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1. See Mullineaux
(1976, p. 277).

2. Seethe succinct
summary of William-
son’s viewsand sup-
porting empirical
evidence in Armour
and Teece(1978).

3. Itisalso possible
that the expected net
benefits of consoli-
dation are dependent
on size and other
characteristicsof a
particular MBHC.

4. In many of these
states, MBHCs par-
tially consolidated
their subsidiaries.
Such companieswere
not included in this
study becauseof the
heterogeneousnature
of their organiza-
tional changes.

5. Thestatesare
New York, Florida,
Ohio, New Jersey,
Virginia, Alabama,
and Tennessee. The
number of companies
drawn fromeach
state is seven, three,
three, one, foul: two,
and one respectively.
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The Impact o Bank
Holding Company
Consolidation:
Evidencefrom
Shareholder Returns

by Gary Whalen

Federal Reserve Bank d Cleveland

Many states have chosen to legally restrict
intrastate branching by banks to somedegree.
In alarge proportion d such states, banks are
able to circumvent the prohibition on state-
wide branching because they are permitted to
adopt a multibank holding company (MBHC)
form and to acquire affiliate banks through-
out the state. However, because subsidiary
banksin a MBHC continue to be separately
incorporated entities, and because a number
d legal-regulatory impedimentstofull organi-
zational integration exist, it has been argued
that MBHCsare imperfect substitutes for
branch banking systems? That is, MBHCs
may beless ableto exploit size-related econo-
mies than pure branch banking organizations.

On the other hand, researcherssuch as
0. Williamson have argued that it might be
optimal for relatively largefirmsto operateas
multi-divisional holding companies, rather
than to mergeall operating unitsinto asingle
subsidiary.?

Beginning with New York in the mid-1970s, a
number d states have amended their branch-
ing laws to permit MBHCs to transform their
affiliates into branches by merging them into
one large bank subsidiary (or several large
ones). Interestingly, in states wheresuch
activity has been authorized, MBHCs have
chosen to consolidate their subsidiary banks
in varying degrees suggesting that the man-
agementd competing companiesdisagreeabout
the expected net benefitsd consolidation or,
alternatively, about the costs d retaining the
MBHC form?3

No empirical evidence currently existson
the net benefitsd holding company consolida
tion. Such evidence could bed value because
legislation authorizing such activity is cur-
rently being considered in several states.
Measurement d theimpact d total consoli-
dation on theequity valued theconsolidating
MBHC isthe subject d this study.*

In brief, the expected net benefits d consoli-
dation areinferred by examining the behavior
d thedaily stock returnsd asampled 21
bank holding companiesin seven states when
theintention to merge their affiliatesisfirst
announced® Thebehavior d their stock returns
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6. See Famaetal.
(1969).

7 For variousappli-
cations of the event
study technique, see
any o the various
studies cited in the
references.

8. Sethediscussion
in Eisenbeis et al.
(1984, p. 893) and
inJain (1985,

pp. 221-22).

9. Thereis some frag-
mentary survey evi-
dence that suggests
that theimpact of con-
solidation might be
negative, particularly
in theshort run.
Thereare several
reasons this might be
the case. Benefitsof
consolidation could
be long-term and/or
non-pecuniary. For
example, consolida:
tion might permit the
parent to limit sub-
sidiary risk-taking.
In addition, loss of
subsidiary indepen-
dence might lower
morale and produc-
tivity. See thediscus
sion in the Associa:
tion of Bank Holding
Companies (1978,
pp. 24-29).

10. Some responding
MBHCs reported
that organizational
changewas under-
taken in response to
financial difficulties.
See Association of
Bank Holding Com-
panies (1978, p. 34).

over some period contai ning the announcement
date presumably reflects investor estimates
o theimpact o the organizational change on
thefuture profitability and market value d
the banking organization. The event-study
framework first used by Fama et al. (1969)

is employed!

|. The Event Study Framework

In the event-study framework, the focusison
the observed behavior of a sampled firms
stock market returns, actually the* abnormal**
portion d these returns, around thetimeat
which some material development (the event)
potentially affecting each firm's market value
isinitially made known.” ** Abnormal returns™
presumably reflect the capital market's esti-
mate d the expected net impact o the devel-
opment on thefuture profitability and market
valued thefirm. Abnormal returns may be
observed prior to the event either because d
market anticipation or leakage d information
about the event. In an efficient market, only
normal returnsshould beevident after the new
relevant information isfully digested by mar-
ket participants. However, if theannouncement
represents a strategic management decision,
itispossiblethat abnormal returns prior to the
event may precipitate rather than reflect the
impact d thedecision. Thetime pattern o
the abnormal returns may suggest the direc-
tiond causality.?

In thisstudy, thecritical event iseach
MBHC'’s first publicannouncement o the
intention to consolidate all d itssubsidiary
banks and effectively transform itself intoa
branch banking organization. Positive abnor-
mal returns around the event date suggest
that the announced consolidation is expected
to boost future profitability and to generate
net benefitsfor holding company sharehol ders.

Theinterpretation d negativeabnormal
returnsis moredifficult. Such returns may
indicate that investors expect the changeto
depressthe holding company's market value?

Economic Review « II1Q:1985

Alternatively, because the decision to con-
solidateis a strategic one, the announcement
might be the result rather than the cause of
the negative abnormal returns® Again, thetim-
ing d thereturns should suggest which one
d theseinterpretationsiscorrect. In particular,
negative abnormal returns very close to the
announcement datesuggest that theannounce-
ment is responsible for the negative returns,
rather than thereverse.

It should be noted that thediscovery d signif-
icant abnormal returns only provides insight
on theconsolidation impacts expected by share-
holders. The presenced abnormal returns
does not permit the analyst to unambiguously
determine the effect d consolidation on social
welfare. For example, positive abnormal re-
turnscould reflect either expected gainsin effi-
ciency dueto consolidation or expected prof-
itability increases due to consolidation-related
changes in competition at the local level. In
thelatter case, the shareholdersgain comes at
the expense d holding company customers.

II. Methodology

The basic procedure used to calculate the
abnormal returnsfor each company in this
study isthe sameasthat used in alarge
number d previous event studies published
to date.

First, the event date for each company had
to be determined. This date was defined to be
the date on which a company's intention to
consolidate wasfirst reported in thefinancial
press. These dates were discovered by search-
ingtheindexesd three publications: The Wall
StreetJournal, The American Banker, and
Funk and Scott's Index d Corporations and
Industries. Thus, announcement dates (AD),
rather than effective dates, were used asevent
dates. In efficient markets, investors presum-
ably react around thetime at which a material
development isannounced rather than when
the announced action is taken, and so cause
thefirm's stock priceand market valueto
adjust around announcement dates rather
than effective dates.
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11. Different esti-
mation periods were
tried, but thisdid not
change the reported
results in any mate
rial way.

12. A number of
researchers have
found that thereis
a strong industry
effect on the returns
of bank stocks and
have argued that this
influence should

ke controlled for in
event studies o bank-
ingfirms. See Eisen-
beis et al. (1984,

p. 883), Shick and
Sherman (1980),
and Keen (1983).

13. Alternative
versions of equation
(2) were estimated
using techniquessug-
gested in Scholes
and Williams (1977)
and Dimson (1979)
to correct for statis
tical problems caused
by infrequent secu-
ritiestrading. In
addition, standar-
dized abnormal re
turns were generated
using the technique
reportedin Linn and
McConnell (1983).
Neither of these two
methods produced
resultsdifferentfrom
those reported and
soare not presented.

14. Theaverage
proportion of the
organization’s total
assets accounted for
by the lead bank for
thesethreelargehold.
ing companies was
about 98 percent, s.
about 56 percent for
therest of thesample.

Second, an interval around each company's
event date, during which theimpact d the
event isexpected to be discernible had to be
determined. In thisstudy, daily stock return
data were used, and abnormal returnsover
theinterval beginning 120 trading days before
and ending 90 trading days after each com-
pany's event date were generated and exam-
ined? This period will bereferred to hereas
the examination Period.

Third, oned a variety d methods had to
be used to generate " normal returns” for each
company over theexamination period. Thefirst
step in this process was to estimate aform
d the' market model" equation for each
company over the 140-day period beginning
260 trading days beforeitsevent date. This
140-day period is referred to as the estimation
period. In the market model, the stock returns
d afirminany period are presumed to bea
linear function d returns on a broad market
index and occasionally d a second factor, the
returnson an industry index. In this paper,
thereported results were obtained using a two-
factor version d the market model2 Sym-
bolicaly, the estimated equations had thefol-
lowing general form:

(1) Ry = a;j+ bijRy; + byj Ry + ¢y,
where

R;; = daily continuously com-
pounded rated return o
company j,

daily continuously com-
pounded rated return d
Standard and Poor's

500 I ndex,

daily continuously com-
pounded rate d return o
OTC Index d bank stocks,
e;; = astochastic disturbance
term with standard prop-
erties, and

regression coefficientsto be
estimated.

"Normal returns” for each company over the
examination period aresimply its predicted
returns obtained using its estimated market

R, =

Ry =

a;, byj, byj =

Federa Reserve Bank o Cleveland

model equation and realized returnson each of
the two stock indices.3

"Abnormal returns" for each company
over the examination period were generated
by subtracting normal returnsfrom realized
returns. Symbolically, abnormal returnswere
calculated using equation (2) below:

(2 an = Ry - RHAT,

where
aryy = "abnormal return” for the
jth company,
RHAT;; = the predicted "normal

return™ for thejth company
obtained using equation (1).

Becaused the possibility that thereturnsaf
various companies might be affected by a vari-
ety o company-specific developments (aside
from the specificevent d interest) during the
examination period, the abnormal returns o
each company were not analyzed individually.
Rather, asistypically donein event studies,
various portfolios o subject firmswereformed
in event time, and the abnormal returns d
the companies included in the portfolio were
averaged cross-sectionally at each point in
event time over the examination period to
produce a seriesd average abnormal returns
(AAR). Then thisseries was cumul ated over
various segments d event timeto produce
a cumulative average abnormal return meas
ure(CAAR)for the particular sampled compa
nies. These steps are represented in equar
tion (3)and (4), respectively:

J
3) AAR, = (I/)) 3, ar,

i=1

12
(4) CAARp n = 3, AAR;,
t=t1

where
AAR, = theaverage abnormal
return at event datet,
J = the number o companies
in the sample,
CAARy; 5 = thecumulativeaverage

abnormal return over the
t2-tl trading day inter-
val d event time.
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Thesign, size, and statistical significance d
the cumulative average return measures indi-
cate thecapital market's estimate d the market
value impact & MBHC consolidation and are
thefocus d the analysisin this paper.

If the event is perceived to have no signifi-

Tablel Averageand Cumulative
Average Abnormal Returns

Entire sample

Event date AAR CAAR NP2
AD -90 -.0019 -.0019 8
AD -85 -.0019 -.0165 12
AD - 80 0067 -.0102 16
AD-75 .0055 .0006 12
AD-70 .0015 -.0066 10
AD - 65 -.0043 -.0141 8
AD - 60 -.0002 -.0188 9
AD - 55 -.0025 -.0237 7
AD -50 .0020 -.0177 10
AD - 45 -.0016 -.0194 8
AD - 40 -.0007 -.0319 12
AD-35 -.0045 -.0358 5
AD - 30 .0013 -.0402 10
AD -25 -.0005 -.0427 11
AD -20 -.0032 -.0500 6
AD -15 -.0055 -.0580 3
AD-14 -.0050 -.0631 8
AD-13 .0045 -.0586 12
AD-12 .0034 -.0551 12
AD-11 .0015 -.0537 10
AD-10 -.0039 -.0576 7
AD-9 -.0032 -.0608 8
AD-8 -.0036 -.0644 10
AD -7 .0044 -.0600 13
AD-6 .0018 -.0582 9
AD-5 -.0008 -.0590 8
AD-4 -.0017 -.0608 12
AD-3 -.0013 -.0621 9
AD-2 .0018 -.0602 11
AD-1 .0020 -.0582 13
AD -.0002 -.0585 7
AD+1 0034 -.0551 14
AD+10 -.0034 -.0659 4
AD +20 -.0024 -.0645 12
AD+30 .0005 -.0656 9
AD + 40 -.0008 -.0606 8
AD +50 .0041 -.0577 10
AD + 60 -.0018 -.0616 7
a. Number of companieswith positive residuals.
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cant impact on firm value, both the average
returnand cumul ative averagereturn measures
should fluctuate randomly around zero over
the examination period. If, on the other hand,
the event is expected to have a beneficial
impact on futurefirm profitability and mar-
ket value, a preponderance of the average
abnormal returnsin theinterval prior to the
announcement date should be positive, caus-
ing the cumulative average abnormal return
measure to be positiveaswell. A run d neg-
ative average abnormal returnsin this period,
dueeither to perceptions that the costs d con-
solidation will outweigh the benefits, or pos
sibly to some other exogenous factor, will
cause the cumulative average return meas
ure to be negative.

If marketsareefficient, and theconsolidation
announcement is responsiblefor the average
abnormal returnsobserved, any marked runup
or declinein the cumulative average return
measure should cease once theinformation is
fully digested by the market. It seems rea-
sonable to expect that this process should be
complete by theend o theday followingthe
announcement date.

II1. Results

Average and cumul ative average abnormal
returnsfor selected trading daysover the
period from 90 trading days before to 60 trad-
ing days after the announcement date for

the entire sample and several subsamplesare
presented in tables1to 3. The subsamples
excludeone or more very large money center
institutions. Therationalefor excluding such
institutions from theanalysisistwofold. First,
virtually al d their banking assets were con-
centrated in their lead institution prior to
consolidation. Thus, consolidation might not
strongly influence their market valueX Sec-
ond, twod thesethreeinstitutions announced
their consolidation in 1975, when money ten-
ter bank stocks weredepressed duetothe deep
recession and related large loan losses.
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15. Again, itis pos
siblethat MBHCs
consolidate to lower
profit variability,
rather than raise
profitability.

A plot d the CAAR measure for theentire
sample over the complete examination period
appearsin figure 1. Plotsfor the two subsam-
plesare similar and are not included. CAAR
measures calculated over varioussub-intervals
d theexamination period and associated test

Table2 Average and Cumulative
Average Abnormal Returns

Excluding Citicorp

Event date AAR CAAR NP2
AD -90 -.0025 -.0025 7
AD -85 -.0015 -.0142 12
AD - 80 .0073 -.0075 16
AD-75 .0049 -.0006 1
AD -70 0017 -.0057 10
AD - 65 -.0052 -.0137 7
AD - 60 .0005 -.0167 9
AD - 55 -.0031 -.0203 6
AD - 50 .0018 -.0152 9
AD - 45 -.0024 -0171 7
AD - 40 -.0010 -.0307 11
AD - 35 -.0041 -.0327 5
AD -30 .0009 -.0371 9
AD - 25 .0012 -.0397 1
AD-20 -.0028 -.0446 6
AD -15 -.0054 -.0515 3
AD-14 -.0045 -.0560 8
AD-13 .0042 -.0518 11
AD -12 .0030 -.0489 1
AD-11 .0022 -.0467 10
AD-10 -.0035 -.0501 7
AD-9 -.0038 -.0539 7
AD-8 -.0024 -.0563 10
AD -7 .0050 -.0513 13
AD -6 .0021 -.0493 9
AD -5 -.0016 -.0508 7
AD-4 -.0014 -.0522 12
AD-3 -.0004 -.0526 9
AD-2 .0032 -.0495 1
AD-1 .0033 -.0461 13
AD -.0008 -.0470 6
AD+1 .0019 -.0451 13
AD +10 -.0027 -.0584 4
AD + 20 -.0012 -.0511 12
AD + 30 -.0006 -.0569 8
AD + 40 -.0008 -.0493 8
AD +50 .0072 -.0424 10
AD + 60 -.0020 -.0514 6
a. Number d companieswith positive residuals.

Federal Reserve Bank d Cleveland

statistics appear in tables4 to 6. The meth-
ods used to develop the test statistics are de-
tailed in the appendix s

Examination d the plot and thedata in the
tables reveal that beginning roughly 50 to 60
trading days prior to the announcement date,
the CAAR measures turn negative and decline
more or lesssteadily until theevent date. The
resultsare remarkably similar, regardless o
the sample used. Formal tests indicate that
the negative cumul ative average abnormal
return measures calculated from AD - 90 to
AD +1aresignificantly different from zerofor
all three samples (seetables 4 to 6).

In the post-announcement period, the CAAR
measures generally fluctuate around the level
attained on AD + 1, which implies that aver-
age abnormal returnsareessentially random
during this period. Formal tests confirm that
the CAAR measures calculated in thistime
period are not significantly different from zero.

Thus, if onelooksonly at the cumulative
average return measures calculated beginning
on AD - 90 and endingon AD + 1, the results
suggest that investors expect consolidation to
generate negative net benefits. Thisfinding
rai ses questions about the motives d holding
company management.

However, as noted above, the decision to
consolidate is a strategic one and could be
made in response to deteriorating corporate
performance. Thissuggests that the impact
d consolidation, particularly any positive
impact, might beevident only for a relatively
short timeimmediately around the announce-
ment date. Accordingly, cumulative average
abnormal return measures and appropriate
test statistics werecalculated over avariety d
shorter sub-intervalswithin the examination
period.

The data in tables4to6 reveal that negative
average abnormal returnsin the pre-announce-
ment period were heavily concentrated in
the period from AD - 45t0 AD - 8. CAAR meas-
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ures calculated during this interval and the
AD - 45 to AD - 3 period are negative and
significant.
In contrast, CAAR measures calculated
fromthe AD-7to AD+1,AD-2to AD+1
and AD - 2 to AD - 1 are uniformly positive,

Table3 Averageand Cumulative
Average Abnormal Returns

Excluding three large money-center banks
Event date AAR CAAR NP2
AD-90 -.0018 -.0018 6
AD-85 -.0015 -.0147 11
AD-80 .0084 -.0074 15
AD-75 .0039 -.0043 9
AD-70 0013 -.0091 8
AD-65 -.0032 -.0161 7
AD-60 -.0003 -.0181 8
AD-55 -.0037 -.0210 5
AD-50 .0007 -.0161 7
AD-45 -.0013 -.0163 7
AD-40 -.0003 -.0319 11
AD-35 -.0025 -.0303 5
AD-30 .0009 -.0374 8
AD-25 .0007 -.0381 9
AD-20 -.0037 -.0424 4
AD -15 -.0052 -.0471 3
AD-14 -.0038 -.0509 8
AD -13 .0006 -.0503 9
AD -12 .0006 -.0497 9
AD-11 .0017 -.0480 9
AD-10 -.0027 -.0507 7
AD-9 -.0009 -.0516 7
AD -8 .0026 -.0490 10
AD -7 .0016 -.0474 11
AD-6 -.0011 -.0485 7
AD-5 -.0009 -.0494 6
AD-4 -.0001 -.0494 1
AD-3 -.0003 -.0497 8
AD-2 .0025 -.0472 10
AD-1 .0031 -.0441 2
AD -.0004 -.0446 6
AD+1 .0019 -.0427 11
AD+10 -.0032 -.0532 3
AD+20 -.0020 -.0504 10
AD +30 -.0007 -.0588 7
AD +40 -.0024 -.0516 6
AD +50 .0074 -.0450 8
AD + 60 -.0004 -.0501 6
a. Number of companies with positiveresiduals.
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although their statistical significance is margi-
nal. For the subsamples excluding the large
money center institutions, the CAAR measures
approach significance at the 10 percent level
(two-tail test) and are significant for the AD -2
to AD - 1 period ¥

V. Summary and Conclusons

Theresultsdo not provide strong support

for thecontention that subsidiary bank consol-
idation has a large positive impact on the
expected future profitability and market
value of MBHCs. In fact, negative significant
cumulative average abnormal returns are
observed for several time periods beginning
beforeand ending just after theannouncement
date. Thedata indicate that the bulk d the
negative average abnormal returnsare clus-
tered in the period beginning roughly 45 trad-
ing days beforeand ending just prior to the
announcement date. Theseresultssuggest that
investors expect that the costs d consolida
tion typically outweigh any benefits.

If thisinterpretation d theresultsiscor-
rect, itisdifficult toexplain why holding com-
pany management pursues such a course of
action. It may bethat partial rather than total
consolidation isoptimal for thetypical MBHC.
Theobserved preference & MBHCs for par-
tial consolidation lends credence to this view.
Alternatively, MBHC management might
consolidate to reduce profit variability rather
than raise profitability.” At any rate, the evi-
dence indicates that theinability to consoli-
date does not impose significant efficiency
costs on MBHCs. Theimplication is that leg-
islation permitting total consolidation islikely
togenerate marginal benefits.

However, cumulative average abnormal
returns are positive over very short inter-
vals immediately around the consolidation
announcement date and approach statistical
significance in some cases. In particular, the
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16. It should be
noted that total con-
solidation is not the
only way tolimitsub-
sidiary risk-taking.
Selective corporate
control over certain
key subsidiary deci-
sions and access to
timely subsidiary per-
formance data would
also allow the parent
company to monitor
and limit the risk-
taking of subsidiar-
ies, while retaining
the MBHC form.

17 Most of the
CAAR measures
calculated over short
intervals around the
announcement date
are significantat
the 10 percent level,
if a onetail test is
used.

subsample results suggest that consolidation
isexpected toyield greater benefitsfor smaller
MBHCs, which makes sense intuitively. Posi-
tive cumulative average returnsfollowing
negative cumulative returns also suggest that
consolidation might be the result rather than
thecaused poor performance and does gen-
erate positive expected net benefits, albeit of
rather modest proportions.

It should be noted that thefailure tofind a
large positive consolidation impact could be
due to a number d factors. Thesamplesizeis
rather small. Further, although great care
was taken in correctly identifying announce-
ment dates, it is possiblethat theintention to
consolidate may have been made public by
some companies prior to thedate used in this
study. Other contaminating events, such as
earningsor merger announcements, may have
influenced the reported results. It isalso pos
sible that some part d the holding company
stock price reaction may have occurred when
it became apparent that state laws would be
changed to permit consolidation, rather than
when the company announced this action.

Fig.1 Cumulative Average
Abnormal Returns
CAAR
0.02
. o »
. i
0.00 | KR
o -~ ‘-\.-::_'
-0.02 |-
‘.l
-0.04 | - ’ *
“w . _...!:J': ..‘.7 .
Batt Ny
-0.06 i 1 i .'-..1 1 ’
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Company returns might also beinfluenced

by other provisionsd the enacted legislation
that affected competitive conditionsthroughout
the state. More research on thisissueis nec-
essary before thefindings presented here can
be accepted as definitive.

Appendix

The procedure used to calculate the estimated
standard errorsd the CAAR measures and
theresultant t-statisticsis the sameasthat
used in Ruback (1982) and several other event
studies. Theformula used to compute the
t-statisticsisgiven in equation (Al) below:

(Al) t= CAAR;Z’ tl/se(CAAR,Z, tl)
where

CAAR; 5 = thecumulativeaver-
age abnormal return
over thet2-tl trading
day interval d event
time, and

estimated standard
error.

Theformula used to calculate this standard
error isgiven in equation (A2) below:
(A2) se(CAARp n) = [Q.var(AAR)

+2(Q - 1). cov(AAR)]2,

se(CAAR 1)

where

2-11+1,

thevarianced the AAR;
series calculated using
thefollowing 60 trading
days: AD -120to AD - 91
and AD +61to AD + 90,
thecovarianced the AAR;
series calculated over the
same 60 day interval.

Thisformulation adjusts the estimated stan-
dard error for observed autocorrelation in the

Q
var(AAR)

cov(AAR) =
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tering d eventsin calendar time.

AAR, series, possibly introduced by the clus

Table4 CumulativeAverage Abnormal
Returns: All Companies(J=21)

Timeperiod CAAR t-statistic
AD-90to AD+1 -.0551 -2.272
AD-45t0 AD+1 -.0373 -2.142
AD-45t0 AD-8 -.0466 -2.992
AD-45t0 AD-3 -.0443 -2.672
AD-7toAD+1 .0093 125
AD-2t0 AD+1 .0070 1.43
AD-2t0AD-1 .0039 1.18
AD+2to AD+60 -.0066 -0.34

Table5 CumulativeAverage
Abnormal Returns: All Companies
Except Citicorp (J=20)

Timeperiod CAAR t-statistic
AD-90to AD +1 -.0452 -1.982
AD-45t0 AD +1 -.0304 -1.882
AD-45t0 AD - 8 -.0416 -2.842
AD-45t0 AD -3 -.0379 -2.432
AD-7toAD+1 0113 157
AD-2toAD+1 _ .0076 1.59
AD-2t0AD-1 .0039 1.952
AD+2 to AD +60 -.0063 -0.34

Table6 Cumulative Average Abnormal
Returns: All Companies Except Three
Large, Money-Center Banks(J= 18)

Timeperiod CAAR t-statistic
AD-90to AD+1 -.0427 -1.942
AD-45t0 AD+1 -.0302 -1.932
AD-45t0 AD-8 -.0346 -2.482
AD-45t0 AD-3 -.0347 -2.332
AD-7t0AD+1 .0063 0.91
AD-2to AD+1 .0070 152
AD-2to AD-1 .0056 1.722
AD+2to AD+60 -.0073 -042

a Significant at 10 perogt level, two-tail tes.
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1. Fora morede
tailed account of the
short-termimplica-
tions of these projec-
tions, seeJohn B.
Carlson (1985).

2. Theframework
can in no way deter-
mine consistency
among assumptions;
this depends on the
model of the econ-
omy used.

3. In practice, year-
to-year changesin
the federal debt do
not precisely equal
the corresponding
annual federal bud-
get deficits. The
inequality results
because Congress
borrows to finance
net spending on cer-
tain off-budget pro-
grams, and because
the Treasury finances
asmall portion of
the deficit through
changes i n various
assetssuch asitscash
balances. Here we
use the term deficit
to refer to both on-
budget and off-budget
items; weignorethe
small changesin
Treasury assets.
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The National Debt:
A Secular Perspective

by John B. Carlson
and E. J. Stevens
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Recently, interest payments on the national
debt have been growing faster than the econ-
omy (figure 1). Since 1977, there has been an
11.5 percent average annual increasein inter-
est payments. If thisdifferencebetween growth
rates were to continue unchanged until the
year 2013, the federal government would be
forced to borrow or tax the equivalent d the
entiregross national product simply toservice
its existing debt.

Thisaarming possibility may not seem
likely, because Congress and the administra:
tion are seeking deficit reductions that would
slow futuregrowth d the national debt and
debt service. Unfortunately, even alarge defi-
cit reduction might not be sufficient to prevent
continued cancerous growth d interest pay-
mentsif theinterest rate cost d existing debt
were to continuously exceed the growth rate
d the economy. However, independent projec-
tions by both the Officed Management and
Budget and the Congressional Budget Office
havesuggested that net interest payments are
not likely to grow faster than the economy
for very long!

Even putting aside the alarming possibil-
ity d an economicdisaster 30 yearsfrom now,
thefact still remains that the national debt
and debt service costs have been growing very
rapidly. In all but oned the past 10 years,
thefedera government has had to borrow not
only the entireamount needed to pay thein-
terest on the national debt, but also additional
fundsfor non-interest expenditures. Moreover,
this situation would continuefor asfar as
theeyecan seeunder all but the most sanguine
projectionsdiscussed in thisarticle.

Thisisnot thefirst timethat federal defi-
cits have been large or that debt service needs
have loomed large in federa budgets. This
Economic Review offerstwo perspectiveson the
current federal debt situation. Oneisa histo-
rical view d the past 40 years, during which
federal debt initially declined slightly from its
wartime peak, and then began to accelerate.
Theother perspectiveisd thefuture,including
several scenariosd what the next 40 years
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both the past and thefutureis provided by
investigating the relative values of economic
growth, interest rates, tax rates, and seign- it involves theinteraction o deficits, interest
iorage. Theanalysis shows that thefactors rates, and economic activity. Nevertheless,
favorableto a net reduction in debt relativeto | thegovernment budget constraint provides
GNP during the past 40 years are not likely a straightforward accounting basisfor exam-
torecur in the next 40 years. Substantial ining dynamic consequences of alternative
expenditure and/or tax changes are the only assumptions as well as their consistency with
certain methodsfor preventing unprecedented | certainexpected long-runcharacteristicsdo the

4. Although ¢, b,
and mare treated
as parameters here,
they all vary sub-
stantially with time.
Using average val-
ues only allows an
approximation of a
time path.

T he behavior of debt over timeiscomplex;

peacetime levels o the national debt in the
future.

economy? Thelogic of accounting requires
that the changein total outstanding govern-

A Primer on Gover nment Debt

Referencesto ' the public debt" mask many detailsthat,
upon closer inspection, arequalitatively important but
guantitatively small. Thelion's shared $1.577 trillion
dollarsd thefederal debt outstanding at the close
fiscal year 1984 has been issued by the Treasury tofi-
nance budget deficits and, with theexceptiond savings
bonds,isin marketableform held by thegeneral public.
The debt would be 21 percent greater if one were to
include $331 hillion d outstanding interest-bearing
securitiesissued by non-government institutions (pri-
vately owned, not federally guaranteed, but with aspe:
cid relationshipto thegovernment, for example, federa
intermediate credit banks). Seventy-three percent d
public and agency debt outstanding in 1984 was held
by the public, U.S. government accounts held another
17 percent ($264 billion),and the Federal Reserveheld
theremaining 10 percent. O the$1.577 trillion d fed-
eral debt, only about 11 percent was held by foreign-
ers, and 80 percent d that wasin the portfoliosd for-
eign central banksand other official institutions. The
inference that can bedrawn from thesecalculationsis
that about 62 percent, or $1.0 trillion, d federal debt is
directly held by domestic private owners, over 90 per-
cent d whichisin the form d marketable interest-
bearinginstrumentsand 10 percent in nonmarketable
U.S. savings bonds.

Granted, asizablefederal debt exists,and most d it
iswillingly bought in the market and held by domestic
private owners. What differencedoesit make whether
the debt becomes larger or smaller, either absolutely
or relative to the income and wealth d U.S citizens?
Threedifferentapproachesto thinkingabout thisques
tion can beidentified, emphasizing the roled federal
debt in cyclica stabilization d the economy, in meet-
ing the portfalio needs d wealth owners, and as an
alternative to taxation.

Federal debt can bea cyclical necessity. Even if the
Treasury had no debt outstanding on average over a

long sweep d years, debt might be issued in lean
years, then retired infat yearsto servea useful public
purpose. Cyclica variations in national income and
output, originating from sources outside the federal
budget, give rise to corresponding variation in tax
receipts and inversely corresponding variations in
expenditure, and thereby to federal deficits and debt
outstanding. The result is a federal budget that acts
as an automatic stabilizer as compared with one in
which receipts were required to balance expenditures
at al times. If thefederal government is to act asan
automatic stahilizer, then somegovernment debt may
beacyclica necessity.?

Federd debt suppliesa perfectly safeinterest-bearing
asset for private wealth owners' portfolios.? An increase
in outstanding federal debt will make a differenceto
thefunctioning d the economy, because portfolioman-
agers must be induced to substitute less risky federal
debt for morerisky privateassetsthat directly or indi-
rectly financereal capital. In this way, rapid growth o
government debt would retard investment in new pro-
ductivity-enhancing capital, thus slowing the growth
rated real income per capita.

Finally, there is the view that "we owe it to our-
sves” Government can financeitsoperationseither
through taxesor through debts. Theargument isthat,
given a level d government expenditures, the econ-
omy is essentially unaffected by the choice between
these two methods d finance, because issuing debt
rather than taxingtofinancegovernment expenditures
impliesthat citizenswould expect to pay futuretaxes
necessary to service the new debt. Recognizing those
increased future tax obligations, citizenswould beex-
pected toincrease their saving as taxes are reduced.

a. Thesamefunction could beserved by the Treasury accumulating
holdingsd privateassetsinfat yearsand reducing them inlean years.
b. "Perfectlysfe’ of course, within anon-revolutionary environment.

Federal Reserve Bank of Cleveland
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5. Actually, r |
i(1-b)D isgreater | ment debt, D, equal the budget deficit, whichis | highlightstheimportanced interest payments
;?321 ttuz ’Fe;ngaflﬂe"f the difference between federal government in determining debt momentum, that is, the

Reserve. The differ-
encewasabout 11 per-
centin 1984, repre
senting the portion of
Federal Reservein-
come used ‘o finance
the operations of

the Federal Reserve
System.

6. Weignore minor
secular elements
affectingthe pri-
mary deficit that
arise asa result of
economic growth.
Theseinclude the
tendency for taxes
to rise relative to
income as higher
individual (real)
incomes are taxed
at proportionally
higher ratesand
governmental econ-
omies of scale.

expenditures, E, and total government reve
nues, R3 Thisisexpressed as.

D[ - Dt—l = Et - Rt.

Public discussion about growth d the
national debt typically focuseson the budget
deficit. To better appreciate the dynamic ele-
mentsd deficitsand debt, it is useful to break
the budget deficit into two components. One
isthe primary deficit (or surplus), defined
as the difference between non-interest outlays
and total revenues. The other component is
interest outlays net d recoupments from fed-
eral taxesand the Federal Reserve. Combining
these two components, we have:

Di-Dyy = Xy+i(1-m)(1-b)Dy,,

where X isthe primary deficit, / istheaverage
interest rate on Treasury debt, m isthe aver-
age marginal tax rate, and b is the proportion
d debt held by the Federal Reserve?
Thisdichotomy between the primary defi-
cit and interest paymentsis useful becauseit

Fig.1 Interest Payments
Percent of GNP

1976

1946 1956 1966
SOURCE: Congressional Budget Office.
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tendency d the debt togrow on itsown. Debt
momentum is to a large extent predetermined
by thelevel d current debt and by the mar-
ket rates d interest at the varioustimes that
existing debt issues were sold. Federal reve-
nues recouped from interest payments on the
debt reduce the effective interest cost and
thereby retard debt's momentum. These rev-
enuesincludetaxeson private holders' interest
incomefrom federal debt and the portion d
interest incomeon Federal Reserve holdings o
Treasury debt (seigniorage) that is returned
tothe U.S. Treasury? Whiletax ratesand Sys-
tem holdingsd Treasury debt can be altered
to influence debt momentum, practical con-
straints limit the extent to which policymak-
erscan change them. For example, non-infla-
tionary monetary policy clearly implies some
upper limit on Federal Reserve accumulation o
Treasury debt. Tax rates may be easier to
change, but any politically acceptable policy
probably could not greatly alter the average
marginal tax rate. Nevertheless, over long
periods, these factors can change.

The primary deficit (or surplus), d course,
also playsarolein debt dynamics by reinforc-
ing or offsetting debt momentum. Thesize
d the primary deficit isdirectly altered by
changes in the budget, such as the policy ini-
tiatives embodied in the recent Congressional
Budget Resolution for 1986. The primary defi-
cit alsoincludes the cyclical elementsd the
budget deficit that arisefrom theeffectsd the
business cycle on revenues and income main-
tenance programs. Thus, the primary deficit
tends to reinforce debt momentum during eco-
nomic slowdowns and to offset momentum
during economic recoveries$

Themagnitude o debt momentum by itself
is not very instructive. What isrelevant is
itssizerelativetogrowth d theeconomy. Eco-
nomic growth eases the burden d servicing



http://clevelandfed.org/research/review/
Best available copy

7 SeeCarlson
(1985), Sargent and
Wallace (1981), Tobin
{1982), and Congress
of the United States,
Congressional Bud-
get Office(February
1985).
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debt. Additional national income and output
can add to revenues and can reduce spendingon
social programs. Thecombination— sometimes
called afiscal dividend— can be used to make
interest payments and, if sufficiently large,
to pay down outstandingdebt. In thissense, the
burden d debt in the economy diminishes if
itsgrowth lagsthegrowth d nominal national
income. Thus, analyses concerned with eco-
nomic implications d debt dynamics typically
concentrateon the ratio d debt to income,
measured by GNP.

Much attention has been given to the poten-
tial for runaway debt, that is, the possibility
that the debt-to-GNP ratio will grow without
limit. Sufficient conditions for runaway debt
arethat: 1)there bea primary deficit, and 2) the

interest rate on Treasury debt net d taxes
and adjusted for Federal Reserve holdings
begreater than the trend growth rated nom-
inal GNP.” Redligtically, thissituation could
not persist, because it would ultimately re-
quirethat more than all of the income gener-
ated in theeconomy be used to purchaseannual
additions to thefederal debt. Thestructure

d runaway debt conditions therefore suggests
that the budget and/or economic assumptions
are untenable— that somehow something
must "give"

Even if the trend growth rated nominal
GNP weregreater than the net interest rate,
debt could still grow for atimerelative to GNP.
Thissituation arises when the primary defi-
cit addsto thedebt faster than theexcessd the

Box1 Federal Debt Dynamics

“The steady-state properties of federaldebt arederived
- from the government budget constraint, which requires  time path d debt-to-GNP (d) isgiven by:

that the change in total outstanding Treasury debt

(including Federal Reserve holdings) be equal to the
‘budget deficit. This is expressed as: since

_Dl-l = E1 - RH

~“whereD isoutstanding interest-bearing Treasury debt, When the debt-to-GNPratio is stable:
.-E is government expenditures, and R is government

revenues? For smplicity, weabstract from government

" transfers and assume that the average marginal tax Hence

rate, m, is thesamefor all typesd incomeand constant

over time.

_.Expenditures can be divided into non-interest out- alsowheni and g are small
lays, E'and interest paymentsnet d taxesand adjusted
for seigniorage:

1= 4(1 - m)(1 - 5)Dyy,

wherei isthenominal interest rateon Treasury secu-
rities, and b isthe proportiond Treasury debt heldby Thelevel d d; changes when dy # d* At any subse-
 the Federal Reserve. Thisallowsseparation d thebud- quent timet:

get deficit into two components—theprimary deficit:

Assuming nominal GNP grows at trend rateg, the

and

dy = 2 +[A+i%)/(1 + g)d],
Dy = da[y/(1 . 8.

di = dyy = d*.
d¥[1-1+id/(l +g)] = X,
Q+i%)/Q+g) =1+i"-g,

d* = 2/(g - i9).

= d* + (do- d*)(1 +i%- gt

X, = (E/ - R),

and interest paymentsadjusted for taxesand seignior-
age) Thuswe have:

D[ - D[..l = XI+ iaD[_l.
" At time¢, then, thelevel o federal debt equals:
Dt = xY[ + (1 + ia)Dt_l,

:wherex=X/Y and is assumed fixed by fiscal palicy.

It can beseenfrom thislast equation, that if i#>g, the
debt-to-output ratio grows without bound. Also, it is
interesting to notedebt grows rel ative toincomewhen:

d* >dpandi?<g.

a. For alternativederivationsof these properties, see Congressd the
United States, Congressional Budget Office (February 1985), Tobin
(1982), and Wallich and Cohen (1985).

b. Becauseinterest paymentsarenet of tax recoupmentsand seign-
_io;lag_e, government r evenuesher eareexclusively tax r eceiptson nom-
inal income.

Federa Reserve Bank d Cleveland
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8. The measure of —

primary debt wascal- | €conomic growth rate over the net interest steady-stateratio were reached— again, if that
culated assuming rate subtracts. Nonetheless, thissituation were consistent with general equilibrium.
anaverage marginal | would not continueforever, because the alge-
xraled 12percent. | praicvalued the debt-to-GNP ratio would

9. Although Con- eventually reach a steady-statelevel, even if II. Debt Dynamics:

gressdid attempt to | & primary deficit were allowed to persist at 1946 to Present

maintain the real something likeitscurrent size. That steady- During World War I1, enormous primary defi-
value of social secu- i . . b :

rity benefits over f:]it?alltei'\(l)el dctar?ebs rslrr]r?;,r\l; é‘éf?g???gzg\%aigd by | cits caused afivefold increasein the level
longperiods, such ; : d federal debt (see box 2). Immediately after
adjustments, made GNP) to the economic growth rate/net inter- the war, the large primary deficits ceased,
through changesin est-ratedifferential (see box 1). Thereisno and thelevel of debt began an extended decline
the benefit formula, — | & priori basis, however, for thinking that the [ yqjative to GNP Not until 1974 did the com-
gﬁ?m”;f[jgf’?gﬂy portfolio d the private sector could accom- bined influence d primary deficits and inter-
example, thebenefit | Modateevery possiblealgebraic valued the | ot rates begin to generate another sustained
formulawaschanged | Steady-state debt-to-income ratioand still be | jcrease in the federal debt relative to GNP
only once between consistent with general equilibrium in theecon- Figure 2 shows the absol ute amount o

1958 and 1971. omy. O course, if the primary deficit were thefederal debt held in the private sector (ex-

reduced sufficiently, then the debt-to-GNP ratio cluding the Federal Reserve) and that same

would fall, until alow algebraicvalued the | gmount relative to GNP, both indexed to their
1946 levels. Although thedollar valued debt
trended upward slightly until 1974, the debt-

. : to-GNP ratiofell over the same period. This
Box 2 Debt Buildupin World War 11 : . .
Large deficitsin the United States typically have been decline—froma little more tharl1 oneyear's
limited to wartime. The deficits during World Wear 1I output to less than one quarter's output — per-
offer the mogt extremeexample: they averaged 25 per- sisted through the Kennedy tax cut and even
cent d G\ The conditionsfor financing those defi- through the Vietnam military buildup. Reversal
gﬁt.?t\gde][e Un'qggto wartime. Ecogg&njlsfif@oﬂc%wefe d thedeclinein the mid-1970swas initially

ifted from producingconsumer omilitary uses. : .

Toimplement thisredllocation, the federal government | | &consequence d enlarged primary deficits
gasoline rationing. Individual saccepted these controls augmented by a one-timetax rebatein 1975.
asrequirementsd patriotism, if notfor theirownlong- | | By the peak o the businesscyclein 1979, how-
term Interest. Although credit controls were imposed ever, at least the primary deficit had been
to reduce demand for housing, automobiles, and appli- eliminated (seefigure 3)
ances, theseitems smply were not available, because . g L
steel, wood, and labor werediverted to the war effort. ~ Animportant characteristic o debt dynam-
~ Individualsnot in military serviceduringthewar tﬁ/i} icsduring the 28-year period d declining debt
ically worked asubstantial amountd overtime. While ratios, was thefrequent occurrence of pri-
their incomeswerehigh, therewaslittletospend it on. mary surpluses that actually produced a

Savings rates averaged 25 percent from 1942 to 1945, : :
comparedwitha imeaveraged 6 percent. Thus, small cumulative net primary surplusfrom

whilethefederal debt increased fivefoldduringthewar, | | 1946 through 1974.8 While many factors could
the government found many wiIIin%to purchase debt account for surpluses, an important factor
at very low ratesd interest. To helpkeeprateslow, the | | was the budget's response toinflation. From

Federd Resarve was prepared to buy government secu-
rities not purchased by individuals. But the proportion 1946 to 1974, the GNP deflator roseat an

d debt rmnalzedl:ytheFederd Resarvedid not increase average annual rated 55 percent, but until
sharply, because privatedemand wassufficient. Topro- | | 1972, few federal spending programs were

mote private purchasesd U.S savingsbonds, thegov- indexed. Benefitsfrom large entitlement pro-
ernment mounted an extensive advertising campagn grams, such as Social Security, did not increase
that appealed to the people's patriotism. automatically with inflation? On the other

15 Economic Review « 111Q:1985
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hand, tax rates were not indexed until 1985.
Revenuestended togrow proportionately more
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a. Primary deficit assumes a marginal tax rate df 12 percent.

Federa Reserve Bank d Cleveland

than income, asinflation placed more and
more taxpayers in higher tax brackets. Thus,
even arelatively low inflation rate wasdoubly
favorablefor restraining the primary deficit,
because, without explicit federal action, it
tended to increase revenuesfaster than non-
interest expenditures.

Since 1974, the budget has produced a cu-
mulative primary deficit of about $430 billion.
Thisturnaround oweslargely to the Eco-
nomic Recovery Tax Act (ERTA) o 1981, a
tax initiative that sharply reduced the rate d
growth o tax revenues. Largetax cuts were
instituted with the expectation that there
would be subsequent spending reductionsin
nonmilitary programs as well as additional
revenues generated by more rapid economic
growth. Subsequent output growth was rela
tively strong and generated proportionately
more revenues, but theimpact o ERTA fell
short o supply-sider claimsthat it would
produce sufficient revenuegrowth to elimi-
nate the deficit. Moreover, Congress did not
accept all thespending cutsinitially sought by
the administration. Because an important
featured ERTA was toindex tax ratesfor
inflation, theimbalance islikely to persist if
substantial deficit cuts are not achieved.

Another aspect o postwar debt dynamics
wastheapparent failured interest ratestorise
rapidly enough to anticipate the persistent,
accelerating inflation beginning in the late
1960s. Relative price stability o the 1950s and
early 1960s set afavorabletonefor credit mar-
kets before theonset & more rapid inflation.
Most federal debt had been auctioned at rates
under 5 percent prior to 1966. When inflation
began to acceleratein thelate 1960s, it was
apparently unanticipated. With a sizable por-
tion d debt "lockedin' at lower rates, the
interest-rate cost d servicing debt adjusted
only slowly to the higher ratesd inflation
(seefigure4).

Thisinertial resistance essentially could
account for thecontinued declined thedebt-to-
GNPrratio after the mid-1960s. Figure5 shows
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arough estimated what might have happened
to thedebt if inflation had been fully antici-

Fig.4 Averagelnterest Rate
on Debt and I nflation?
Percent

10

-2 i ! !
1947 1957 1967 1977

Change in deflator Interest payments/debt
a Debt 1s adjusted for Federal Reserve holdings
SOURCE Congressional Budget Office
Fig.5 Actual and Hypothetical Debt
Percent o GNP

90
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0
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1976

1956 1966

Actual debt Hypothetical debt

SOURCE Congressional Budget Office
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pated after 1965. It presumes that the average
real interest rate would have equaled itsaver-
age ex post rate during the low inflation period
o 1954-1963, and then adds actual inflation
ratesfor periods equal to theaverage maturity
d thedebt. Multiplying interest paymentson
thedebt by theratiod the adjusted interest
rate to the actual rate provides an approxima
tion d debt payments and the debt-to-GNP
ratio, if inflation had been fully anticipated.
On this basis, debt would have stabilized rela-
tive to GNP near its mid-1960slevel, rather
than declining further into the mid-1970s.

Taxesareanother reason that, until recently,
interest-rate costs d government debt were
low relativeto growth in nominal GNP (seefig-
ure6). Estimatesd the average marginal tax
rate typicaly fall in theranged 12 percent to
25 percent. Even assuming the average mar-
ginal tax rate was only 12 percent, the annual
interest-ratecost of the debt adjusted for taxes
heretofore has never exceeded the fiveyear
averagegrowth rate & GNP The momen-
tum d debt growth was never augmented by
interest-rate costs in excess of thelonger-term
nominal growth rate of the economy.

When debt wasdeclining relative to nominal
GNP, seigniorage also played an increasingly
important rolein slowing the momentum o
debt. The monetary policy that accompanied
economicgrowth with low inflation in the 1950s
and early 1960s produced, as a byproduct, an
increase in Federal Reserve holdingsd Treas-
ury securitiesalmost proportional to thein-
crease in nominal GNP With debt declining
relative to GNP, and Federal Reserve holdings
rising proportionately with GNP, private sec-
tor holdingsd the debt necessarily declined
relative to GNP (seefigure 7). In fact, Federal
Reserve holdingsincreased to almost 19 percent
d all outstanding federal debt in the postwar
period. This meant that by the early 1970s,
seignioragewas paying roughly one-fifthd the
interest cost d all debt held outside the fed-
eral government itself.
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Theturnaround and rapid growth of debt

since1974 has not been matched by momentum-

Fig.6 Interest Ratesand GNP Growth
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dampening seigniorage. Disinflationary mon-
etary policy since 1979 has constrained money
growth and the seigniorage it produces. As
debt hasgrown abruptly relativeto GNP, the
share held by the Federal Reserve hasdropped
sharply. Moreover, the Monetary Control Act
o 1980 reduced overall required reserveson
deposits. This, in turn, reduced the demand
for monetary base (and hence, Federal Reserve
holdingsd debt) for agiven level & nominal
GNP. Thus, theeffectsd seigniorage, so impor-
tant to debt dynamics before the 1980s, have
withered.

This historical perspective emphasizes
some unique conditions that influenced debt
dynamicsin the postwar period. O particular
importance were frequent primary surpluses,
low interest rates, and (relatively) high returns
from seigniorage. Recreating the social and
political forces leading to those same condi-
tionsis not possible. History, therefore, offers
a poor basisfor anticipating thefuture fed-
eral debt situation. But history does provide
akind d benchmark. If future debt-to-GNP
levels are within the range d past experience,
at least weknow that theselevelsonce proved
manageable.

III. The Next 40 Years

Long-term projectionsd the national debt,
using theframework d primary deficits and
net interest payments, rest on assumptions
about the trend growth rated nominal GNP,
on thesized the primary deficit relative to
GNP, on thelevel d interest rates, and on
marginal tax ratesand seigniorage. To be
meaningful, aset d these assumptions must
be mutually consistent with attainable future
states d the economy. Lacking agenerally
accepted quantitative, long-run, macroeco-
nomic model by which togeneratea unique
plausibleset d those assumptions, we consider
several different setsd assumptionsto pro-
duce various debt scenarios. These scenarios
should not beviewed asforecasts, but ssimply as
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10. For the methods
used in estimating
average marginal
tax rates, see Seater
(1985) and Barro
and Sahasakul
(1983).

11. It istruethat
the monetary base
grew lessrapidly than
GNP However, Fed-
eral Reservehold-
ings of Treasury debt
tended to increase
more rapidly than
the monetary base
until the 1980s, after
which there seems to
be no clear trend.

potential levels o the debt-to-GNP ratio that
can be compared to levels experienced over
the past 40 years. Levels that fall outside the
ranged past experience are, ipsofacto, alarm-
ing. Moreover, the projections can be exam-
ined in the context d widely accepted beliefs,
or "stylized facts:" about other long-run
economic relationships that are thought to
characterize the U.S. economy.
Tablelcontainsan array d points along
various steady-state pathsd the debt-to-GNP

ratio. Alternativevaluesd theratiofor acom-

mon time horizon correspond to alternative
assumptions about (1) thesize d future pri-
mary deficits and (2) the differential between
therated economic growth and the net rated
interest on Treasury debt. The steady-state

values, based on theformulain box 1, extend
in time to horizons o five, 10, and 40 years.
Afinal array, based on an infinite horizon,
approximates eventual steady-state values
toward which the debt-to-GNP ratio tendsin
the very long run.

Two characteristicsd thesearraysare nota-
ble. First, thelonger-run values d the debt-
to-GNP ratio are clearly sensitive to what
appear to besmall differencesin the values
chosen for the assumptions. Second, however,
thetime paths d the alternative steady states
are somewhat slow to distinguish themselves
from one another. After fiveyears, the debt-
to-GNP ratio appears relatively unaffected
by theindicated range d differencesin the
growth/net interest assumption; after 40 years

Table1 Debt-Output Ratio: Sensitivity to Changes in
the Primary Deficit and Growth-Interest Differential
After 5Years After 10 Years
X - X i
g-i° 0.5 1.0 1.5 2.0 2.5 g-i° 0.5 1.0 1.5 25 -
‘1.5 .36 .38 41 46 1.5 .36 40 45 95
1.0 37 .39 42 44 46 1.0 37 42 47 .52 .56
0.5 .38 40 42 45 A7 0.5 39 44 48 54 59
0.1 .38 41 43 46 48 0.1 Al .46 51 .56 61
After 40 Years Long-Run Steady State
X x :
g-it 0.5 1.0 1.5 2.0 2.5 g-i° 0.5 1.0 15 2.0 2.5
1.5 .35 50 .65 95 1.5 3 7 1.0 1.7
1.0 41 57 74 90 1.07 1.0 5 1.0 15 2.0 2.5
0.5 A7 .66 e 1.02 120 0.5 1.0 2.0 3.0 4.0 5.0
0.1 54 74 .93 113 1.33 0.1 5.0 10.0 15.0 20.0 25.0
Legend:
x: Primary deficit relative to nominal GNP (percent).
g- i*: Growth-interest differential (percent).
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12. It isassumed
herethat the primary
deficit iszero after
1988, w0 that the
nominal level of debt
growsat a rate equal
to the average inter-
est rate adjusted for
taxesand seignior-
age. Based on aver-
agesover theforecast
horizon, nominal
income growth and
nominal interest
ratesare assumed to
be 28 percent and
7.5 percent.

the effect isquite significant (measured asa
percent o either the low or high value), al-
though nowhere near as substantial asin the
ultimate steady state. Thesame pattern isevi-
dent when theeffect o differencesin assumed
valuesd the primary deficit istraced. In this
case, however, even the difference between
theindicated high and low valuesat theend of
fiveyearsisquite noticeable—equivaent to
10 percent & GNF

Threepathsd thedebt-to-GNP ratio appear
infigure8, corresponding to three particul ar
setsd assumptions. Thefirst, scenario A,
isnotdrawnfrom setsd valuesin tablel, but
is based on our extrapolation o Congressional
Budget Office (CBO) estimates that assume
theJuly 1985 budget resolution isachieved 2
The CBO analysis only contained projections
through 1990 and was based on two impor-
tant additional assumptions: that theeconomy
would achieve an average real growth rate of
34 percent and that market interest rates
would decline, in part becaused continuing
low inflation. The projectionsindicatethat the
prinary deficit would be eliminated by 1988,
and, in the absence d any rebound in the pri-

Fig.8 Federal Debt
Percent of GNP
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mary deficitand o any deviationfrom theeco-
nomic assumptions, our extrapolation shows
continuing decreasesin debt and interest pay-
mentsas a percent & GNP over the next 40
years—a refreshing outcome indeed.

Scenario B, also examined by the CBO,
assumesthat noned the budget savings
included in theJuly 1985 budget resolution
isachieved. Again, the CBO projections only
extended through 1990. Without budget cuts,
the CBO projects that the primary deficit
would decline from the 1984 level d 3 per-
cent to about 1.5 percent in 1990, as the econ-
omy would approach itsassumed full-employ-
ment growth trend. In extrapolating, we have
taken 2 percent asthevaluein thelong run,
representing an averaged lower and higher
values that might be achieved during future
businesscycles® The other CBO assumption
was that whilethelevel & market interest
rateswould beslightly higher than thegrowth
rate & nominal GNP (as has been the casefor
the past year), rates would nonethelessfall
short d thegrowth rated nominal GNP by
1.5 percent, after adjusting for the marginal
tax rateon interest income and seigniorage. If
the primary deficit and the growth/net inter-
est-rate relationship were to stabilize at these
average levels, our extrapolations show that
thefederal debt would continue to increase
relative to GNP until it eventually stabilized
at about one and one-third times nominal GNP
(shaded valuesin table1). Thisresult would
advanceonly gradually, however; at theend o
40 years, thefederal debt would be " only™
90 percent d a year's nominal GNF

Scenarios A and B suggest aranged possible
outcomes, extrapolating from medium-term
projections that were based on commonly used
methodology. Wherein thisranged outcomes
thefuture might lie depends on the extent to
which deficit reductions are achieved and
maintained.

Neither o thesescenariosisentirely sat-
isfactory. Theassumptionsare drawn from
averages d medium-term projections as prox-

0 ] 1 ] 1

1946 1966 1986 2006 2026 iesfor long-run equilibrium values. Moreover,

the projections themselves are derived from

Federal Reserve Bank d Cleveland
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13. Thisassump-
tion is conceptually
equivalent to basing
an estimate of the
primary deficit on a
mid-expansion esti-
mateof the structural
deficit. For a discus:
sion of the practical

advantages of a mid-

expansion measure
of the deficit, see

de Leexw and Hollo-

way (1983).

macroeconomic models and economic "'rules
d thumb" heavily influenced by post-World
War II experience. But the uniquecombination
d secular influences d this period —demobili-
zation, rising inflation, and high seigniorage—
is not likely to be repeated. Thus, models esti-
mated over this period could be biased and,
asargued below, biased toward a high growth-
rate/interest-rate differential and a conse-
quent underestimate d future debt growth.

Scenario C is based on assumptions that
are consistent with asmaller growth-rate/in-
terest-rate differental. Such a hypothetical
case might be described asfollows: Accelerat-
inginflation beginning in the mid-1960sappar-
ently was to some extent unanticipated. This
suggeststhat the interest ratesd this period,
on average, were low relativeto their "true"
equilibrium values—that is, val ues consistent
with non-inflationary economic growth. This
experienceis unlikely to be repeated. Inflation
awareness has grown with the experience of
risinginflation, aswell aswith theexperience
d declininginflation. Furthermore, since 1979,
the Federal Reserve has maintained a policy
d disinflation. A major consequence has been
that interest rates have varied moreimmedi-
ately and substantially toimpulses arisingin
thereal sector. This, in turn, makesit less
likely that futureinterest rateswill be" stuck™
below their equilibrium levels.

Thecasefor asmaller growth-rate/interest-
rate differential seems even more plausible
when one considers the productivity experi-
enced thecurrent expansion. Even with rec-
ordlevelsd investment, productivity increases
have been below levelsfor comparable stages
d thecyclein the postwar period. If, infact,
trend growth o productivity isincreasing
around its1970srated lessthan 1 percent,
and if labor force growth were to stabilize at
lessthan 1.5 percent, then trend output growth
could beless than 2.5 percent. Moreover, as
indicated in figure 6, nominal pretax interest
rates recently have exceeded thegrowth rate
d nominal income. In fact, in the third quar-

IEconomic Review « 111Q:1985

ter d 1985 nominal incomegrew at 6.7 per-
cent, while nominal interest rateson Treas
ury securities averaged over 8.0 percent for a
widevariety d maturities. All d thissuggests
that the equilibrium interest rate need not be
less than the nominal growth rate, let alone
the CBO assumption, which after tax is1.5 per-
centage points lower.

A smaller growth-rate/interest-rate dif-
ferential would produce a smaller fiscal divi-
dend. Thus, it islikely to beassociated with a
higher primary deficit relative to output. It
therefore seems reasonabl e that consistent
assumptions would involve both a lower
growth-rate/interest-rate differential and a
higher primary deficit. In thecontext o table1l,
the potential biasd secular elements would
result in assumptionstoward thesoutheast for
each time horizon.

Toillustrate, consider a growth-rate/net
interest-rate differential of 0.5 percent. While
thisscenarioimpliesa pre-tax nominal interest
rate slightly above thegrowth rated nomi-
nal GNP, it would still beassociated with an
after-tax interest rate below thegrowth rate.
Thisisnot asfavorableasthe CBO assumption
and is not aslikely to beassociated with the
vanishing primary deficit o scenario A. Sup-
posethat the primary deficit were reduced
10 1.0 percent d GNP, roughly one-third its
recent level, and half the 2.0 percent d sce
nario B. The associated debt path appears as
scenario C infigure8. Thedebt-to-GNPratio
under this alternative would rewind over the
next 40 years back to a level comparableto
that during the Korean War. In thelonger
run, the ratio would tend toward the unprec-
edented steady-state value d two times GNP,
five timesitscurrent value.

Therelevanced economic assumptions may
ke demonstrated in another way. How could
the eventual debt-to-GNP ratio be maintained
a itscurrent 04 valueif thegrowth-rate/net
interest-ratedifferential werethe 0.5 value
assumed in scenario C?The primary deficit
would haveto be0.2, or theequivalent d a
$7.7 billion primary deficit today, roughly



http://clevelandfed.org/research/review/

Best available copy

14. Thisisnot lit-
erally true. OASDZ
surpluses usually
are invested in non-
marketable Treas
ury issues that are
included in debt sub.
ject to the debt ceil-
ing. Thefocus here,
however, ison debt
held outside the fed-
eralgovernment and
Federal Reserve
System.

$110 hillion lessthan itscurrent value.

Useful projections—those with a semblance
d future reality —should not befound to de-
pend entirely on the precise valuesd their
underlying assumptions. The three scenarios
described here seem useful in that sense. The
first, assuming prompt, substantial, and per-
manent deficit reduction, yields a declining
debt-to-GNPratio, with thespeed d thedecline
depending on the sized theexcessd the eco-
nomic growth rate over the net interest rate.
Thesecond, extrapolating current short-run
conditions into thelong run, and the third,
using relatively general long-run economicrela
tionshipsand a sizable cut in the primary
deficit, yield results quite different from the
first. In either case, the debt-to-GNP ratio will
slowly grow toward and might eventually
exceed even theextreme values d the past.
The higher the primary deficit and the higher
the net interest raterelative to therated
economicgrowth, the sooner those values will
be realized.

Fig. 9 Federal Shared Total Debt
Percent o GNP
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IV. Caveats

Judgingthe usefulness d these projections also
requires recognition that the assumptions
might beinterdependent. As noted above, less
favorableeconomicassumptions might beasso-
ciated with a higher primary deficit, reflecting
asmaller fiscal dividend. The resulting debt-
to-GNP ratiowould beeven larger than implied
by the change in economic assumptions aone.
Or, an assumption d greater seignioragein-
duced by expansionary monetary policy might
produce more rapid inflation. Theincrease

in the growth-rate/net interest-ratedifferen-
tial might be offset by a larger primary deficit
as nominal federal spending grows relative
toindexed tax receipts. Thegrowth-rate/net
interest-rate differential also might narrow

as rising inflation expectations raise nominal
interest rates and, perhaps, lower real eco-
nomicgrowth. Theresultingdebt-to-GNP ratio
could be higher than implied by increased seign-
iorage alone.

Bearing these possibilitiesin mind, what
are the economic conseguences d thevarious
scenariosd thefuture? Are they consistent
with widely held beliefs? Failureto follow
through with the recent budget resolution
both by actually achieving the entire deficit
reduction and by extending deficit reduction
beyond 1988, could mean that by early in the
next century, thefederal debt relative to GNP
easily could exceed levels reached at the end
d World War II. Thechallenge istoimagine
how that result might be accommodated in an
economic and socia atmosphereless struc-
tured than the war-based economy d World
War II.

An important budgetary caveat concerns
theominousdebt implicationsd thiscountry's
commitment to Social Security, especially
if demographic factors becomelessfavorable.
Recent 75-year projections published by the
Social Security Administration indicate that
while the old age and survivor and disability
insurance (OASDI)trust fundswill continueto
generate surplusesinto theearly part d the
next century, therated increase d these sur-
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15. For a detailed
discussion of this
phenomenon, see
David and Scadding
(1974). Seealso Fried:
man (1981) and
Wallich and Cohen
(1985), who argue
further that the con-
stant ratio of debt

to output weighs
against the Ricar-
dian Hypothesis on
theirrelevance of
debt.
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pluses relative to GNP will begin to decline

in the 1990s. Because OASDI Trust Fund sur-
plusesreduce the borrowing needsd the Treas:
ury, the rapid buildup d thesefundsover the
next 10 years isan important force in keeping
the primary deficit from growing relative to
GNP* If deficit reduction measures are not
sufficient to reduce the primary deficit when
OASDI funds generate increasing surpluses,
what will happen to primary deficits and the
debt when OASDI surpluses begin to decline?

Another budgetary caveat is that tax re-
form legislation introduces additional uncer-
tainties. One hasto do with achieving revenue
neutrality. For example, the administration
has presented a plan it describes as revenue-
neutral, but other analyses suggest that the
plan will actually reduce revenues and thereby
might widen the deficit. A second uncertainty
has to do with potential indirect effectsd re-
form on net interest payments. To the extent
that average marginal tax rates wereto be
reduced, the momentum d debt will accelerate
astheafter-tax interest raterises relative to
GNP growth.

Finally, a more fundamental economic
caveat is that a rising debt-to-output ratio
seemsinconsistent with the observed con-
stancy d the privatedomestic savingsrate
over the postwar period in the United States.
This phenomenon, sometimescalled Denison's
Law, isakin toanother empirical regularity,
therelatively stable ratio  domestic nonfi-
nancial debt (privateand government) to nom-
inal GNP (seefigure 9) An oft-cited implica
tion d this proportionality isthat a decrease
in thegrowth d federal debt augmentsthe
growth d private (nonfederal) debt relative
to GNP and might enable more private domes
ticinvestment. Thus, thecurrent concernis
that federal credit demands could crowd out
private credit demands and thereby stifle
the private investment that is necessary toa
growing economy.

Secular trendsin federal and private debt
from 1946 through the mid-1970scontrast
strikingly with their trends over the next 40
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years according to scenarios B and C. The
declinein federal debt through 1973was met
with a roughly equal risein nonfederal debt,
particularly in debt d households and bus-
inesses. Thisdecline might have helped ac-
count for robust postwar growth, particularly
in the 1960s.

Projections d arising secular trend d fed-
eral debt imply that something must give.
Either the private domestic savings rate must
rise, breaking Denison's Law in order to sup-
ply the extrafunds required to finance higher
debt-to-GNP ratios, or the nation must expe-
riencerising ratesd net foreign investment,
thusevading Denison's Law in order tosupply
theextrafunds. A third possibility isthat
investment in private capital must decline,
complying with Denison's Law to offset the
government demand for extrafunds.

Sofarin thecurrent economicrecovery, Den-
ison’s Law has been evaded. Enlarged private
and public demandsfor credit have been met by
arecord inflow d net foreign capital. This
IS not a cost-free consequence d a rising debt-
to-GNP ratio. Growing foreign indebtedness
requiresgrowing payments out d GNP to ser-
viceforeign debt. Capital investment may main-
tain economic growth, but thefruitsd that
growth will beenjoyed by theforeign investors
who madeit possible. Moreover, substantial
adjustment costs must be paid as the capital
inflow drives up theforeign exchange value of
the dollar and reduces the competitive posi-
tion o trade-related industries. Thusthein-
ternational adjustments created by therising
debt-to-GNP ratio carry significant costs, both
directly, and (potentially) indirectly through
inefficiencies associated with protectionist
measures.

V. Conduson

Prospects for slowing growth d the national
debt improved somewhat in August 1985, when
Congress passed a budget resolution for fis-
cal year 1986. Although subsequent analysis
suggests that budget savings would beless
than purported, theimpact on the national debt
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still would be significant if the resolution's
budget targets were achieved. But budget
resolutions are only resolutions and arefre-
quently foresaken, particularly during periods
d economic stress. The more recent congres-
sional effort to mandate a sequenced deficit
reductions leading to a balanced budget early
in the next decade may be viewed as building
annual legislative roadblocksin the path o
thegrowing national debt. Whether such road-
blocks could be effective can only be known
when future federal budgetsare known.

Uncertainty about actual federal budgetsfor
1986 and beyond is not the only issue troub-
ling analysts. Thereliability d deficit projec-
tions based on macroeconomic models and on
rulesd thumbisawaystenuous. Here we
have provided a secular perspective that dem-
onstrates that .futureeconomic conditions are
likely to belessfavorable for constraining the
debt-to-GNP ratio than they were for most o
the postwar period. Whether thischangeis
embodied in the models on which deficit and
debt projections are based, is not clear.

Cutting the primary deficit remainsthe
most certain method d preventing continuing
increases in the debt-to-GNP ratio. The chal-
lengeistolook beyond annual increasestothe
steady advance d unprecedented peacetime
levels d federal debt— and then to takethe
budgetary initiativesrequired to reverse the
process.
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The Ohio Economy:
A Time Series
Analyss

by James G. Hoehn
and JamesJ Balazsy, Jr.
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What do regional economic statistics, such as
those for Ohio, convey about the present and
futurestate d the regional economy?What
do they say about thesourcesd regional fluctu-
ations?Towhat extent do they reflect national
conditions versus regional factors?Which re-
gional and national seriesare most useful to
watch?What degreed accuracy can a regional
forecaster hopefor?

These questions are addressed by regional
economic modelsd both the time series and
structural variety. Thelatter, in asetting
in which the natured economic relationships
is already reasonably well known and data
setsareadequate, may best embody answersto
these and related questions. But given the
incomplete theory and data actually available,
time series methods can be very helpful in
interpreting and forecasting regional economic
statistics. Here we summarize both some sug-
gested time series methods and theanswers
they provided to the above questions for the
Ohio economy. (Theworking paper by Hoehn
and Balazsy [1985] providesgreater detail
on somed these methods and answers.)

Theanalysis here can augment or precede
efforts to make moreelaboratestructural inter-
pretations. The analysis also uncovers and
measuresimportant phenomena—for example,
the declinein Ohio'sgrowth after 1977 that
cannot beattributed to overall national con-
ditions— that would probably not be astrans-
parent in astructural model and might be
distorted by itsassumptions. Time series
methods provide measures d relationships
and events without elaborate interpretations
imposed on them; that is at once their advan-
tage and their drawback, vis-a-vis struc-
tural models.

An important impediment facing the regional
economist isthelack d reliable and timely
measuresd aggregateactivity. Direct compre-
hensive measures d output are unavailable.
In practice, regional economists have cometo
place greatest emphasis on the establishment-
survey, or payroll, employment series. They
areavailable on atimely basis, disaggregated
by major industrial categories. Thesurvey
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1. For example, pay-
roll employment was
more closely related
to personal income
than was household-
survey employment.
The correlation co
efficients of quarterly
growth rates were
0.87and 0.55, re
spectively. The cor-
relations with the
U.S. index of approx-
imately coincident
indicators were 0.87
and 0.58.

2. The data shown
are those actually
used in the study,
and aregiven in
Hoehn and Balazsy
(1985).

directly covers a substantial minority d em-
ployment. Thesampleisrelatively fixed from
one month's survey to the next, so that move
mentsdo not significantly reflect changes
inthesample. Thisisboth avirtueand avice:
the samplefixity prevents movementsfrom
reflecting changes in the sample, as can occur
in the household-survey employment series,
but shiftsd employment away from the mostly
large-firm employment that dominatesthe
survey can bias measured growth. The pay-
roll seriesisrevised early each year to largely
eliminate accumulation d such bias, but it
can still build up within the year.

By contrast, the household-survey series,
becauseit is based on a small samplein terms
d individuals directly covered, reflects a sub-
stantial samplingerror. Standard sampling
errors, even for quarterly growth rates, sug-
gested by the collecting agency are quite high
relative to the observed fluctuationsin the
series. The accuracy d payroll figuresis
most likely less affected than the househol d-

Fig.1 Payroll Employment and Components
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survey series by changes in the labor force,
because the household survey series neces
sarily require assumptions about population
growth that are confirmed only at the time o
population censuses. Of course, any employ-
ment series cannot exactly reflect output,
because d changes in technology or produc-
tivity and in nonlabor inputs.

Empirical findings to be presented here con-
form to expectations about the relative use-
fulness and accuracy of theemployment series.
Payroll employment, as measured, displays
acloser coherence with thecyclical variation
in other series, both national and regional ?
Movementsin the payroll series also tend to
persist from one quarter to the next, unlike
the household-survey series. Also, theformer
tends to foreshadow the latter, although not
viceversa

These propertiesof the payroll seriessuggest
that they are relatively more accurate indi-
catorsd employment and are more useful in
understanding and predicting regional trends.
But lacking a comprehensiveoutput series,
we have looked to personal income in particu-
lar and to the other regional seriesin general
for confirmation o conclusions drawn from
the payroll series. These series include house-
hold-survey employment and the labor force,
(nominal) personal income, retail sales, housing
starts, the factory workweek, and consumer
prices. The propertiesof these series are d
independent, if secondary, interest.

Figure 1 shows, asthe solid dark blueline,
the quarterly averages d seasonally adjusted
Ohio payroll employment from 1965 to 19832
The most obvious characteristicsd that series
arelong-term growth and variability ingrowth.
Thevariability appears somewhat cyclical.
Factors determining fluctuationsin regional
growth tend to persist in thesamedirection for
ashort time (but typically lessthan a year,
aswe shall see). Forecastsshould therefore
reflect not merely the long-run growth d the
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3. The most critical
assumption isthat
the parametersare
stable over the sam-
ple period. Howeves,
thisassumption is
lessof a problem in
theout-of-sample sim-
ulations we use asa
check on our within
sample period results.
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series, but also give special consideration to
growth in the most recent quarters. These
characteristics pertain to the properties d the
seriesin isolation and require no theoretical
knowledge to acquire. For deeper understand-
ing, and possibly more accurate forecasts, the
series must berelated to other series, regional
and national.

Asavivid illustration, consider the effects
d national recessions, asidentified by the
National Bureau of Economic Research. They
are shown infigure 1 asthe shaded areas. We
shall show how the national composite indexes
d leading and coincident indicators are par-
ticularly useful proxiesfor the national busi-
ness cycle. Weformally express their relation-
ship with Ohio employment by a trickle-down
model.

A number of time series modelsfor 10 sea
sonally adjusted quarterly Ohio serieswill be
sequentially considered to establish thefore-
casting signals availablefrom a variable's
() own past, (b) other regional variables' pasts,
(c) national variables' pastsand, in some cases,
(d) contemporaneous rel ationships with other
variables. Analysis also helps us understand
thecharacteristics, quality, and usefulness
d various availableregional indicators. Com-
parisonsd the models performance in a 1965-
1983 sample period and a 1979-1983 out-of-
sampleforecast simulation are designed to
assess these potential sourcesd information.
Finally, the particularly successful trickle-
down model isfurther studied to yield insight
into thesources d regional growth fluctua-
tionsin Ohiofrom 1965 to 1983.

|. A Time Series M ethodology

Before presenting results, some explanation

d methods is helpful. One major advantage o
the time series methods we useis that they
are quite transparent. They can be replicated
in this and other contexts. These methods are
appropriatein many contextsin whicha priori
information about relationshipsis scarce or
inadequate. We regard the economic process
at theregional and national levelsto bean
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exampled such contexts. Our methodsare
informative, although less informative than
methods that use stronger correct prior infor-
mation. A reader in possession d such infor-
mation may rightfully regard a time-series
approach as neglecting it, resulting in ineffi-
ciency in extracting knowledge. We do not ask
the reader to accept an elaborate structural
hypothesis of our own at the outset d the
analysis, nor do weimposesuch a hypothesis
on thedata. We shall make some structural
speculationsand interpretations d our results
after the data have spoken through a set of
more neutral statistical hypotheses, in the
formd simplelinear timeseries models. Of
course, even these modelsinvolvesomead hoc
assumptions, although they are minimal3

Our objective is to model, consequently pre-
dict and, in somesense, explain, the movements
d Ohio series. Each quarter istreated asa
separate event. Each variable isanalyzed in
terms d aquarterly growth rate, measured
asthechangein the natural logarithm. (When
multiplied by 100, thisrateis essentially a
percentage.) The various models to be consid-
ered condition expected growth rateson various
potential sources d information. By compar-
ing the performanced alternative models,
which differ by including or excluding some
variable or variables, we can assess theinfor-
mation value associated with the addition of
asource or sources d information. We shall
always allow modelsto reflect information
about its parameters from historical data. The
comparisons will involve the effect on model
performancefrom the addition d some past
growth rates d theseriesitself (own-lags), or
that of someother seriesor group o series.
(Contemporaneousrelationships are largely
irrelevant for forecasting, although important
for structural analysis.)

For example, the random walk (with drift)
model simply predicts that the historical aver-
age growth will occur in any quarter in the
future; it uses no past growth rates except,

d course, inthecalculation d the average—
the key parameter in the random walk model.
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The autoregressive model we consider uses
the past two quarterly own-lags toforecast a
quarter's growth rate. Theinformation gain
from using the series' own past growth can be
measured by comparing thesized atypical
forecasting error d the autoregressive model
with that d the random walk model. if a vari-
ableischaracterized by cyclicity, or persis
tence, then the autoregressive model will have
typically smaller errors.

Additional information from other variables,
both regional and national, was assessed by
measuring the reduction in typical forecast
error after including thefirst twolagsd those
variables. We havetried alist o 27 possible
variables— the other nine regional and 18
national variables—each individually as pos
sibly useful. Each d thesetrialscreated a
bivariate model, in which a series’ growth was
conditioned on itsown recent growth rates
and those d one other variable. Finally, two
multivariate models, a trickle-down and a step-
wisemodel weretried. Thetrickle-down model
predicts a series' growth rate using the two
most recent own-lags plusonelag each d pay-
roll employment, the U.S. compositeindex d
leading indicators, and the U.S. composite
index d approximately coincident indicators.

Asit turned out, the (total) payroll variable
in each equation for the other nine regional
seriesgenerally had very little explanatory
power once the national variables (and own-
lags) wereincluded, justifying thecharacteriza:
tion "trickle-down." Inorder to usethetrickle-
down model to forecast more than one quar-
ter ahead, we augmented it with equationsfor
the two national variables. They included, as
regressors, two own-lags and onelag d the
other national variable. Theequationfor Ohio
payroll employment and for the two national
variablesare shown in the box in section III.
Their implicationswill be analyzed exten-
sively there.

The stepwise modd used avariant d the
familiar stepwise regression procedure. It
searched opportunistically among regressors
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suggested by their significancein the bivar-
iate tests, in order tofind a well-fitting equa-
tion. A similar, but less mechanistic, method
d model construction proved successful for
Texasin an earlier study (Hoehn 1984). The
stepwise model helps us assess the total in-
formation available without regard to source,
and islessdependent on ad hoc, prior assump-
tions than the trickle-down model. In fore-
casting morethan onequarter ahead, the step-
wise model used two-lag autoregressive equa-
tionsto providethe prerequisiteforecastsd the
national variables.

I n implementing this methodology  assess-
ing information gain, we have necessarily
imposed certain ad hoc, although reasonable,
and commonly made, assumptions. First,
the lag structures described were assumed to
be sufficiently long to capture all theinfor-
mation. The series were seasonally adjusted, .
so longer lags would not be necessary to cap-
ture seasonal influences. We openly acknowl-
edge that the X-11 seasonal adjustment pro-
cedure may not beentirely adequate, however.
The modelsimplemented were linear in the
growth rates and were estimated using ordi-
nary least squares.

Theinformation valued aseriesfor pre-
dicting another series was measured in two
different ways to provide confirmation. First,
the models (except the stepwise) were con-
structed fromalong samplefrom 1965 to 1983.
Thestandard error o the equation for agiven
model was used as the measure d atypical
forecasting error. Then the information gain
Is measured by comparing thestandard errors
d theequations. For example, thegain from
using two own-lags is measured by the reduc-
tion in thestandard error d the autoregres-
sive model relativeto that o the random walk
model (whose standard error isidentical to
thestandard deviation d thegrowth rate). The
reduction is stated as a percent o the stan-
dard error d the benchmark, or simpler, model.
Thecalculation d standard errors automat-
ically controlsfor thetendency o least squares
regression to "overfit" a prespecified relation-
ship, so that addition d actually uninforma-
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4. Thisrevealsitself
asa lack of further
reduction in root
means of square
error measured in
(log) levelsof series,
beyond the oneyear
horizon.

5. We confessthat
time aggregation—
theaveragingof data
from more than one
point in time— can
createspurious posi-
tive autocorrelation.
See Tiao and Wei
(1976). The use of
monthly data would
eliminate this prob-
lem for the employ-
ment surveys, but
would makelagstruc:
tures more complex,
the resulting models
lesstransparent, and
seasonal adjustment
issues more serious.

29

tive variables does not tend to reducestandard
errorsor to produce spurious measured infor-
mation gains. However, the stepwise proce-
duresearched along list d possible variables
for information, so that the overfitting ten-
dency cannot be adequately controlled by this
method. I ts performance can only be assessed
by a second method.

The second method measures information
by thereduction in the root mean squareerror
(RMSE)d alternative models forecasts dur-
ing asimulation period from 1979 to 1983. To
simulate real-time forecasting, each model's
forecast was based on parameter estimates
constructed using datafor periods prior to the
period forecast. The stepwise model was speci-
fied (itsinformation variablesand their lags
chosen) using only data through 1978; it was
not respecified in the simulation, givingit a
handicap it would not sufferin real-timefore-
casting. (Of course, its parameter estimates
were updated during the simulation period.)
For all models, wegive emphasisto and report
RMSEsfor the one-quarter-ahead and four-
quarter-ahead forecasts. Our resultsfor longer
forecast horizons are lessinteresting, other
than to confirm the frequently bemoaned lack
d useful information about growth rates be
yond a year.* Modelsd longer-term growth
would involve demographic and other factors
not included in our cyclical analysis.

I1. Time Series Properties
of Ohio Economic Statistics

Thisbattery o timeseries testsand confirma:
tions yielded results that probably conform

to, yet may strengthen, refine, and extend, the
knowledge that economists studying regions
such as Ohio already possess. Some results,
such astherelativeimportance d the national
business cyclein accounting for regional fluc-
tuations, may vary acrossregions, other results
may be moregeneral.
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First, thereisadegree d cyclicity, persis-
tence, or autocorrelation in the regiona econ-
omy, according to comparisonsd the auto-
regressive and random walk models. Thefirst
column d numbers in table 1 shows signifi-
cant information gainsfor payroll employment,
personal income, and consumer prices, con-
firmed by the reductionsin RMSEsshown in
the next two columns. We speculate that the
lack d autocorrelation in household-survey
employment and retail sales may, in large part,
reflect measurement error. Asasimpleillus-
tration, if thelatter tended toreverseitself each
quarter in terms o thelevel d the series,
aswould be the case for samplingerrors, then
the observed first-order autocorrelation (cor-
relation between adjacent periods) in growth
rates would tend to be pulled away from its
true value toward minusone-half. O course,
the nature d measurement errorsisfar more
complex (see Green [1969], Korns[1979] and
U.S. Department of Labor [1985]). Depending
on theexact natured the measurement error,
the truecyclical propertiesd the underly-
ing series, and therelative influenceon the
observed seriesd each, they might roughly
cancel out in thesense d producing no per-
sistence in the observed series. M easurement
and sampling errorsare likely to be particu-
larly large for household-survey employment
and retail sales because the samplesaresmall.
Thisinterpretation d the household-survey
employment seriesis reinforced by the slight
negative autocorrelation in the labor force
series obtained by the same samples.5

Thedegree d persistencein payroll employ-
ment is not large; it accounts for less than
18 percent o thestandard deviation d total
payroll growth rates, and about one-tenth of
its manufacturing and nonmanufacturing cat-
egories taken separately. Although this per-
sistence may beslightly understated due to
measurement problems, the conventional X-11
seasonal adjustment procedure may tend to
overstateit somewhat. Examination d the
autocorrelation d adjacent growth rates sug-
gests that cyclical factorsinfluencing total
payrollstend to persist in the samedirection
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6. The potential of
the interest rateand
inflation to provide
leading information
isconsistentwith new
interpretations of the
business cycle that
stresschangesin pro-
ductivity. A study
by Litterman and
Weiss (1983)suggests
that innovations in
real interest rates
precedeinnovations
in output.

for only afew quarters. Autocorrelations are
0.57, 0.32, and 0.22 for lags one through three,
respectively, 0.23 being equal to the approxi-
mate .05 two-tailed critical value.

Thelack d substantial autocorrelation be
yond afew quartersis consistent with the
notion that cyclical factorstend to persist in
the same direction for only a short period.

A short duration and relatively small ampli-
tuded the business cycleis suggested in
studiesd national and international data
by Nelson and Plosser (1982) and Stulz and
Wasserfallen (1985).

Most persistencein Ohio payroll employ-
ment beyond a single quarter isattributed to
the nonmanufacturing category, whose auto-

Fig. 2 Information Sources
for Payroll Employment
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correlationsaresignificant at up tofivelags. By
contrast, the manufacturingsector's growth
rateissignificantly autocorrelated only at the
first lag, although the second lag's autocorre-
lation is nearly significant. Beyond the second
lag, manufacturing employment autocorrela-
tion declines rapidly. A higher magnitude of
persistencein total payroll employment in
comparison to i ts components seems paradox-
ical, but isdue to independent fluctuations

in and intersectoral shifts between the two.
(Interestingly, once their relation with the U.S.
coincident index iscontrolled for, they dis-
play aslightly negative relationship.) Hence,
cyclical movementsd the total are somewhat
obscured in the components.

The bivariate tests suggested that the two
national composite series contain particularly
valuable information about thefuture course
d Ohio payroll employment, confirming prior
notions upon which the trickle-down model
wasbuilt. Indeed, these two series proved more
informative than any others, as shown in fig-
ure 2, which depictsgains from the six most

{  series. { tthe.Ol level,
in descending order, were the two t
indexes, U.S. payroll employment (oned four
components in the coincident index), Ohio
housingstarts, U.S industrial production (also
a iden index component) a term
interest rate, the U.  consumer | d
U.S manufacturing payroll employment, and
thegross national product deflator.

The composite indexes seem to summa-
rize reasonably well the information available
from national data. Perhaps the long-term
interest rate, classified asa"'laggingindicator"
but showing leading information here, isthe
maior element omitted from those two corn-

) 13,
hosisiasg Fhantpgithes kigidfishnt leadgh)idbro
mation about future payroll employment at the
.01 level in the bivariate tests. However, we
discovered later that the series did not add



http://clevelandfed.org/research/review/

Best available copy

7 \Wetried adding
onelag of startsto
the payroll equation
of the trickledown
model. The standard
error of the equation
roseasa result.

any incremental information after the lead-
ing and coincident series wereincluded? The
payroll measure gives leading information
about the future household-survey employ-
ment and |abor-forceseries, but not viceversa.
Infact, d all theintraregional bivariate |ead-
ing relationships found, the strongest was
from payroll to household-survey employ-
ment, whose standard error was reduced by
over 13 percent. The manufacturing work-
week was included in our study in the hope

it would provide advance information about
manufacturing payrolls. Instead, the work-
week wasforeshadowed by manufacturing pay-
rolls. Thisresult isinconsistent with the pre-
vailing characterization of the workweek as
leading. (Itsnational counterpart isincluded in
the composite index of leading indicators.)
The result is nevertheless consistent with the

resultsd Beveridge and Nelson (1981), who
find that its national counterpart isa lagging
indicator o the business cycle.

Based on the bivariate results, we regard
cyclicity in payroll employment as largely
linked to the national cycle, an interpretation
to bereinforced in the next section. Results
for personal income were quite similar in that
the same series that were informative about
payrollsweregenerally alsoinformative about
income. Thetwo compositeindexes were again
most valuable, followed by U.S. payroalls, the
manufacturing component o U.S. payrolls,
and Ohio housing starts. However, theinfla
tion and interest-rate variables were insig-
nificant, while real gross national product
was significant, at the 1 percent level.

Theleading or lagging character d the
series can be tentatively judged in view o

: Table 1 Information Gains and Forecast Slmulatnon Results
) Cyclicity General mterdependence .
Autoregressive (univariate) Trickle-down - Stepwise:- =
Reduction in SO Rediuiction in ' Reductlon i
Infor- 2 Infor- 5 Infor- - :
mation RMSE mation RMSE mation ; RMSE
Ohio Series gain1 1-step  4.step gain3 1-step " 4-step ga'in4 1-step: . 4-step
Payroll employment T , Lo T
.- (establishment 17.7b 26.4 12.7 19.5° 20.2 6.8 3427146 - 6.3 _
survey) : S kel o
- 'Manufacturing 10.1b 14.7 1.1 25.3° - 247 14.8 +.36.1 181 39 -
Nonmanufacturing -~ 9.6° 28.2 15.6 7.5% 0.0 2.7 21.7 -98 - -7
Household-survey e 5 S e
employment -0.8 -1.9 -2.0 16.1 110 4.9 24.9 7 20.7 6.0 il
Labor force 24 -39 - -42 7.6° 75 215 167 47 349
Personal income 76> 103 24 184> 237 51 263 ~ -43 51 .
Retail sales 2.0 14 -05 1.2 1.0 19 49 57  -12
Housing starts -1.0 -2.8 -2.5 9.0 56 86 15.6 176 252
Factory workweek ~ -0.5 08 12 255" 176 176 375 56 78
Consumer prices 19.1b 7.7 9.1 0.7 0.0 33 7.7 =3.8 -59
a. Significant at the .05 level. e g
b. Significant at the .01 level. ’
NOTE: All series were seasonal]y adjusted. (Data sets and sources described in Hoehn and Balazsy [1985].)
1. The percent reduction in standard error of equation relative to the random walk model, for the 1965:IVQ to 1983:IVQ sample period.
2. The percent reduction in root mean square error relative to the random walk model, for the 1979:1Q to 1983:1VQ simulation period.
3. The percent reduction in standard error of equation relative to the univariate autoregressive model, for the 1965:1VQ to 1983:IVQ sample penod
4. The percent reduction in standard error of equatlon relative to the univariate autoregresswe model, for the 1965:1VQ to 1978:1VQ sample:
period. Warning: The calculated information gain does not control for the “overfitting” arising from opportunistic selection of regressors. = == |
5. The percent reduction in root mean square error relative to the univariate autoregressive model, for the 1979:1Q to 1983:1VQ simulation period =
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the above results and interpretations d quar-
terly data. We regard housing starts as lead-
ing, hours aslagging, and most other seriesas
approximately coincident. The household-
survey seriesfor employment and labor force
would probably be coincident, aside from
the measurement errorsthey contain. The
labor force series may be a noncyclical series,
since it iscontemporaneously uncorrel ated
with any series other than household-survey
employment. Measurement errorsin both
househol d-survey series may give them a lag-
ging appearance; the other series, particularly
the payroll series, are needed to help locate
their true, underlying level. The Ohio con-
sumer price series was virtually unrelated to
any other, except national price series, and so
could becalled an irrelevant or non-indicator.
Thetrickle-down and stepwise modelsd
payroll employment and its components, and
d personal income, fit better, in the sense d
standard errors d equations, than either
the autoregressive or any d the bivariate
models. Employment according to the house-
hold survey was slightly more closely related
totwo past valuesd thecoincident index than

Stepwise
L I 1 1 ] J
.00 .01 .02 .03 .04 .05
- I
1-step 4-step

Fig. 3 RMSEsd the Payroll
Forecastsfor Models
Random walk

Autoregression

Trickle-down
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to theregressors d the trickle-down model

(of which thefirst lagd the coincident index
was the most powerful). The trickle-down
model's standard errorsfor retail salesand
consumer priceswere nosmaller thanfor their
autoregressive equations, a result that con-
formstothe bivariate evidencethat thesevari-
ables cannot beforecast by using other infor-
mation. Although retail sales were related

to other series within agiven quarter (the cor-
relation with payroll employment was 0.28),
no leading information about it from other
series was uncovered.

Theout-of-sample forecasts d thetrickle-
down and stepwise models provide evidence
that simple multivariateforecasting modelscan
perform successfully, having lower RM SEs
than simple autoregressive models. As shown
in table1, theimprovements are reasonably
consistent acrossthe 10 regional variables.
Thetrickledown model had a RMSE at | east
assmall as the autoregressive model in one-
quarter-ahead forecasts for all variables and
provided statistically significant information
gainsineight cases, at the.05 level. For payroll
employment, thegain and the reductionin
RM SE was about one-fifth (figure3). Much
d that improvement appears to comefrom in-
formation about manufacturing employment.

Thisevidence d theforecasting ability of
simple multivariate modelsroughly replicates
a previous result by Hoehn (1984)for Texas.
While the improvement over the univariate
autoregressions should not be exaggerated, it
is meaningful, consistent, and to our knowl-
edge has not been documented for structural
models or for unparsimonious time series
models (such as the "' Bayesian vector auto-
regressive” models) commonly employed.

III. National and
Regional Fluctuations

Thetrickle-down model can help address the
linkage between national and regional fluc-
tuations. It suggeststhat variationsin payroll
employment over periods o several quarters
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opments, as summarized, apparently rather
well, by the two composite indexes.

The trickle-down model describes the deter-
mination d payroll employment according
to the three equations shown in the accompa
nying box. Movements in payroll employment
are attributed to the disturbances or shocks

The Trickle-DownModd
of Payroll Employment
Sample: 1965:I1VQ to 1983:IVQ
(1) AlnPAYROLL, = -.0004
(.0008)
- .06AInPAYROLL,
(.20)
+ .36AInPAYROLL, »
(.12)
+ .18AInLEAD;,
(.06)
+ .16AInCOIN,; + ey
(.13)
standard error o equation = .0065
(2) AInLEAD; = .0057 + .84AInLEAD;
(.0024) (.12)
+ .22AInLEAD, ,
(.13)
- .89AInCOIN,; + ey
.19
standard error o equation = .0192
(3)  AInCOIN, = .0015 + .02AInCOIN,_,
(.0016) (.16)
+ .22AInCOIN,,
(.12)
+ .51AlnLEADt_1 + ey
(.09)
standard error o equation =.0128
PAYROLL = Ohio payroll (establishment-
survey) employment, season-
ally adjusted.
LEAD = Index d leading indicators.
COIN = Indexd approximately coinci-
dent indicators.
NOTE: Fi in parenthesesare the standard errors of estimates of
the parameters.

can be mostly attributed to national devel- toeach d the three equations. These shocks

feed through the equations to generate the
observed changesin thethreevariables. (While
not observed directly, these disturbances can
be estimated as residuals in thefitted equa
tions.) The shocks to the national indexes
equations clearly reflect national events. But
so, to some extent, do those to the payroll
equation, creating some ambiguity. However,
thisambiguity iseliminated by attributing
any portion o payroll shocksthat are statis-
tically related to the national equation shocks
to national events. The part d the payroll
shock (linearly) unrelated to national events
can befound by regressing the residual from
the trickle-down equation for payrollson those
for the national indexes. Theresiduals from
thisregression represent both distinctly re-
gional eventsand idiosyncratic elementsd the
region's response to national events. In the
vector autoregression ("VAR") literature, these
are called orthogonalized shocks because they
are"washed" d correlation. These residuals
have a variance only 41 percent asgreat as
that o the payroll equation’'sdisturbanceterm,
because correlation with national equation
errors accounts for 59 percent (R2). Thein-
terpretation isthat even short-run movements
in Ohio employment are largely accounted

for by national events. Over longer time hori-
zons, theimportance d national eventslooms
larger, as national shocks create persistent

Random Regional Component
Let the national compbrient 'of, el} be:

2y = Eleyley, es] = kien + kaes;.
Then the orthogonalized error is:

el = ey - i, and, 7
the random regional component of InPAYROLL;is:

(1 - L)1+ .06L - .3612) e, '
where L is the lag operator.
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fluctuationsin the composite indexes that
trickle down and feed through the payroll equa-
tion. Asshown in table 2, a | percent positive
shock to the leading index isfollowed by a
progressive increase in Ohio employment,
peaking at 0.81 percent in five quarters. The
typical movement d Ohio payrollsin the
wake d orthogonalized shocks to the coinci-

Table2 Responsed Ohio Payrall
Employment to Orthogonalized Shocks

National shocks

Index of Indexof  .egionalshocks
leading coincident Payrall
indicators indicators employment

Quar-
ters Stan- Stan- Stan-
ahead Unit? dard® Unit?® dard®  Unit?® dardP

A3 25 46 44 100 42
37 71 59 56 94 39
57 1.09 59 .56 130 A
73 140 46 44 126 53
81 155 29 27 139 58
82 157 A3 12 137 57
79 152 01 .01 142 59
g5 14 -04 -04 141 59
g1 136 -.05 -.05 143 60
68 130 -.03 -.03 142 59
a. Percent responsed payroll employment to a 1 percent shock.

b. Percent response d payroll employment to a shock o typical size,
i.e., onestandard deviation.

[N
COOMNOUTAWNR

Table3 Decompostiond Varianced Ohio
Payroll Employment Forecast Errors

Per centaged variance
attributableto

Coinci-  Payroll

Quarters Standard Leading dent employ-
ahead deviation? index index ment
1 .65 14 45 41
2 118 40 36 23
3 179 55 26 19
4 237 66 18 16
5 291 72 13 15
6 335 76 10 14
7 373 78 8 14
8 404 79 7 14
9 431 80 6 14
10 454 80 5 14
a. Percent.

Federal Reserve Bank d Cleveland

dent index —washed d their correlation with
the shocks to the leading index—is more im-
mediate, but fades, meaning that increases in
the coincident index that are not validated

by the leading index tend to befollowed by
unsustainableincreasesin Ohio payrolls.
Given the relative magnitudes d the orthog-
onalized errors, and the response patterns just
described, forecastingerrorsat long-term hori-
zons owe about 85 percent d their variance
to national events, asshown in table 3.

Although the national series, particularly the
leading index, have considerable leading in-
formation about regional employment growth,
this does not necessarily imply that Ohio
lags behind the economy over business cycles.
Other evidence suggests the relation between
national and Ohio payroll employment may
beessentially contemporaneous. The timing
relation can be summarized by thecross-corre-
lation function—the correlation d growth
rates, after the latter are washed d autocor-
relation, at various leads and lags. (Spurious
results can arise without such a washing.) We
implemented the washing by using residuals
in regressions with two own-lags for the two
employment series. Thecontemporaneous cor-
relation o those residuals was 0.83. No other
correlationswere significant, although the
correlation between the Ohio payroll residual
and the national payroll residual lagged once
was0.21, not far from the 0.23 critical valuefor
the .05 significance level. The lagged correla
tion, however, might easily bearesult d larger
measurement error in the Ohio series, time
aggregation (Tiao 1972), or seasona adjustment
problems. Hence, the evidence provides weak
support for anything other than a contempo-
raneous relation between Ohio payrollsand its
national counterpart.

Thetrickle-down model also permitsadecom-
position d the historical valuesd the payroll
seriesinto a long-run growth component and
random components attributabl e to national
and regional shocks? Figurelshowstheover-
all payroll series, with the random regional com-
ponent (right-hand scale, blown up) and the
payroll series minusits random regional
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8. Our time series
model cannot break
down the long-run
growth of the series
into components at-
tributable to national
and regionalfactors;
todosowould require
additional structural
information.

9. Our colleague,
Philip Israilevich,
speculates that
smaller increases

in (regulated) elec-
tricity pricesin Ohio,
compared with the
nation, during the
mid-1970s il price
increases may be
responsible for the
uncharacteristically
moder ate decline of
Ohio employment in
that recession period.
An alternativeor com-
plementary explana:
tion would stress the
increased demand
for new, less energy-
intensivecapital goods
asenergy pricesrose.
(Ohioisa major cap
ital goods producing
state.) Weare unable
to provide convinc:
ing tests of these
hypotheses without
an extensive, more
structural analysis,
which is beyond the
scope of our study.
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component superimposed. The random or cyc-
lical regional component reflects the impact
on thelevel o the payroll series arising from
the orthogonalized shocks to its equation. It
isessential to bear in mind that, because the
long-run growth has been removed, the ran-
dom regional component, which starts at zero,
necessarily also ends the sample at nearly
zero. It isthe movementsd the component
during particular periods, compared with other
periodsin the sample, that isinformative.

The random regional component rises dur-
ing the economic expansion d the late 1960s.
During the 1973-1975 recession, the compo-
nent again rosesharply, greatly cushioningthe
impact o the national recession? Indeed, the
declined 115,000 jobsduring the six-quarter
recession would have been 90,0001arger with-
out theaid d the component. But from the
late 1970sto theend o 1983, the regional
component declined, accounting for aloss o
189,000 jobsfrom 1977:111Q to 1983:IVQ. In
contrast to the 1973-1975recession, distinctly
regional factors appear to have aggravated
Ohio's economic weakness in the early 1980s.
Furthermore, the rise and subsequent fall o
the component might reflect akind o struc-
tural changein the region; perhaps the under-
lying long-run growth rate declined in a per-
manent way after the mid-1970s.

Concluson

Time series methods can be used to exploit
limited prior information and data sets to
acquireinsight into economic systems. In this
study, wedesigned and applied time series
methods to Ohio and (@) assessed the quality
and quantity d information in variousindi-
catorsd economic activity in Ohio, (b) devel-
oped relatively efficient forecasting schemes,
(c) providedinsight into the sources d vari-
ation in sectors d the Ohio economy, and

(d) uncovered and measured phenomenafor
further analysis. The methods employed were
simple and transparent and could be applied
in other contexts, such asin other regional
economies.
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