Multiple Regression Procedure
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Multiple Regression Procedure
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Multiple Regression Procedure
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Multiple Regression Procedure
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Multiple Regression for Seasonality
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s is the number of seasons, s=4, 6, 12, or 52
Define s-1 seasonal dummy variables
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Example: Liquor Sales
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Y=yo+ﬁ-time+2yiDi+e
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1 Month Liquor Sales time D1 D2
75/10 1010 0 0
75/11 1016 0 0
75/12 1378 0 0
76/1 915 1 1 0
76/2 854 2 0 1
76/3 922 3 0 0
76/4 965 4 0 0
76/5 1014 5 0 0
76/6 1040 6 0 0
76/7 1137 7 0 0
76/8 1026 8 0 0
76/9 992 9 0 0
76/10 1052 10 0 0
76/11 1056 11 0 ]
76/12 1469 12 0 0
771 916 13 1 0
7772 934 14 0 1
77/3 987 15 0 0
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Setting up the Data
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Regression with Seasonal Factors

Y=yo+y,D;+y,Do+...+y1Dy+ € % ¥ AR
-569.9| -612|-641.8|-581.8|-537.4|-608.8| -636|-706.4|-724.6/-810.3[-769.3[1913.9
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R?={0.4876216.46
F{H| 7.266| 84
4E+06|4E+06
sl s2 s3 s4 s5 s6
1144.6 1103.6 1189.3 1207.5 12779 1305.1
s7 S8 s9 s10 sll sl2
1376.5 1332.1 1272.1 13019 1344.0 1913.9




Combining Trend and Seasonal Factors

Y=y, + B-time +y,D,+y,D,+...+y; D+ e TR F SRR
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B=7.129 sl s2 s3 s4 s5 s6
838.1 790.0 8684 879.6 942.8 962.9

s7 s8 s9 s10 sl11 s12
1027.2 975.7 9085 931.2 9662 1528.9

Forecasting Future Sales
1984.1= time=97, D1=1, D2=D3=...=D11=0
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Forecast=y, + -97 +y;-1
=1528.9+7.129x97+(-690.8)
=838.1+7.129x97
=1529.613
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Running Regression on Minitab
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1 Dae NHS R DPPC  GDP |
2 Mar92 1869 871 21417 6191

3‘ Jun-92 1696 8.68 21505 6290.1
4 Sep92 1913 801 21514 63805
| 5 Dec92 1885 821 21757 64843
6 Mar-93 1802 773 21279 65427
7 Jun93 1980 745 21515 66121 I
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9 Dec93 2285  7.05 21706 68002
10 Mar94 2052 730 21468 6911 1
11 Jun94 2004 844 21797 70306 | 2 |
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15 Jun95 2020 7.95 22100 7337.7 7
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Running Regression on Minitab

Stat>Regression>Regression

Regression

Response:
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Predictors: TR DPIEC

Select

Help

Graphs. .. Options, ..
Results. .. Storage. ..

Cancel

N

Ty

Session

Predictor Coef

Constant -324.3

IR -168.13

DPIPC 0.16936

§$=125.622 R-Sq=92.0¢ R-Sq(adj) =91.7%

Analysis of Variance

Source DF S§
2 8200747

MS F P
Regression 4100374 259.83 0.000
Residual Error 45 710142 15781
Total 47 8910889
<[wl
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Regression

TS Response:
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:S“p,:{ [~ Standardized residuals [ Fits e c4 cs
o [ Deleted t residuals [~ MsE IR DPIPC = FITS1
[~ Hi (leversges) [ %% inverse LT1000 21417| 1838.41[
[ Cook's distance [T R matrix 67667 21505 1858.92
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Hel; OK Cancel
== L= ] oo [[b70s 21 107,04
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] e 9 Mar-04 2052 7.20667 21468 2084.67
10 Jun-94 2004 | 8.44000 21797 1948.16
11 |Sep-94 1961 | 8.58667 21870 1935.87
. . 12 Dec-94 1990 9.10000 22106 1889.53
Graph>Time Series Plot
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New Houses Sold vs. Regression Model
NHSF1, = —324.33 + 0.17(DPIPC), — 168.13(IR),

Time Series Plot of NHS, FITS1
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Multicollinearity

NHSF1, =—324.33 + 0.17(DPIPC), — 168.13(IR),

NHSF2, = 1884 — 0.01(DPIPC), +0.23(GDP), — 147.82(IR),
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DPIPC GDP IR
DPIPC 1
GDP 0.99 1
IR —0.65 —0.67 1
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#= MINITAB - Untitled
Fle Edt Data Calc Stat Graph Editor Took Window Help

FH S s @ - |F 1A OFH EBEA
(L Session

Predictor Coef SE Coef

Constant -324.3 483.0

IR -168.13 29.29

DPIPC 0.16936 0.01309

8§ =125.622 R-S¢ =92.0% R-Sq(adj) =91.7%

Analysis of Variance

Source

NS F P
4100374 259.83 0.000

Regression 2 8200747

Residual Error 45 710142 15781

Total 47 8910889
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& C1-T Cc2 Cc3 Cc4 cs

Date NHS IR DPIPC

1 Mar-92 1869 8.71000 21417
2 Jun-92 1696 8.67667 21505
3 | Sep-92 1913 8.01000 21514
4 Dec-92 1885 8.20667 21757
5 Mar-93 1802 7.73333 21279
6 Jun-93 1980 7.45333 21515
7 Sep-93 2026 7.08000 21469
8 Dec-93 2285 7.05333 21706

£2 MINITAB - Untitled

Fie Edt Data Cak Stat Graph Edtor Tools Wndow Hep

Sd| & @B tiMgQed CBEC

(EE Session

Predictor Coef SE Coef

Constant 1884.2 901.5

IR -147.82 28.18

DPIPC -0.01378 0.06593

GDP 0.23224 0.08218

§ =116.876 R-Sq = 93.3% R-Sq(adj) = 92.8%
Analysis of Variance

Source DF S8 MS F P
Regression 3 8309850 2769950 202.78 0.000
Residual Error 44 601038 13660

Total 47 8910889
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& C1-T Cc2 Cc3 c4 [0

Date NHS IR DPIPC GDP

1 Mar-92 1869 8.71000 21417 6196.1
2 Jun-92 1696 8.67667 21505 6290.1
3 Sep-92 1913 8.01000 21514 6380.5
4 Dec-92 1885 8.20667 21757 6484.3
5 Mar-93 1802 7.73333 21279 6542.7
6 Jun-93 1980 7.45333 21515 6612.1
7 Sep-93 2026 7.08000 21469  €674.6
8 |Dec-93 2285 7.05333 21706 6800.2




Forecasting with Multiple Regression
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Choosing Valid Indicators
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Case: Multiple Regression Forecasting
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Time

Average retail price T35% & § #

National advertising expenditures 3 % # *
Nielsen shipment data 7 8 % & {45 8(F 7)
Direct mail coupon #5 % 37 %

FSI1,2,3,4,5 7 a4 % 5036 £ 2474 %

|~

i O a e
0
o
’

19
p = %L
:é-_ Ll &]F 7 %
TABLE 5.11 Variables and Statistics of
Consumption Model
R-squared = 0.96 F-stat = 24.55 .
. — ke w32

Adj. R-squared = 0.92 DW = 2.26 ERal = /ﬁ%tli’_ | 3204
Variable t-Stat

1. Time —0.72  TABLE 5.12 Forecasts versus Actuals: Consumptio
2. Average retail price —2.70 Model

3. National advertising expenditures 2.52 Brand X

4. Nielsen shipment data in units 648 Month  Actuals Forecasts  Absolute Errod
2' Eg:; ;13? January 2,578 2,563 1%

C . ' February 2,788 2,783 0%

7. Direct mail coupon 1.93 March 2,957 2,957 0%
8. FSI3 1.25  April 2,670 2,758 3%
9. FSI 4 2.15  May 2,447 2,466 1%
10. FSI5 2.81  June 3,016 3,016 0%
otes: (1) Dummy variables are used to capture the effects of variables Note: Mean absolute percentage error (MAPE) = 0.81%

hat have no quantitative data.

2) FSI stands for “free-standing insert.” 20
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. ;’@%#;:#JE\??EJF r Nielsen 1 | :}ﬂﬁﬁ:
s BES-B L Ew §F HC5¢ 14 37 7RI Nielsen ) ErE S
R-squared = 0.96 F-stat = 36.93
Adj. R-squared = 0.93 DW= 2.4
Variable t-Stat Month Actuals Forecasts Absolute Erro
; January 69,158 69,190 0%
1. Tlme. . 240 February 45,927 47,216 3%
2. Retail consumption 359 \arch 40183 40,183 0%
3. Trade inventory 1.87 April 56:427 54:841 3%
4. Trade price —-1.55 May 81,854 72,788 12%
5. Trade promotion 1 early shipment 5.82  June 50,505 52,726 4%
6. Trade promotion 1 sell in 16.01 July 37,064 36,992 0%
7. Trade promotion 1 post shipment 419 August 58,212 57,347 2z/°
8. Trade promotion 2 early shipment 957 September 96,566 95,112 2%
9' Trade promotion 2 Se“ iﬂ 1-18 Note: Mean absolute percentage error (MAPE) = 3.0%
10. Trade promotion 3 early shipment 2.62
11. Trade promotion 3 sell in 7.29
[12. Trade promotion 3 post shipment 13.55 21
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Conclusion
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