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Abstract: - We examine the relationship between inflation and inflation uncerlainly in Ghe 115
using & GARCH model cthat allows for simultaneous feedback between the conditional meen
and variance of inflation, We also compare the properties of the ohasrved time series with the
theoretical properties of CARCH models w illusteate howe cheoretioal results on the correlation
structure can facilitate model identification. [n agrecment with 1he predictions of sconemic
theary, we find strong evidence for a positive bidirectional relationship between inflalion and
inllation uneertainey.
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1 Introduction

The relationship between the inflation rate and in-
flalicn uneertainty has been the subject of consid-
crable research In Lheoretical and smpirical macro-
economics since the publication of WMillon Fried-
man’s (1977) Mobel lecture. Friedman (1977) and
Ball (1892} argue that higher inflation rates lead to
higher levels of inflation uncertainty. As Iriedman
(1077, . 466) wrote: “A burst of inflation produces
strong pressure Lo counler it. Policy goes from one
direction to another, encouraging wide variation in
the actual and anticipated rate of inflation...”.! The
theoretical macroeconomics literature has also an-
alyzed the opposite direction of cansality, running
from inflation uncertainty to the rate of inflation.
Cukierman and Meltzer {1986) show that an in-
crease in uncertainly alxowd money arowth and infla-
tion will increase the optimal average inflalion rale
because it provides an lneentive lo U policymaker
to create an inflation surprise in order to stimulate
outpur growth.

Despite the considerable volume of research on
Lhe relationship between inflation and inflation un
corlainty, there is little evidence in the empirical
literature in support of Lhe bidircetional causalicy
between the two variables. ‘The well known au-
toregressive conditional heteroskedasticity {ARCH)
Farnily of stochastic processes has been widely used
in Lhe literature Lo proxy uncerdainty by the con-
ditional varfance of unpredicltable shocks to the ju-
flation rate.®  Using US dala, Brunner and Fess
(1993] and Grier and Perry (1998) find that infla-
tion has a significant and positive effect on inflation
uneertainty, while Baillie et al. {1996} reject the
Friedinan-Ball hyporhesis, Tegarding the opposite
direction of feedback, Baillie o ol (1996} find that
inflation unceriainty has no significant efsct on -
fation. In sharp contrast o the predictions of the
Cukierman-Meltzer theory, Grier and Perry [1995)
find that an increase in inflation uncertainty lowers
inflation in the US

The contrilulion of this paper is twofold. First,
we tesl the Friedoman-Ball and Cukierman-Meltzer

' Friedman®s intuitive result has alse been subsequently derived formally by Ball {1992 in an asvmmerric information
gamy where Lhe public faces uneertainty about the type of the policymaker,

“Two measures of uncercainty chat have also been used in empirical studies are the dispersion of suvves-Tased individual
forecasts and the standard deviation of inHation, The major disadvantage of chess measures is Lheir inabilite W distinguish
betwoen variability and nocertainty. This is becanse they include Toth predictabde and unpredictsble varinbilicy, even though

the former does not lmply amy uneertainby
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theories for the US by cstimaling a dynamic madel
ol inflation with simultaneous feedback belween s
conditional mean and variance and find that bolli
hypotheses [0 1hw duts well,  We refer to this
madel as the CARCH-in-mean-level (GARCIT M
B} model. Second, wo derive the theoretical mao-
menta and anvocorrelation structure of the esti-
maled model and compare them with the properties
of the obaerved daza to facilitate model identifica-
fion,

The paper is organized as [llows.  Section 2
presemes the empirical approach, Section 3 provides
w number of theoretical results on Lhe covariance
struclure of the infiation rate and infation uncer-
tainty of the estimated model and uses them as oi-
agnostic tools, Section 4 conchides,

2  Empirical Model

W use seasonally adjusted time series on the U3
Consumer’s Price Index (CPI)-OLCD, Main Eco-
nomic Indicators-and construet the inflation rate
(1) series as the first dillerence of the log of CPT .
Our sample includes 470 monthly observalions covs
ering the period 1/1960 - 2,/1999, The inflation race
possesses significant antocorrelations and has a non-
normal distribulion that is leptokurtic and slewed
to the right. In sddition, the significant autocorre-
lations of the squared devialions of inflation from its
samnple mean indicate the existonce of ARCH effacts.
Furthermore, application of standard unit root tosts
shows Lhat the US inflation rate is gencrated by a
stationary stochastic process, The aforementioned
tests are not reporlad Lo consers space,

We proceed with the estimation of models from
the AR-GATUCTILM-L family so thal we take inlo
account the serial corvelation and the ARCH ol
fects observed in onr time series data, and capture
the possible simultaneous feedback berween infla
tion and inflation uncertainty.  Following a gen-
eral to specific approach we estimated the following
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AR{2-GARCH({ L1 -M0)-L{ 1) model:

DT 4 031y 1 — 00310

W =
0.00] [0.00)] |0.53
— 0.0dyy 50 + A60h; —F, (1)
[0.28] |00
Be = — 09010077 = 00457 | 4 0.84h,
[0.99] I03.00 [0.00]
02007 gy . (2)
0.00]

where p-values are given in brackels., Nete also char
zp is conditionally normal with mean zero and sari-
ance by Inother words, 2 0 Sy ~ N (0, iy ), where
£ is the information set up to time ¢ — 1, Tablc 1
presents some of our estimations, The above model
for Model 1 in Table 1) was chosen om the basis of
diagnostic tests and the Akaike Information [ A47¢C)
and Schwarz {5C] model scleclion criteria.  Note
Lhal the exclusion of the *in mean” and “level™ ef-
fects [roon eur inflation model means that its per-
formance deleriorates (see Models 2 and 4 in Table
1].

To make our inforenee robust to possible non
normality, equations (1)-(2) were joinlly estimated
under quasi maximum lilkelihood. The Ljung-Box
(2 and €, statistics for the autocorrelations of
the level sl squares of the standardized residu-
als, respectively, are statistically insignificant ar the
(at least) 1% size of the Lesl (see Table 1), and
the Shapiro-Wilk test indieates thatl Ll standard-
ized residnals are normally distributed.” Therelore,
residual diagnosties yield no evidence of misspecifi-
cation for the above estimated model,

Aeocording Lo Lhe estimates inoeq. {102, the
“inmean” effect is stronger than the “level” effect:
a one unit inerease in the inflation rale will increase
the nexn period’s inflation uncertainty by 0.2 unils.
while s unit increase in inflation uncertainty will in-
crease Lhe inflation rate by .46 univs.! The positive
relationship belwesn inflation and inflation unecer
tainty is depleted in Figure 1, which plots the infla
tion rate and its corresponding conditional standard
deviation.

The deawlacl of the tescs based on skewness and kurtosis, lke the Jargue-Thera test, b Lhou their behavicur may be
ervabic i smoll samples. In this case the Shapira-Wilk (5%W1 tesr could be secu as o better alternative, The SW test for

Model L Table 1is 049 [pvalue=01.52].

*The unit of measurement of nur rerthly inflacbon rabe series 1= 001 %, ve L0D1. Consequencly, theunit of measurament of
its variance is (0.1%)%, i.e. 0.000001, S the estimated “in-mean” snd “level” effects are given hy AGOT 000001 )=0.46{0.001]

and (12310740001 1=0.2(0.000001), respectively,
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Table |: AR-GATRCH-M-L
Meaele I 21 F | & 3
Meaan | 43494 Q.35 a1
effort [0 pam | [0.085]
Level | 0002 | 0002 | 00006 I
.{.:1.1';_'_."_:__11 mﬂm n.n?! [l-.l.ﬂ-ﬂ_l [(l |J5_‘i
SC | -4249 | -4218 | -4215 | -4108 | 4284
ATCH | -4285 | 4201 | -4%32 | -4236 | -4325
Ghe | 175 | 930 | 468 | 63.8 | IL&
(0,13 | (000 | 000 | [0 | e
(e | 267 | 888 | 108 | 880 [ 263
noiE | [T |ih.63] 0.7 | g
[p-values in bLrackets]

Bpsrel
Infl ation Rate and it Corditierad Hiand erd Daulation
ARG - GARCHQ 1)- B0y - L{1) Medd, 273362271223

020 00s

00154 e L Lt
oo

00ons 4

Ffariom rate

0000

B f

oposd
Ceom e k! Sotvin i’ o' o i

e 11 R S e i
S0 &5 0 T3 8BS 80 85 oy

We checked the robustness of our results to (1)
Lhe distributional assumption by estimacing eq. (1)-
{2) with a conditional | distribution {see Maodel 5 in
Table 1);" (i) the functional form of Lhe in-mean
effect by having as a regressor inocg. (1) the con-
ditional standard deviation instead of the variance
{Muodel 3 in Table 1):% and (ii1) the funcrional form
af the conditional svariance by using an exponen-
Lial GARCH (EGARCH] specification with errors
drawn from cither Lhe normal or Lhe generalived ar-
ror distributions {Table 2], In all cases the in-mean
and level effects remained both positive and stalisti-
cally different from zero at comventional significance
levels,

"Note that the Shapire-Wilk test s 0L97 -value=0.002],

well sperified.

Table 20 AR-ECGARCH-M-L |

{0 Model i ! T | & |
Condl, dist, | paussian ] panaraiized error |
Meun 40,7 | Gas.A 206

- ellect oz | oo [ir.on]
Lesvel 17ik1 323 G201
effect [0.00] ] [
S0 S A2l 179
AT 4193 | 4284 | -auag
)4 5.7 S| 248

|0 ] [ i,
AL .3l 14,1 1.3

__c“'l“ | B | edd | oy

pvalues in brackets]

Figure 1 also provides evidence that higher |ow-
als of inflation are less predictable. According to
our estimates, the conditional standard deviation
averages about 2% {anmual rate] in the low infla-
tion vears of Lhe 19607 and it reaches s masimoam
of 5% and 4.5% (annual rale) in the mid 1970 and
1980, respectively. These estimates of the condi-
tional standard deviation are very similar to the
ones obtained by Brunner and Hess (1993). It i
worllr neling that, while Brunner and Hess (p.195)
argie thatl it 1s Lhe relaxation of the symmetry ves
striction in conditional volatility models which en-
ables them to find that higher levels of inflation arc
Iess pradictable, we reach the same conclusion by us-
ing a symmetric model with matual feedback. We
vorrpars or resules to theirs by using the EGARCH
provess of Model 6 (see Table 2.7 Pigure 2 shows
that the conditional standeard devialions of the AR-
GARCH-M-L and AR-EGARCH-M-L models are
quite similar, and hoth modals support a positive
relationship hetween inflation and inflation unecer-
Lainty,  Chir preference for the AR-GARCH-M-L
mndel over Lhe AR-EGARCH-M-T. specilication is
Justifice by the model selection criteria. diagnostic
tests, and the unreasonably high inHation solatilivy
of the latter model during the 3/86 5/86 disinflation
period.

thes ddicating that che model with che 1 disteibotice 3 ool

"Buillic et al, {1096) use the conditiona] standurd deviation to eapture the “in-mesn” etfect in their model,

"Brunoer and Hess {1993, using US COFI data from 1947-1992, selecred an ARIMACL DL model for the conditional mean
and a state-dependent model (SDM) for the conditional variance of the infation rate. They argue that RGATCH estimates
of the conditional standard deviation were nearly identical to chose ohoained Ty the ST
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Mesxct, we examine the stability conditions and
the autocorrelation strncture of the cstimaied AT
GARCH-M-L model given by eq. (1027

3 Theoretical Properties

3.1 Btability conditions of the esiirmated

maodel

Let us express the above AR(24)-GARCUCH(1.1)-
M{U)-L{1} model in terms of its theoretical [T b
TNELErs:

(1 Bl (3}

o f— KII':":.:‘_LIE {.','J.:M L:M:l W — b+ cy

i1 (4]

where 3% = o | g and 2y = 2% — . The univariate
ARMA representation of Lhe inflation rate (e b dn

ALY by = o+ by + ~ Ly,

ALy =0 + By (L) | B (L, (5
wliere
A(L) = V=i + 3 | 6v) L+ 5°L"
—'I',T:'lm.E-l:‘2 } .'ij_.é'-LQI;IR 2 |.EI2:1L'.lzq - 5-¢}24L251
=I5 § G [ (6]
and
FlLi=1 'L A (L= dal 7

=l

ST+ A

The univariate ARMA representation of Ll condi-
tional variance is

A ': 'T’:f' hy— B r'r,l gprBpyl L] v, {2

wliere

B (L) = ~I,
B [ jr‘:| = |:_|r# ' (_‘._,]LL' — g Fli_ f.?'»'g;j..{.-'daj A
wh= L,L,'L'J = ﬁ':‘l‘l -+ "::hl W= (-'I}l - -':.'J-'|13 T -!_rlJz,l.

(4)

Wense eq. (6} do clieck the stability of our estimated
merdel [13-(2). Note Lhar the Ms in (6] denore the
reciprocals of the rools of the A (L) polynomial, Us-
ing the estimated paramelers we find that all roors
have modulos less than one and thus onr seleeied
madel is dynamically stable,

3.2 Autocorrelation struclture of the cs-
tirmated model

The antoearrelation lunetion of the inllation rate

Enym ) is

i e S |
ﬁ'i;'r.'.' oy i?”' = N.-I_- U f].-l
ﬂ.‘yU
where
= TR i E s 11"
Tym = '}.#JTLE ifay ) ’_!:-mn {'F"r,(:l : {J-l,:'
with
2 - A E e _uET |
Tl = LZ_I ik LA =
S =1 2 25 2 2
IT =ded [T (1=Aeh) (12]
= | k=1
k7
e = gs AP G50 g Ay
e T L1 i5 7 e 3
ezl L1 4= ]___E [1 Aihyd [_].: J
Ak,ﬂ‘. k=1
k7 . s )\-:::‘]"":" S
Sy — Ei: T EL 28,
RV i A v (L4}
=1 k=1
gs
The first and second moments of the conditional
variance &y, Elhy) and E {h}’;l cand Lhe kortosie co
efficient (&) of the errors are
Rl 1= sy i
Erib) = boiby =37 iy i o — gy L T g — g =3 g
¢ 5
(15]

" T derive the properties of the AR GARCTHLLL-MI0)-LI 1) preoccess we use the thaoetical resules given by Karanasos

CAUUT, 2004].

"In particular, we tind ane real ruol und fwelve paira of conjugate comples rants wich modulus ranging from (LE62 o

L8975
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where ~ 5 and 1, ave glven below by eq,
i(22], respectively,

The autocorrelation function of the condirional
variance py,.,., for m 2= 24, is given by

{207 and

Prm = T2, (18]
Tk
where
= P s e ;
Ve = T U — g B {149)
with
}'24 o ’

‘
||'|..'.u. Z o R 2 '.2'“}
ezl i=1 ]I r}... == )\,!;\l ll fl — }L,}thl

=1 k=1
)
" Td
k e M hp a
A|";'m = szl ] 2 T 20&‘3.‘] +{,")1
3 ” [h—be) ]I fl=h gt
I
; 2 : =1 : 11 il
"'ﬁ"lf"_r + (lﬁjfi tf"l II}LJ.e+ \t 12+ {rll?].d:'izl:)‘{ - )"'I- J
“lpagi — iﬁujfi AL ’JM e
_-{Dl(?:l'gé[‘)\ -+ .15'._ l;:.‘l E}g }.'! ,]l'
(21)
.x?“ (s
I|'1.I'I = Et-] T &.CL'Z[l —+ uf?f
]_—_[ (A=A ] ]___[ |:1 —hihg ]
.':;::
+""ﬁ2 2 {"5%-1 — ey Ay 4 2(-"«‘1(5'112)'&! | i
Dihyothoy — 1) MZ + Dby dug A — gy 3.
(22)

The condition for the existence of the second
moment of the conditional variance 5 that the de-
(16) 1 positive, Lo 1 > vhg-
Inserling our estimated parameters in eqg. (22 we
which satisfies the above conei-
lion, Next, we use oq. (130 (16) to compute the
theoretical variance of by : var(h) = 1.2010)7°";
note that the sample variance of the estimated con-
ditional variance ke is LL{ 1) 1T compute the
theoretical wartance of the inflalion rate {"yyuj we

nominator of e,

ped vy = (L1235,

use e (10), {12), and (14}, for m = 0, and ob
lain 7y, = ‘! 82 (10)™%, This value is very close to
927 (10)7% | 1he sample variance of the inflation rate

[y Lhe Lahnmtmn perbod.

Next, we use eq. (10)-(14) to compute the first
#4 putocorrelations of the inflakion ratem, which are
presented in Figure 3a. We then use eg (15)-(21)
te compute the awtacorrelations (of order 24 Lo 84)

of by, plotted o Figure 3b. Obscrve the high corre
lations that characterize the uncertainty of the in-
flation rate process,

Murthermore, for the compulalion of the mib
between the inllation rate and i
ml e E

eross correlation
voreliticnal variance, pg, =Corrity, yi—
we wae Lhe following results:

“hym (93]
Pl =  — — p— 4]
W TR
where
g i ~ E et 4 IGTR
Tl ™ .'flg,'xlr.'&’lih"-J L -'h,'f',mE{h'f.}\ "."'"1.1
with
23 AZ". Ly (T ' }\_E r )‘_ [
.q.\'f' =X i =g = ’l'z 42.1)‘1 |
gm0 2%
L TR HM"M] Hl.l e’-lu
.':;r.-
(28]
P & St B B R T e PYE
Chyam T S 75 T 3
el 1 TT A=) ﬂ[]—.ﬁ. Skl
!
(26}
qe e S E g
Tl = £ 5D %
sl =1 ] s Ael II {1 Aphg 'I I-."'?:I
=
E _ ‘jr‘:", A?'1+!“"|| .lg"r-'-"r)x"____
EIRE TR - o
treza{l i=1 ]J (e —A ) ]___[ [1—AsAL] -.-"\-':I
r&-,-{

When m = [, (233-128) give Lhe thoorcti-
cal instantanecus cross correlation between inflation
and its eonditional variance: g, = (0.703. This
s very close to the corresponding sample value of
(.642. PFigures Jo-dd present the theorstical cross
corrolation funcrions between inflation and ils con-
ditional variance. Observe he slowly decaying pat-
tern which characterizes Lhe correlation structure in
Fipures Ja-3d.

Finally, il is Important to note chat the theoret-
izal aulocorrelations of inflation move quite closely
with its sample autocorrelations [ses Figurs 3a).
Similarly, Tigure 3¢ shows that the thecretical cross
correlations between inflation and the lags of ils con-
dirional varianee follow the pallern of the sample
Binee Lhe true conditional vari
anee of inllalion is unobservable, Figure 3c uses two
aliernalive measures ag a proxy: the estimared con-
ditional variance of our model and the squared val-
ues of the inflation series. The plots in Figures 3a-3d

1]

cTogs coTralations.
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show that Lhe AR-GARCH M L model can appros-
imale reality quite well, and demonstrale how the
oretical results on the eorrelalion stracture of the
model can be usad as model identification criteria.

Fgure 32
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inflation andthe éstirmed condiioral vaiance and
i1 the lags of indadon and its squamsd wilues,

4 Conclusions

W escamined the relationship between inflation andd
inflation uneertainty in the US using a GARCH
model that allows for simultaneous feedback be-
tween the conditional mean and variance of infla-
tivu. In sharp contrast with existing cmpirical ev
wlence, we showed that chere s o strong positive
bidirectional relationship between inflation and in-
Aation uneertainty, O findings are 1n agresmenl
with the prediclions of cconomic theory expressed
by the Frivdman-D3all and Cukiermman-Mellzer -
potheses, We also lustrared how Lheoretical results
on the correlation structure of GARCI models can
be used to facilitate model identification in applied
work,
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