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Abstract

The paper addresses the issue of the impact of the
foundation of the Federal Reserve System on the behavior of
the U.S. short-term interest rates., Empirical evidence is
presented showing that no regime change in the process
governing the short-term rates took place in the years
staddling the foundation of the Fed. Since the behavior of
this process after 1920 was different from what it was before
1910, the paper discusses some major institutional changes in
the U.S. that may have had an impact on the behavior of
short-term interest rates during the period 1908-1920.






Introduction1

The recent literature has seen a revival of interest
in the behavior of nominal interest rates prior to and after
the decade 1910-20, during which the stochastic process
generating short-term rates underwent a structural change.2
Some authors, in particular Mankiw, Miron and Weil (1987) and
Barsky, Mankiw, Miron and Weil (1988) have maintained that
the founding of the Fed in 1914 had a key role in this
structural change. The data most widely wused in the

3 are the series of

literature investigating the regime change
interest rates on time and call loans recorded on the New
York Money Market.

Using data on time loans, the present paper makes an
empirical assessment of the result obtained by Mankiw, Miron
and Weil (1987) that the founding of the Fed at the end of
1914 was a major factor in determining the regime change in
the short-term interest rates behavior. The evidence provided
in section III of this paper suggests that this conclusion is
not robust. No parameter change took place between the period

prior to the creation of the Fed and the one that followed

1. This paper is part of a research project that I
undertook at Brown University for my dissertation. I am
indebted to Peter Garber and Lorenzo Bini-Smaghi for
several helpful suggestions on earlier drafts. I also
benefited from the comments of Luigi Cannari and two
anonymous referees. 'I remain responsible £for the
opinions expressed and any errors.

2. Some authors have focused on the behavior of real rates
in the U.S.A (shiller (1980), Barsky, Mankiw, Miron and
Weil (1988), and in other countries (Shiller and Seigel
(1977), Clark (1986)). Much of the work has been done on
nominal rates for the U.S. economy (Miron (1986), Mankiw
and Miron (1986), Clark (1986), Mankiw, Miron and Weil
(1987), Barsky et al. (1988), Canova (1988)).

3. Among the others Clark (1986), Mankiw and Miron (1986),
Barsky et al. (1988), Canova (1988), Miron (1989).
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The remainder of the paper discusses two major events
that are unrelated to the creation of the Fed but likely to
have had an equally if not more important effect on short-
term interest rates: a) the passing into law of the
Aldrich-vreeland Act in 1908, which allowed currency creation
during emergencies, and b) the imposition of administrative
controls on the New York Money Market in September 1917.
Failure to take these events into account may be the reason
why the previous literature has erroneously attributed the
change observed in the behavior of shért-term interest rates
to the founding of the Fed.

In section one, we give a brief account of the
results of Mankiw, Miron and Weil (1987) (MMW henceforth).
Section II examines some reasons why further testing of MMW’s

1

results should be undertaken. In the third section we perform
some sensitivity analysis on the result that a regime change
took place around the foundation of the Fed. In section IV we
examine the impact of the above-mentioned structural changes
in financial markets on the behavior of the interest rates on
time and call loans. Some conclusions are drawn in the final
section.

I. The results of the existing literature

The Federal Reserve Act was approved on December 23,
1913. The first meeting of the presidents took place in July
1914 and the official inception of the system was on Nd%e@ber
16, 1914. The literature has recently examined the impacg.of
the funding of the Fed on financial markets, in particular on
the behavior of short-term interest rates. A major
contribution in this field was made by a recent article by
Mankiw, Miron and Weil, which focuses on the New York Money
Market, for which data on interest rates are available from
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the early nineteenth century. The analysis is based on the

series of three and six-months interest rates on time loans,

and it reaches two basic conclusions.

MMW find that the stochastic process generating the
short term rate wunderwent a parameter shift between the
period 1890-1910 and the period 1920-1933. Two types of
evidence are reported:

1) Autocorrelations computed for the rate on three-month time
loans for .the subperiods 1890-1910 and 1920-1933 show a
marked increase in the second period, indicating that the
series followed a much smoother pattern during the
post-war years.

2) An AR(1l) model 1is assumed for the three-month rate, and
OLS regressions are estimated for the two subperiods, with
and without seasonal dummies; the coefficient estimates
are .75 and .77 for the first subperiod, and .97 and .98
for the second (the second numbers refer to the
regressions including monthly dummies); this shows that
the degree of persistence substantially increased in the
second subperiod, independently of the changes in the
seasonal properties of the series.

MMW then try to pin down the exact time at which the
regime change took place. Two statistical procedures are
adopted. The first assumes that the switch took place at a
certain date at an infinite speed; the second adopts a
logistic model to allow the speed of adjustment to vary from
infinity to several months. The results indicate that the
most likely date for the shift to the new regime to have
occurred 1is between December 1914 and March 1915, and that
the change took place in a very short period, less than three



months.4

In conclusion, MMW’s evidence seems to suggest that
there was a significant change in interest rate behavior
between the periods before and after the end of 1914. Since
the end of 1914 coincides with the start of the Fed’s
operations, they conclude that its inception had important
effects on the short-term behavior of interest rates.

II. Is further émpirical analysis required ?

A few considerations provide grounds for a degree of
skepticism regarding the timing of the regime change pinned
down by MMW’s analysis. First, it appears unlikely that a
brand new institution, such as the Fed was at the beginning
of 1915, could have so strong an immediate effect on market
conditions. A review of the literature confirms that this
view was shared by some authors of the period (see e.gq.
Griffiss (1925)). Second, MMW fail to consider several other
factors that affected financial markets in the early part of
‘the century. In particular, the following facts must be
-noticed:

a) As a consequence of the outbreak of the First World Wwar,
the New York Stock Exchange was closed on July 31, 1914.
Since time and call loans were made using New York Stock
Exchange securities as collateral, these suddenly became
highly illiquid. In fact, immediately after the closing of
the New York Stock Exchange the number of new loans

4. A third part of MMW'’s paper seeks to determine the speed
at which the expectations formation mechanism adjusted
to the regime change. MMW report evidence that the
switch took place rapidly between October 1914 and
January 1915, in the same period, according to their
results, as the <change in the stochastic process
governing the short-term rate.
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dropped to virtually zero; at the same time existing ones
could not be dealt with or called, as no market for the
collateral existed. As a consequence, time and call loans
rates immediately after the closing of the New York Stock
Exchange were far from being market rates.5
In September 1917, as a consequence of World War One,
strict administrative controls were imposed on the New
York Money Market; the amount of funds available and the
level of the interest rate on time and call loans were
decided on an administrative basis, or heavily influenced
by the authority of the so-called Money Committee.

Until the end of the first decade of the century bank
panics were not unlikely events, but subsequently their
frequency dropped dramatically. The Aldrich-Vreeland Act,
enforced‘ after the panic of 1907, is widely recognized as
having played a major role in reducing their frequency.6
The qualitative features of the collateral used for money
market 1loans wunderwent substantial changes, especially
during the war years. These changes concerned the type and
quality of the securities accepted as collateral against
time and <call loans, and are likely to have smoothed the

The New York Stock Exchange reopened on December 12, and
by the middle of January 1915 the three-month rate on
time money was below 3%, the level that had prevailed
before the outbreak of the war. On these issues, see
Angelini (1989).

For a brief outline of the Aldrich-Vreeland Act, see
Section IV.a). See also Dewald (1972), Timberlake
(1984), Gorton (1985). Miron (1986) makes the point that
the Fed played a key role in the reduction of the
frequency of financial panics. However, his argument is
based on a model in which the Fed accomplishes this
target through a policy of seasonal open market
operations that reduce or eliminate seasonal
fluctuations from nominal rates. On this point there is
evidence provided by Clark (1986) indicating that
seasonal movements in U.S. currency and high powered
money only began in the latter half of 1917.
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pattern of the underlying interest rates.7

These are just some of the major economic events in
thé early part of the century that, quite independently from
the foundation of the Fed, had a strong potential for
affecting the behavior of the interest rates on call and time
loans.

The --conclusion is that when analyzing nearly a half a
century of data, as MMW do, one should be cautious about
attributing a structural change to one single source. An
attempt to evaluate the potential impact of the events
mentioned in b) and c¢) is made in section IV.

I1I. Results of further empirical tests.

The aim of the analysis in this section is to check
whether controlling for the events mentioned at the end of
the previous section has any impact on MMW’s results. One way
of doing this is to test for structural change in the
behavior of short-term interest rates while gradually
modifying the sdmple size to take account of the influence of
some of the above-mentioned factors, and see whether the
results display any sensitivity to the choice of the sample
period.

We consider the sample period 1908-1920, which is
much smaller than the one used by MMW (1890-1933). This
choice serves to isolate the "Fed-effect"” more effectively
from spurious effects that may be introduced into the
analysis 1if the sample period is extended too far on either
side of the event under consideration. Within this smaller

sample period we consider two subsamples. The first goes from

7. For an extensive examination of this issue, see Angelini
(1989).
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1908 to the middle of 1914. The last data point included
corresponds to July 22 1914, immediately before the outbreak
of World War One. The second subsample goes from the last
week of July 1914 through 1920.

As mentioned in the data appendix, we used both
weekly and monthly data, and ran tests of the null hypothesis
of no change 1in the slope parameter of an AR(1l) process
between the two subperiods. The results are shown in Tables I
through VI.8

All the tables have been generated to give a picture
of how the results of the "no-change hypothesis" test and the
AR(1) slope coefficient change when the subsample periods are
modified. The key column in all of the tables is the first,
which reports the value of the F-test of the null

hypothesis.9

8. We made no attempt to check the correctness of the
specification of the AR(1l) model assumed by MMW. Clark
(1986) maintains that the series of call and time loans
show evidence of non-stationarity, and wuses first
differences for his analysis. Even if a unit root is
-present in the stochastic process generating the data,
the parameter estimates displayed in Tables I through VI
are consistent. Unlike MMW, we did not try to account
for seasonal patterns, for two reasons. First, the
limited number of years in my sample period would make
estimates of the seasonal dummy coefficients hardly
reliable. Secondly, MMW’s estimates of the AR(1l)
coefficient (Tables 2, 3, and ¢ of their paper) are
extremely insensitive to whether the model is specified
with or without seasonal dummy variables.

9. Following the suggestion of Toyoda (1974), we checked
for heteroscedasticity between the two subsamples that
constitute the basis for my analysis. As the tests that
we ran were somewhat inconclusive, we ran the tests for
structural change using GLS to correct for the possible
presence of heteroscedasticity. We also estimated the’
AR(1l) model including dummy variables for the intercept
and the slope, and ran a t-test on the coefficient of
the slope dummy using the heteroscedasticity-robust
White standard error. The resulting tables of test
statistics and coefficient estimates were roughly
equivalent to the ones obtained with OLS, and therefore
are not reported here.
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Exercise no.l: A simple replica of MMW’s hypothesis testing.

As a first exercise, we verified whether the outbreak
of World War One, at the end of July 1914, constituted a
breaking point in the interest rate time series. By contrast
with MMW, data points prior to 1908 and after 1920 are
excluded, but this does not seem to affect the result. In
fact, an F-test of change in the AR(1l) slope parameter allows
the .null hypothesis of no parameter change to be rejected at
all significance levels (Table I).lo

Next, we checked whether data from the period when
the New York Stock Exchange was closed have any effect on the
regime change result. To do this, we dropped consecutive data
points from the second subperiod (from 1914.7.5 through
1915.2.4), and each time computed an F-test of the null
hypothesis of no slope parameter change between the two
subperiods. Table I reports the test statistics and
coefficient estimates obtained in this way. The first column
shows that the null hypothesis of no parameter change can be
rejected at all significance-levelss The AR(1l) coefficient
'is smaller for the subperiod before the creation of the Fed,
thus indicating higher interest rate wvolatility in these
years. It should also be noted that the value of the test
statistic is highest when the observations for the period
November-December 1914 are dropped. MMW'’s conclusion is thus
confirmed. It appears that this result holds even when data
prior to 1908 and after 1920 are not considered, and that it
is not sensitive to the exclusion of data- from the New York
Stock Exchange shutdown period.

10. We also allowed the switching point to vary, one week at
a time, into the NYSE shutdown period (without dropping
observations as is done in Exercise 1) and obtained the
same result. We found somewhat higher F-test values for
switching dates between November 1914 and March 1915.
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Exercise no.2: Effects of the Money Market Committee

controls.

Next, we checked whether the period of administered
rates and quantities which began in September 1917 had an
impact on the regime change result obtained by MMW. To do
this we estimated an AR(1l) regression for each of the
1908-mid 1914 and mid 1914-1920 subperiods, and computed the
usual F-test of the null hypothesis of no parameter change
between the two subperiods. We then gradually reduced the
second subperiod by dropping the last observations until the
whole period of administered rates is eliminated. The
resulting statistics for each sample period are displayed in
Tables II and III for the weekly and monthly data,
respectively.

The results clearly show that the data from this
period play a major role in generating MMW’s result: in Table
ITI the test statistic gradually decreases from a value of 35
to about 7. This is not surprising, since the "stickiness" of
interest rates can be expected to increase under
administrative controls. The null hypothesis can, however,
still be rejected at all significance levels.

Table 1III displays a somewhat surprising result: the
F-tests computed with monthly data generated by sampling out
the first week of each month11 confirm the rejection of the
null hypothes%s, but the same tests computed with data from
the second, third and fourth week of each month become highly
insignificant. The pattern of the test statistic this time is
thus sensitive to the choice of both the subsample and the
data set. Specifically, test statistics obtained with data
from the second, third and fourth week of each month seem to
contradict the same test statistics generated from the first
week of each month. An explanation of this apparent
inconsistency may lie in the 1907 bank panic. Visual

11. See the Data Appendix.
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inspection of the data in Graph I suggests that the first few
observations of 1908 are still influenced by the panic.12 We
checked the sensitivity of the results in Tables I through
III to the inclusion of these data points. For this purpose,
we dropped the observation relative to the first week of
January 1908. Table IV reports the results of this exercise
for the weekly data series; comparing them with the analogous
statistics from Table I, one can see a dramatic difference.
When the 1908.1.1 data point is excluded from the regression
the AR(1l) coefficient for the prewar subperiod jumps to over
.94, and the test statistic drops from a value of 6.85 to
.13. This shows that the inconsistency documented in Table
III is explained by a single data point which is still
influenced by the panic of 1907. The conclusion is that MMW’s
result vanishes once the effects of the bank panics and of
the period of administered rates are controlled for.

Exercise no.3: Joint effects of bank panics, Money Committee

controls and the New York Stock Exchange
shutdown.

In Tables II, III and IV the switching point for the
regime change is constrained to be the outbreak of World War
One. We made this choice in view of the unreliability of the
data immediately <following the beginning of the war and the
shutdown of the New York Stock Exchange. In order to check
the sensitivity of the previous results to this restriction,
in Tables V and VI, generated with weekly and monthly data
respectively, we allowed the switching point to vary by
gradually dropping data points from the New York Stock
Exchange shutdown period from the 1914.7.5-1917.8.4
subsample. The Tables show that the F-test statistics are

12. The first four weekly data points reported by the
Financial Review for January 1908 are 10, 6, 5.375, 4.5
(midpoint of the range). 1In February the series
stabilizes whithin the band 2-4%.
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consistently highly insignificant, except for those of the
first week; the null hypothesis of no parameter change cannot
be rejected, no matter whether the New York Stock Exchange
shutdown period is included or not. Tables V and VI also show
that the results described in Exercise no. 2 above are
insensitive to the inclusion in the sample of data points
from the Stock Exchange shutdown.

A peculiar result illustrated in the tables is that
the estimates of the AR(1l) parameter for the second subperiod
are often, although not significantly, smaller than the
estimates for the pre-war subperiod. This fact seems to
strengthen the conclusion that in the years immediately
following the <creation of the Fed the stochastic process
generating the rate on time 1loans did not change at all.
The conclusion reached by MMW 1is therefore due to their
choice of sample period; in particular, it depends on their
inclusion of data prior to 1908 and after 1918, which are
influenced by major events that have nothing to do with the
creation of the Fed.

IV. Why the choice of sample size is so important.

The- analysis of the previous section has shown that
the choice of sample size is crucial in the analysis of the
short-rate regime change. The period 1910-1920 saw several
historical events which had major consequences, both
worldwide and for the U.S. In what follows we focus on some
of the events that in my view are important for a better
understanding of the issues wunder examination and a more

appropriate choice of sample period.
a) The Aldrich-Vreeland Act.

During financial panics the collateral loan market
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typically dried up, and reported rates reflected only
sporadic deals. For example, the Commercial and Financial
Chronicle, in 1its retrospective evaluation of 1907, reports
that when the banking troubles developed call money rates
went as high as 100-125%. By the end of the month of October,
after some measures of relief had been devised, the range for
call 1loans came down to 6-20%. This situation lasted through
most of December.13

Situations 1like the one just described, in which the
market for time loans virtually stopped working, were common
during banking panics. The Aldrich-vVreeland (A-V) Act was
passed on June 30, 1908, in the aftermath of the panic of
1907. It represented a major step toward the elimination of
financial panics, and <can be considered as a first move

toward the creation of the Federal Reserve System.14

Perhaps
the main goal set out in the Federal Reserve Act by its
founders was to provide the country with a more elastic
currency. In this specific regard, the Fed Act did little but
refine what was already contained in the A-V Act and make it
a permanent law of the country. The A-V Act called for a
group of ten or more national banks to create a "National
Currency Association", which was to issue ‘"emergency
currency" during crises to give the banks greater flexibility
in wvarying the money supply, thereby greatly increasing its
‘elasticity during emergencies. Previously, the clearinghouses
had the power to issue additional currencf in such cases. The
basic difference introduced by the A-V Act was that the
Secretary of the Treasury was now the authority in charge of
administering and controlling the emergency currency issues.
The effectiveness of the A-V Act in heading off banking
panics was tested in the summer of 1914, at the outbreak of
the war. Since the Fed was not due to start operation until

13. See the Commercial and Financial Chronicle, January 4,
1908, pp. 23-26.

14. See, for example, Miron (1989).
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November 1914, the A-V Act, which was due to expire on June
30, 1914, was extended for one year. On that occasion, the
emergency currency facility was successfully tested.15

Graph I plots 1interest rates on time loans and
commercial paper over the period 1907-1915. During the two
periods of crisis (the bank panic of 1907 and the outbreak of
the war in 1914) the rates on time loans, normally lower than
the rates on commercial paper, rose far above the latter.
This suggests once more that during periods of financial
stress one should be careful in interpreting rates on time
loans as a reliable indicator of the conditions of the credit
market.

b) The Evolution of the New York Stock Exchange.

The New York Money Market, where time and call loans
were made, was an appendix of the New York Stock Exchange.
Not only did the collateral on time and call loans consist of
securities 1listed on the New York Stock Exchange, but loans
were also physically made on the floor of the Stock Exchange.
It is therefore important that major developments of this
institution be taken into account in the analysis of the
behavior of interest rates on time and call loans. A detailed
survey of events is beyond the scope of this paper. However,
two main points can be highlighted.

First, the decade 1910-1920 recorded important
institutional changes in the regulations of the New York
Money Market. Griffiss (1925) distinguishes three periods.
The first covers the operation of the money market from its
creation up to America’s entry into the war, and the
formation of the above-mentioned Money Committee, which was a
subcommittee of the Liberty Loan Committee. From September

15. A detailed account of its efficacy in preventing a
disruption of banking activity is given by Dodge
(1922).
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1917 through January 10, 1919 the New York Money Market was
under the supervision of the Money Committee, which exerted
considerable restraint on interest rate movements. Griffiss
comments on these effects:

"As the Money Committee had complete control over
the demand and supply of money, it is obvious that
they were also able to exercise complete control over
the rates at which this money was loaned .... Thus
all elements of competition for the use of money were
eliminated, because this was a period in which money
was rationed just as any other commodity might be
during war-time .... The rates at which money was
loaned were not decided freely by the lender and
borrower, but were virtually fixed by the Money
Committef6 through its control over demand and
supply".

Another important institutional change that took
place during the MC period was the institution of the "morney
desk". Since the creation of the money market, the activity
on the floor of the Exchange had taken place around the
"money post", which worked as a normal stock trading post.
Loans were thus made between two members of the "money
crowd", who agreed between themselves what the rate should be
for each individual loan.17 Consequently, there was no fixed

rate, and each loan, with each institution, was a matter of

16. Griffiss (1925), pp. 42-43. The events that led to the
creation of the Money Committee are vividly described in
an address by Mr. R.R. Atterbury, member of the
Executive Committee of the Stock Clearing Corporation,
delivered on October 25, 1928: "This situation was so
exaggerated during the Great War that a money committee
of five members of the Governing Committee of the Stock
Exchange was formed to cooperate with the banks in
controlling, not only the rate, but the disposition of
funds available for Stock Exchange purposes. This was at
the time of the closed money market, during which the
committee of five, together with a committee of the
banks, were the sole arbiters of all matters pertaining
to the 1loaning and borrowing of money." (Reported by
Meeker (1922), pp.622-3).

17. ©See e.g. Griffiss, pp.28-9.
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personal negotiation, and the rate often varied widely. The
money market was without supervision, and subject to violent
changes in money rates whenever an unusual d;mand for or
supply of money existed.

In 1917, following the constitution of the MC, the
"money desk" was substituted for the o0ld money post.
Basically, borrowers and lenders could ask the clerk at the
money desk to record the amounts they wished to supply or
demand at a given price; the clerk would then match suitable
offers. Both sides of the market could therefore use the
money desk to get immediate information about supply and
demand schedules.'®

The advantages accompanying the control of the Money
Committee naturally led to various suggestions for some form
of permanent supervision of the New York Money Market even
when normal conditions were restored. The outcome of this
debate was to make the money desk a permanent institution,
and to «create a committee of three members of the Executive
Committee of the Stock Clearing Corporation to supervise its
activity.19

Graph 1II, plotting the weekly data on time loan
interest rates for the period 1914.1.1-1920.12.4, shows the
impact of the foregoing institutional changes on the rate
series. During the period of the operation of the Money
Committee, and for some time thereafter, rates did not rise
above 6%, and were kept at this level for relatively long

18. Detailed descriptions of the operation of the money desk
can be found in Griffiss’ book, or in Meeker (1922),
chapter XI.

19. This committee was still active at the time Mr.
Atterbury’s address (see note 16) was delivered, as he
goes on to say: " .... I might say that the efforts of
the Money Committee in charge of the money market are
all centered in keeping a stable money market, and
preventing, as far as possible, not only wide
fluctuations in the rate, but even the change in the
rate whenever it is at all possible ...." (Reported by
Meeker (1922), p .624).
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periods. The "spikes" that are typical of the data prior to
September %917 seem to disappear afterwards.

Conclusions

There 1is a wide literature which holds the view that
the work of the Fed had major effects on the New York Money
Market. Recently Miron, Mankiw and Weil found that the most
likely date for the regime change in the short-term interest
rates on time and call loans was between the end of 1914 and
the beginning of 1915, which is when the Fed started

operating.20

The tests performed in this paper tend to cast
doubts on MMW’s interpretation that the founding of the Fed
had an impact on the behavior of the short term interest
rates. 1In particular, Tables I through VI show that once the
effects of the 1907 panic and of the 1917-1919 period of
administered rates are eliminated, no parameter shift can be
detected in the period straddling the Fed’s foundation. This
seems to imply that MMW’s result lacks robustness; the
foundation of the Fed may have had little to do with the
observed change in the short-term interest rate behavior;
other institutional changes examined in this paper may have
had an important influence on it.

20. We made no special attempt to check for the effects of
the war, which broke in August 1914, or the symultaneous
abandonment of the g¢gold standard. For comments on the
likely effects of these events on the time series under
examination, see MMW'’s paper and Barsky, Mankiw, Miron
and Weil (1988).
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Data Appendix

The original sources for the data are the Commercial
and Financial Chronicle (CFC), a weekly magazine that used to
give a brief account of the state of the New York Money
Market in its opening pages, and the Financial Review (FR), a
yearly publication of the CFC. The data collected in the FR
are the same as those published in the CFC apart from
occasional corrections of typos and mistakes. Both sources
report weekly data. MMW create their monthly series by
selecting the first week of each month. For the subperiod
1890-1909, the data are taken from the FR., For the subperiod
1910-1933 the data are taken from the FR as well as the CFC,
as publication of the FR was discontinued shortly after 1920,
We generated three additional monthly time series for the
three month rate by sampling out of the FR data for the
second, third and fourth week of each month. We then treated
these series as additional realizations of the same
stochastic ptocess. The interest rates comprising the data
series are the midpoint of the range reported by the FR. We
used the first available data point of each month to form the
first week series, the second data point for the second week
series, and so on. As some months have five data points, we
eliminated the fifth observation of the month when
constructing the monthly series. These data points are used,
however, t¢ generate the weekly tables. MMW’ data set as
reported in table Al of their paper differs from ours for
obvious reasons, and in the case of six observations that are
incorrect. The data points for February, March, April and May.
1908, January 1910, October 1911 reported by MMW are in the
order 3.5, 3.5, 3.0, 2.375, 4.5, 3.5, whereas the FR for the
same dates reports (midpoint of the range) 4.125, 3.75,
3.375, 2.75, 4.625, 3.625.
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First column :

Table I
F-tests AR(1) Subsamples
First
.877 1908.1.1 -1914.7.4

Second

37.133 0.991 1914.8.1 -~ 1920.12.4
38.520 0.990 1914.8.2 - "
42.670 0.994 1914.8.3 - "
42.930 0.992 1914.8.4 -~ "
42.738 0.992 1914.9.1 - "
45.382 0.994 1914.9.2 - "
45,264 0.994 1914.9.3 - "
45.146 0.994 1914.9.4 - "
45.027 0.994 1914.10.1 - "
45.818 0.995 1914.10.2 - "
45.418 0.994 1914.10.3 - "
46.224 0.995 1914.10.4 - "
46.450 0.996 1914.10.5 - "
46.363 0.996 1914.11.1 - "
46 .555 0.996 1914.11.2 - "
47.276 0.996 1914.11.3 - "
47.563 0.997 1914.11.4 - "
47.518 0.997 1914.12.1 - "
47.520 0.996 - 1914.12.2 - "
47.359 0.996 1914.12.3 - "
47.181 0.996 1914.12.4 - "
46.985 0.996 1914.12.5 - "
46.772 0.996 1915.1.1 - "
46.659 0.996 1915.1.2 - "
46.275 0.995 1914.1.2 - "
45.860 0.995 1915.1.3 - "
45.526 0.994 1915.1.4 - "
45,359 0.994 1915.2.1 - "
45.191 0.994 1915.2.2 - "
45.021 0.994 1915.2.3 - "
44.851 0.994 1915.2.4 ~ "

"Notes:

F-tests of the null hypothesis of no
parameter change between the first
and the second subsample, weekly
data. Degrees of freedom: (1,676)
for the first test of the table,
(1,675) for the second, ... (1,646)
for the last.

Second column: AR(1l) slope coefficient.
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Table II
F-tests AR(1) Subsamples
First
.877 1908.1.1 -1914.7.4
Second
35.324 0.991 1914.7.5 - 1920.12.5
35.550 0.993 " - 1920.11.3
35.743 0.995 " - 1920.10.2
33.296 0.993 " - 1920.8.4
31.719 0.992 " - 1920.7.3
29.257 0.991 " - 1920.6.1
26.453 0.988 " - 1920.4.4
23.475 0.983 " - 1920.3.2
22,131 0.981 " - 1920.1.5
21.031 0.980 " - 1919.12.4
20.294 0.979 " - 1919.11.2
19.645 0.979 " - 1919.10.1
18.594 0.977 " - 1919.8.4
18.146 0.977 " - 1919.7.2
17.987 0.978 " - 1919.5.5
16.863 0.977 " - 1919.4.3
15.562 0.975 " - 1919.3.1
14.744 0.974 " — 1919.1.4
13.290 0.972 " - 1918.12.2
11.440 0.967 " - 1918.11.1
10.001 0.964 " - 1918.9.3
8.654 0.960 " - 1918.8.2
8.641 0.960 " - 1918.6.4
8.615 0.961 " - 1918.5.3
8.394 0.960 " - 1918.2.4
7.890 0.958 " - 1918.1.2
7.710 0.957 " - 1917.11.5
7.292 0.955 " - 1917.10.3
6.850 0.953 " - 1917.9.1
Notes:
First column : F tests of the null hypothesis of no

between the first

subsample, weekly
data. Degrees of freedom: (1,677)
for the first test of the table,
(1,671) for the second, (1,502)
for the last.

parameter
and the

change
second

Second column: AR(1l) slope coefficient.
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Table 111

F-tests AR(1) Subsamples
First
0.551 1908.1.1 -1914.7
Second
35.333 0.956 1914.8 - 1920.12
35.493 0.961 " - 1920.10
36.025 0.971 " - 1920.8
32.298 0.958 " - 1920.6
29.726 0.952 " - 1920.4
27.162 0.951 " ~ 1920.2
22.839 0.917 " - 1919.12
21.008 0.905 " - 1919.10
20.090 0.903 " - 1919.8
18.752 0.895 " - 1919.6
17.838 0.891 " - 1919.4
16.867 0.884 " - 1919.2
16.832 0.889 " - 1918.12
15.539 0.883 " - 1918.10
13.855 0.872 " - 1918.8
12.557 0.863 " - 1918.6
10.869 0.850 " - 1918.4
8.6220 0.825 " ~ 1918.2
6.9150 0.803 " - 1917.12
5.6745 0.789 " - 1917.10
4.0461 0.752 " - 1917.8
Notes:

First column : F tests of the null hypothesis of no

parameter change between the first
and second subsample, monthly data
sampled out of a weekly series.
Degrees of freedom: (1,150) for the
first test of the table, (1,148) for
the second, .... (1,110) for the
last.

Second column: AR(1l) slope coefficient.
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Table III (continued)

Second week

F-tests AR(1) Subsamples
First

0.771 1908.1.1 -1914.7
Second

7.626 0.969 1914.8 - 1920.12

7.809 0.973 " - 1920.10
8.558 0.986 " - 1920.8
7.181 0.972 " - 1920.6
6.636 0.970 " - 1920.4
5.967 0.966 " - 1920.2

4.271 0.936 " - 1919.12

3.676 0.926 " - 1919.10
3.507 0.924 " - 1919.8
3.117 0.917 " - 1919.6
3.003 0.917 " - 1919.4
2.660 0.909 " - 1919.2

2.847 0.916 " - 1918.12

2.593 0.912 " - 1918.10
2,169 0.903 " - 1918.8
1.822 0.894 " - 1918.6
1.570 0.889 " - 1918.4
1.017 0.869 " - 1918.2

0.659 0.853 " - 1917.12

0.363 0.834 " - 1917.10
0.074 0.800 " - 1917.8
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Table III (continued)

Third week
F-tests AR(1) Subsamples
First
0.749 1908.1.1 -1914.7
Second
5.374 0.956 1914.8 - 1920.12
5.550 0.961 " 1920.10
6.049 0.971 " - 1920.8
4.830 0.955 " - 1920.6
4.279 0.949 " - 1920.4
3.631 0.941 " - 1920.2
2.250 0.910 " - 1919.12
1.855 0.901 " - 1919.10
1.587 0.894 " - 1919.8
1.347 0.887 " - 1919.6
1.236 0.884 " - 1919.4
0.999 0.875 " - 1919.2
0.994 0.876 " - 1918.12
0.900 0.873 " - 1918.10
0.624 0.861 " - 1918.8
0.420 0.850 " - 1918.6
0.264 0.840 " - 1918.4
0.053 0.815 " - 1918.2
0.001 0.790 " - 1917.12
0.101 0.763: " - 1917.10
0.447 0.729 " - 1917.8
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Table III (continued)

F-tests AR(1) Subsamples
First
0.551 1908.1.1 -1914.7
Second
5.221 0.952 1914.8 - 1920.12
5.364 0.956 " - 1920.10
5.728 0.965 " - 1920.8
4.833 0.952 " - 1920.6
4.268 0.946 " - 1920.4
3.660 0.937 " - 1920.2
2.206 0.901 " - 1919.12
1.905 0.894 " - 1919.10
1.540 0.882 " - 1919.8
1.379 0.878 " - 1919.6
1.238 0.873 " - 1919.4
1.048 0.867 " - 1919.2
1.002 0.865 " - 1918.12
0.943 0.864 " - 1918.10
0.663 0.851 " - 1918.8
0.422 0.837 " - 1918.6
0.257 0.825 " - 1918.4
0.048 0.798 " - 1918.2
0.003 0.771 " - 1917.12
0.109 0.743 " - 1917.10
0.482 0.706 " - 1917.8
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First column :

Second column:

Table IV
F-tests AR(1) Subsamples
First

.953 1914.7.5 - 1917.8.4

Second
6.850 .877 1908.1.1 -~ 1914.7.4
.135 .943 1908.1.2 - 1914.7.4

Notes:

F tests of the null hypothesis of no
parameter change between the first
and the second subsample, weekly
data. Degrees of freedom: (1,676)
for the first test of the table,
(1,675) for the second.

AR(1) slope coefficient.
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First column :

Table V
F-tests AR(1) Subsamples
First

0.943 1908.2 - 1914.7.4
Second

0.135 0.953 1914.8.1 - 1917.8.4
0.199 0.932 1914.8.2 - "
0.243 0.955 1914.8.3 - "
0.164 0.933 1914.8.4 - "
0.460 0.926 1914.9.1 - "
0.000 0.943 1914.9.2 - "
0.033 0.938 1914.9.3 - "
0.139 0.933 1914.9.4 - "
0.348 0.926 1914.10.1 - "
0.120 0.933 1914.10.2 - "
0.960 0.914 1914.10.3 - "
0.539 0.920 1914.10.4 - "
0.509 0.920 1914.10.5 - "
0.865 0.912 1914.11.1 - "
0.819 0.911 | 1914.11.2 - "
0.215 0.926 1914.11.3 - "
0.025 0.937 1914.11.4 - "
0.003 0.941 1914.12.1 - "
0.033 0.950 1914.12.2 - "
0.045 0.951 1914.12.3 - "
0.058 0.952 1914.12.4 - "
0.071 0.953 1914.12.5 - n
0.083 0.954 1915.1.1 -~ "
0.082 0.954 1915.1.2 - "
0.115 0.956 1914.1.2 - "
0.112 0.956 1915.1.3 - "
0.100 0.955 1915.1.4 - "
0.096 0.955 1915.2.1 - "
0.091 0.955 1915.2.2 - "
0.087 0.955 1915.2.3 - "
0.083 0.954 1915.2.4 - "

Notes:

F tests of the null hypothesis of no
parameter change between the first
and second subsample, weekly data.
Degrees of freedom: (1,500) for the
first test of the table, (1,499) for
the second, ... (1,470) for the
last.

Second column: AR(1l) slope coefficient.
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Table VI

First week

F-tests AR(1) Subsamples

First

0.551 1908.1 - 1914.7

4.046 0.752 1914.8 - 1917.8
2.476 0.731 1914.9 - "
0.753 0.666 1914.10 - "
0.003 0.561 1914.11 - "
0.825 0.732 1914.12 - "
0.991 0.757 1915.1 - "
1.286 0.787 1915.2 - "
1.217 0.783 1915.3 - "

Second week

F-tests AR(1) Subsamples

First

0.771 1908.1 - 1914.7

® o 0 00 00000 @ ¢ 06060606 005 ] 00 e ace0eecr 00000 0000 s 0

0.074 0.800 1914.8 - 1917.8
0.202 0.723 1914.9 - "
1.961 0.604 1914.10 - "
0.869 0.634 1914.11 - "
0.074 0.726 1914.12 - "
0.006 0.758 1915.1 - "
0.006 0.758 1915.2 - "
0.010 0.754 1915.3 - "
Notes:

First column : F tests of the null hypothesis of no
parameter change between the first
and second subsample, monthly data
sanpled out of a weekly series.
Degrees of freedom: (1,110) for the
first test of each week, (1,109) for
the second ... (1,103) for the last.

Second column: AR(1l) slope coefficient.
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Table VI (continued)

F-tests AR(1) Subsamnples
First
0.794 1908.1 - 1914.7
ceereeanes ceeseesae ceeeen é.é'é'é.ﬁ.é ......
0.447 0.729 1914.8 - 1917.8
0.771 0.697 ° 1914.9 - "
2.126 0.610 1914.10 - "
0.505 0.685 1914.11 - "
0.085 0.746 1914.12 - "
0.006 0.780 1915.1 - "
0.012 0.775 1915.2 - "
0.019 0.770 1915.3 - "
Fourth week
F-tests AR(1) Subsamples
First
0.777 1908.1 - 1914.7
® o 0 0 0 000 0 * o e 000000 | e e é.é.é.é.r‘l.é ------
0.482 0.700 1914.8 - 1917.8
1.043 0.658 1914.9 - "
2.167 0.579 1914.10 - "
0.619 0.651 1914.11 - "
0.247 0.693 1914.12 - "
0.106 0.722 1915.1 - "
0.123 0.717 1915.2 - "
0.142 0.712 1915.3 - "
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