Quantitative Forecasting Methods

* Naive Approach
* Moving Averages
e Exponential Smoothing

* Trend projection

e Linear Regression



Time Series Models

e Future is the function of past
e Use series of past data to forecast



Associative Models

e Causal Models

* Involves variables that might influence the
guantity being forecast



Decomposition of Time Series

Trend- Gradual upward or downward movement
of data

Seasonality-Data that repeats itself after a period
of days

Cycles- Data pattern that occurs after several years
Random variations- No observable pattern



Increasing Trend in Data

Figure 1. Percentage of children aged 0-17 years with a reported allergic condition in the past 12 months: United States,
1997-2011
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'Significant increasing linear trend for food and skin allergy from 1997-1999 to 2009-2011.
SOURCE: CDC/NCHS, Health Data Interactive, National Health Interview Survey.



Decreasing Trends

(Lnit : tons)

400

350 343

£89

276
‘ ‘ 208 196
| | 1 I |
2000 2001 2002 2003 2004
(Fiscal Year)

300

250

200




20
18
16
14

12 -
10 -

S N B O

|

Seasonal Data

Seasonal Managerial Changes
(up until end of Oct)

2012-13

2011-12

2010-11

13
12
&
7 I
I | |

2009-10

2008-09

2007-08



Cyclic Data

Maximum minus 9am temperature anomalies in Australia
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Group

e http://groups.yahoo.com/neo/groups/0OMS20
13/info

* Term Project



Exponential Smoothing Method

e Form of weighted moving average
— Weights decline exponentially
— Most recent data weighted most

e Requires smoothing constant (o)
— Ranges from0Oto 1
— Subjectively chosen

* Involves little record keeping of past data



New forecast =
previous forecast + a(previous actual - previous)

or: F=F. i+ alA-Fo)

where
F. = new forecast

., = previous forecast
o. = sSmoothing constant

A1 = previous period actual



Exponential Smoothing Equations

° Ft = (xAt_ 1 + (X(l‘(X)At_z + (1(1' (x)z'At-?)
+o(l- a)?A, 4+ ... +o(l- o)A,
— F, =Forecast value

— A, =Actual value
— oo = Smoothing constant



Forecast Effects of
Smoothing Constant a

R =aA.tal-a) A ta(l-a)A st




Table 5.4

Port of Baltimore Ex_fmhential" Smnuthiri_g_ Fﬁi-ecé'sts'fnr_ & = 0.10 and ¢ = 0.50

ACTUAL ROUNDED

TONNAGE ROUNDED FORECAST FORECAST "

QUARTER UNLOADED USING o = 0.10* USING ¢ = 0.50
1 180 175 175
2 168 176 = 175.00 + 0.10(180 — 175) 178
5 159 175 = 17550 + 0.10(168 — 175.50) 173
4 175 173 = 174.75 + 0.10(159 — 174.75) 166
5 190 173 = 173.18 +0 .10(175 — 173.18) 170
6 205 175 = 173.36 + 0.10(190 — 173.36) 180
T 180 178 = 175.02 + 0.10(205 — 175.02) 193
8 182 178 = 178.02 + 0.10(180 — 178.02) 186

S T 179 = 178.22 + 0.10(182 — 178.22) 184

* Forecasts rounded to the nearest ton.



Exponential Smoothing with Trend Adjustment

* Simple exponential smoothing - first-order
smoothing

 Trend adjusted smoothing - second-order
smoothing

* Low D gives less weight to more recent
trends, while high b gives higher weight to
more recent trends



Select a to minimize:

Mean Absolute Deviation = MAD = =1 orecest  ermors |

n

2

Mean Square Error = MSE _ Z(forecast errors)
n

Mean Absolute Percent Error = MAPE
1 . |forecast error

n actual

Bias = Z forecast errors



Error Analysis (Alpha=0.1)

F@ Detailsand brvor ;';nﬂ'i.;.'_'.i; gj_.hﬁ_l] a"
(untitled) Solution
Demandly) Forecast Error |Error| Error*2| |Pct Error]
January 180
February 168 180 -12 12 144 07
March 159 178.8 -19.8 19.8 392.04 A2
April 175 176.82 -1.82 1.82 3.31 01
May 190 176.64 13.36 13.36 178.54 07
June 205 177.97 27.03 27.03 730.39 i
July 180 180.68 -.68 68 A6 0
August 182 180.61 1.39 1.39 1.93 0
TOTALS 1439 7.48 76.08 1450.68 42
AVERAGE 179.88 1.07 10.87 207.24 06
Mext period forecast 180.75 (Bias) (MAD) (MSE) (MAPE)
Std err 17.03




Error Analysis (Alpha=0.5)

Demand(y)| Forecast Error |Error| Error*2| |PctError|
January 180
February 168 180 -12 12 144 07
March 159 174 -15 15 229 09
April 175 166.5 8.5 8.5 72.25 05
May 190 170.75 19.25 19.25 370.56 A
June 205 180.38 24.63 24.63 606.39 A2
July 180 192.69 -12.69 12.69 160.97 07
August 182 186.34 -4.34 4.34 18.87 02
TOTALS 1439 8.34 96.41 1598.04 ]
AVERAGE 179.88 1.19 13.77 228.29 08
MNext period forecast 184.17 (Bias) (MAD) (MSE) (MAPE)

Std err 17.88




Exponential Smoothing with Trend Adjustment

* Simple exponential smoothing - first-order
smoothing

 Trend adjusted smoothing - second-order
smoothing

* Low D gives less weight to more recent
trends, while high b gives higher weight to
more recent trends



Exponential Smoothing with
Trend Adjustment

Forecast including trend (FIT,,,) =
new forecast (F,) + trend correction(T,)

Ti=@-B)Te +B(R—Fy)
where

T, = smoothed trend for period t
T, = smoothed trend for the preceding period
B = trend smoothing constant

F. = ssmple exponential smoothed forecast for period t

F.., = forecast for period t-1



Exponential Forecast with TREND
(Alpha=0.1, Beta=0.5)

Demand(y) | unadjusted trend adjusted error |Error| Error*2| |PctError|
forecast forecast
January 180
February 168 178.8 -6 180 -12 12 144 07
March 159 176.28 -1.56 178.2 -19.2 19.2 368.64 A2
April 175 174.75 -1.55 174.72 .28 .28 .08 0
May 190 174.88 -.T1 173.2 168 168 28217 09
June 205 177.26 84 174.18 30.82 30.82 950.14 A5
July 180 178.28 93 178.09 1.91 1.91 3.64 01
August 182 179.49 1.07 179.21 2.79 2.79 7.76 02
TOTALS 1439 21.39 83.79 1756.43 46
AVERAGE 179.88 3.06 11.97 250.92 07
Mext period forecast 180.56 (Bias) (MAD) {(MSE) (MAPE)
Std err 18.74




. - [ ]
General regression equation.

~

Trend Projection

Y = a + bX

where

Y = computed value
of the variable to
be predicted

(dependent variable)
a =Y - ais intercept
h - > XY - nXY

>X 2 — nX °?



Temperature
Deg C
(X)

:Data No

o -y (o th R (W b

10

100
110
120
130
140
150
160
170
130
190

35
39

X*X
10000
12100
14400
16900
12600
22500
25600
28900
32400
36100

4500
5610
6480
7930
9240
10500
11840
13260
15300
16910

Y*Y
2025
2601
2916
3721
4356
4900
5476
6084
7215
7921

Forecast

Value
45.5636
50.3939
55.2242
60.0545
64.8848
69.7152
74.5455
79.3758
834.2061
89.0364

n=
sumX=
sumy=

sumX *X=
sumX *Y=
sumY *Y=
aveX=
aveY—=

STD ERR EST
R SOR
intercept{a)=

slope(h)=

10
1450
673
218500
101570
47225
145
67.3
32.42589
0.996261
-2.739354

0.48303




Graph: Actual vs Fitted Line
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Seasonal Variations

Total of Average Demand = 1,128
Seasonal Index:

= Average 2 -year demand/Average monthly demand

Month Sales 'I"?/\\\//oe-rsgegr Q‘(’)ﬁﬁ; Seasonal
Demand Demand Demand Index
Yedar Y%ar
Jan 86 100 90 94 0.957
Feb I6) 85 80 94 0.851
Mar 80 90 85 94 0.904
Apr 90 110 100 94 1.064
May 115 131 123 94 1.309
.1

‘

1




If total demand/year for year 3=1200, then
monthly forecast= (1200/12)* seasonal index

95.7

85.1

Month Sales 'I"?/\\\//g-r\?gegr 'I\A‘/I\genrt‘"’r‘]% Seasonal
Demand Demand Demand Index
Yedar Y%ar
Jan 86 100 90 94 0.957
Feb 75 85 80 94 0.851
Mar 80 90 85 94 0.904
Apr 90 110 100 A 1.064
May 115 131 123 94 1.309

90.4

106.4

130.9

Total of Average Demand = 1,128

Seasond Index:

demand

vin

= Average 2 -year demand/Average monthly




