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Abstract

There is a need to detect heteroscedasticity in a regression analysis; however, it invalidates the standard
inference procedure. The diagnostics on heteroscedasticity may be distorted when both outliers and het-
eroscedasticity exist. Available heteroscedasticity detection methods in the presence of outliers usually use
robust estimators or separating outliers from the data. Several approaches have been suggested to iden-
tify outliers in the heteroscedasticity problem. In this article conventional tests on heteroscedasticity are
modified by using a sequential outlier detection methods to separate outliers from contaminated data. The

performance of the proposed method is compared with original tests by a Monte Carlo study and examples.
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Table 4.1. Original and modified housing expenditures data

Index Income Hosing EXP. Index Income Hosing EXP.
1 5 1.8(4.9) 11 15 4.2
2 5 2.0 12 15 4.2
3 5 2.0 13 15 4.5
4 5 2.0 14 15 4.8
5 5 2.1 15 15 5.0
6 10 3.1 16 20 4.8
7 10 3.2 17 20 5.0
8 10 3.5 18 20 5.7
9 10 3.5 19 20 6.0
10 10 3.6 20 20 6.2(2.0)

Table 4.2. P-values of heteroscedasticity test based on original Goldfeld-Quandt test (GQ-O), robust Goldfeld-
Quandt (GQ-S), original Breusch-Pagan test (BP-O) and robust Breusch-Pagan (BP-S) for housing expenditure
data with and without outliers

Outliers GQ-O GQ-S BP-O BP-S
Without 0.0032 0.0032 0.0079 0.0001
With 0.3168 0.0080 0.6371 0.0000
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2 249t 22 9 A58} o)A A4S S8 Al HY BEAE Y E AT A5 Table
437} 2t} 4v] AEH] 2R 3t o] R AA A= Table 4.49F 2t A AR o A<} o] o] 4+
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Table 4.3. Original and modified consumption expenditure data

Index  Expenditure Income | Index  Expenditure Income | Index Expenditure Income
1 55(10) 80 11 74 105 21 152 220
2 65(10) 100 12 110 160 22 144 210
3 70 85 13 113 150 23 175 245
4 80 110 14 125 165 24 180 260
5 79 120 15 108 145 25 135 190
6 84 115 16 115 180 26 140 205
7 98 130 17 140 225 27 178 265
8 95 140 18 120 200 28 191 270
9 90 125 19 145 240 29 137 230
10 75 90 20 130 185 30 189(100) 250

Table 4.4. P-values of heteroscedasticity test based on original Goldfeld-Quandt test (GQ-O), robust Goldfeld-
Quandt (GQ-S), original Breusch-Pagan test (BP-O) and robust Breusch-Pagan (BP-S) for consumption expendi-
ture data with and without outliers

Outliers GQ-O GQ-S BP-O BP-S
Without 0.0418 0.0418 0.0452 0.0001
With 0.6121 0.0258 0.7506 0.0000

Table 4.5. Original and modified restaurant food sales data

Index Income Ad. Exp. | Index Income Ad. Exp. | Index Income Ad. Exp.
1 81464(300000) 3000 11 131434 9000 21 178187 15050
2 72661 3150 12 140564 11345 22 185304 15200
3 72344 3085 13 151352 12275 23 155931 15150
4 90743 5225 14 146926 12400 24 172579 16800
5 98588 5350 15 130963 12525 25 188851 16500
6 96507 6090 16 146630 12310 26 192424 17830
7 126574 8925 17 147041 13700 27 203112(300000) 19500
8 114133 9015 18 179021 15000 28 192482 19200
9 115814 8885 19 166200 15175 29 218715 19000
10 123181 8950 20 180732 14995 30 214317(21431) 19350

Table 4.6. P-values of heteroscedasticity test based on original Goldfeld-Quandt test (GQ-O), robust Goldfeld-
Quandt (GQ-S), original Breusch-Pagan test (BP-O) and robust Breusch-Pagan (BP-S) for restaurant food sales
data with and without outliers

Outliers GQ-O GQ-S BP-O BP-S
Without 0.0624 0.0624 0.0368 0.0077
With 0.4604 0.0554 0.7563 0.0000
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Table 4.7. Personal saving and income data (£m)

Period Saving(y) Income(z) Period Saving(y) Income(z)
1 264(2644) 8777 17 1578 24127
2 105(1050) 9210 18 1654 25604
3 90 9954 19 1400 26500
4 131 10508 20 1829 27670
5 122 10979 21 2200 28300
6 109 11912 22 2017 27430
7 406 12747 23 2105 29560
8 503 13499 24 1600 28150
9 431 14269 25 2250 32100
10 588 15522 26 2420 32500
11 898 16730 27 2570 35250
12 950 17663 28 1720 33500
13 779 18575 29 1900 36000
14 819 19635 30 2100(2.100) 36200
15 1222 21163 31 2300(2.300) 38200
16 1702 22880

Table 4.8. P-values of heteroscedasticity test based on original Goldfeld-Quandt test (GQ-O), robust Goldfeld-
Quandt (GQ-S), original Breusch-Pagan test (BP-O) and robust Breusch-Pagan (BP-S) for personal saving and
income data with and without outliers

Outliers GQ-O GQ-S BP-O BP-S
Without 0.0066 0.0066 0.0011 0.0000
With 0.4016 0.0025 0.3567 0.0000
Ald AR ol dAol Wi Fade ASs] fste] RojddS ATt RAP] ASE AR
oS a g myogHE Qog AAsTt
Y =X +¢,

QAFL £ ~ N(0,2%)0 95te] AAE 0] o] ik ZH Ho S X ngEd 353 g8
A F2 F 7 WAL AAEFEA 13} 10 Abeld] AR v FAEE A0t BEoA dor =
sH= AL 7tz AR E Stk AAEE %R 37]= n = 20,30,50,80,10091 TH A9E 118
SRl sEoll A ApA| sk o) dA| ] HIE2 5%, 10%E St o] A= FAIE Blojd #EA = Ao st
Y =X —-10+¢, e ~ N(0,0.05%) 02 HE PA3IT}.
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Ao A vebd 7+ AAEY A% ﬂ% HojEr) o) A7 AT ) 7]’*—94 Goldfeld¢} Quandt 3
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Table 4.9. Simulation results of heteroscedasticity tests for X being taken equally spaced

% of outliers n GQ-O GQ-S BP-O BP-S
20 0.0352 0.3136 0.0866 0.8213

30 0.0335 0.2982 0.0770 0.9252

5 50 0.0281 0.3251 0.0495 0.9691
80 0.0163 0.3227 0.0521 0.9923

100 0.0206 0.4048 0.0457 0.9965

20 0.0175 0.2462 0.0462 0.7863

30 0.0258 0.2765 0.0345 0.8804

10 50 0.0172 0.3157 0.0521 0.9574
80 0.0133 0.3013 0.0472 0.9908

100 0.0116 0.3036 0.0496 0.9967

GQ-O = Goldfeld-Quandt test, GQ-S = robust Goldfeld-Quandt, BP-O = original Breusch-Pagan test,
BP-S = robust Breusch-Pagan.

Table 4.10. Simulation results of heteroscedasticity tests for X being taken from t-distribution

% of outliers n GQ-O GQ-S BP-O BP-S
20 0.2432 0.3785 0.4335 0.9750

30 0.4435 0.5097 0.5123 0.9948

5 50 0.1266 0.5663 0.7397 0.9998
80 0.0422 0.6587 0.7245 1.0000

100 0.0748 0.7339 0.8518 1.0000

20 0.0226 0.3605 0.5049 0.9788

30 0.1797 0.5682 0.6632 0.9973

10 50 0.1117 0.6456 0.7345 0.9999
80 0.0398 0.7558 0.7463 1.0000

100 0.0292 0.7711 0.8788 1.0000

GQ-O = Goldfeld-Quandt test, GQ-S = robust Goldfeld-Quandt, BP-O = original Breusch-Pagan test,
BP-S = robust Breusch-Pagan.
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