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Does Higher Inflation Lead to
More Uncertain Inflation?

A. Steven Holland

EN recent years, many countries have experienced
“stagflation,” a period of high and rising inflation and
unemployment. Over this time, higher inflation in-
creasingly has come to be blamed for higher unem-
ployment and reduced growth of real output. This
conftrasts sharply with previously held notions that
there was either a long-run tradeoff between inflation
and unempleyment or a “natural rate of unemploy-
ment” regardless of the inflation rate,

One reason why many people have changed their
minds about intlation’s impact on the economy is the
presumed impact of "inflation uncertainty.” Many now
argue that there is greater uncertainty about future
prices during periods of higher inflation. This in-
creased uncertainty leads to a less efficient allocation
of resources.

The best-known statement of this view came from
Milton Friedman in his Nobel Lecture, Briefly stated,
Friedman argued that greater inflation uncertainty
shortens the average duration of contracts and re-
duces the efficiency of the price system. These two
forces combine to lower the growth rate of real output
and potentially increase the rate of unemployment.?

A. Steven Hofland is an economist at the Federal Reserve Bank of St.
Loufs. Jude L. Naes, Jr., provided research assistance.

'Some have suggested that unceriainty begins to increase once the
rate of inflation rises above some threshold. For example, see Logue
and Willett {1976) and Hafer and Heyne-Hater (1981).

2Friedman (1977). MHe suggests that the natural rate hypothesis holds
for the very fong run {(a period of decades), because the economy’s
institutional structure for dealing with inflation eventually will adjust to
eliminate the real effecis of inflation.

‘Thus, i reducing inflation produces sufficiently larger
output growth and lower unemployment in the long
rumn, it is a worthwhile venture, even if doing so would
produce a large short-term loess of output and rise in
unemployment.? While Friedman's discussion pri-
marily concerns the variability of inflation — not
necessarily identical to the notion of inflation uncer-
tainty --- it is clear that he considers them to be closely
related.

This argument can be split into three separate
hypotheses: {1) higher inflation leads to greater
variability of inflation; (2} greater inflation variability
implies greater uncertainty about future inflation; and
{31 greater inflation uncertainty has a detrimental effect
on economic activity. For policymakers to be con-
cerned about the relevance of hypothesis 3, they must
believe that they can influence the level of inflation
uncertainty. Hypotheses 1 and 2 state that they can do
this by controlling the rate of inflation. If exogenous
factors, such as energy shocks, are primarily responsi-
ble for greater inflation uncertainty, then policymakers
can do little to affect it.

This article focuses on the validity of the first two
hypotheses, which together imply that higher inflation
leads to greater inflation uncertainty. Besides analyz-
ing the causes of inflation uncertainty, an assessment
of its potential effects is presented as well.

%To determine whether the long-term benefits of antfi-infiation policies

would offset the short-term costs, one must consider the fiming of the
autput effects and the rate at which future output gains are dis-
counted. See Meyer and Rasche {1980).
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Since energy shocks have been the single most im-
portant factor accounting for temporary price level
changes, this article also investigates the impact of
changes in the relative price of energy on both the rate
of inflation and the level of inflation uncertainty.* Ener-
gy shocks and inflation uncertainty should be positive-
ly associated, because the magnitude and timing of the
effects of an energy shock on the rate of inflation are
bound to be viewed with uncertainty,

WHAT IS INFLATION UNCERTAINTY?

Inflation uncertainty arises from a lack of complete
knowledge about how future price levels are deter-
mined. Of course, an individual typically will have
enough information to make some forecast of future
inflation rates. A given estimate of next period's infla-
tion can be thought of as the mean of some underlying
probability distribution.

The forecaster’s inflation uncertainty may be esti-
mated by looking at the size of some specified confi-
dence interval for his forecast. For example, a person
may have predicted at the end of 1982 that 1983 infla-
tion had a 90 percent probability of being between 3
percent and 5 percent. If the same individual's 90 per-
cent confidence interval for 1984 inflation (forecast at
the end of 1983) is wider, say 4 percent to 7 percent,
then his uncertainty about 1984 inflation is greater
than it was for 1983 inflation.

The analysis presented here deals with inflation un-
certainty for a representative individual. Though the
level of an individual's uncertainty about inflation is
not directly observable, ways of estimating it have been
suggested in the Literature. One of these is to use the
variance or standard deviation of the errors made in
forecasting inflation. A forecaster is trying to predict
the outcome of a process that has both systematic and
random components, With an unbiased forecast of the
inflation rate, the variance of the forecast errors indi-
cates the importance of the random component and
can be considered an estimate of the level of inflation
uncertainty.® An implicit assumption in this type of
analysis is that the variance need not be constant but
may vary over time.

“See Tatom (1981).

5t is the ex ante, not the ex post, variance of forecast erross that is

relevant. Estimates of the latter, however, are commonly used as
proxies for inflation uncertainty. See, for example, Klein (1878),
Engle {1983}, and Pagan, Hall and Trivedi {1983},
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WHY DOES INFLATION UNCERTAINTY
MATTER?

The real effects of inflation uncertainty arise in part
because inflation expectations enter into the contract-
ing process. Any contract that provides for payment in
nominal rather than real terms incorporates an ex-
pectation of future inflation. If actual inflation ends up
higher than was expected when the contract was
made, a redistribution of wealth occurs: those making
the contracted nominal payments gain and those re-
ceiving them lose. If actual inflation is lower than was
expected, the opposite wealth redistribution occurs.

When there is greater inflation uncertainty, risk-
averse individuals will attempt to shorten the duration
of contracts to reduce the risk of loss caused by devia-
tions of actual from expected inflation. More frequent
negotiation of contracts will divert economic resources
to the contracting process from other, previously more
efficient uses.®

As the accompanying insert demonstrates, greater
inflation uncertainty increases the risk associated with
both saving and investing, since both require a contract
of some kind. Individuals faced with greater infiation
uncertainty may choose to reduce both their planned
savings and investment. The result is likely to be lower
iong-term real economic growth.

Another potential real effect of inflation uncertainty
is reduced efficiency of the price system in allocating
resources, The basic idea is this: the more uncertain is
inflation, "the harder it becomes to extract the signal
about relative prices from the absolute prices.”” Be-
cause individual prices adjust to unexpected inflation
at different rates due to the presence of long-term
contracts and the costs of adjusting prices, relative
prices may be temporarily distorted.® They also may be
incorrectly perceived, because information does not
flow smoothly across markets. As a result, economic
efficiency is reduced, producing lower output growth

Sindexation of contracts can reduce (though not totally eliminate) the
risk associated with contracting, and one would expect indexation to
increase as infiation uncertainty increases. For a theoretical analysis
of indexation in this context, see Gray {1978). Klein finds evidence
that an increase in “long-term price uncertainty” feads to & reduction
in the average term to maturity of outstanding corporate debt.

"Friedman, p. 467. Again, Friedman's discussion is in terms of infla-
tion variability, if this variability were anlicipated, however, adjust-
menis could be made that reduce or eliminate this effect. His discus-
sion of this effect is hased on the work of Hayek (1945) and Lucas
{1973) among others.

8See Bordo (1980) and Sheshinski and Weiss (1977).
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and possibly higher unemployment than if all relative
prices were correctly perceived.?

The notion that greater inflation uncertainty leads 1o
reduced economic growth and higher unemployment
has been supporied by empirical research. Mullineaux
finds some measures of inflation uneertainty to have a
negative effect on the growth of industrial production
and a positive effect on unemployment; Levi and Makin
get similar results for employment growth. Further-
more, Blejer and Liederman find that increased disper-

®Carlton (1981) discusses in detail the impact of inflation uncertainty
on the organization of markets. He concludes that (p. 19):

. in response to inflationary uncertainty, we expect to see fawer con-
tracts with fixed prices for long time-periods, fewer customized goods,
greater use of standardized goods sold in a liquid market, a move from
outside contracting of customized goods to internai production through
vertical integration, and a move from vertical integration to reliance on
standard guality goods sold in a fiquid market where “the market” price is
easy io observe. All of these changes are undesirable from an efficiency
standpoint.

sion of relative price changes leads to a significant
reduction in real GNP and increased unemployment.®

WHY SHOULD HIGHER INFLATION
LEAID TO GBEATER INFLATION
UNCERTAINTY?

The relationship between higher rates of inflation
and inflation uncertainty is based more on empirical
regularities than on theoretical rationale. Beginning
with Okun in 1871, several researchers have found that
there are significant positive correlations between
rates of inflation and the variability of inflation across
countries and across time for a given country. Others

0See Muillineaux (1980), Levi and Makin (1980}, and Bigjer and
Leiderman (1980). Evans {1983) finds an unstable price level to
have a negative effect on real GNP growth, and Able {1980) finds a
negative impact of infiation variability on the rate of investment.
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have found a positive relationship between inflation
variability (or inflation itself) and proxies for inflation
uncertainty, the latter including the dispersion of infla-
tion expectations across survey respondents and the
variance of estimated inflation forecast errors. The in-
sert on pages 20 and 21 provides a surnmary of findings
from previous studies.

The theoretical rationale centers on the hypothesis
that a more inflationary economy produces greater
uncertainty about the future direction of governmerit
policy, causing greater uncertainty about future infla-
tion. Okun states that the application of fiscal and
monetary policies is apt to be less consistent {ie,, pre-
dictable) during inflalionary times because of the diffi-
culty in reducing inflation without causing unaccepi-
ably high rates of unemployment and interest.’ In a
similar vein, Friedman states that:

A burst of inflation produces strong pressure (o coun-
ter it. Policy goes from one direction to the other, en-
couraging wide variation in the actual and anticipated
rate of inflation. And, of course, in such an environment,
no one has single-valued anticipations. Everyone recog-
nizes that there is great uncertainty about what actual

infladon will turn out to be over any specific fulure
interval.**

One can argue that an inflationary economy creates
an environment in which major policy changes be-
come more likely and the effects of such policy
changes become more uncertain. To support this
argument, one need only look at some of the policy
measures taken or proposed in recent years at least
partiaily in response to an inflationary economy: de-
regulation of financial institutions, wage and price
controls, indexation of income taxes and changes in
methods for implementing monetary policy.

INFLATION FOBECASTS AND THE
VARIANCE OF ERRORS

The discussion above suggests that the variance of
errors in forecasting inflation could be used as one
measure of inflation uncertainty. If the variance of the
forecast errors remnains constant over tirne, so does the
levet of inflation uncertainty. One way to determine
whether inflation uncertainty has changed over time is
to test for non-constant variance {ie, heteroscedastio-
ity! in the residuals from a model of inflation expec-
tations ¥

"Ses Okun {1971,
2eriedman, p. 488.

"3This is the approach suggesied by Engle (1982) and Pagan, Hall
ard Trived:.
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First, we need an inflation expectations model that
provides unbiased forecasts over both lower and high-
er inflation periods; we can then test whether the error
variance is larger for the higher inflation period. A
model obtained by regressing the quarterly growth rate
of the GNP deflator (D) on its own lagged values, lagged
values of the growth rate of M1 (M), and dummy vari-
ables for periods of wage-price controls and their alter-
math (131 and D2} is given by equation 1in table 1. The
eguation was estimated using data from 11/1954-11¥/

Al growih rates are expressed in annualized log differences. 1 has
a unity value during the control period of V1971111873 and zero
otherwise. D2 represents the period during which cordrols were
being phased out, taking a unity value for the period 11673-1/1975
and zero otherwise.
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1983, and the number of lags was chosen using stan-
dard t and F tests. When we divide the sample into a
lower inflation period, H/1954-1V/1967, and a higher
inflation period, 1/1868-111/1983, we can reject the
hypothesis that the error variance is the same in both
periods ** As expected, the variance is higher in the
periad of higher inflation.'®

Another test of the constancy of the variance of the
forecast errors over time is obtained by regressing the
squared value of the inflation forecast error for period t
tef) estimated from equation 1 on the variables thought
to cause changes in the variance. When four lagged
values of the inflation rate are used, the estimated
equation yields the results shown in equation 1 in table
2. The results indicate, once again, thatinflation affects
the variance of forecast errors using this model of ex-

5The average quarierly rate of growih of the GNP defiador between
1954 and V1967 was 2.18 with a maximum of 4.57 and a mini-
mum of —~ 0.87; for /1968-11/1983, the average growth rate of the
GNP deflator was 6.31 with 2a masdmum of 11.41 and a minimum of
2.83. The value of the calculated F-statistic {(Fsz 4> = 1.77}fromthe
Goldfeld-Quandt test is statistically significant at the 5 percentlevel,
For an explanation of his test for heteroscedasticity, ses Goldield
and Quandt {1965).

A Chow test does not indicate that the structure of the model is
different for the two pericds. The Chow test statistic is Fip, a5 =
(.705, far below the level required for siatistical significance atthe 3
peroent level.
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pected inflation.’ The effect over four quarters is both
positive (as indicated by the sum of the coefficients of
the lagged values of the inflation rate [0.209)) and statis-
tically significant at the 5 percent level 2

Relative Energy Price Changes and
Expected Inflation

The above result seems to suggest rather strongly
that a higher indlation rate is associated with more
inflation uncertainty, This conclusion must be careful-
lyviewed, however; the results are quite sensitive to the
way in which the model of inflation expectations is
specified. In particular, if one considers the possibility
that individuals anticipate some impact of a higher
relative price of energy on the rate of inflation, then
inflation does not affect the variance of the errors. An
estimated inflation expectations mode] that incorpo-
rates two lagged values of the change in the relative
price of energy is presented in equation 2 of table 1.**
When the sample was divided into the same lower and
higher inflation periods as before {and the impact of
energy prices is taken into account), the hypothesis
that the error variance is the same in both periods
cannol be rejected at the 5 percent level of sig-
nificance *

Furthermore, as equation 2 in table 2 shows, lagged
values of the inflation rate do not affect the squared
inflation forecast error estimated from equation 2 in
table 1% Therefore, when this inflation expectations
model is used, there is no indication that higher infla-
tion is associated with greater inflation uncertainty.

'"The test statistic TR? (where T is the number of observations) has a
x? distribution with degrees of freedom equal to T minus the number
of regressors. This statistic is used to test for heteroscedasticity. In
equation 1in table 2, TR® = 9.62, which is statistically significant at
the 5 percent level. This test is suggested by Engle (1982).

The t-statistic for the sum of the cosficients is 2.58. Additional
lagged values of p up to a total of 12 had no effect. Lagged values of
the rate of inflation are used instead of the current rate, because the
rate for period tis not known at the time the forecast is made. This
procedure of regressing squared residuals on a setof variables as a
test for heteroscedasticity is suggested by Breusch and Pagan
(1979

**The relative price of energy is defined as the ratio of the “fuels and
related producis and power” component of the producer price index
(PP} to the husiness secior defiator. See Tatom for a slighlly
different mode! of the infiation rate iiself {(rather than expected
inflation).

2The Goldieid-Quandt F-statistic is Fay 45 = 1.47.

INgither the value of TR? (4.72) nor the sum of the coefficients of
lagged inflation (0.112,1 = 1.44} are statistically significant atthe 5
percent level,

19



FEDERAL RESERVE BANK OF ST. LOUIS FEBRUARY 1984

s s ST : ; 2 SR
D S i = 5 2 Z S 5 S
e e . ; : o i
A s s A & ‘/ffl.%;:’”‘f% 3

. S : i o 5 e o
- e e e ¢
e Y :

o — o s TR
s s R VY
G i < i

e e

A

e

e 2 St .
R, R o 3 : o e R >
S
o e sy
et

R

.

e
See

i
S

R

o
o
-

<o G s a e
A S
SRS
S e

G A

ha i S

e

A
G
i

i
oo

%

2

SR
e

R

%
=
e

Sairiaes
N A
N S

2

N
A
5
i
o

= Gelvihaa
ST e % 2 . o e
ISR e Ghpaa e s

SR

.
S
R

i

S ;

e

cos e
-

o e & o 2 Sl
Sl S : i e
Cioae it B - i o - g
N Sy

- Salsa e S0

S S o o
e 2 S e : S

i o e fenataine

G ,*;/;&V S AesCarcr i s

N T VoA

i st

RN

2 e e A o s Tl it
e o R ada s culiee iR o e S s
o o :

e ot RERE AR AT o B S bt Sl i S S

o S e o Se e s v e e
Yoo o o .- . e
P o : o o i D 5

R o AT i 5 G T e A L e i E
Shwanaaan e e et o L

G o o ‘”@vf/\;@x\“ﬂ/v\ﬁv~ s e oo T
Soain G i ORetR s R s e e Sy : !
jes iy S e Gy Saisiaiiataas S Jamiiae okl 41 : 222

T R
G T
S s

e

3

S
e sESE e oy
o

=
S
VAT

St

i
i

. e
i : % % S >
N e e 2 e 2 e 3 2 7
RS e e . S L ; i : 5 e
G R % S - ; - Go i : R e
o fg/\ . o . S _ i -
e G : / o Siazad G

i

5

=
A5
&
e
i
7
&

%

e G
CE A % e 3
Sl i o ; ] AT
et Bt s A RO A R -
= : ]

e

o
o o DAL ey
Shens i and

Crinona s
S

S

.
5 /
i

.

S
i
o
an

D
S
o
R
S
-

el Lmnaae
& Lo o .

7
e
e

Fonouoisi s hae
e ey
SRS e
B e

GrsiineS
Ao
S e

Nt

o

35

R s

.
L
o
o
S
RN

5
-
-
e £
L

o
%

ALk

S

i
i
A
5
5

i
2

Yl
Ry
A

4
i
e

=
e

.
Sy

S
e

Shpoen Gl
e o

Se S o ¢ : o
e s A TaaEn ; A $ ; ; 2

R
"

e
e
o

.

&
2

-

A

- e ;
Tt Soagiis s
S o S

S

-

e

i

e

G S ot N R
R G i e o

A

R
o

o g

2

7

i
L

i
i
5
i

>
o
i

5
o
i
b
&5

g,

e

.
i

L

ot o
S i o e
A T R R TR
S don

o 2 o

.
=

'?z

i
-

;&
o

S

R
5

-
W

%
%

s
o Y

S

i

o e . : = 2 e kak : I

fr e s S sElehaaa e e : i s i 7 : : ST

fe e S i e A SRR o i L3 G A e -

plos e SR : 2 i z S N s s A o
i e o S : : e e SEsis e e e SR e ; oo
s e A RO e el N i X SR e
e . : - e
R G £ S

-

.

i

ey

S

S

o
-

3
2

-
65
i
s

v

S
3%

i
-
a5
-
G

e
s

L

oo
S

e
S

e

o
o
.
o
o

.

e
&

S
i

G
i

el e el o
A e R e s A
i EXA e o

-

5 e
S EAE e
S - o G
Sy R e S e
e

G o - i .
S ool o >

e S duiaoin

e o S

o
.
-

£
o

-

i3 o

G

o3

Y

o

5

5 S XeRtiih i s o b 5
G e o = e e
G e i i

SR

. -

- -

e

e

i

S - Ve

Sa e 7 ¢ s e
e - . : o - -
sSmreliiiedie i St GEse e s e i ke e SR - = S
b S e Chnai ey e e T iy e
e S S e SR adan " & Sl R i 3 Y R i
P 4 2 N A R e
E : i e / e
e R e SrIE e SN ey 2 Gy eEri Y
poonsaina R > i S ey 3 Se e g e
. i g e

=
=
5

e v s S T ST
o i > S e
" e S

CE R RN

o S

“
S

L
=

-
e
i
e
L

o

St S e g Se e RS e s el

(oS = o e S a2

G LR Ao :

Gaan i o e e -
o T g G 7 e
Z Wb i e IR 40 o .
i St Sonas i PR e T PR R G s

S e
e

i
-
G

s
i

45

Sl
G ey

i
s

e
N

:
5

o

PRy

P e e
v
- o S

ShEde
o
B

o
2

v
o

s

S

mﬁfv;@«w/&g@ oy

2
o
2
.
S

o
S
2
S
e

.
3
£

o

5
5
G
FEh
G
S
>
W

%
i
=
.

S
-
<

o

-

i
&

S o
I L b O D
o oo s e
i e e e
SeUsh e et
i e R Ve S G = ik
5l B iy s K 3 Tl g b e 5 ¢ 5% 1 ETUFEH
T : s

S
2

-
o
@
&
A
o
TR

A
S

-
=

S

£
S
&

|
g
i

it
S

e
o

i

S

S

S

.

iy
o

i

S

7

Sy

wiea . 5 >
i i e e - G S s 4 ¢ % LIhE AR
S e e Goo e Lo A0 lovhatled b o ol : R

S A g : e o S s s R e : S = G S G
E il o A : SR s o o : o S A
G e S o . 5 ; i ; %
e oy = > SN e
fa e R g G e ]
E B SO

SmmEe e e g A 2 bl :
sl 211 KB PLaiNT o i iy
i R 5 R Y S R O A e A S R L S e
; St G D nduaany L Sova s
SRS R Lon S o U SO S
2 e e ke

2 i

a el
TR

—

s

o
o
o

Son

Lo

4

N

L e

R

S

fuL

0
.

i

.
LA
S

A
3

e

i
et

(
o
G
S

e

i

Pk
o

&
i

Seas
BEa

el

o
b

e
v

o

e

i

R

Cren

G i e

T

P

v
e

i

4

o L
S Cre g
Seae s =
S vl i sl aEe
X S S e i SRS

o

7

Lo S

< 5 e e

R
o

o
Sy

e 7 . -
e e -
e S e . 7
s e iR
e S e e s
e Taainy
-

n R RN
SIS S
\”/VC’J/‘f":\;’,ﬂ;ﬁ‘v‘.?;‘\\"“/g""vfz S

a
o

G =

G

O et
S 5

{‘

o

oo

i

7
i

ﬂ

o

K

=

(e

2
S

NS

o

" 2 S

o
-

o

A

i

L
Sovnesien s o i
e e SRS
e S
S e Lol s

s o e
s e

o i Sm S

D

i

e
2

AL RO
o

-

R
- . R e et v
o o e e : e S T N Gonooa

i R e e e N //IAV/;/:;{/? e 7

o SE ey i

o 5 o

o

SenRad O : _ e

; S
R KRBT




FEDERAL RESERVE BANK OF ST. LOUIS

FEBRUARY 1284

INDIVIDUAL INFLATION
UNCERTAINTY AND THE VARIABILITY
OF INFLATION EXPECTATIONS
AMONG INDIVIDUALS

The preceding tests illustrate one of the major prob-
lems involved in trying to estimate an individual's
uncertainty about future inflation: estimates can he
sensitive to one's assumptions about the nature of the
information used to forecast inflation. In this section,
we use a different approach to estimating inflation
uncertainty based on very different assumptions about
the way individuals form inflation expectations.

In contrast to the models of inflation expectations
estimated previously, individuals may use consider-
ably more information to forecast inflation rates than
the past growth rates of such aggregates as the price
level and money supply. For example, each forecaster
may have personal information regarding the histori-
cal relationship between the price of a specific product
and the general price level. This specialized informa-
tion is likely to be too costly for all individuals to obtain,
If there is greater heterogeneity in the inflation signals
that forecasters receive from this type of market-
specific information, then greater dispersion of indi-
vidual inflation forecasts can result. An individual who
observes a wider variety of predictions of next period’s
inflation rate (through published sources, for example)
may become more uncertain about the accuracy of his
own forecast, especially if he believes that different
forecasts are based on information he does not have ??

22This kind of partial information framework is used by Cukierman and
Wachtel {1982). There is, however, an alternative explanation for

In the analysis to follow, it is assumed that greater
dispersion of inflation forecasts among individuals
leads to increased inflation uncertainty. Therefore, we
use meastres based on the variability of responses to
the Livingston survey of inflation expectations to fur-
ther investigate the relationship between inflation and
inflation uncertainty 2

The standard deviation of the individual inflation
forecasts from the Livingston survey is the first proxy
for inflation uncertainty. Chart 1 shows the actual infla-
tion rate over the forecast period and the mean and
standard deviation of six-month inflation forecasts
from the first half of 1954 to the first half of 1983. The
shaded areas of the chart represent periods of energy
shocks ** The chart indicates that both energy shocks

increased variabifity of individual inflation forecasts: forecasters
may ail use the same information but in different ways. This would
not necessarily imply greater inflation uncertainty for a particular
individual since each forecaster could be just as certain as he ever
was about the accuracy of his forecast.

2 Joseph Livingston of The Philadelphia Inquirer conducts a survey
each spring and fali, requesting respondents to indicate their predic-
tions about a number of economic indicators including the consumer
price index (CPl). Because ihe survey resuits published, for exam-
pte, in June contain predictions for the foliowing December, Living-
ston refers to them as six-month-ahead forecasts as does this
article. (The survey also includes 12-month forecasts, which are not
used here.) Because the respondents to the June survey are
thought to know only the April CPIl, however, they are actually
predicting an eight-month rate of change. For a detailed discussion
of the Livingston expectations data, see Carlson {1977). This article
uses the data in Carlson’s revised form updated to the present.

24The periods of energy shocks are the first half of 1973 to the second
haif of 1874, and the first half of 1979 to the first half of 1981. The
quarterly deflator for fuels and refated products and power divided
by the business sector deflator grew at an annual rate of 22.9
percent from IV/1972 to {V/1974 and 23.4 percent from /1979 fo
11/11981.
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Chart 1

Actual InHation, Expected Inflation and Standard Deviation

of Six-Month Inflation Forecasts
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and inflation may have a positive imnpact on inflation
uncertainty. All three series rose substantially during
periods of energy shocks, and there are significant
positive correlations between the uncertainty measure
and the other two series in other periods *®

The root-mean-squared error (RMSE) of the indi-
vidual forecasts of inflation fromn the survey serves as
the second proxy for inflation uncertainty. An ex-
amination of chart 1 indicates that the survey mean
inflation expectation is biased; it consistently under-
predicts the inflation rate over most of the sample
period. The BMSE of the inflation forecasts incorpo-

25The correlation coefiicient between the standard deviation and the
expected inflation rate is 0.787 for the entire period and 0.667 for the
period omitting the two energy shock periods. Between the standard
deviation and the actual infiation rate, the correlations are 0.724 and

0.597, respectively. These figures are all statistically significant at
the 5 percent level.
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rates these errors. The squared value of this variable is
the sum of the variance of inflation expectations across
survey respondents (the standard deviation squared)
and the squared forecast error using the survey mean
as the expected inflation rate *® The use of this variable

2%The mean-squared error of the forecasts can be written:

T
5_21 o — p?

. n
&

MSE,

It

M-l -

where n is the number of forecasters, py is the expected rate of
inflation for the ith forecaster, and p* is the mean expected inflation
rate among the forecasters. The first term on the right-hand side of
the equation is the squared forecast error, and the second is the
variance of individual inflation expectations. We use the sguare root
of this variable and the standarg deviation of expectations because
regressions using the mean-squared error and the variance exhib-
ted heteroscedasticity.
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Chart 2
Actual Inflation, Expected Inflation and Root-Mean-Squared Error
of Six-Month Inflation Forecasts
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as a measure of inflation uncertainty assumes that
there is greater inflation uncertainty, holding constant
the variance of inflation expectations, when a large
mean forecast error occurs than when a small mean
forecast error is observed.*”

Chart 2 plots the RMSE along with the actual infla-
tion rate and the mean expected inflation rate from the
survey. Again there is a positive association between
the uncertainty measure and the other two series, with
the largest increases in RMSE vccurring during periods
of energy shocks® As chart 2 shows, the RMSE is

2'The standard deviation of the forecasts has one advantage over
RMSE as a proxy for inflation uncertainty: it does not contain any ex
post information. RMSE, . ; includes the actual inflation rate from
period t+1%, P, 4.

28The correlation coefficient between RMSE and the expected infla-
tion rate is 0.559 for the entire sample period and 0.433 for the
period exclusive of the periods of energy shocks. Between BMSE
and the actual rate of infiation, the correlations are 0.826 and 0.658,
respectively.

considerably more variable than the standard devia-
tion over the sample pericd. The most interesting dif-
ference in the two series, however, is their behavior
during the energy shock periods: the standard devia-
tion remains higher than normal throughout each of
the energy shock periods and does not decline until
the period is over; the RMSE peaks, then declines sub-
stantially while relative energy prices are still rising.
Therefore, these two measures imply different re-
sponses of inflation uncertainty to energy shocks.

INFLATION AND THE VARIABILITY
OF INFLATION FORECASTS

This section provides more detailed evidence on the
effects of inflation and energy shocks on the two mea-
sures of inflation uncertainty discussed above. Table 3
presents results from regressions based on six-month
inflation forecasts. The data used are from the same
sampie period shown in the charts.
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Inflation’s Effect on the Standard
Deviation of Forecasts

In equation 1, the dependent variable is 5. ik,
which is the standard deviation of inflation expecta-
tions for period t+1 as calculated from responses io
the Livingston survey at period t*? The most recent
six-month rate of inflation known to the forecasters, p,,
has a positive and strongly significant effect on the
standard deviation of the forecasts. Lagged values of
this variable had no significant effect. The value of the

29The variable is written SD, ., il to indicate that it is based on fore-
casts of period t+ 1 inflation given an information set from periodt, ..
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intercept implies that, in the absence of inflation or
changes in the relative price of energy, the standard
deviation of inflation forecasts would be about a 0.8
annualized percentage rate. The coefficient for p, in-
dicates that for every 1 percentage-point increase in
the annual rate of inflation, the standard deviation
increases by about 0.1 percentage point. Therefore,
with 8 percent inflation, the standard deviation would
be twice as high as with zero inflation.

The three most recent values of the annualized six-
month change in the relative price of energy (p®) also
have a significant positive impact on this measure of
inflation uncertainty®® A 1 percent increase in this
vartable leads to an increase in the standard deviation
of 0.023 percentage points over three six-month
periods. In other words, an energy shock affects this
measure of inflation uncertainty for up to 18 months. A
20 percentage-point increase in the relative price of
energy — not uncommon in the last decade — causes
the standard deviation of inflation expectations to in-
crease by about 0.45 percentage points.®?

Inflation’s Effect on the
Root-Mean-Squared Error of Forecasts

Equation 2 presents results using the RMSE of infla-
tion forecasts for period 1+ 1 (RMSE, 4} as the depen-
dent variable ®® The conclusion that inflation exerts a
positive influence on inflation uncertainty is the sarne
as in equation 1, although the impact occurs over four
six-month periods. The sum of the coefficients of cur-
rent and lagged inflation is positive and significant.
Over 24 months, a 1 percentage-point increase in infla-
tion leads to an increase in AMSE of about 0.19 percent-
age points. Although this is about twice the impact that

30The series for the infiation rate and changes in the relative price of
energy are constructed to include the most recent numbers known
by the forecaster, so monthiy data are used. The spring forecaster is
assumed 1o know the April levels of the CPI and the relative price of
energy, so the six-month rate of change is calculated between
October and April. For the fall forecast, the rate is calculated be-
ween Aprit and October, The denominator in the relative energy
price variable for monthly data is the finished goods component of
the PPL.

% The regressions also were run with a somewhat different dependent
variable, the standard deviation across individuais of the expected
level of the CPI divided by the mean expected level. This is the
coefficient of variation of the CP! level forecasts. The results were
similar 1 those for the standard deviation of the inflation rate fore-
casts. The coefficient of variation of the inflation rate forecasts is
¢learly an inappropriate variable to use, since, as the expected
inflation rate approaches zero, the coefficient of variation
approaches infinity.

BAMSE, ,; = V (SDyarlh)? + Bty ek — Prosl®
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inflation had on the standard deviation, the constant
termn is nearly twice as high in this equation; thus, the
impacts actually are quite similar. The initial impact of
inflation on RMSE is much greater than it is on the
standard deviation, but this effect is partially offset
after 24 months have passed.

The impact of relative energy price changes is quite
different in this regression than it was in equation 1.
The initial impact on the uncertainty measure is posi-
tive, but the effect is totally offset 12 months later®
Consequently, if the relative price of energy were to
increase by the same amount each period, it would
cease to have any effect on the RMSE after 12 months.
In contrast, for the standard deviation of expectations
1o stabilize, the level rather than the growth rate of the
relative price of energy must stabilize 3*

In both equations, the effect of higher inflation on
the measure of inflation uncertainty is positive and
permanent. There is no indication that, over time, fore-
casters come to be just as certain about higher rates of
inflation as they were about lower rates. This evidence
supports the hypothesis that higher inflation leads to
more uncertain inflation.

CONCLUSION

Researchers have compiled considerable evidence
suggesting that the rate and variability of inflation are
positively related and a lesser amount of evidence link-
ing these variables to inflation uncertainty. This article
has explored the relationship between the rate of infla-
tion and the level of inflation uncertainty in greater
detail, looking also at the impact of energy shocks on
inflation uncertainty.

The empirical results presented here are somewhat
mixed and are sensitive to the method chosen for
measuring inflation uncertainty. On the one hand, a
model of inflation expectations was introduced and
estimated for which the variance of the estimated infla-
tion forecast errors is related to the rate of inflation. A

#The inclusion of the variable pf. 4 in the regression is not meant to
imply that forecasters know the value of this variabte, only that it
affects RMSE, ..

*The regressions in table 3 also were run with several other indepen-
dent variables, none of which was statistically significant at the 5
percent level. These included current and lagged values of the
absoiute value of unanticipated inflation (based on the survey mean
expectafion}, a dummy variable for the period of wage and price
controls, and a time trend., In regressions excluding the relative price
of energy, the estimated effects of inflation on the uncertainty mea-
sures were somewhat larger.
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different inflation expectations model — one incorpo-
rating the effects of changes in the relative price of
energy on expecied inflation — led to the opposite
conclusion. On the other hand, there are positive rela-
tionships between the rate of inflation and the stan-
dard deviation and root-mean-squared error of infla-
tion forecasts taken from the Livingston survey. Energy
shocks also affect these two measures of inflation un-
certainty, but in quite different ways.

Because the results of empirical tests based on infla-
tion forecasting models are sensitive to the specifica-
fion of the model, the usefulness of these results is
gquestionable. Therefore, uncertainty measures based
on the variability of “observed” inflation forecasts or
forecast errors should be given more attention. In this
article, these measures indicate that inflation uncer-
tainty can be reduced if the rate of inflation is reduced.

In light of recent evidence that greater inflation un-
certainty has a detrimental effect on the levels of eco-
nomic actvity and unemployment, the reduction of
inflation uncertainty is an important potential benefit
of anti-inflation policies.
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