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V. Vance Roley*

The maturity composition of Federal debt has exhibited dramatic changes
during the past 30 years. In 19530 the average maturity of the U.S. Treasury's
outstanding debt held by private investors was 124 months. During the next 10
vears the average maturity fell steadily and reached 58 months in 1960 as the
Treasury shifted from bond-financed wartime deficits to a greater reliance on
shorter term issues to finance deficits and to refund maturing issues. Despite
the emergence of the "Operation Twist" policy, the maturity composition of
Federal debt remained relatively stable during the early 1960s, Beginning
in 1966, however, average maturity began to decline and continued until it
reached 29 months in 1975. 1In large part this decline was due to the 4 1/4
per cent interest rate ceiling on new issues of Treasury bonds. Several
exemptions from this 4 1/4 per cent ceiling were granted by Congress in the
1970s, and beginning in 1975 the Treasury embarked on a policy to lengthen
the average maturity of Federal debt., As a consequence of this policy the
mean maturity has risen to 46 months in May 1980.

The theoretical analyses presented by Rolph [34], Tobin [39], Okun [27],
Brownlee and Scott [7], and others in the late 1950s and early 1960s, and by
Friedman [13] and Roley [29] more recently imply that these shifts in Federal
debt-management policy may have significantly affected security yields. 1In
particular, these studies have shown that under plausible conditions shifts in
the composition of a given dollar amount of outstanding Treasury securities can

alter the slope of the Treasury security yield curve and in the process change



private security yields.lj The conditions that determine the effectiveness of
Federal debt management policy in this literature are twofold. TFirst,
different maturities of Treasury securities must be‘imperfect substitutes.,
Second, private and Treasury securities must to some degree be either substi-
tutes or complements in investors' demands.g/

Despite the theoretical plausibility of significant relative asset
supply effects on security yields, virtually all empirical research has been
unsuccessful in isolating these effects. However, the single-equation
methodology used in previous studies—based on either appended versions of the
"expectations hypothesis" or unrestricted reduced-form equations—is not
capable of directly representing asset substitutability in investors' port-
folios.é/ For this reason Friedman [15,16], Hendershott [20], and Backus,
Brainard, Smith, and Tobin [1] amcng cthers have advocated the use of disaggre-
gated market-clearing structural models of interest rate determination to
examine the effects of shifts in both supply and demand factors.i/ Friedman
{15] in particular has demonstrated the usefulness of this approach in his
study of the yield curve effects associated with shifting wealth ownership
among disaggregated categories of investors.

Instead of the relative asset demand effects considered by Friedman [15],
the purpose of this paper is to determine the effects of changes in the relative
supplies of different maturities of Treasury securities on both the Treasury
yield curve and long-term private security yields. Because of the previous
lack of empirical support concerning Federal debt-management effects on the
Treasury yield curve, the further question as to whether changes in the

maturity composition of Treasury debt have differential effects on yields on



distinct categories of private securities—notably corporate bonds and equities
—has not been examined. To investigate all of these potential Federal debt-
management effects, a disaggregated structural model of Treasury and private
security markets is employed. The model consists of estimated equations
representing the demands for corporate bonds, equities, and four different
maturity classes of Treasury securities by disaggregated categories of investors
corresponding to the Federal Reserve's flow-of-funds accounts [4]. By adding
six market-clearing identities equating market demands with exogenous security
supplies, the six security yields are simultaneously determined within the
model.

Based on the results from a less comprehensive precursor of this model,
changes in the maturity composition of Federal debt appear to significantly
affect relative Treasury security yields.éj Given this result, the differential
impacts on corporate bond and equity yields depend on the relative substitut-
ability of different maturities of Treasury securities with these categories
of private securities. 1In this respect the ultimate impact on all types of
security yields depends not only on the substitutability of different types
of securities in investors' portfolios, but also on the substitutability among
different maturities of private debt and equity on the supply side of the

6/

market.—" The net result of a Federal debt-management operation could in fact
be an unchanged structure of financial yields with a significant change in the
composition of corporate financing. In this case, if the goal of Federal debt
management policy is to increase private long-term debt and equity financing,

the policy will be successful if measured by the amount of new issues in these

. . . R 7
markets but not if measured by relative security ylelds.—/ In any event, the



necessary first step is that the demands for different types of private
securities and different maturities of Treasury securities shift in response to
changes in the maturity composition of Federal debt, and it is this demand-side
effect that is examined below.

In the first section of this paper, the conditions for the effectiveness
of Federal debt management in changing security yields are explicitly developed
in a simple theoretical framework that is analogous to the specification of the
empirical model. The importance of adequate maturity class disaggregation of
Treasury securities is also discussed. The specification and estimation of the
disaggregated structural model are presented In the second section. In the
third section, the substitutability of Treasury and private securities in the
context of the disaggregated demands is empirically examined. The results from
simulation experiments are presented in the fourth section to evaluate the
consequences of selected Federal debt-management policies. The principal

findings of this study are summarized in the final section.

I. Aspects of Federal Debt Management Policy

A basic theoretical model of financial markets is sufficient to show the
possible effects of changes in the maturity composition of Federal debt.
Although the empirical results reported in later sections are obtained from a
disaggregated structural model including 51 behavioral equations, the empirical
model in its aggregated form closely corresponds to the theoretical framework
presented below. Following Friedman [13], market demands for financial assets

may be represented asgj

A = Br + & + W (1)



where A = N x 1 vector of financial asset demands
r = N x 1 vector of yields
Y = total spending
W = financial wealth (1A = W)
B, €, ¥ = N x N matrix and N x 1 vectors of coefficients, respectively.
The balance-sheet constraint implies 18 = 0, 17§ = 0, 1% =1.

In this simplified framework as in the empirical model, only the financial
effects of Federal debt-management operations are considered. Thus, income is
exogenous and the financial effects examined are those analogous to shifts in

9/

the LM curve in traditional IS-LM analysis.=’ To further simplify the analysis,
Federal debt-management operations are also assumed to leave the total value of
financial assets W unchanged. Because Federal debt-management operations are
defined here as changes in the composition of a given dollar amount of out-
standing Treasury securities held by private investors, this merely abstracts
from changes in wealth due to capital gains and losses on different categories
of securities which are likely to at least partially offset each other.lg/

The five-asset version of this model—including money (M), short-term
Treasury debt (S), long-term Treasury debt (L), corporate bonds (B), and equity
(E)—determines four endogenous security yields. With the nominal rate of
return on money assumed to equal zero and with endogenous security demands set

to equal exogenous security supplies (AO), the impact of a Federal debt-manage-

ment operation (dS° + dL® = 0) on security yields may be represented as
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In this framework, a Federal debt-management operation will in general affect
private security yields if: (i) short- and long-term Treasury debt are not
perfect substitutes implying the absence of a single representative Treasury
security supply measure and Treasury security yield; and (ii) the 2 x 2
matrix in the third quadrant of the partitioned ccefficient matrix in (2) does
not equal the zero matrix. This latter condition requires some degree of
substitutability (or complementarity) between Treasury and private securities,
and such a relationship has often been hypothesized. For example, Treasury and
corporate bonds may be close substitutes in some investors' portfolios because
both are long-term nominal debt.;;/ Alternatively, if investors determine the
relationships among securities solely on the basis of length of life or dura-
tion, then Treasury bonds, corporate bonds, and equities all may be close
substitutes.lg/ In the absence of empirical evidence, however, it is difficult
to make qualitative not to mention quantitative appraisals of the elements in
the coefficient matrix.

Although the concepts reviewed in the context of the aggregated model (2)
are applicable to the estimated model reported in the next section, the

empirical model nevertheless differs in one important area. 1In particular,

instead of the two maturity classes, Treasury securities are disaggre-



gated into four separate maturity classes. Inadequate disaggregation schemes
may have obscured the effects of changes in the matqrity composition of

Federal debt in previous studies. For example, a shift in the relative
supplies of 5-year notes and 20-year bonds may cause the respective yields to
change, but a long-term maturity class including both of these securities

would indicate no change in supply. As a result, the supply variable would be
unable to capture any of this variation in Treasury security yields. Similarly,
disaggregation schemes that combine Treasury and private debt in short- and
long~term maturity classes—e.g., Hendershott [20] and Backus, Brainard, Smith,
and Tobin [1]—or those that combine all long-term debt with equity—e.g.,
Hendershott [20]-—potentially obscure the effects of relative asset shifts
between Treasury and private securities. To avoid these potential pitfalls,
the model specified and estimated in the next section includes four separate
maturity classes of Treasury securities along with separate asset categories
for corporate bonds and equities. The substitutability of these six categories
of securities is examined in the third section to judge the appropriateness of

this disaggregation scheme.

IT. Specification and Estimation of the Model

The methodology used here to specify the financial asset demands of
individual categories of investors is to consider the allocation of existing
portfolio wealth together with a given net wealth flow within a one-period
investment horizon. This approach is implemented through the use of portfolio
adjustment models that form short-run asset demands from expressions repre-

13/

senting desired long-run proportional asset holdings:=



* *
o = W = + +
% AV, b+B p *B0o, (3)
*
where 9% = N x 1 vector of the investor's desired proportional
holdings of assets at time period t (gz‘[; = 1)
*
= N x 1 vector of the investor's desired holdings of
-t . : -
assets at time period t (é: 1 = Wt)
Wt = the investor’'s total portfolio size (wealth) at the
end of time period t
Ht = N x 1 vector of expected holding-period yields at
time t
9, = N x 1 vector of variances of holding-period yields
at time t
b, Bl’ B2 = N x 1 vector and N x N matrices of coefficients,
respectively.
The usual "adding-up" properties fmply 1°b = 1, 1" B. = 0, and 1~ B, = 0.

In addition, most derivations of desired asset holdings consistent with (3) imply
non-negative coefficients on expected own-yields and coefficients on competing
14/

asset yields with signs that are unknown a priori.—

Short—Run Portfolio Adjustment Models. Portfolio adjustment models are

used to specify the less than instantaneous adjustment to desired asset propor-
tions due to tramsactions costs. Because of the diverse institutional and
behavioral characteristics of the categories of investors included in the
disaggregated structural model, several versions of a general portfolio adjust-
ment model are applied. The most general form of the adjustment model includes

four properties that are additional to the standard stock adjustment model: (i)



new investable financial flows have distinct effects on portfolio ad justment;
(ii) effects from new investment financial flows are dependent on the holding-
period yields of the endogenous assets in the porffolio; (iii) new investable
financial flows affect the reallocation of assets already in the portfolio;
and (iv) positive and negative new investable financial flows have asymmetric
effects.lé/ With one exception, all of the adjustment models utilized for
the investor categories included in the disaggregated structural model may be
classified by a subset of these properties.lé/ In addition, each adjustment
model includes properties (1) and (ii).

The model in its most general form, incorporating all four of the

properties listed above, may be written as

N N
= * - - - x -
BAjy i ® kY1 Ae-1) F 1Zc Y (AWM, ) e Wy A t-1’
N
+ f{ i (BT DO My = A pop) FoR AW+ v AN,
i=1...,N, (4)

where AAit represents net purchases of the ith asset; the indices i and k
(i, k = 1,...,N) are associated with endogenous assets; eik’ w;k, and W{£ are
fixed coefficients of adjustment; and aﬁt and Yit are desired proportional
holdings of assets conditional on positive and negative investable financial
flows, respectively.lZ/ In addition, the positive and negative investable
financial flows are written as

Awt, if Awt > 0

AW” =
0, otherwise,
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AW, 1f AW <0

AWt =
0, otherwise,
N N _ N _
The portfolio wealth constraint implies i Oik =0, i wik = 7, and ; w{i =y~
1

for all k.

The terms in (4) relate to various sources of portfolic adjustment.
The first term describes standard stock adjustment. The second and third
terms incorporate the effects of financial flows on the reallocation of assets
already in the portfolio dependent on the sign and magnitude of the financial
flows. The final two terms involve the marginal allocation of investable
financial flows according to desired proportional asset holdings (3), with
the inclusion of asymmetric effects from positive and negative flows. The
various sub-models—involving zero constraints on the w;k and w;i parameters—
applied to particular investor categories are determined on the basis of
statistical tests.

Data and Estimation Technigpes.lg/ The investor categories included in

the disaggregated structural model are indicated in Table 1. The investor
categories with endogenous demands hold 95 per cent of the total amount of
outstanding Treasury securities net of Federal Reserve System and foreign
holdings, 96 per cent of the total supply of corporate bonds, and 97 per cent
of the total supply of equities.lg] The primary data source of the disaggre-
gated structural model is the Federal Reserve System's flow-of-funds accounts
[4]. Quarterly observations are used, with the sample period beginning in
1960:Q1 and ending in 1975:Q4,

The data for Treasury securities consist of four weighted maturity
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classes of Federal debt that are consistent with the flow-of-funds accounts,
(See Taylor and Wood [37].) The data are defined in terms of four 'definite"
areas and three "borderline" areas. The definite areas include the following
maturities: (1) within 1 year (short-term), (2) 2 to 4 years (short-inter-
mediate~term), (3) 6 to 8 years (long-intermediate-term), and (4) over 12 years
(long~term). Treasury securities with maturities in the borderline areas are
allocated to the definite classifications according to a weighting scheme. 1In
particular, if n 1is the number of months in a borderline area, then the
securities are allocated to the immediately preceding and successive definite

maturity classes according to the following pairs of weights:

e =
n 1 n- 1 2 1 n i
n+1’n+1}’|n+1’ n+1)" " “"2in+1 n+1;°

20/

where maturity is increasing from left to right. — The principal advantage

e

of this procedure is that it avoids the otherwise perverse effects that occcur
when large debt issues cross fixed maturity boundaries.

. Financial flow variables corresponding to the individual assets of the
11 investor categories are defined in terms of seasonally adjusted net changes
during the quarter. The wealth flow variables are generally defined as
quarterly net acquisitions of financial assets, seasonally adjusted. Financial
stock variables, including individual asset stocks and total portfolio wealth,
are formed by decrementing seasonally adjusted quarterly flows from the value
of yearend outstandings in 1975:Q4. This procedure serves to guarantee the
mutual consistency of the asset stock and flow data throughout the sample

period. When asset stock data contain market valuation changes, these components



-12-

are included without seasonal adjustment. The endogenous yields correspond to
the published series for the 3-month Treasury bill yield, the 3~ to 5-year Trea-~
sury security yield, the long-term (10-year and oveé) Treasury security yield,
the yield on new issues of corporate bonds (Aa utilities), Standard and Poor's
dividend-price ratio, and a weighted average of yields on Treasury securities
maturing in 6, 7, and 8 years for the long-intermediate-term yield. When
statistically significant, distributed lags on the percentage change of the
Standard and Poor's composite common stock price index are also included to
represent expected capital gains or losses on equities;gl/

The estimated demand equations correspond to various sub-models embodied
in (4). Because yields on securities are jointly dependent variables alocng
with investors' demands, the use of ordinary least squares estimation would
result in inconsistent estimates. Thus, a simultaneous equations estimation
technique is used. In particular, the application of an instrumental variables
technique described by Brundy and Jorgenson [8] is used to gain consistent
estimates of the structural equations. The direct application of 2SLS is not
possible in this case because of the undersized sample problem—iji.e., more

predetermined variables than sample observations.

Empirical Results. In total, 51 behavioral equations representing the

demands for four maturity classes of Treasury securities, corporate bon&s, and
equities are estimated over 64 quarterly observations beginning in 1960:Q1 and
ending in 1975:Q4. Summary statistics for the estimated equations are presented
in Table 2. The estimation results provide support for the short-run portfolio
selection model specified above. As indicated by the multiple correlations

(ﬁz), these equations explain much of the variation of the net purchases of
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the six types of securities. The multiple correlations range from .53 to .91
for equities, .64 to .87 for corporate bonds, and .35 to .93 for the much more
volatile net purchases of Treasury securities. Comparing the individual
categories of investors using this criterion, the modeling of the short-run
demands of life insurance companies is the most successful with multiple
correlations ranging from .83 to .96. Within individual investor categories,
the statistics reported in Table 2 also indicate that the net purchases of each
type of security are modeled with approximately equal success. The standard
errors of the estimated equations are additionally reported to indicate the
accuracy of the estimated equations in dollar amounts.

Individual parameter estimates also support the short-run portfolio
selection model. The estimation results of two key sets of parameters—coeffi-
cients on lagged own-stocks (Oii) and coefficients on the products of own-yields
and wealth flows (Bii)——are reported in Table 3. For six categories of
investors—1life insurance companies, mutual savings banks, other insurance
companies, private pension funds, savings and loan associations, and state and

iocal government retirement funds—the ¥7. and W££ parameters in (4) take

ik
zero values allowing the identification of parameters in the expressions for
. . . % 22/ . :
desired proportional asset holdings ait ~—"  1In this case, the estimated

coefficients B indicate the equilibrium response resulting from a one per-
centage point increase in the respective own-yields. A one percentage point
increase in the Treasury bill yield, for example, causes life insurance

companies te increase their equilibrium proportional holdings of short-term
Treasury securities by 1.1 per cent. With the exception of the equilibrium

response reported for the demand for corporate bonds by mutual savings banks,
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all of these identifiable own-yield equilibrium responses appear to be reason-
able. The estimation results for categories of investors without identifiable
equilibrium responses also indicate the statisticallsignificance of multipli-
cative terms involving investable flows and own—yields.gi/

The second group of individual parameter estimates reported in Table 3
consists of estimated coefficients on lagged own-stocks. Virtually all of
these estimated coefficients are highly statistically significant with the
expected sign. In several instances, however, the estimated coefficients
suggest extremely slow rates of own-stock adjustment.

By combining the 51 estimated equations with six market-clearing iden-
tities that place aggregate demands equal to the exogenous supplies of the four
maturity classes of Treasury securities, corporate bonds, and equities, the
yields on these six classifications of securities may be simultaneously

24/

determined.=™ The results of the dynamic simulation of this supply-demand
model are reported as the control simulation in Table 5. For Treasury security
vields, the root-mean-square errors (RMSE) monotonically decrease from 69 basis
points for the Treasury bill yield to 21 basis points for the long-term

Treasury security yield. Thus, as expected, this measure increases as maturity
becomes shorter because of the greater volatility of shorter term yields. The
root-mean-square errors of the corporate bond yield and the dividend-price

ratio are both 37 basis points which is less than that of the long-intermediate-
term Treasury security yield but greater than that of the long-term Treasury

security yield. On the whole, the disaggregated structural model explains

yields remarkably well with only small biases evident in the reported results,
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ITI. The Substitutability of Treasury and Private Securities

Additional empirical results are examined in this section to determine
the degree of substitutability among different secufities. Of these results,
the most important concerns the competing security yields included in each of
the estimated demand equations.

In this respect, the t-statistics for coefficients on competing endogenous
asset yields entering into the estimated demands are presented in Table 4.22/
These coefficients are analogous to the off-diagonal elements of the coefficient
matrix in (2). The individual values in Table 4 are labeled by investor cate-
gory, and represent the t-statistics on multiplicative variables consisting of
yields and either wealth flows or wealth stocks. In the case of commercial
banks, where wealth flows are disaggregated into exogenous balance sheet items,
all variables consisting of the product of competing yields and disaggregated
wealth flows are reported. Several aspects of these results are of interest.
First, the presence of the statistically significant negative off-diagonal
elements indicates at least some degree of substitutability among different
maturities of Treasury securities and between private and Treasury securities.
Second, even on the basis of the summary statistics in Table 4, it is apparent
that the coefficient matrix of the aggregate demands is not symmetric;gé/
Finally, the estimation results for some categories of investors exhibit
particularly significant asset substitutability in their portfolios. For
example, the demands for different maturity classes of Treasury securities by

commercial banks include a variety of statistically significant competing

Treasury security yields, and all of the Treasury security demands of private
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pension funds include the equity yield.

Further tests were performed to provide evidence concerning the substi-
tutability of Treasury and private securities. In particular, the demand
equations were respecified by switching sets of predetermined variables between
different types of securities. For example, the demand for short-term
Treasury securities was estimated using the specification for short-inter-
mediate-term Treasury securities with the own-yield and lagged own-stock
replaced to correspond to the dependent variable, and vice versa. Although
this procedure is not subject to formal statistical hypothesis testing, it
does allow a judgmental interpretation of the appropriateness of applying the
same specification, without any constraints on the coefficients, to any two
types of securities within an individual investor category. If investors
view different types of securities as perfect or even close substitutes, then
the separate demands should have similar subsets of predetermined variables.
Thus, under this hypothesis, there should be little loss of fit from switching
specifications between securities. This respecification procedure was applied
to adjacent maturity classes of Treasury securities and to pairs of Treasury
and private securities. The results of these tests generally indicate a
substantial loss of fit from switching specifications. For example, applying
this procedure to long~term Treasury security and corporate bond demands led
to an average increase of 58.7 per cent in the estimated standard errors.
Similar results followed from other pairs of respecified equations.

The combined results of this section suggest that some degree of
substitutability exists among different maturities of Treasury securities,

corporate bonds, and equities, but not perfect substitutability. This result
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implies that Federal debt-management operations may be effective in changing
both relative Treasury and private security yields. To determine the impact
of Federal debt management operations, the results of simulation experiments

are considered below.

IV. Simulation Experiments

Six simulation experiments are performed to evaluate the effects of
Federal debt-management operations on Treasury and private security yields.
These six simulations consist of two basic types of debt-management operations
initiated at the beginning of three different years. Different time periods
are necessary to evaluate the effects of maturity composition changes of
Federal debt because of the nonlinearity of the model—e.g., all yields enter
multiplicatively with either wealth flows‘or wealth stocks implying non-
stationary yield elasticities. The results from the simulation experiments
are presented in Table 5, where the reported values are differences from the
control simulation levels. Both the impacts and average effects are reported.
The impacts correspond to the changes in security yields during the quarter
that the experiment is initiated. The average effects are defined as the
average changes in security yields over the five-year period beginning with
the quarter that the experiment is initiated.

The first type of Federal debt-management operation involves a permanent
10 per cent increase in the supply of long-term Treasury securities, with the
other maturities of Treasury securities declining by equal dollar amounts.
This change in the maturity composition of Federal debt is initiated

separately in 1960:Q1, 1966:Q1, and 1971:Ql, with the amount of long-term
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Treasury securities increasing by $2.3 b, $2.0 b, and $1.6 b, respectively,
The reported impacts indicate that the short (R1)- and short-intermediate-term
(R2) Treasury security yields decline in response to the reduction in the
corresponding supplies, and the long-term Treasury security yield (R4) rises
from the increase in the supply of long-term Treasury securities. However, the
long-intermediate—term Treasury security yield (R3) actually increases by 52
basis points in 1966:Ql and 79 basis points in 1971:Q1 despite the reduction in
the supply of securities in this maturity class. In this case, the increase in
the supply of long-term Treasury securities is three times larger than the fall
in the supply of long-intermediate-term securities, and the subsequent rise in
the long-term Treasury security yield (as well as the yields on corporate bonds
and equities) causes the demand for long-intermediate-term securities to
decrease more than their supply. The simulation results also show dispropor-
tionate impacts on corporate bond (RC) and equity (RE) yields. The corporate
bond vield follows the long-term Treasury security yield much more closely
than does the equity yield. The equity yield remains unchanged in 1960:Q1 and
only increases by 6 basis points in 1966:Ql in response to this type of Federal
debt-management operation. Depending on the short-run responsiveness on the
supply side of private securities markets, the changes in relative bond and
equity yields may significantly alter the composition of corporate financing.
In the longer run, the simulation results suggest that the permanent 10
per cent increase in the supply of long-term Treasury securities may permanently
change relative security yields, at least for the experiments initiated in
1960:Q1l and 1966:Q1. For the experiments initiated during these two periods,

there is also an interesting effect on the Treasury yield curve. In particular,
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despite the differences in percentage supply decreases, the Treasury yield
curve is systematically tilted beginning with the largest decline being
registered by the short-term yield and ending with éhe long~term yield recording
the largest increase. This result reflects the substitutability between
adjacent maturities of Treasury securities. Again for the 1960:Q1 and 1966:Q1
experiments, the average effect on the corporate bond yield is larger than that
on the equity yield.

The last set of simulation results in Table 5 reports the effects from a
2.5 per cent increase in the supply of short-term Treasury securities, with all
other maturities of Treasury securities declining by equal dollar amounts. The
increases in the supply of short-term Treasury securities are $1.5 b, $1.6 b,
and $1.9 b for 1960:Ql, 1966:Q1, and 1971:Q1, respectively. In each case, the
impact on the short-term Treasury security yield is positive, but it initially
rises by only 2 basis points in the 1971:Q1 experiment. In response to this
type of debt management operation all other Treasury security yields fall. The
corporate bond yield again declines by about the same order of magnitude as the
long-~term Treasury security yield. The equity yield, however, actually rises
in the 1971:Q1 experiment despite the declines in other long-term security
yields. 1In a debt-management experiment considered by Backus, Brainard, Smith,
and Tobin [1], the equity yield responds in a similar manner during several
time periods. As these authors suggest, the imperfect substitutability of bonds
and capital apparently account for this result.

The average effects from Federal debt management operations with 10 per
cent increases in the supply of short-term Treasury securities are guite

different from the impacts. In the longer run, the rise in the short-term
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Treasury security vield leads to excess supply in the short-intermediate-term
market for two of the three time periods. This causes the short-intermediate~
term yield to rise above control simulation levels.' For the 1971:01
experiment, the long-intermediate-term yield also rises slightly above its
control simulation level. Nevertheless, in each case a systematic change in
the Treasury yield curve occurs with the short-term yield exhibiting the
largest increase and the long-term yield experiencing the largest decline.
This type of Federal debt-management operation also disproportionately affects
corporate bond and equity yields. The average decline in the corporate bond
yield relative to the equity yield ranges from 13 basis peoints for the 1960:Q1
experiment to 28 basis points for the 1971:Ql experiment.

To summarize, in the short run Federal debt management operations appear
to significantly affect relative Treasury and private security yields. 1In
addition, the corporate bond yield follows the long-term Treasury security
yield quite closely while the equity yield generally exhibits smaller absolute
changes in response to Federal debt -management operations. 1In the longer run,
the effects on security yields are often smaller than the initial impacts
despite the permanent nature of the maturity composition shifts considered here,
Nevertheless, the results generally indicate that lengthening the average
maturity of the Federal debt reduces the incentives for both bond and equity

corporate financing, and vice versa.

V. Summary of Conclusions

The disaggregated structural model of Treasury and private security

markets developed here has allowed a more explicit analysis of the empirical
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issues surrounding Federal debt-management policy than previous studies based
on single-equation models of interest rate determination. The disaggregated
structural modeling framework enables the explicit ihvestigation of asset
substitutability which is crucial in determining the potential effectiveness

of Federal debt-management operations. Single-equation models may obscure the
consequences of Federal debt-management operations by combining both demand and
supply effects which may result in only small changes in relative Treasury and
private security yields, but significant changes in the composition of
corporate financing.

The empirical results of this study indicate that different maturities of
Treasury securities are imperfect substitutes, and some degree of substitut-
ability exists among Treasury securities, corporate bonds, and equities. Given
these results, simulation experiments were performed and they indicated that
changes in the maturity composition of the Federal debt significantly affect
Treasury and private security markets, at least in the short run. Depending on
the supply-side response of corporate financial policy, the simulation experi-
ments suggest that Federal debt-management policy can affect private security

markets by either changing relative yields or relative supplies.
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1. This result is also implicit in the analyses presented by Kevnes [22] and
Leijonhufvud [23] who aggregate securities on the basis of an asset's length
of life. Apart from changing relative vields, a Federal debt managenment
operation may also have an impact on both financial and nenfinancial sectors
from subsequent changes in liquidity. For a discussion of possible liquidity
effects, see Smith {36].

2. Although Federal debt management policy is also potentially effective if
different maturities of Treasury securities are complements, discussions in
the remainder of the paper focus on the more plausible case of substitutability.

3. Researchers who find only insignificant relative asset supply effects
using single-equation models of the long-term Treasury security yield include
Okun [27], Modigliani and Sutch [25, 26], and Hamburger and Silber [19].

4. Although Fair and Malkiel [11] use the reduced-form approach to investi-
gate relative asset supply effects, they also suggest that a more complete
study would include the direct estimation of security demands.

5. See Roley [28, 30].

6. For evidence on the substitutability of short- and long-term debt in the
financing of corporate external deficits, see Friedman [14].

7. Modigliani and Sutch [26], for example, suggest that changes in the supplies
of private securities may account for the insigificance of relative Treasury
security supply effects on the long~term Treasury security yield in their studyv.

8. The set of asset demands (1) is also consistent with linearized versions
of the models presented by Brainard and Tobin [6] and Tobin [40].

9. In this case, however, the use of a single security yield in the IS-LM
framework would be misleading if fixed investment is responsive to both corpo-
rate bond and equity yields. To remedy this situation, a weighted average of
the corporate bond and equity yields could perhaps be used to reflect the

cost of capital. For a recent example of this approach in a study of business
fixed investment, see Clark [10].



10. Federal debt-management operations as defined here differ from Federal
deficit financing where the amount of outstanding Treasury securities actually
increases. In the case of debt-financed deficits, wealth effects are impor-
tant determinants of both the magnitude and sign of the ultimate "crowding-
out" effect. For analyses of Federal deficit financing, see Blinder and

Solow [3], Tobin and Buiter [41], and Friedman [13].

11. The distinction between nominal and real claims is made by Tobin [38] in
his discussion of asset substitutability. Treasury and corporate bonds are
not likely to be perfect substitutes, however, because of a variety of dis-
tinguishing attributes. See Fair and Malkiel [11].

12. See, for example, Leijonhuvfud [23].

13. Linear homogeneous asset demands follow from expected utility maximization
when either the argument of the utility function is portfolio rate of return

or investors exhibit constant relative risk aversion. For derivations of the
latter case in both continuous- and discrete-time models, see Friedman and
Roley [18]. The expression for desired proportional asset holdings (3) follows
from the linearization of asset demands derived from these expected utility
maximization models.

14, Again interpreting the desired proportional asset holdings (3) as lineari-
zations of asset demand equations derived from expected utility maximization,
Blanchard and Plantes [2] show that positive covariances for all pairs of
security yields are necessary but not sufficient for gross substitutability.
Furthermore, Roley [31] shows that symmetry of the B] matrix implies a partic-
ular type of risk averse behavior which does not generally hold for all classes
of uvtility functions.

15. The portfolio adjustment models used by Brainard and Tobin [6], Modigliani
[24], and Bosworth and Duesenberry [5] exhibit the first property. Friedman
[12] developed and implemented a model with properties (i) and (ii).

16. The portfelio adjustment model applied to commercial banks is the one
exception. This adjustment model considers the allocation of individual
exogenous components cof the new investable financial flow in addition to
properties (i) through (iv)., Because this adjustment model has been examined
in detail elsewhere, it will not be further considered here. See Roley [32].

17. The Y§, differ from the af,  in that the former explicitly represent desired
short-run portfolic holdings conditional on negative financial flows. That is,
the Yﬁt are included to allow for possible asymmetric effects of expected
holding-period yields and variances of holding-period yields associated with
positive and negative financial flows. These asymmetric effects may result
from different transactions costs associated with purchasing and selling
assets, and from different behavior regarding unrealized capital gains and
losses on existing assets in the portfolio. Furthermore, the Y* vector is
analogous to {3) except that expected holding-period yields enter as recipro-
cals-—e.g., 1/uj. For the own-yield on asset i(uj), for example, this implies
that for negative financial flows, the higher the own-yield, the less the



amount of asset 1 sold. Alternatively, if the own-yield was not entered
in reciprocal form, then the higher the own-yield, the greater the amount of
asset 1 sold.

18. For detailed discussions of the data and estimation techniques used in
forming the disaggregated structural model, as well as a detailed listing of
the estimation and simulation results associated with the model, see Roley [33].

19. The modeling of foreign purchases of U.S. Treasury securities involves
areas well outside the scope of the study. Therefore, foreign purchases are
taken as exogenous. The supply of U.S. Treasury securities is determined by
fiscal policy and the government budget constraint; and monetary policy deter-
mines the Federal Reserve System's total holdings. This results in the net
amount of U.S. Treasury securities to be purchased by private investors. For
a discussion of fiscal policy and the government budget constraint, see Christ
{9] and Silber [35].

20. This procedure is applied by the Federal Reserve System to monthly data.
Quarterly observations are formed by taking the arithmetic means of seasonally
adjusted monthly data.

21, 1In a test of rational, unitary, and autoregressive models of expectations
in the context of a disaggregated structural model of the corporate bond
market, the autoregressive model used here to represent expected capital gains
on equities dominates the other expectations models. See Friedman and Roley
[17]. Jones [21] alsoc uses a similar autoregressive scheme to model expecta-
tions is his disaggregated structural model of the U.S. equity market.

22. Furthermore, mutual savings banks and savings and loan associations are

the only two categories of investors among these six that occasicnally have
negative wealth flows. For the other four categories of investors with strictly
pesitive wealth flows, the portfolio adjustment model is identical to the
"optimal marginal adjustment" model developed by Friedman [12].

23. For commercial banks, multiplicative terms involving own-yields and
positive demand deposit flows are reported. Again, the investable flows of
the commercial banking sector are disaggregated into exogenous balance sheet
items, with demand deposit flows comprising a significant portion of the total
investable flow.

24. 1In the simulations, the balance sheet constraints for individual categories
of investors are not viclated because a complete set of asset demands is not
estimated. The set of equations for each investor category therefore implicitly
includes a residual asset equation—consisting of money, state and local bonds,
and commercial paper, for example—that defines the net purchases of the
residual assets as the wealth flow minus total net purchases of endegenous
assets, The simulation results are not altered by explicitly including these
residual asset equations. In addition, Walras' Law implies that the market-
clearing identity for these residual assets is redundant.

25. 1In each demand equation the statistical significance of all competing



security yields on assets in investors' endogenous choice sets was tested.
The final specifications of the equations are based on the statistical sig-
nificance of these coefficients in preliminary OLS regressions.

26. Within individual categories of investors, the results of symmetry tests
involving the demands for short-intermediate-term and long-term Treasury secu-
rities indicate that in one-half of the cases the null hypothesis of symmetry
can be rejected at the 5 per cent level of significance. Furthermore, in each
of the cases where symmetry cannot be rejected, the coefficients on competing
security yields are insignificantly different from zero. For a detailed dis-
cussion of these tests, see Roley [31].



References

1. Backus, David; Brainard, William C.; Smith, Gary; and Tobin, James.
""A Model of U.S. Financial and Nonfinancial Economic Behavior." Journal of
Money, Credit, and Banking, XII (May, 1980), 259-293.

2, Blanchard, Olivier J., and Plantes, Mary K. "A Note on Gross Substitu-
tability of Financial Assets.'" Econometrica, XLV (April, 1977), 769-771.

3. Blinder, Alan S., and Solow, Robert M. "Does Fiscal Policy Matter?"
Journal of Public Economics, II (November, 1973), 319-337.

4. Board of Governors of the Federal Reserve System. Flow of Funds Accounts
1946-1975. Washington: 1975,

5. Bosworth, Barry, and Duesenberry, James S. '"A Flow of Funds Model and Its
Implications." Federal Reserve Bank of Boston, Issues in Federal Debt Manage-
ment. Boston: 1973.

6. Brainard, William C., and Tobin, James. "Pitfalls in Financial Model-
Building." American Economic Review, LVII (May, 1968), 99-122.

/. Brownlee, 0. H., and Scott, I. 0. '"Utility, Liquidity, and Debt Manage-
ment,'" Econometrica, XXXI (July, 1963), 349-362.

8. Brundy, James M., and Jorgenson, Dale W. "Efficient Estimation of
Simultaneous Equations by Instrumental Variables." Review of Economics and
Statistics, LIII (August, 1971), 207-224,

9. Christ, Carl F. "A Simple Macroeconomic Model with a Government Budget
Constraint." Journal of Political FEconomy, LXXVI (January/February, 1968),
53-67.

10. <Clark, Peter K. '"Investment in the 1970s: Theory, Performance, and
Prediction." Brookings Papers on Economic Activity, (1979, No. 1), 73-113.

11. Fair, Ray C., and Malkiel, Burton G. "The Determination of Yield Differ-
entials Between Debt Instruments of the Same Maturity." Journal of Money,
Credit, and Banking, ITI (November, 1971), 733-749,

12. Friedman, Benjamin M. 'Financial Flow Variables and the Short-Run
Determination of Long-Term Interest Rates."” Journal of Political Economy,
LXXXV (August, 1977), 661-689,

13. Friedman, Benjamin M. 'Crowding Out or Crowding In? Economic Consequences
of Financing Government Deficits." Brookings Papers on Economic Activity,
(1978, No. 3), 593-641.

14, Friedman, Benjamin M. '"Substitution and Expectation Effects on Long-Term
Borrowing Behavior and Long-Term Interest Rates." Journal of Money, Credit,
and Banking, XI (May, 1979), 131-150.




15. Friedman, Benjamin M. "The Effect of Shifting Wealth Ownership on the
Term Structure of Interest Rates: The Case of Pensions." Quarterly Journal
of Economics, XCIV (May, 1980), 567-590.

16, Friedman, Benjamin M. 'The Determination of Long-Term Interest Rates:
Implications for Fiscal and Monetary Policies." Journal of Money, Credit,
and Banking, XIT (May, 1980), 331-352.

17. Friedman, Benjamin M., and Roley, V. Vance. "Investors' Portfolio
Behavior Under Alternative Models of Long-Term Interest Rate Expectations:

Unitary, Rational, or Autoregressive.'" Econometrica, XLVII (November, 1979),
1475-1497.
18. Friedman, Benjamin M., and Roley, V. Vance. "A Note on the Derivation

of Linear Homogeneous Asset Demand Functions." Mimeo, Harvard University, 1979.

19. Hamburger, Michael J., and Silber, William L. "Debt Management and
Interest Rates: A Re-examination of the Evidence." The Manchester School of
Economic and Social Studies, XXXIX (December, 1971), 261-266,

20. Hendershott, Patric H. Understanding Capital Markets: A Flow-of-Funds
Financial Model (Volume 1). Lexington, Mass.: D.C. Heath, 1977.

21. Jones, David S. A Structural Econometric Model of the United States Equity
Market. Ph.D. dissertation, Harvard University, 1979.

22. Keynes, John Maynard. The General Theory of Employment, Interest and
Money. New York: Harcourt, Brace, 1936,

23. Leijonhufvud, Axel. On Keynesian Economics and the Economics of Keynes.
New York: Oxford University Press, 1968.

24. Modigliani, Franco. '"The Dynamics of Portfolioc Adjustment and the Flow of
Savings Through Financial Intermediaries.'" Gramlich and Jaffe (eds.), Savings
Deposits, Mortgages and Housing. Lexington, Mass.: D.C. Heath, 1972.

25, Modigliani, Franco, and Sutch, Richard. '"Innovations in Interest Rate
Policy." American Economic Review, LVI (May, 1966), 178-197.

26. Modigliani, Franco, and Sutch, Richard. "Debt Management and the Term
Structure of Interest Rates: An Empirical Analysis of Recent Experience."
Journal of Political Economy, LXXV (August, 1967), 569-589.

27. Okun, Arthur M. '"Monetary Policy, Debt Management, and Interest Rates:
A Quantitative Appraisal." Commission on Money and Credit, Fiscal and Debt
Management Policies. Englewood Cliffs, N.J.: Prentice-Hall, 1963,

28. Roley, V. Vance. A Structural Model of the U.S. Government Securities
Market. Ph.D. dissertation, Harvard University, 1977.




29. Roley, V. Vance. "A Theory of Federal Debt Management." American Economic
Review, LXIX (December, 1979), 915-926.

30. Roley, V. Vance. '"The Determinants of the Treasury Security Yield
Curve." Mimeo, Federal Reserve Bank of Kansas City, 1979,

31. Roley, V. Vance. "Symmetry Restrictions in a System of Financial Asset
Demands: A Theoretical and Empirical Analysis." Mimeo, Federal Reserve Bank
of Kansas City, 1979.

32. Roley, V. Vance. '"The Role of Commercial Banks' Portfolio Behavior in
the Determination of Treasury Security Yields." Journal of Money, Credit,
and Banking, XII (May, 1980), 353-369,

33. Roley, V. Vance. "A Disaggregated Structural Model of the Treasury
Securities, Corporate Bond, and Equity Markets: Estimation and Simulation
Results.” Mimeo, Federal Reserve Bank of Kansas City, 1980.

34. Rolph, Earl R. "Principles of Debt Management.'" American Economic Review,
XLVIT (June, 1957), 302-320.

35, Silber, William L. '"Fiscal Policy in IS-LM Analysis: A Correction."
Journal of Money, Credit, and Banking, II (November, 1970), 461-472.

36. Smith, Warren L. '"Debt Management in the United States." Joint Economic
Committee, U.S. Congress, Study of Employment, Growth, and Price Levels.
Washington: Government Printing Office, 1960.

37. Taylor, Stephen P., and Wood, John. "Federal Debt by Weighted Maturity
Classes for Use in Flow-of-Funds Accounts,” Mimeo, Board of Governors of the
Federal Reserve System, 1963,

38. Tobin, James. 'Money, Capital, and Other Stores of Value." American
Economic Review, LI (May, 1961), 26-37,

39. Tobin, James. "An Essay on the Principles of Debt Management." Commission
on Money and Credit, Fiscal and Debt Management Policies. Englewood Cliffs, N.J.:
Prentice-Hall, 1963,

40. Tobin, James. "A General Equilibrium Approach to Monetary Theory."
Journal of Money, Credit, and Banking, I (February, 1969), 15-29.

41. Tobin, James, and Buiter, Willem, "Long-Run Effects of Fiscal and Monetary
Policy on Aggregate Demand.” Stein (ed.), Monetarism. Amsterdam: North-Holland,
1976. R —



Number

535

536

537

538

239

540

541

542

543

5L

545

546

54T

548

SOME RECENT NBER WORKING PAPERS

Author
Charles Freedman and

David Longworth

Kenneth L. Stanley, Wilbur
G. Lewellen, and Gary C.
Schlarbaum

Robert E. Cumby and
Maurice Obstfeld

Ray C. Fair

Victor R. Fuchs

Maurice Qbstfeld

Eliana A. Cardoso and
Rudiger Dornbusch

David 8. Jones
Patric H. Hendershott and
James D. Shilling

Robert P. Flood and
Peter M. Garber

Willem H. Buiter and
Ian Jewitt

Alan J. Auerbach and
Mervyn A. King

Alan J. Auerbach

Daniel S. Hamermesh

Title

Some Aspects of the Canadian Experience
with Flexible Exchange Rates in the
1970s

Further Evidence on the Value of
Professional Investment Research

Exchange-Rate Expectations and Nominal
Interest Differentials: A Test of the
Fisher Hypothesis

Estimated Effects of the October 1979
Change in Monetary Policy on the 1980
Economy

Time Preference and Health: An
Exploratery Study

Intermediate Imports, The Terms of Trade,
and the Dynamics of the Exchange Rate and
Current Account

Three Papers on Brazilian Trade and
Payments

Expected Inflation and Equity Prices:
A Structural Eccnometric Approach

1955-79

The Economics of Tenure Choice:
Gold Monetization and Gold Discipline

Staggered Wage Setting Without Money
Tllusion: Variations on a Theme of
Taylor

Taxation, Portfolio Choice and Debt-
Equity Ratios: A General Equilibrium
Model :

Inflation and the Tax Treatment of
Firm Behavior

Transfers, Taxes and the Nairu

Date

8/80
8/80
8/30
8780

8/80

9/80

9/80

9/80

9/80
9/80

9/80
9/80

9/80

9/80

T



Number

5k9

550

551

552

553

55k
255

556

25T

558

208

561

562

Author
Anthony Cassese and
James R. Lothian

Jon Frye and
Robert J. Gordon

Jon Frye and
Robert J. Gordon

Ann Bartel
James M. Poterba

Paul Krugman

Rudiger Dornbusch

J. David Richardson

Maurice Obstfeld

John F. Boschen and
Herschel I. Grossman

Bennett T. McCallum

Robert E. Hall

Ariel Pakes and
Zvi Griliches

Alan 5. Blinder, Roger H.

Gorden and Donald E.

Title

The Timing of Monetary and Price Changes
and the International Transmission of
Inflation

Government Intervention in the Inflation
Process: The Econometrics of "Self-
Inflicted Wounds"

The Variance and Acceleration of
Inflation in the 1970s: Alternative
Explanatory Models and Methods

Wages, Nonwage Job Characteristics and
Labor Mobility

Inflation, Income Taxes and Owner-
Occupied Housing

0il and the Dollar

Inflation Stabilization and Capital
Mobility

Trade Adjustment Assistance Under
The U.S. Trade Act of 19Th: An
Analytical Examination and Worker Survey

Capital Mobility and Devaluation in an
Optimizing Model with Rational
Expectations

Tests of Equilibrium Macroeconomics
Using Contemporaneous Mcnetary Data

Price Level Determinacy with an Interest
Rate Policy Rule and Ratiocnal
Expectations

The Importance of Lifetime Jobs in the
U.5. Economy

Patents and R & D at the Firm Level:
A First Look

Reconsidering the Work Disincentive
Effects of Social Security

Date

9/80

9/80

9/80

9/80

9/80

9/80

9/80

9/80

10/80

10/80

10/80

10/80

10/80

10/80



Number

563

564

565

567

568

569

571

212

513

57k

575

576

ST

Author

Robert J. Shiller

Sanford J. Grossman and
Robert J. Shiller

Robert J. Shiller

Carl E. Walsh

Rudiger Dornbusch

Martin Feldstein
Jacob A. Frenkel

J. N. Dertouzos and
J. N. Pencavel

Bryce Hool and
J. David Richardson

David Lipton and
Jeffrey Sachs

David S. Jones

David 8. Jones

Jacob A. Frenkel and
Michael L. Mussa

Roger H. Gordon and
Burton G. Malkiel

Martin Feldstein

Title

Alternative Tests of Rational
Expectations Models: The Case of the
Term Structure

The Determinants of the Variability of
Stock Market Prices

The Use of Volatility Measures in
Assessing Market Efficiency

Asset Prices, Substitution Effects, and
Lhe Impact of Changes in Asset Stocks

Two Notes on Exchange Rate Rules and on
the Real Value of External Debt

Private Pensions and Inflation

The Collapse of Purchasing Power
Parities During the 1970s

Wage and Employment Determinants Under
Trade Unionism: The International
Typographical Union

International Trade, Indebtedness, and
Welfare Repercussions Among Supply-
Constrained Economies Under Floating
Exchange Rates

Accumulation and Growth in a 'wo-Country
Model: A Simulation Approach

Consistent Simple Sum Aggrezation Over
Assets

Symmetric Substitution Matrices in Asset
Demand Systems

Monetary and Fiscal Policies in an Open
Economy

Taxation and Corporation Finance

Inflation, Tax Rules and Investment:
Some Econometric Evidence

Date

10/80

10/80

10/80

10/80

10/80

10/80

10/80

10/80

16/80

10/80

16/80

10/80

10/80

11/80

11/80



