative Forecasting

Used when changes in one or more
independent variables can be used to
predict the changes in the dependent

variable

Most common technique is linear
regression analysis

We apply this technique just as we did
in the time series example

11. Associative Forecasting

Forecasting an outcome based on
predictor variables using the least
squares technique

Y =a+ bx

= computed value of the variable to
be predicted (dependent variable)

= y-axis intercept

= slope of the regression line

=the independent variable though to

predict the value of the dependent
variable

¥
a
b
X

Associative Forecasting Example

Sales Local Payroll
($000,000),y  ($000,000,000), x
2.0 1
3.0 3 N
25 4
2.0 2 | o .
2.0 1 30k
3.5 7 |8 ©
820} °
o = e® o
1.0 |
I I N A
0 1 2 3 4 5 6 7
Area payroll
"
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Associative Forecasting Example

Sales, y Payroll, x x2 Xy
2.0 1 1 2.0
3.0 3 9 9.0
25 4 16 10.0
2.0 2 4 4.0
2.0 1 1 2.0
3.5 7 49 24.5
>y =15.0 >x=18 Yx2=80 Yxy=515




Associative Forecasting Example

Y =1.75 + .25x Sales = 1.75 + .25(payroll)

If payroll next
year is estimated
to be $600 million,
then:

Sales =1.75 + .25(6)
Sales = $325,000
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0 1 2 3 4 5
Area payroll

Standard Error of the Estimate

M A forecast is just a point estimate of a
future value

M This pointis 40
actually the 328
mean of a 8>
probability &0
distribution

10 |

|

|
lllII!I

6
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Area payroll

Standard Error of the Estimate

30 -yeF
ST ATz

where y = y-value of each data point

y. = computed value of the
dependent variable, from the
regression equation

n = number of data points

\\\\\\

Standard Error of the Estimate

Computationally, this equation is
considerably easier to use

s - JZyz-aZy-bzxy
yx =
n-2

We use the standard error to set
up prediction intervals around the
point estimate

A




Standard Error of the Estimate

s - [sy2-asy-bsxy _ [39.5-1.75(15) - 25(51.5)
2 n-=-2 - 6-2

Syx = -306 4.0
248
The standard error 820

of the estimate is
$30,600 in sales 10l

0O 1 2 3 4 5
Area payroll
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12. Correlation

» How strong is the linear relationship
between the variables?
- Correlation does not necessarily imply
causality!
« Coefficient of correlation, r, measures
degree of association
= Values range from -7 to +7

NIXy - IXZy

r =

AIN=x2 - (2X)2][nzy2 - (2y)?]

A y
y ™ ﬂ
oe
NYXY -
> L (Y x)2 >
(a) Perfect positive X (Z ) ] (b) Positive X
correlation: correlation:
r=+1 0<r<1
y ® y
@
© oo
- =
5) ® o
o o ®
(c) No correlation: (d) Perfect negative X
correlation:
r=-1

Guidelines for Selecting
Forecasting Modei

» You want to achieve:
- No pattern or direction in forecast error
- Error = (Actual - Forecast)
- Seen in plots of errors over time
- Smallest forecast error
- Mean square error (MSE)
- Mean absolute deviation (MAD)

- Mean Absolute Percent Error (MAPE)




Pattern of Forecast Error

® Trend Not Fully

Accounted for Desired Pattern

Error Error

Time (Years) Time (Years)

Forecast Error Equations

» Mean Absolute Deviation (MAD)

e |

tual — f t Z‘A —F| X
AD = > |actual — forecast| _ ; t‘ _

» Mean Square Enrror (MSE)
_ > (actual — forecast ) _ Z(At — 5)2 _ Z(et )2

n n n

» Mean Absolute Percent Error (MAPE)

n

MSE

n
100 > |actual, - forecast;|/actual,
MAPE = __ i=t

n
Comparison of Forecast Error Caomnarisan nf Farecast Error

Rounded Absolute Rounded Absolute _ Z |deV|at|ons| Rounded Absolute
Actual Forecast Deviation Forecast Deviation MAD = Forecast Deviation

Tonnage with for with for n with for
Quarter Unloaded a=.10 a=.10 a=.50 a=.50 E 1 0 a=.50 a=.50

1 180 175 5 175 5 OIr @ = 175 5

2 168 176 8 178 10 =84/8 =10.50 178 10

3 159 175 16 173 14 173 14

4 175 173 2 166 9 For o = .50 166 9

5 190 173 17 170 20 170 20

6 205 175 30 180 25 =100/8 = 12.50 180 25

7 180 178 2 193 13 193 13

8 182 178 4 186 4 8 182 | 178 4 186 4

84 100 ;1! 100




Comnarisnn of Farecast Error
Y (forecast errors)?
MSE = Rounded Absolute
n Forecast Deviation
with for
_ a=.50 a=.50
For a =.10 75 5
=1,558/8 = 194.75 178 10
173 14
For a =.50 166 9
170 20
=1,612/8 = 201.50 180 25
193 13
8 182 178 4 186 4
—7 —100
10.50 12.50

Comnarisnn nf Farecast Frror

100 ) |deviation;|/actual,

MAPE = =1 0 Deviation
n for

’0 a =.50

For o =.10 —
= 45.62/8 = 5.70% 10
For o =.50 zg
= 54.8/8 = 6.85% 25
13
8 182 | 178 4 | 186 4
7 ~100
MAD 10.50 12.50
MSE 194.75 201.50

Comparison of Forecast Error

Rounded Absolute Rounded Absolute

Actual Forecast Deviation Forecast Deviation
Tonnage with for with for

Quarter Unloaded a=.10 a=.10 a=.50 a=.50

1 180 175 5 175 5
2 168 176 8 178 10
3 159 175 16 173 14
4 175 173 2 166 9
5 190 173 17 170 20
6 205 175 30 180 25
7 180 178 2 193 13
8 182 178 4 186 4
B4 100
MAD 0.50 12.50
MSE 194.75 201.50
MAPE 5.70% 6.85%
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Tracking Signal
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» Measures how well W, t A F, e,
forecast is predicting RSEE 1 47 43
actual values S, = ——
» Ratio of running sum of MAD 2 o 44 l
forecast errors (RSFE) to 3 o4 50
mean absolute deviation D e, 4 55 51 4
(MAD) - MAD 5 49 54 5
- Good tracking signal 6 46 48 B
has low values
» Should be within upper / 38 46 8
and lower control limits 8 32 44 -12
9 25 35 -10
10 24 26 -2
t 4] t (1) (2)
"IA | R e oA | R e | el
1 47 43 1 47 43 4 4
2 51 44 7 2 51 44 7 7
3 54 50 4 3 54 50 4 4
4 55 51 4 4 55 51 4 4
5 | 49 54 5 5 | 49 54 5 5
6 46 48 -2 6 46 48 2 2
7 38 46 -8 7 38 46 8 8
8 32 44 -12 8 32 44 -12 12
9 25 35 -10 9 25 35 -10 10
10| 24 26 -2 10| 24 26 -2 2
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1 47 43 4 4 1 47 43 4 4 4
2 51 44 7 7 2 51 44 7 11 11
3 54 50 4 4 3 54 50 4 15 15
4 55 51 4 4 4 55 51 4 19 19
5 49 54 -5 5 5 49 54 5 14 24
6 46 48 -2 2 6 46 48 2 12 26
7 38 46 -8 8 7 38 46 8 4 34
8 32 44 -12 12 8 32 44 12 -8 46
9 25 35 -10 10 9 25 35 10 -18 56
10 24 26 -2 2 10 24 26 2 -20 58
(M (2 “4) (5) (2 (3 4 (5) (6)
A F, & lel Z|e | z’\;/ll ’231/; Ay Fy led Ze | Zle 21'23‘/:1 2 e-l‘-/?;b_A\Dt
1 47 43 4 4 4 4.00 1 47 43 4 4 4 4.00 1.00
2 51 44 7 7 11 5.50 2 51 44 7 11 11 5.50 2.00
3 54 50 4 4 15 5.00 3 54 50 4 15 15 5.00 3.00
4 55 51 4 4 19 4.75 4 55 51 4 19 19 4.75 4.00
5 49 54 -5 5 24 4.80 5 49 54 5 14 24 4.80 2.92
6 46 48 -2 2 26 4.33 6 46 48 2 12 26 4.33 2.77
7 38 46 -8 8 34 4.86 7 38 46 8 4 34 4.86 0.82
8 32 44 -12 12 46 5.75 8 32 44 12 -8 46 5.75 -1.39
9 25 35 -10 10 56 6.22 9 25 35 10 -18 56 6.22 -2.89
10 24 26 -2 2 58 5.80 10 24 26 2 -20 58 5.80 -3.45
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The End




