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ECON 3040 - Heteroskedasticity
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We have been assuming homoskedasticity i d? esn'l tlm e s b‘f

The estimarors thar we have used so far hise good statistien) L’ ¢ L\O\\F\’E‘) sg‘s / i".sxo\‘j / F-U‘Cn‘ﬁ / C :l:j

propertics providod that the Tollowing assumplions hald:
1. The popmlation model i linear in the Ss

o There is po perfoct mull by elween the X variables,

o The random erver tenin, £, his tean zero.
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e WldentieallSgand independently distriluied. R4 L‘,Nﬂ‘f'ﬁe
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eoand X are independent.

G, 13 Nocmally distribuled,

Thesi ensre: LS i anbiased, officient, and eonsistent, and thit
hypoihesis testing is valid, A violation of one or more of Lheae
assinuptions might lead ng to esbimators heyond L3,

We will cousider thal sesumplion 4 is violaled ina pariicular way,
Specitieal v we eonsider whar happens where the eneoe tern, o, i3 et
icleilically disteilinled.
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Il sssuinplion Ad s satislied, then e is identically disteibuwed. This
sy that all of the e have the same variance. That 5wl of the
randam cffects thar determine ¥, outside of X, have the sane
dizversion, The lerm honwskedasficife (e dispersiow relers wo Lhis



Il assuinplion Ad s satislied, then e is identically disteibuwed. This
sy that all of the e have the same variance. That 5wl of the
randam effeces that determing ¥, outside of X, have the same
dispersion, The lerm honwskedasficify (sane dispersion) relers wo Lhis
sirnation of idenrically distribnred creor terms.

Staled mathewatically, homoskedastioily weans:
l\-m; Lﬂl.

The viwlanee ol ¢ Is constinl, even couditional on kuowing e value
of A

Tomwskedastivivy meaus thal 1he sgquared vertical distance ol each
diata point from the [population or estiimated) line @5, on average, the
sami. The values of the X varialdes do not influence this distance
(the variauce of the random nuobservable ellecls are ool delermined
b anw of the wlues of X, See fignre 2.
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Figure: Homoskedazticity, The average squared vortical distance from the
data poins to the OLS estimared line is the same, regardless of the walue of
X
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Heteroskedasticity refers ta the sitnition where the varianee of the
crror Lerin ¢ i nol cqgual Tor all ohecrvations, The L
Lieteroskedusticity means Jifering dispersione. Matlematically:

Var|e | x| # 77
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Faweh obseration can have it osn warianee, and the waloe of X may

indluenee this varianoe,

Heteraskedasticiry means that the squared vertical distance of cach
dala puint [row the estimaled regressivn lne = ol e saoe on
average, and may be influemesd by one or more of the X wariables.



Figure: Horeroskedasti
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The implications of heteroskedasticity

w wolacion of A4 sinee cach o 15 not identic
has two main inplicatio
e heen nsing i this bools:
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Hereroskaedast
distribuved. Helerosk

estimation procedires

1. The O1.8 cetimator is no langer clficient.

2 The & 3Te Ineonsistent.
The incilicency of OLS is arpiably a smaller problom than the
inosistency of e varianee eslimalor. The second bsue weans il
ther sstimared standard crrors it onr regressiom ontpt are wrong.
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leading W Lhe incorrect Fslalisbios awd coulidence tervals,
Ispor hesis testing, in general, is insnlic. Uhe problem arises beeanse
the Toemula that is the hagls for ealitnaling the standard creoes in
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Fixing heteroskedasticity - robust standard errors

To [ix the more bnportant problem of the neonsisteney ol U
standard errors, the forimila for Var 8] mnst be npdated to take into
account the possibility of heteroskodastivicy.

Lpdating the fermula to allow for hereroskedasticity in the estimarion
of the slamdard errors gl whal is Lyplcally relecred v as rodust
staraedore evvoras v By we will nae che code:

2. Sel
" ;ns'm] fotfl=t

X e X

L inslball and Joad s package Mt can sslimate the robust slandacd
crrors, and then nse

1 b
("eandwich"}

sravy (aandu

ool best (ny - dm.nadel , veoy = voowlGimy . In.omedel , "HC1"3D
—

rov esrittate the covrect standared mrors and npdated rstati awricl
pevalues, where my - Imorodel is the least-sguares regrossion that we
Liave estialbed using e 1m() comunand.

Testing for heteroskedasticity

eqquivalent Lesls for
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Testing for heteroskedasticity RPS ) Ju m\S
L

Lhere wre several {
heteroslk

approximalely) equivalent Lesls for
asririty, hut we’ll fiens o the most famons: Whire's

In White's Lesl, the null hvpolliesis is thal there s homoskedast
anil the altornative is heteroskedasticity, That i

Hyivarfe] = 5* heaosked, - he L,wsl""l-
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5. Remember that
e pupulation wodel and the eslimaled model are (respeelively)s
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Sometimes, e e nse the tesidimals to fest assmptions or propertics
of ihe ervor term. For cxample, we can ook G0 see i the vestduals ave
humeskediaslio ve heleroskedislio, in order Lo infer those propertied
ahomr the error rerm. That ts, 0F ¢ lonks homoskedastie, we will

Take o simple population model with fwo rogress

conclude thal so 13 e,
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t-scqiares model © sing them on the
cand the squares and cross producls of 1
thir B2 fronn thi : chi. then we conehade that ther
s patiem to the wal the residuals, and reject the null
Liypothesis of homoskedasticite,




T rest for heteroskedasticity in the popnlation mods

o= o= e+ Jars o

A

wrmled csnimate W by L&, for cxample by neing Im(y me x1 + x2).
tlien ped the squared residusls [row Llis repression, and estboale
the following eqnation by LS

s . ,
5= dy =+ A+

Equation 1 i looking [or any apprasimale way Lo explain varialion in
the sige of the souared vesidualz, If the estimated model trom
cepation 1 fits well (in terms of the Resquared ), then thore is some
explanalion [or the variance in e ereor termn, and Lhe error lenn is
hitteroskedastie, White's test staristic is the n 8 from this avilinry
repression, amd the povalue lor the west comes Doom the Chi-equare
distribmtion. As aaal, if the powadne is small, we reject the mall of
hmoskedasticity, in favour of hereroskedasticity,

Tor vest for heleruskedasticiy in R we nesd Lo install sod load a
packagr:

shall . pack kudastic")

library (aecd
anl then e

dlm,model , intervacticns - THUE]

waite (m
A
where my . lr.model is the mode] we have estimaled by LS. I we Gud
heternskedasticity, then we necd roouse hereroskedastie rabmst
slawdard errors (such ss While's standard ervors),



Heteroskedasticity in food expenditure data

Duwnload a dala sel on [oud expenditure by conulry, in 2016

food <- read.csv("hstpe://rogedwin.com/data/Iccdexp.cev")

Tl variabiles are foodexp - lood expendilure per capila {in US
dollat=]. and GDPpercap - (GUP por eapita. There are 34 conntries in
the sample. Tlot che daca, taking the log of QDT per capita {see
VFignure 4}
« plat(lag(food$GLPpercapy, focdifoadexp, pch=16, xlab="lagl
GDP par capita)”,
P yleb="Food expenditure per capita")

ro: Food expendinure and log GDEF per capita.
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Estimate the population model

The [ollowing model Tor Tood expendilure;
Joodearp — S — 3 lowGDPpercup) + ¢
S—— T T e

cadl be esthmaled in Tousing:

®1m5feudexp * log(GDPpercap}, data=fccd)

Zood . mod)
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Hignil. cod
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kesiduoal standard error: 472 an &8
Aulliple R-sguared: H.¥1, Adjusl aquared: 0.
F-statki 1 and B2 DF, p-wvalue: < 2. %e




Test for heteroskedasticity

I heveroskedastivity is present in this dita, en e slandand ercocs,
t-sraristics, and p-values, are all wrong! Hypothesis testing, and any
conclusions we draw, may be ocorrecl due bo (e heteroskedas icily,
T rest for heveroskedasrieirs, we can nse White's tost:

iz o+ fo e

alternative
<chrz
Test greater

l"-hfﬁlf rl"“i’ilt 8

Tr see what the tuonetion white() is doing. we'll calenlate the White
Leal statisbic sud pvalue “by hawl™:

gd.rezid.sq¥¢- food.mod$residuals ~ 2

2 aurnary T Tcap) + I(log(GDFpercap)

P Ceellicientes:

. Eatimate Std. Error L walue Fre(x|ul}
Clolercapll ATO31ER SEBORTY 1.%%8 G205
log L GlkFparaap) -1151178 TERE1E  -1.410 GL1ER
Lilag(GUEperaap) T2 BrGa A2E0E  1.89E Y

Heeidual etandard errer: 444500 on 81 deprees of freedom
+ Multiple F-squared: Adjueted R-aguaved: 001187
F-atatistle: B.485 on 2 =4d &1 DF, p-value: 0002442

[srme as [rom e

Thes Lesl statislic =i i— w4 (LS _iél 5
white() command]’ TThe p-walne can be fond from:

(84 « n.138, 2]
<
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White's heteroskedastic consistent standard errors

To recalculale the standard errors, -ebatistics, and p-values, we can
usir the coeftest () function:

teat")

inatall.packages ("1
libravy (lmtest)
inetall ckagesa ("eandwich")

libravy (aandwich)

coeftest(Zood =ad, veaw = weawHO{food mod, "H1"]) kﬂl
. e —— . I“, hin-i 5

vr;d @ “ﬂ 5e

1t tess of ceefficients:

¢ Estimate St ealup Dl
1 {Intercept) -£T37.680 ‘ 475.516, -9.9423 9.705e-15f =+
: leg{GDPpeTCap) B7T7.39% 64,068 12.B2B4 < 2.28-14] #=+

o

9 e G001 fe4f 0,01 4' 0,05 .7 0.1 ¢ 7

7 Hignif. codas
i

Notiee that the estimared 2= have nor chinged, bot that the standard
crrors have chianged, -slalisiics, and pevalues have changed.

Heteroskaedastice v W pretty s sopuenee; hypoth
tegting may b invalid. The provalenee of heteroshedasticioy in many
econoicd dati his led to the common practice of erdug on the side
of rantion. Heternskedastic robnst standard errors ave often nsed, i

helervskedasuicivy is suspected, Note Ll howoskedeslicily s o
spocinl_eise of heteroskedosticity, so the dosmside of nsing the rolnst
—e

cetimator when 1t 1s nou needed, is small.
liblaiibas, —
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tegting may b invalid. The provalenee of heteroshedasticioy in many
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