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October 1983

In This Issue . ..

This issue contains four articles covering a broad range ofpolicy issues. The first
article focuses on the effects that changes in economiC assumptions and circum-
stances have had on federal budget gstimates since 1981 The second article
studies the concentration oftotal déposits among banks in the Ejghth District. The
last two articles assess the predictability of the money multiplier and velocity
growth, respectively.

AIn the first article, “The Critical Role of Economic Assumptions in the Evalu-
ation of Federal Budget Programs,” Keith M. Carlson examines the extent to
which economic assumptions are responsible for the differences between Presi-
dent Reagan’s initial March 1981 budget and the January 1983 budget.

The analysis focuses on the budget roga_ct_lons for fiscal 1986. In March 1981,
the fiscal 1986 deficitwas projectedat $2L billion, Inthe January 1983 hudget, this
projection was revised upward to $203 hillion without a proRosed contingéncy tax
plan. This change represents the net effect of deliberate changes.in fistal policy
and changes In"the economic assumptions underlying the projected receipt-
expenditure patterns, Ifanal)(st,s wish to determiné the extent to which policy
changes, are responsible for this changed projection, the effect of changes in
economic assumptions on the deficit niust be identified.

To identify this effect, Carlson recalculated the March 1981 budget on the basis
ofassumptions used in the Januarx 1983 budget. He found that the changes in the
budéqet estimates for fiscal 1986 that occurréd between March 1981 and January
1983 were prlm,arllg influenced by revised economic assumptions and economic
developments in 1982 that were considerably different from those foreseen in
1981. Consequently, changes in discretionary fiscal p_oI_|c¥ plaged aminor role in
accounting for the ‘sizable Jump in the projected deficit Tor 1986.

In “Concentration in_Local Commercial Banking Markets: A Study of the
EI?hth Federal Reserve District,” Patrick J. Welch investigates the concéntration
oftotal deposits among banking organizations in 176 Elfghth District local commer-
cial banking markets and describes the distribution ofobserved levels of concen-
tration according to a recently published Department of Justice criterion. He
focuses on the Extent to which_concentration Is due to total demand In local
commercial bankmg markets, differences in state laws allowing branching and

multibank holding Companies, and physical space within local markets.

He finds that the majority of the markets studied are highly concentrated.
Higher levels of concentration were found in markets that had"smialler population
and that were located in states that allow limited branching. The effect of state
multibank holding company laws and the physical size of a market on concentra-
tion was ambiguous.

The third article, “Forecasting the. Money Multiplier: Implications for Money
Stock Control and Economic Activity” by R. W. Hafer, Scott E. Hein and
Clemens J. M. Kool, examines one key'aspéct of monetary targeting: the abllltY to
Produ,ce accurate forecasts of the money multiplier. The authors compare two
echniques for generating such forecasts, One technique is based on the well-
known procedures developed by Boxand Jenkins. The second technique, which is
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In This Issue .

derjved from a Kalman filter process, represents a relatively new approach to
multiplier forecasting.

The results indicate that both procedures yield quite accurate monthly multi-
plier forecasts. In general, however, the Kalman filter approach provides better
results; that Is, it Ras a lower average forecast error. The authors, then simulate
monthl¥ and quarterly money grovith rates for the 1980-82 period using both
forecas ngprocedures for the money multiplier, by ad{ustmg the level of the
monetary base in line with the ex ante multiplier forecasts. The resulting multi-
plier forecast/money control procedure significantly reduces the quarterly
variability of money growth.

Finally, the importance of reduced quarterly money growth volatility is ex-
amined Dy simulating nominal GNP growth for_the period 1980-82 hased on
actual, desired and simulated M1 growth rates, The results show, other things
equal, that reducing the quarterly volatility of money growth produces more
stable economic growth,

In the last article “Predictinl\% VeIocitY Growth; A Time Series Perspective,”
Scott E. Hein and Paul T. W. M. Veugelers examine the accuracy of forecasting

velout%/_ growth over the last eight years. The forecasts generatedare all ex ante:
they utilize only information that was available at the time a forecast was made.

The evidence suglgests that quarterly velocity growth fluctuates randomly about
a fixed level. While it is clear that” the maglmtude of the quarter-to-quarter
fluctuations has increased recently, the available evidence does nat indicate that
the fixed level has changed. Consequently, the best forecast of future velocity
growth is simply the average level of past velocity growth. This simple for_ecastmg
approgch to velocity growth generally works as wéll as other, more sophisticate
procedures.

This article further provides evidence that it is easier to predict average velocity

rowth _over_IongIer time horizons than over shorter ones, The short-run random
fluctuations in vélocity ?rowth are offsetting in nature, sothat forecastm%accuracy
improves when longer-term velocity forecasts are made. This su%gestst_ at, other
things equal, long-run GNP growth"objectives are more likely to 0 achieved than
short-run GNP goals.
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The Critical Role of Economic
Assumptions in the Evaluation of Federal
Budget Programs

KEITH M. CARLSON

HEN the Rea?an admlnlstratlon announced its To illustrate the critical role of economic assump-
budget program in anuanb/t IS gear the projected tions, this article assesses the extent to which they are
defiCits ‘caused considerable public consternatlon responsibje. for the differences between President
Near-term deﬂcns were recor setungf in magnltu e Reagans initial March 1981 budget and the January
and per3|stently arge deficits Ioomed ar |ntot efu- 1983 budget.2

Eure helagnynlsdtratlotnnggggrg” (11e(tjpr01e]gr

jons included a deficit of illion (including o

get outlays) for fiscal year 1983 and &157 bl||l%n i THE SENSITIVITY OF THE BUDGET

198 Without a proposed contln?enc tax plan, the  TO ECONOMIC ASSUMPTIONS
m

admlnlstrauon estimated the fiscal 1986 deficit would
be $203 billion.1 In recent_years, the | portance of economic

assumptions iri the rocess ofpreparin et projec
One problem_inherent in evaluating prospective  tions ﬁas grown. The last tﬁreg bu det gocﬁmgms

federal Dudgets is that receipts and outlays and, tus,  contained Sections on the sensitivity of the budget to
the SUYP%UE or deficit de hend crtulmally on thefp%rfor economic assumptions. Yet, one ofhe bestdlscugsmns
mance ottne economy. This problem IS magnified In g ofthis interrelationship is still the 1962 Annual Report

3.2 trillion economy in which public atténtion still
%ocuses on the nomlnyal magnitude of the federal def- of the Council of Economic Advisers (CEA).

icit. Adecline ofjust one or two percentage points in - :
the annual rate ofea growth can At ilions gfdollars The Original 1962 CEA Analysis

to the federal deficit The 1962 CEA developed ameasure ofdjscretionary
The administration’s January budget projections  fiscal actiop; at that time it was called the full-employ-
reflect both modifications of previous” proposals and  ment surplus.3This measure was developed because of
changes in economic assumptions. As a result, it is
dlfflcult o dlsungmsh between the effect ofthe econ-
)(an the effeCt ofpolicy shifts on the budget. Yet, if  ~The conclusi jons of the article are o affected by the July 1983
ana sts wish t0 determlne the extent to which pohc;i revisions of the budget or of the GNP accounts.
ch an es arg responsible for the changes in federd Forg recent SCUSﬁlon oftthuI emploey ment ]( ow called ¢ hIHh
budget projections, the effect of changes in economic  FA arpvgﬂ{ iﬂn“s%nseﬁaﬁ Chinand Eﬂ? AVR',OItg
assumptions on the federal budget must first be iden- ?ﬁeP oyment Budoet: New Es mates 3? U
tified. .0 (l,qurenrth SIness % &g/mer ﬂh ran de
euw 0mas owa F( H]é)o yment
Bud tRewse EsumataandAg% mauclnft E CE Sur
V_% urrent rsmess eling
men

d’ Potert1)t|a1 55 put: A
e R
{né)ur EEuuune ovember 1982 dp gp y

Elﬂcn?athlfsoraﬁ“ccalflgvagtg %re1 the add?ms rgtégntlrnewsed its
Rflan tne revfsed e%t a%e wou (ﬁ |an %ﬁ %
(Pge e{nuy1 % Udget, Mid-Session” Revision o 1964
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the am,b_ltquny associated with using the actual surplus
or deficit as"a measure of fiscal policy actions. The
actual surplus or deficit depends on hoth the budget
Bro ram and the state of the economy. Although the
udget program fixes tax rates and expenditurg pro-
grams, actual receipts and outlays vary automatically
with economic activity. According to the 1962 CEA;
To interpret the economic significance of a given
budget itis, therefore, essential to d|st|n_?U|sh the auto-
matic changes in revenues and expenditures from the
discretiondry changes which occur when the 9ov-

ernment varies tax rates or changes expenditure
programs.4

Figure 1 jllustrates the reasoning behind the de-
velo men_tofthef_uII-emFonmentsurpIus a5 ameasure
of discretionary fiscal actiori, On the horizontal axis is
real 8ross national product QGNP); on the vertical axis is
the dollar amount of the Tederal surplus or deficit.5
Each budget ling represents a fixed schedule of tax
rates and &xpenditure programs with each line show-
ing how the actual surplu$ or deficit depends on the
level of real GNP, Given the U,S. tax Structure, re-
ceipts increase with real economic ativity, while out-
Iags, which are_sensitive to unemployment, tend to
décrease with increases in real activity; thus, each
budget line is upward sloping with resPect to real
GNP. Shifts of the budget line‘represent the actjon of
Bohcymakers on the budget, while movements ann%a

udget [ine represent the effect ofthe economy on the
budget.6 Thus, for example, the budget ling would
shiftfrom Ato B ifgovernment outlays were increased
or taxes reduced.

The advantage of using the analysis in figure 1 to
compare differént budget Programs Is that it Separates
the effect ofthe economy from the effect ofthe gollcy-
maker on the budget. Usng]g figure 1, the 1962 CEA
would have interpreted bu rqet B as more expansion-
ary than budget A; since, for example, ?overnment
outlays are higher for budget B, a smaller share of
full-émploymént real GNP is available for private
Burchase. hus, full employment is easier to maintain

ecause less private demarid is required. Alternative-

4967 Econoinic Re[r)ort of the Presi?enfl, which also includes the
%%6%9Annua Report of the Council of Economic Advisers, pp.

This differs slightly from the figure drawn in the 1962 CEA Report
1 .The CGEAyf|gg ad tg%e tdi[lazatqon rate écau FGNP%S?
grcent orpotentia [}?P ont rizontal axis and t Fsuré)uls

NP on the vgmc 1. To

.ehc.tas ercent of pot |a?
simplify the gnafysw here, (foq ar amounts are used on both axes.

(iThe purpose of the high-employment budget is to capture shifts,of
b e T e Tl e

wnﬁ %II emplloyment o?resou?ces.
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Figure 1
Economic Activity at the Federal Budget

Surplus/Deficit

Shifts of the budget line indicate program shifts.
Movements along the budget line indicate the
automatic effect of changes in real GNP on the
surplus or deficit. Changes in the surplus or deficit
at full employment are a measure of program shift.

ly, inflation is more difficut to avoid because there are
fewer goods and services to meet private demand. The
figure “illustrates cle?]rly the é)l%a”S In Assess neg the
economic impact of the”budget by examining the sur-
plus or deficit alone without regard for thé level of
economic activity.

An Extended Analysis

The 1962 CEA analysis provides a useful starting
point for analyzing budget policy In the 1980s. The
analysis requires extension, however, in light of in-
flationary developments over recent years. This analy-
sis is summarized in the schematic |aqram on page’8
and flf;ure 2, Which focus on the determination of
federal receipts and outlays.

. Receipts — Given a structure of tax rates, the most
important determinant of federal receipts.is nominal
GNP (see dla%[am%. Most federal taxes are tied to bases
that are sensitive to the movements of nominal GNP.
Federal taxes are classified according to source: indi-
vidual income, corporate income, social insurance, ex-
cise, and other. The mast relevant hases for these tax
sources are personal income, wages and salaries,
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corporate profits and sales. Each ofthese measures, in

Figure 2 turn, moves closely with nominal GNP. A change in
Economic Activity and the Federal Budget: nomjnal GNP s translated quickly into a change in
An Extended Analysis receipts in the same djrection, Iarq/_ely because of the

U.S. ‘system of withholding and estimated payments.

(A) - L :
The determination of federal receipts is shown i
panel a of figure 2. Real GNP is plotted on the hori-
zontal axis and receipts on the vertical axis. The de-
pendence of receipts on nominal GNP is captured bP/
drawing.a different receipts line for each price level.
Thus, with real GNP on the horizontal axis, the level of
the receipts ling is determined by the structure of tax
rates and the price level. Apolicy change — that is, an
Increase (decrease) in tax rates — would’be shown as an
upward downward1) shift of the receipts line, with
prices unchanged. The effect of economic activity on
receipts would be shown either as a movement along
the receipts line or a shift because of a change in the
P_rlce level. Ahigher price level will shift the receipts
ine upward: more receipts are collected at each level
ofreal GNP because nominal GNP is higher as a result
of a higher price level.

OutIaYS— QOutlays (other than net interest) depend
on hoth the Prlce level'and real GNP, but the response
is different than for receipts (see schematic diagram).
Price level effects on outlays have become more impor-
tant in recent years as an mcreasm? number of pro-
grams become Indexed to the cost of living. Although
Social security IS Probably the best known of theSe
programs, many other programs are now more or less
automatically adjusted_ to ‘offset price level changes.
Changes in pro%rams like Medicare and food starps,
in part, have retlected attempts to maintain program
levels In response to changes in the price level.

In addition to programs that are ad{usted automati-
O cally to changes in the Prl e level, there arﬁ mansy
government programs for which Congress makes dis-
Cretionary changes to reflect changes in the price level.
The most impoftant program falling into this category
I defense spending.

Besides the price level effects cited above, real eco-
nomic activity also has an automatic effect on outlays.
For the most part, this operaes via the effect on unem-
Ployment_: areduction in real GNP or its rate of growth
ends to increase unemployment and boosts expendi-
tures for unemployment-sensitive programs.7

TThis relationship between changes in real GNP and the unemploy-
ge tratel\)ls caﬁed 6Vkun’sl W.g %ee Arthur . O%n, f‘Poté)r}t gl

- 1ts Measurement and Significance, 1? Proceedings ofthe
Busjness and Econom Si%tls ¢s Section ofthe American Statis-
tical Association, pp. 98-104.
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Schematic Diagram of Budget Determination

Real GNP

Unemployment
Rate
Price Level = --mmmmmmmmeeem e
Outlays
(excluding net interest)

Outlay Programs

U I interest Rate
Net Interest

Outstanding Debt

Althou%h outla?]/s f?r unem Io?/ment c%mPensatmn are
the best known of such programs, other types of ex-
penditures are also affected bx\a slowing of real growth
and rising unemployment, Among these are “public
assistance, food stamps and social Security.

_As shown in the schematic diagram, outlays are di-
vided info two components: outlays other than interest
and net interest. The reason for this division Is that the
d_etermlnm? factors operate differently. Net interest is
singled out for special treatment because it depends on
the'interest rate and the amount of debt to be financed.
The amount ofdebt to be financed, inturn, depends on
the amount of debt inherited from earljer periods as
well as the amount of the current surplus or deficit.
Interest rate assumptions are a function of the rate of
change of the price level rather than the level itself,

. This complicated interaction of factors makes it dif-

ficult to_ generalize about the effect of economic
a_ssum%tgons on outlays. Nevertheless, panel b of
Ijgurﬁ_ Is an attempt {0 clarify the nature of the rela-
jonships.
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Nominal GNP

Surplus/Deficit

Outlays

|fthe outlay line is interpreted as outlays other than
net interest, the analysis isstraightforward. The detey-
minaion_of federal outI?\){s Is"shown graphically in
Panel_b offlqure 2. Real GNP is charted on the horizon-
al axis and the dollar amount of outlays is charted on
the vertical axis. The level of the qutlay line 1s deter-
mined by the price_level and by laws and programs
relating o outlays. The line is downward sloping be-
cause an increase in real GNP redyces unemployment-
sensitive outlays. The effect ofa hl?her price level isto
shift the outlay line upward. Outlays other than net
interest will be greater for each level of real GNP
because of indexéd programs.

If, on the other hand, outlays are defined to include
net Interest, the effect ofan increase in the price level
on the outlay line is not unambiguously upward. For a
given level 0f real GNP, an increase in the price level
increases receipts. Ifthe receipts effectis stronger than
the outlay effect, the deficit declines (or the “surplus
Increases), requiring a smaller amount of interest to be
paid. Consequently, whether the outlay line shifts up
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or down in response to a change in the price level
depends on the relative stren?th of the effect via non-
Interest outlays vs. the effect via the deficit and net

Interest.

Surplus/deficit— Panel ¢ offigure 2 summarizes the
net effect of factors determlnm% receipts and outlays.
With real GNP Plotted on the Rorizontal axis and the
surplus/deficit P otted on the vertical axis, the general
%ppearance of the budget line is the same as f|?ure il

or a given fiscal program, an increase of real GNP
results'in a smaller deficit or larger surplus; an increase
of real GNP increases receiptS and reduces outlays.
There is no ambiguity about the slope of the budget
line when drawn with’real GNP on the horizontal axis.

The nafure of the response, of the budget line to
changes in the price level is a different matter.
Whether the budget line shifts up or down depends on
the relative shiffS of the receipts and outlay lines.
Receipts shift unamblgously upward in response to a
higher price level, but the &ffect on. outlays is ambig-
uous. Itthere are a large number of indexéd prograns
and the cost-of-living escalators are generous, Or if a
large number ofdiscretionary programs are adjusted to
price level changes, the upward shift ofthe oulay line
could exceed thiat of the receipts line, leading to a
downward shift of the budget line. Determining the
effect ofprlce level assumiptions on the surplus or
deficit is thus an empirical matter.

THE REAGAN BUDGET PROGRAM:
1981 VS. 1983

_To illystrate the interaction qf economic_assump-
tions and budget projections, projections for fiscal year
1986 from the eagl;an budgets” of March 1981 “and
January 1983 are examined. The focus IS on fiscal 1986
for several reasons; (12,a Iong horjzon allows the effect
of alternative assumptions to be brought into sharPer
focus; (2) mast of the concern about the size of the
budget, deficit emphasizes the, “out years,” and thus
approximates what the administration calls a “struc-
tural deficit”; (3) focusing several years out on the
Blannmg horizon, the full ffect ofthe administration’s
udget program is captured.

The economic assumptions underlying_the two
Reagan bu_d?ets are summarized in tablé 1. The levels
of GNP differ from those published in the relevant
bud&;et documents because of data revisions in the
1981-83 period. All GNP data,in table 1 have been
recalculated to be consistent with data as reported in
early 1983,
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Economic Assumptions

The GNP assumptions are presented in terms of
both levels and rates of chﬁnqe. NormaI’I\Y rates of
change are more relevant. The'levels of GNP are pre-
sentéd as well, however, because with a projection
period of six years, small differences in rates ofc,hange
fg&elgccumu ate Into significant differences in the

As shown in table 1, the estimates of nominal GNP
have been scaled down since 1981 The 1986 GNP
estimate_from the 1981 budget was $5,071 billion;
the 1983 hudget revised this estimate downward
to $4,366 billion. In Iar’ge part, this revision occurred
because actual 1982 GNP turned out to he consider-
ably below the projection made in 1981, The budgbet
impact of this revised assumption is illustrated "y
assuming an average tax rate of 20 percent. With nd
change in tax laws (from late 1980), the effect ofrevised
assumptions since earlg 1981 would be to reduce tax

cg(l)l]ections In 1986 by $140 billion [(4,336—5,071) x

In, 1981, the Rea?an administration was ve%optl-
mistic about future Tevels of real GNP. Real GNP for
1986 was projected at $1.873 billion (1972 dollars). In
January 1983, this progectlon,vv,as revised downward to
$1,707 billion. Over $100 billion of this revision was
attributable to the overestimate of 1982 real GNP.

_Price_level estimates have also been scaled hack
since 1981, The 1981 hudget Torolected the 1986 price
level at 271.0 (19/2=100). The lower-than-expected
price level in 1982 produced a downward revision of
projected price trends throughout the 1983-86 period.

Unemployment assumptions gro hand-in-hand with
the real ?rowth assumptions. The administration’s
forecast of unemployment for 1986 was 5.6 percent.
The 1983 budgetjumped the unemployment assump-
tion t0 8.0 percent, reflectmg both thé sharp drop of
real GNP in 1982 and the downward revision of the
1983-86 projections of real GNP.

Interest rate assumptions usually reflect inflation
rates, but the assumptions shown in taple 1generallx
are not consistent with that relationship.. [n Marcf
1981, the Rea%an administration began with an OBII-
mistic outlook Tor interest rates for the Iong term, but
the high interest rates of 1981 and 1982 led to a sharp
upward revision in January 1983. Consgquently, be-
tween 1981 and 1983 interest rate projections’ were
mareas&ed even though projected inflation rates were
reduced.
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OCTOBER 1983

Economic Assumptions of the Reagan Administration

Actual

Date of forecast 1980 1981
Nominal GNP (billions of dollars)
March 1981 $2739 $3041
(11.0)
January 1983 2739 3002
(96)
Real GNP (billions of 1972 dollars)
March 1981 $1479 $1500
1.4)
January 1983 1479 1490
0.7)
GNP deflator (1972 = 100)
March 1981 185.2 202.8
(9.5
January 1983 185.2 201.6
(8.9
Unemployment rate
March 1981 7.5% 7.7%
January 1983 7.5 8.3
Treasury bill rate
March 1981 11.5% 11.1%
January 1983 115 141

Assumed
1982 1983 1984 1985 1986
$3445 $3852 $4241 $4648 $5071
(13.3) (11.8) (10.1) (9.6) 0.1
3102 3374 3685 4017 4366
(3.3) (8.8) (9.2 (9-0) (8.7)
$1578 $1655 $1725 $1797 $1873
(5.2) (4.9 (4.2) (4.2) (4.2)
1472 1518 1578 1641 1707
(-1.2) (3.2) (4.0 (4.0) (4.0
218.4 232.8 246.0 258.8 271.0
(7.7) (6.6) (5.7) (5.2) 4.7)
210.9 222.7 2339 245.1 256.1
(4.6) (5.6) (5.0 (4.8) (4.5)
7.0% 6.5% 6.3% 5.8% 5.6%
10.7 10.6 9.7 8.7 8.0
8.9% 7.8% 7.0% 6.0% 5.6%
10.7 8.0 79 7.4 6.8

NOTE: All figures are for the fourth quarter of the year indicated (with percent change in parentheses), except for the Treasury bill rate which
is an annual average. All figures have been adjusted to conform to the status of the data as presented in the January 1983 budget.

Budget Projections

The projections for the budget based on the eco-
nomic assumptions in table 1are summarized in table
. The 1981 budget roiect,ed outlays (including off-
budgetg for 1986°at $961 billion, “_a,rqete_d” outlays
were set at $912 billion, but the administration did not
specify where the additional cuts were to be made. The
1983 bud%et proiects 1986 outlays at $999 billion. This
increase Trom $961 to $999 billion is roughly the
amount by which actual 1982 outlays exceéded the
original estimate.

The receipts side of the budget has taken a more
dramatic turn since the Reagan administration took
office in 1981 The 1981 Reagan budget projected re-
ceipts for 1986 at $940 billjon. Included in'this estimate
were changes in tax law that reduced receipts by $218
billion from what they otherwise would be. Compared
to the original Reagan proposals in 1981, total receipts
estimates for 1986 have been scaled back by almost

t the pro-

another $100 hillion to §842 billjon. Witqgg6 iecas

posed contingency tax of $46 billion, the
estimate would be $796 billion.

The original Reagan budget prOJ:lected the deficit for
1986 at $21 hillion.” The January 1983 budget has, re-
vised this estimate of the 1986 deficit to $I57 billion,
Without the contingency tax, the estimate ofthe 1986
deficit would be $203 billion,

AN ANALYSIS OF THE TWO REAGAN
BUDGETS

. The revisions in the bud(iet by the R_eaFan admin-
istration appear to be very large; especially when at-
tention is focused on the”deficit for fiscal"1986. The
January 1983 budget apgears to be much more expan-
sionary than the March 1981 budget. As shown in table
1, however, the economic assumptions have also heen
revised greatly. The questions asked here are to what
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Table 2

Federal Budget Projections of the Reagan Administration
(billions of dollars)

Actual Projected
Date of projection 1980 1981 1982 1983 1984 1985 1986
Total receipts
March 1981 $520.0 $600.3 $650.3 $709.1 $770.7 $849.9 $940.2
January 19831 517.1 599.3 617.8 597.5 659.7 724.3 795.9
Total outlays
(including off-budget)
March 19812 593.9 678.8 712.0 772.5 823.9 895.1 961.2
January 1983 590.9 678.2 745.7 822.2 862.5 929.0 999.0
Surplus/deficit
(including off-budget)
March 19811 -73.8 -78.5 -61.7 -63.4 -53.2 -45.2 -21.0
January 19832 -73.8 -78.9 -127.9 -224.8 -202.8 -204.7 -203.1

1Estimate for 1986 excludes proposed contingency tax of $46 billion.
Estimate for 1986 excludes what the first Reagan budget called "additional outlay savings to be proposed.”

extent have ecanomic assumptions altered the esti-
mates of the deficit in 1986, and to what extent do the
revisions reflect program shifts?

Explanation of Procedure

To apply the analysis of figure 2 to the Reagan
budgets, two alternatives are available. One is to con-
vertthe 1983 hudget estimates to estimates based on
the assymptions made in the 1981 budget. The other is
to recalculate the 1981 budget on the basis of 1983
assumRtlons Eith erwa){W the conclusion will'be essen-
tially the same, that IS, { erelatlve positions ofthe two
budget fines will be about the same. The alternative
chasen here is to comPare the 1983 budget with the
1981 budget recalculated with assumptions from the
January 1983 budget.

The primary basis for recalculating the 1981 bud-
get is an estimate of the degree “of response of
outlays and receipts to changes in nominal and real
GNP an the price level. These response coefficients
were caIcuIated from estimates given in the January
1983 budget.8

ffice of Management an et Bu of he Un| ed States
8government t%cm 1%25’1; Jantar sosee
I to this article. It's ouId en these est]ma sare

alngrox ate and, |nthe Case ofout ays |ncu e only the effect of
exed programs.
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1981 vs. 1983 Budget: A Graphic
Summary

Figure 3 summarizes the two budgets using the
format deveIoPed in figure 2. A numerical summary
appears in table 3.

Receipts — The solid ling in the recelgts panel of
figure 3 1 an estimate from the January 1933 budget of
how 1986 receipts varyW|th reaI GNP using the pnce
level as PtOjECted In" that budget, To compare the
receipts liné from the March 981 bud%et V\S shed
line), one must recalculate those estimat |t
Januar 1983 assumption about the price level. Once
th |s |s lone, aco é)ansono fthe two receipts lines (the
solid line an the dotted line), which can also be
thought of a gro ram _lines, indicates very little
change from 1981 o 1983.9

The main reason for the downward revision of re-
ceipts from March 1981 to January 1983 is the down-
ward revision of the real GNP gssumption._ Table 3
divides the total change in receipts into price IeveI

IR S

on%tng 9 axp %s ewhat | Iaé ve
%m t"e]re?wo o Ft taxa cggg m%% ECOV i un and
bscza(t Responm[)nmy Act otc and t |ghway ngve ctof
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Figure 3

Economic Activity and the Federal Budget:
Estimates for fiscal 1986

(A)
. Receipts
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3-81 Budget
estimate \
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1-83 Budget
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March 1981 vs. January 1983

®
Outlays
Billions of dollars
1050.
1-83 Budget
estimate
3-81 Budget
estimate
850
800
7501 1

1 1 L
1700 25 50 75 1800 25 50 75
Real GNP (Billions of 1972 dollars)

1-83 Budget estimate with Pjggj
3-81 Budget estimate with P”"g]
3-81 Budget estimate with Pjggj

effects, real GNP effects and program shifts. Accordm%
to table 3 3 (and table 2), recelpts Ero ections for 198
were revised downward 144 pillion between
March 1981 and Januaryl 3 Real GNP rewsmns
accounted for $95 billion of this chaan and price level
revisions accounted for $57 billion. These estimates
squest a small upward program shift for recel s of$7
jon between early 1981 and early 1983. Even
though the estimates are apf)roxmate |t |s clear that
the program shift was small compared with changes
induced by changed economic assumptions.10

Outlays — The outlay panel of figure 3 summarizes
the effect on fiscal 1986°outlays of revised assumptions

R R e e
pr@ar sh|?t Ptqn %cg%(pts ﬁne} ? 110 1% P
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Table 3

OCTOBER 1983

Decomposition of Changed Budget Estimates for Fiscal 1986

(billions of dollars)

Change due Change due Change due
Total change to price to real to program
1981 to 1983 level GNP shift
Receipts $-144.3 $-56.7 $ -95.0 $ 74
Outlays 37.8 247 44.2 -31.1
Surplus/deficit -182.1 -81.4 -139.2 38.5

and program shifts from March 1981 to January 1983. A
comparison ofthe solid and dotted lines indicates that
the outlay line has shifted down significantly since
1981. Accordm% to these estimates, the fiscal 1986
?thjglr% plrgglram as been reduced by $31 hillion since

The effect ofchan?ed price level assumptions on the
March 1981 estimates, re(iuwes further explanation,
Compared to 1981, price level assumptions were re-
duced in January 1983. The effect of these revisions
was to reduce outlays other than net interest.1L How-
ever, with the assumed response coefficients, the
effect of reduced price level assumptions lowered re-
ceipts more than outlays. As a result, deficits were
ar?er and more interestwould have to have been paid
to finance these deficits, The indirect effect of a lower
price level operating via net interest dominates the
direct effect on outlays over a five-year period.

The numerical summary in table 3 indicates that
changed assumptions abodt real GNP and the price
level™overexplained” the $38 billion upward revision
ofthe 1986 outlay projection. In other words, changed
economic assumptions indicated an increase of outlays
of $69 billion, whereas éhe outla pr%e_ctlon Was
actually Increased b¥h' 38 billion. Within this
IS im

framework of analysis, this implies a downward pro-

1INote |hat the discussion is with refeﬁence to the effect ofcpangfed
|£|cczﬁ fg éassumphons onthe March 1981 estimates ofoutlays for
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gram shift for outlays of $31 billion between early 1981
and early 1963,

. Surplus/deficit — Figure 3 shows that the budget
line shifted upward fiom March 1981 to Janudry
1983.12As summarized in table 3, the 1986 budget line
shifted upward by $39 billion, On the surface, this shift
appears quite large, but relative to the changes attrib-
utabllle to revised economic assumptions, it is quite
small,

CONCLUSIONS

This article has focused on the critical role that eco-
nomic assumptions play in projections.of the federal
budget. As an example, estimates for fiscal year 1986
from the Reagan budgets of March 1981 and January
1983 were compared.” The analysis, indicates that the
changes in budget estimates for fiscal 1986 that oc-
curréd between"March 1981 and January 1983 were
primarily influenced by revised econgmic-assumptions
and economic developments in 1982 that were, con-
s_|derabI¥_ different than foreseen. Changes in discre-
tionary fiscal policy played a minor role in accountm%
for the sizable rJump in"the projected deficit for 198
that occurred between the two'budget proposals.

Note that this shiff is still in the planning stage, Realization of
H?Sp%'%gfs requires I[egisiatljon by the Cong?ressgof a%mafnzlstraﬂon

13
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Appendix

OCTOBER 1983

Estimating the Response of the Budget
to Alternative Economic Assumptions

To estimate the effect on budget prog'ections of an
alternative set of economic assumptions, the budget
was categorized as follows:

1) total receipts excluding earnings of the Federal
Reserve System; ,

2) total outlays (including off-budget) excluding net
Interest and earningS of the "Federal Reserve
System;

3) nét interest.

The basic source for estimates of the relevant elastici-

ties was the Budget ofthe United States Government:
Fiscal Year 1984 (January 1983), pp. 2-19-2-24.

Total receipts excluding FRS earnings

The elasticity of receipts with respect to GNP was
calculated froni the example in the fiscal 1984 budget.
The implied coefficients were

ARt = 49AY, + 39AY, , + .12AY, 2 4 .08AY,,3
+ 07AY, 4,
where
ARt = change in percent change ofreceipts in fiscal yeart;

AY, = changie in percent change in nominal GNP in fiscal
yeart.

Total outlays excluding net interest and
FRS earnings

. Qutlays are responsive fo both real growth and infla-
tion. The implied coefficients for the elasticity of out-
lays with respect to real growth were
AO, = - 08AX, - .13AX,_, - .05AX, 2- .06AX,3
- 04AX, 4,
where
AQ, = change in percent change ofoutlays in fiscal year t;

AX, = chanqe in percent change in real GNP in fiscal
yeart.
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The imglied coefficients for the elasticity of outlays
with respect to inflation were

AO, = OIAP, + 06AP-! + 09AP, 2+ .05AP-3
+ 02AP,_4+ 02AP, 5,

where

AP, = change in percent change in the GNP deflator in
fiscal year t.

These estimates are for indexed Program outlays only;
excluded are changes that m;]%;h, result from congres-
sional or execufive action to maintain real program or
benefit levels for discretionary programs.

Net interest, surplus/deficit and debt

To estimate net interest, the surplus/deficitand debt
held by the public, the following three-equation sys-
tem was solved:

O =0t + (- im(iadVv,) +i[)(D,—D, 1]
2)D,=D,!- S +AC
S =R-0 -1,

where

t = fiscal year (flows are during the year and stocks
are enid of year);

net interest in fiscal year t (excluding FRS

earnings) T _
D, = debt held by the public (including FRS) at the
end of fiscal year t;
budget surplds;
charige in Treasury cash balance;
receipts as calcylated above;
outlays as calculated above;
averdge of 3-month Treasury bill and 10-year
Treasury_note rates; _ _
= ave,raget interest rate on debt maturing during
eroa L, o .
Broportion of debt maturing in period t.

o J—
1 1



Concentration in Local Commercial
Banking Markets: A Study of the
Eighth Federal Reserve District

PATRICK J. WELCH

OMONCENTRATIQN measures indicate the extent
to which some specific magnitude, such as total de-
posits, sales or capacity, Is controlled by one or a few
decision-making unjts in a market. At the firm leve],
which is the focts ofthis study, concentration depends
on the number of firms in the’market and their relative
sizes.1 Accordingly, the fewer the banking organiza-
tions in a local commercial hanking market or the more
unevenly deposits are distributed amon a lven num-
ber of organizations within a market, the higher the
concentrdtion in that market,

The degree of market concentration is |mportant
because it'may affect the overal] “performance” of the
market — the extent to, whrch firms in the market act
rndependent y, aggressivel ?/ adopt new technologies,
provide desired types and fevels of services and carry
out other actrvrtres that benefit buyers, supp jers and
others. While the existence ofasystema ic link be-
tween concentration and performance IS open to de-
bate, there are many |ncIud|n th e S Department
of Justice, who bel |evet atahr% evel of concentra-
tion In a market will affect the market’s performance
agversely.2Thus, ifa market is characterrzed as heing
highly concentrated, some form of policy intervention

H a(uthor IS a rofess?r of economics at Sajnt Lour%Unrversrty
g hoJu gNae rfro?rammr gaﬁ research assistance,

and to Barbara Scott BrumleyTor research assistance.

Concentration also can be measured at the plant level.

Zrt(t)reeé) artment of Justice, in its June 1982 merger guidelines

Otherthrngs berng equal concentration affects the likelihood that one
firm, or%small Hg of firms, could snceessfullﬁ/ exercrse marlret
Power T esmall rt ereentage oftotal supply thata firm contro
he morg severegrtmust restrrc \tf(ownout utrnor erto proquce a
%Irven é)rrce Increase, and the less li r{rt i that an output restriction
Pro |taFe Wh %re collective ac ion IS necessary, an attdrtronal
constraint applies. Asthe number offirms necessary to' control a given
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may be proposed to monitor or modify market per-
formance.

The concentration of total deposits among bankrngi
organizations in 176 Eighth District local commercra
banking markets Is described in this studly 3 Also de-
scriped’is the distribution ofohserved | eve s ofconcen-
tration according to a recently published Department
of Justice criterion for classifying markets as highly
concentrated, moderately concentrated and unCor-
centrated. Finally, the effects on concentration due to

Percentage of total supply increases, the difficulties and costs of
eacqrng ang enforcing consensus with respect to the control of that
supply so Increase.

ttérS J'r?ne &5&’””%297 Merger Guidelines,” Federal Regis-

For re on the concentration- erfor anerel tionshi
Beor alrtn atgn F(rasgrJ gn 15 I%cat Eruc ufe anﬁ
p[Inr]r nm ‘E ern II 8 p (f&
esa an rno rrce rrces an o ntr
ommer an ura H‘t Cre ran
e ruar Almar| rn trtron
rcral nkrn urn of Financé
at{)%a ePpDe ot”troo rmevr”n‘% ora] Ernraion
evrew bruary 1%% gbp%y,
hglgr anrzatronsrncl %d inth sttrdrr/are unit banks, @
anres and branc or anrzatr{)ns harn
ﬂ ri Ins arisin throug com wnershl orman
eme t Inter ﬁ frre not considered due to ata limitatl
Us, observe eve?ofconcen ration Zunderstate e ec
tive degree 0 control In particular market

SR S T

cen tl in tﬁgn% qﬂh DIs Irrrlg aale?new %U % n
%361 %OS'[S g rtson, T tructérre of ¢<ABDP| e §
%1 N rrcA %rs%n@ Be(étsongetlsh IS REVIEW

truct nkrn
¢ I%nrth District: C 5%51ps an

errn ustr om tr
tion,” this Review (Octo erl Y P
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demand in local commercial bankrn% markets, differ-
ences in state laws allowing branchifig and multibank
hoIdrn? companies, and pnysical space within local
markefs are considered.

The study is divided into three sections: First, defi-
nitions and the measure of concentration are intro-
duced. Second, the concentration of total deposits
among bankrn? organizations in local commercial
banking markefs isreported and analyzed.4 A sum-
mary and conclusions are then presented.

THE MEASUREMENT OF
CONCENTRATION

Concentration and the Definition of
Relevant Commercial Banking Markets

Market boundaries separate sellers who compete
directly from those with whom there is no direct com-
petition. Consequently, the measure of concentration
in amarket depends in acritical way on the manner in
which the boundaries of the market are defined. A
else equal, the more narrowly defined the market, the
hrgher the measured concentration for a specific num-
ber of fir ”r
The derinition ofa market’s boundaries depends on
two considerations: the products that are judged to be
close substitutes and the geographic space over which
the producers ofthose products compete for the same
buyers.0 In this study, the product analyzed is com-

4De osrts in baP in tron in the 17 § %imarke aég
uae cometa %
erce 98 II| ta de osrtsrnthe t rtrrctﬁ
ats ance o SItS 1S from é‘ as wr In t
{ |str|ctw [edsgg cma etswerent -Oreign
osrts are not included in the ca culatrono fota eposrts

gotal eposrt data efrom Re ort fCondrtron Jyn
ummar gsrts ne3 com |Ie bﬁ/
Fe era eposrt(rJurance tirtaoratron ataqnm 0
mg compantsan 10ns ar, Job Branc
the oar of Gov-

branch re
Structur ﬁ e: d] F’% compl
ernorso eera eserve Syste rom Secondary Sources.

’FOﬁJtudles tre_atrn maket definition crrterra see Deane Carson
vi oncentration Rafios'a ompetrtro
atr n | Ba mg evrewFfS 8em ?
oaées tructure érmancesgtu es(jg nrn
mmar ?] V. Iuatron Sta conomic St rd
repl ernors Ean eeé)g Xsltt?gh W f)tA ect
cq s |on r]V @{I\e %er R[Xﬁ nH]r jrevvrewGeFe{)ruz?1 8%
e e e
?69 l§o Atlanta Economrc Rev ew January February 19 3 np.

Digitized forF&RASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis

OCTOBER 1983

mercial banking services. While this specification is
narrower than f thrifts were included, it is chosen
hecause commercial bankrng considered as a separate
line_of commerce, Is the paint of reference In court
decisions and Federal Reserve S%/stem guidelines that
affect bank market concentration.b

The geograghrc boundaries of markets in this study
are thode established by the Federal Reserve Rank of
St. Louis In its analysrs of bank holding company and
bank merger applications. A frequent alternative to
thrs apsoroach Is {0 define banking markets along coun-

tandard Metropolitan Statistical Area (SMSA)
Irnes TThis alternative, however, isrejected under the
assumption that market boundaries naed not coincide
with political boundaries.8

The Selection of a Concentration Measure

Once the relevant markets are defined, the concen-
tration measure must be selected and its quantitative
value obtained for each market.

Because concentratron measures are based on the
behavior of a single variable, such as capacity, value
added or sales, the results and rankings obtained using
one variable may drffer from those obtained using
another. This is ‘especially a problem when dealing
with commercial banks, which are multiproduct firms

6Fpr e Ie in a Board of Governors memo nth onsrderatron
Pthr)}a Sin competrtlve anaﬁysrs It was conc Udeée
The present general framework of competitive analysis should con-

tinue, with initial consideratipn alwa sot%om etrtrve effects on the
structure and performance of commércial banking alone.

etter, William W. Wiles, Associat r ctor Divisi rhofBar(rrm
gervrs nand e ulatign, oarS(q norso e

esanSheEB‘epamﬁe%ts'%etrérl“F nbi=al ety runegz’i

meFrrCJIrarxaleIes and ex§lanatrpns otthe courts” definition gfcom

W L el
e .ewta'.trﬁaﬁl“m X
{10 00 e St Bt ol Sl gancor

YEgrrkamsummar of alternative eo rphrc markFe ertr ns in

struc Ure:D éormanc e see truc-
ture-Performance Studies, appendix fae

”The dd tinction between the count /SMSA market definitjon and
eﬁnrtrons# m[,h stu%r a|¥ e more important, In prip-
an In effect. O kr

%3 mar efs e mrne

) ercent coincide wrtp irn ecau ties, ercent
oincide with two or mare w 8 ounties, and 5 ercelrt
coincl F VY]rth arts.of Indivi tﬁl muntres whole counties plu

parts of other counties or Ranally Metropolitan Areas.
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and thus offer a wide, rangre of variables as potential
candidates for evaluation, “This study focuses on total
deposits in commercial banks because of its impor-
tance in Federal Reserve Board policy decisions that
affect concentration in commercial banking markets.9

The concentration of total deposits in each local
market is calculated using a Herfindahl index (H-
index), which is the sum ofthe squared market shares
of the organizations In the market.1) Each bankin
organization’s share ofa market is equal to the percent-
age of total deposits in the market that it controls.

The H-index is chosen over other concentration
measures for three reasons. First, the recently pub-
lished Department of Justice merger guidelings reIX1
gnmarlly on the H-index to measure concentration.

econd, unlike other widely used concentration mea-
sures, the H-index is explicitly sensitive to the impact
on concentration of the number of sellers in a market
and their relative sizes,12 Third, H-index numbers
translate conveniently into “numbers-equivalents,”
which are useful for making intermarket comﬁarlsons
ofconcentration. The numbers-equivalent is the num-
ber of equally sized sellers that would generate an
H-index valué equal to the observed value.3

Q%e%hgolr: %%rrnﬁlﬁeggg%s E?SI Fe%{]nk holding company cases published
A

IH-index = iZ td%)z where td. is total deposits in the ith

e .(T o ) .
conﬁnermal ban[% gaowamzatlon inamarket, TD is total deposits
|Ha commercial panking organizations, in that mar %t, ﬁPdH'S
the number 0 ?n |nPfor anjzations mthat&garket. g H-Index
can assume a value o f]o nthhougHH. a.market becomes
m?re concentrated, either through adecrease in the nu ﬁr of
sellers or awi eﬂm megua |tb/a ongagwen nuT er ofsellers
market shares, the H-index number dpproaches L

For disgussions of trat “M of
anﬁ{nrﬂ'%t“ﬁség”% antt Lo g;ﬁ%ﬁ%%&&?'aﬁ%e(vﬁff%““T.SH%
L B
Pl 1678). o, 485-503 |
UU.S. Department of Justice, “Merger Guidelines,” p. 28497

2Top level concentration measures Ee.R./: hEee-flrm, fouf-ﬁrm or
eignt-fir concephraton ratl?_sand es) focus primarl Qche
rk?ts €S 0 | e largest Tirms with passing, Ifany, cons erzi-
flono maIersBI ersingmarket. L orenz cyrves measure ine ¥a

Istribytion ot market shares, with no particular refer-

HX In the ,
ence to the number of sellers in a market.

It should be noted that the gereater sep]smvng of the H-index
does not pecessarily make it superior to other measures ofconcen-
tranoH‘ The ﬁppr gnateness i) _arp/ measure, must. be judged
accoraing to the theoretical relationtship It is descrining.

13The Bumbeﬁ-e%ulvalent is the reciprocal ofthe Herfindahl index
number: 1/H-Inclex.
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ANALYSIS OF LOCAL MARKET
CONCENTRATION

Summary of Concentration in Local
Commercial Banking Markets

On the basis of its H-index value, each local com-
mercial banking market in the Eu{;hth District is placed
into one of 15 concentration categories. These cate-
gories, along with their respective H-index value
fanges and the numbers-equivalents indicating the
|east concentrated market consistent with placement
in each category, are listed in table L Also listed in
table 1is the distribution of all 176 markets among
H-index categories, the dlstr|but|on,am,on?,categones
of markets In each state, and the distribution amonﬂ
categorles of markets that cross state lines. For a
markets taken together, the mode category is H4 (the
equivalent offrom 3 to 2 equal-sized ,bankm% organiza-
tions in a market), and the median is in_cateqory H5
(the equivalent Of from 4 to 3 equal-sized banking
organizations in a market).

The extent ofconcentration in the observed banking
markets can be further cate?,orlzed according to the
Department of Justice guideTines for evaluating hori-
zontal mergers. MarketS with H-index values less than
0.10 are considered to be “unconcentrated,” markets
with H-index values greater than 0.18 are considered
tobe “highly concentrated, ” and markets with H-index
values between 0.10 and 0.18 are considered to he
“moderately concentrated. "4 This categorization i
listed in thé right-hand column of table 1

Generally, as illustrated in table 1, local commercial
banking markets in the Eighth District are highly con-
centrated by %he Degartment ofJuste_crlterlon:,over

0 percent of the markets studied fall into the hlthy
concentrated group, Several factors that help explain
why concentration Is hlpher In some markets than in
othiers are discussed befow.

The “unconcentrated,” “moderately concentrated” and *highl
copcen%te istinctions, are. based”.on. Lpost-rp\erqer H- d(i
valyes, The Department of Justice has indlicated that 1t is unli
to challenge mergers In markets where the post-merger H-inde
value isless than ©.10; unlikely to challenge mergers that jncrease
the H-index value by less than 0.01 in markets where the post-
merger H-index valtle 15 between 0.10 and 0.18: and unlikely to
h(% nr?e m?(r ers that |Hcrease the H"[l| ex value by less than
005 1 markets where the post-merger H-Index valug js greater
an 0.18. The Department of JustiCe also has jdentified other
aftorst atare ofco equencelnevalu%tmgthee ects 0 orlzi%-

mergers, See U.S. Department of Justice, “Merger Guide-
LA ErS i g O ’
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Table 1

OCTOBER 1983

Distribution of Local Commercial Banking Markets Among Herfindahl Index and
Department of Justice Concentration Categories

Numbers-Equivalent

States

H-Index (maximum number of All Dept, of Justice
Category Value Range equal-sized firms) Markets AR IL IN KY MS MO TN |M. Categories
HL 10 1 2 2
H22  0.55556 to 1.0 18 3 1 1 1
H3 0.5 to 0.55556 2 14 7 2 2 3 Highly concentrated
H4 0.33333to 0.5 3 50 6 6 1 9 9 15 3 1 (147 markets)
H5 0.25 to 0.33333 4 40 6 3 3 8 4 11 4 1
H6 0.2 to 0.25 5 34 5 8 3 5 9 1 3
H7 0.18 to 0.2 5.556 4 2 1 1
H8 0.16667 to 0.18 6 5 1 1 2 1
H9 0.14286 to 0.16667 7 10 1 1 2 1 2 Moderately concentrated
H10  0.125 to 0.14286 8 5 1 2 1 1 (24 markets)
H11  0.11111 to 0.125 9 2 1 1
H12 01 to 0.11111 10 2 1 1
H13  0.08333to 0.1 12 4 1 2 1 Unconcentrated
H14  0.07143 to 0.08333 14 (5 markets)
H15 0.0625 to 0.07143 16 1 1
Totals 176 30 24 8 25 19 47 1 12

1lnterstate markets

2H-index = 0.55556 is the Herfindahl value associated with a two seller market, where one seller is twice as large as the other.

What Factors Influence the Extent of
Concentration?

Concentration and Demand — One factor that can
influence concentration is the level of demand in a
market. All other things equal, lower demand would
be expected to lead to fewer seIIers and greater con-
centratron In a market. Such a relationShip can be
explained on efrcrency %roun s. Operation below
some specrfred level of output prevents a seller from

Y exp ortmg the scale economres that allow unit
costs to fall as output increases. Such scale economies
result, for example, from the utrlrzatron of specialized
inputs, or efficiencies from consolidating previously
separate activities. The level otoutﬁut at which scale
economies are exhausted (i.e., at wnich unit costs are
minimized) 1s termed the “minimum efficient scale,”

and the number of sellers that can achieve that level of

output is mfluenced by the size ofthe market as mea-
sured in terms ofdemand: the greater the demand ina
market, the fqreater the number of sellers achieving
minimum _efficient scale it can accommodate, AS 3
(rjesult %fthrs interaction hetween scale economies and
eman
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there is an upper limit on the number of

sellers which can operate at or above a minimum
efficient level of output in a market.

In this study, total populatron in the market IS used
as a proxy for market d eman 1greatert e popula-
tion, the_ greater the emand 13 The distribution of
Eighth District local commercial banking markets
accordrng to total population is shown n table 2.

To test for the effect of demand on concentration, a
simple statistical procedure is used. One hypothesis,

ICPo eatlrrr])n %rd rel tedndata ra“ mal Com craIAtlss%nd
L ;a%;ttataat i
1

L?%SU rr)ﬁrlatron P stics 0 the Po uIatron
%vern ent Printing Office, g
Part 15 Part 16, |

%) rkansas, p
Inols, 1 8, ndjana
e aft?tf
Tennessee, p. 4

It i to estimate the populations of markets, that
mcf ort es nﬁ)ath IS assumed tpat

necessa

Fstrgﬁrrg |5%P| Trttlea even acr 8 ea evant oynty, S0

HtePt ﬁ J)ro ortion te a countﬁr ?tsrca space mc”er{ ina
[8 J %)ua to the propor on of that county’s population

Included in the market.
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Table 2

Distribution of Local Commercial
Banking Markets by Total Population

Total Population
(in thousands)

Number of Banking
Markets

Oto 25 84
25to 50 54
50to 75 22
75 to 100 2

100 to 125 3
125 to 150 1
150 to 175 3
175 to 200 2
200 to 300 1
400 to 500 1
800 to 900 2
2000 to 3000 1

termed the null hypothesis, states that H-index values
In the 88 smallest (Teast populated) markets are essen
tially the same, on averae as those for the 83 largest
(most populated) mar ets The alternative hg othesrs
rsthatH Index values rnthe88|eastp uate mar Kets
are rg er on averae than those for the 88 most
popu at% mar ets able 3 lists the distributions
among the 15 H-Index categories of markets in the 83
least populated and 88 most populated groupings.

The null hypothesis is evaIuated and [ lJected using
the. chi-squdre apProxrmatron of the omo?orov
Smirnov two-sample test.16 This result suggests that

BThe chi-square app Lﬂﬁ?atrza of the Kolmogorov-Smirnov two-
sample test is\* = where iil and n2are sample group
irzes ang DI? ne maximum drfference etwegrl)the cumulative
re ue? les of the sam e%ut%s & Indicate yrns(r)ectron f

ecte orie £ 5am ? Eafr
eca ategtest stafi Fs]trc 15 €0 g cr ith va %
square Istribution wit twor%g es 0 H
esr (a ere ected ataparticular level ofc dd%nce en
a?g \c/g ategsstar Ic eéeeeef
K ?r/Yc A

% éora Scrences Hi

L

ook Company, 1956), pp.
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Table 3

Distribution of the 88 Least Populated
and 88 Most Populated Local
Commercial Banking Markets by
Herfindahl Index Category

Herfindahl 88 Least 88 Most
Index Populated Populated

Categoryl Markets Markets
H1 2
H2 3
H3 u 3
H4 36 14
H5 22 18
H6 13 21
H7 4
H8 1 4
H9 10
H10 5
H11 2
H12 2
H13 4
H14
H15 1

1See table 1

relatively higher levels of concentratron can be ex-
pected in markets with smaller populations,

Concentration, State Banking Laws and Market
pace — In any given market,” a reorganization of
sellers that reduces their pumber or increases the mar-
ket share of one large firm rienerally increases the
H-Index vaIuefortha market. ncommercral banking,
the merqrn g of two of mor prevrousx com etrng
banks Into a multibank holding company. generally
would increase concentratjon. Srmrlarlg an rncrease n
the number of branches in a market by a large bank
would increase concentration if it draws deposits away
from smaIIer banks, Thus, in principle, Iegrslatron
allowing multibank holding companies or branching
would be expected to incréase concentration.

On June 30, 1981, there were several different leg-
islative environments within which Eighth Distrit
banking organizations oPerated Illinois allowed
neither braniching nor multibank holding companies;

Pne -tailed test, is 34.57 for
%ateﬁ markets com arrsarh
the chi-square statistic wit

§va|ue ofth teat stafj étrc usin
R TR
jkLid

two r?egreg fe Preedom orl
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Arkansas, Indiana, Kentucky and, MISSISSng_I allowed
limited branching but not ‘multibank holding com-
panjes; Missouri allowed multibank holding com-
P,anjes but not branching; and Tennessee allowed both

imited branching and nultibank holding companies.!

To test for the effect of state banking laws_on local
market concentration, three market groupmqs are
evaluated using multiple regressign analysis. Tn the
first %roupmg, e H-index values for the 164 markets
that o not Cross state lines are regressed on market
population, a multibank holding ‘company dummy
variable and a branching dummy variable. In the
second and third groupings, the H-index values for
local markets are régressed on market population, the
multibank holding”company dummy varigble, the
branching dummy variable and a “square miles” vari-
able, introduced fo capture the effect on concentration
of physical space within a market. All else equal, it is
exPected that the greater the %eograp,hlc size ofa mar-
ket, the larger thé number of firms it can accommo-
date, and the lower the concentration.

The space variable is measured in terms of square
miles of county rather than square miles of market as
defined by competitive relationships, Therefore, the
second grouping is limited to the 120 Eighth District
local commercial banking markets that do not cross
state [ines and that are made up of one or more whole
counties. The third grouping is composed 0f598 sne)gle
counties in the states encompassing the Eighth Dis-
trict, except Mississippi, for which there are inade-
quate data.13 Market areas within these states but out-
side the Elghth District are included in this grouping.
Itisimplied in the third grouping that, in all instances,
the relevant market '3 equal t% a smgle countz. This
grouping 1S Introduced to test the effects of staté bank-
ing laws, population and space on local market con-
centration usm? an alternative criterion for defining
relevant markets.

T i S

Ing.
hank’s hgme office.
IsThe ohservation date for the third grouping of markets is Decem-
%er 301, %9821. Qroé%q dfrposllt ata arqe ?r m gwq(r.t of%on J'[ICOH,”
Decemper 31, 1931. Total deposits for each bankin orga_mzau n
In Mississ I?J onthis date are Jiste accgrdm to the'location ofthe
Brganhzatl S main office and are not disaqgregated accor ng {0
ranches In di 0

co¥nt atagre ?r%]EhCeowéiOeSCeﬁgtﬁ)fu(l) t&’%pﬁﬁ%tiosrgggmc?sl .|este

re whole

markets in the second grouping that equal two or
?'the q ﬁ ofthe square

CO,lIJntIe?, the Size 0 arket s equal to the sum
miles of the relevant counties.
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The, regression equatlon for each grouping is calcu-
lated in 1tS natural oq form, and the results are pre-
sented in table 4. As illustrated, the explanatory vari-
ables have the expected signs. For each grouping, local
market concentration iricreases with” decredses. in
Populatlon_ and with the introduction of state banking
laws allowing multibank holding comﬁanles and lim-
ited branching. In the second and third qrou_pmgs,
where size ofcounty is introduced, concentration in-
creases as the space within the relevantly defined mar-
kets decreases.

. Unfortunately, there is some variation in the statis-
tical significance attached to these variables in exPIam-
mq levels of local market concentration. Population
within the relevantly defined market area is a signifi-
cant explanatory variable irrespective of the market
grouping chosen. This supports the conclusion of the
Nonparametric test of population and concentration
presented in the preceding section,

. The presence or absence ofstate branching laws also
Is significant in explaining local market conCentration
using each market grouping. Its statistical mgmflcance
declines somewhat; however, when applied to the 120
Eighth District markets that cover one or more whole
counties, compared with its impact in the other two
groupings.

The performance ofthe size ofcounty and multibank
holding company variables is mixed. Size ofc_ountg IS
significant for the 598 county markets grouping, but
not forthe 120 EI?hth District markets covering one or
more whole counties. Likewise, while multibank hold-
Ing company laws are statistically significantin explain-
Ing concentration where markets “are defined to be
sifigle counties, they lose thejr expla_nator}/ power
when a[o lied to the ‘two ﬁroupmgs derived from the
Federal Reserve Bank of St. Loui$ market definitions.

Thus, the results of the evaluations squest that
branching laws tend_to S|gn|f|cantI¥ Increase local mar-
ket concéntration. The impact of multibank holding
company laws is unclear; its significance depends upon
how the market is defined.

~ The results in table 4 indicate the problems inherent
n d_etermmm? useful definitions o bankln? markets.
While the explanatory variables perform bestwhen the
markets are defined dlong single county lings, the cate-
gorical definition ofa colinty as a market is conceptu-
aII[y empty. It takes no account of the actual state of
interseller rivalry; yet, the notion ofinterseller rivalry
represents the un _erlﬁln?, reason for measuring mar-
ket concentration in the first place.
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Table 4

SERVE BANK OF ST. LOUIS

Evaluation of Factors Affecting Local Market Concentration

Grouping One:

Grouping Two:

Grouping Three:

164 Eighth District Local Commercial Banking Markets That Do Not Cross State Lines

In HERF = - 0.1928 - 0.3748 In POP + 0.0861 MHCD + 0.2570 BRND

(1.46)  (9.99)* (1.28) (3.92)**
R2 = 0.4015

120 Eighth District Local Commercial Banking Markets That Do Not Cross State Lines
and That Consist of One or More Whole Counties

In HERF = 2.8828 - 0.3497 In POP - 0.1009 In SQM + 0.0932 MHCD + 0.1785 BRND
(5.47y*  (6.57)* (1.24) (1.22) (2.42)*
R2 = 0.3811

598 Counties in Eighth District States, Excluding Mississippi

In HERF = 2.5602 - 0.3170 In POP -
(10.48)**  (19.50)**

0.1289 In SQM + 0.1177 MHCD + 0.4742 BRND
(3.45)+ (3.56)* (13.92)*

R2 = 0.5559

OCTOBER 1983

Absolute values of t-ratios shown in parentheses.
** = significant at the one percent level.
* = significant at the five percent level.
HERF = H-index value in each market.

POP = Population within each market.

SQM = Square miles per county or counties.

MHCd = 1, if market is located in a state which allows multibank holding company acquisitions,
= 0, otherwise.

BRNd = 1, if market is located in a state which allows limited branching,

= 0, otherwise.

SUMMARY AND CONCLUSIONS

b Tlr(1e ma Orlitt y of E}I] h}dp Dlstrlcttlotcadl corrgﬁne{mal
an arkets are highly concentrated, as the term
|sdeg|ngen1) the Dep ar? e/nt o?Justlce Also, refatlve

higher eves of concentratlon can be expected in
IocaI markets with smaller popu |ations of users, and
located in states that allow limited branc mg
effects on concentration of state multibank oId|n
company laws and the physical size ofa market, how-
ever, are amhiguous.

In 1982, banking and finance ranked first among 50
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industries for merPer activity.9This, coupled with the
extent o which focal banking markets faI into the
“hq(hly concentrated" cate?ory suggests that future
mer ers and acquisitions may well be likel
candidates for closer sCrutiny by thé Department of
Justice, Ifthis becomes the case, It wil] underscore the
need for a clearer understanding of the mpact on
measured concentration in a market of state branchmg
and multibank holding company. laws, population an
R}hg/?(cal space and altérnative criteria for defining that

9ohn Marris, “Banking Had More Mergers In ‘82 than Any Other
Group,” American Banker, January 19, 1983, p. 2
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Forecasting the Money Multiplier:
Implications for Money Stock Control and

Economic Activity

R. W. HAFER, SCOTT E. HEIN and CLEMENS J. M. KOOL

0 ne apﬁroach to controlling money stock growth
Is to adjust the level of the mongtary base conditional
on projections ofthe money multiplier. Th at IS, givena
desired level for next perigd’s money stock an apre-
diction of what the level of the monéy multiplier next
period WI|| be, the level ofthe adjusted base needed to
achieve the desired money stock IS determined re-
sidually. For such a contfol procedure to function
properly, the monetary authorities must be able to
predict movements in the multiplier with some
accuracy.l

This article focuses, first, on the problem of‘oredlct
mo movements in_the multiplier. Two models’ capa-
bilities in forecastmg the MI mone muIttgher from
January 1980 to DeCemper 1982 aré compared. One
procedure is based on the time series models of Box
and Jenkins.2The other model, a more general one, is

&cottE Hein |s assocat roes or offinance at Texas Tec
IVersity, eme o% |sa ass ntl\o o]eslsoro
nomtc at rasmus | 3| 0 er am, etherfands
?]ar}hc de Swritten essor etnwasasentoreconomtst

at the Federal Reserve t Louls.

%Eee?ftstherees%h't%hathehﬂtért" deie")p ‘ [[””'“P R re(its“”ﬂ
%rrhitortet ICK thtfoFrt]ee |eSvtv0 ctt?F E) ga/nE i)tj] n écatt%ng
recentatte ich almost exc SIvely ave Used o erformo
Me:Serles [\ﬁode frere resent 1Dy étar oLmE
ohcth oneﬁ t.itl[ﬁler Stu orte and the
thetlands,” Jodr congmics (Jul
L fad o e Bl
?ﬁ % |erB ourna[o onetar FC000 'tﬁ(seeclh an
%%]ot i }naA u‘“ tIler Ec%nomt(t):r JS ﬁ[’ oney
anthcég ?anntanqaw tapna Na A on%gd%k%1 trgl
nb epp étnthes Tihirtscha thc es

Zoranin- depth discussion ofthese models, see George E. P. Box
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based on the technique of Kalman filtering.3 Although
the Box-Jenkins type of model has been Used in pre-
vious studies to forecast the M I myltiplier, this study is
thg E)trrgt) teomemploy the Kalman filtering approacti to

The second purpose ofthis study is to use the multi-
plier forecasts in a simulation experiment that imple-
ments the money control procedure cited above,
Given monthly money multiplier forecasts from_each
ofthe forecastlnP methods, along with Rredetermlned
hypothetlcal MT growth targets monthly and quarter-
Ipyerl\g growth rates are simulated for the 1980-82

00

Finally, the importance of reduced volatility of the
quarterly M1 %rowth Is examjned in another simula-
tion_experiment. Using a reduced-form “St. Louis”
GNP equation estimated through [V/1979, nominal
GNP s simulated for the 1980-82 period using actual

M, desired M1 and the M1 growth rates derived from
our forecast/control procedure simulation, The out
come shows that the volatility of simulated G

rowth during the 1980-82 period is halved when the

| growth simulated from our forecast/control proce-
dure’is used in place ofactual M1 growth. This finding
indicates that, other things equal, reducing thé

dG M. Jenkins, Ti Analysis, F ting and
a0 G MBI den%gymlsnc img Bertes nalysis, Forecasting an

3KaImFan filteri r] was mtroduced first i m] the field of en meennr?
'L\ roac ]EO Inear d
regtctton o em oura a3|c n |ne r|n . 0.
man an Bucy, ew estlts i Lingar

e e G
iC Jqf etjho[da Nozer glgt% urwalla, “Understanding
tﬁejKaman F ter,” T eAmertcan ttstman (May 1983), pp:
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uarterly volatility of money growth would tend to
Sroduceymore stahlle econo nflrcggrowth

THE MULTIPLIER FORECASTING
MODELS

Box-Jenhins Model

The first forecasting strategy considered is based on
the techniques of Box'and Jenkins (hereafter BJ), This
approach requires the identification and estimation of
the apProprrate model before predicting the money
multiplier. A consideration of the autocorrelation and

artial autocorrelation function suggested an ARIMA
, 1, 1) process. Estimating this model for the Penod
anuary 1959 to December 1979 yields the fol
relationship:

() mt—m
SE = 0,011

owing

mt ! = —0.002 + 0.203t" + et,
(-4.40)  (431)
Q@30) = 415

where mt is the MI multiplier (M1 divided by the
adjusted monetary basez stis the unforeseen current
shock to the change In the multiplier, et_i is the un-
foreseen shock to the change in the multiplier fast
Perrod and the value —0.002 is a negative drift in the
evel of the multiplier.4

Equation 1 suggests that changes in the multiplier
can be explained partraIIy bythe error in the multiplier
process [ast month (et”i). The reported t-statistic,
Wwhich appears in garen“theses below the respectrve
coeffrcrent estimate, reveals that last mopth’s error
exerts a statistically significant effect on the current
chanqe inthe multiplier. Moreover, the constant term
revedls a slight negative, but statrstrcally significant,
trend in the level ‘of the multiplier. Finally, the Q-
statistic indicates that the model’s residuals pass. the
test for white nojse.5The moving-average model grven
Rxequatron 1will be used subsequently to forecast the

| multiplier.

ernv romte eVe and |rst erence ofthe multiplier

rst rences ecrfrc nwa f\osen ecause the autocor-
re atronso e level enes f the statlonarity charac-
teristic necessary to proper y analyze tr e Series.

AThe Q-statistic is used to, determine if the estimated model ha
géansnsrtrlncelst}re eITor Series Jnto w:%ne Porse Ince t ere lrteri

4f his irpodel {/ s |dent|f ed f om a exa ination ofthe autooorrela-
e

ess than t X ical x2 value att ercent o
one, cannot reject the el of white né)rse resjauals
nd therefore teabproprrat ness of the estimated model.
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Kalman Filter Model

Multiplier forecasts also are derjved from a general

Kalman frltenng model, the so-called Multj-State Kal-
man Filter (M KFZ method.6 This technique 1s de-
scribed in more defail in the insert.

The MSKF madel used here is a set of four parallel
models, each eourvalent to.a different ARIMA (0, 1, 1)
specrfrcatronw h the coefficients frxedaprrorr Thesé
models are used to srmultaneously distinguish among
four types of shocks to the_multiplier: small or large;
temporary or permanent. Thus, unike the RJ proCe-
dure, the MSKF technique tries to identify the nature
of the drfferent shocks and use this information in
forecastrng Given this perrods prediction error ang
]grven the” “state” of the system represented by a

ormer information, the MSKF algorrthm determmes
the probability that the shock was large or small, the
proPortron of this forecast error that siould be viewed
as temporary, and the portron that is likely to be
Bermanent Once this evaluation is made, th proba-
llities associated with the four different states are re-
vised, and the weights associated with each are ad-
justed accordingly.In this way, the MSKF method
allows the forecaster to reassess the structure of the
forecasting model as new data become available.

Since the RJ method has been shown to work well
and the MSKF procedure appears more flexible in
evaluating.new information, the MSKF method should
be useful’in forecasting the multiplier.

FORECASTING THE MULTIPLIER
USING ROX-JENKINS AND MSKF
METHODS

The MI multiplier was forecast, ex ante, for the
period Ja a 1980 to December 1982 using the BJ
and MSK m odels. In each case, the forecasts are
dg ItreJ\r/Jemnsen a|s meth IS reﬁente IgrtD J. Har_rr)rrsgna{fl(rflc

eratronaIReseﬁrym r 2 5? Zfl'ln% 5@% %

ournal o ﬁ |st| Socre ﬁ j

g Forecastrn% catl ns are uar

ﬁFctn the Pri g&. e(i I-?N? dthat an esAt me "In
eran @ eltzer, eds., Economc Porc |na
ane arnegre oc ester onf erence erresg

IrcP tu n19 h’ uarg Bomhoffan em

rbs ar | roce Ses an

A rrft an

il e
Moneotzgrﬁ/4 Fgfﬁéeter dplrJtewer[r Elzg ch éé w{g'g"ﬁt and

e e 1o

ttron
gg; Journa Monetary co
nomics

23



FEDERAL RESERVE BANK OF ST. LOUIS

OCTOBER 1983

Exposition of the MSKF Model

The MSKF model used to describe the behavior ofthe
M1 multiplier is of the form

(A) m =m + et
and
(A) in, = m"- + 4t

This model suggests that the time series of the multi-
plier’s growth rate (mt) is subject to two kinds of shocks:
one is a temporarY level shock, represented by et, the
other a permanent level shock, qlven by Ye1Thus, the
model shows that the unohservable expected value ofthe
multiplier (%) — sometimes referred to as the “perma-
nent” value — behaves as a “random walk” over time,
where 7, represents once-and-for-all shifts in this expecta-
tion. Equation Al indicates that the actual multiplier (mt)
will fluctuate randomly about this permanent value, since
e, only affects the realization ofthe multiplier but not the
underlying expectation.

Equations Al and A2 yield an ARIMA (0, 1, 1) repre-
sentation by shifting equation Al one period backward in
time and subtracting the result from the original equa-
tion. This transformation along with equation” A2 results
in
(A Amt=g - et !+7,

The ARIMA (0, 1, 1) model can be written as

(M) Am = (1 —<¢Ba,

~ Writing out the autocorrelation function ofboth equa-
tions A3 and A4 reveals a unique correspondence be-
tween the specification ofthe variance ofe, and 7, on the
one hand, and ofthe moving average parameter s5and the
variance ofot, on the other. Specification ofequation A3in
terms ofpinning down the values ofthe two model param-
eters var(et)and var(71) unliuely determines the values of
Pand var(at) in e?uatlon Adand vice versa. Sothere isan
equivalence in functional form hetween the ARIMA
(0, 1, Iy model that is used in the Box-Jenkins estimation
technique and the model we use in our Kalman filter
algorithm. In methodology, estimation and forecasting,
however, there is a substantial difference between the
Box-Jenkins technique and the Kalman filter approach.

_The application of the Box-Jenkins technique to equa-
tion A4 essentially reduces to estimating the parameter 4
and the variance of at, both of which are assumed to he

Th termi e, and 7, are éissumed to be mutually independent
and serially uneorrelated error terms.

Table Al
Model Specification
Model d Var(E) Var(-yt) Var(at)
Small temporary 0.95 0.95 0.0025 1
Small permanent 0.05 0.05 0.9025 1
Large temporary 0.99 15.84 0.0016 16
Large permanent 0.01 0.16 15.6816 16

constant for the whole sample period.2 Even a recursive
Box-Jenkins technique combined with the weighting of
[J_astobservatlons would not really change the characteris-
ics ofthe methodology, although the ability to detect and
describe slow movements of 4) and var(at& over time
would increase. The MSKF method goes beyond this
because it allows for feedback from the data to the fore-
castlng_Procedure.. In this way, the MSKF model can
cope with changes in the mixture ofpermanent and tran-
sitory shocks over time by changing the probabilities
associated with the occurrénce ofthese shocks.

The MSKF method isimplemented by using four sepa-
rate representations of equations Al and A2. For each
model, the ratio between the variances of et and 7, is
specified a priori. This is eguwalent to determining the
i)arameter $in equation A4, During the estimation the
evel of the variance of e, and 7, or, correspondm?Iy, the
variance of at is computed adaPtlverrfrom the_ torecast
errors by means of a robust method. The specific proce-
dure used is discussed in more detail by Kool.3

_Table Al presents the correspondence between e?ua-
tions A3and Ad. Ascan be seen from the table, each ofthe
four alternative Kalman filter models can be viewed as
having a fixed parameter (®that corresponds to a certain
time series process. Using equation A4, the expectations
of m, at time t—a can be written as

Applications of the Box-Jenkins approach fo forecasting the

nﬁlﬁ)lti{ﬂl{er can be ?ound |Jn BomthR Q‘,redtlct{]ng the Mone

Ivllflt Ip,,ler; J havrclnesartld Rasdd%e, Predicting th M%e Mul-
wﬁle; and R.'W. Hafer and Scatt E._Heirr, “The Wayward
oney Supply: A Post-Mortem of 1982.

Bl

ecursive Prediction Error , e
Eﬁmﬁoﬁv “Predicting the Price Level in'a World t i

the Time,” pp. 39-51.
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(A5) Et ! [mi]

mti- (M(m-!- Et 2(m-))]
(L - Hm I+ <JEe_2

Thus, for each model the expectation of next period’s
m, isa weighted average ofthe [ast observed value (mt_i)
and the prediction for mt_i, made attime t —2. The lower
the value of € the more weight |s_gi|_ven to the observed
value mt_xand the more probable it is that the difference
between'mt_xand its prediction iscaused by apermanent
shift. A h|H_h value of &, on the other hand, indicates that
there isa |ghp_robab|llty that differences between mt_x
and its expectation are ofamore temporary nature. In this
case, it is best to largely ignore these prediction errors
and not to incorporate them into next period’s prediction.
The first model in the table Al, the small temporary shock
model, is such a representation. It has a & parameter
value of 0.95, indicating that only 5 percent of this
Perlod’?gredmtmn error 1s incorporated in next period’s
orecast.

Atfirst glance, the simultaneous use offour ARIMA (0,
1, 1) models, each with an a priori fixed coefficient, does
not seem to be a(l;reat improvement compared with a free
estimation ofthat moving average parameter by means of
the Box-Jenkins method. There 1sroom for improvement,
however, asthe actual forecast ofmtin the next period isa
weighted forecast of the four Kalman filter models used.
The weight attached to each ofindividual models for next
Perlod’s prediction is equal to the &posterlor) probability
that the multiplier process at that moment in time is
indeed described by that model. These weights can vary
con3|derabl¥ over time and even from period to period.
Moreover, the Kalman filter composite forecast can be
described as the forecast of a single ARIMA model with

L e

the varlgrbce 0 ichin t%C% IS¥J ated a

3 Ively as arque
hove, Observations more than, t ostanddr evigtions awa
Vr\?m hhe expected value ofa variable are defined to e%tjer.

?c 008¢ the varjance ot the two IarPe error mgdles times
as large as the variance of the normar error models.

one-step-ahead predictions ofthe multiplier, based on
data through the most recent month.7 Specifically,
suppose a forecast for the June 1981 m_oneymulnpller
Is desired, Given the parameter estimates in, sa}/,
equation 1, the data through May 1981 are used to

- h%nRevwvs
a

i

TThis procedure is gsed in R. W. Hafer and ?coté
v&ﬁb uppl
81), pp.

- A Post-
gl B AR
_(ir}trolla e’Is Money Growth?” this Review (
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the parameter free to change from period to period.5 In
this respect, the use of four fixed models in fact increases
the flexibility ofthe method in describing the multiplier
Process.

“The feedback from data to the forecasting models pro-
vides us with a tool to aid in fprecastmt{; a given time
series. The data provide information on both the posterior
weights ofthe respective models and on the current value
ofthe parameter 4 which is relevant for forecasting next
period’s multiplier. The data also contain information
concerning the probabilities that each model will ade-
quately describe the mthﬁIler’s behavior in the future.
In general, it is true that the probability — posterior to
the observation ofthe multiplier value in period t — that
model | is describing the multl{aller process correc_t_ly, IS
calculated as a combination of the a priori probability at
time t—1that model j will be the right model to describe
the process in period t and the information contained in
observation mt. This combination determines the poste-
rior probability for each model and at the same time the
weight of each model in next period’s forecast.

The feedback from data to the model can take place by
using the data a second time looking back at period t—L
afterthe observation ofthe multiplier value in'period t. It
is highly probable that the combined information of
observations of periods t—1 and t will give a better eval-
uation of the state of the process in period t —1 than the
observation of period t—1 alone. So the Fosterlqr prob-
abilities for period t—1 are recalculated, using the
observation at time t. These recalculated probabilities
then are used to ad_{_ust the ﬁrevamng prior probabilities.
The prior probabilities for the various models can be said
to be updated adaptively over time as new observations
become available, thereby influencing future forecasts.

PI’OCGSSE IS again ﬁ movl H average QFOCGSS under telati g
OOS?COHdItIO S, whereny tfhe mov 8 verfa%e parameter of{

resultin PFOCE%S ISa non-linear junction orthe wejghts and the
garame s of the varjoys models, Fﬁ \ﬂ E. Rose, “Fore-
s ¥ rocesses, Journal

sonm s e

5The weighted sum of a sHecified number of movinge?verajge

construct the June forecast. This data set is then up-
dated to include June to construct the July forecast,
and soon. By contmuaIIY updating the information set
available to the forecaster, the procedure used here
cIoseI){ imitates the process hy which a policymaker
actually would generate multiplier forecasts.

Chart 1 plots the multiplier forecast errors (actual
minus predicted multlpller?1 for each of the two proge-
dures. As shown there, the errors follow a similar
pattern during the sample. The forecast error derived
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from the MSKF procedure is closer to zero, on aver-
age, than using BJ. The largest forecast errors for hoth
models come in March-April 1980. During this period,
when special credit controls were endcted by the
Carter administration, the actual multlgl_lerfell sharrP-
ly from 2.603 in February 1980 to 2.578 in March and

524 in April. This decline, though small in absolute
magnitude, is quite large compared with other changes
in the multiplier.

To assess further the relative capabilities of the two
forecastm? procedures, summary forecast statistics
for 1980 fo 1982 are presented in table L Turning
first to the full-period results, the notion that the
MSKF procedure, on average, produced beter fore-
casts than the BJ model is Corroborated statlsnc,alh/:
the mean error (ME) from the MSKF model is 75
percent smaller than the mean error from the BJ mod-
el. In both cases, however, the mean error is quite
small, indicating ver}q little bias in either forecasting
procedure. Indéed, the Theil decomposition statistics
Indicate that less than 5 percent ofthe forecast erroy is
due tobias (B). Further, there isa 13 percent reduction
in the mean’absolute error (MAE) and a 9 percent
reduction in the root-mean-squared error (RMSE) for
the MSKF procedure relative to the BJ approach.
Thus, the evidence in table Ldemonstrates the relative
superigrity of the MSKF procedure over the Bl
method in“forecasting the multiplier.

. The full-period results indicate that an improvement
in the multiplier forecasts can be attained by using the
MSKF procedure. This im rovement], gauged on a
year-hy-year basis, varies, For example."In 1980 the
reduction in RMSE gamed_ bg using the MSKF model
IS 4 percent; In 1981 it Is 26 percent; in 1982, 15
percent. The characteristics of the forecast errors also
vary from year to year. For example, in 1981 bias
accounted for 42 percent ofthe BJ forecast error, com-
ared with onIY 17 percent for the MSKF model.
hile in_1982 the fraction of error dug to bias was
reduced for the BJ model from the previous year, this
fraction is still higher than that of the MSKF model
and, as chart 1indicates, the BJ procedure underpre-
dlc&eoll the actual multiplier more often than the MSKF
model.

. Given the behavior of the money multiplier, the
|m§)roved relative performance ofthe MSKF model in
1981 and 1982 1s not too surprising. As indicated in
chart2,1981 and 1982 were the firstyears since 19591n
which the money multiplier grew. Over the previous
years, there was a consistent negative trend in the
multiplier. Aswe saw before, this trend is significant in
the BJ model (—0.002), and its assumed continuation
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Chart 1
Box-Jenkins and Multi-State Kalman Filter

marks this fqrecast procedure, Because the multiplier
did not continue to decline, the BJ forecast underpre-
dicted quite frequently.

As suggested, the MSKF mode| adapts more easily
and more,raﬁldlx to chanl\%ml%condltlons. Thus, itisnot
too surprising that the MSKF model tends to under-
Bredlct the money multiplier less than the BJ model.

robably the mast strl_kln% feature of the forecasts,
gwen thie shar%) break in the multlﬁller trend, is the
dmaII degree ofbias derived from either forecast proce-

ure.

The forecast evidence on the whole indicates that
the MSKF madel provides relatively more accurate
one-step-ahead forecasts of the money multiplier than
the BJ model. It should he noted, however, that this
improvement is small relative to the absolute forecast
errors. Even so, the evidence suggests that more accu-
rate forecasts of the multiplier ¢an be made; we now
consider the policy relevancy of this finding.

MONEY GROWTH: 1980-82

The growth of the money stock during the past few
%/ears has been the subject of heated debate. Some
ave argued that the large swings in money growth
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Table 1

Summary Statistics for One-Step-Ahead Multiplier Forecasts:
January 1980-December 1982

Summary 1/1980 —12/1982 1/1980 —12/1980 1/1981 - 12/1982 1/1982 - 12/1982
statistics1 BJ MSKF BJ MSKF BJ MSKF BJ MSKF
ME -0.0036 -0.0009 0.0009 0.0023 -0.0068 -0.0035 -0.0048 -0.0015
MAE 0.0134 0.0116 0.0185 0.0165 0.0083 0.0069 0.0132 0.0115
RMSE 0.0168 0.0153 0.0226 0.0216 0.0106 0.0084 0.0148 0.0129
U 0.0065 0.0059 0.0088 0.0084 0.0041 0.0033 0.0058 0.0050
B 0.0459 0.0035 0.0015 0.0112 0.4200 0.1741 0.1049 0.0132
\% 0.0228 0.0021 0.0061 0.0009 0.0332 0.0954 0.0549 0.0262
Cc 0.9314 0.9944 0.9924 0.9879 0.5468 0.7305 0.8402 0.9606

IME isthe mean error; MAE is the mean absolute error; RMSE is the root-mean-squared error; U is the Theil inequality coefficient; B, Vand C
represent the amount of forecast error due to bias, variation and covariation, respectively, between actual and forecasted series.

HIHAIHIHIHHHHAII

Chart 2
Level of the M| Money Multiplier
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resulted from erratic changes in the Rubllcs demand
for money.8 Others have sug?ested that certain tech-

nical changes, such as implementing contempora-

negutshreser\{e actcountln? rewsmgdlscountrate pohcti Table 2

and the restructuring of reserve Tequirements, mus : )
B matie I order {0 better contol the mongy stock, - Growth Rates: 1980-82

Table 2 reports the monthly and quarter| rowth ot e eod e
rl%t8e§ ontI]\/IIfgr tﬂle erlothJantttlar éthto D)ecgep ert Pl/lg:O 7;60/ e t
e monthly growth rates indicate a significan 66% .
degree of Varlabllyt)? in the serles Durln% 1980, for ey 11980 7.03%
example, th eaverage monthly growth rate or M1 'was 4/1980 -21.53
7.18 percent with & standard deviation of 12.50 per- 5/1980 6.38 11/1980 -3.84
cent. Tlhtst retlhatlvey talgh dtegree of variability hsddue 6/1980 1727
rimarily to the large downturn in money grow -
|pngthe ebruary- Agprllperlod when the%geual credit  guose  re 10 109
controls were implemented. 10/1980 10,60
The years, 1981 and 1982 show ¢ reduction in morey isse 60 V980 1
growthi variability. 1, the avera%e mont 1y
8rowth of M1 dec ned t0656 percent with a stan ard V1981 7.80
eviation 0f 5.97 percent. In 1982, average monthly 2/1981 9.62 111981 4.97
maney growth and variability, although smaIIer than e -
1980, 'showed some increase over 1981> mongy growth 51081 000 %1 005
SX?ES%EO' 6.56 percent with astandard deviation'0f6.80 6/1981 056
7/1981 6.02

8/1981 541 111/1981 3.17

The quarterly growth rates in table 2 also indicate an 9/1981 1.01
erratic pattern”to money growth. During the three 1011981 -0.55

ears examined, the standard deviations 0f quarterly 1as61 7.44 IVi1981 3.24
| growth are 8.60 percent in 1980, 2.85 percent in 121981 1373
1981 and 4.71 percent in 1982. 11982 2147
2/1982 0.54 1/1982 10.99
3/1982 1.62
4/1982 1.89
5/1982 8.60 11/1982 3.22
SIMULATING MONEY GROWTH O ioos P
Ithas been ar?ued that policymakers could achleve a i oo e 628
morg stable paltern of quarterly money dqrowt 10/1982 15.22
Implementing the foIIowmg control procedu 11/1982 14.45 IV/1982 13.74
1) In[Jenodt using all available information, a forecast 121982 i
of the money multiplier for period t+ 1 is made.
2) G|v1enhth|s forecastfar(tjd thedlevel of Mlbdesned in
tzrt e %rgr?eljyngt%cﬁ usted monefary hase o Sup. |s”thre result solely of a money multiplier forecast
: hange 0 achieve i new Gesired level. Thus, any erro
deviation of the money stock from the desired Ievel 3) In period t+ 1, the forecast of the multiplier is re-

calculated fort + 2, takmglmto accountmoney multi-
plier information available through period t+ 1

4) Againint+ 1 the adjusted base necessary to achieve

ThlsveW|sdtsputed tE Hein, “Short-Run Money Growth the desired money Stock in t+ 2 is calctlated.
oat y u¥ nceoj havin N&or‘ey Deman % chs Reglefv[v
lune ay enneh CEllss 5082 The process continues month by month, always
e % tC Orrtga, attempting to achieve the desired level ofmoney stock.

garch
%r t 'E) g% cool EEC Clearly, an accurate money multipfier prediction is
'é%ntnst%' ranusco Eonamic ewewl 5?% 19 %trs erge |mpor¥ant for this control %rocedupre topachleve the

Digitized for'l?:%ASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



FEDERAL RESERVE BANK OF ST. LOUIS

Table 3

OCTOBER 1983

Simulating M1 Growth Using Box-Jenkins Multiplier Forecast:

January 1980-December 1982
(seasonally adjusted)

Targeted Actual Forecasted
Period M1l multiplier multiplier
1/1980 $390.7 2.5955 2.5866
2/1980 392.3 2.6026 2.5909
3/1980 394.0 2.5783 2.5973
4/1980 395.7 2.5235 25811
5/1980 3974 2.5266 2.5364
6/1980 399.1 2.5373 2.5270
7/1980 400.8 2.5508 2.5324
8/1980 402.5 2.5715 2.5437
9/1980 404.2 2.5812 2.5620
10/1980 406.0 2.5837 2.5739
11/1980 407.7 2.5605 2.5789
12/1980 409.4 2.5514 2.5632
1/1981 416.1 2.5612 2.5523
2/1981 418.1 2.5698 2.5566
3/1981 420.2 2.5853 2.5641
4/1981 422.2 2.5964 2.5775
5/1981 424.3 2.5870 2.5892
6/1981 426.3 2.5789 2.5854
7/1981 428.4 2.5806 2.5784
8/1981 430.5 2.5843 2.5778
9/1981 432.6 2.5834 2.5804
10/1981 434.7 2.5807 2.5804
11/1981 436.8 2.5824 2.5784
12/1981 439.0 2.5918 25791
1/1982 442.0 2.6096 2.5862
2/1982 4435 2.5866 2.6012
3/1982 444.9 2.5826 2.5882
4/1982 446.4 2.5689 2.5819
5/1982 447.9 2.5661 25701
6/1982 449.3 2.5515 2.5649
7/1982 450.8 2.5542 2.5528
8/1982 458.3 2.5603 2.5516
9/1982 453.8 2.5733 2.5558
10/1982 455.2 2.5881 2.5665
11/1982 456.7 2.5987 2.5802
12/1982 458.2 2.6088 2.5916

'Billions of dollars.

desired money stock objectlve In this regard, the
MSKF approach should yield a arterymoneystock
series of lower variability than the BJ model.

Before examining the simulation results, it must be
noted that the control Rrocedure |scussed here is not
designed to reduce the monthly varia ||t¥ in Ml
growth. The objective is to achleve a monthly target
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Simulated M1 growth rate

Simulated Simulated
basel M11 Monthly Quarterly
$151.0 $392.0 9.67%

151.4 394.1 6.63 5.32%
151.7 391.1 -8.70

153.3 386.9 -12.35

156.7 395.8 31.76 211
157.9 400.7 15.77

158.3 403.7 9.32

158.2 406.9 9.95 12.15
157.8 407.2 1.02

157.7 407.5 0.72

158.1 404.8 -7.70 0.65
159.7 407.5 8.52

163.0 417.6 10.50

163.6 420.3 8.15 5.10
163.9 423.6 9.99

163.8 425.3 4.83

163.9 423.9 -3.87 4.19
164.9 425.3 3.90

166.2 428.8 10.41

167.0 431.6 8.11 6.09
167.6 433.1 4.32

168.5 434.8 4.66

169.4 437.5 7.81 6.29
170.2 441.1 10.37

170.9 446.0 15.85

170.5 441.0 -12.73 6.64
171.9 444.0 8.42

172.9 4442 0.46

174.3 447.2 8.44 2.20
175.2 447.0 -0.49

176.6 451.1 1151

177.2 453.8 7.62 7.20
1775 456.9 8.36

177.4 459.1 5.93

177.0 460.0 247 5.58
176.8 461.3 3.37

and, because the procedure attempts to correct errors
In money growth each month, the month-to-month
variability in the simulated.growth rates may be Iarge
An important feature of this control Proce ure, how-
ever, isthat it alters the distribution o monthIY ?rowth
rates |n suchaway that growth rate var|ab| over
guarteré or longer time horizons is likely to e re-

uced. Given eX|st|ng empirical evidence on the rela-
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tionship between real economic activity and quarterlgl
money growth, success can be measured in terms of
the réduction In the variability of hath the quarterly
money growth series and In economic activity. Table 4

Variability of Actual and Simulated
M1 Growthl

Monthly Quarterly

Money Growth Simulations: Box-Jenkins
Multiplier Forecasts | | _ |
Simulated using: Simulated using:

The money multiplier forecasts generated from the :

BJ model, rgportedpm alle L arb Used 10 SMUlls " Ao B M A w0
money growth from January 1980to December 1982,9 1980 1249% 1204% 1290% B62% 5.12% 4.15%
Table3summar|zes the résults using these forecasts 1981 507 416 406 285 097 126
and the control procedure described above, The pos- los2 680 724 75l 471 224 184
Ited? Melrcge%q[WtGhotoarpgee Ij[(slei;]q[r a:};lgds(‘)l 0]09%% rggﬁt 1?g§pgze 1Variability measured by standard deviation of growth rates.
|ve)JO

The results in 2ble 3 ndicate that, on.average, the __ Simulated M| based on the BJ multipler forecast
5|mu ated evel of ML s close to the desired amount.  increases at a slower 8.2 percent rate In early 1080,
The argfest |screpan0|es occur in early 1980, the  then declines at a 105 Percent rate from February
erlo orth espema credit controls, Forexam?Ie the  through April. In May, the simulated M| f'?ure ré-
Simulaeg level of ML i April 1980 is more than $8  bounds sharply as the procedure attempts to offset the
billion below the targeted level. As explained, the  errors of the previous two manths: during the period
monthly growth rates for the simulated series are ex-  April to August, simulated M1 growth averages 16.7
pectedly erratic under this control procedure, Com- percent Finally, in contrast to the 6.25 percent ate of
Rared viith the actual M1 growth rate data in table 2, actual M| growth during the final four months of 1980,
owever, the pattern ofgrowth rates is quite different.  simulated | averages only a 0.64 percent rate of
For example, in 1980, actual M1 increased durlng the  growth.

flrst two months at an average rate of 10.7 percent.

continues throu houtthesam le. For comparison, the
{ﬁ‘};eré’aseﬁQ?gﬂcg%rgggr}‘aépg'f'{gélé%%ten'\{'&nséeagy varjabilit ofthg actual and s?mulated mo%ey growth

series are reported In table 4. In each year, the
Ingthe fastofthe year, Increased at .25 ercent et vanabﬂﬂyoftﬂe simulated growth rate serle)é is about

the same"as the actual growth rate of money.
Reducing the monthly variability of money growth,

however, iSnot the goal'ofthe procedure. Oneaim isa
At ha beeﬂmag%%dnghagtth&actui atern of the. pulipher, a’E redUction i 0UaTE1y growth ate variaclty Judging
e era T?e Serve P I%I IKE
TWOPO tshee

deral eserve pperea Un eramonetarycogt{g erﬂwcaeeurﬁlrst Brom the e}ndt%ncte J(l)nNtaPletHO) ttlgﬁ apphoacthtHsed erg
oes exactly that.10 Note that throughout the perio
lrbﬁs r HP‘%@% ¥ tgre il | t%g%'n”vsesuga%}m%h%“%meé%%é'r%en”&er the swings In quarterly growth rates are reduced. For
ere SBE Ofcondlions. 5[ ere isgengrally noway fo determine  instance, actual M| growth ranges from 16.94 percent
the vall Ity o Usetlnes of s Crci. in 111/1980 to —3,8% percent in [V/1980. The corre-

Second, this o ument is base on the pSsum tion that uIt| sponding figures for simulated M1 growth are less
lr forecasts fe”defed Ust 95 e enlo volatile, varying between 12.15 percent in [11/1980

%aneéar% F?nstyee)éur'ﬂ emou'tmu'grqor“g'r@ nd ounjxtoa = and 0.65 percent in 1V/1980.

Ho %ere nakece/ t paper, vvlee\r/eror%run erP %%du %ezrgr

iaes“(\)/wr\]”t V\?tteseasertlogs are |t rSquest|00nnea re

ro? E?( eﬁenecesqse(?erte ew ?)éeratwegr roce ure 1(1tshould he noted that th TIlrst uarter rowth ratfes ofthe smw
onetary C%% Proaed res, Fiservﬁ tud ated series are mer%suref rom the act elo monegl
(‘S% ’t‘éa S anp1 Tact|c %ar nge?er i n'tAr in Car6neze|e ﬁje Io%lad%d’i in mor|1sere r%%sth%%)Wsr%%{]uahr%\vaesngs ”BCI
Rocrﬁes er Conference Series, Mol 1 (19%% pp.'59-104. Y e5|re Peeq ¥ PROSE
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Table 5

OCTOBER 1983

Simulating M1 Growth Using MSKF Multiplier Forecast:
January 1980-December 1982 (seasonally adjusted)

Targeted Actual Forecasted
Period M11 multiplier multiplier
1/1980 $390.7 2.5955 2.5889
2/1980 392.3 2.6026 2.5944
3/1980 394.0 2.5783 2.6009
4/1980 395.7 2.5235 2.5796
5/1980 3974 2.5266 2.5244
6/1980 399.1 2.5373 2.5260
7/1980 400.8 2.5508 2.5345
8/1980 402.5 2.5715 2.5475
9/1980 404.2 2.5812 2.5683
10/1980 406.0 2.5837 2.5799
11/1980 407.7 2.5605 2.5834
12/1980 409.2 2.5514 2.5626
1/1981 416.1 2.5612 2.5524
2/1981 418.1 2.5698 2.5605
3/1981 420.2 2.5853 2.5690
4/1981 422.2 2.5964 2.5840
5/1981 424.3 2.5870 2.5954
6/1981 426.3 2.5789 2.5876
7/1981 428.4 2.5806 2.5796
8/1981 430.5 2.5843 2.5805
9/1981 432.6 2.5834 2.5840
10/1981 434.7 2.5807 2.5834
11/1981 436.8 2.5824 2.5810
12/1981 439.0 2.5918 2.5822
1/1982 442.0 2.6096 25911
2/1982 4435 2.5866 2.6083
3/1982 444.9 2.5826 2.5880
4/1982 446.4 2.5689 2.5830
5/1982 4479 2.5661 2.5699
6/1982 449.3 2.5515 2.5664
7/1982 450.8 2.5542 2.5525
8/1982 452.3 2.5603 2.5541
9/1982 453.8 2.5733 2.5599
10/1982 455.2 2.5881 2.5725
11/1982 456.7 2.5987 2.5872
12/1982 458.2 2.6088 2.5981

'Billions of dollars.

. This reduction in (iuarterly money growth volatility
is made clearer in table 4 There” we see that the
volatility of the quarterly money growth derived from
the BJ multiplier forecasts is appreciably smaller than
the actual. In fact, in 1981 and 1982, the V0|a'[l|l'[% of
simulated quarterly MI growth Is less than one-half
that of actual M1 growth.” Thus, in terms of reducmgi
quarterly fluctuations in money growth, the contro
procedl#rle using the BJ multipliér forecasts is quite
successful.
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Simulated M1 growth rate

Simulated Simulated
basel M11 Monthly Quarterly
$150.9 $391.7 8.53%

151.2 393.6 6.02 4.81%
151.5 390.6 -8.74

153.4 387.1 -10.25

157.4 397.7 38.54 3.40
158.0 400.9 9.87

158.1 403.4 7.74

158.0 406.3 9.06 10.59
157.4 406.2 -0.14

157.4 406.5 0.86

157.8 404.1 -7.03 0.78
159.8 407.6 11.14

163.0 4175 10.44

163.3 419.6 6.24 4.62
163.6 422.8 9.52

163.4 424.2 4.05

163.5 422.9 -3.74 3.87
164.8 424.9 5.84

166.1 428.6 10.94

166.8 431.1 7.33 6.50
167.4 4325 3.88

168.3 434.2 4.94

169.2 437.1 8.03 6.22
170.0 440.6 10.12

170.6 445.2 13.25

170.0 439.8 -13.59 6.00
171.9 444.0 12.12

172.8 444.0 -0.18

174.3 447.2 9.13 2.69
175.1 446.7 -1.26

176.6 451.1 12.45

177.1 453.4 6.21 6.98
177.2 456.1 7.53

177.0 458.0 5.02

176.5 458.8 1.98 4.86
176.4 460.1 3.64

Money Growth Simulations: MSKF
Multiplier Forecasts

The outcome from using the MSKF multiplier fore-
casts to simulate M1 growth is reported in table 5.
Similar to the results using the BJ multiplier forecasts,
the simulated M| Prowth Fates in table 5 exhibit Iarqe
degree of monthly variation. Again, in contrast T
actual M1 ?rowth, the distribution of monthly growth
rates reveals the procedure sattempt to correct devia-
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tions from the desired M| Path As reported intable 4
the monthly money growth derived from the MSK F
forecasts is"more Variable than either actual mon 2y
growth or the BJ simulations in 1980 and again in 198

This monthly volatility, however, agarn translates
into a more stable pattern of quarter g growth,
Recall that, during the second hafofl 80, srmulated
M1 growth based on BJ multiplier forecasts varied
from'0.65 percent to 12.15 percent. Over this period,
the MSKF-based figures range from 0.78 percent to
10.59 Percent As shown in’ table 4, quarterly M|
simulated usrnq the MSKF forecasts is less volatile
than that using the BJ multiplier forecasts i |n 1980 and
1982, This suggests that the MSKF approach provides
g psFt)eggé%r path'of quarterly money growth than the BJ

The evidence indicates that stable quarterly money
?rowth canbe achjeved by making use ofthe multiplier
orecasting technrtiues Implemented here. Based on
our empirical results, the simulated cluarterly money
growth Series were, on average abou 50 Rercent less
Variable than actual MI growth during the Past few
years. Moreover, the simulated series generally came
quite close to hitting the desired M1 growth target. As
shown in table 6, both simulated mofey series missed
the annual growth targets by only one percentage
point, on average.

k/ICQrNEY GROWTH AND ECONOMIC

Large fluctuations in duarterly M1 growth have led
some observers to_conclude that the pattern of eco-
nomic actrvrtY during, the 1980-82 period is attribut-
able largely 10 voIa le monetary policy actions. In-

deed, emprrrca evrdence for the Unifed States and
other countries suggests a close association between
substantial short-run declines in money ?rowth from
its trend and the pace of economic activity.1L During

sente Iar arburton, eserves Business

tuatr ns nal o erjcan St strc Assocr tign D
o gendot Ll
Q UsIness evrewo con m|
tatrlstrcsr U emen Fep rua
atlo
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Table 6

Comparison of Desired and Simulated
M1 Growth Rates

Simulated M1
Desired ML growth using:
Period growth MSKF BJ
1V/1979-1vV/1980 5.25% 4.82% 4.96%
1vV/1980-1v/1981 6.00 7.69 7.67
1V/1981—+V/1982 4.00 4.96 5.10

our sample, such devratrons occurred in early 1980 and
Parn in 1981 In this_regard, reducing money growth
fluctuations, everything else equal, Should produce
more stable economic growth. To examine this hypoth-
6sis, thefoIIowrng experrment Was conducted irst, a
stan ard St._Lous t}r pe of reduced-form equation for

nominal GNP 3rowt was estimated over the periog
1/1960 to IV/1979. Then, using the estimated coef-
ficients, GNP growth was simulated for the period
1/1980 o 1V/1982, Three srmulatron runs were made:
one with actual M1 growth, one wrth the posited gath
of M1 and one based on M1 growth from the MSKF
money growth simulations. (The BJ simulations are
omitted because they were so similar to the MSKF.)

The simulated GNP glrowth rates for each experi-
ment are reported in table 7.2The volatility of actual
rowth |s evidenti |n the consequent quc uatrons of
%} growt especiall 0 when G lgrowt
uctu edfrom681 ecentto 1269percent orthe
whole period, nomrnal GNP growth simulated with
actual money ?rowth averages 10.46 percent with a
standard deviation of 1.94 percent.

The pattern of GNP_growth simulated under the
posited M1 path of 5.25 percent growth in 1980, 6.0

Growh uctuations and Re co omic meI
trons or Monetary argetrnga'lt evreww %832

The e uatrdn used to generate the simulations is (t-statistics in
parentheses

4 4
Yt = 2.507+ 1.052 2 + 0.068 £ SjE,.,
(214)  (5.34) i=0 (0.68) i=0
R2=10.33 SE = 352 DW = 19
vy]hereYr no |n | GNP growth, M s the growth of IandErs
rowt er#oi/rrhent geovernrn% ex en es The
equ jon |s es ate rid 1 usrn a
ourth-order A 8 o nomra gor ac oteex |anat
Ena les with endpoints constrainéd. All simulations use actu



FEDERAL RESERVE BANK OF ST. LOUIS

Table 7

Simulated Quarterly GNP Growth
Rates: 1/1980-1V/1982

Simulated values
derived from:

Period Actual M1 Desired M1 MSKF
1/1980 11.06% 10.50% 10.37%
Il 6.81 8.98 8.24
1] 9.81 9.04 9.90
v 12.69 9.23 9.26
1/1981 12.70 9.24 841
Il 12.12 8.89 7.13
1] 1041 9.96 841
v 9.05 10.23 9.79
1/1982 9.15 8.37 8.98
Il 8.47 7.23 7.69
1] 10.18 8.16 9.16
\Y] 13.04 8.57 9.80
Mean 10.46 9.03 8.93
Standard

deviation 1.94 0.92 0.98

percent growth in 1981 and 4,0 percent growth in 1982
IS verx fferent from that simulated with actual Ml
growt For one thing, the average GNP growth simu-
ated with actual money isalmost’L5 percéntage ornts
above that simulated with the desired path. [tis onlyi
1171980 and 1V/1981 that GNP growh based on ac uaI
money is less than GNP growth based on desired
money. In addition to the difference in mean growth
rates, there is ﬁlso asrzeﬁble drfference in the volatility
of GNP growt under the alternative simulations. AS
measured by the standard deviation of GNP growth,
the simulations with actual money show more than
twice the volatility than the simulations with desired
money yield.

mparisons between simulations using actual and
esrre money rowt presumes that the desired
money growth easr [g can be achieved. As we have
seen, however the Fed cannot totally control money
growth from one quarter to the next. How serious a
problem s this? Would this lack of i)recrse control
make it difficult to achreve a less volatile GNP growth
objective?

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis

OCTOBER 1983

T0 examine this issue, the GNP equation was simu-
lated using the M1 growth rates thaf resulted from the
MSKFE_money mu trpIrer orecastrng control proce-
dure, Thesesrmu ated GNP 1growt rates are sh own in
the third column of table 7. There is surprrsrngdy liftle
drfference betweente GNP growth simulatéd using
desired M tgrowth and M| 1qrowth resultrn from the
forecast/confrol procedure he average eve of GNP
growth under the desired M growth scenario rs 9 03
percent, comRaredwrth908percentunderthe
procedure. The standard deviation of simulated GNP
growth is less than one percent in both cases — about
one-half that associated with actual. M| growth. In
addition, the simulated GNP path using the quarterly
growth of money derjved from the MSKF forecast
procedure usually iswithin one percentage point ofthe
simulated GNP path using desired M1 growth.

SUMMARY AND CONCLUSION

This paPer has examined two aIternatrve procedures
to forecast the M| multiplier. The multiplier was fore-
cast one Perrod ahead for the 1980-82 sample period
using both a Box-Jenkins_and a Multi-State Kalman
Filtér forecast procedure. The evidence from the mul-
tiplier forecasts shows the MSKF procedure to be an
rmgrovementoverthe BJprocedure. Forexample, the
MSKF yielded a root-mean- squarederrorabout9ﬁ
cent smaIIer than the BJ procedure for the whole
perrod with even greater reduction in forecasterror in
1981 and 1962,

Both forecasts of the_multiplier then were used to
srmulate M| glrowth These srmulatrons resulted in
volatile monthK growth rates, but re atrveP/ stable

quarter [y%rowh rates. There was in fact, little differ-

ence between the simulated M| growth rates, suggest-
Ing that forecasting the multipliér with great accuracy
may not be as important as aiming for a steady long-run
growth rate.

The paper also examined the importance of mongy
stock contraol by simulating GNP growth under thg
hypothetical desired path, ‘as well as the M1 growth
srmulated under the MSKF forecast/control proce-

dure. Th erewasonmamrnor ifference in these simu-
lations; quarterly GNP growth usuall?rdrd not differ by
more than one percentage point. This indicates that
the money multiplier forecast/cantrol procedure used
in this article could be successful in achieving more
stable GNP growth,
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Predicting Velocity Growth:
A Time Series Perspective
SCOTT E. HEIN and PAUL T. W. M. VEUGELERS

O nE important issue involved in the choice ofa
monetar aggre?at_e for policy purposes is the predict-
ability of the refationship between the aggre?ate and
nominal GNP growth. This article examiries the pre-
dictability of fecent M1 velocity growth to assess
claims that the relationship between™MI and nominal
GNP has deteriorated.1

WHY PREDICT VELOCITY GROWTH?

. The quantity equation of exchange states that nom-
inal GNP (cY) is identically e%ual tg'the product of the
money_stock (M) and its velocity (V), or rate of turn-
over. "Expressed in terms of growth rates, the rela-
tionship is equally stral?htforward: the growth ofnom-
inal GNP is equal to the sum of the “growth in the
money stock and the growth in its veloCity.

If we take the ability to achieve a desired, money
growth oléectlve as given, the success in achieving a
nominal, GNP goal i5 based simply on the precision
with which velacity qrovv_th can he forecast. For exam-
ple, if monetary authorities know that Ml velomtg

rowth will be 3.0 percent next year, a goal of 8,
ercent nominal GNP_ growth S|_mPIy requires Ml
rowth 0f5.0 percent. The uncertain Y attached to the

NP ob{ectlve_th_en depends on the uncertainty
attached 1o predicting velocity growth.

FOUR WAYS TO PREDICT VELOCITY
GROWTH

_This paper evaluates four different time series tech-
niques used to predict future velocity growth over the

Scatt E.. Hein if ]an wasiﬁciate rferssor offinance ?t Texas Tech
niversity: Paul T. W, .Veuﬂ&e%s 1Sapro esaor £conomics at
rasmus p.mv rs%leyésgo erdam, The Netherlands. This (ﬂpcl was

written while Professor emv\iasaseworec noimstan roeisor
eugelers was a visiting scholar at the Federal Reserve Bank of

t. Lous.
|ternative analysis of this issug, see John A Tatom “Was
\le %ea%eUnusual?’%ls ewew(August?g]eptem-

Ehzerr ]ié;%%) epp. -
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period 11/1975-1/1983, roughly the last two full busi-
ness cycles. These technigues use only information
available at the time the forecast is made, the same
constraint facing a policymaker. Because of this con-
straint, we, have restriCted the class of forecasting
models to time series models, whose forecasts are de-
tternlwflr%ed solely on the pastbehavior ofvelocity growth
Itself,

Itisimportant to note that the four techniques differ
with resBect tg the relative weights attached fo velocity
?rowt_h ehavior In the recent’and distant past. Some
echniques’ forecasts of velocity are influenced more
heaV|I¥ by recent trends in velocity growth, while
other Techniques use longer trends. “In"addition, the
techniques differ in terms of their computational ease
and statistical sophistication.

Sample Mean Forecast

The technique that attaches the %reat_est weight to
the more distant past and is one of the simplests the
sample mean forecasting technique. With this tech-
nique, next quarter s velocity growth is forecast to
equal the average of velomtg/ growth from 11/1959 to
the gerlod Immediately P,rec ding the forecast (See box
on opposite page, equation 1).3

Thus, fo_rexample, the forecast of velocity growth in
1/1983 1s sm\1})ly he average of velocity growth from
11/1959 to [V/1982. We réfer to this forecast as the
sample mean forecast and use the superscript (SM) to
distinguish it from others.

The sample mean forecasting procedure, is not as
naive as it may appear on the surface. Ifvelocity growth

Mis '\nf rmati(in constraint limits the usefulness of econometric
models that t| iz6 contemptoraneous obSﬁrva 10ns of%t er deter-
85, because forecasting veloci g é;rowt In such a

Ining varia
]l“ ework necessitates that forecasts of thesé determining vari-
aFI@s g[so bg rinaae. Asa resulto?tﬁls com;ﬂmaﬂon, We Ignare this
class ot models.

*The paper yses the new M1 measure, which is oply availaple since
Jée%n so,Ll)ecas tﬁls studxwaaco preted%e OYGaJqu B§35 [ﬂwe
NP series used does not Include the latest revisions;



FEDERAL RESERVE BANK OF ST. LOUIS OCTOBER 1983

Alternative Velocity Forecast Proceduresl
Sample Mean Forecast (SM)

(1) <fM>= thT VIr-F, t=1 in 11199

Triple Exponential Smoothing Forecast (XS)
( " xs>= Pot + Pit(F) + P2<F)

Kalman Filter Forecast (KF)2
(3) "KF) = V?_F

Random Walk Forecast (RW)
4 "RW = VT_F

WA = forecastofv Iocrtg/growth fortrmeT Fisthe nymber of

P {ro s [nto the future over which the procedure . orecastf

H rmation on v]e _c,rty growth s presumed tobe available only
rough period

stim ermanent velocity growth at time T—1
rrrg Kafman Fter pproac[h Ve

fluctuates randomly about a fixed mean, then itissaid ity ,%rowth was white noise in the 1/1959-4/1975
to be white noise.”In this case, the best forecast for ~ peridd.5
velocity growth at any point in the future is simply the

sample'mean.4There is evidence to suggest that veloc- Exponential Smoothing Forecast

44 sere i el 0 be whit s i i g virally no discenie The second forecasting technique considered i a
W]trltee”r]r o eltrfcrfrrsrle Qt%rs'e(ﬁe%)bs en te% Is series 15 more complicated procedure called triple exponential

t:Eesan Ifthe expect
dlicole oann o1l e, ot ecict smoothing (XS). Forecasters frequently use smoothing

USIness an conomms Academic g{ess 1980, ésp. pp & pYOCedureS {0 Improve upon mean forecasts. When the

The long-run ofthe ™St lon’ g g mean of the underlying series is subject to change,

hat veloc %%OPI\/@{;VWTFBE constant }hoﬂr ?8

stead
this equation are represe erlilrh Y

ecent varfations
thea\reraele eI t row Farare ntdrscus ofthrs
@ Yt=p0+ g PMtj + 5 0"Et j+e, Liarong B&i rbanre rgton§ nom-
% Estrme&r%o the St. Louis Equa-
reY |sGNP rowth M, |s mo sto &f NHL] rowth, Et is “0” “S EViEW prr

ment xpenditure ic c fs are con- nclus n that ye hrs |te noj e,\rls consr§ nt

st ntsa ﬁ IS random term. ttrstrca es rmatrono this equa- eev nce In o n ar s,
tion generally has supported the ong-run propositions that och ture heny Amﬁrrean %
evew une ?h)wa hey d'that the Tog ofthe

1B 1 5 P [&vel o veocr is a rando
1=0 NV, = IVt !+ 8+ m

Placing these st te re trrctrons in equation 4 yields the us thedrffer nce in log levels, which isamultiple ofgrowth rate
steadygs %r 1 Y F ﬁ B?e ltg) Q

ate result of velocity — the variabfe in our study — can De expressed as a
fat | t t
@)Y, =p,+ M, white norse series:
O rearranging, IV, —Inv, t'=8+ K
(4')Yr M=V = The und, sr annual.dataaveralo ertrme erro at8r61g3
P not ftteitfom 610. U evidance (o quarte e |
run, then, the St Louis e e i flctuets

o VA GGl i i T bes TORGE < s ATGomy Aot o v e VOl GO

Digitized for FRASER 35
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



FEDERAL RESERVE BANK OF ST. LOUIS

Triple Exponential

Exponential smoothing procedures are widely used by
economic and business forecasters. These procedures do
not require the statistical sophistication that a Box-
Jenkins or Kalman filter forecasting approach do. Yet,
they generally are felt to yield forecasts superior to sam-
ple"mean or moving-average forecasts.

_ The triple exponential smoothin? procedure employed
in forecasting velocity growth starts by calculating three
smoothed statistics:

Sl=aV, + (1—) §j.,
9= a5+ (1-a) Sf

=ad+ (1),

Two pieces of information are required to calculate
these statistics. First, a value for a must be specified by
the forecaster. There isno fixed rule one can use to select
the appropriate value. It is usually recommended, how-
ever, that the forecaster experiment with values ofa =
0.1, a = 04anda = 0.7, selecting the a with the best
forecast record for subsequent use. In our case, velocity
%]rowth was forecast over the period 1967-1973 usmg

ese three values. Based on a superior forecast recor
amon%hvalues ofa for this period, a = 0.1 was selected.
Note that from the firstequation above this low value ofa
indicates a low weighting given to current velocn% growth
developments and"a high weighting given to the more
distant past.

these procedures, which give mare weight to recent
observations, are felt to b& superior to mean or mov-
Ing-average forecasts, because such procedures more
guwk_ly reco?nl_ze_ changing conditions. Yet the proce-

ure 13 not statistically derived and, for that reason, is
somewhat ad hoc (seeabove for more detailed descrip-
tion). The particular smogthing procedure employed
here postulates that velocity growth is related to time
in the specific fashion shown on page 35, equation 2.

_ The coefficients from the triple exponential smooth-

ing procedure are allowed to change through time in a

way that incorporates past velocity behaviar, though it

allows for the influence of past effects to decay rapidly.

Once coefficients are calculated, they are simply

Blugged into the forecast equatlon (pa?e 35, equation
) t0"obtain a forecast of future velocity growth.
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Forecast Technique

In addition to the selection ofa, the initial values for SJ,
S2and S3are required. These values were all set equal to
the average of velocity growth in the two quarters just
before the forecasting procedure was initiated, which is
1171973 in our case.

~ The next step requires the calculation ofthree forecast-
ing coefficients that are based on the smoothing statistics:

3,=331-35+9

0= yq) [6-60Si - (10-82) SF + (32) of

¢ = [(Iiﬁaj 2(81- 287 + SB.

Finally, these three coefficients are used to forecast F
P_erloh_s ahead of period t, based on the following rela-
ionship:

= a + biF + (U2) c(F2

This forecasting equation indicates that the hypothesized
relationship is allowed to chanﬂe over time, ‘as the coef-
ficients at, b, and ct change. The equation also makes it
clear that the time horizon over which the forecast is
being made will have an effect on the forecast. For exam-
ple, 1f forecasts are beln% made for a given t,_sag t =
1/1975, the one-quarter-ahead forecast (F = 1) will be dif-
ferent from the two-quarter-ahead forecast (F = 2). This
forecast horizon dependency is not true ofthe other fore-
casting procedures used in’this article.

Kalman Filter Forecast

The third forecasting scheme considered is the Kal-
man filter (KF) technique.6 This procedure postulates
that velocity growth is subject to two kinds of “shocks™:
temporary and permanent.7 The Kalman filter tech-

e

g b ,
the Price eV(iarrm |(\J/lr fa

%) uar I] ompoff, “Predicti

angs o e e Qe i ROCDEAE
Conterence Series o1 Public Po?lcy, Gk ﬁ%@zﬁ%p. )
It can be represented as two equations:

BV, = Vi+ey

() vf = Vf- +m,
where Vfisthe permanent level ofvelocity growth attimet. The
term represent? atrans?tor sﬁocl& ) theyleq/el oP 0 th?

elocity growth,
arr]g V\m]e [x, represents a permanent shock to the eve? 3{‘9e?00|ty

Iemenﬁ I M Fogl,,“StatisticaA
|

-Kalman Filter Met appende
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mgue further differentiates between small and Iarge
Shocks, S0 that four states are possible: (1) small and
temporary, (2 arge and temporary, (3) small'and per

manentand (4) large and permanent. Based on the past
history of the growth of velocity, the Kalman filter
technique estimates the probability ofeach ofthe four
states and forecasts future velomta/ growth ase ona
weighted average of the estimate Permanent evel of
velocity growth under each ofthe tour various states.

The result is shown in the box on page 35, where V|_F
represents the permanent level ofvelomty growth 1m-

mediately prior to the forecast.

This model of velomt¥ behavior can be shown to
corresIJoon to an integrated moving-average mode| of
the form IMA (L,1). This corresPon ence indicates that
recentvelomt?/ growth information Is used more heavi-

In the development ofthis forecast than either ofthe
two forecasting techntques considered thus far,

UU':,—

Random Walk Forecast

As afourth alternative, arandom walk model (RW),
which places even greater weight on recent develop-
ments, Is assessed. This model hoIds that the change n
velocity growth Is completely random, implying“that
the best forecast ofvelocity growth in the future 1s the
current level_of velocity growth (as shown in equation
4, page 35). The random walk model stands in sharp
contrast to the sample mean model. It suggests that
knowledge of velocity growth in the distant past is
irrelevarit in forecasting the fyture because all relevant
Information i aIready contalned |n the most recent
observatton The samPe mean model, on the other
hand, weights observa ons from the distant past equal
to the most recent ones.8

THE FORECASTS

These four models were used to forecast velocity
growth from 11/1975 to 1/1983 over two aIternatwe time
orizons. The first forecasts were simp fy one-quarter
forecasts. of velocity growth. The other forecasts were
for velocity growth'over the next four quarters. For the

®The random walk model of velocit V9rowth or variations thaé
em&t asize more r ceht Ve 00|t go eem 1o ave

er acgegtance ﬁ se vel recent% f] e]
norma an exam eo orecasters eawyt

wetg trecg/ntvelt%%tty arae\tlsorl re/gnaldler thIS f étementj/g Qbe

rusca Ftnanma %ﬁi
Sve locity m teve mcreasn he seco uarter [of L 8%],
to e concerne 3

ft ISh gh IS more i

rg}rowth IS statement su estst | eoct owt eve OP
entsmthﬁse% uarter 1983W|I eawy Iuehcevelouy
growth n't uarter.
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|atter forecasts, no information from the intervenin
four guarters Isused in any ofthe forecast procedures.
The forecast of velocity growth over the next four

quarters made at fime t = T-4 is denoted by Vét,
Where | = (SM, KF, XS, RW).

The One-Quarter Forecasts of Velocity
Growth

Table 1lists actual quarterly velocity growth and the
forecast errors (predicted minus actualgfrom the four
alternative forecasts for 11/1975-4/1983, where each
forecast was deve oped condttlonalh( on mformatlon
Pertatnmg to velocity growth up to the period emg
orecast. “For examplé, the sample mean forecas

(VMY for 11/1975 was 2.79 %ercent the average level
of velocity growth from 11/1959 to 1/1975. Since velgc-
ity growf was actually 3.77 percent in 111975, the
mean forecast underestimated velocity growth by 0,98
percentage points. The triple exponéntial smoothing

procedure (V) and the Kalman filter technique

tv D use these sam? observations ofvelomty growth
0 obtain forecasts of 1.31 percent and 1.45 pércent
respectively.10 Both underestimated velouty growth
in 11/1975 by larger magnitudes than the samplé mean

forecast. The random walk forecast (VfiW) of a 1.36
percent decline for 11/1975 simply reflects the fact that
velocity fell at a 1.36 percent ratg in 1/1975. As shown
in tablé 1, the random walk model yielded the largest
forecast error in 11/1975 (5.12 percentage points).

Table 1 lists statistics that summarize the different
forecasting Performances of the different models: the
mean absolute forecast error and the root-mean-
squared error.1LThe closer the forecast is on average to

W
i

uar
ro th four guart hat t)sth
orefag} Sﬁ (weFforec | Zf F 3%?
g 0 F]Iaterr erence, it IS usef Precognt
Tt velouta/ V\gtr wih overt to average
velocity growth over the next four quarters:
(INVi+4- V) x 100 = [(In VE+d - In Vt+3) + (In Vi+3
- InVH2) + (InVE+2 - InVE+D) + (InVe+L- InV)] x 100
= M4 + W3+ W2 + WLJ/A

e trinle exponential smoqthing technjque was initiated in |
§ f 8 gaverageo vaocﬂtg r%rowthqu IV?19 and 1/1 7§
e box N opposite” page for more details

"Let ethe a forecast error for period t. Then, the mean absolute
forecast error is < le,VN; and the root-mean-squared error is

N
2
(t:|

& next four quarters i equa

(6N 12
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Table 1
One-Quarter Velocity Growth Forecasts and Summary
Statistics
Actual Forecast Errors
period v, wim- vy s vy &P-v) maw v
11/1975 3.77% -0.98% -2.46% -2.32% -5.12%
111/1975 8.64 -5.84 -6.93 -6.04 -4.87
IV/1975 7.83 -4.93 -4.30 -2.98 0.81
/1976 6.49 -3.53 -1.74 -0.04 1.33
11/1976 -0.34 3.35 5.67 6.90 6.83
111/1976 2.84 0.12 0.91 0.55 -3.18
IV/1976 2.52 0.45 0.92 0.57 0.33
1/1977 4.49 -1.53 -1.41 -1.73 -1.98
11/1977 5.81 -2.83 -2.41 -2.24 -1.32
1111977 5.70 -2.67 -1.63 -1.08 0.12
IV/1977 -1.37 4.43 5.93 6.55 7.06
1/1978 0.71 2.29 2.13 1.22 -2.08
11/1978 11.72 -8.75 -9.63 -10.89 -11.01
111/1978 3.94 -0.85 0.86 4.25 7.78
IV/1978 6.92 -3.82 -2.27 -3.02 -2.98
1/1979 4.27 -1.13 1.13 1.13 2.64
11/1979 -2.65 5.80 7.87 7.49 6.92
111/1979 3.54 -0.46 -0.56 -0.89 -6.19
IV/1979 3.30 -0.21 -0.25 0.43 0.25
1/1980 4.78 -1.69 -1.74 -1.21 -1.48
11/1980 2.84 0.27 0.63 114 1.94
111/1980 -3.03 6.14 6.28 6.66 5.87
1v/1980 3.27 -0.23 -1.96 -0.73 -6.30
1/1981 13.40 -10.36 -11.74 -10.16 -10.13
11/1981 -4.04 7.20 9.03 7.47 17.44
111/1981 10.51 -7.43 -8.07 -7.53 -14.55
1vV/1981 -2.71 5.87 7.46 6.13 13.22
1/1982 -11.28 14.37 13.92 13.44 8.57
11/1982 3.29 -0.35 -4.91 -2.28 -14.57
111/1982 -0.40 3.34 -0.25 3.04 3.69
1\v/1982 -10.29 13.20 9.34 11.44 9.90
1/1983 -5.06 7.83 0.93 5.85 -5.23
Summary Statistics
Mean Absolute Error 4.13 4.23 4.29 5.80
Root-Mean-Squared Error 5.58 5.63 5.64 7.40
Fraction of Error Due to:
(A) Bias 0.01 0.00 0.03 0.00
(B) Variance 0.95 0.36 0.47 0.00
(C) Covariance 0.04 0.64 0.50 1.00

the actual growth rate, the smaller each ofthese sum-  sample mean and random walk models. The sample
mary measures will be. Thus, the size of each statistic ~ mean attaches the smallest relative weights to recent
Provides a criterion b;{ which to judge the respective  abservations; its forecast record is ?enerall the best.
abilities to forecast velocity growth. The random walk model, which atfaches the greatest

: weight to recent developments, has the worst forecast-
e ot etont DOENVAORS pofo e o MATEGDrd it oy for e farges mean absolute and
nare, for example, the extremes represented by the ~ 00t-Meaf-Squared errors.
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The tﬁble shows little difference in the for?cast rec-
ords ofthe samPIe mean, the triple exponential smooth-
mg and the Kalman filter rocedures however While
the sample mean forecast gfenera Ily does s| |Ightlybetter
than the other two, the differencé is not

Thus, It aropears that knowing how veIocrt growth
hehaved this quarter provrdes no more information
about how it will behave next than its behavior in the
distant past.

Table 1shows thaf the decomposition ofthe forecast
error due to hias Is less than 5 percent for each of the
separate forecast procedures, 13 Forecasts yield a Iarge
fraction of the error due to hias when the mean of t
forecast series is different from the mean of the actual
series being forecast, The small fraction of the error
due to bias in table 1is evidence that, reglardless ofthe
forecast procedure, the mean of the ve ocrt?/ rowth
forecasts is quite close to the mean of actual ve locity
growth over the period 11/1975-4/1983.14 The fraction
of the error due 1o variance increases when the series
to be forecasted and the forecasts themselves have very
different variances. The large fraction of error due to

variance for the sample mean forecast (V* %confrrms
that the variance of quarterly velocity growth is much
greatehr than the variance “of the méan of velocity
growt

Regardless of which forecast model is considered,
the quarterlx prediction record js not impressive. Both
the mean absolute error and the root-mean-squared
error are quite Iar%e for each mode]. The ropt-mean-
s uared error for the sample mean forecast, for exam-
pl e suglglests a 95 percent confidence range of plus or
minus 11.2 percent. Thus, based on these different

JZNe teste whether any. on fotrecast roced re could im

otherh reﬂre§ rngte rec ors omone mo

eq erence n the fore assI ran eran
N

se
hﬁ% Fore %tr onom %rme ene th emic ress
caI f%’gr

enera WE, ?un ost trst|
er {)Peactg the am%o ﬁ%@e L[é'? ] 0rroecnt dires could
Impro estatrﬁtrcaﬂ upon t teoth ?t eset rée Torecas
h“f i) e s s ey o ol thﬁotaanr i
ex Earnrn tge other forecasts. [n sum, t eie is I itle statrstrcaq
trai) enge?1 ferentra pem ngt esamrlr e, éUBeexpon n-
random waﬁ (oddl,

]EOnthe e mposrtron offorecasterror, see C. W. J. Grangerad
P. Newno 8 é:omments t;he Evavsatron of EcOnomic
Forecasts App |e conomrcs

e atrrrttatttsrwt LA
t

re ectrvelv 1S 1n ﬁatest at a
mo 6l ?@Lv %re ctedv elocity growth on average for
period |

er Torgcasts; yet, a eriorto the
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forecastrng Procedures it aﬁpears that forecastrnfg

quarter Velocity growth with pregision is quite di
|cut T |s Su ests that the precision that monetar
olicymakers ave in achieving short-run nomrnal
NP growth objectives Is not great.5

The lack of precision in achieving short-run GNP
growth objectives stands in sharp contrast to recent
efforts to require the Federal Reserve to announce
GNP growth targets, For example, a recent Business
Week editorial urged that, “Chairman Volcker should

be required to say what the Fed expects the quarterly

growt ofnomrna GNP to be, especially how its fore-
cast relates to money growth targets. ... No one
knows better than Volcker that the economy Is much
too complex to be quided simply by monitoring move-
na%ntds)ag monetdry aggregates “alone™ (emphasis
adde

The evidence provided here su?gests that little
would be added by adopting an explicit GNP growth
objective. M1 velocity rIJrowth agparently fluCtuates
randomly around a lever of 2 tg 3 percent, so that a
monetary target for MI can easily be translated info a
GNP objective by adding 2 to 3 percent fo it. The
drffrcult wrth ado trng}such an objective is that the
random ve |ocity grow fluctuatrons are quite large,
mdrcatrng that the Federa Reserve alone cannotclose
ly achieve a particular short-run GNP target that it or
anyone else would choose. In this regard, “attempts to
targt GNP within a narrow range would, deliberately
or not, provide an unwarrante sense of omnipotence
for monetary policy.”1/

Velocity Growth Since 1982

For the penod asawhole the s (ji gle mean forecast
works as well as any other Rroce an o servatron
consistent with the notront at velocity growth fluctu-
ates randomlv about a fixed value. The'table does show
large forecast errors for the samgle mean model over
the’ recent, period /1982-1/1983, however. For in-
stance, while velocity contracted at a substantial 2.28
percent rate over this period, the sample mean model

lﬂnthrs vzén”téarl ES nner t-Es Mone ar sm Failed?” The Cato

mna (? 8 St e |s retrona
rrcres tem ffset 0 serve orantrctp%f fa
v rogr nasé yrarse onaverage, the variability ofch nges

B hﬁore Details from the Fed,” Business Week, August 1, 1983, p.
s ateme:ntb Paul VoIckeé Chairma rT]oft eBgarJdofGovernors

omestrc?\aone ary Policy 0 tm ouOre ommrtteceogn rgtnemon
Finance an rt/ Affars, August 1 9S§3 processed. 4
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Was forecastm? growth of about 3.00 percent. This
anomalous pattern ofvelocity growth resulted in avery
large root-mean-squared erfor of9.52 percent for this
Pe_rlod — almost fwice that of the full period. While
his may seem sufficient grounds to question the use-
fulness ofsuch a model ofvelocity growth, a number of
considerations suggest that it is prémature to conclude
tnagl_tge sample Mean characterization has become
Invalid.

To be?m_wnh, the other forecastmq procedures also
have deteriorated significantly over this period. The
root-mean-squared érrors for the triple ‘exponential
smoothing, Kalman filter and random walk forecasting
models are 7.84 percent, 8.44 percent and 9.40 per-
cent, respectively. All of these measures indicate
much larger forecast errors than for earlier Perlods,_ 8
all of the"maodels have had less success in Torecasting
recent developments. Velocity %rowth has hecome
more volatile recently and the pertormance ofthe four
forecast techniques has deteriorated accordingly.18

Moreover, even though the sample mean model
Pe_rform_ed worse than the other models since 1/1982,
his period, is too short to attach ?reat significance to
such a finding. There have been other periods of simi-
lar length in the past, in which the samgle mean did an
inferjor jnob; over the period 11/1975-|/1976, for exam-
ple, botn the Kalman filter and random walk models
resulted in root-mean-squared errors considerably be-
low that ofthe sample mean. Yet, aswe have seen, for
the full period the random walk model is clearly in-
ferior and the Kalman filter is slightly worse than the
sample mean model.

Four-Quarter Forecasts of Velocity Growth

Because policy generally is concerned with periods
Iong,er thanone quarter, the relevant issue for policy is
prediction errors over longer time horizons, for exdm-

1Bhe standard deviation of velogity growth is.6.26 pgrcent for th
1/1982-1/1983 period — almost twice what if was for the perio
1U19/5-41979 for example. This Increased volatility makes. It
impossible to test statistically whether the mean Of velocit

wth has changed in the recent period, hecause the small san-
eteﬁts usegt test such a h tesme Hwe assumptions. of
ormality and equal variance. Tous,.while the mean of velocjt
rowth Tor th 2—1983 period is smaller than it was In t

A, B L e
In gﬁd hat may have ¢ % eda Eg tﬁatt e random shocks to
velocity growth have simply gotten larger.

Itis interesting to note thatifone compares the mean ofvelogit
growth over t%e%eriod Il 1% 7]198§_“J3?m fhat ghhe recedcmﬁ

5|
2qL‘arters, no sumptlgn 0T7€ Ual variance IS reguwed ecause
15 a .

sampl- el gk Compat g g e g
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Die, four-quarter periods.19How do the different mod-
els generate such longer-run velocity predictions? The
saniple mean, Kalman filter and random walk forecast
modlels yield forecasts that are independent ofthe fore-
casting horizon. At any SPeC_IfIC point in time, each of
these ‘models project "velocity growth to be a given
value for the indefinite future. For examBIe the Mean
of velocity growth from 11/1959 to 1/1975 was 2.79
percent. Thus, the forecast for 11/1975 based on the
sample mean model is 2.79 percent. Because this same
?rowth Is forecast to continue over the indefinite fu-
ure, the sample mean forecast of velocity growth from
11/1975 to 1/1976 also is 2.79 percent.

The triple exponentjal smoothing forecasts — unlike
the other three techniques — are not independent of
the forecast horizon, however, The forecast of velocity
(r]rowth two quarters ahead is not the same as the
orecast ofvelocn){ growth one quarter ahead. Thus the
forecast of velocity growth for the next four-quarter
period is defined to De the average of the one-period-
ahead, two-period-ahead, three-period-ahead and
four-period-ahead quarterly velocity growth forecasts.
In this way, all the models essentidlly are forecasting
velocity growth over the next year based only on infor-
mation” available today.

Table 2 lists the actual velgcity growth rates qver the
previoys four quarters and the” respective forecast
errars for the same period. The forecast error at time t
Is simply the difference between the veIocﬂY growth
predictéd at t-4 and the actual velocity growthat {. A
comparison fiftables Land 2 jndjcates, nﬂt_surﬁrlsmg-
ly, that actual four-quarter velocity growth is much less
volatile than one-quarter growth'rates, The standard
deviation of the quarterl¥ growth rate is 5.54 percent;
It is onlly 2.70 percent Tor the four-quarter velocity
growth fate.

Irrespective of the forecast technique, the mean
absolute error and the root-mean-squared error in
table 2 also are both much smaller than their counter-
parts in table L For example, the root-me,an-s?uared
error from the sam_PIe mean forecast techm%ue or the
four-quarter velocity growth rate forecast is 50 Rercent
smaller than the root-mean-squared error for the one-
quarter ahead forecast, decreasing the 95 percent con-
fidence range from plus or minus11.2 percent to plus
or minus 5.5 percent. Similar reductions in the root-

differrnce in the means. T?)i 9sguzqg%sts that heoﬁjgsar{) contractioH

i ,
veloiy glonthfo te period 1075 VLGGL.

1Recall footnote 9 that shows that velocity growth over the next
four quarters IS e%ual to average quarterly velocity growth for the
next four quarters.
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Table 2
Four-Quarter Velocity Growth Forecasts and Summary
Statistics
Actual Four-
Quarter Growthl Forecast Errors
Period V4t (VfM' \l{) (V?s>- vi) th - W 05r°- Vi)
11/1975 2.01% 0.85% 1.16% 2.74% 4.60%
111/1975 3.12 -0.24 0.17 155 1.09
IV/1975 4.72 -1.87 -2.30 -1.40 -3.31
/1976 6.68 -3.89. -5.88 -5.24 -8.04
11/1976 5.66 -2.85 -4.35 -3.05 -1.89
111/1976 4.71 -1.81 -0.78 0.14 3.93
IV/1976 2.88 0.09 1.97 3.57 4.95
11977 2.38 0.64 3.14 4.19 411
1171977 3.92 -0.95 -0.23 -0.52 -4.25
1111977 4.63 -1.66 -1.31 -1.54 -1.79
IV/1977 3.66 -0.70 -0.73 -0.89 -1.14
1/1978 271 0.27 0.60 0.86 1.78
11/1978 4.19 -1.17 -0.11 0.43 1.62
111/1978 3.75 -0.69 0.91 1.44 1.95
IV/1978 5.82 -2.82 -3.15 -3.89 -7.19
1/1979 6.71 -3.74 -4.90 -5.88 -6.00
11/2979 3.18 -0.10 1.84 5.01 8.54
111/1979 3.02 0.07 1.75 0.88 0.91
IV/1979 212 1.02 3.53 3.29 4.80
1/1980 2.24 0.91 3.17 261 2.03
11/1980 3.62 -0.53 -0.79 -0.96 -6.26
111/1980 1.97 1.12 0.94 1.76 157
1\V/1980 1.96 1.13 0.94 161 1.33
1/1981 412 -1.01 -0.70 -0.14 0.66
11/1981 2.40 0.71 0.77 1.23 0.44
111/1981 5.78 -2.75 -4.84 -3.24 -8.82
IV/1981 4.29 -1.25 -2.93 -1.05 -1.02
1/1982 -1.88 5.04 711 5.30 15.28
M/1982 -0.05 3.12 2.32 3.02 -4.00
111/1982 -2.77 5.93 7.72 6.19 13.28
1v/1982 -4.67 7.76 7.18 6.83 1.96
1/1983 -3.11 6.05 0.72 4.13 -8.16
Summary Statistics
Mean Absolute Error 1.96 2.45 2.64 4.27
Root-Mean-Squared Error 2.75 3.28 3.25 5.59
Fraction of Error Due to:
(A) Bias 0.01 0.02 0.08 000
(B) Variance 0.89 0.10 0.12 0.16
(C) Covariance 0.10 0.88 0.80 0.84

'Actual four-quarter growth rate is: (InVt - InV, 4 X 100.

mean-squared error and the mean absolute error also
are evident for the other forecast techniques.

In the case of four-quarter %rowt,h rate Predlctlons,
the sample mean forecast model still has the smallest
root-mean-squared error and mean absolute error.
Whereas there were hardly any differences in the root-
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mean-squared errors among the first three models for
the one-quarter-ahead forecasts, the sample mean
forecast has a root-mean-squared error for the yearly
forecasts that is 15 percent smaller than either the
exponential smoothing or the Kalman filter procedure.
Thus, there isno longér-run forecasting gain associated
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with using these more sophisticated models. More-
over, the Sample mean forecast continues to be much
superior to the random walk forecast.d

Finally, while velocity growth forecast errors for
four-qudrter growth rates ddring 1982 are the largest in
the sample périod, large forecast errors ofthe opposrte
sign were exPenenced earlier. For example, four-
quarter velocity growth was ver){)stron throu h 1975
and early 1976, résulting in sized

le un err%re |ct|ons
Similar developments occurred in late 19
1979.2

8 and early

POLICY IMPLICATIONS FROM
FORECAST RESULTS

The evidence presented here s consistent with the
hypothesis that quarterly velocity growth fluctuates
randomly about a fixed mean. Ifthis characterization is
correct, ‘then next quarter’s velocity. growth is best
‘predrcted by the samPIe mean. This i§ indeed what was

und. None of the alternative time series mogels sro
nificant| |mProved u[non the sample mean forecas
The fact that the sample mean forecast procedure itself
did not do very well in forecasting one-quarter velocity

rowth does not discredit such & model, but suggests
at the random short-run shocks are quite large In
nature.

What can be inferred from large varratrons in rap-
dom shocks to velocity growth or their rfrowrn in
magnitude inrecent years? Some have conc uded rom
thrs observation thaf monetary agrlzlregate (especially
M) tar?etrn |saciurte hopeless polic 22Even reco?
nizing the Sizeable voIa Irty rn quarter veloci
row owever It is difficult to see how this is true

he results do suggest that oIrcymakers will find jt
difficult to stabilize quarter- to -quarter fluctuations in

AThere | JS na evidence that anK ofthe other forecastrnsq or
can ajd in |mprovrngu pon the sample mean forecast.” When the
B w) ean forecast error IS reqressed agatnﬁ edr erence

teen ore rﬁts noneo the COETTICIents %renceae
significant erent rim zgro rf] e other hand, tesanv\a}o
rp}an 0rec sts ng icantly reduce orecasterrors ssociated with
the other modelS for the Tour- guarter orecasts, indicating In thrs
case that it 15 a superior forecast procedure.

te Is that Iar e forecast. errors none irection, apar arﬁ
a efore asterror |n11 eot er, sothe mean'er r ﬁ
mo es renfains %we sma mean 0rec terrors or t

ran or% nginforecas?s%)rg%nf “61 4 "5 t(? O4a1mrae2pelctt?\r/e d

2For ex nég(!e see John D PauI S, Vice Presr @nt and e on

ohedures

omist man, f] ttB en native .
gets for Mone N‘?Oy earnf]% gore the Subcom Itee
n Domestrc netary ‘Po Cy 0 ommittee on Ban NKIng,
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nomrnal sRendr g Sugh fine- tunrnﬂ of the econo %
owever as seldom, ifever, beent ebasrsforreco
mending a monetar g %gregate targetrnq procedure,
Instead,”monetary tdrge g procedures almost always
have been advocated on the basis of achieving long-
term economic goals.

WhrIe the srzeable voIatrIrty in_quarterly velocity
growth does |m%K‘a great d ea of uncertainty about
next uarters growth even if next guarters
money growth is nown with certainty, it does not
follow that it is particularly difficult to achreve longer-
term GNP growth orgectrves In fact, as a comparison
of tabJes 1°and 2 indicates, the accuracy of velocity
growth forecasts, in terms of root-mean-squared or
mean absolute errors, Improves as the length of time
over which velocity growth is measured increases.

The ability to forecast velocity growth better over
longer periods, is related direCtly to the fact that
quarterlv velocity growth fluctuates randomly about a
fixed value. Forécasting the individual fluctdations is
impossible. Over tinje, however, these random
fluctuations partially offset each other, which means
that longer-term forecasting is possible, because fore-
casters can “hone in"on the Tixed value. The fonger the
time horizon over which the forecasts are genérated,
the more accurate the forecast is likely to be.23

As an example of this phenomenon, let us put
ourselves back m 1/1975 and forecast nominal GNP
growth from 111975 throu?h 1/1983. In 1/1975, we
?bserved an average veloci %\rowth of 2.79 percent
rom 1/1959to 1/1975 Su pose We took this estimate, of
velocity growth as oyr orecast for quarterly velocity
%rowth into the indefinite future, as the sample mean

odel sugqests Our forecast of velocit growth over
the interva 11/1975—1/1983 then would be 2
cent Actually, velocity Frowth over. this perrod was

§ percent.” Our prorec lon of velocity growth would
have been In error by only 0.31 perCentage points.
Thus, our forecast of nomirial spending growth would
have been only 0.31 percentage points above what

EL“r??gTC 5 Sk G ment rnting Ok S . S o

23T is statement has a statistical foungaton su eth ugr E}/
oc[rtv row 15 Indepen ent an entrcaﬂg)/ |str& !
en, |s case \Vera evelocrty row over N perio

drstrrbuted nom wrt a ean i an avanancea/N See
Goun B ardJ on Statistica C

an Met 0 ons esp tPeP t1

variance 0 averae ec Ines asth number of periods |n

cafculatrng the averag InCreases.
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actuallg took place had we known the actual course of
M1 growth.

The reader isreminded that this period — 11/1975 to
1/1983— is.one in which monetary aggregate targetm_%
has been discredited because of. (l) supgos_ed SHIfts |
money demand and, most important, (2) financial in-
novations such as the introduction of ATS accounts,
NOW accounts, money market mutual funds, all-
savers certificates and money market deposit accounts,
which supposedly altered the relationship of M1 to
GNP. Yet, over tfiis full period, aknowledge ofaveragie
moneﬁ growth plus a crude Pr_o ection” of veJocity
growth would have yielded a fairly accurate picture
about the longer-term course of spending growth.24

2The reader should not conclude from this analysis that the eco-
L o

L LN

wﬂﬁog Friedman, “WiwgaSquee oflq@g'ﬁon Is Likely Next Year,”
all Street Jourdal, September 1, 1983,
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SUMMARY AND CONCLUSIONS

This paper examined the predictability of velocity
growth using several time series methods. The results
re consistent with the notion that quarterly velocity
growth fluctuates randomly about a fixed mean. The
Bvidence suggests that forecastm_? next quarter’sveloc-
ity growth USin ave,rage_velom}/ %_rowth OVer some
exténded period of time is as effective as any other,
more sophisticated, forecasting approaches. For one-
quarter forecasts analyzed here, this method per-
formed as well as the more sophisticated techniques.

In addition, the accuracy ofaverage velocity growth
forecasts was found to improve with the time horizon
over which the forecast is made. For example, fore-
casts of average velocity growth over four-quarter
periods were Significantly more accurate than those
OVer one-quarter periods. This su?qe,sts that monetary
Pollcy is likely to be more successful in achieving long-
erm than short-term GNP ?rowth objectives. Indeed,
attempts to fine-tune could well résult in greater,
rather than less, economic volatility.
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