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Tms sTupY of basic yields is one of a projected series utilizing the
data compiled by the Corporate Bond Project of the Financial Research
Program, a Work Projects Administration undertaking sponsored by
the Federal Deposit Insurance Corporation, supervised by the National
Bureau of Fconomic Research, and carried on with the cooperation of
several public agencies and private investment services. The purpose
was to compile a comprehensive statistical record of bond market expe-
rience from 19oo to 1938. The record includes data on prices and yields,
quality ratings and perforinance, default experience, bond characteris-
tics such as callability and type of lien, and many other pertinent mat-
ters. For those who wish a more detailed description of the Project, the
National Bureau has prepared a special mimecographed booklet which
may be had on application for fifty cents.

The basic yield study was conducted for two distinct purposes. The
first was to solve a technical problem encountered by the Project. The
Project desired some method of measuring what may be called the
‘market rating’ of bonds, for comparison with the quality ratings of the
investment services. The market rating of the quality of a bond is the
combined opinion of market traders and is reflected somehow in the
yield at which the bond is traded. Several methods were discussed and
discarded before it was decided that the market rating of any bond should
be the difference between its yield and that of the highest grade bonds
of similar maturity: a small difference would indicate high quality; a
large difference, low quality. The basic yield study was therefore under-
taken to provide the necessary standard of comparison: to measure the
yield on the highest grade bonds of all maturities. Although these basic
yields are not the equivalent of a theoreticaliy riskless rate of return,
they probably do represent the closest approximation to that rate of
return attainable by empirical observation.

The second purpose was to augment our knowledge of the structure
of interest rates, which at present is largely limited to long term bond
yields and such short term rates as commercial paper, time and call
money, rediscount rates. Additional knowledge of short and medium
term bond yields is needed to round out the picture. The basic yield
estimates provide factual data germane to several widely different fields
of inquiry, e.g., the theoretical discussion of the relation between long
and short term interest rates, the analysis of the effects of interest rates
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¢n economic fluctuations, and the problem of an effective arrangement
of maturities in investment portfolios.

"This present study is the result of the cooperative participation of
the economics staff of the Institute for Advanced Study in the Financial
Research Program of the National Bureau. Our staff has been keenly
mnterested in this Program from its inception and has actively assisted
in the planning and development of the basic research it has undertaken
into financial problems. The Institute therefore welcomed the oppor-
tunity to make its facilities available to Mr. Durand so that he could
develop thesc basic yield estimates. The materials assembled by the
Corporate Bond Project constitute a rich body of data for empirical
studies of a vital sector of finance. The Institute hopes that it will be
able to cooperate further in their analysis, and so enhance our social
knowledge of the functioning of the market for long term capiral.

WINFIELD W. RIEFLER

Institute for Advanced Study
Chairman, Committee on Research in Finance
National Bureau of Economic Research




THE BASIC YIELD Wwas conceived as a practical analogue to that strictly
theoretical entity, the pure interest rate. The latter is defined as the
rate that would be realized if three hypothetical conditions were ful-
filled: (1) if interest and principal were certain to be repaid according
to contract; (2) if interest and principal were certain to be repaid in
currency of the same purchasing power, which implies a stable price
level; (3) if no adiministrative costs were entailed in making, holding, or
marketing investments. The basic yield, however, is defined as the yicld
of the highest grade bonds actually traded in the market, and 1t there-
fore denies ail three conditions assumed for the pure interest rate. (1)
Although high grade bonds are probably among the safest investments
known, at least in terms of contractual repayment, cven the best are
not absolutely safe. (2) Since high grade bonds offer almost no protec-
tion against a rising price level, their market yield should, and probably
does, reflect the market’s expectations of future price changes. (3) The
market yield on high grade bonds is neither the investor’s net return nor
the borrower’s total cost of obtaining funds; the investor must deduct
from the market vield enough to cover the incidental expenses entailed
in holding his investment, and the borrower must add enough to cover
the costs of marketing his securities. This preliminary definition of the
basic yield as the yicld of the highest grade bonds must be qualified. For
one thing, ‘highest grade bonds’ must be explained. Furthermore, a
distinct basic yield must be defined for 30-year bonds, another for 10-
year bonds, still another for 1-year bonds, and so on.

Obviously, ‘highest grade’ refers to the subjective appraisal of traders
and investors in the bond market, not to intrinsic bond quality. These
traders try conscientiously to determine the intrinsic quality of all
issues traded. The opinions they form from analyzing pertinent data
and consulting the ratings of the investment services are neither infal-
lible nor unanimnous, but are one of the primary forces determining the
prices and hence the yields at which issues are traded. A bond has a
low yield if most traders think its quality is high; consequently the
highest quality bonds, according to market judgment, are those with
the lowest yields.

But one should not suppose that a bond is considered high in quality
merely because its yield is low, or that a difference in yield between two
bonds of the same maturity is entirely attributable to a difference in
quality. The yield of any bond may be seriously affected by many extra-
ncous influences having nothing to do with ‘quality’, in the sense In
which that word is commonly used.! Often a bond has special features
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that make it more or less atractive than it would otherwise be, but that
do not alter the fundamental safety of interest and principal: tax-exemp-
tion, conversion and warrant privileges, an active sinking fund in some
circumstances, provision for call prior to maturity, voting rights.? Fur-
thermore, the price of any bond may be artificially raised or lowered by
il advised market action of ignorant traders or by conscious attempts at
manipulation.® Accordingly, the basic yield must be redefined as the
yield of highest grade bonds free from extraneous influences, bonds that
arc non-convertible, non-callable, fully taxable, actively traded, free
from manipulation, ctc.

Evidently a successful statistical analysis of the basic yield depends
upon the possibility of selecting a suitable group of bonds — bonds of
superb quality, fully taxable, non-convertible, etc. Such a group can
be found only among high grade corporate bonds; for governments,
including state and municipal bonds, are almost universally tax exempt,
and United States Treasury bonds in particular have, or have had, note
issue and discount privileges, etc. This is most regrettable: first. because
the quality of the best governments is probably a little higher than that
of the best corporates; second, because therc seems to be no way of
analyzing the yield differential between governments and corporates to
determine how much is due to tax exemption or other privileges and
how much to the quality differential. Obviously, some corporates are
unsatisfactory because of other disturbing influences, but many seem to
be satisfactory enough for significant analysis.

Estimates of basic yields serve two interrelated functions: (1) to
measure high grade bond yields, (2) to show the relation of high grade
long term yields to short term. Since excellent series of long term high
grade bond yields have already been constructed, the second function
is probably the more important. This paper 1s concerned mainly with
presenting basic yield estimates of corporate bonds of all maturities for
the first quarter of each year 1900-42 (sec Table 1 and the basic charts),
describing their derivation, and pointing out their limitations. Al-
though some attention is given their implications for general interest
theory and business cycle problems, serious discussion of these subjects
is deferred. Since economic theorists and investment analysts alike
are now keenly interested in the relation between long and short term
vields, presentation of the estimates alone seems justified at this time.

YIELD DATA FROM CORPORATE BOND PROJECT

"The Corporate Bond Project compiled price quotations and computed
viclds for some 8,000 high grade domestic corporate bonds outstanding
at some time between 1900 and 1938.4 The distribution of these bonds
by yield and term to maturity is shown in scatter diagrams on the basic
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charts. These 3,000 include most of the larger and more actively traded
corporate bonds outstanding in this period. Some of the more impor-
tant types not included are serials, equipment trusts (serial and non-
serial), income bonds, receivers’ certificates, domestic bonds primarily
payable in foreign currency, bonds of real estate mortgage companies,
bonds held entirely by affiliates, and bonds that were never outstanding
in amounts of $5,000,000 or more

Of the total sample of 3,000 bonds, merely a small fraction were
actually used in the basic yield analysis. Certain types were omitted

TABLE 1

Basic Yields of Cerporate Bonds, First Quarter, 1900-1942, by Term to Maturity
Years to
Maturity 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910

0 425t 3.25 3.30* 345 360 3850 525¢ 575¢ 550 405 430
1 397+ I “ “ 475t 487F 510F 403 425
2 3.75¢ - e “ “ 435t 1431 480F 401 421
3 358 - e “ “ 404 415t 4.58F 400 417
1 345+ ce 381f 3.97% 442t 398 4.13
5 3.36¢ . 367t 387t 430t 397 4.10
6 3.30 . 3.59f 3.82t 421t 395 4.07
7 “ < » 355 380 414 391 4.05
3 . “ 409 393 4.08
9 x “ 405 392 401
10 TS - - & “ 402t 391 399
12 ‘ ce “ “ “ “ 398} 389 3%
14 ' LI “ - “ “ 396t 387 3593
15 LIS - . “ “ 395 386 8392

20 . - - “ “ 382 387

25 * “ “ - “ 379 383

30 - - SR - “ “ “ “ 877 380

40 - - e e - - - “ “ 375 380

50 “ - e - - “ “ “ 8455 380

60 330 325 330° 345 3860 350 355 380 395 375 3.80

1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921
0 400 405 495 470 450 275 405 555 575 625 7.25%
1 409 404 474 464 447 348 - 548 558 611 6.94*
2 408 408 458 453 445 38 “ 541 543 599 6.70*
3 407 402 448 453 443 394 535 532 580 6.51°
4 406 401 439 449 441 400 “ 530 528 580 5.35°
5 405 400 431 445 439 408 52 516 572 621
6 401 399 425 442 438 405 5% 510 565 6.09
7 403 398 420 439 436 - “ 516 505 559 598
8 402 397 417 436 434 - “ 512 502 553 589
9 102 397 414 434 433 ¢ “  E03 499 547 58]

10 401 386 412 432 431  * “ 505 497 543 573

12 399 305 409 428 428  * “ 499 493 535 560

14 398 393 407 424 426 “ 493 489 520 550

15 397 393 406 422 425 ¢ “ 491 487 526 546

20 39+ 391 402 416 420 “ 482 481 517 53

25 892 390 400 412 417 “ 47T 47T 512 522

30 3.90 “ “ 410 415 475 475 510 517

40 3.90 - “ 410 415 475 475 510 5.15

50 3.90 “ “ 410 415 “ 475 445 510 515

60 390 390 400 410 415 405 405 475 475 510 515
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TAarLe 1 (concl)

Years to

Maturity 1922 1923 192¢ 1925 1926 1927 1923 1930 1931 1932

5.35 5.05 5.05 330 440 130 .05 . 4.40 235  3.60+
5.31 501 5.02 3.85 “ - - “ 3.05 3.99f
5.28 +.98 499 4.18 ’ : 0 345  4.244
5.25 195  4.96 1.34 ) : ’ RR - 367 440+

522 192 193 1.2 ‘ ’ 4. " 381 451+
5.19 490 490 146 . " 3.99 4.58+
5.16 488 4.88 448 4 ’ 395 4.63t+
514 486 4.86 449 . 3.98 4.66+

5.11 481  1.81 149 . 100 1.68+
5.08 482 482 4.50 . ’ 4.02 469+
5.06 4.80 1.80 " . 4.03 1.70
5.01 477 477 " : ’ 4.58 1.05 *

497 4.7 4T ’ - " 4.5 ’ 4.07
4.95 473 473 ’ " " R R ’ 4.08
1.85 468 1.69 ’ ) ’ " RE 1.10
4.77 161 4.67 ’ ’ ’ ’ RE ‘ “

171 461 466
164 160 4.65

161 160 465 : - - iy .

460 460 465 150 440 430 405 4. 110 4.70

1933 1934 1935 1936 1937 1938 1939 1940 1941 1942v

2.00% 200 .50 23 .35 A0 25 10 A5 .55
260* 262 1.05 K0 .60 85 57 A A1 Sl
3.02*  3.00 1.50 96 .99 1.21 .86 67 64 1.04
3.32*  3.23 1.87 1.29 1.25 1.51 1.12 .90 .85 1.24

3.53 3.38 2.15 1.59 1.48 1.76
3.68 3.48 2.57 1.86 1.68 1.97
3.79 3.55 2.55 2.09 1.86 215
3.87 3.60 2.70 2.28 2.02 2.30

—
o0
v

~T N Qv g

1.10 1.04 1.42
1.28 1.21 1.50
1.44 1.87 1.71
1.59 1.52 1.84

£a

._._.._
% N

8 3.93 3.61 2.82 243 2.16 242
9 3.97 3.67 2.92 2.55 2.28 2.52
10 4.00 3.70 3.00 2.64 2.38 2.60
12 4.03 3.76 3.11 2.76 2.55 271

1.72 1.65 1.96
1.84 1.77 2.07
1.65 1.88 2.16
2.14 2.07 2.31

o= O
B33

14 1.06 3.81 3.19 281 2.68 278
15 3.83 3.23 2.88 2.72 281
20 . 3.91 3.37 3.04. 2.90 291
25 4. 3.96 3.16 3.4 3.01 297

30 4. 2.99 3.50 3.20 3.08 3.00 275 2.70 2.65 2.65

10 1. 4.00 3.50 3.26 3.17 3.00 2.75%  270%  265% 265+
50 . 4.00 3.50 3.29 3.22¢ 3.00*  275% 270% 9265 265¢
60 . 100%  350*  3.30¢ 395+ 3.00* 273  2570% 265 2.65*

2.29 2.22 242
2.34 2.28 247
2.55 2.50 2.61
2.65 2.61 2.64

o Ut

190IoN NN —
(=2 B N

o
~T
N

& The values in this table are taken at varions intervals along a smooth curve; intermediate values
can be determined by interpolation.

* More than nsnally liable to error.

+ Figures marked with a () indicate one altcrnative value; the other is equal to the long term
yield (see text).

1942 yields are based on Jannary and February prices.

because they were entirely unsuited for the analysis; others were omitted
primarily to save labor, but also because their inclusion would have
added little to the significance of the results, The following types were
omitted:

Bonds with inadequate price quotations: To be included in the study
for any particular year, a bond had to have at least the following fea-
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tures in the first quarter: an actual sale price or a bid and an asked ¢uo-
tation in onc month, or a bid in each of two months. "T'hese minimum
requirements were preliminary, and later several bonds satisfying them
were found to be inadequate.

Bonds with quality ratings less than A:* If a bond had a rating of less
than A in some years and A or better in others, it was included when-
ever its rating was A or better. No distinction by quality was made for
1900-08, when no quality ratings were available;” furthermore, a few
unrated bonds were admitted i the subsequent years.

All bonds defauliing al any time during 1900-3S.

Convertible bonds: All convertible bonds, except those whose conver-
sion privilege had expired.

Bonds selling above call price: Since investors are jusily reluctant to
buy a bond at much above its call price, the prices of callable bonds do
not rise as high as the prices of comparable non-callables,and their yields
do not fall as low. For this reason bonds selling at or above call price
were considered undesirable for the basic yield analysis, and were
omitted for 19g0o-33. For 1934-42, however, so many bonds were selling
above call that they could not be omitted without seriously reducing
the number of bonds available for analysis; and in the later years of the
period, 1939-42, virtually all long term high grade bonds were selling
above call. For callable and non-callable bonds alike, the yields on the
charts are the yields to maturity.

The increasing prevalence of bonds selling above call (indicated in
the charts for 1934-40) introduces a very undesirable bias into the basic
yield estimates for the later years, the effects of which are impossible to
measure. The price and yield of a callable bond depend upon the in-
vesting public’s forecast of when the bond is likely to be called. If an
early call is forecast, the bond will sell close to cail price; if a remote
call, it need not sell close to call price. Obviously, it is impossible to
determine what the investing public forecasts for each individual call-
able bond.

High yield bonds: Judged by the dispersion of their yields, even grade
A bonds vary considerably in quality. Since the basic yield is the yield
of the lowest yield bonds, the higher yield bonds, whether grade A or
better, were not essential for the analysis. It is readily apparent that
bonds above a certain yield were not plotted on most of the basic charts.
That their omission was no loss to the analysis will be evident when
the method used for fitting the basic yield curves is discussed.

Low yield bonds with spurious yields: When a bond sells at a yield far
below those of other high grade bonds of the same maturity, the yield
usually turns out to be spurious,}® owing to an active sinking fund or
some other disturbing influence. For example, in 1928 the Pittsburgh,
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Chicago, Cincinnati & St. Louis Series E 3a’s of 1949 yielded 3.65 per
cent, and the Erie Railroad Pennsylvania Collateral Trust 4's of 1051
yielded 3.80 per cent, when other high grades of similar nmaturity were
yielding 4.10 per cent or more: both these bonds had extremely active
sinking funds, which presumably caused them to sell at exceptionally
low yields. A serious effort was made to exclude all spurious-yield bonds
that inight affect the basic yield estimates. The clearly spurious yields,
like the two mentioned above, were excluded. The questionable ones
were sometimes included and soinetimes excluded, depending on cir-
Ctnstances; but even when included, they were given little weight.

In compiling price quotations, the Corporate Bond Project divided
all bonds into two groups: ‘periodic’ bonds, for which price quotations
were compiled, if available, only at 4-year intervals starting in 19oo,
and ‘periodic and annual’ bonds, for which price (uotations were com-

piled, if available, for all years in which the bonds were outstanding.

Hence the coverage in 1900, 1904, etc., is better than in other years, but

only slightly better because the periodic and annual bonds were usually
the more active issues and had more reliable quotations.

For each bond six separate Price quotations were sought: the high
and the low sales price in each of the first three months in each year of
record. When sales prices were unavailable, bid and asked quotations
were substituted if available. The yield to maturity was then deter-
mined from the average of these six quotations. It was rounded to the
nearest twentieth of a per cent below the true yield; that is, all bonds
with yields ranging from 3.60 per cent up to but not including 5.65 per
cent were rounded to §.60 per cent; hence the yields in the basic charts

are located on the average one-fortieth (.025) of a per cent below their
true positions.

OTHER YIELD DATA

The primary data on corporate bond yields were supplemnented by four
types of secondary data: the yields on United States yovernment obli-
gations; the yields on high grade serial bonds, particularly railroad
equipient trust certificates; two previously constructed series of long-
term high grade bond yields; and three series o;
rates.” The data on government obligations ap
bonds have been added to the basic charts.
bond yields and of short term money rates wi
parison with the basic yield estimates.

short term money
d on corporate serial
The series of long term
I be used later for com-

THE BASIC YIELD CURVES

The basic yield curves show the relation bet
maturity for the highest grade

8

ween yield and term to
(lowest yielding) bonds in each year




1900-42. One of these curves appears on each basic chart as a heavy
solid line, sometimes curved and sometimes straight. The curves for all
years are tabulated in Tablc 1, where values are given for specified ma-
turities from o to 60 years, from which the intermediate values can be
readily interpolated. Each basic yield curve is a free-hand trend line
so fitted that is passes below most of the yields on the chart but usually
above a few isolated low yields. The choice of curves, it will be ob-
served, has been limited to three general types: (1) a horizontal straight
Jine, (2) a smooth curve falling at a decreasing rate until it approaches
a horizontal straight line at the long term end, (3) a smooth curve rising
at a decreasing rate until it approaches a horizontal straight line.’* One
of these types usually provides a very satisfactory fit, although in a few
years the fit is somewhat imperfect.

The fitting of a free-hand trend line to the lowest yield bonds
is a radical depariure from accepted statistical procedure. Ordinarily
the trend line would be designed to show the variation in the average
yield of bonds of different terms to maturity, and it would be deter-
mined by the method of least squares, or perhaps by some simpler
method such as the joining of the average yield for o-1 year bonds with
the averages for 1-2 years, 2-3 years, etc. But the traditional approach
is not well adapted to the measurement of the basic yield, primarily be-
cause of our definition: the yield of the absolutely best bonds, that 1s,
the minimum yield. Furthermore, the statistical problem of fitting a
trend line to minimum vyield is far more clear-cut than fitting a line to
average yields. It would be almost impossible to fit a line io the aver-
age of all bond yields because the yields of the lower grades vary greatly
and sometimes reach astronomical values. It is quite possible to fit a
trend line to some arbitrarily defined group of high grade bonds, per-
haps Moody’s A's or Poor’s A**’s; but even such an average is not
entirely satisfactory because the average depends upon what group is
arbitrarily chosen to be averaged.

Of course, one serious danger is encountered in fitting a curve to
the minimum yields — the possibility that the lowest yields may be
spurious. We investigated all the lowest yielding bonds, i.e., all those
below the basic yield or immediately above it, and eliminated many
with spurious yields. Obviously the investigation could not be ex-
haustive, for it had to be limited to a few succinct and readily accessible
sources of information, such as Moody’s and Poor’s manuals; neverthe-
less, it did suffice to unearth many clearly spurious yields and some
rather questionable ones. We assumed therefore that isolated low yields,
substantially below those of other bonds of the same maturity, were €s-
pecially likely to be spurious; and indeed some were found to be defi-
nitely suspect, even though not clearly spurious; for example, 2 few
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inactively traded over-the-counter bonds that repeatedly had 1isolated
low yields."t It was because of this danger that the basic yield curves
were fitted, not to the absolutely lowest yields, but to the lowest points
at which the yields were at all concentrated. Fundamentally, the fitting
of the basic yield curves consisted in drawing a boundary between two
regions on a chart: an upper region throughout which yields were
thickly scattered and a lower region in which they were sparsely scat-
tered or non-existent.

RELIABILITY OF THE BASIC YIELD CURVES
All measurements are subject to error, because of limitations inherent
m even the best measuring apparatus, madequacies of available data,
mmperfections in technique, and occasional negligence on the part of
the investigator. No measurement is significant unless something is
known of the nature and amnount of the errors to be reasonably expected
i it. The potential errors in the basic yield measurements are both
nunerous and diverse, but a rough estimate of their size is possible.
Errors in the basic yield curves may arise from errors in the indi-
vidual bond yields. Strictly speaking, these individual errors can arise
from only two sources: the rounding of all yields to the nearest .0 per
cent below the true yield, which is almost negligible, and the actual mis-
calculation of yields, which is likely to be rare.? Broadly speaking, in-
dividual yields may err in other ways. Bond yields, as already pointed
out, may be spurious because of all sorts of extraneous mfluences: and a
spurious yield may be properly considered an erronccus yield for the
purposes of this study. The size of these errors is hard to estimate. Our
practice has been to omit all questionable bonds, such as convertibles,
rather than to attempt the almost unpossible task of measuring the
effect of the disturbing feature upon the particular questionable yicld.
The omission of questionable yields, however, had to be limited to
the more obvious, and many of the less obvious may have been over-
looked. Furthermore, all yields probably have at least a small spurious
elemert, an ervor for our purposes and practically unmeasurable.
Errors may also arise from variations in quality. Although the basic
yield estimates are all intended to represent uniformly high grade
bonds, both for different years and for different termns to maturity, it is
perfectly conceivable that the best bonds of 1940, the lowest yield triple
A’s, may be a little better or a little worse than the best bonds of 1920,
or of any other year; and it is also conceivable that the best go- (o 40-
year bonds of 1924 may be consiclerably better or worse than the best
0- to 5-year bonds or the best 10- to 15-year bonds. There is little evi-
dence to indicate the range of the possible variation in quality between
years, but it is probably not wide. However; the variation in quality
between maturity groups may be considerable.
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Because high grade bonds are not uniformly distributed by maturity,
gaps often ocenr in maturity groups with virtually no high grade bonds.
Some are clear and distinct, persisting {or years. For example, during
the first decade of the century very few Ingh grade bonds were (o mature
between 1955 and 19go.** This gap was considerably narrowed by 1926
with the appearance of some 1955-70 maturitics, and it was fairly well
closed by 1930. Another gap began to appear about 1985 for bonds
maturing in 2000 or later because the longer term bonds were being re-
tired or were going into default during the ’thirties and were being re-
placed by new shorter term issues. The long term bonds continued to
disappear in the next few years, and the gap widened, until by 1940
there were virtually no high grade bonds maturing after 1975, that is,
m more than 3; years.

Other gaps, less clear and persistent, occurred from time to time.
The first quarter of 1926 saw many triple A maturities of 8 to 14 years,
but the lowest yields were .25 per cent higher than the lowest yields in
other maturities. Was this a quality gap or a genuine variation in the
basic yicld? Did the 1926 market think that the best 8- to 14-ycar
maturities were a little lower grade than the others, or did 1t prefer the
others for reasons having nothing to do with quality?

The basic yield curves were fitted with a view to filling thesc gaps
by simple, continuous curves. In effect, many of the nore questionable
basic yields were determined by mterpolation or extrapolation from a
few well defined points. All during the first part of the century the basic
yields for the non-existent 1955-9o maturities were interpolated be-
tween the values for the longer and shorter maturities; during the last
half of the "thirties, the basic yields for the non-existent maturitics of
40 years or more were extrapolated from the yields of go-year bonds;
and in 1926, as in similar situations, the basic yields for the questionable
area between 8 and 14 years were interpolated rather than determimed
by the lowest yields prevailing in that arca. Whether this interpolation
is justified is anybody's guess. Certainly it has the advantage of sim-
plicity as well as that of eliminating any small, extraneous variations
in quality; but it also has the great disadvantage of concealing genuine
variations in the yields of the highest grade bonds.

The potential errors are too numerous and varied to be measured
individually and then summed up. What is needed is a single criterion
for estimating all errors, and such a criterion can be found, perhaps, in
the closeness with which the basic yield curves fit the lowest yield bonds.
As already stated, the fitting of the basic yield curves is an attempt to
determine a boundary line between two areas on a chart: an area that
contains bond yiclds and an area that does not. In some charts the
boundary is ciear and distinct; in others it is vague and uncertain. For
exanple, the yields of the lowest 26 bonds in 1928 are confined to a
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strip between 4.05 and 4-15 per cent, whercas the yields of the lowest
29 bonds in 1go2 are spread over a strip between 2.go and 3.50 per
cent. As aresult, the basic yield curve for 1928 can be fitted with ease
and considerable confidence, but the curve for 1go2 1s fitted with diffi-
culty and some uncertainty. The difference, however, is purely one of
degree. An element of uncertainty inheres in both curves, but is much
greater, perhaps five times greater, for the 1902 curve than for the 1928.

Certainly all the cstimates are subject to an error of at least .o per
cent, for an error of this amount could arise from rounding all yields
Lo .05 per cent. Whenever the basic yield is a straight line, it is quoted
only 10 .05 per cent; and whenever it is a curve, the long term end ap-
proaches a value quoted to 05 per cent. Of course, values along the
curved lines are quoted to .01 per cent, but this is inercly for the sake of
obtaining a smooth curve: there is no implication whatsocver that the
estimates are correct to .01 per cent. An ervor of only .05 per cent, how-
cver, 1s (0o tiny o expect except in a few ideal years, such as 1928. In
MOst years .1 per cent is inore reasonable, and in one or two years with
more scattered yiclds, such as 19oe, .25, per cent is entirely possible.
Furtherinore, curves that are fairly rcliable in general often have arcas
of considerable uncertainty. In the 1926 curve, for example, where the
Potential error for most of the curve may be no more than .o per cent,
there is an area between 8 and 14 years where the potential error is
probably as large as -25 per cent; and again in all the curves for 1935-42
there are extremely uncertain areas at the long term ends.

‘The more doubtful estimates of basic viclds are indicated on Table
1 by asterisks, which appear on the long term rates afier 1941, on some
of the short termn rates, and for the entire year 19o2. On the charts,
doubtful sections of the basic yield curves are indicated by broken lines
(note some of the short term yields and the long term yiclds after 1935).

SPECIAL ERRORS IN THE SHORT TERM ESTIMATES

The short term basic yields are subject to numerous special errors in
addition to those of the longer term yields. In the first place, price
fluctuations of an eighth of a point, the usual limit to which prices are
quoted, have an important effect on the yield of a short term bond.1
For a price range of 9973 to 10014, the yield range for a 3o-year, 4 per
cent bond is 3.993 to 4.007 per cent, which is negligible; for a 1-year, 4
per cent bond the range is .88 to 4-13 per cent, which is appreciable;
and for a g-month, 4 per cent bond the range is 3-48 t0 4.48 per cent,
which is considerable. furthermore, the short term bond yield is often
equally sensitive (o daily changes in term to maturity. At 10114 a g-
month, 6 per cent bond yields 1.48 per cent. If the price remains con.
stant for one week, the yield will be 1.1 2 per cent; if the price then falls
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to to1, the yield will rise to 1.64 per cent. Obvicusly, if short term
yields are Lo be studied satisfactorily, they can be studied only nn a day
to day basis. Our practice of determining the yield from a three-month
average price is patently unsatisfactory, and is justified by reasons of
economy alone.

The sensitivity of short term yields to price fluctuations indicates
that brokers’ commissions should be taken into consideration. At the
time of writing, as it has been for some time in the past, the commission
charged non-members trading on the New York Stock Exchange is $2.50
per $1,000 bond,”® which means that when a bond is traded at 100, the
buyer pays 10014, and the seller receives g93/4. For a 1-year 4 per cent
bond, the yield is g.75 per cent to the buyer, 4.00 per cent at the market
price, and 4.25 per cent to the seller. Thus, the broker’s commission
introduces a very real margin of uncertainty into all short term yield
calculations, a margin that increases as the bond approaches maturity.

Short term bond yields are affected also by the exchange privilege.
Holders of a maturing bond may be given the option of receiving cash
or another security in payment. This privilege may be valuable and
have considerable effect on the yield. For the last eight years, maturing
Treasury bonds and notes have sold at a negative yield because of the
exchange privilege. Consequently, the yields on short term Treasury
bonds and notes are a very poor index of short term yields as a whole.
To what extent corporate bond yields are similarly affected is hard to
say. Ordinarily corporate bond holders do not enjoy the exchange
privilege, but sometimes they do; and whenever they are led to expect
the privilege, correctly or incorrectly, the yield is likely to be affected.’®
A few bonds were omitted because the yields apparently showed expec-
tation of an exchange option, but such situations cannot be appraised
readily.

The determination of short term bond yields is further complicated
by the fact that the population of short term bonds is small and con-
tinually changing. At any one time it is unusual to find more than about
six high grade bonds within a year of maturity, and often no more than
one or two. In several charts, there are simply not enough short term
bonds from which to estimate the basic yields. A case in point is 1932,
where two separate short term estimates are given. One is merely the
extension of the horizontal straight line at 4.70 per cent, a reasonable fit
in view of the bond yield data available. The other, which starts at 3.60
per cent and rises to 4.70 per cent at 10 years, is fitted to the commercial
paper rate of about §.80 per cent during the first quarter and to two
isolated low yields, 4.05 per cent at 1 year and 4.10 per cent at 2 years
and 4 months. Although the second estimate is probably better, both
are so extremely uncertain that they are indicated by broken lines rather
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than by the usual solid line. A similar state of affairs is found in 1900,
1906, 1907, and 1go8.

Il an error of .oy per cent is to be allowed for even the best of the
long term basic yields, a much larger error must be allowed for the short

terni. At 1 year to maturity the basic yield curve is presumably subject
10 an error of at least .ox

25 per cent; and in the questionable years, such
32, an error of 1 per cent would not be surprising. Although the
basic yield curves have been extended all the way down to o years to
maturity, and although values for two and three months can be ob-
tained to .01 per cent by interpolation, there is no implication that
these extremely short term estimates are at all precise.
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LONG TERM BASIC YIELDS AND OTHER CORPORATE BOND SERIES

The comparison in Chart 1 is not entirely
vield series refers to a fixed, definite term to maturity (30 years), where-
as both the Macaulay and Moody-Standard series are averages of long
term bonds of widely diverse maturities.'” One of the niost striking fea-
tures of Chart 1 is the extremely close correlation between the Macaulay
scries and the basic yields; the maximum deviation is .o ; per cent, the
average deviation .075 per cent. This is not strange, for the two serics
were designed to show precisely the same thing — the yield on top grade
bonds - although the methods by which they were derived are intrin-
sically different. The basic yields were nevertheless not derived entirely
independently of the Macaulay series. When the firs

t preliminary basic
yield estimates were compared with the Macaulay series, several incon-

satisfactory, because the basic
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sistencies were discovered: when the Macaulay rose from one year to
the next, the basic yields fell, or vice versa. Often these inconsistencies
were irreconcilabie, the basic yicld data being clearly at variance with
the Macaulay estimates. But whenever the inconsistencies secmed to
be due Jargely to uncertainties in the basic yield data, the basic yields
were revised, usually by .05 per cent, never by more than .10 per cent.

As the Moody-Standard scrics is based on the average of a group of
yields rather than the minimum yield, it naturally is uniformly above
the basic yields. The difference ranges from .48 per cent in 1goo to
.07 per cent in 1933. But the significance of the comparison is the direc-
tion of the year to year changes, not the absolute differences; in 3% of the
42 year to ycar movements the two serics risc and fall together.

TREASURY BONDS AND BASIC YIELDS

In 1921 the yield of Treasuries was only about .07 per cent below the
basic yield; in 1929, 1930, and 1933 the difference was about 1 per
cent; by 1939 1t had narrowed to about .1 per cent; and by 1940 it had
widened to .4 per cent. Conceivably this difference could be duc to a
variation in the quality differential between govermuents and corpo-
rates; if so, the significance of the basic yield estimates would be con-
siderably reduced. Fortunately, however, there is good reason to be-
lieve that at least some of the difference is due to other factors. For
example, the retirement of Treasuries during the late "twenties would
help to explain their low yield relative to that of corporates. Morcover,

any change in income tax rates is likely to affect the value of the tax-

CHART 2
BASIC YIELDS AND UNITED STATES TREASURY BOND YIELDS
FOR 20-YEAR MATURITIES, 1920 -1942
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exemption privilege. To explain why there is a difference between the
yield of Treasurics and the basic yield or why it fluctuates widely is
beyond the scope of this paper. We merely call the reader’s attention
to Chart 2, where the movements of the 20-ycar basic yields and the
yields of similar Treasury bonds are traced.®

LONG AND SHORT TERM BASIC YIELDS
Despite large errors inherent in the short term estimates, Chart g shows
clearly that the short term yields arc far more unstable than the long
term; for the fluctuations of the short term estimates are too violent to
attribute to errors alone.” In periods of pronounced stress the short
term yields rise higher, and in periods of extreme easy money they fall
lower. This greater instability of the short term yields is shown in
another manner in Chart 4, where all the basic yield curves for 1900-42
have been superimposed on a single chart.

CHART 3
LONG AND SHORT TERM BASIC YIELDS, 1900 ~1942
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SHORT TERM BASIC YIELDS AND OTHER SERIES

Many investigators have concluded that bond yields are not closely
linked to short term money rates. One reason is that long term bond
yields have usually been used. A more pertinent comparison, made
possible by the basic yield estimates, is between short term money rates
— commercial paper, time money, and call money —and short term
bond yields (Chart 5).22 While all four series diverge frequently and
sometimes widely, they nevertheless tend to correspond in their major
movements. For 19oo-08 the interrelationships are somewhat confusing,
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but after 1908 the correspondence is marked. All four series move up
and down together from 19og to 1916: comnmercial paper at about the
same level as the basic yield, time money a little lower, and call money
still lower. In 1916 each series was either at, or very close to, its low
for the first sixteen years of the century. From these lows all four series
rose sharply to their highs of the early ‘twenties, call and time moncey
reaching theirs in 1920, and commercial paper and the basic yield reach-
ing theirs in 1921. From 1922 to 1928 all four series moved closely to-
gether. All four then rose to new peaks in 1929; the basic yield and
commercial paper moderately, time and call money sharply. The series
then fell together to their extreme low levels of 1935-42.

The relations depicted in Chart 5 must be reviewed in the light of
the fundamental weaknesses of the short term basic yields. All the
short term estimates are subject to an appreciable error, some to a con-
siderable error. In several years, when short term high grade bonds
were too few for an accurate estimate of the basic yield, the estimate was
partly determined by the commercial paper rate. In years like 1900,
1go6-08, or 1932, we simply do not know what the basic yield was for

CHART 4
SUPERIMPOSED BASIC YIELD CURVES, 1900-1942
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short terms; it may have been close to the commercial paper rate, as we
assumed, or it may have been quite different. Consequently we do not
attempt to decide whether short term bonds agree more closely with
commercial paper, time mnoney, or call inoney; we content ourselves
with the conclusion that short term bond yields are a good deal more
closely related to short term money rates than are long term bond yields.

CHART 5
SHORT TERM MONEY RATES, 1900 -1942
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IMPLICATIONS OF THE BASIC YIELD ESTIMATES

"This paper is concerned with a single function: to present the basic
yield estimates and explain how they were derived. Nothing has been
said about their implications for current economic and financiai prob-
lems, and very little about their relevance to interest theory. An ex-
haustive exploration of their significance would be out of place here;
we merely mention a few specific questions that deserve serious consid-
cration in the future.

THE RELATION BETWEEN LONG AND SHORT TERM BOND YIELDS

"The basic yield estimates do not reveal any sunple fundamental relation
between long and short term yields. During the last 43 years, short term
yields have been sometimes above, sometimes equal to, and sometimes
below long term. The pattern, furthermore, is quite irregular. During
the last decade they have been consistently below long term, which sug-
gests that a low short term yield may be the normal state for present day
financial conditions. Prior to 1931, however, the low short term yield
was exceptional. In general, short term yields were equal to or slightly
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greater than long, and in periods of extremely tight money, such as
1929, 1918-21, and possibly 1906-08, they were considerably above long.

One pertinent extension of the basic yield analysis would be to make
estimates for the other three quarters. If monthly estimates were feas-
ible, they also would be extremely useful.

The relation between long and short term yields is intriguing to
modern economic theorists, who have advanced several theories to ex-
plain it. One explanation relates long term yields to the expected
course of future short term yields; if short term yields are expected to
rise substantially, long yields will be greater than short, and vice versa.
Another explanation is Mr. Keynes’ doctrine of liquidity preference, by
which short term bonds normally yield less than long. Finally, the rela-
tion between long and short yields is sometimes explained by institu-
tional forces. The market fcr <hort term funds is conceived as intrin-
sically different from that for long term; different groups of institutions,
with different needs and trading practices, operate in each market; and
the prices and yields in each market are set by the conditions of supply
and demand within it.

BOND YIELDS AND BOND PRICES
Throughout this study we have dealt with bond yields, to the exclusion
of bond prices. This is perfectly sound according to economic theory,
which is interested in prices and price movements only so far as they
determine yields and yield movements; but it 1s not so sound according
to practical finance. Bonds are quoted on the exchanges in terms of
price, not yield. They are bought and sold by persons who are vitally
concerned with price movements: by speculators hoping to realize a
quick profit; by long term investors who must face the possibility of
forced liquidation at unfavorable market prices; by institutional inves-
tors, who must have regard for the market price when making out their
annual statements. To the economic theorist, a fall in price of a go-year
3 per cent bond from 100 to go means a rise in yield from § to about
5.5 per cent; to the bond holder it means a 10 per cent capital loss. Be-
cause bonds are bought and sold by persons acutely aware of price move-
ments, a comprehensive study of bond yields should go behind the yields
themselves and consider prices. Perhaps a yield-maturity curve that
cannot be explained in terms of yield alone, is quite explainable in
terms of market price behavior.

While we do not propose to explore this important subject of price,
we have nevertheless converted four of the basic yield series in Table 1
into equivalent basic price series in Table 2. One of the yield series,
1930, has equal yields for all terms; one, 1929, has higher short term
yields; and the last two, 1941 and 1942, have lower short term yields.
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From these basic price cinves a few general observations can be made.
When the basic yield curve is a horizontal straight line, as in 1930, a top
grade bond with a coupon rate greater than the basic yield sells at a
premium that gradually decreases as it approaches maturity, and a bond
with coupon rate less than the basic yield sells at a discount. When the
basic yield is a curve that either rises or declines continuously, the cor-
responding price curve may rise for a while, then decline, as does the
2% bond in 1942. Fspecially interesting behavior is shown by the price
curves for 3 per cent bonds in 1941 and 1942; the price is almost con-
stant (about 109 in 1941 and 107 in 1942) for all maturities longer
than 6 years; for shorter maturities the price rapidly declines to par.

TABLE 2

Basic Prices of Corporate Bonds Corvesponding to Basic Yiclds
First Quarter, 1929-30 and 1941-12, by Term to Maturity

1929 1930 1941

1942
Yearsto 390 4o 5op % 4% 5% %, 4% 2%% 3%
Maturity Coupon Coupon Coupon Coupon Coupon Coupon  Coupon Coupon Coupon Coupon Coupon

%

0 100,00 10000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
1 97.82 9378 9974 9861 99.61 100.58 102.58 103.58 101.80 102.18 103.17
2 96.17 9305 0992 97.35 99.24 101.14 101.68 106.67 103.13 103.87 105.84
3 9179 9755 100.51 95.11 9889 10167 106.36  109.31 104.07 105.17 108.10
4 93.55 9716 100.75 9492 9855 10218 107.66 111.57 10467 106.12 110.00
5 9242 96.83 100.24 93.78  98.22 10267 108.66 113.50 105.05 107.20 112.00
6 9135  96.53 101.71 9269 9791 10313 109.36  115.10 105.20 107.33 113.01
7 90.30 9621 102.13 91.6¢ 97.61 10358 109.79 116.11 105.13 107.55 114.13
8 89.33 9596 102.58 90.6¢  97.33 10101 110.08 117.54 10491 107.62 115.04
9 8339 9560 102.99 89.69 97.05 10442 109.23 118.48 104.5¢ 107.61 115.77
10 87.51 9546 108.42 88.77  96.79 104.81 110.17  119.24 104.16 107.52 11647
12 8590 9514 10442 87.06  96.30 105.55 109.74  120.41 103.28 107.19 117.63
14 84.5¢ 9485 105.15 8548 9585 106.22 169.34 121.32 102.42 106.86 118.67
15 83.87 9469 10552 84.75 9564 106.54 108.97 121.74 101.93 106.61 119.08
2 80.93 91408 107.23 8151 9472 107.98 107.83 128.50 100.28 106.08 121.55
25 7852 9344 108.56 7890 93.97 109.04 107.13 12541 99.73 106.56 124.77
30 76538 9306 109.58 76.80  93.87 09.94 10721 127.82 99.48 107.21 127.82
10 7876 9250 111.25 7876 92,50 111.25 108.60 133.17 99.38 10860 133.17
50 7179 9191 11249 7179 91.9¢ 11209 109.67 137.28 99.31 10967 137.28
60 7052 9158 11264 7052 9i.58 11264 11049 11045 99.23 11049 14045

COUPON RATE AND ITS EFFECT ON YIELD

At present, many interest theorists assume that bonds having the same
quality and maturity should sell at the same yield. But alert bond
traders, especially traders in United States Treasury bonds, draw a dis.
tinction between bonds with different coupon rates; ordinarily a low
coupon bond is preferred to a high coupon bond of the same maturity,
and it may sell at an appreciably lower yield. One commonly heard ex-
planation is that low coupon bonds are preferable for income tax pur-
poses. Another is that a high coupon bond, which must be purchased at
a substantial premium, is far more Likely to dec

line drasiically in price
than a low coupon bond, which is purchased at a 1

small premium; traders
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seem to feel that in a declining market, prices fall fairly freely until
they approach par, at which point they meet resistance to further
decline. .

The basic yield estimates were all made without regard Lo coupon,
no distinction being drawn between 2 and 7 per cent bonds. This fail-
ure to distinguish between low and high coupons is certainly a short-
coming, though it may not be serious. Corporate bonds are affected by
so many disturbing influences, and their yields vary so widely that the
particular effects of different coupon rates are probably unmeasurable.
In a study of Treasury bonds, however, a distinction by coupon would
be far more feasible, and certainly desirable; one yield-maturity curve

could be constructed for 2 per cent bonds, another for 214 per cent
bonds, etc.

INVESTMENT POLICY

One of the problems facing investors today is the proper arrangement
of maturities within their portfolios. Because of the low yield on short
term bonds, liquidity can be obtained only at the expense of income.
How can one portfolic be designed to provide both adequate liquidity
and a substantial income? One solution is to stagger maturities so that
regular amounts come due at regular intervals. Another is to buy
medium term bonds, hold them for a while, then sell them a few years
before maturity. This procedure will produce an extraordinarily high
yield for a medium term portfolio as long as the present structure of
bond yields continues unchanged. For example, a 214 per cent bond is
bought at about 993/ to yield 2.16 per cent, which is the basic yield in
1942; after five years it is sold at 10214 to yield 1.5% per cent, again
the basic yield in 1942. For the five-year period, the yield from interest
and price appreciation amounts to 2.6y per cent, which is as high as the
basic yield on the longest term bonds. Although we took as an illustra-
tion a low coupon bond selling at approximately par, the results would
have been the saine for a high coupon bond selling at a substantial pre-
miurni.

THE MARKET RATING

One of the primary functions of the basic yields was to serve as a stand-
ard with which the yield of any bond could be compared. The differ-
ence between the yield of any particular bond and the basic yield was
conceived as a possible measure of the bond market’s appraisal of risk.
If 2 bond is considered extremely safe, its yield should approximate the
basic yield; if it is considered risky, its yield should differ from the basic
yield by an amount depending upon how risky it seems. Whether this
yield differential will provide a useful tool in the analysis of bond qual-
ity remains to be seen.
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Notes

{Inordinary invesimem usage ‘qnaliny” refers 1o the likelihood thar a bond's contracted payments
of principal and imerest will nor defanh. and as such it docs not wcfer to the anractiveness of 1he
bond as an investmem or a speculation: for a high quality bond will be unanraciive if 1the price

- i5 100 high, and almost any low (uality bond is a specalative bargain i some price. The conver-
sion privilege, or any other special feaure, may make a bond of any gqualiny anraaive whein
wonld ortherwise not be. Convenibles frequemly sell at a price 10 yield linle or nothing or even
less than nothing 10 marity; and 1hey do so not because they are desirable obligations for con-
servative investors. which they mav or may nor be. bin hecanse they represan a specalative vahue
for those who wam to convert. Evidemly ihe vield of a convertible bond is composed of ar leas:
three pans: 1he basic vield or high grade bond clement. plus a preminm for low qualiny if 1he
bond is Tess vhan top grade, minus an amownn representing the value of the conversion privilege.
The same general analysis holds for honds with ober special fearnres.

=1 will be argued, and righly. that a sinking fund usnally improves the quality of a bend. Under
sonie crenmstances. however. it may suppon 1he pricc of a bond withom appreciably affecting irs
qualiry. For example, il a bond is adequanceiy covered, and has a sinking fund providing Tor 1he
calling of a substantial number of bonds cach year ar a preminm, say 110, its anractiveness de-
rives from retivement a0 instcad of par. nor from the periodic rednction of the company’s
indehredness.

3 The word “artificial’ may not be entirely appropriare in this contexr. The imended implicarion
is that the 1rne price of a boud is 1he price a1 which weil informed 1raders are willing 10 buy or
sell i, Obviously the market price may temporarily deviaie from the wne price, 1hus defined, by
the mistakes of ill advised traders, who do not know what 1he true price is, or by the machina-
1ions of manipulators, who do.

* The Corporare Bond Project deah exclusively with bonds ontstanding a1 some 1ime berween
Janmary 11900 and Decanber 81, 1938: however. i did obuain the prices and yiclds for 1939 and
1940 of bonds omstanding m 1he close of 1938. The dara for 1he 1939 and 1940 cstimanes 1here-
fore do not inclhude the vields of hoids offered dring 1939 or 1he first quaner of 1940,

The daa for 1he 1941 and 1942 estimares were compiled after 1he Corporate Bond Project
had closed. First. the Project’'s list of bonds for 1940 was consnleed. and abomt 100 of 1he higher
grade. lower vield bonds were selected: 1hen abow 50 o1her bonds. inchding sowne that had heen
issned since 1938 and some 1hat had improved in rating, were added. The list consisted ahnost
exclusively of bonds 1raded on 1he New York Stock Exchange or the New York Corh. The daia
for 1912 were hased on only Jammary and February prices, becanse March prices conld nor he comn-
piled before 1he publicarion dare.

3 The Projest obained a 10 per cem sample of these smaller bonds. which numbered abom 1.500;
but since price data were usnally missing. 1his sample was nor used in the basic yield analysis.

6 The ring sysiem used here is a composite based on the median average of the ratings by four
prominem investmcat services. When some of 1hese ratings were nor available. as ihey fre-
quently were not. the composite was detennined from 1hose thar were.

@ The first bond quality rmings. Moody’s railroads, appeared in 1909.

8 Like ‘artificial’, ‘spurions’ may nor be cmirely appropriate in this comex:. The implication is
thar 1he vield 10 maturity. which is whn we are dealing with exclusively, is somerimes a spurious
measure of 1he expected invesimem yemrn. Ordinarily the investing public expeas that a high
grade bond will be paid a1 par on 1he marnrity dare: but sometimes 1he public feels confidem
thay the boud will be paid before mawriny and a1 a preminm,

An cxcellent illnsirarion of a spurions vield is afforded by the Erie Railvoad Pennsylvania
Collareral Trust 4's of 1951. Every vecar a sum of money. depending upon 1he amowm of coal
mined by the Pennsylvania Coal Company. had to be set aside for a sinking fund. The fund was
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1o be used to buy honds in the open market if they could be bought at 105 or less: oihierwise the
bords were io be called by let =t 105, The find operated so rapidly that the entire issne had
been retired by 1938.

In 1526 the bond holder must have realized that his bond was worth more than its face
value. He did not expect to receive exactly par for his bond 23 years hence, which wonid provide
2 yield of 3.80 per cent at market prices; he could reasonably expect to receive 105 in much less
than 23 years, which would provide a yield of substantially more than 3.80 per cent. It js ju this
scnse that 3.80, the yield to maturity, is considered spurious.

9 Henry C. Murphy of the United States Treasury very kindly lent the National Burean a set of
curves showing the relation between yield and term to maturity for goverminent securities, These
curves, which were prepared by Virginia Eyre from price daia as of the cnd of January cach
year, were used as models for a similar set reproduced here in the basic charts. In drawing her
curves, Miss Eyre plotted the yield of cach security individually; she used a separate curve for
long ter:n bonds and short tenin notes; and she left spaces where there were no vields. This pro-
cedure was adiirable when the curves were plotted ou charts by themselves, but it wonld have
added unnecessary con{nsion to the already complicated charts vsed in this study; hence onr
curves ave greatly simplified imitations of Miss Eyre’s originals.

Theoretically, serial bonds are ideaily suited to the study of the yield-natvity relation.
Actinally they are rather unsatisfactory becanse of the difficulty of obtaining comprehensive price
quotations. W have, however, been able to compile sonie satisfactory data on serials from three
sources and have nscd them to supplement the more extensive dat: on non-serials.

Strond & Co. permitted us to use their periodic valnatious of rmilroad equipment trust
certificares. Based on market prices and other pertinent infornation. these valuations represent
Stroud’s estimate of conservative irvestment value for cach maturity of all the important equip-
ment trost certificates ontstanding. The Corporate Bond Project computed vields corresponding
to Stroud’s price valuations for the highest grade issues. From among these oue issue was cliosen
for each year 193440, the choice having two ends in view: (1) that the yield should be as low as
possible; (2) that there should be as long a series of maturitics as possible.

A search was made for data on high grade equipment trust offerings. Offerings during
January. February, and March were preferred, but when these swere not available, others
were taken. The sources were advertiscuients iu the Commercial and Financial Chronicle,
circulars from underwriting houses, and occasionaily Moody’s and Poor's manuals. For about
half the offerings investigated, the prices and yields for the individual maturities could be deter-
mined; for the remainder, the prices were an average for all inaturities. When data on several
offerings were available for one year, only one was chosen, except when several issnes were
offered at precisely the same prices. The choice was made with a view to obtaining a high grade,
low yield issue with as many matnrities as possible. Offerings were not always plotted, even when
available, because they would have added little to the analysis. Before abont 1929 both long and
short term cquipment trusts were usually offered at substantially the same yield.

In 1941 and 1942 the United States Steel Corporation had a large issue of serial debentures
outstanding, to mature sewmi-aunually until 1955. They were listed on the New York Stock
Exchange and actively tiaded. The yields of these debentures, plotted distinctively ou the basic
charts. provided excellent material for the analysis.

10 An occasional cusp in the basic yield curves at the 30-year point is due entirely to the change
in scale at that point.

i1 Chief among tl:ese were the United New Railroad and Canal 314s of 1951 and the Morris
and Essex 314s of 2000, both of which repeatedly had very low yields. In addition, low yields were
occasionally shown by the Michigan Central 314s of 1952 (low in 1903), the Philadelphia,
Baltimore and Washington 4s of 1043 (low in 1907 and 1915), and the Philadelphia and Reading
4s of 1947 (low in 1919).

12Bond Project procedure provided that all price transcriptions and yield calculations be
thoroughly checked once, and that many be spot-checked in addition. This in itself woula be
sufficient to assure considerable r:liability. But during the basic yield study, all low yield bonds
were analyzed to determine whether their vields were spurions. and this analysis inclnded a
further rheck of the price transcriptions and the yield calculations.
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13 Tables prepared from the Corporate Bond Project data shed further light on these gaps.
One, summmnrized below, shows the distribntion of railroad, pnblic ntility, aud indnstrial offer-
ings of $5,000,000 or more, of all grades. by term to matnrity (term wmeasured {rom offering
date). Evidently offerings natnring in 50 to 75 years have never been popnlar, and since 1920
all long term bLonds, that is, those of more than 30 years, have become nch less popnlar.

Total
Less than 30-50 50-75 75 years offerings

30 years years years and over covered

1900-09 16.39;, 43.59, 0.7%, 9.5% 1,595
1910-19 64.7 315 0.8 3.0 1,903
1620-29 83.2 13.8 1.0 20 2,098
1930-38 836 13.7 1.6 1.1 999

14 This does not mean to nnply that bond prices are not occasionally quoted to Y4 or even Y.

16 Of conrse, the commission charged members of the Exchange for their awn accomnt is less
than $2.50. As a result, no analyst can determine what commissions were charged en any par-
tienlar transaction, hut he cannot therefore forget commissions. Just before this paper went
to press, the commissions on small transactions were increased.

1 Even when no exchange privilege is provided in the bond indenture, an exchange may be
offered to facilitate refnnding. For example, abont 1900 J. . Morgan and Co. mndertook to
market for the New York Central a large issue of 314s maturing in 1997. Thesc 31/4s were issned
from time to time for refunding and other purposes. When the New York and Hndson River
6s and 7s of 1903 came dne, Morgan offered the new 314s in exchange.

17See Some Theoretical Probiems Suggested by the Movements of Interest Rates. Bond
Yields and Stock Prices in the United States since 1856. by Frederick R. Macanlay {(National
Bureant of Economic Rescarch, 1938). ‘T'he chart shows an average for January, Febrnary, and
March of the series of adjusted railroad bond yields in Table 10, pp. A 141-61.

The Moody-Standard series is a composite based on Standard Statistics’ series of high grade
railroad bond yields from 1900 to 1919, Moody’s Aaa railroad bond vields from 1920 to 1930,
Moody’s Aza pnblic utilities from 1931 to 1842. The chart shows averages for Jannary, February,
and March.

18 The Treasury bond vyields here plotied are determined from the Treasury hond yield curves
on the hasic charts. The valne of the curve for 20-year maturities is the valne used in Chart 2.

19 The 6-month basic yields were deterniined graphically from the curves on the basic charts.
They can also be interpolated between the valnes for 0 years and 1 year in Table 1.

The vertical bars on Chart 3 represent a very subjective appraisal of the errors to be
allowed for in the short term estimates. The considerations entering into this appraisal can be
roughly described. An error of .25 per cent, the absolnte wminimnm, was accepted whenever
several well clnstered short term yields were available. When the short term vields were few
or missing, and when they were greatly scattered. a larger estimate was taken, the amount de-
pending on the number of yields and the scatter.

20 For 1900-36, fignres for commercial paper, time money, and call money arc those given by
Frederick R. Macaulay (op. cit) Table 10, pp. A 141-61; for 1937.42, figures are from the Federal
Reserve Bulletin. All figures are averages for January, February, and March. The six-month
basic yields were determined graphically from the curves on the basic charts.
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Basic Charts

Distribution of Bonds by Yield and Term to Maturity,
and Estimated Basic Yield Curves, 1900-1942

THE BASIC CHARTS present the distribution of corporate bonds by yield
and term to maturity for the first quarter of each year, 1goo-42. The
estimated basic yield curve is represented on eachi of the 44 charts by a
heavy smooth curve, often a straight linc. A broken line indicates that
the basic yield curve is considered highly uncertain. In 19oo, 1goG,
190%7. 1908, and 1932, for example, the yield for the shorter term bonds
1s represented by two curves, both broken lines. Likewise, the curve for
long term bonds for 193y to 1942 is broken to indicate uncertainty.

All bonds are represented by a solid dot (*) prior to 1909 and for
1941 and 1942.* In other years, a dot is used only for triple A bonds,
and a cross (x) is used for double A, A, and a few unrated bonds. In
the charts for 1934 to 1940 a circle (o) is used for bonds selling above
call price, which were excluded from all preceding charts.

The horizontal scale on the charts, representing term to maturity,
covers all values from o to qo years. Bonds of more than go years are
plotted at the go-year point, but their true maturities are indicated in
the right-hand margin by a figure, or by the letter P in case of a perpe-
tuity. There is a change of scale at the go-year point. The first section
of the chart, representing maturities from o to 3o years, covers three
times as much space as the second section, representing maturities from
50 Lo go years. As a result, some of the basic curves have a cusp at the
go-year point.

In several years the charts have additional curves showing the rela-
tion between yield and term to maturity for United States government
securitiesand for certain high graderailroad equipment trust certificates.

* See note 1. The task of determining cali provisions for 1941 and 1942 aud a special set of
average ratings comparable to the Bond Project ratings seemed unwarranted.
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