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What is
Heteroscedasticity?

Violation of constant variance of £’s but they are
still independent.

V(gi):aiz
COV(¢;,e;)=0,Vi= j
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The error term (&) is said to be heteroscedastic.
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Weighted Least Square (1)

What happened to OLS estimators?
==> OLS is still LUE but not BLUE.
==> Large sample properties 77?7
Weighted Least Square (WLS)

WiYi - /Blwini +ﬂ2WiX2i +..+ IBKWiXKi T+ we;
Xi - 131111' +ﬁ2£2i +”’+IBKXK1' TV,

where




Weighted Least Square (2)

Matrix form

Y=X'Y, X=X'X,V=X"¢

L0 0
o
o=, 2
0
0 0 -

Variance Equation (1)

Explanatory variables

» observation index i

some or all the X’s

conditional mean of Y given X

variable Z’s not in the model

lagged variables (to be discussed in
Time Series Analysis)
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Weighted Least Square (3)

Note that Y=XB+& is CLNRM and
V is homoscedastic.
V(v,)=LVi=1,..,n
Vv)-1

WLS estimator ﬁ — P_{T }_{}1 X'y

VB =[X"X]

Note that, given 2, the estimator l} is BLUE.

N
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Variance Equation (2)

Detection

* squared residual plots
« White’s Test
 Other LM tests




Squared Residual Plots (1)

» squared residuals against the suspected
explanatory variable (S)

* test against only one variable at a time

« functional forms, e.g., linear, log-lin,
log-log, quadratic, polynomial,

reciprocal, etc.
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Tests for Heteroscedasticity (1)

Functional form of the variance equation must
be assumed in most tests. For example,

* Breusch-Pagan’s test assumes a linear
function of suspected variables

» Glesjer’s test sets the form of standard
deviation O instead of the variance

« White’s test adds squared and cross terms
to the variance equation of BP test.
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Squared Residual Plots (2)

~nD
&
Linear

:> Vie)=y,+7,S,

Reciprocal

C> Vie)= y1+721

or log-lin

AT ITERLEY ln(V(gi)) =Nt 7/2Si

Tests for Heteroscedasticity (2)

» Harvey-Godfrey’s test assumes a log-lin or

V() =exp(y, + 725, + 7385+ +7p5y)
Note that HG assures positive fitted variances
while others do not.

» Park test assumes double log form.

» Goldfeld-Quandt does not assume the form of
the variance function. Instead, it checks for
equality of the variances between the high
group and the low group using variance ratio
test(F- test) See text.
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White’s Test (1)
White’s General Heteroscedasticity Test

Concept: The variables that are suspected to
cause heteroscedasticity are the X’s, their

squared terms and their cross terms.
Vig)=n+1Xy+. + 17Xy

+722X22i + Vo3 X Xy + ot Vo X0 X i
+733X32i F Y3y Xy Xy o V3 X5 X i

: 2
+ VX T &
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White’s Test (3)

Accept H, ==> No heteroscedasticity

If reject Hy, no specific remedy can be done.
O

Without any remedy, V(ﬁ) must be re-calculated
since the old one is inconsistent (wrong). White’s
Heteroscedasticity Consistent Covariance is

- [XTXF{ZH: éz‘zXz-TX,}[XTx}l

i=1

P
V()=
n

where X_ is the i observation of X.
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White’s Test (2)

Run OLS on the auxiliary regression of the
squared residuals and all the suspected
variables above. Assume X . = 0 for all ;.

Perform the overall F-test or LM test for the
auxiliary regression run on the following
hypothesis.

HO:;/2:73:...:7K =Yy = Vo3 =eee =Vog = =V =0
H1 Yy FE Yy F e E Y Yoy E Yy Fee E Vo Een E Vi 20

EViews also provide a quick solution for
White’s test.
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Generalized Remedies (1)
Feasible Generalized Least Squares (FGLS)

 Estimate the variance equation using
auxiliary regression of squared residuals on
the explanatory variables (for the variance
equation), e.g.,

" |
giz :V(gi)"'é:i :71"'7/2?"'51'

l
where <& is the error term for the variance
equation
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Generalized Remedies (2)

 Calculate the fitted value of squared
residuals or estimate V(&)

1
V(e) /}—7#725,

» Use the weight w, = :
Y V()

in WLS
 FGLS 1s biased but consistent.
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Special Cases (2)
Example2  V(g)=0o(S, )2
& =0'(8)+¢
where 0 is a positive constant.
Apply WLS with w, =1/S,
Note that V(V)=0 % for all i=1,...,n

==> WLS estimator is unbiased. No FGLS
needed.

eskul, Faculty of E Chulalongkor

Special Cases (1)

Variance equation with single parameter, e.g.,

Example 1 V(g,)= GZSL or & =0’ SL+§I.

where 0 is a positive constant.

Apply WLS with w, = \/E

Note that V(V)=0" for all i=1,...,n

==> WLS estimator is unbiased. No FGLS

needed

What is Generallzed
Heteroscedasticity?

Violation of constant variance and/or independence of &’s

O, Oy, Oy,
2 .
V(g)-X-|7 ~
anl,n
2
_O-ln Un 1,n Gn i

The error term (&) is said to be generalized heteroscedastic.
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Generalized Least Square (1)

OLS or WLS estimators are still LUE but not
BLUE.

Generalized Least Square (GLS)
Y=WY, X=WX,V =W§g

where W is a nxn symmetric matrix such that

X' =WW
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Generalized Least Square (3)

If 22 is known up to a proportion,

¢12 ¢12 ¢1n
Eocaolh £

Lo D,

b b b

2. .o
where O is unknown but Q matrix 1s known.
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Generalized Least Square (2)
Note that Y = XB+ v is CLNRM and
V(v,)=LVi=1,..,n
Vv)-1

V is homoscedastic.

N

GLS estimator B = {XT )_(TXTY

vB-{x'x]

S

Note that if Y(S) 1s Igﬁown, W can be calculated.

- -

So is B ==>the estimator B 1s BLUE.
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Generalized Least Square (4)

Choose the weighting matrix W such that
WW =Q"

Define Y =WY, X=WX,V =WEg

Note that Y=XBp+v is CLNRM and
V is homoscedastic or V(v)-= o‘zln

==> (GLS estimator is BLUE
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Generalized Least Square (5)

V(S) is restricted in parameters. For example,

0,
0

V(e) = 2P

0 1 p,
: 1
p= /0.12
0 .

0 o pln




