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In This Issue . . .
The recen t and prospective rise in the federal debt-GNP ratio has given rise to 

co n cern  am ong econ om ic analysts. In the first article of this R eview , “M oney 
Growth and the Size of the Federal D ebt,” Keith M. C arlson exam ines the im por­
tance of m oney growth assum ptions in the assessm ent of this ratio. Sim ulations 
o f a m odified version of the St. Louis m odel are u sed  to determ ine the effect of 
alternative growth paths o f M l on federal deficits and the federal debt-GNP ratio. 
T he conclu sion  derived from these sim ulations is that faster m oney growth 
m akes it easier to redu ce budget deficits. Therefore, plans to redu ce deficits over 
tim e m ust be coordinated w ith m onetary policy actions if they are to achieve their 
desired results. Further, the usefulness o f reducing deficits via faster m oney 
growth m ust be w eighed against the resulting associated  inflationaiy costs.

In the second  article, "D epreciation, Inflation, and Investm ent Incentives: The 
Effects o f the Tax Acts of 1981 and 1982,” M ack Ott exam ines the relation betw een 
the value o f additions to business capital equipm ent and plant and th e A cceler­
ated Cost Recovery System  (ACRS) enacted  in 1981. ACRS has been  controversial 
s ince its enactm ent becau se it reduced effective corp orate tax rates; it is a central 
issue in the adm inistration’s current tax reform  proposal.

Proponents of ACRS have argued that the low ered tax rates on capital incom e 
have raised the rate o f investm ent and thu s contribu ted  to faster U.S. econom ic 
growth, but critics claim  that investm ent actually has been  less rapid since ACRS 
w as enacted . Ott finds that ACRS has provided en h an ced  investm ent incentives, 
redu ced  the bias against long-term  investm ent in com m ercial and industrial 
structu res and sharply raised investm ent since the end  of the 1981-82 recession. 
However, he conclu des that a m ajor force explaining the recen t strong rate of 
bu siness investm ent in the United States has been  th e significant decline in the 
expected  inflation rate. U nder either ACRS or prior tax law, the m assive decline in 
inflation would have had a significant positive im pact on  U.S. investm ent.

T he growth rate o f the m oney stock was m u ch  m ore variable in 1980-83  than  in 
the previous 27 years. This greater variability in creased  bu siness cycle risk, w hich 
w as reflected in a rise in the variability of long-term  interest rates. In the third 
article in this Review , Jo h n  A. Tatom  explains the links betw een the variability of 
m oney growth and the variability of interest rates and betw een the latter and 
econom ic perform ance.

Tatom  describes the theoretical channels through w hich an increase in risk 
affects the econom y, including how  it redu ces both  the dem and for and the 
supply of cu rrent goods and services. He exam ines the effects o f the variability of 
in terest rates on GNP, the price level and real output using a sm all reduced-form  
m odel o f the econom y and finds that increased  risk redu ces spending and output 
and raises price levels. Moreover, the evidence ind icates that changes in an tici­
pated, rather than  unanticipated  risk, influence spending, output and prices.

Specifically, Tatom  finds a substantial negative effect from  increased  risk on 
both GNP and output growth over the 1980-83 period. In addition, changes in risk 
in 1980-83  account, in part, for tem porarily higher inflation in 1980-81 and 
tem porarily low er observed inflation in late 1982 and 1983.
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Money Growth and the Size of the 
Federal Debt
Keith M. Carlson

F-M- EDERAL debt held by the public (including the 
Federal Reserve System) has risen relative to GNP over 
the past 10 years, w ith m ost o f the increase occurring 
since 1981 (see ch art 1). T h is recen t increase in the 
federal debt-GNP ratio reverses a downward trend 
that had prevailed from  the end  of W orld W ar II. Fur­
therm ore, as o f early th is year, the C ongressional 
Budget Office (CBO) p ro jected  that a continu ation  of 
cu rrent budget policies w ould lead to further rises in 
the debt-to-GNP ratio through 1989.

This change in trend is viewed w ith co n cern  by 
m ost econ om ic analysts. A ccording to the CBO:

Historical experience suggests that increases and de­
creases in federal debt relative to GNP have been ac­
com panied by approximately offsetting changes in 
non-federal debt as a percentage of GNP. Similarly, 
growth trends in the federal debt-GNP ratio appear to 
have been mirrored by opposite trends in the capital- 
output ratio.'

Should history repeat itself, the rising federal debt- 
GNP ratio will produce slow er econ om ic growth and a 
low er standard  of living than  would otherw ise occur.

The accu racy  of the CBO’s p ro jections depends, o f 
course, on how  accurately  it is able to predict both 
deficits and future GNP.2 Two problem s m ake it dif­

Keith M. Carlson is a research officer at the Federal Reserve Bank of St. 
Louis. Thomas A  Pollmann provided research assistance.

'CBO (February 1984), part I, p. 75.

2For a critique of the procedures used by the CBO and the Office of
Management and Budget, see Klein (1984).

ficult to obtain  accu rate  p ro jections o f these two varia­
bles. First, th ese  variables are interrelated ; co n se­
quently, their feedback effects m ust be taken into 
a cco u n t. S eco n d , a ssu m p tio n s abou t th e  fu ture 
course o f m onetaiy  policy  are crucial to the analysis; 
different assu m ptions will produce w idely vaiying 
p ro jections o f both  future deficits and future GNP.

The pu rpose o f th is article is to exam ine the im por­
tance o f m onetaiy  policy  assu m ptions in the assess­
m ent o f the federal debt-GNP ratio. To aid in this ex­
am ination, sim ulations from  a m odified version o f a St. 
Louis-type m odel are used in con ju n ctio n  w ith a 
m odel o f budget and debt determ ination. Because this 
m odel is sensitive to changes in m oney growth, it can  
be used to determ ine the effect o f alternative m onetaiy  
policies on the federal debt-GNP ratio.

A FRAMEWORK FOR ANALYSIS
The role for m onetaiy  policy in the determ ination of 

strategic budget variables can  be described  with the 
aid of a schem atic diagram  (see page 6). For a given tax 
structure and set o f outlay program s, the econom ic 
variables —  real GNP, unem ploym ent, the price level 
and interest rates —  im pinge strongly to determ ine 
the budget ou tcom e in a given period.3 T hese varia­
bles, in turn, are affected by the growth of the m oney 
stock. T h e size o f th e federal debt held by the public

3ln this diagram, the connection between economic variables and 
budget variables is predominantly in one direction, reflecting primar­
ily the results of previous econometric studies.
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A Schematic Diagram of Budget Determination

relative to GNP is a convenient way of sum m arizing 
budget policy u nd er a set o f econ om ic assum ptions 
over a period of years.

W ith the aid of this schem atic diagram, the key vari­
ables can be identified easily. The m odel m ust be ca ­
pable of tracing a path through tim e for real GNP, the 
p rice level (GNP deflator) and interest rates. Given the 
responses o f receipts and outlays, a tim e path for the 
federal debt can  be derived. Then, to explore w hether

the federal debt grows explosively over time, the size 
o f the debt can  be com pared w ith GNP.

Summary o f the Model

The m odel used in this article is an augm ented 
m onetaiy  m odel.4 (For details, see appendix A.) The 
key feature of the m odel is that nom inal GNP is deter-

4For further details on its properties, see Carlson and Hein (1983).
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C h a rt 1

Federal Debt Held by the Public as a Percent of GNP

m ined by cu rrent and lagged values of the m oney 
stock (M l); in o th er words, fiscal variables w ere not 
found to be significant in the determ ination of GNP."1 
GNP is then divided betw een output and prices via a 
price equation. The GNP deflator is specified as a fu n c­
tion of cu rrent and lagged values o f the relative price of 
energy, dem and  p ressu re  and  an tic ip a te d  p rice  
change. The 10-year T reasu iy  bond rate is a function 
of past inflation. The 3-m onth T reasu iy  bill rate is a 
function of cu rrent and lagged values o f changes in 
output and prices.

The budget portion of the m odel con sists o f an out­
lays equation and a receipts equation.'1 T hese equa­

5This specification contrasts with that used in Carlson and Hein in 
that federal expenditures are omitted. For empirical support, see 
Hafer (1982).

6For further detail, see appendix B. See Carlson (1983) for further 
discussion of these equations.

tions depend on a given outlay program  and a set of 
tax laws, respectively, as well as the growth of real GNP 
and inflation. Interest paym ents are specified as a 
function of the two interest rates in the m odel, the 
portion of the budget deficit financed by the public, 
the size of the federal debt and the am ount o f debt 
m aturing w ithin a year. Several o th er budget identities 
are specified to generate additional variables and to 
close the m odel so that it can  be solved.

Properties o f the Model

T h e p ro p e rtie s  o f  th e  m od el are  m o n eta ris t. 
Changes in the growth rate of m oney change the 
growth of nom inal GNP quickly, w ith the full effect 
achieved w ithin five quarter's. Initially, this change in 
nom inal GNP is translated  into a change in output 
(real GNP) because p rices respond to changes in
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m oney growth with a m u ch  longer lag than  nom inal 
GNP does. T h e 3-m onth T reasu iy  bill rate responds to 
a change in m oney via its effects on output and prices.' 
T he T reasu iy  bond rate, on the o th er hand, responds 
m ore slowly to m oney becau se it d epends only on 
past prices.

Over the longer run, the effects of a change in m one­
tary growth are reflected  only in nom inal variables, 
that is, nom inal GNP, inflation and nom inal interest 
rates. T h e achievem ent o f full ad justm ent to a steady- 
state growth path takes about 30 years. For the five- 
year tim e horizon u sed  by th e governm ent for budget 
analysis, output growth is still influenced by m oney 
growth; that is, the steady-state equilibrium  has not 
yet been  attained. To gain m ore insight into the future 
prospects for the budget, the m odel is sim ulated to its 
steady-state equilibrium , w hich o ccu rs around 2015. 
This longer-run perspective yields conclu sions that 
differ from those that result from focusing on the co n ­
ventional five-year budget horizon.

THE BUDGET EFFECTS FOR  
ALTERNATIVE MONETARY POLICIES: 
1 9 8 4 -8 9

Each y ear the CBO provides a set of estim ates that it 
calls "baseline p ro jections." T hese are pro jections of 
what federal receip ts and outlays would be if current 
laws and program s w ere to continu e for the next five 
years. In o th er w ords, despite the u se o f the term  
"projections," th ese  are not forecasts o f the budget; 
they are m eant to be used as baseline estim ates 
against w hich  proposed changes in tax laws and 
spending program s can  be m easured and assessed .

In the p rocess of preparing these estim ates, the CBO 
develops a set of econ om ic assu m p tion s* This is a 
necessary  part of th e p rocess becau se receipts and 
outlays depend crucially  on econ om ic conditions. Re­
ceip ts depend, o f course, on taxable incom e and sales 
w hich, in turn, depend on inflation and real growth. 
Similarly, outlays also are influenced by real growth, 
m ainly via unem ploym ent, and inflation, since a large 
num ber of program s are now  indexed to the cost of 
living. In terest on the federal debt obviously depends

’Normally a third effect is included —  a liquidity effect. However, 
using quarterly data the effect of contemporaneous changes in the 
growth rate of money was not found significant.

8For further discussion of the role of economic assumptions in the 
budgeting process, see Carlson.

on the level o f in terest rates as well as the size o f the 
deficit and the am ount and m aturity structu re o f ou t­
standing debt.

The CBO's 1984 report on the budget is particularly 
bleak.9 A ccording to the CBO’s baseline estim ates, the 
federal deficit will continu e to grow in dollar term s 
throughout the 1984-89  period. Even w hen scaled 
against a growing GNP, the CBO con clu d es that the 
"deficit p ro jections are obviously alarm ing.""’ As su m ­
m arized in the ratio of federal debt to GNP, the b ase­
line pro jections ind icate that the sharp increase in  the 
ratio in 1982-83 will continu e through the 1984-89 
period.

Economic Assumptions

To assess the validity o f the CBO’s conclu sions, the 
m onetary m odel w as sim ulated using three different 
m onetary scenarios —  4, 6 and 8 percent growth of 
M l. T hese three alternative m oney growth assu m p­
tions prod u ced  alternative paths for real growth, in ­
flation and interest rates.

Table 1 sum m arizes the CBO’s baseline pro jections 
and the sim ulations by the m onetary m odel. Although 
the CBO’s p ro jections are derived u nd er the assu m p ­
tion that m oney growth will be 6 percent, their results 
are not generally con sisten t with those obtained from 
the m onetary m odel using 6 p ercent growth in money. 
In particular, the CBO ’s estim ate o f the dollar level of 
nom inal GNP in 1989 falls about halfway betw een the 
results from sim ulations using 4 p ercen t and 6 per­
cen t m oney growth.

The difference betw een the CBO’s p ro jections and 
the m onetary m odel's sim ulations translates prim arily 
into a difference in the p ro jections for output. The 
CBO’s pro jected  level o f real GNP for 1989 lies below  
that generated by the m odel using 4 p ercent m oney 
growth. T heir relatively low  p ro jections o f output tend

9CBO (February 1984), part II. The analysis in this article (for both the 
CBO and the administration) is based on reports prepared in Febru­
ary 1984. Since then the CBO has prepared new baseline estimates 
(CBO, August 1984) and the administration has released its Mid- 
Session Review of the Fiscal Year 1985 Budget (OMB, August 15, 
1984). The February estimates are used here because of their 
comparability; both the baseline estimates and the administration 
estimates are prepared on the basis of common CBO assumptions. 
Such comparability is not available for the August estimates. How­
ever, examination of the CBO’s revised baseline estimates indicates 
that the conclusions are not materially affected. The estimates de­
veloped in this article are meant to serve as illustrations rather than 
precise projections.

,0CBO (February 1984), part II, p. 6.
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Table 1
Economic Variables: Model Simulations vs. CBO Baseline1

1984 1985 1986 1987 1988 1989

GNP (billions of dollars)
M = 4% $3763 $3968 $4254 $4563 $4893 $5247

(13.9) (5.4) (7.2) (7.3) (7.2) (7.2)
M = 6% 3778 4045 4430 4852 5313 5819

(14.3) (7.1) (9.5) (95) (9.5) (9.5)
M = 8% 3793 4123 4609 5153 5761 6441

(14.8) (8.7) (11.8) (11.8) (11.8) (11.8)
CBO 3651 3995 4339 4704 5084 5481

(10.3) (9.4) (8.6) (8.4) (8.1) (7.8)

Real GNP (billions of 1972 dollars)
M = 4% $1669 $1707 $1762 $1823 $1882 $1937

(8.7) (2.3) (3.2) (3.5) (3.2) (2.9)
M = 6% 1675 1737 1817 1891 1952 1998

(9.2) (3.7) (4.6) (4.1) (3.2) (2.4)
M = 8% 1682 1768 1874 1964 2031 2072

(96) (5.1) (6.0) (4.8) (3.4) (2.0)
CBO 1618 1685 1744 1805 1866 1927

(5.4) (4.1) (3.5) (3.5) (3.4) (3.3)

GNP Deflator (1972 = 100)
M = 4% 225.5 232.5 241.5 250.3 259.9 270.8

(4.7) (3.3) (3.9) (3.6) (3.8) (4.2)
M = 6% 225.5 232.9 243.8 256.5 272.2 291.2

(4.7) (3.3) (4.7) (5.2) (6.1) (7.0)
M = 8% 225.5 233.2 245.9 262.3 283.7 310.8

(4.7) (3.4) (5.4) (6.7) (8.2) (9.6)
CBO 225.8 237.3 248.9 260.6 272.3 284.0

(4.7) (5.1) (4.9) (4.7) (4.5) (4.3)

Treasury Bill Rate (percent)
M = 4% 9.6% 8.8% 7.5% 6.6% 6.2% 6.1%
M = 6% 9.8 9.4 8.6 8.2 8.2 8.4
M = 8% 9.9 10.0 9.8 9.8 10.1 10.6
CBO 8.9 8.6 8.4 8.2 8.0 7.8

Treasury Bond Rate (percent)
M = 4% 12.4% 11.1% 9.7% 8.9% 8.4% 8.1%
M = 6% 12.4 11.1 9.9 9.5 9.6 9.8
M = 8% 12.4 11.2 10.2 10.1 10.6 11.4
CBO 11.7 11.2 11.0 10.9 10.8 10.6

'Percent change in parentheses. Simulations begin in 111/1984; thus, 1984 reflects actual economic performance in the first half.

to increase their estim ates of the baseline deficit; their 
estim ates o f outlays are higher and th eir estim ates of 
receipts are lower. T h e CBO’s p ro jections of the price 
level, on the o ther hand, are quite close to the m od el’s 
sim ulation using 6 percent m oney growth.

The differences in interest rate pro jections are co m ­

pared at the bottom  of table 1. The CBO ’s pro jections 
o f the Treasury  bill rate are co n sisten t w ith the 
m odel’s sim ulations using 6 percent m oney growth. 
The CBO’s p ro jections o f the Treasury bond rate, on 
the o ther hand, are not; instead, they resem ble m ore 
closely the m od el’s result using 8 percent m oney 
growth. Even using that com parison, however, the
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Table 2
Budget Variables: Model Simulations vs. CBO Baseline 
(billions of dollars)

1984 1985 1986 1987 1988 1989

Receipts
M = 4% $ 678 $ 749 $ 788 $ 852 $ 921 $ 987

M = 6% 680 761 822 914 1017 1122

M = 8% 682 773 857 979 1121 1273

CBO 663 733 795 863 945 1016

Outlays
M = 4% $ 860 $ 930 $ 998 $1071 $1157 $1245

M = 6% 860 928 997 1075 1172 1281

M = 8% 859 926 995 1078 1185 1309

CBO 866 941 1025 1125 1240 1355

Surplus
M = 4% $-182 $-182 $-210 $-219 $-235 $-259

M = 6% -180 -168 -174 -161 -155 -159

M = 8% -177 -153 -138 -98 -64 -36

CBO -203 -207 -229 -261 -294 -338

Debt
M = 4% $1306 $1487 $1696 $1914 $2148 $2406

M = 6% 1303 1470 1643 1803 1957 2115

lit=8% 1301 1453 1590 1688 1750 1785

CBO 1327 1533 1761 2021 2314 2652

CBO’s p ro jections are generally h igher throughout the 
period."

Higher in terest rate estim ates will produce higher 
estim ates o f the deficit. Furtherm ore, there is a crucial 
cum ulative effect —  higher interest rates add to the 
cu rrent deficit, w hich  carries over to future years in 
the form of larger debt that m ust be financed.

Simulating the Monetary Model with 
CBO's Baseline Estimates

Table 2 sum m arizes the m odel's sim ulation of re­
ceip ts and outlays and com pares them  w ith the CBO's

"The CBO projects a continuation of the large disparity between 
interest rates and inflation rates that has been observed recently. 
The monetary approach assumes implicitly that interest rates even­
tually will return to levels consistent with past relationships with 
inflation.

estim ates. The CBO’s estim ated  receip ts are slightly 
m ore than the m od el’s estim ates using 4 percent 
m oney growth. By 1989, the CBO ’s estim ate o f receipts 
is $106 billion below  that generated  by the m odel u s­
ing 6 percent m oney growth. The com p osition  of GNP 
is instrum ental in producing this result. Because the 
CBO has a relatively low  estim ate o f real growth, their 
estim ate o f the growth of receip ts is also lower.

T he CBO's estim ated  outlays are well above the 
highest estim ate derived from th e m odel. This differ­
en ce again reflects the relatively low level o f output 
that the CBO pro jects. As a result, outlays for u nem ­
ploym ent com p ensation  and the am ount o f deficit to 
be financed are higher as is the CBO ’s estim ate for the 
interest rate on Treasury bonds. D ifferences in fore­
casts for interest rates can  accu m u late quickly into 
higher deficits via th e ir effect on outlays. The m odel 
sim ulates in terest paym ents using an equation esti­
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m ated over a sam ple period of 1955-83 (see appendix 
B). The CBO does not estim ate a single-interest pay­
m ents equation; instead, its estim ates are based  on a 
detailed analysis of the com p onents of the federal 
debt.'2

W hen the m odel’s estim ates of receip ts and outlays 
are com bined, the resulting budget p icture is less 
b leak  th an  th e  C BO ’s p ro je c tio n s  in d ica te . T h e 
m odel’s surplus/deficit pro jections show  clearly that 
the size o f the p ro jected  deficit is very sensitive to the 
rate of m onetary growth assum ed. W ith 4 percent 
m oney growth, the deficit increases in dollar am ounts 
through 1989; however, the rise is sm aller than  w hat 
the CBO pro jects. W hen 6 percent m oney growth is 
assum ed, the budget deficit slowly declines. W ith even 
m ore rapid m oney growth, the budget moves toward 
surplus after 1989, but, of course, inflation also is m ore 
rapid.

Perhaps the m ost dram atic difference betw een the 
CBO’s pro jections and those obtained from the m odel 
appears w hen the tim e paths for federal debt held by 
the public are com pared. T he cum ulative effect o f defi­
cits over six years generates a public debt of $2,406 
billion w ith 4 p ercen t m oney growth, $2,115 billion 
with 6 p ercen t m oney growth, and $1,785 billion with 8 
percent m oney growth. B ecau se the CBO p ro jects 
higher deficits for every y ear than  does the model, 
federal debt held  by the public rises to $2,652 billion in 
1989 under the CBO pro jections.

Simulating the Monetary Model with the 
Administration’s Budget

Given the m od el’s sim ulations, either the budget 
situation or the outlook for inflation is bleak. Although 
the situation p ro jected  by the m onetary m odel is not 
quite as bad as that seen  by the CBO, the broad co n ­
clusions about continuing large budget deficits are 
generally the sam e. To determ ine w hat might be re­
quired to prevent continu ed  large deficits, the adm in­
istration’s budget, as prepared in February 1984 and 
recalculated  w ith the CBO’s econ om ic assum ptions, is 
su bjected  to the sam e exercise used in the previous 
section .’3

12For further discussion of the CBO’s procedures, see CBO (Septem­
ber 1984).

,3OMB (February 1984), and CBO (February 1984), An Analysis of the 
President's Budgetary Proposals tor Fiscal Year 1985.

The adm inistration 's budget for 1985-89, sum m a­
rized in table 3, can  be com pared w ith the CBO base­
line estim ates in table 2. Note that the adm inistration 
proposed m odest increases in revenues, am ounting to 
only an additional $23 billion in 1989. According to the 
CBO ’s analysis o f the adm inistration ’s budget, the pro­
posed revenue increases stem  from the following:

(1) taxation of health insurance premiums;

(2) "structural reform" proposals, mainly in the form of 
limitations on tax-exempt leasing and on private-pur- 
pose tax-exempt bonds; and

(3) restrictions on tax shelters and on accounting and 
corporate tax abuses.

The proposals are not m ajor; the CBO estim ates that 
by 1987-89 prim ary revenues w ould be increasing 
only at a slightly faster rate than the CBO baseline 
estim ates, 8.8 p ercen t vs. 8.5 percent.

W ith regard to outlays, the adm inistration program 
is som ew hat m ore am bitious; outlays are p ro jected  to 
be $62 billion less than the CBO ’s baseline estim ate by 
1989. The ad m inistration ’s program  proposes con sid ­
erable change in the com p osition  of federal spending. 
For 1989, relative to th e CBO’s baseline projections, 
defense spending w ould be $11 billion higher, en title­
m ent program s would be $15 billion lower, non d e­
fense discretionary spending would be $17 billion 
lower, "offsetting receipts" would be higher by $6 bil­
lion and net in terest would be low er by $10 billion. 
Although th ese differences do not appear large, the 
adm inistration's estim ate for prim ary outlays for the 
1987-89 period w ould be increasing at a 7.1 percent 
rate, w hich com pares w ith the CBO's baseline esti­
m ate of an 8.9 p ercen t rate o f increase.

The sim ulation results for the m odel using adm inis­
tration estim ates are sum m arized in table 3. W hen 
com pared with table 2, the contours of the deficit to 
GNP appear little different, especially  in the early 
years. C loser insp ection  reveals that, for a given m oney 
growth, the adm inistration program  m oves either to ­
ward surplus or tow ard a sm aller deficit by 1989. This 
shows how relatively sm all changes in the growth 
rates of receip ts and outlays can  alter significantly the 
outlook for the deficit and the federal debt, even by 
1989. It is to be noted, however, that the prospects for 
the debt im prove in con ju n ctio n  w ith an inflationary 
m onetary policy.
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Table 3
Budget Variables: Model Simulations vs. Administration 
Budget (billions of dollars)1 ________

1984 1985 1986 1987 1988 1989

Receipts
M = 4% $ 680 $ 757 $ 800 $ 866 $ 940 $1009
M = 6% 682 769 835 929 1037 1147
M = 8% 684 781 870 995 1143 1301
Admin. 665 741 807 878 964 1039

Outlays
M = 4% $ 858 $ 937 $1002 $1067 $1132 $1193
M = 6% 857 935 1000 1070 1148 1227
M = 8% 857 933 999 1073 1160 1254
Admin. 866 947 1028 1119 1212 1293

Surplus
M = 4% $-178 $-181 $-202 $-200 $-192 $-184
M = 6% -176 -166 -166 -141 -110 -80
M = 8% -173 -152 -129 -78 -17 47
Admin. -201 -206 -221 -241 -248 -254

Debt
M = 4% $1302 $1482 $1682 $1882 $2073 $2255
M = 6% 1300 1465 1629 1769 1879 1958
M = 8% 1297 1448 1576 1653 1669 1622
Admin. 1326 1529 1749 1990 2237 2490

'Administration's February budget as estimated using CBO’s economic assumptions.

THE BUDGET EFFECTS FOR  
ALTERNATIVE MONETARY POLICIES: 
THE LONGER-TERM

The previous com parisons dem onstrate that the 
m onetaiy  m odel yields sm aller deficit estim ates than 
those using the CBO baseline pro jections. T he ch ief 
conclu sion  from the sim ulations derived from  the 
m odel is that faster m oney grow th will produce 
sm aller deficits up to 1989.14

Because public d iscussion  of the effects of future 
deficits suggests that they are con cern ed  w ith periods

,4This result suggests that a goal of a balanced budget is meaningless 
unless there is an explicit accounting for monetary growth. No at­
tempt is made here to assess the costs and benefits of aiming 
toward a balanced budget. What is clear is that the specification of 
such an objective requires a consideration of the possible accompa­
nying inflation and variations in the rate of real growth.

of tim e longer than  five years, and becau se th e m odel 
does not reach  its full equilibrium  in five years tim e, it 
is informative to carry on with the sim ulation through 
tim e. To m ake a com p arison  possible betw een the 
CBO's analysis and the m od el’s sim ulations for this 
longer period, both  the CBO’s baseline estim ates for 
prim aiy receipts and outlays and the adm inistration’s 
estim ates w ere extended  beyond 1989 at their average 
growth rates for the 1987-89 period. This provided 
sufficient input for the m odel to continu e the sim ula­
tions past 1989. The m odel w as sim ulated through 
2015, w hen it reaches steady-state equilibrium .

Long-Term Simulations o f CBO 
Baseline Estimates

Chart 2 sum m arizes the sim ulation results using 
the m odel and the CBO baseline pro jections for the 
full period. Because dollar am ounts are generally dif-
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C h a rt 2

Federal Debt Held by the Public as a Percent of GNP
Simulation Results Using CBO Baseline Estimates
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ficult to interpret m eaningfully w hen consid ered  over 
long tim e periods, the results for the federal debt are 
presented  relative to GNP.

Chart 2 yields a surprising result. Here, federal debt 
held by the public, expressed  relative to GNP, rises 
w ithout lim it for 4 and 6 p ercen t m oney growth. Only 
w ith 8 percent m oney growth does the debt appear to 
eventually decline relative to GNP.

Why the difference in the short-ru n  and long-run 
results? Isolating the reasons for this difference re­
quires detailed exam ination of the tim e response of 
receipts and outlays to real growth, inflation and in ter­
est rates. The nature o f the long-term  results reflects 
primarily that outlays respond m ore slowly to in ­
flation than receipts do. In addition, becau se it takes 
tim e for the debt to build up in response to deficits, 
the cum ulative effect o f deficits takes the form  of in ­
crea se d  outlays. T h e se  d elays are fu rth er c o m ­

pounded becau se inflation responds m ore slowly to 
m oney growth than output does.

Long-Term Simulations o f the 
Administration's Budget

Chart 3 sum m arizes the long-term  sim ulations of 
the adm inistration’s budget. Here th e differences from 
the 1984-89  horizon  are also striking.

Using 4 percent m oney growth, the sim ulations 
show  only a m odest upw ard drift in the federal debt as 
a p ercen t o f GNP over the 30-year period. W ith 6 and 8 
percent m oney growth, debt declines relative to GNP 
and is eventually elim inated, resulting in a n et cred itor 
position for the federal governm ent.”

15Currently, because the federal government borrows more than it 
lends, it is a net debtor. Simulations showing the government as a 
net creditor are only meant to be illustrative. They should not be 
construed as forecasts.
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C h a rt 3

Federal Debt Held by the Public as a Percent of GNP
Simulation Results Using Administration Budget

SUMMARY

There is a developing con sen su s that budget defi­
cits are growing at disquieting rates. To exam ine the 
likelihood of future deficits, a m onetary m odel was 
expanded to include the determ ination  of budget vari­
ables. Key budget variables w ere recalculated  using 
the CBO's baseline estim ates and the adm inistration 's 
February 1984 budget. T hese sim ulation results indi­
cate that the p rosp ects for a balanced  budget depend 
on the tim e path of m onetary growth. In particular, 
achieving a balanced  budget is facilitated by faster 
m oney growth.

A nother con clu sion  that derives from this study is 
that a five-year planning horizon seem s too short to 
judge w hether a particu lar set o f policies is really re­
ducing the seq u en ce of future deficits. Because of the 
lag structu re betw een policy variables and econom ic 
variables, a decade or m ore m ight be n ecessary  before 
the full im pact on  deficits can  be discerned.

The charts and  tables in this article should not sug­
gest that considerable precision  is possible in the

preparation of budget estim ates —  especially  those for 
a far distant period. The sim ulations are m eant to be 
illustrative; they are conditioned  by a large nu m ber of 
assum ptions, not the least o f w hich is the m odel ch o ­
sen to derive th e sim ulations. Nevertheless, the m ajor 
conclu sion  stands: the long-term  process o f reducing 
budget deficits is difficult, but possible. In particular, 
receipts and outlays depend on key econ om ic varia­
bles like real growth, inflation and interest rates; these, 
in turn, depend crucially  on the rate o f m onetary ex­
pansion. Thus, fiscal plans to redu ce deficits over tim e 
m ust be coord inated  w ith m onetary policy actions if 
they are to be su ccessfu l; any ch o ice o f deficit red u c­
tion via faster m oney growth m ust be assessed  in co n ­
junction  with the possible inflationary costs involved.
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Appendix A 
A Monetary Model

The m odel used for sim ulations o f the econom ic 
variables is sum m arized below. A dot over a variable 
indicates com p ou nded  annual rate o f change. M ost

(1) GNP equation

Sample period: I/1960-IV/1981 

4
Y, = 2.67 + 1.14 2 M,_,

(2.601 16.30) i = 0

R: =  .36 SE = 3.65 DW = 2.11

(2) Price equation

Sample period: 1/1960—1V/1983

4 5
P, =  .87 +  .14 2 PE, , +  .09 2 IX,., -  XF*) 

12.30) i =  1 (5.80) i = 0

+ 1.11 PA,
(12.35)

R2 =  .72 SE =  1.41 DW = 2.01 p =  .15

equations are estim ated  with Almon constraints on 
the coefficients. Absolute values of t-statistics are in 
parentheses.

(4) Treasury bond rate equation 

Sample period: I/1960-IV/1983

20
RL, = 2.88 + .96 2 P ,,

(1.96) (3.75) i =  0

R2 = .13 SE = .51 DW = 1.77 p = .95

(5) GNP identity 

Y, = (P,/100) X,

(6) Demand pressure definition 

XF* = ( (XF/X,_,r -  1) • 100

(7) Price anticipations definition

21
PA, = .96 2 P,„ 

i = 1

(3) Treasury bill rate equation 

Sample period: I/1960-IV/1983

10 10
RS, = .55 2 X,_, + .99 2 P,_, 

(3.28) i = 0 (6.45) i =  0

R- = .15 SE = .90 DW = 1.90 p = .91

Y = nominal GNP 
M = money stock (Ml)
P = GNP deflator (1972 = 100)
PE = relative price of energy
X = output in 1972 dollar's
XF =  potential output (Rasche-Tatom)
RL = Treasury bond rate
RS = Treasury bill rate
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Appendix B 
Budget Model

To estim ate th e effect on  budget p ro jections of an 
a lternative se t o f e c o n o m ic  assu m p tio n s, the 
following budget variables w ere estim ated:

1) primaiy receipts: total receipts minus earnings 
of the Federal Reserve System

2) primary outlays: total outlays minus net interest
3) net interest

The basic source for estim ates of the relevant 
elasticities w ere estim ates published by the CBO 
(February 1984), Part I. Net in terest w as estim ated 
using fiscal y ear data for 1955—83.

Primary receipts

The im plied coefficients for receipts as derived 
from estim ates prepared by the CBO w ere:

A Rf = .75 A X, + .81 A X,_, -  .01 A X,_, + .26 A X,_3

+ .14 X,_4 + .21 X,_s + .75 A P, + .36 A P, ,

+ .02 A P, , + .16 A P, -  .06 A P, 4 + .13 AP, -

w here

ARf =  deviation of p ercen t change in prim ary 
receipts from  baseline estim ate in fiscal 
y ear t

AX, =  deviation of p ercen t change in real GNP 
from  baseline estim ate in year t

AP, =  deviation of p ercen t change in GNP defla­
tor from baseline estim ate in y ear t

Primary outlays

The im plied coefficients for outlays as derived 
from estim ates prepared  by the CBO w ere:

A Of = .25 AX, + .06 A X,_, + .03 A X, , -  .03 A X,.:,

+ .01 A X,_4 -  .02 A X,_, + .00 A P, + .39 A P, ,

+ .21 A P,_, + .14 A P , + .00 A P,_4 + .15 AP,.,

where

A Of =  deviation of percent change in primary 
outlays from baseline estimate in fiscal 
year t

Net interest

The estim ation form of the net interest equ a­
tion was derived from the following equation:

i, =  i,( -  is; +  S")j +  ii, -  ^ - 1 ^ +  i,.,
D , - ,  M , _ ,

w here
I, =  net in terest in fiscal y ear t

i, =  average y ield  on 3-m onth Treasury bills 
and 10-year Treasury bonds in y ear t

S,1 =  budget surplus in fiscal y ear t =  SJ’ — I, + 
< K

S|' =  prim ary surplus in fiscal y ear t

tt| k =  earnings of th e Federal Reserve System  in 
fiscal year t

S” =  financing from  o th er th an  borrow ing 
from the public in fiscal y ear t

D, =  federal debt held  by the public in  fiscal 
y ear t

M, = average length to m aturity o f federal debt 
(in years) at end of fiscal y ear t

The first term  on the right-hand side represents 
borrow ing from the public in the cu rrent fiscal year. 
The second  term  is an approxim ation of the change 
in in terest cost due to refinancing m aturing debt. 
This equation was solved for I, in  the form show n 
below. Since it is an approxim ation, th e equation 
was estim ated using data from 1953-83:

RJ = .99 SE = 2.05 DW = 1.95 p, = -.34 p, = .17
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Depreciation; Inflation and 
Investment Incentives: The Effects 
of the Tax Acts of 1981 and 1983
Mack Ott

TM . HREE years after its enactm ent, controversy still 
surrounds the Econom ic Recovery Tax Act o f 1981 
(ERTA) and its su ccessor, the Tax Equity and Fiscal 
Responsibility Act o f 1982 (TEFRA). On the one hand, 
the Reagan adm inistration claim s that the 1981 tax 
reductions substantially  increased  U.S. bu siness in ­
vestm ent and contribu ted  to the strong recovery from 
the 1981-82 recessio n 1. On the o ther hand, som e co m ­
m entators argue that th e tax redu ctions have failed to 
increase bu siness investm ent.2 Moreover, o th er critics 
of ERTA argue that, although investm ent has in ­
creased, it has done so in an u nbalanced  fashion: too 
few resou rces are going into plant, w hile too m any are 
going into prod u cers’ durable equipm ent.3 O m itted 
alm ost entirely from the debate over the effectiveness 
of the tax redu ctions has been  the independent im ­
pact of the recen t disinflation. That is, to w hat extent 
would investm ent have been  increased  sim ply by the 
decline o f the inflation rate and how  does su ch  an 
influence com e about?

This article develops the foundation for assessing 
these issues. First, the econ om ics o f depreciation de­
ductions is d iscussed . Second, depreciation acco u n t­
ing is reviewed. Third, the legislatively enacted  effects 
of ERTA and TEFRA are set forth. Following this, the 
relation of U.S. capital investm ent to distortions in 
depreciation and inflation during th e last three de­

cades are reviewed. In each  of these steps, the p artic­
ular im pact o f a declining inflation rate is exam ined to 
weigh its relative im portance in changing the invest­
m ent incentives due to depreciation dedu ctions from 
taxable incom e.

THE ECONOMICS OF DEPRECIATION 
DEDUCTIONS

In the cou rse o f any bu siness activity, equipm ent 
and plant gradually are consu m ed: equipm ent w ears 
out from u se or becom es obsolete and m ust be re­
placed; structu res deteriorate, ultim ately requiring 
renovation or dem olition and reconstru ction . C onse­
quently, depreciation is a norm al expense of bu siness 
activity and, like o th er norm al expenses —  wages and 
salaries, insu rance prem ium s, utilities and m aterial 
costs —  is dedu cted  from gross revenues to determ ine 
taxable incom e.4

7Wo Types o f  Depreciation: 
Physical Deterioration and 
Economic Obsolescence

An inherent difference betw een depreciation and 
other deductible bu siness expenses, however, is that 
depreciation can  be determ ined only im plicitly; other

Mack Ott is a senior economist at the Federal Reserve Bank of St. 
Louis. Paul G. Christopher provided research assistance.

'Economic Report of the President (1984), p. 34.

2For example, see Editorial, Washington Post, April 22, 1984.

’Greenhouse (1984).

"From the institution of the federal income tax with the sixteenth 
amendment to the Constitution in 1913, depreciation has been an 
allowable deduction in computing taxable income. Under the Reve­
nue Act of 1913, taxpayers were allowed to deduct "a reasonable 
allowance for the exhaustion, wear and tear of property arising out of 
its use or employment in the business." Internal Revenue Service 
(Vol. 1971-2), C.B. 504.
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expenses can  be su bstantiated  explicitly  by su ch  p osi­
tive d ocu m entation  as invoices.

Two d istinct types of econ om ic value loss are cov­
ered by depreciation: First, there is th e obvious deteri­
oration due to u se w h ich  lessen s th e rem aining value 
in prod u cers’ durable equipm ent and structures. The 
rate o f su ch  d eterioration is difficult to establish  o b jec­
tively b ecau se w ear and tear on  a given type of equip­
m ent or structu re m ay o ccu r at different rates in dif­
ferent applications. Second, there is the econom ic 
value that is lost w hen eith er an  im proved m achine is 
developed —  that is, b etter quality o f output, faster 
rate o f output or m ore frugal in its inp ut u se for a given 
output rate —  or a change in the relative prices o f an 
inp ut (such as energy) o ccu rs that requires a change in 
production tech n iqu es and equipm ent design. Al­
though the econ om ic loss due to  o bso lescence is obvi­
ously difficult to predict, it has been  a tenet o f bu si­
n e s s  in c o m e  ta x  p r o c e d u r e s  re s u lt in g  in  th e  
acceleration  of depreciation  sin ce  well before th e ex­
plicit adoption of accelerated  depreciation  acco u n t­
ing system s in 1954.5

To establish  an explicit basis for d epreciation  ex­
penses, then, th e taxing authority cou ld  either allow 
each  firm to estim ate its own cu rrent depreciation 
expenses or provide guidelines in  the form  of som e­
w hat arbitraiy  sched u les o f allow able percentage de­
ductions. For th e first 20 years o f the federal incom e 
tax, individuals w ere given the freedom  to determ ine 
their own depreciation allow ances su b ject to IRS re­
view. The U.S. tax cod e now  prim arily takes the second  
approach.6

Elements o f Depreciation
T here are three elem ents o f depreciation  expensing 

im plied by the foregoing d iscussion, only two of w hich 
are explicit in the depreciation  sched u les: First, there 
is the length of tim e, the asse t’s tap life, over w hich

5See Internal Revenue Sen/ice, p. 505.

6For example, the original IRS Bulletin F of 1920, which set forth 
depreciation guidelines, clearly allowed the freedom to choose (and 
imposed the burden to substantiate) depreciation deductions both 
for deterioration and obsolescence:

The Bureau does not prescribe rates to be used in computing deprecia­
tion and obsolescence, as it would be impractical to determine rates 
which would be equally applicable to all property of a general class or 
character. For this reason, no table of rates is published. The rate 
applicable and the adjustment of any case must depend upon the actual 
conditions existing in that particular case. (Internal Revenue Service, p. 
505, note 13.)

From 1934 onward, however, this procedure was tightened in large 
part due to the declining prices of replacement capital. In response to 
criticism (and proposed legislative action), the Treasury switched to a

the asset, for tax purposes, is assum ed to deteriorate.7 
Second, there is th e pattern  o f dedu ctions; this co m ­
ponent determ ines the a c c e le r a t io n  o f the d eprecia­
tion schedule, w hich  varies from equal dedu ctions in 
each  period —  no acceleration  —  to proportionally 
large initial-period deductions, w hich  d ecline accord ­
ing to specified accou nting  patterns over the asse t’s 
tax life. Third, there is th e problem  of how  to treat 
s c r a p  o r salvage value. Given th e d ifferences in d eterio­
ration that exist in different applications, this problem  
would exist even if tax life and useful life w ere equal.

In general, tax lives are shorter than  th e durability 
im plied by th e rate o f physical deterioration so that 
scrap value —  m ore particularly, after-tax scrap  value
—  is a problem  for all capital users. Moreover, the 
longer the physical life o f an  asset, the m ore u ncertain  
its scrap value; technological advance, changes in rela­
tive prices o f inputs or evolution in u se patterns may 
make th e m arket value at d isposal m u ch  less th an  the 
value im plied by its rem aining physical life given its 
original p u rch ase price. For exam ple, a 30-year-old 
industrial building m ay be physically sound but of 
little value b ecau se o f a change in  regional industrial 
use, dem ographic changes or a shift in transportation 
m ethods.

Therefore, both  the shortening of tax lifetim es and 
the acceleration  of d epreciation  dedu ctions can  be 
econom ically  rationalized  as approxim ating the ac­
tual w ear and obso lescen ce patterns of assets. M ore­
over, as d iscu ssed  in  th e next section, acceleration  
m ay offset an  asse t’s rising rep lacem ent co st due to 
inflation, though the m ore pragm atic rationalization 
usually advanced is that acceleration  or shortened  tax 
lives provide ind u cem ents to investm ent.8 In  any case,

procedure requiring substantial documentation to support the opera­
tional as opposed to the procedural validity of depreciation deduc­
tions. Ibid, p. 505.

7At least since 1956 (and perhaps as early as 1942), the Internal 
Revenue Code's provisions for depreciation have been moving from 
a physical concept of asset life to a useful life, where the latter is 
intended to accord with business practice rather than a potential 
period of use. Ibid., p. 506. In general, the useful life would be shorter 
than physical life due to obsolescence, optimizing of salvage value 
and the benefits of replacing the asset when its net economic value of 
output, while still positive, declines below that of a replacement asset.

8For example, President Kennedy argued that the shortening of tax 
lives by 30-40 percent in 1962 (by an administrative not a legislative 
procedure) was justified in spite of the large revenue loss because of 
the investment impact:

Business spokesmen who have long urged this step estimate that the 
stimulus to new investment will be far greater —  perhaps as much as 
four times greater —  than the $1.5 billion [revenue loss] made available.
In any event, it is clear that at least an equal amount will go into new 
income producing investment and eventually return to the Government 
in tax revenues most, if not all, of the initial costs. Ibid., p. 507.

18
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



FEDERAL RESERVE BANK OF ST. LOUIS NOVEMBER 1984

Depreciation Accounting Methods

S tra ight lin e  —  Annual deduction of 1/N of original 
value o f asset, w here N is tax life o f asset.

D eclin ing b a la n c e  —  Annual dedu ction  of a sp e­
cified (a) m ultiple o f 1/N of rem aining (i.e., u ndepre­
ciated  asset value). M ost com m on form s are 150 
percent, 175 percent, and 200 percent declining 
balance. Since this form ulation of the depreciation 
deduction takes a fraction of the declining balance 
each period, its d edu ctions w ould never accu m u ­
late to the total value o f the asset. H ence, the tax 
code allows a sw itch over to straight line at any 
tim e; the m axim izing sw itchover point (N*) is

N* = 1-HN (— )];

w hen N* is not an integer, the sw itchover occu rs at 
the next year. Thus, the optim al sw itchover for a 15- 
year asset u nd er 200 p ercent declining balance is 
year 8, for 175 p ercen t declining b alance it is y ear 7, 
and for 150 percent declining balance it is year 5.

To illustrate the changeover to straight line, co n ­
sider a 10-year asset w ith an original pu rchase price 
of $1,000. The d edu ctions u nder 150 percent d eclin ­
ing balance would be as show n in the table.

Note thafc if the straight-line deduction  w ere used 
in the fourth year, it w ould be sm aller than the 
150 p e rc e n t d e c lin in g  b a la n c e  d e d u ctio n  —  
(1/7MS614.12) =  $87.73 vs. $92.12; conversely, if the 
150 p ercen t d eclin ing balance ded u ction  w ere

Annual Deductions for Depreciation for a 
$1,000,10-Year Asset under Various 
Depreciation Methods
Year SL 150 DB 200 DB SYD

1 $ 100.00 $ 150.00 $ 200.00 $ 181.81
2 100.00 127.50 160.00 163.63
3 100.00 108.38 128.00 145.45
4 100.00 92.12 102.40 127.27
5 100.00 87.00 81.92 109.09
6 100.00 87.00 65.54 90.91
7 100.00 87.00 65.54 72.73
8 100.00 87.00 65.54 54.54
9 100.00 87.00 65.54 36.36

10 100.00 87.00 65.54 18.18

Total $1,000.00 $1,000.00 $1,000.00 $1,000.00

NOTE: Columns may not add to total due to rounding.

taken in y ear 5, it w ould be sm aller than the 
straight-line —  (1.5)(1/10)($522.00) =  $78.30 vs. 
$87.00.

Sum  o f  th e  y ea rs '  d ig its  —  Annual dedu ction  is a 
declining fraction o f the asset's value; this fraction 
is the ratio o f the n u m ber o f years rem aining in the 
asset 's tax life at the beginning of the tax y ear to the 
sum  of the years (1 +  2 +  3 + ... +  N) in the asse t’s tax 
life. For assets w ith a tax life of six years or m ore, 
SYD was the m ost accelerated  depreciation sch ed ­
ule allowed in the tax cod e prior to the enactm ent 
of ERTA in 1981.

the concom itant gain at d isposition of the fully d ep re­
ciated asset, scrap  value, is treated as ordinary incom e 
to the taxpayer.9

DEPRECIATION ACCOUNTING

The 1954 tax cod e explicitly authorized a variety of 
accelerated  depreciation  accounting  m ethods: sum  of 
the y ears’ digits and variations on declining balance 
m ethods.10 These m ethods are described in the ac-

9Economic Recovery Tax Act of 1981, p. 188.

10As early as 1946, there was recognition that declining balance 
depreciation could bring accounting practice closer to the deteriora­
tion and obsolescence rates implicit in business organization; how-

com panying insert. Assum ing that tax life and useful 
life are equal, th e im pact o f accelerated  depreciation 
accounting  is to return the invested capital to the firm 
earlier in the asse t’s life than  u nd er straight-line de­
preciation, thereby reducing the im pact o f inflation. 
As a result of the higher depreciation deductions, the 
taxable proportion of the a sse t’s incom e is reduced.

ever, in contrast to the 1954 tax code which allowed the taxpayer to 
use declining balance methods, the 1946 IRS ruling imposed the 
burden of proof on the taxpayer:

The declining balance method of computing depreciation would be 
approved for federal tax purposes, provided it accorded with the method 
of accounting regularly employed in the books of the taxpayer and 
resulted in reasonable depreciation allowances and proper reflection of 
net income for the taxable year or years involved. [Emphasis added], 
Internal Revenue Service, p. 505, note 14.
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C hart 1

Remaining Depreciable Value Compared w ith  
Remaining Economic Value

Dolla rs  Do lla rs

Yea r

This raises th e p resen t value of th e asse t’s anticipated  
after-tax incom e stream  relative to its price. C onse­
quently, increasing depreciation  deductions should 
indu ce a h igher rate o f investm ent, all o th er things the
sam e.11

Graphically, th is early return of capital can  be seen  
in chart 1 w here th e rem aining u nd epreciated  value of 
an asset w ith a 10-year tax life is displayed. T he u n d e­
preciated  or rem aining value is show n for four depre­
ciation accounting  m ethods: straight line (SL), 150 p er­

"The theoretical foundations for this exist in a variety of sources: Hall 
and Jorgenson (1967) is the classic reference and Nelson (1976)
provides a clear exposition of the issues most germane to this 
article. Auerbach (1983) surveys the literature on corporate finance 
as it relates to taxation and the cost of capital. Kopke (1981) ad­
dresses the choices confronting tax policymakers regarding the 
most effective form of tax reductions to stimulate investment.

cent declining balance (150 DB), 200 p ercen t declining 
balance (200 DB) and sum  of the y ears’ digits (SYD). As 
a benchm ark, th e rem aining econ om ic value —  the 
asset's initial value less cu m u lated  deterioration —  is 
also plotted; econom ically , the asset is assum ed to 
deteriorate at an exponential 10 percent rate —  that is, 
in inverse proportion to its original useful life. Note 
that th e depreciation sched u les all provide for an  ear­
lier return of capital than  w arranted by physical d ete­
rioration alone. This o ccu rs for two reasons: First, 
since the physical deterioration is a fraction  of the 
declining balance, it will never con su m e the asset; 
there will always exist a positive scrap  value.12 In con-

t2lf an asset's economic deterioration is proportional —  e.g., geomet­
ric or exponential —  it will always have a scrap or salvage value at 
the end of any finite period. For example, if the asset’s output 
deteriorates at a rate 8,0 <  8 <  1, and has a tax life N = 1 /8, then the

20
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



FEDERAL RESERVE BANK OF ST. LOUIS NOVEMBER 1984

C hart 2

The Impact of Inflation on Remaining Economic Value

Dolla rs Dolla rs

Yea r

trast, depreciation sched ules are designed to exhaust 
the asse t’s value over its tax life. Second, the acceler­
ated sched ules take a larger portion of depreciation 
earlier than does the asse t’s decay rate.

scrap value per dollar of initial value (S) will be about 3/8:
N

S = 1 - /  5„-«dt 
0

N
= 1 -  ( -  e-s*i ), 8 = 1/N 

0
= e-6" = e-'

= .368.

This inverse relation of depreciation and tax life holds for a variety of 
assets under the ADR system —  for example, autos (8 = .333, 
N = 3), railroad equipment (6 = .066, N = 15) and metal working 
equipment (8 = .1225, N=7.8). Gravelle (1982), table 1, p. 8. Even 
when 8>1/N, however, there will be a positive scrap value. For 
example, aircraft (8 = .1818, N = 9.2) and office, computing and ac­
counting equipment (8 = .2729, N-7.0) have 8s about twice the recip­
rocal of their respective Ns for which S would be about 1 /8: S = e-“  
= e-2= .135.

D espite the apparent excess of depreciation  over 
econom ic decay depicted  in chart 1, accelerated  d e­
preciation accounting  is insufficient to provide for re­
placem ent if th e rate o f inflation is high enough. Chart 
1 im plicitly assum es a zero inflation rate in that eco ­
nom ic decay is displayed relative to a historical pur­
ch ase price.

Chart 2, drawn w ith the rem aining value ad justed  
for an inflation rate o f 9 percent, illustrates the im pact 
of inflation on the relation of econ om ic and acco u n t­
ing m easures o f depreciation . This has the effect of 
pivoting each  of the accounting  depreciation  profiles 
cou nter-clockw ise around the zero-tim e in tercep t 
due to the rising nom inal price o f the replacem ent 
asset relative to its h istorical nom inal pu rchase price. 
At a 9 percent inflation rate, th e $1,000 p u rchase price 
o f the asset will rise to $2,367 over its 10-year tax life. 
Consequently, at any point in the asse t’s 10-year tax 
life, a sm aller portion of th e real rep lacem ent cost (the 
econom ic rem aining value) is recovered w ith a high
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inflation rate (chart 2) than  w ith a zero inflation rate 
(chart I) .13

INFLATION DISTORTIONS IN 
DEPRECIATION SCHEDULES AND 
THE CHANGES DUE TO ERTA 
AND TEFRA

To evaluate th e com bined  effects o f accelerated  de­
preciation, inflation, scrap  value and shortened  tax 
lifetim es, we first exam ine the depreciation schedules 
applied to assets u nd er the assum ption  that tax lives 
and econom ically  useful lives are equal. In this exam i­
nation, presented  in table 1, the relative adequacy of 
depreciation dedu ctions is assessed  for assets of 3-, 5-, 
10-, 15- and 30-year durabilities. The table also in cor­
porates one final com p lication  —  the investm ent tax 
credit.

Since 1962, the investm ent tax credit (ITC) has been, 
in effect, a second  form of accelerated  capital return in 
the tax code. In principle, b ecau se it is a return of 
capital at th e end  of th e asse t’s initial tax year, ITC 
augm ents the depreciation  dedu ction ; ad justing for 
its being a credit rath er th an  a ded u ction  can  be a c­
com p lished  by dividing by the tax rate.14

Each entry in table 1 is the sum  of the real present 
d iscounted  value of the tax-deduction  equivalent of 
the investm ent tax cred it plus th e depreciation de­
ductions plus the after-tax anticipated  p roceed s from 
the sale o f the asset (scrap value) in ratio to the present 
d iscounted  value o f the rep lacem ent co st o f the asset. 
A real after-tax in terest rate o f 3 p ercen t w as u sed  in 
the com p utations.15 The entries are com puted over a

,3The inflation effect is symmetric: rising prices lower the value of 
depreciation deductions and falling prices raise it. Consequently, it 
is not surprising that in 1934, during a period of sustained deflation, 
legislation was introduced in Congress to lower depreciation allow­
ances. Internal Revenue Service, p. 505, note 10.

14For the first two years after its introduction, the depreciable base of 
an asset was reduced by the credit; from 1964 to 1982, no such 
reduction was required. In 1982, the enactment of TEFRA has 
restored a reduction in the depreciation base —  by 50 percent of the 
credit. ITC is currently 10 percent of the asset’s price in the case of 
equipment with a tax life of five years or more and 6 percent for 
shorter-lived equipment; structures, generally, are not eligible for 
ITC, although some equipment associated with structures and cer­
tain low-income housing does qualify. Tax Equity and Fiscal Respon­
sibility Act of 1982, pp. 41-43.

,5This is the commonly used rate in the literature, going back to Hall 
and Jorgenson (1967) and continuing through Kopke (1981). 
Gravelle (1982) uses 5.5 percent following Hendershott and Hu
(1981); all of the ratios reported in this article were also recomputed 
with a 5.5 percent real rate, and neither the qualitative nor quantita­
tive results using 5.5 percent were appreciably different.

range of inflation rates typical o f th ose experienced  
during the last three decades. The h igher th e inflation 
rate, the low er the real value o f the d epreciation  de­
ductions since the d edu ctions are based  on  a fixed 
nom inal value —  the historical p u rch ase price o f the 
asset. In contrast, the d enom inator is u naffected  by 
inflation since it is cast in  real term s to m easure the 
declining value in production  of the asset. Note that 
these are actual, not expected , inflation rates. It is the 
actual inflation rate that determ ines w h eth er d epreci­
ation dedu ctions will b e  adequate to provide for the 
replacem ent asset; however, as th is im plies, the h igher 
the expected  inflation rate over th e asse t’s life, the 
low er the value o f the asset.

These ratios determ ine w h eth er there is adequate 
provision in th e tax cod e for th e anticipated  n et cost of 
asset rep lacem ent (net o f scrap value). T h e fund is 
exactly adequate if the ratio equals 1.0. Ratios less than 
1.0 indicate that th e fund is inadequate, and  im plicit 
subsidies are p resen t in  ratios that exceed  1.0. The 
ratios are com p uted  for a variety o f depreciation 
schedules, both  straight-line and accelerated . T he Ac­
celerated  C ost Recovery System  (ACRS) m andated  by 
ERTA and m odified by TEFRA also is included  in the 
table; ACRS-ERTA is based  on th e 150 DB m ethod. 
ACRS-TEFRA is ACRS-ERTA w ith the redu ction  in d e­
preciation base —  50 p ercen t o f the investm ent tax 
credit —  m andated  by TEFRA.16

The table suggests that, even at an inflation rate as 
high as 9 p ercent, the p resent value o f depreciation 
deductions is sufficient to provide for rep lacem ent of 
assets w ith tax lives up to 10 years u nd er any of the 
schedules; w ith two exceptions, this also holds for 15- 
year assets. W hile the ratios are low er u nd er cu rrent 
law (TEFRA) th an  u nd er prior law, they  rem ain ad e­
quate for rep lacem ent funding. In  m arked contrast, for 
the m ost durable assets —  those w ith 30-year lifetim es 
w hich  are, generally, stru ctu res and o th er plant —  the 
deductions are inadequate even at an inflation rate as 
low as 3 p ercent. W hile the m ore accelerated  d ep reci­
ation schedules, 200 DB and SYD, appear to  overcom e 
this shortfall, stru ctu res and plant w ere restricted, 
before ERTA, to using 150 DB. C onsequently, for in ­
vestm ent in plant, depreciation  dedu ctions w ere w oe­
fully inadequate to provide for rep lacem ent at th e in ­
flation rates experienced  in the United States over the

16More accelerated versions of ACRS were mandated by ERTA for 
1985 (175 percent declining balance) and for 1986 and beyond (200 
percent declining balance); however, these later changes were re­
pealed by TEFRA. See Tax Equity and Fiscal Responsibility Act of
1982, pp. 40-43.
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Table 1
Ratio of Present Value of Depreciation Deductions to Replacement Cost 
with Scrap Value

Tax Life 
(years) "<%)

Prior Tax Law ACRS

SL 150 DB 200 DBI SYD ERTA TEFRA

3 0 1.323 1.330 1.339 1.333 1.319 1.289
3 3 1.262 1.276 1.293 1.280 1.255 1.227
3 6 1.204 1.224 1.249 1.231 1.194 1.168
3 9 1.151 1.176 1.207 1.184 1.138 1.114

5 0 1.424 1.433 1.445 1.444 1.420 1.370
5 3 1.333 1.351 1.373 1.370 1.327 1.281
5 6 1.251 1.276 1.306 1.301 1.242 1.200
5 9 1.176 1.207 1.245 1.238 1.165 1.127

10 0 1.453 1.468 1.489 1.499 1.460 1.408
10 3 1.300 1.327 1.363 1.378 1.311 1.266
10 6 1.173 1.208 1.255 1.274 1.187 1.148
10 9 1.067 1.109 1.163 1.183 1.083 1.049

15 0 1.483 1.505 1.535 1.556 1.497 1.445
15 3 1.274 1.309 1.359 1.390 1.296 1.253
15 6 1.114 1.159 1.220 1.255 1.142 1.106
15 9 0.991 1.042 1.110 1.144 1.021 0.991

30 0 1.223 1.265 1.325 1.379 N/A N/A
30 3 0.889 0.949 1.033 1.096 N/A N/A
30 6 0.688 0.755 0.846 0.904 N/A N/A
30 9 0.561 0.630 0.719 0.767 N/A N/A

NOTE: Each entry in the table is computed as

N
(ITC/x)e-<-*> + (1-0ITC) 2 D(t)e-"+’ » + (1- 

t=1
r)e^'+,,N

8

r+8
+ erl'

8 , «N(1---------
'  r+8

where ITC = Fraction of asset’s purchase price received as investment tax credit, 6 percent for three-year assets and 10 percent for 
longer-lived assets, except structures for which it is zero; in the table, 30-year assets are assumed to be structures

t =  Corporate tax rate, .46

0  =  .5 for ACRS-TEFRA; for other schedules, 0  = 0

D(t) = Depreciation deduction under the specified schedule in year t

ir = inflation rate

r = Real after-tax discount rate, assumed to be 3 percent

N = Tax life of asset; assumed equal to useful life in table 1

8 = Real economic rate of deterioration, assumed to be 1/N

15 years preceding ERTA. As w e shall see below, one of 
ERTA’s clearest im pacts has b een  to rectify th is sh ort­
fall for structures.

The Uncertain Effect o f  Anticipated 
Salvage Value

For assets w ith tax lives u nd er 15 years, the entries 
in  table 1 suggest that the p resent value o f deprecia­

tion dedu ctions com bined  with the investm ent tax 
credit have b een  sufficient to  provide for replacem ent. 
Yet, included  in th ese entries is the after-tax portion of 
the asset’s anticipated  scrap or salvage value. That is, 
for exam ple, the rep lacem ent o f an electric typewriter 
is in part financed  by the anticipated  sale o f the old, 
used  typewriter. Yet, the inclu sion  of su ch  anticipated 
scrap value in the investm ent decision  entails signifi­
can t risks: technological obso lescence, econom ic ob­
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so lescen ce due to changes in relative prices and (in 
the case o f structures) locational obsolescence. The 
first o f th ese  is exem plified by the w idespread u se of 
w ord-processing m achines, w hich  has redu ced  the 
value of even the m ost sophisticated  electric type­
w riters. T h e second  can  be appreciated  by consid er­
ing the effect o f the m id-1970s’ run-up in oil and gas 
prices on th e value o f standard-sized  A m erican used 
cars. The third is an obvious risk entailed in p u rch as­
ing any com m ercial, industrial o r residential stru c­
ture. M oreover, each  of th ese  risks rises w ith the dura­
bility o f the asset.17

Because scrap  value is so uncertain , especially  for 
longer-lived assets, it is informative to recom pu te the 
ratios in  table 1 w ithout scrap  value. T he results are 
show n in  table 2. W ithout scrap  value, th e m ost a cce l­
erated depreciation sched u les u nd er prior law w ere 
adequate for rep lacem ent excep t for assets o f 10- or 
15-year tax lives at 9 p ercen t inflation and 30-year 
assets at any inflation rate. U nder cu rrent tax law  (TE­
FRA), however, even three-year assets in  th e face of 
m oderate inflation, say 6 p ercent, cou ld  n ot have their 
replacem ent financed  through depreciation  d ed u c­
tions alone.

N onetheless, th e sh orter is the asset life, the sm aller 
is the risk entailed  in  the anticipated  scrap value; thus, 
a three-year asset (for exam ple, an  autom obile or light 
truck according to the tax code) surely does have a 
m ore secure resale m arket than, say, an asset with a 
seven-year life (for exam ple, accounting, com puting or 
other office equipm ent). C onsequently, th e ratios p re­
sented  in tables 1 and  2 should  be in terp reted  as 
defining a range of u ncertainty  w ithin w hich  the sp e­
cific values o f particular assets can  be considered  in

17That is, suppose that there is a 1 percent likelihood that during any 
single year an innovation in technology will make an existing asset's 
value decline due to the improvements in newer machines. Then, 
the probability that an investment will not have its scrap value low­
ered is 97 percent for a three-year asset, 90 percent for a 10-year 
asset and 74 percent for a 30-year asset.

Further, consider the uncertainty associated with relative prices. 
Every manufacturing process makes use of a variety of inputs —  
labor, various raw materials and energy —  so that the optimal 
design based on existing technology of a machine used in that 
process will depend on the relative prices of the inputs. Suppose 
that the likelihood during any single year of a significant change in 
relative input prices (sufficient to induce an alteration in capital 
design) is 1 percent and is independent of the likelihood of techno­
logical innovation. Then, the probability that an asset’s salvage 
value will not be lowered by either event is 94 percent for a three- 
year asset, 82 percent for a 10-year asset and only 55 percent for a 
30-year asset.

Finally, if we add a third source of obsolescence, the problem of 
neighborhood decline or a change in locational use patterns, also an 
independent likelihood of 1 percent, this final obsolescence risk 
which is peculiar to structures causes the 30-year asset probability 
of no decline in salvage value to plummet to 40 percent.

relation to their depreciation allow ances and scrap 
values.

Shortened Tax Lives under ACRS and 
the Impact on Specific Asset Types

Although ERTA contains a bew ildering array of fea­
tures, the principal changes to prior tax law are low er 
personal incom e tax rates, changes to  gift and estate 
tax rules, incentives for saving and  the ACRS d eprecia­
tion deduction schedules. In th e context o f d eprecia­
tion, the prim ary im pact o f TEFRA w as to repeal the 
m ore accelerated  ACRS schedules, w hich  w ould have 
becom e effective in 1985 and 1986, and to redu ce the 
depreciable asset base by one-half o f the ITC. ACRS 
u nder either ERTA or TEFRA, as tables 1 and 2 show, is 
not as accelerated  for a given tax life as w ere som e 
options available earlier —  for exam ple, 200 DB and 
SYD. The m ajor im pact of ERTA, however, w as in 
shortening the tax life of assets, an im pact n ot revealed 
by either o f th ese tables.

Under ERTA, four ACRS sched u les rep laced  th e vari­
ous options available to asset ow ners u nd er prior 
law.18 T he older system  w as based  on  surveys co n ­
ducted by the U.S. Treasury D epartm ent from  w hich  
asset life distributions w ere com p uted . T h e system  
based on th ese distributions, called  the Asset D epreci­
ation Range system  (ADR), w as the basis for determ in­
ing the tax life over w hich  an  asset cou ld  be d epreci­
ated using the various ded u ction  form ulas.19

The new  system , ACRS, rep laced  m ore than  100 
classes o f asset lives w ith four: 3-year, 5-year, 10-year 
and 15-year. The 3-year class prim arily contains au to­
m obiles, light trucks and research  equipm ent. M ost 
equipm ent is included  in the 5-year class. T he 10-year 
class prim arily com p rises specialized  m achinery  of 
the public utility industry. All structu res and som e 
o ther utilities' cap ital are in  th e 15-year class.20 Thus, 
the acceleration  o f th e depreciation  allow ance u nd er 
ERTA relative to prior tax law is not due to the form ula 
applied.21 Rather, the saving is prim arily due to a pro­

,8See Economic Recovery Tax Act of 1981, pp. 6-7, 67-68, and 75-
85.

,9ln particular, the 30th percentile of the survey responses was the 
minimum allowable tax life.

“ Certain manufactured housing and tank cars also fall into the 10- 
year class. See Economic Recovery Tax Act of 1981, pp. 78-80.

21The schedules for equipment are based on 150 DB with a switch to 
straight line at the deduction optimizing point (see insert). There is a 
half-year convention in these schedules —  the asset is assumed to 
be acquired at mid-year so the initial year’s depreciation is one-half 
of the 150 DB schedule in the insert. The ACRS schedule for struc­
tures is 175 DB with a switch to straight line at year 8; the structures’ 
schedules are specific to the month of asset acquisition. See Eco­
nomic Recovery Tax Act of 1981, pp. 40-41.
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Table 2
Ratio of Present Value of Depreciation Deductions to Replacement Cost 
without Scrap Value

Tax Life 
(years) 7T(%)

Prior Tax Law ACRS

SL 150 DB 200 DBI SYD ERTA TEFRA

3 0 1.131 1.138 1.147 1.141 1.127 1.097
3 3 1.069 1.084 1.101 1.088 1.063 1.035
3 6 1.012 1.032 1.057 1.039 1.002 0.976
3 9 0.959 0.984 1.015 0.992 0.946 0.922

5 0 1.236 1.246 1.258 1.256 1.233 1.182
5 3 1.145 1.163 1.185 1.182 1.139 1.093
5 6 1.063 1.088 1.119 1.114 1.054 1.012
5 9 0.989 1.020 1.057 1.050 0.978 0.939

10 0 1.276 1.292 1.312 1.322 1.283 1.231
10 3 1.123 1.150 1.186 1.201 1.134 1.090
10 6 0.996 1.031 1.078 1.097 1.010 0.972
10 9 0.890 0.932 0.987 1.006 0.906 0.872

15 0 1.317 1.338 1.369 1.390 1.331 1.278
15 3 1.108 1.143 1.193 1.224 1.130 1.087
15 6 0.948 0.993 1.054 1.089 0.976 0.940
15 9 0.825 0.876 0.943 0.978 0.855 0.825

30 0 1.088 1.129 1.190 1.243 N/A N/A
30 3 0.754 0.814 0.898 0.961 N/A N/A
30 6 0.553 0.620 0.711 0.768 N/A N/A
30 9 0.426 0.494 0.584 0.632 N/A N/A

NOTE: Entries in the table are computed as in table 1 except the present value of anticipated scrap value does not appear in the numerator:

N
ITC (1/t ) e-*'*"1 + (1-©  ITC) 2 D(t)e-"+-» 

t=1

nounced  shortening of th e tax lives o f each  asset class. 
The m ean reductions in asset tax lives from  ADR to 
ACRS for equipm ent and for structu res were, resp ec­
tively, 44 p ercen t and 49 p ercen t.22 T h e redu ctions in 
tax lifetim es varied widely. T h e tax life o f the three- 
y ear class w as shortened  by only half a y ear from  ADR 
to ACRS, but for longer-lived assets, the reductions 
included 22.5 years for com m ercial structu res (15-year 
category), 4.7 years for aircraft (five-year category) and 
5.5 years for railroad equipm ent (10-year category).

Thus, in  evaluating the adequacy of depreciation 
deductions in providing for replacem ent of any sp e­
cific asset, there are six elem ents to be considered : the 
depreciation schedule, the anticipated  inflation rate, 
the asset’s tax life, its investm ent tax credit, econom ic

^Computed from ADR data by producers’ equipment and structures 
classes in table 1 of Gravelle (1982).

life and scrap  value. The effects o f these elem ents are 
revealed in the ratios o f depreciation to replacem ent 
cost for specific assets in table 3.

Colum n a o f table 3 lists th e specific asset types 
analyzed; the n ine assets w ere selected  to cover a 
variety o f econ om ic depreciation  rates, durability and 
ACRS tax lives, w hich  are reported  in colum ns b, c  and 
d, respectively, for each  asset. Colum n e lists the in ­
flation rate assum ed in  each  ratio, th e range of rates 
being the sam e as in  tables 1 and 2. In  the next three 
colum ns, the ratio o f the p resent values o f deprecia­
tion, ITC and after-tax salvage value to econom ic de­
preciation and scrap  value are reported; the ratios are 
com puted u nd er prior tax law in colum n f, under 
ERTA in colum n g and  u nd er TEFRA in  colum n h. 
Colum ns i and j display the ratio o f the entries in 
colum ns g and h  to  colum n f; if the ratio is greater 
(less) than 1.0, th en  the tax treatm ent u nd er ERTA or
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Table 3
Comparison of Present Values of Depreciation Tax Deductions with ITC and 
Scrap Value to Replacement Cost for Selected Assets 

Ratios of Present Value of Ratios of
Tax Life Depreciation Deduction Present Value of

Economic (years)2 to Replacement Cost3 Deductions

Asset Type Depreciation Rate1 ADR ACRS u(% ) ADR* ACRS-ERTA ACRS-TEFRA ACRS-ERTA/ADR ACRS-TEFRA/ADR
(a)________________ (b) (c) (d) (e) (f) (g)___________(h)_____________ (I)________________(j)

Automobiles,
light trucks .3333 3.0 3 0 1.339 1.319 1.289 0.985 0.963

3 1.293 1.255 1.227 0.970 0.949
6 1.249 1.195 1.168 0.956 0.935
9 1.207 1.138 1.114 0.943 0.923

Office, computing .2729 7.0 5 0 1.305 1.301 1.251 0.997 0.959
and accounting 3 1.215 1.207 1.162 0.994 0.956
equipment 6 1.135 1.123 1.081 0.990 0.953

9 1.062 1.047 1.008 0.985 0.949
Aircraft .1818 9.2 5 0 1.389 1.365 1.314 0.983 0.946

3 1.276 1.268 1.221 0.994 0.957
6 1.178 1.181 1.137 1.003 0.966
9 1.091 1.101 1.062 1.009 0.973

Mining and oilfield .1650 9.2 5 0 1.415 1.391 1.339 0.983 0.946
machinery 3 1.301 1.293 1.245 0.994 0.957

6 1.202 1.205 1.161 1.003 0.966
9 1.114 1.125 1.085 1.009 0.973

Communications .1179 11.5 5 0 1.511 1.464 1.409 0.969 0.933
equipment 3 1.371 1.362 1.312 0.993 0.957

6 1.251 1.269 1.224 1.014 0.978
9 1.150 1.186 1.144 1.031 0.995

Ships and boats .0750 16.0 5 0 1.501 1.594 1.534 1.062 1.022
3 1.331 1.483 1.428 1.114 1.073
6 1.193 1.382 1.333 1.158 1.117
9 1.082 1.291 1.246 1.194 1.152

Railroad .0660 15.0 10 0 1.559 1.570 1.514 1.007 0.971
equipment 3 1.393 1.407 1.359 1.010 0.975

6 1.258 1.272 1.230 1.011 0.978
9 1.147 1.158 1.131 1.010 0.978

Industrial .0330 36.0 15 0 1.192 1.495 1.254
structures5 3 0.853 1.239 1.452

6 0.660 1.045 1.584
9 0.540 0.895 1.657

Commercial .0230 37.0 15 0 1.361 1.713 1.259
structures5 3 0.981 1.427 1.456

6 0.766 1.210 1.580
9 0.634 1.042 1.644

'See Graveile (1982), table 1.
2Actual tax lives for equipment under ACRS are .5 years less than shown due to an assumption, implicit in the schedules, of acquisition at 
mid-year; for structures, the ACRS schedules explicitly allow for actual month of acquisition.

3Entries are as in table 1 except ADR uses ADR tax life and ACRS uses ACRS tax life for numerator of ratios; denominator for both ADR and 
ACRS use ADR tax life as proxy for useful life.

4For structures, the depreciation schedule utilized is 150 DB with a switch to SL after 12 years (for industrial structures) or 13 years (for 
commercial structures). For autos, 200 DB was used (200 DB is more accelerated than SYD for assets with tax lives less than 6 years); all 
other assets used SYD.

5Note that TEFRA did not change the ERTA tax schedules for structures.

TEFRA has in creased  (decreased) the value o f dep reci­
ation for th at asset. N otice th at for stru ctu res, 
colum ns g and h are com bined  as are colum ns i and j; 
this reflects th e fact that investm ents in structu res do 
not qualify for ITC, and, thus, the 50 percent o f ITC

reduction in th e depreciable base m andated by T E ­
FRA does not affect structures.

Scanning dow n th e colum ns of ratios in  colum ns f - j 
of table 3 provides an overall assessm en t o f the im pact

26Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



on depreciation adequacy u nd er ERTA and TEFRA 
relative to prior tax law. Colum n f  reiterates th e gen­
eral m essage o f table 1 for specific assets —  nam ely 
that equipm ent, especially  shorter-lived equipm ent 
su ch  as autom obiles, w as m ore than adequately pro­
vided for u nd er the prior tax law, w hile stru ctu res’ 
depreciation d edu ctions w ere inadequate at even low 
inflation rates. C olum ns g and h show  that the new  tax 
laws have redu ced  the benefits o f fast depreciation for 
short-lived  eq u ip m en t, but sh arp ly  ra ised  th ese  
benefits for structu res at all inflation rates. For exam ­
ple, at a 6 percent inflation rate, the depreciation ratio 
for office, com puting and accou nting  equipm ent d e­
clines from 1.135 u n d er prior tax law  to 1.081 u nd er 
TEFRA, w hile for industrial structu res it rises from 
0.660 to  1.045. Finally, th e entries in  colum ns i and  j 
affirm that longer-lived assets have had th eir d eprecia­
tion ratios redu ced  less o r in creased  m ore than 
shorter-lived assets. For exam ple, com paring the ra­
tios in colum n j at a 6 p ercen t inflation rate, com m u ni­
cations equipm ent has 0.978 of its prior tax law d epre­
ciation ratio u nd er TEFRA, w hile the shorter-lived 
asset aircraft has 0.966 and th e longer-lived asset com ­
m ercial structu res has 1.580.

In sum m ary, th e ratios in colum n h reveal that the 
shift to ACRS has provided ind u cem ents to pu rchase 
new  capital equipm ent that rise w ith the durability o f 
th e  eq u ip m en t. M oreover, re la tiv e  to  p rio r  law  
(colum n j), the additional incentives are especially 
strong for nonresidential structures, particularly at 
low inflation rates. Com pared w ith prior tax law, ACRS 
dim inishes th e deleterious effects o f inflation on the 
value o f depreciation d edu ctions for long-lived assets 
and red u ces th e attractiveness o f investm ents in 
equipm ent relative to  structu res. F or exam ple, the 
present value of the depreciation  dedu ctions plus 
scrap for industrial structu res u nd er ACRS is greater 
than the present value of the rep lacem ent co st at in­
flation rates up to 6 p ercent; m oreover, the dedu ctions 
are increased  m assively relative to prior tax law at till 
inflation rates.23 In particular, th e ratios for industrial 
structures in colum n h  exceed  those for autom obiles 
and aircraft at low  inflation rates w here, as colum n f 
shows, th e ranking w as th e reverse u nd er prior law.

The Combined Effects o f Tax Changes 
and Disinflation in the 1980s

To focus only on  the changes in th e depreciation 
schedules and th eir effects on  various assets at any

a \n part, this higher present value of depreciation deductions is offset 
by the lack of investment tax credit on investment in nonresidential 
structures. Moreover, the tax act of 1984 has lengthened the depre­
ciation term for structures from 15 to 18 years, which will slightly 
reduce the impetus. See Tax Reform Act of 1984, p. 178.

specific inflation rate u nd erstates the investm ent in­
centives provided by th e changes in  th e 1980s. The 
redu ction  in  th e observed inflation rate and, presum ­
ably, th e anticipated  inflation rates over the invest­
m ent term  provide an oth er strong im petus. For exam ­
ple, th e rate o f inflation m easured  by th e im plicit GNP 
deflator has been  falling over th e past fou r years —  
from an average rate o f over 9 percent during 1978-81 
to betw een 3 and 4 p ercen t during 1982-84. C onse­
quently, the m ost pertinent assessm ent o f th e im pact 
on investm ent incentives afforded by this substantial 
decline in the inflation rate is to  com pare (using the 
data in  table 3) th e ratio o f depreciation  to  rep lace­
m ent cost u nd er pre-ERTA sched u les at 9 percent 
inflation with the ratios for 6 p ercen t inflation u nder 
TEFRA. These inflation rates approxim ate the ex­
pected  inflation rates, based  on  survey data, w hich  
prevailed in late 1980 and late 1984, respectively.24 
W hen this com p arison  is m ade for com m u nications 
equipm ent, the ratio rises from 1.150 to 1.224 instead 
of declining. In the case o f autom obiles, this enhanced  
com parison  show s a  slight d ecline —  from  1.207 to 
1.168 —  w hile in  th e case o f industrial structu res it 
reveals a n ear doubling —  from 0.540 to 1.045.

THE HISTORICAL RELATION 
BETWEEN DISTORTIONS IN 
DEPRECIATION DEDUCTIONS 
AND INVESTMENT

As show n above, there are two sou rces o f distortion 
in depreciation ded u ctions: On th e one hand, they 
m ay provide m ore exp ense ded u ction  than  required 
for the eventual rep lacem ent o f th e u sed-up asset. 
This can  result e ith er from  a shortening of the tax life 
below  th e span of its econ om ic usefulness, o r from  an 
acceleration  of the dedu ctions. On th e o th er hand, 
they m ay be inadequate to  provide for th e p u rch ase of 
the rep lacem ent asset given a rise in  its nom inal price 
due to inflation. T hat is, since the d edu ctions are 
based on the p u rchase p rice —  its h istorical cost —  
inflation will progressively m ake th e depreciation  al­
low ance inadequate for the p u rch ase o f th e rep lace­
m ent.

As show n in tables 1 and 2, these two distortions 
work in opposition. For exam ple, in table 1 consid er

24The short-term (one-year period) expected inflation rate in June 
1980 was 10.22 percent and 5.47 percent in June 1984; these 
estimates are from a semi-annual survey of economists conducted 
by Joseph Livingston of The Philadelphia Inquirer, as revised by 
Carlson (1977). The long-term (10-year period) expected inflation 
rate in October 1980 was 8.82 percent and had fallen to 5.79 per­
cent in October 1984; these estimates are from a decision-makers 
poll conducted by Richard B. Hoey of Drexel Burnham Lambert, 
Incorporated.
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C h a rt 3

Depreciation Distortion and the Growth Rate 
of the Corporate Capital Stock

Sources: Board o f G overno rs o f the Federal Reserve System and U.S. D epartm ent o f Commerce 
S haded areas represent pe riods o f business recessions.

the effect o f increasing  acceleration  on  th e ratio of 
depreciation to rep lacem ent co st for a 10-year asset at 
a 6 p ercent inflation rate: as th e depreciation schedule 
is accelerated  from  SL to 150 DB to 200 DB, th e ratio 
rises from  1.173 to 1.208 to  1.255, an  in crease o f nearly 7 
percent. Conversely, con sid er the im pact o f rising in­
flation on the 10-year asse t’s ratio u nd er 200 DB: as 
inflation rises from  3 p ercen t to  9 percent, the ratio 
falls from  1.362 to 1.163, a d ecrease o f over 17 p ercent. 
Consequently, the rate o f investm ent should  vaiy p osi­
tively with the net d istortion of depreciation —  that is, 
the difference betw een these two opposing distor­
tions.

This association, in fact, can  be seen  in chart 3 
w hich  displays th e grow th rate o f the capital stock  and 
the ratio o f th e Capital C onsum ption A djustm ent 
(CCA) to estim ated  econ om ic depreciation  for U.S. 
nonfinancial corp orations beginning 1955. CCA, as 
estim ated  by the C om m erce D epartm ent, is th e dif­
ference betw een d epreciation  claim ed by corp ora­
tions on their tax returns and the estim ated  “e co ­
nom ic dep reciation” of their capital equipm ent; the 
Com m erce D epartm ent defines econ om ic d ep recia­

tion as straight-line d epreciation  w ith an ad justm ent 
(an increase in  th e depreciable base) for inflation. By 
com puting the ratio o f CCA to econ om ic depreciation, 
we obtain a proportional m easure o f depreciation 
distortion.

Chart 3 reveals im portant characteristics o f th e last
30 y ears’ capital stock growth rates. First, the interval 
of h ighest capital stock  growth over the period co in ­
cided w ith th e interval during w hich  th e CCA ratio 
was highest —  from  late 1961 through early 1974.25 
From  m id-1973 through early 1982, CCA w as negative, 
h en ce its ratio w as below  zero, and capital growth w as

“ The simple correlation coefficient between the variables in chart 3 is 
.42, significant at the .0001 level. However, the association appears 
to have changed during the 1981-82 recession: from 1955-80, the 
correlation was .65, significant at .0001, but from 1981-84 it was
-  .08 and insignificant. Yet the sharp rise of CCA during the 1981- 
82 recession, due to disinflation and ERTA, is out of keeping with its 
behavior in the earlier recessions shown in chart 3. During the 
1969-70 and 1973-74 recessions, CCA fell sharply and during the 
1980 recession it was roughly constant. The other two recessions, 
1957-58 and 1960-61, during which CCA rose moderately, had, 
like the current recovery, much sharper upturns in capital growth 
than the recoveries following the recessions with declining or un­
changed CCA.
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C hart 4

Investment in Structures and the Rate of Inflation
Ratio  Q u a rte r ly  Data Percent

Sources: Board o f G overnors o f the Federal Reserve System and U.S. D epartm ent o f Commerce 
|J_ T w o-quarte r m oving ave rage .
[2 T w e lve -q u a rte r m oving ave rage .

Shaded areas represent periods o f business recessions.

correspondingly slower. Second, capital stock growth 
appears to follow th e growth rate o f real output: it rises 
throughout expansions and plum m ets in recessions, 
ceteris paribus. T hus, the two pronounced  n on -reces­
sion d eclines in capital growth in chart 3 —  1955-56 
and 1966-67  —  each  occu rred  in years w hen su bstan­
tial slow dow ns in the growth rate of real output o c ­
curred —  year-over-year declines of 4.6 p ercent and 
3.3 percent, respectively. Third, the sharpest rise in 
capital stock growth in any single year occu rred  in 
1983 co incident with th e largest rise in the proportion 
of CCA to econ om ic depreciation.

A second  qualitative indication of the effects of d is­
tortion in depreciation  d edu ctions is its im pact on the 
relative share o f investm ent devoted to structures. As 
is clear from tables 1 or 2, u nder prior tax law, invest­
m ent in structu res w as penalized —  in the sense of 
lowering the ratio o f depreciation dedu ctions to re­
placem ent cost —  by sustained  inflation relatively 
m ore than investm ent in shorter-lived assets. As a co n ­
sequence, it is not surprising that periods of sustained 
high inflation are also periods in  w hich  investm ent in

structures is relatively low.26 Chart 4 d epicts the pro­
portion of total U.S. nonresidential investm ent in non- 
residential structu res and the rate of inflation since 
1955. As expected , investm ent in plant has been  pro­
portionally low est during periods o f relatively high 
and sustained inflation. The enh an ced  incentives for 
investm ent in stru ctu res displayed in table 3 and the 
drop in the inflation rate suggest that the stru ctu res’ 
share of investm ent should rise from its currently  low 
proportion.

CONCLUSIONS

Elem entary capital theory im plies that lowering 
taxes on capital by increasing the acceleration  of de­

“ Nelson (1976), pp. 928-30, develops the simple analytics of this 
proposition, which are that the present values of shorter-lived proj­
ects rise relative to longer-lived ones, as implied by the data in 
tables 1, 2 and 3. The simple correlation between the variables in 
chart 4 during 1955-84 is -  .89, significant at the .0001 level. More­
over, a regression of the plant share variable on the Livingston 6- 
month expected inflation rate yields a coefficient of -1.81, signifi­
cant at the .0001 level.
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preciation d edu ctions or shortening the term  over 
w hich depreciation is taken raises the value of capital 
and, o th er things the sam e, raises the rate o f invest­
m ent. The tax redu ctions in ERTA consisted  prim arily 
of a shortening o f the tax lifetim es over w hich assets 
are depreciated ; the changes in TEFRA, w hile repeal­
ing the m ore accelerated  depreciation sched u les that 
would have followed in 1985 and 1986, left intact the 
basic shortening of asset tax lives. This low ered the 
portion o f n et p roceed s on w hich  corporations w ould 
pay taxes and raised  the value of capital.

Yet, the rise in investm ent occurring  since the en ­
actm ent o f ERTA can n ot be attributed solely to faster 
acceleration  of dedu ctions or shorter tax lives. In large 
part, the rise in CCA since 1980 has been  due to the 
sharp decline in the inflation rate from about 9 per­
cen t to about 3 to 4 p ercen t and the associated  decline 
in inflation expectations. Previously, sustained  shifts 
in the inflation rate also have been  associated , in ­
versely, with changes in the rate o f cap ital stock 
growth. Part of the rapid rise in capital stock growth in 
1983 m ay be due to the proxim ity and severity of the 
1980 and 1981-82  recessions. In no other recovery, 
however, has capital growth risen as rapidly or as long 
as in the cu rrent expansion.

Since, in the case o f m ost interm ediate-lived capital 
equipm ent, the ACRS-TEFRA depreciation schedules 
are actually less accelerated  than  those allow ed u nder 
prior tax law, ACRS cou ld  explain n either the recent 
rise in CCA n or in capital growth in chart 3. Yet, if the 
d ecline in inflation expectations continu es to follow 
the decline in observed inflation, th en  the value of 
d epreciation dedu ctions will have been  raised by 10 to 
20 percent for m ost equipm ent and by m ore than  100 
p ercent for structures.-7 Thus, the im pacts of the 1981 
and 1982 tax acts have b een  augm ented by the su b­
stantial decline in th e inflation rate since 1980 and, 
m ore im portant, the change in investors’ expectations

about w hat inflation rate policym akers will bring 
about in the future. W ithout question, the renew ed 
vigor o f corporate investm ent is due to both  sources of 
effective tax redu ctions —  ACRS and the low er rate of 
inflation.2*
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Interest Rate Variability: Its Link to 
the Variability of Monetary Growth 
and Economic Perform ance
John A. Tatom

C
L _7fN C E  1979, interest rate volatility has been  u n­
usually high, su bjecting  investors to increased  risk on 
their returns. W hen investm ent is riskier, risk-averse 
investors dem and a higher rate o f return as an in cen ­
tive to continu e investing. Evans (1984) show s that the 
rise in the volatility o f in terest rates in 1980-81 had a 
significant negative effect on output in the United 
States, w hich  he attributes to the policy of m onetary 
stock control im plem ented in 1979.' O ther investiga­
tors have noted  that m oney growth volatility increased 
substantially after 1979 and have attributed m any of 
the unusual features of econ om ic perform ance since 
1980 to this increase.2

The purpose of this paper is to exam ine both the 
link betw een m oney growth and interest rate variabil­
ity and the effects o f in terest rate variability on U.S. 
econ om ic perform ance. This exam ination  is co n ­
ducted using a m odel in w hich  m oney growth is exog­
enous, and past in terest rate and m oney growth varia­
bility are taken to be exogenous for the determ ination 
of current econom ic perform ance.

John A. Tatom is a research officer at the Federal Reserve Bank of 
St. Louis. Thomas A. Gregory provided research assistance.

'See Evans (1984). The 1979 policy change is discussed by Lang
(1980) and Gilbert and Trebing (1981). Subsequent policy altera­
tions are discussed by Thornton (1983) and Wallich (1984). For an 
extensive set of criticisms of central bank policy aimed at money 
stock control, especially the policies of the Federal Reserve from
1979-82, see the citations in Batten and Stone (1983), p. 5.

2See Friedman (1983), Bomhoff (1983), Tatom (1983), Bodie, Kane 
and McDonald (1983), Mascara and Meltzer (1984) and Belongia 
(1984).

The article first exam ines the recent experience 
with unusually high variability o f both m oney growth 
and interest rates. This section  clarifies why variability 
m atters, and describes the type of interest rate varia­
bility that, in theory, affects econom ic decision-m ak­
ing. O ther m easures o f in terest rate variability that 
w ere exam ined in the cou rse o f this research  are also 
indicated. A specific m easure o f variability that has the 
desired theoretical property is then show n to be p osi­
tively influenced by the level o f m oney growth variabil­
ity. This relationship  is dem onstrated  using the exp e­
rience of the past 60 years.

Next, the article tu rns to the link betw een interest 
rate variability and econ om ic perform ance. The theo­
retical channels o f influence o f both  m oney and inter­
est rate variability on econ om ic perform ance are ex­
plained. These hyp otheses are tested using a small 
reduced-form  m odel o f the econom y. These tests also 
delineate w hether it is anticipated  or unanticipated  
interest rate volatility that accou n ts for the observed 
effects. Finally, em pirical estim ates of the econom ic 
effects of in terest rate variability over the past four 
years are presented .

T he em pirical results point to several difficulties in 
im plem enting tests o f the interest rate variability hy­
pothesis. Only a few m easures o f interest rate variabil­
ity strongly support the hypotheses tested. While 
these few have desirable theoretical and statistical 
properties, o ther standard m easures o f variability pro­
vide m ixed results, at best, in th e tests o f their effects 
on econom ic perform ance. T his study focuses on only 
one m easure of in terest rate variability. This m easure 
has significant effects on the levels o f GNP, p rices and 
real output during the periods exam ined; it is also
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Chart 1

Short-run and Trend M oney Growth

---- ------------------------ ------------------------ ------------------------ --------------- ---- ----------------------------- — ----- -----1.4
1954 Si 58 60 62 (4 66 68 70 72 74 76 78 80 82 1984

U. Two-quarter rate of change of M l.

[2 Twenty-quarter rate of change of M l.
Shaded areas represent periods of business recessions.

show n to be influenced by the variability o f m oney 
growth.3

THE RECENT EXPERIENCE IN 
PERSPECTIVE

The growth rate of the m oney stock (M l) has been  
m ore volatile since 1979 than  in the previous 27 years.

3The link between money growth variability and these other mea­
sures of interest rate variability was not examined because these 
other measures do not appear to systematically affect economic 
performance.

Chart 1 show s the annual rate of growth for tw o-quar­
ter periods and the longer-term  trend rate of expan­
sion (five years) since 1953. E conom ic theory and em ­
pirical evidence indicate that sharp swings in the 
tw o-quarter growth rate o f the m oney stock tem porar­
ily affect the growth rate of output and em ploym ent. 
The shaded areas in the chart, w hich indicate periods 
of bu siness recession , are associated  w ith relatively 
sharp slowings in short-run m oney growth relative to 
the trend growth rate.

Chart 1 also show s that the gyrations o f m oney 
growth about trend have been  unusually  w ide since
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Chart 2

Standard Deviations of Quarterly Ml Growth
Perceat Percent

1954 56 58 60 62 64 66 68 70 72 74 76 78 80 82 1984
H  F o u r-qu a rte r s ta n d a rd  d e v ia tio n  o f  M l g ro w th  (400Aln).

[2 T w e n ty -q u a rte r s ta n d a rd  d e v ia tio n  o f M l g ro w th  (400Aln).

1979. Statistical m easures o f m oney growth variability 
strongly support th is visual evidence. Chart 2 show s 
the standard deviations for the growth rate o f the 
quarterly m oney stock m easured over the m ost recent 
four and 20 quarters sin ce  1953. Both m easures show  
relatively high levels o f volatility since 1979.4

"There are several reasons for increased variability of money growth 
since 1979. For example, Weintraub (1980), Tatom (1982), Hein
(1982) and Board of Governors of the Federal Reserve System
(1981) emphasize the effect of the credit control program on the 
currency ratio and, hence, on the link between reserves and mone­
tary aggregates in mid-1980. This factor contributed to the rise in 
the variability of money growth in 1980. Others have emphasized 
problems associated with financial innovations, especially late in 
1982 and early in 1983, that led to the temporary abandonment of 
M1 targeting in October 1982.

The Variability o f  Interest Rates

The variability o f exp ected  returns affects decisions 
becau se it influences the variability o f w ealth (the 
present value o f exp ected  incom e stream s). For exam ­
ple, the present value o f real incom e expressed  as a 
perpetuity is inversely proportional to the expected  
yield. That is, w ealth (W) is th e flow of incom e p er year 
(Y) d iscounted  by the rate o f in terest paid on a perpe­
tuity (i), W =  Y/i.

W ealth holders are con cern ed  w ith th e likelihood of 
p e r c e n ta g e  var ia tion s  in in terest rates rather than ab­
solute percentage point changes. T h e w ealth effect of 
a 100 basis-point change in  the expected  interest rate 
is greater w hen th e exp ected  in terest rate is 3 percent

33
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



FEDERAL RESERVE BANK OF ST. LOUIS NOVEMBER 1984

than w hen it is 15 p ercent. In the form er case, w ealth 
can  change by about one-third ; in the latter case, 
w ealth changes by about 6 p ercent. If risk is m easured 
relative to the expected  return, the variability of re­
turns should be m easured  relative to the m ean return. 
T he logarithm  of the in terest rate provides su ch  a 
m ean-ad justed  m easure. The variability of the loga­
rithm  of w ealth is directly related to the variability of 
the logarithm  of the exp ected  yield .1 Risk is m easured 
here using the yield  on Aaa bonds, since it is the long­
term yield that is m ost im portant for capital accu m u ­
lation and has th e greatest im pact on w ealth.

The expected  volatility of rates o f return is an im por­
tant determ inant o f investm ent decisions. It is not 
possible, however, to directly m easure this risk.1' If 
assessm ents o f this risk are reflected in the actual 
variability of yields, then  the variability of interest rates 
in the recent past can  be used as an ind icator of risk. 
Even then, the length of the relevant past is essentially 
an em pirical issue.

Chart 3 show s the standard deviation of the loga­
rithm  of the quarterly Aaa bond yield, m easured for 
the four and 20 quarter's ending in each  quarter 
shown, respectively, for the period  from 1924 to 1983. 
These m easures sum m arize the riskiness o f yields 
during the respective past period. Both m easures indi­
cate a sharp jum p to record  levels in the variability of 
interest rates after 1979. In 1984, the 20-quarter m ea­
sure declined  sharply from its peak in early 1982, but it 
rem ained n ear previous peaks achieved in the mid- 
1930s, early 1960s and early 1970s.

Other Measures o f Interest Rate 
Variability

There are a variety of o ther ways to m easure the 
variability o f in terest rates. For exam ple, Evans (1984) 
u ses the standard deviation of m onthly interest rate 
changes over a one-year period. The list o f standard 
deviation m easures exam ined for this article includes,

5Given expected income, (Y), wealth is W = Y/i and the logarithm (In) 
of wealth is In Y -  In i. Thus, In W is inversely related to In i and the 
variance of In W is proportional to the variance of In i. Note also that 
the variance of (In i) is independent of the level of the interest rate 
since Var [In (k i)] = Var (In i), where k is a scalar multiple.

6lt would be most useful to measure the variability of the expected
after-tax real rate of return and that of the expected rate of inflation 
separately. Makin aqd Tanzi (1983) argue that an increase in both 
factors account for the increased volatility of interest rates in 1980- 
82. Since both have qualitatively the same effect on investment, 
production and money demand incentives, the distinction is ignored 
here.

besides the two m easures in chart 3, the standard 
deviations of: th e level o f the quarterly in terest rate, 
the change in the quarterly in terest rate and the 
change in the logarithm  of th e quarterly interest rate. 
To test the effects o f variability on econ om ic perfor­
m ance, each  standard  deviation m easure, as w ell as 
the logarithm  of each  m easure, w as used. Two other 
m easures w ere exam ined as well: the average absolute 
change in the level of the quarterly in terest rate and 
the coefficient o f variation of the quarterly interest 
rate. All m easures w ere com p uted  for four-, 12- and
20-quarter periods.

The best results (judged by robu stness across peri­
ods of tim e and relative explanatory pow er for eco ­
nom ic perform ance) w ere found using th e 20-quarter 
standard deviation o f th e logarithm  of the in terest rate; 
this m easure is called  VR here. Virtually the sam e 
results are obtained using the 20-quarter coefficient of 
variation, w hich  is sim ply an  alternative way o f ad ju st­
ing the variability o f the interest rate for different m ean 
levels over tim e. As em phasized  above, it is su ch  
m ean-ad justed  m easures o f variability that, in p rinci­
ple, should m atter. O ther m easures generally do not 
have significant eco n o m ic  effects; in th ose cases  
w here significant econ om ic effects are observed, rela­
tionships usually are either not robust o r are statisti­
cally inferior in term s of explanatory power. These 
exceptions are noted  below.

Interest rate variability m easures inherently  depend 
on past in terest rates. For exam ple, a rise or fall in 
interest rates from one level that has persisted  for a 
considerable tim e to an oth er that will persist for a 
long tim e to com e, will lead to a transitory  rise in  the 
variability o f in terest rates during the transition  from 
the form er to the latter and for som e period su bse­
quently. The Aaa bond yield has broadly follow ed a 
pattern of three level shifts from  1955 to 1983; it rose 
from about 3 p ercent during 1950-55 to near 4.5 per­
cent during 1960-65, then  rose to about 8 p ercent from 
1970 to early 1977, and finally surged upward to an 
average of 13 percent in 1980-83.

T he three m ajor spikes for the 20-quarter m easure 
in chart 3 are con sisten t w ith su ch  level shifts in in ter­
est rates. There are two ways to in terp ret th is rise in 
variability. One wav would suggest that the rise is 
purely arithm etic w ith no econ om ic co n seq u en ces for 
perceived investm ent risk. T he alternative view is that 
the rise in in terest rate variability associated  w ith such  
level shifts in in terest rates m irrors the increased  risk 
perceived from  su ch  unforeseen  changes. Moreover, 
this risk, like the variability m easure, is redu ced  slowly 
over tim e. This article assu m es that the second  in ter­
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C hart 3

Standard Deviations of the Logarithm of the Quarterly A verage  A a a  Bond Yield

1926 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 1984

pretation is m ore accurately  descriptive of risk per­
ceptions following su ch  level shifts in in terest rates.

The Link Between Variable Money 
Growth and Variable Interest Rates

Both m easures o f the variability of m oney growth 
show n in chart 2 rose sharply beginning in 1980 and 
rem ained well above th e ir previous average during
1980-83. The variability of in terest rates rose similarly, 
as chart 3 show s. An em pirical investigation of the link 
betw een the variability of m oney growth and that of 
interest rates w as con d u cted  for the 20-quarter stan­
dard deviation m easures show n in charts 2 and 37

The best univariant time series model for VR is a second-order 
autoregressive and second-order moving average process during 
the periods 1/1955—IV/1978 and 1/1955—IV/1983.

Lags of the 20-quarter standard deviation of quarterly 
m oney growth show n in chart 2, VM, w ere introduced 
to test w hether m oney growth variability influences 
interest rate variability, VR. T h e results for the period 
I/1955-1V/1983 are show n in table 1.

There is a significant positive link betw een a rise in 
the variability o f m oney grow th and  the variability of 
interest rates." W hen one controls for the past two 
quarters o f the variability o f in terest rates (longer lags

8These tests, including past information on interest rate and money 
growth variability, use the Granger causality test specification. How­
ever, unidirectional causality is not asserted, necessary, or tested 
here. Also, interest rate variability may be a function of other 
sources of increased risk including increased variability of fiscal 
policy variables. The importance of other factors is apparent over 
the 1955 to 1978 period, when VR showed considerable variation, 
but VM was essentially unchanged.

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



FEDERAL RESERVE BANK OF ST. LOUIS NOVEMBER 1984

Table 1
The Effect of Money Growth Variability on the 
Variability of Interest Rates_______________
Dependent Variable: VR,1

1/1955—IV/1983 111/1924— IV/1954

Coefficient t-statistic Coefficient t-statistic

Constant 0.245 1.96 0.117 1.62
VR,, 1.877 51.52 1.763 34.86
VR,2 -0.920 -24.53 -0.790 -15.59
VM,,' 0.827 3.87 0.153 3.09
VM,2 -0.762 -3.41 -0.147 -2.87
R2 0.996 0.993
S.E. 0.394 0.282
0(12) 7.74 11.62
Pi -0.185 -2.15 — —
P2 0.380 4.42 — —

1VR, is the standard deviation of the logarithm of the Aaa bond yield over the 20 quarters ending in
quarter t; VM, is the standard deviation of money growth measured over the same period.

are not significant) and for statistically  significant se c ­
ond-order autocorrelation, the variability o f m oney 
growth over the previous two quarters has significant 
effects on the cu rrent level of the variability o f interest 
rates.” A rise in m oney growth variability initially has a 
significant and positive effect on  in terest rate variabil­
ity; this effect is offset in the next quarter.1" According 
to table 1, the significant positive effect o f th e variabil­
ity o f m oney growth on interest rate variability is 
transitory.11

Attem pts to replicate the table 1 results from 1/1955- 
IV/1978 w ere u nsu ccessfu l; the variability o f m oney 
growth did not significantly affect the variability of 
interest rates over th is earlier period. A principal rea­

9The Q-statistic indicates that the residuals in the equation estimate 
are not significantly correlated with their own past for up to 12 past 
quarters, although the same results holds for one to 24 past values 
of the residuals.

10The results do not arise from the computational relationship arising
from the use of moving standard deviations. Virtually identical 
results are obtained by relating changes in VR to AVR„, VR,_2, and
either VM,, and VM,_2, or AVM,,. First-differences of VM or VR are 
not computationally related.

"The steady-state response of VR to a rise in VM involves the lagged 
adjustment of VR to its own past values. This response is 1.52, but 
its standard error, found from the variance-covariance structure of 
the coefficients on the lags of VM and VR, is 2.00. Thus, the effect of 
a change in VM is transitory. Whether a rise in money growth 
variability, in theory, has a permanent or transitory effect on interest 
rate variability is a question that is not resolved here. The empirical 
evidence clearly indicates that the effect is transitory.

son for this result is that the variability o f m oney 
growth over the period I/1955-III/1979 w as relatively 
constant; the standard  deviation of VM over this p e ­
riod is 0.3 percent, only 15.3 p ercen t o f the m ean level 
of m oney growth variability over the period. T he varia­
bility of m oney growth from  1955 to  1979 w as too sm all 
and steady to provide inform ation on  the potential 
im pact of changes in m oney grow th variability on in ­
terest rate variability.'-

Earlier Evidence: 1924 to 1954

Prior evidence o f a system atic relationship  betw een 
the variability of m oney growth and interest rates does 
exist, however. Friedm an and  Schw artz (1963) have 
show n th at m oney  grow th variability w as m u ch  
greater before W orld W ar II th an  it w as from the end  of 
W orld W ar II to the early 1960s.13 T he variability of 
m oney growth also fluctuated  m u ch m ore before 
World W ar II. T he average level o f VM from 1/1924—IV/ 
1954 is 7.5 percent, and  its standard  deviation is 3 
percent; the form er is m ore than three tim es as large,

,2The mean of AVM from 1/1955-111/1979 is 0.0021 and its standard 
deviation is 0.1101. Over this period, AVM is an independently 
distributed random variable with a Q-statistic, Q(12), of 7.34, which 
indicates that AVM is not correlated with its past history. Over the 
longer period to IV/1983, AVM is described by a first-order moving 
average process.

'3Friedman and Schwartz (1963, pp. 592-638). Their M1 data until 
1947 is used to compute VM below.
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and th e latter m easure is about 10 tim es as large as 
that observed from 1955 to 1979. Thus, this earlier 
period should  provide useful inform ation on the ef­
fect of m on etaiy  growth variability on in terest rate 
variability.

Over the period III/l 924-IV/l 954, there is a statisti­
cally significant positive relationship betw een VR and 
VM (see table 1). The results are sim ilar to those for the 
1955-83 period. In particular, for this earlier period, 
increases in th e volatility o f m oney growth tem porar­
ily and significantly raised the volatility o f interest 
rates. A utocorrelated errors are not significant in the 
earlier period accord ing to the Q -statistic. The dy­
nam ic structu re for interest rate volatility is about the 
sam e as in the later period .M The difference in the 
m agnitude of the m oney growth variability effect in 
the two periods is not m eaningful; the m oney stock 
data used in the early period are largely based on end- 
of-m onth data, w hile those in the later period are 
based on averages o f daily figures.

VARIABILITY OF MONEY GROWTH 
AND INTEREST RATES: THE 
AGGREGATE DEMAND CHANNELS

M ascaro and M eltzer (1984) have attributed part of 
the substantial jum p in in terest rates and the decline 
in real GNP growth in 1980-81 to the increased  u n cer­
tainty arising from  greater variability of m oney growth. 
They attribute a 1.3 percentage-point rise in the aver­
age long rate and a 3.3 percentage-point rise in the 
average short rate over the nine quarters, IV/1979-IV/ 
1981, to a rise in m on etaiy  u ncertainty.13

M ascaro and M eltzer em phasize a m oney dem and 
channel for the effect o f m onetaiy  uncertainty  on the 
econom y. A rise in m on etaiy  uncertainty increases the 
dem and for m oney. They ind icate that an increase in 
the dem and for m oney raises the in terest rate and 
reduces aggregate dem and. In addition, they argue, 
prices and real output fall because of the reduction in 
aggregate dem and. Furtherm ore, they suggest that the 
growth rates o f output, prices and GNP are likely to be 
further affected by the redu ced  dem and for capital. 
Their em pirical analysis focuses on the rise in interest 
rates on both short- and long-term  debt due to the risk 
prem ium .16

140ver this period, the t-statistic for the steady-state response of VR to 
VM is 0.12; the response of VR to VM is transitory.

'5Belongia has argued that nominal GNP growth was depressed by
the rise in monetary uncertainty in 1980. Both Mascaro and Meltzer
and Belongia use a measure of the variability of unanticipated 
money growth rather than that of actual money growth.

T h ere  is a seco n d  d em and  ch an n el, however, 
through w hich  m oney growth variability low ers in ­
vestm ent. W hen m oney growth is m ore variable, the 
variability o f the output o f goods and services, em ploy­
m ent and earnings will rise. There will also be greater 
risk associated  w ith the expected  returns from both 
existing capital and prospective investm ents. If stock­
holders and lenders are risk averse, and if existing 
expansion plans and sou rces of financing are to be 
m aintained market rates of return m ust rise to co m ­
pensate for in creased  risk. Of course, w ith higher costs 
of capital funds and  greater risk associated  with pro­
spective investm ent pro jects, investm ent m anagers 
will both  redu ce investm ent and en h an ce the flexibil­
ity of their asset portfolios.17 Thus, becau se it contrib­
u tes to m ore volatile investm ent retu rns, erratic 
m oney growth raises the level o f observed market rates 
and retards and redirects the desired stocks and u s­
age of plant and equipm ent.

At unchanged interest rates and costs of funds for 
firms, a rise in the variance of exp ected  returns from 
investm ent in plant and equipm ent redu ces the in­
centive to invest. The portfolio shifts em phasized  by 
M ascaro and M eltzer, and G ertler and Grinols (1982), 
involve an increase in m oney dem and that raises in­
terest rates. Investm ent dem and in their analysis d e­
clines along a given investm ent dem and curve. But 
even at an u nchanged cost o f capital, firm s faced with 
riskier exp ected  incom es will red u ce investm ent.

,6Bodie, Kane and McDonald (1983) find evidence of a rise in the risk 
premium on long-term bonds. Gertler and Grinols (1982) show that 
a rise in monetary growth uncertainty raises money demand and 
reduces investment, but their result follows primarily from an in­
crease in the variability of expected inflation, not from an increase in 
the variability of the real rate of interest. If variations in money 
growth affect real output and employment in the short run, as mone­
tary explanations of the business cycle indicate, then monetary 
randomness also affects the variability of the expected real rate and 
investment incentives. Indeed, this is more likely if the link between 
money and prices has long lags as shown in the model used below 
or in Barro (1981). A rise in monetary variability raises the variability 
of yields on capital and reduces investment, either through in­
creased variability of expected inflation or of real rates of return 
(both of which are captured in the variability of nominal interest 
rates), or both.

Makin and Tanzi attribute the high volatility of interest rates from 
1980 to the end of 1982 to increased volatility of both expected 
inflation and after-tax real rates of return. Their evidence for the 
former, however, is survey data on expected inflation for a six-month 
horizon during a period in which substantial price level shocks were 
occurring.

"Obviously a rise in risk tends to reduce both the supply of saving and 
investment demand at given market interest rates. Thus, the effect 
on observed market rates is not as straightforward as it may appear 
in the text. If suppliers of credit are more risk averse than firms that 
invest in plant and equipment, then market rates (not risk-adjusted) 
will tend to rise. This result also depends on relative interest elastici­
ties of supplies and demands for credit and equities.
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Figure 1 
The Channels of Influence of Increased Risk

Such a decline in the dem and for goods and services is 
accom panied  by a redu ction  in the dem and for credit, 
so that in terest rates tend  to fall along w ith aggregate 
dem and.

The left side of figure 1 sum m arizes the two aggre­
gate dem and channels. These effects arise in th is in ­
stance through increased  m oney growth variability. 
O ther changes that raise risk assessm ents about fu­

ture econom ic conditions or bu siness cycle risk could 
alter interest variability as well, however. There ap­
pear, then, to be at least two ch an n els through w hich 
m onetaiy  growth variability affects aggregate dem and: 
increased  m oney dem and and redu ced  investm ent. Of 
course, the two ch an n els have opposite im plications 
for interest rates; both, however, im ply redu ced  aggre­
gate dem and and, hen ce, low er nom inal GNP, real 
output and prices. The M ascaro-M eltzer evidence on
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interest rates suggests that the rise in m oney dem and 
dom inates risk-related reductions in the dem and for 
goods and services.

Evans (1984) and Tatom  (1984a) show  that a rise in 
the variability of in terest rates has a significant nega­
tive effect on the level o f annual output. This effect is 
consistent w ith the two aggregate dem and channels 
show n on the left side o f figure 1, but it encom passes 
o ther sources o f a rise in su ch  variability besides a rise 
in m onetary variability. To the extent that su ch  varia­
bility arises from  m on etary  variability, it sim ply 
reflects the channels through w hich  m oney growth 
variability affects the levels of in terest rates, spending, 
output and prices.

VARIABILITY OF INTEREST RATES 
AND MONEY GROWTH: AGGREGATE 
SUPPLY

A rise in risk im plies, at the producer level, in ­
creased  variability of expected  sales, real cash  flows or 
profits. A rise in the variability of returns to production 
may be viewed as either an increased  cost of using the 
firm ’s capital to produce output or a redu ction  in the 
value of given expected  incom e. In either case, exp o­
sure to the increased  risk can  be lessened  by reducing 
expected  output, production and capital em ploym ent 
in production. Thus, an increase in risk redu ces d e­
sired supply, given expected  prices of inputs and out­
put."1 This effect is sum m arized in the third chan n el of 
influence show n in figure 1. W hether supply is re­
duced m ore than dem and is not obvious. Thus, while 
the consequ ences of increased  risk for spending and 
output are unam biguous, given th e price level, the 
consequences for the price level are not.

Figure 2 show s the effect of a rise in risk, VR, on 
aggregate dem and and supply. Initially, the econom y 
is assum ed to operate at point A where, at price level 
P„, the quantities of goods and services dem anded and

,8De Vany and Saving (1983) provide a model of the firm in which 
greater variability of demand will yield higher pecuniary prices, the 
substitution of inventory for plant and equipment at a given expected 
output rate to the extent the product is storable, and, a reduction in 
expected output relative to capacity. Such reductions in the effi­
ciency of firms indicate an overall loss in economic capacity or, for a 
given stock of plant and equipment and employment, less expected 
output. The firm in their model can be risk-neutral. Sandmo (1971) 
and Holthausen (1976) show that risk-averse firms reduce capacity 
and output in response to increased uncertainty, yielding similar 
price and output implications.

Figure 2

The Effect of an In crease  in R isk  on Output and Price

output

supplied (y0) are equal. An increase in risk reduces 
aggregate dem and to AD,; at (P0, y,), market interest 
rates, w hich  are im plicit in AD and AD,, are higher 
than at (P0, y j .  Aggregate supply is reduced as well, 
however. As drawn in figure 2, AS shifts leftward m ore 
than AD, so the p rice level rises to P,. Thus, the eco n ­
omy operates at point B. Of course, the price outcom e 
depends on the relative m agnitude of the supply and 
dem and shifts.

Earlier studies o f m onetary u ncertainty  and interest 
rate variability have focused prim arily on their effects 
on nom inal and real GNP and on the interest rate. The 
com m on assum ption appears to be that the effects on 
spending and output arise from an unanticipated  shift 
in aggregate dem and, so that the price level changes in 
the sam e direction as spending or output. The m odel 
used below  to assess the effects o f interest rate varia­
bility is a reduced-form  m odel for GNP, price and ou t­
put growth that perm its all three effects to be exam ­
ined; this m odel is show n in table 2.

In the m odel w ithout in terest rate variability, GNP 
growth depends on current and past growth rates of 
the m oney stock, cyclically ad justed  federal expendi­
tures, energy prices and a strike variable."' Inflation
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Table 2
The Reduced-Form Model________________________________

4 4 6
(1) GNP = 0„ + 2  fJ„, M,_, + 2  PJ+6 ^  + 2  pk+„ + P,8 AS,

i= 0  j= 0  k=0

20 4
(2) P = 2  y, M,_, + 2 7j ,21 p'  ̂ + yx  D1 + y17 D2

i= 0  j=1

(3) X = GNP -  P 

where

GNP = gross national product 

P = GNP deflator 

X = real GNP 

M = money stock (M1)

E = cyclically adjusted federal expenditures

p* = the producer price index for fuel and related products and power deflated by the business sector 
price deflator

AS, = the quarterly change in the ratio of days lost due to strikes to the civilian labor force 

A dot over a variable, for example a, represents 400 Ain a

depends on cu rrent and past growth rates o f the 
m oney stock, energy p rices and dum m y variables for 
the w age-price control and d econtrol periods of the 
early 1970s.

Introducing in terest rate variability into this m odel 
perm its its effects on GNP and the price level to be 
exam ined directly. T h e real output growth effect sim ­
ply equals the difference betw een the GNP growth and 
inflation effects. In addition, the equation in table 1 
(1/1955—IV/1983) can  be u sed  to delineate anticipated 
and u nanticipated  interest rate variability. Thus, the 
issue o f w h ether in terest rate variability effects arise 
from u nanticipated  or anticipated  changes in variabil­
ity can  be exam ined.

,9The model estimation uses quarterly data for growth rates. Evans 
and Tatom (1984a), use annual data for the level of output and, in 
the latter, the level of prices.

The strike variable, S, is based on days lost due to work stop­
pages. The details for its construction are available upon request 
from the author. The coefficients for money and expenditure growth 
were estimated using a fourth-degree polynomial with head and tail 
constraints. The energy price coefficients were estimated using a 
third-degree polynomial and were constrained to sum to zero. This 
constraint cannot be rejected in either period.

INTEREST RATE VOLATILITY AND 
ECONOMIC PERFORMANCE

To exam ine w h ether recen t changes in in terest rate 
variability affected total spending or GNP, the m odi­
fied version of the A ndersen-Jordan equation show n 
in table 2 w as u sed  for GNP. Since in terest rate variabil­
ity rose sharply beginning in 1979, tests w ere co n ­
ducted for two periods: I/1955-IV/1978 and 1/1955- 
IV/1983.-0

The results for GNP growth are given in table 3. In 
both periods, a rise in the variability of in terest rates in

“ The level of interest rates can be controlled for in tests such as 
these, but this raises an identification problem; a change in interest 
rate variability affects the level of interest rates and vice versa. Such 
an attempt to control for interest rates would capture variability 
effects in the interest rate effects, or vice versa. The interest rate 
specification in Tatom (1983), the contemporaneous and five lagged 
values of the changes in the logarithm of the Aaa bond yield, was 
added to the GNP equation in table 3 to check for their importance. 
The lagged variability of interest rate measure remains significant in 
both periods, despite the inclusion of these interest rate controls, so 
that the results reported do not arise from changes in the level of 
interest rates. Similar controls were examined for the price equation; 
see footnote 28 below.

40Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



FEDERAL RESERVE BANK OF ST. LOUIS NOVEMBER 1984

Table 3
Interest Rate Variability and GNP
Dependent Variable: GNP,

Independent
Variables

I/1955-IV/1983 I/1955-IV/1978

Coefficient t-statistic Coefficient t-statistic

Constant 5.389 6.02 3.992 4.01

4
M 2 Pi., 

i= 0
1.061 8.10 1.142 7.99

4
£ 2 

j = 0
-0.000 -0.00 -0.006 -0.08

AS, -0.520 -3.98 -0.497 -3.93

pr -0.041 -1.66 -0.035 — 1.18

p’ , 0.005 0.28 0.011 0.52

p« -0.005 -0.36 -0.004 -0.23

p« -0.031 -2.12 -0.038 -2.18

P*M -0.033 -1.93 -0.046 -2.28

p« 0.029 0.99 0.015 0.38

p« 0.075 2.68 0.097 2.85

VR_, -0.297 -4.85 -0.152 -2.09

R2 0.52 0.57

SE 3.099 2.892

DW 1.88 2.05

the previous quarter significantly and  perm anently  
redu ces th e growth rate o f GNP.21 Longer lags (up to 
eight quarters) on  th e variability o f in terest rates w ere 
exam ined, but n one added significantly to the table 3 
equation, w ith o r w ithout an insignificant con tem p o­
raneous term . In the m ore recen t period, the effect is 
larger than  in th e pre-1979 sam ple period, but both 
results ind icate that variability m atters. T h e equation 
in table 3 w as also estim ated  to the third  qu arter of 
1981, the previous cyclical peak. T h e coefficient on 
in terest rate variability, VR,_„ is about the sam e as in 
the pre-1979 case, -0 .1 3 8  (t =  -2 .03); thus, the change

in the volatility coefficient occu rred  as a result o f the 
experience from  m id-1981 to  th e en d  of 1983.”

T h e variability m easure VR, can  be decom posed  into 
an anticipated  com p onent, VR,, th e pred icted  value 
from the 1/1955—IV/1983 estim ate in table 1, and an 
u nanticipated  com p onent, VRE„ the residual from the 
equation. T he tests o f th e GNP effect can  be cond u cted  
using each  of th ese m easures to  clarify th e sou rce of 
th e in terest rate variability effect. W hile eith er effect is 
consistent w ith th e theory, th e im portance o f m one- 
taiy  variability as a m ajor sou rce o f th e GNP effect is 
strengthened if it is found that th e anticipated  com po-

21 For the longer period (1/1955-IV/1983), the coefficient of a contem­
poraneous four-quarter standard deviation of interest rate changes 
is significantly negative in the GNP growth equation. The lagged 
value of the average absolute change in the level of interest rates 
also significantly and negatively affects GNP whether measured 
over four, 12 or 20 quarters, and in both periods. None of the latter 
measures provide as much explanatory power as VR in the text.

“ The equation estimated to the end of 1978 is stable when extended 
to 111/1981. The F-statistic for the additional 11 observations is F1183 
= 0.93. When the equation ending in 111/1981 is extended to IV/
1983, it is not stable; the F-statistic for the additional nine observa­
tions is F994 = 2.89. The critical F is 1.98 (5 percent) or 2.60 (1 
percent), th e  instability of the equation during late 1981 and 1982 is 
also discussed in Tatom (1984b).
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nent of variability, w hich  depends, in part, on  m oney 
growth variability, is responsible for the GNP effect.

T ests o f cu rrent and lagged values of both  VR and 
VRE w ere cond u cted . It might seem  that only the an­
ticip ated  and u n an tic ip ated  co m p on en ts o f VR, , 
should be exam ined becau se it is the significant varia­
ble in table 3. But VR, and lagged VR term s beyond one 
lag are constrained  to zero in table 3, a result that may 
only have been  supported  in the lag search  over VR by 
constraining the anticipated  and u nanticipated  com ­
p onent to be equal in each  of the om itted periods. 
Thus, it is useful to exam ine all o f lags of VR and VRE, 
regardless o f the actual VR lags selected  above. Cur­
rent or lagged values o f u nanticipated  volatility, VRE, 
are not s ta tistica lly  sign ifican t in e ith e r  period , 
w hether anticipated  interest rate variability is in ­
cluded or not. The cu rrent or first lag of anticipated 
volatility, VR, or VR,_,, are significant, in both periods; 
additional lags are not significant for either specifica­
tion in either period.

The results using either VR, or VR,_, are virtually 
identical; those using VR, are reported here. The coef­
ficient on VR, is -0 .158  (t = -2.181 in the I/1955-IV/1978 
period a n d -0 .289  It =  —4.75) in  the longer period. Both 
estim ates are essentially  identical to those show n for 
VR,_, in table 3. Further, none of the o th er coefficients 
in table 3 are affected w hen VR, is used and the stand­
ard error o f the estim ates com p are favorably. In the 
period ending in IV/1983, the standard  error is 3.111; in 
the earlier period it is 2.886. The ad justed  R2s are the 
sam e as in table 3. Thus, the source o f the interest rate 
variability effect in table 3 is anticipated  variability.-3 
T he results ind icate that the effect o f in terest rate 
variability on  GNP growth since 1979 d iscu ssed  below  
is the sam e w h ether the m easure ch osen  is the actual 
past level o f volatility, VR, ,, or contem poraneou s or 
lagged anticipated  volatility (VR, orVR,_,).

Some Problems with the GNP Estimates

It should be noted that the interest rate variability 
m easure, either VR, , or VR„ enters the GNP equation in 
level form. Thus, a rise in the level o f VR perm anently 
affects the growth rate o f nom inal GNP. T ests of addi­
tional lags, especially  VR,_, and VR,.,, respectively, indi­
cate that they are insignificant. This result suggests 
that a perm anent rise in the variability o f in terest rates 
redu ces both the level of GNP in the short run and the 
growth rate of spending perm anently.

23The significance of VR in both periods indicates that, given past 
interest rates, VM significantly reduces GNP. When VM and its lags 
are added alone to the table 1 equations, however, they are not 
significant.

The latter effect is theoretically  im plausible; the 
capital stock eventually should be ad justed  to  its 
low er desired level. O nce this has occurred , the per­
m anent effect on  the growth of nom inal spending and 
real output should  disappear. T h e dynam ic structure 
of VR indicates, however, that in terest rate volatility 
tends to revert to its m ean following changes in m oney 
growth variability o r random  shocks. Thus, because 
ch an g es in in terest rate volatility  are transitory , 
changes in the GNP growth rate arising from  interest 
rate variability are transitory as well.

A second  co n cern  w ith the GNP evidence is that 
variability m easured  over two shorter tim e horizons 
(four and 12 quartersl does not have a significant effect 
on GNP growth, n o r do a few o th er m easures of varia­
bility for any horizon. There are two ways to interpret 
the GNP results. One interpretation is that changes in 
in terest rate variability are only im portant w hen 
viewed from a longer tim e horizon and, even then, 
only certain  m easures o f variability (such as VR, the 
coefficient of variation of the in terest rate or average 
absolute changes in  the in terest rate) capture the rele­
vant risk. T h e o th er alternative is that the GNP results 
are spurious. The co n sisten t results from the tests for 
prices below  suggest that the latter in terp retation  is 
not valid.

The Effect o f Interest Rate Variability 
on Prices

The theoretical d iscussion  ind icates that the effect 
of increased  interest rate variability on prices is an 
em pirical issue; it depends on w h eth er aggregate su p ­
ply is affected m ore or less than aggregate dem and. To 
assess this relationship, a standard price equation 
w hich em phasizes the link betw een m oney growth 
and prices, controlling for shocks su ch  as wage and 
price controls and energy price changes, is em ployed. 
The price equation used for the test o f an interest rate 
variability effect is the second  equation in table 2.-‘ 
Again, both perm anent and transitoiy  effects of in ter­
est rate variability w ere exam ined.

As w ith the GNP experim ents, the five-vear m easure

24The coefficients on money growth are estimated to lie along a third- 
degree polynomial.

“ A 12-quarter measure of the standard deviation of the logarithm of 
the interest rate has a positive and statistically significant effect at 
one lag in the period ending in IV/1983, but the equation has a 
higher standard error than the same estimate using the 20-quarter 
variability measure. The 20- and 12-quarter average absolute 
change in the interest rate also significantly raises then lowers 
inflation at lags one and two, respectively, over the longer period, 
but no effect is significant in the earlier period. See also footnote 31 
below.
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Table 4
Interest Rate Variability and Prices_________________________
Dependent Variable: P,

1/1955—IV/1983 1/1955—IV/1978 
Independent ______________________  ______________________

Variables Coefficient t-statistic Coefficient t-statistic

20
M 2 y, 0.939

i = 0

D1 -1.442

D2 1.419

Pm 0.008

P« 0.051

P'-3 -0.017

Pm 0.031

AVR_, 1.275

A VR,_2 -0.951

R2 0.80

SE 1.179

DW 2.11

P 0.37

of variability (VR) is significant and provides the great­
est explanatory pow er of the alternative measures.-'1 
Tests for statistically significant lags of VR indicate that 
the past three quarters of interest rate volatility affect 
inflation. The effects of VR sum to zero, implving that 
there is no perm anent effect of a change in VR on 
inflation.-" Thus, the appropriate expression includes 
AVR, , and AVR,_2. The price equation results for the 
two periods are sum m arized in table 4. In addition, 
these results indicate that there is no perm anent effect 
of a change in VR on the level of prices, since the 
coefficient on AVR,_, is opposite in sign and statistically 
not significantly different from that for AVR,

According to these results, a rise in VR initially raises 
inflation and the price level one quarter later, then  
depresses inflation and the price level in the subse­
quent quarter. After two quarters, both inflation and

“ The F-statistics for this constraint are Fi e4 = 0.85 for the 1/1955— 
IV/1978 period and F, 105 = 0.00 in the 1/1955—IV/1983 period.

27This result is at odds with that found using annual data where 
interest rate variability appears to have a permanent positive impact 
on the price level. See Tatom (1984a). It is shown below, however, 
that a distinction between anticipated and unanticipated variability 
yields results that are consistent with the annual result for the price 
level.

20.41 1.010 24.05

-2.07 -1.942 -3.37

1.97 1.306 1.93

0.74 0.012 0.80

4.19 0.041 2.59

-1.01 -0.018 -1.15

2.40 0.030 2.11

4.80 1.093 3.38

-3.62 -0.963 -2.84

0.81
1.112

2.00
0.16

the price level are unaffected.-7 The sum  of the coef­
ficients on the change in interest rate variability in 
table 4 is positive, but not significantly different from 
zero. In the I/1955-IV/1978 period, the sum is 0.130 
(t = 0.62), while in the I/1955-IV/1983 period it is 0.283 
(t = 1.27).2R

The anticipated/unanticipated variability distinc­
tion was also em ployed to isolate the inflation effect. 
When VR, ,, VR, , and VR, , are decom posed into antici­
pated and unanticipated com ponents using the table
1 equation, only the lagged unanticipated com ponent,

28The price equation is stable across the two periods in table 4. The 
F-statistic for the last 20 observations is F^ M = 1.66, which is below 
the critical value of 1.69 (5 percent significance level). The equation 
is not stable without the interest rate variability term. See Tatom 
(1984b), where tests of other variables (such as shifts to other 
checkable deposits or unusual recent movements of exchange 
rates, the volatility of money growth, unemployment or interest 
rates) that might affect prices indicate that, since mid-1981, only 
unemployment and the previous quarter’s change in the In of the 
Aaa bond rate significantly affect the price level. The unemployment 
result does not hold before IV/1981 and disappears even in the later 
period when the past interest rate change is included. The bond 
yield result is robust across the periods. When either of these varia­
bles is added to the estimates in table 4, however, it is not significant 
in either period, and the interest rate variability result is unaffected. 
This also indicates that controlling for the level of interest rates in 
table 4 does not affect the result there.
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VRE,.,, is significant, and in both periods. T ests of lags 
of VRE or VR yielded the sam e con clu sion  for VRE and 
in d icated  th at b o th  VR, and VR, , term s are sta ­
tistically significant in both periods. In addition, the 
coefficients on the two anticipated  variability term s 
can  be constrained  to sum  to zero; in the 1/1955-1V/ 
1978 period, F, h. = 0.00, w hile in the longer period, F,
= 0.70.

The inflation equations w ith VRE, , or AVR, are 
given in table 5, along w ith the inflation equation 
containing both variables.--’ T h e results do not d is­
crim inate betw een the alternative hypotheses that 
only anticipated  (AVR) or u nanticip ated  (VRE) in ter­
est rate variability m atters in the I/1955-IV/1983 period. 
E ither specification yields the sam e ad justed  R2 and 
standard error o f estim ate; w hen one of th ese variables 
is included, the o th er is not significant. In the earlier 
period , how ever, lagged u n a n tic ip a te d  volatility  
slightly outperform s the anticipated  variability sp eci­
fication. Moreover, the tests show  that w hen VRE,_, is 
included, inform ation on anticipated  variability is not 
statistically significant.

T he effect o f in terest rate volatility on prices is u n­
am biguous, according to the results in table 5. In par­
ticular, a rise in anticipated  variability tem porarily 
raises inflation, leaving the price level unam biguously 
higher. Although it may appear that a rise in u nan tici­
pated variability perm anently  raises prices a n d  in ­
flation, only the form er conclu sion  is correct; this 
result is the sam e as that obtained w hen only an tici­
pated inflation is considered. A rise in the u nan tici­
pated variability o f in terest rates cannot p erm a n en tly  
raise inflation because, by definition, the level o f u n an ­
ticipated  variability is only a transitory phenom enon.

The evidence supports the dom inant supply-side

“ In table 4, the included lags of VR can be written as (VR„ VR,_,, 
VR,_2, VR,_3), where the coefficient on VR, is constrained to zero. A 
more general specification includes the anticipated (VR) and unan­
ticipated component (VRE) of each of the VR effects above, where 
these components at each lag are not constrained to be equal. From 
this specification, the constraints involved in table 5 can be tested 
and found to hold. These constraints are that the coefficients on 
VR„, VRE,_3, V FU  VRE,_2, and VRE, are zero; and they hold when 
tested jointly or separately. One cannot discriminate statistically 
between the hypotheses that the coefficients on VR, and VR,., are 
significantly different from zero and opposite in sign while that on 
VRE,., is zero and the hypotheses that the coefficient on VRE,_, is 
significantly different from zero and those on VR, and VR,_, equal 
zero. An implication of these results is that the apparent insignifi­
cance of VR, in table 4 arises from the imposition of the unsupport- 
able constraint that the effects of VR, and VRE, are the same. Thus, 
the following constraints in table 4 do not hold: that the coefficient on 
VR, is zero or that the coefficients on VR,_, equals that on VRE,.,. 
When these constraints are relaxed, both components of VR,_2 and 
VRm  drop out.

effect of interest rate variability: a rise in in terest rate 
variability unam biguously raises prices perm anently, 
through a tem porary rise in inflation, but it has no 
perm anent effect on the inflation rate. T h e evidence, 
however’, does not discrim inate well betw een w hether 
the perm anent effect on prices arises from changes 
in a n tic ip a te d  variab ility  o r  p ast u n a n tic ip a te d  
variability.

The Effect o f Interest Rate Variability 
on Output

The growth rate o f real GNP in  th e m odel in table 2 
equals the difference betw een the growth rate of GNP 
and the growth rate o f prices; it can  be w ritten as the 
right-hand-side of the GNP equation less the right- 
hand-side of the price equation. C onsequently, the 
effect of interest rate volatility on output growth is the 
difference in the VR com p onents in the appropriate 
GNP and price equations.

Since a perm anent rise in in terest rate variability 
perm anently low ers the growth rate o f GNP and tem ­
porarily raises the inflation rate, the perm anent effects 
on real output and its growth rate are unam biguously 
negative. An estim ate o f the effect o f in terest rate varia­
bility on output growth is found using the actual varia­
bility results in tables 3 and 4. For the I/1955-IV/1983 
period, the output growth effect is (-1.572 A VR,_, + 
0.654 A VR,_2 -  0.297 VR,_.,I; t-statistics for the three coef­
ficients are -5 .76 , 2.42 and -4 .87 , respectively. W hen 
th e an ticip a ted  in tere st rate variability  m easu re 
results are com bined, the real GNP growth rate effect 
is (-0.937 AVR, -  0.289 VR,_,I; the t-statistics for the two 
coefficients are -5 .7 8  and -4 .75 , respectively. T he long- 
run effect on the real GNP grow th rate ind icated  by the 
last term  is essentially  identical for both  specifica­
tions, w hile the tim ing and short-ru n  effects are 
slightly different. Of course, the sam e effects can  be 
estim ated using the unanticipated  volatility effect on 
prices and the anticipated  volatility effect on GNP; 
w hen this is done, o n ce again, the d ifferences are 
slight.

The Estimated Effects on Economic 
Performance: 1980—83

To gain som e insight into the m agnitude of th e esti­
m ated effects above, the actual levels o f VR, from 1/1980 
to IV/1983 are given in table 6, along w ith the effects on 
the growth rates o f GNP, prices and real GNP, due to 
the departure of VR from its I/1955-III/1979 m ean level 
of 8.60 percent. The effects for GNP, prices and output
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Table 5
Anticipated and Unanticipated Interest Rate Volatility and Inflation
Dependent Variable: P,

1/1955—IV/1983

Independent
Variables

Anticipated VR (VR) Unanticipated VR (VRE) Both

Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic

20
M 2 7.

i = 0
0.924 20.53 0.938 20.39 0.930 20.67

D1 -1.185 -1.73 -1.765 -2.51 -1.498 -2.13

D2 1.712 2.41 1.274 1.79 1.540 2.15

4
Pe 2 7i*2t 

j = 1
0.065 2.93 0.081 3.70 0.071 3.18

A VR, 0.648 4.32 _ _ 0.372 1.69

VRE_, — — 1.234 4.36 0.720 1.73

R2 0.81 0.81 0.81

SE 1.198 1.198 1.187

DW 2.14 2.13 2.13

P 0.37 4.26 0.40 4.53 

1/1955—IV/1978

0.38 4.34

Independent
Variables

Anticipated VR (VR) Unanticipated VR (VRE) Both

Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic

20
M 2 7i 

i = 0
0.990 23.02 1.004 26.42 1.003 26.39

D1 -1.641 -2.86 -2.274 -4.46 -2.239 -3.90

D2 1.489 2.15 1.323 2.12 1.333 2.10

4
P' 2 yhltl 

i = 1
0.071 2.73 0.068 2.90 0.068 2.88

A VR, 0.440 2.85 _ 0.029 0.14

v r e m — — 1.408 3.89 1.350 2.50

R2 0.80 0.81 0.81

SE 1.125 1.090 1.096

DW 2.01 1.97 1.97

P 0.19 1.85 0.10 0.94 0.10 0.97
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Table 6

The Effect of Interest Rate Variability on GNP, Prices and 
Real GNP: 1980-83

Period
Variability of 
interest rates

Effect on GNP 
growth rate

Effect on 
inflation

Effect on 
real GNP 

growth rate

1/1980 10.03% 0.1% 1.9% -1.8%
II 11.33 -1 .2 2.9 -4.1

III 12.70 -1 .3 0.3 -1 .6
IV 14.83 -1 .6 0.6 -2 .2

1/1981 16.66 -2 .2 1.5 -3 .7
II 18.61 -2 .6 1.0 -3 .6

III 20.66 -3 .2 1.3 -4 .5
IV 21.79 -3 .8 1.3 -5.1

1/1982 22.57 -3 .8 0.2 -4 .0
II 22.62 -3 .9 0.3 -4 .2
III 21.90 -3 .8 -0 .3 -3 .4
IV 20.55 -3 .4 -1 .0 -2 .4

1/1983 19.29 -2 .9 -1 .0 -1 .9
II 18.02 -2 .6 -0 .8 -1 .8
III 16.62 -2 .2 -0 .8 -1 .4
IV 15.22 -1 .8 -1 .0 -0 .8

in table 6 use the I/1955-IV/1983 estim ates of the im­
pact of anticipated variability reported above. The esti­
m ates based on actual or unanticipated variability ef­
fects are about the sam e for the whole period or for 
subperiods such as the 1981-82 recession.

Changes in risk, as m easured by the five-year stan­
dard deviation of the logarithm of Aaa bond yields 
have had a substantial im pact on the econom y since 
1979, generally retarding the growth rate of nominal 
and real GNP over the period. In 1980-81, the rise in 
risk temporarily raised the observed inflation rate. The 
subsequent fall in risk temporarily reduced inflation 
in 1982-83.

Table 6 indicates that greater interest rate variability 
reduced the growth rates of nominal spending and 
real GNP by an average of 2.3 and 3.8 percentage

“ Evans also reaches this conclusion. Using the estimates based on 
actual variability, the reduction in nominal GNP over the whole 
period shown in table 6 is 2.7 percentage points, while during the 
recession it is 3.9 percentage points; the reduction in real GNP 
growth over the whole period is 2.8 percentage points and 3.6 
percentage points during the recession. Similar estimates are found 
using the unanticipated interest rate variability hypothesis for prices; 
real output falls 2.6 percentage points over the whole period and 3.7 
percent during the recession.

points, respectively, during the III/1981-IV/1982 reces­
sion.30 Thus, such  variability played a m ajor role in the 
relatively sluggish growth of spending at a 2.8 percent 
rate over the period and the -2 .4  percent growth rate 
of real GNP from peak to trough. Indeed, departures 
from the m ean variability had a negative im pact on 
real output growth that exceeds the observed decline, 
suggesting that, in the absence of increased variability, 
real GNP growth would have been positive.31

31 When the measure of variability is the 20-quarter standard deviation 
of the changes in the logarithm of the quarterly interest rate, similar 
significant effects are obtained for GNP, prices and real GNP. Over 
the period 1/1955—IV/1983, the current and past four levels of this 
standard deviation measure significantly affect GNP growth. The 
sum effect is significantly negative. In the price equation, only the 
change in the standard deviation three quarters earlier is significant. 
For both equations, the statistical results are inferior to those pre­
sented in the text, judged by the fit of the equations. Also, the 
results are not as robust. In the 1/1955—IV/1978 period, no lag of this 
measure adds significantly to the price equation; in the GNP equa­
tion, only the lagged change in the standard deviation approaches 
significance (t = -1.92). The quantitative effects of higher variability 
on GNP, prices and output using this measure, however, are similar 
to those found from tables 3 and 4 or those given in table 6. For 
example, over the recession period 111/1981—IV/1982, nominal and 
real GNP growth were reduced by an average 2.7 percent, while 
inflation was unaffected. The anticipated/unanticipated variability 
tests were not conducted for this measure due to the inferiority of the 
actual variability results.
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SUMMARY AND IMPLICATIONS
The evidence here generally supports recent stud­

ies w hich indicate that increased  variability of m oney 
stock growth and interest rates in the early 1980s had 
deleterious effects on output and em ploym ent. M ore­
over, the evidence provides a link betw een the rise in 
m oney growth and interest rate variability. The rise in 
the variability o f in terest rates, in particular an tici­
pated variability, w as an im portant channel through 
w hich increased  m onetary uncertainty operated to 
reduce GNP, output and em ploym ent, and to first 
raise, then  lower, inflation after 1979.

The em pirical results suggest that the rise in in ter­
est rate variability after 1979 explains the severity of 
the 1981-82 recession . The results also shed som e 
light on the m agnitude of the swing in observed in ­
flation from 1980-81 to 1982-83. Inflation was first 
pushed up tem porarily in 1980-81, then  down in 
1982-83 due to the pattern  of changes in interest rate 
volatility since 1979.
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