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U.S. and U.K. Interest Rates, 1890—1934:

New Evidence on Structural Breaks

This paper presents econometric evidence on whether the founding
of the Federal Reserve in 1914 caused a structural change from level
statlonanity to difference stationarity in U.S. and U.K. short-term
nominal interest rates. We develop new econometric tests that allow
{or parameter transitions to test for a break of this kind and under-
take u grid search analysis of dates and speeds for the change. We
find that U.S. nominal interest rates most likely evolved rapidly to
difference stationarity in June 1917, For the United Kingdom we
fail to reject the null that UK. interest rate series follow a difference
stationary process over the entire period 1890-1934. Our analysis
differs from previous research on this topic in that we take care o
explore statistical uncertainty around parameter estimates, and in-
corporate higher-order dynamics into our econometric analysis,

THE PERIOD 18901933 was a tumultuous time in finan-
cial markets in both the United States and the United Kingdom. The United States,
the United Kingdom, and other European countries suffered through World War [,
underwent changes in monetary institutions (with the founding of the Federal Re-
serve System in the United States). and changes in monelary policy regimes and ob-
Jjectives (for example, the suspension of the gold standard). Monetary economists
have empirically investigated the cffect of such changes on the data-generating
process describing nominal mterest rate movements. A body ol empirical literature
has investigated the changing stochastic behavior of short-term nominal interest
rates during the period 1890-1933 in the United States as well as in the United
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Kingdom. This literature has concluded that during the period [890—-1910 short-
lerm nominai interest rates in both the United States and the United Kingdom fol-
lowed stationary, I(0), processes, whereas for the period 1920-1933, thesc interest
rates had become nonstationary, I(1). processes. The exact time (or date) at which
the structural change from stationary to nonstationary behavior teok place. and the
causes of the structural change in the data-generating process describing nominal in-
terest rates, tas been an area of controversy. The most notable statement has been the
argument, made by Mankiw, Miron, and Weil ( 1987} that the founding of the Federal
Reserve System in the United States in 1914 was a catulyst for the structural change
in U.S. interest rate behavior. Expanding on this, Barsky et al. (1988) have argued
that the Federal Reserve also caused a structural break in the time series behavior of
interest rates in the United Kingdom. Subsequent empirical research (focusing pri-
marily on the United States). questioning previous works on various arounds, has ar-
gued against the 1914 break point for U.S. interest rates. finding other break point
dates. While littte research has been done reexamining the stochastic behuvior of
UK. interest rates, there is reason to suspect a structural break in U K. short-term
nominal interest rates. Consider, tor example, the evidence that Barsky et al. (1988)
present on the autocorrelations of cach scries (their Table I). For the U.S. monthly se-
ries, the autocorrelations for the first subperiod (1890-1910) damp quickly relative
to those for the second subperiod (1920-1933). For the U.K. series there are signifi-
cantly stronger and more persistent autocorrelations in the first subperiod. Indeed,
Barsky et al. (1988) point out that “In the first sample the autocorrelations indicate
that the short rate is more persistent in Britain than it is in the United States,”" but
they fail to investigate the issue any further. In this paper we provide a more detailed
investigation of the above issues,

The purposce of this paper is to present new cconometric evidence on the hypothe-
sis of a structural break in the stochastic processes generating both ULS, and UK.
short-term nominal interest rates between 1890:1 and 19341 Throughout our analy-
sis we utilize the logistic function to model the structural break as a transition from
an KO to an I(1) process. This permits scope in assessing the speed as well as the
liming of any transition. Section 1 presents a brief review of the literature in this
area. Our statistical analysis follows and has three main sections. In section 2 we de-
velop new procedures for testing for a structural break from 1(0) 1o Iy and apply
them to ULS. and U.K. short-term nominal interest rates. In section 3 we concentrate
on dating the structural break in the U.S. series. [n Section 4 we use grid search tech-
niques 1o illustrate a fundamental difference between the U.S. and UK. series re-
garding what types of transitions (in terms of specific dates and speeds) cannot be
rejected by likelihood ratio tests. Section 5 concludes the paper.

Our results indicate that, with a fully specified dynamic model. a rapid structural
break from 1eh to [(1) most likely occurred in U.S, nominal interest rates in June
1917 In contrast, for the United Kingdom we fail to find strong evidence supporting
any particular type of structural change, or of any change at all, In fuct, we find no

I. Barsky et al. 1988, puge 1130,
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evidence against the proposition that the U K. interest rate scries was ditfercnce sta-
tionary over the entire period 1890-1934. One possible explanation for this is the in-
lerest rute-smoothing behavior of the Bank of England during this period
documented by Goodfriend (1988). Our results indicate that we cannot support the
Mankiw. Mtron. iand Weil (1987) argement that the founding of the Federal Reserve
System alone represented w new regime, or the proposition of Barsky ct al. (1988)
who argue that the Fed in some way caused a structural break in U K. interest rates.

I LITERATURL REVIEW

It has been proposed that monthly U.S. short-term nominal interest rates under-
wenta structural break from being level stationary, 100). with o dominant first-order
autorcgressive parameter ol about 75, 1o approximately difference stationary, I(1),
sometime between the end of 1914 and the middle of 1915: see. for example,
Mankiw, Miron, and Weil (1987). and Barsky et al. (1988). Mankiw, Miron and Weil
(1987} argue that the change in the stochastic behavior of interest rates was aresult
ol the founding of the Federal Reserve System in 1914 and its implementation of in-
terest rate—smoothing policies.” While agreeing that a change in the stochastic be-
havior of U.S. interest rates ook place at some time between 1910 and 1920, several
authors have questionad the dute: see, for example, Fishe und Wohar (1990). Fishe
{19911, Angelini (1994). and Kool (1995, Fishe and Wohar (1990) find a structural
break in either early 1913 (supporting the Mankiw, Miron, and Weil (1987) resulis)
orin 1942, depending on whether they examing three-month or six-month interest
rates. Fishe (1991 employed weekly data for the United States, allowing for multi-
ple structural breaks over the sample 1890 to 1932, Break points were reparted in
Tanuary 1908 (a0 period just tollowing the October 1907 financial crisis). in June
1917 (& date associated with Federal Reserve Amendments tha significantly in-
creased the Fed's operuting capability). and in January 1930. Kool (1995} employs a
recursive method bused on Buayesiun learning and argues that the results of previous
switching regression technigues attempting 1o date the structural change in interest
rates are not robust, His estimation method yields a switch to nonstationarity in late
1917, Angelini reexamines the work of Mankiw, Miron wnd Weil (1987) and Fishe
and Wohar {1990) and concludes that their results are not robust o sample periods
and that there is no evidence of structurl change in 1914,

While the majority of authors belicve that when the structural change in U.S. in-
terest rates did oceur, it oceurred quite rapidly |tor example, Munkiw, Miron, and
Weil (1987) found it highly probable that the structural breuk in U.S. interest rates
took less than a year to he fully complete], other arguments have been proposed re-
garding the speed of the adjustment o a new regime following the founding of the
Fed, Willis (1923) and Wicker (1966} note that the Fed was not very active in its

2. The Federal Reserve Act was passed on December 23, 1913, The presidents of the banks mict for the
flirst time in July 1914 and the banks opened for husiness on November 1o, 1914,



3% MONEY. CREDIT, AND BANKING

early years, with most of its efforts during the years 19 14-1916 being locused on in-
ternal organization. Afer this initial period however the Fed was able 1o concentrate
more resources on their interest rate policy that consequently affected the stochastic
behavior of interest rates. Ricfler (1930) and Kool (1995) point out that the Fed did
not provide large amounts of liguidity to the economy until after 1917 when war fi-
nancing became an important concern.

In addition to gquestions over the timing and speed of the structural change. various
alternative arguments have also been presented to explain the reason for the strue-
tural change. For example while Fishe and Wohar (1990) support Mankiw, Miron,
and Weil (1987) and Barsky et al. {1988) with respect 1o the hehavior of the U.S.
three-month interest rate,” they suggest that it was not the founding of the Fed that
changed the behavior of interest rates, but instead the reopening of the U.S. bond and
stock markets in November and December of 1914, Morcover, Angelini (1994) notes
that during World War [ the New York money market was strongly subjected to the
regulation and controt of the Money Market Committee. Further, throughout this pe-
riod major reforms were pussed, that according to some writers ol the time greatly
affected the functioning of the money market and may have resulted in a permanent
change in how this market operated and functioned. Clark (1986) puts forward the
proposition that the changing behavior of interest rates and inflation was a world-
wide phenomenon, resulting from the suspension of the gold stundard, beginning in
1914 and ending by Scptember 1917. The Workd War T suspension of the gold stan-
dard was not abrupt. but piccemeal. While the war torced most of the European na-
tions off the gold standard, in the United States it was nominally maistained and it
was not until September 1917 that the government began o constrain gold exports in
an effort to restrict gold outflows. From May 1919 through March 1920 inflationary
pressures led to the resumption of gold outtlows (see Wicker 1966). Then as gold re-
serves approached minimum requirements, the Fed increased the discount rate in
January 1920 to 6 percent. Gold inflows followed and in June 1920 the full gold
standard was resumed. until 1933 when the United States went olf the gold standard.

Although it appears quite plausible that the establishment of a new institution such
as the Federal Reserve at the end ol 1914 could have had a strong and immediate ef-
fect on market conditions in the United States. it seems very unlikely that the intro-
duction of the Fed would have been the catalyst for structural change around the
world, Clark (1986) proposes that the structural change in interest rate behavior also
took place in European countries where central banks had already been in operation
for many years. For example, the Bank of England was established in 1694, Barsky
et al. (1988} also find a change in the hehavior of UK. interest rates around the same
time as their postulated change in the behavior of U.S. interest rates. and while they
acknowledge that the U.S. economy was not sutticiently dominant to have altered
worldwide interest rates, they argue against Clark (1986) that it was the dissolution

3. Fishe and Wohar (19907 alse find a break in 1912 when emploving a six-inonth interest rale, casting
doubt on the MMW hypothesis that the Fed was the primary contributing tactor causing the stochastic be-
havior of interest rales to change.
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of the gold standard that cavsed this change. They present a theoretical model to sup-
port their argument that the founding of the Fed was the ultimate cause of the workd-
wide change in interest rate behavior because it “marked the beginning of a new era
in which all major countries had a central bank ™

Barro (1989} and Kool (1995) suggest a more altractive explanation tor the struc-
tural change in U.S. and UK. interest rates, as reflecting the beginning of interest
rate targeting. Barro (1989) attributes the regime change in the United States to the
fact that the central bank had an objective of smoothing interest rates around a ran-
dom walk target to stabilize the economy at some point following the founding of the
Fed. It has been argued by Kool (1995) that interest rate targeting in the United
States and the United Kingdom began at different times, albeit for the same reason,
namely, the financing of military spending through government borrowing at low in-
terest rales. Kool (1995) tinds structural breaks in 1915 for the United Kingdom and
1917 for the United States.

2 TESTING TOR A TRANSITION FROM 101 TO 1IN US, AND UK. INTEREST RATTS

Many of the above cited studies suggest reasonable arguments for a structural
break occurring in U.S. interest rates sometime during 1917, rather than 1914, Qur
subsequent empirical analysis will examine this issue. The duta for our empirical
analysis are taken from the set used by Barsky et al. (1988) and Mankiw. Miron, and
Weil (1987). The U.S. data serics consists of 529 monthly observations on the threc-
month time loan rate available a1 New York City banks, taken from the National
Monetary Commission Financiul Review, updated using the Comnercial and Finan-
cial Chronicle. The UK. series consists of 529 monthly obscrvations on the three-
month rate on bankers” bills available in London and taken from the fconomist. This
s the open market rate of bankers® bills, not to be confused with the Bank of Eng-
land’s discount rate, known as the hank rate. Fishe and Wohar (1990), among others,
question the reliability of this data serics and note 2 number of problems with the
U.S. monthly data set. We therefore follow their strategy of analyzing primarily
weekly data for the United States, a serics of 1,305 observations beginning in 1909.
For completeness, we also report findings [or monthly data as well,”

Consider a time series of interest rates modeled as

Yoo ST+ By, b BaSivTy, ) 4 g, ()

where ¢, are independent. identically distributed (10) deviates, und S,7.7) is the lo-
gistic function based on a sample of size T,

4. Barsky etal. 198K, puage 1125,
3. For more details on these interest rate series see. Mankiw, Miron. and Wil (TO87). Barsky et al.
CT9BR). and Fishe and Wohar ¢ 1990,
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ST = [+ exp(—yr—7Til 5 vy >0

that monotonically traverses the interval (0.1). Equation (1) represents a model that
allows a smooth transition in v, from one first-order autoregression. as 1 —» —eo,

o= o+ By TE
to another, as { — <o,
o=y o) BBy, e

The interpretation of the parameters of ${y.T) is as follows. The parameter T deter-
mines the timing of the transition midpoint fraction because, for y > 0, we have
S0 =0,85, .01y = 1, and S, (v.7) = (.5. The speed of the transition is then de-
termined by the parameter v. I v is small. then S{v,T} takes a long period of time to
traverse the interval (0,1), and in the limiting case with y = 0, S{y.1) = 0.5 for all ¢,
On the other hand, for large values of vy, §,(y.1) traverses the interval (0,1} very
rapidly, and as y approaches oo this function changes value from 0 to 1 instanta-
neously at time ¢ = 17, Thus the mode] allows for no transitton, instantancous tran-
sition, and all smooth intermediate cases. Models of this type have been discussed by
Granger and Terasvirta (1993) and Lin and Terasivirta (1994). though the test for
transition from I(0) to I{1), developed in this section, is new,

In the first-order autoregressive framework of (1), if the final state is difference-
stationarity. about which there seems little dispute in the literature, then B, + 3, = 1.
This constraint will be imposed in our subsequent analysis. Level stationarity in the
initial state implies |B,|<< 1. Assuming B, + B~ = [, then () can be rewritten as

(-\‘r - Sr(’Y*T).Vr—I} = 0!1 + (XZS:(Y!U + Bl(.\'.' -1 SJ(Y*TJ.\'r-- l) + E! . (2)

To test the null hypathesis that v, is i(1) throughout against a transition in y, from [(0)
to 1(1) with drift, the relevant hypotheses are

Hy: By = LH P <.

As there is little reason to suspect long-term drift in the later, difference stationary,
period, we also consider the same test, but constraining the drift to be zero, that is,
for a transition from a stationary first-order autoregression with nonzero mean (o a
random walk with no drift. In this case o, + o, = (} so that model {2) becomes

(v — S;(Y1T)_)’,_|) = 0{1(1_Sr('YsT)) + 61(,"‘, 1 S;(YI).T; )t E (3
The null and alternative hypotheses involving 3, are as above.

The appropriate test of H,, versus H| in both models is based on the t-statistic for
testing 3, = 1. that is,
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B

! —=
se(B))

where 3 is the (nonlinear) least squares cstimator of By in {2) or (3). Te obtain criti-
cal values for these lest statistics. we simututed under the null hypothesis from the
random walk model

with €, generated as /1) N(O.1). Models (2) and (3) were fitted 1o this process hy
nonlinear [cast squares (NLS), care being taken o ensure that global rather than tocad
minima were found through the use of a grid of starting values for T. Because mod-
els (2y and (3) are lincar in the o and P parameters, when estimating, following Ley-
bourne, Newbold and Vougas (1998). we are uble to speed up the convergence of the
optimization algorithm by concentrating the sum of squares tunction with respect to
these parameters. Thus the NLS estimation problem reduces to minimizing the sum
ol squares function with respect to the two parsmeters ¥ and 1. Given the greater
volatitity in the carly part of these interest rale series compared to the posthreak
years, particutarly for the United States. we also simulated critical values assuming
heteroskedasticity under the null hypothesis. Specifically these eritical values were
simulated under the null hypothesis from random walk serics of 1.305 abservations,
with variance of g, in the first 34 percent of the sample three times that in the inal 66
percent of the sample. (Our analysis suggests that for the U.S. weekly series the most
fikely abrupt break is 34 percent of the way through, with residual variances approx-
imately of ratio 3: 1.3 Of course, these critical values are only direetly relevant for the
model estimated for these duta. so in Table 1 we present both sets ol eritical values at
the (.10, 0.05, and 0.01 significance levels for both the tests (unconstrained drift and
drift constrained 1o zero). caleulated from five thogsand I‘C])licalinns.h

When calculating the test statistics Tor each interest rate series, rather than work-
ing with the raw data, we corrected tor any potential dynamic misspecification in the
model (2) or (3) by application of un awtoregressive lijter 1o the data prior to the
maodeling. The filter we used imvolved first estimating by ordinary least squares the
auloregression

i - -
Av, =0+ Y oAy, +&

i1

I

0. For the NLS estination here and throughout our analysis we employed the GPTMUM subroatine
library ol GALISS 3.1, The eritical values are viruaily identical Tor series of 322 monthly and {303
weekly observations. We also sinalated innovations from a heavy-taibed distribunion, Student's ¢ with 8
degrees of frecdom. This had o neghgible impact on the eritical values. Subsequently we allewed Tor
dynamics by introducing ugs. We found that this elaboration of the test has only a modest impuct on the
critical values.
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f
We then defined v, = Y €, as our series to be modeled and esti mated the models
fr=1

{2y and (3) using the filtered data y, in place of yf.7 Treating the autocorrelation dy-
namics in this way ensures that the asymptotic null distribution ol the test statistic is
unchanged. Moreover. since nuisance parameters are casily eliminated through ordi-
nary least squares estimation of the autoregression in first differences, only modest
additional computation is involved in simulations, through which we were able to
verify that the critical values of Table 1 remain appropriate for sample sizes of inter-
est. Table 2 provides the calculated test statistics and estimated parameters for each
transition muxdel.

Comparing Table 2 with Table |, for monthly U.S. short-term nominal intcrest
rates over the period 1890:1 to 1934:1, using the critical values simulated under the
assumption of heteroskedastic error terms, we can reject the null of no transition
from 1(0) to L(1) for all of our models at the 5 percent level of significance. This is s0
irrespective of whether or not we incorporate dummy variables in the model for
points of data irrcgularity.x Even stronger rejections are obtained, at the 1 percent
significance level, when U.S. weekly data beginning in 1909 are used. Note, how-
ever. that irrespective of which critical values are used. for UK. monthly short-term
nominal interest rates over the period 1890:1 to 1934:1, uncquivocally we cannot re-
ject the 1(1) null hypothesis. Thus, we find. along with previous authors, very strong
evidence of transition from level stationarity to difference stationarity for the United
States. However, evidence for such a transition in the UK. interest rate series s not
significant, even at the 10 percent level, so that our analysis fails to reveal strong

7. For the U.S. weekly, U8, monthly, and the UK. monthly serics, using the general to specific test-
ing methodology at the 10 percent level of significance we identified & = 5.4 = 20, and k& = 24, respec-
tively. For the U.S. menthly series we also considered the possibilily of claborating our model by
incorporating 01 dummy variables for the months 1907:11, 1907:12, and 1908:1, which were severely
alfected by the financial crash of 1907, Like Fishe and Wohar (19903 and Fishe (1991) we find that seu-
sonal dommy variables tuking the same value across the sample have no impact on the location or speed
of the structural breaks found using our models. For this reason we present results excluding seasonal
dummies, We also experimented with scasonal dummy variables that look dilTerent values in the carly and
lale periods, in the manner of Mankiw, Miron. and Weil (19473, However this methodology involves an
arhitrary decision as to what subsamples should be used to calculate the dummy variables, and none of
these Lypes of models offer an increase in explanatory power over madels excluding seasonal dummy
variables but including additional statistically significant dynamics.

8. For caleulation of the test statistic with U.S. monthly data. the relevant transition models were esti-
mated with dummy variables included Tor observations i907:11, 1907:12, and 1908:1, these observations
being severely affected by the financial crash of 1907, It is widely acknowledged thut some of the U.S.
monthly data is subject o being contaminated with measurement rror. For certain months in the years
1903, T907. 1910, and 1918, usury laws imposed a ceiling on the reported inlerest rates meaning that the
rates reported in these years were not the true market clearing interest rates. While wy report results in-
chuding only dummy variables for observations 1907:11, 1907:12, und 19081, incorporating dummy vari-
ables into our models for observaiions with measurement error did not alter the timing of the cstimated
trapsition. or the general conclusions of statistical support for a brezk of this type in the U.S. serics or the
finding of no such break in the UK. series. This is consistent with Mankiw, Miron, and Weil {1990} whe.
in their response to Fishe and Woehar (1990). include dummy variables to account for suspect dates, and
find Title change i their break point. Muskiw, Miron, and Weil {1990) write, “There is no evidence that
any of the results we reported are atiributuble o measurement crror” (p. 978). Sev Fishe and Wohar (1990}
for more details on the issue of measurement error in these series.
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TABLE 1
S ArED CRUNICAL VALUES FOR STRUCTURAYL Ciianet Tis

Signthiciney leved ! [ATRTY i LI VPP
I percent -4.103 4.143 -5.494 -4.907
3 percent 3777 - 3ol 4.622 —4.376
10} pereent 3748 3301 4.508 4128

Nuores: rdenates simukiied large sample eriticad salies of the test statistivs asswming ander the nal] by pothesis that ereor terns are 0 stan-
dard newmad, @) denotes stoulated Bargee sample coitesl values ol the test stitistios, assaming under the null hypothesis that error termes are
normally distributed with varioee inbe fiest A4 pereent of the sample thiee times that io e Tl 66 pereest of the saople.

TABLE 2
ESTIMATED PARAMETERS AND CALCULATED £ T18] FOR STRUCTURAL CHANGE

Mol " '] i3 7 I3 r

United States, [890:1 1934:1, (1) - 371 342 BUS 1.60 597 - BROkHE
LIS3y L4 (022 1.353)  (.054)

United States, [890:1 - 1934:1, (1) - 372 A72 RLA 14,68 570 ER LR

o, t =10 (. 135} (22 38 048

Lnited States, 1890119341 1) 370 344 KO3 1.60 A7 — 4,648 F*

Dumimics L 16T) (. 166) (023 LARE) (050

Uinited States, 189001 - 19341, 1) 370 30 BU2 1468 570 —d.0untE

Dummmes, o) + o, = 4 144y (423 (358) 048

Uhmited States, 19091 193411, 1w 073 - 76 31 51.97 L339 —3.410¢
(.068) (.040) [RVRICH] 1393) (038

Umited States. 19091 193400, tw 073 073 931 27.61 339 -5.409*

o) oy s ) (067 (013) (359 (038)

United Kingdom. 1890:1-1934:1, (m) ~.154 433 49 19.26 578 --3.272
{.078) (.076) (OO (1263 (477

United Kingdom, 1890:1-1934:1. (m) 154 54 49 3064 S8 —3.273

o 4o, =0 (078 COlB)Y (19945 (477

Nevtbs: fng aml ¢w i cdenote ponthly and weekly ohaervitions respectively, “Durmntics” refers o the melusion o dummy variables Tor the
months TOOF T 19071 2 and 1908175 and ™ demste sagnificance at the S pereentand | pergent beyeds, respctively, Standard errors aie in
parentheses,

evidence against the proposition that UK. interest rates were difference stationary
. . 4
over the entire period.

3 LESTIMATING THE STRUCTURAL CHANGE IN 1.5, SHORT-TERM NOMINAL INTEREST
RATES

In section 2 our tests fail 1o find strong support {or the hypothesis that a structural
change from I{0) to 1¢1y occurred at alt in UK. interest rates over the period

9. An additional check on the validity of our findings tor the UKL series was carried oul by estimating
our models with the exponent in the logistc function reversed. En this case our restriction §, 1 B, 1
forces the model 1o be 101) at the start of the series and our standard test becomes one of the null hypoth-
esis that the madel remains at [0 against an alternative hypothesis that st some point there is a transition
to (). Thix variant revealed no additional statistical evidence against the 101 null hypothesis tor the UK.
series.



244 MONEY. CREDIT. AND BANKING

1890:1-1934: 1. In this section of our empirical analysis we concentrate on the U.S.
series. Here and in the following section, we report results on U.S. weckly data, be-
ginning in 1909. In fact, very similar results were found for U.S. monthly data over
the period 1890:1-1934:1. A detailed analysis of this maonthly series is given by Sol-
lis (1999).

To determine the timing and speed at which the structural change in U.S. short-
term nominal interest rates occurred, we used the approach outlined in section 2, es-
timating models with and without any constraints on the drift o, + o, in (1) and (2).
The model specifications are

&
(v, = S,00. Ty, ) =0 0S5 (LD By, — STy, )t Y 8Ay,  te (4

i1

for unconstrained drift, and for drift constrained to be 0,

A
(yp _S,(Y,‘E)"..‘,,,ﬂ :al(] 7S1(’Yv't))+ Bl(u\'}r- 1 SI(IY‘T)-VI- I)+ Zer'&-"!"f +Ef (S)

i=1

with, as in the previous section, k = 5 in both models. In each cuse, then, the con-
straint B, + B, = | is imposed on (1), in line with the evidence of the previous sec-
tion of a transition from {0 to 1(1}. Equations (4) and (5) provide a slightly different
approach here, where the emphasis is on estimation rather than testing (as was the
case in section 2), to the incorporation of dynamics into (2) and (3). For the present
purposes, it is convenient to express the model to be estimated as a single equation,
using the raw, rather than the transformed. data. The results obtained in this section
are, as we shall see, entirely compatible with those of the previous section.

Figure | shows the estimated transition, from a nonlinear lcast squares fit for the
constrained drift model. [Virtually identical results were obtained for the uncon-
strained model (4)]. The estimated transition is virtually instantaneous, gccurring in
June 1917. As reported in Sollis (1999) a similar analysis of monthly data from
1890:1-1934:1 also generates a best estimate of an almost instantaneous transition
in June 1917. The only apparent diffcrence of substance between results for the two
data sets is that while Sollis reports an estimate of (.74 for the dominant autoregres-
sive parameter in the pretransition period. as can be seen from Figure 1 the corre-
sponding value for the higher frequency data is 0.93. Becausc 0.93% = 0.75, these
estimates from weckly and monthly data are certainly not incompatible. While our
results for weekly data and for monthiy data covering a longer time period are in
agreement, they differ from those of Mankiw, Miron, and Weil (1987), who also used
a logistic switching model, estimaling a transition, using monthly data, that is essen-
tially completed between December 1914 and June 1915. We can achieve the same
results for those data by dropping the dynamics—that is, the terms in lagged first dif-
ferences in (4). Tt is the inclusion of these terms, then, that accounts for the differ-
ences in our point estimates and those of Mankiw, Miron, and Weil. However, it must
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be stressed that the analysis of this section does not statistically exclude an earlier
transition as a possibility.

The estimated transitions reported in this section are nonlinear least squares peint
estimates. In Figure 1 we report as our best estimalte a very rapid transition in mid-
917, However, as yet we have not attached uncertainty measures o this estimate,
which does not. for exampic, exctude on statistical grounds the possibility of an ear-
lier or less rapid transition, This issue is explored in the following section,

4. A GRID SEARCH ANALYSIS OF POTENTIAL PARAMETER TRANSITIONS

In our final empirical section we make a more detailed comparison of the U.S. and
U.K. interest rale serics. from the perspective of estimating parameter transitions 10
capture potential structural changes from KHO) 1o 1(1). Specitically, we fit transition
madels 1o both series and determine the set of purameter vajues (v.1)—that is, specd
of transition and transition midpoint—that cannot be excluded by likelihood ratio
tests. Here we report resuits for the ULS. weekly series beginning in 1909.'Y {n see-
tion 2 we noted the lack of strong evidence of any such transition tor the U K. series.
Nevertheless. fatlure to reject a null hypothesis (of no transition) does not necessar-
ily constitute strong evidence in favor of that hypothesis, so a transition model is es-
timated for the UK. data. I section 3 we noted that our best estimate for the U.S.

10, However. Soellis (1999) linds comparable conclustons for the 1.8, monthly series over the whole

period [1890- 1934, In particular, the sharp distinction in inference about the U.S. and UK. interest rate
time series that will be reported in this section holds, whichever of the two ULS. series is analyzed.
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series is a very rapid transition in June 1917, but it is important to assess what other
possibilities cannot be excluded on statistical grounds.

Working with our most general model, given by equation (2), we augment to ex-
plicitly take account of higher-order autocorrelations giving model (4), which is then
estimated by nonlinear lcast squares. As before, in that model we set k =5 for the
U.S. weekly series and k = 24 for the U.K. monthly serics. Then for each series we
calculate the sum of squared crrors {SSE) over a grid allowing ¥ to runge from 003 10
5 in steps of .005 and T from .1 to .9 in steps of .01, minimizing SSE. or equivalently
maximizing the Gaussian likelihood, for the remaining parameters in the model at
each point on the grid. Note that increasing the range of y beyond 5 leads to no infor-
mation gain because at this stage the transition is already virtually mstantaneous.

Defining the natural log of the likelihood function at the global maximum over
(,7) as L,(y,,7,) and the log of the maximized likelihood function at any other point
(Y4 To) as Ly Ty), then at each point in our grid scarch we obtain a different L, for
cach different v.T combination. Assuming that { = 2(L; — L) has a chi-squared dis-
tribution with 2 degrees of [reedom under {(7.T) = (Y,,Tp). the set of all 7.7 combina-
tions that cannot be rejected at the 5 percent significance level can be obtained by
locating the .7 values such that [ <2 5.99. These sets are graphed as Figure 2, with
the dashed and solid lines indicating the computed sets for the U.K. and U.S. series,
respectively. Rather than graph the transition speed y (that has little intuitive inter-
pretation) against T, we convert ¥ into the approximate time that it takes for 90 per-
cent of the transition process (o be completed (45 percent either side of the midpoint
7). using for monthly (wecekly) data the approximate conversion formula 90 percent
transition in months (weeks) = (6/y). This approximation appears to work well over
the range of values considered here."

Fromn Figure 2. for the U.S. short term nominal interest rate, the acceptable transi-
tion midpoints T range from October 1914 to January 1918, while in terms of the
transition speed, we can accept speeds from instantancous o 7.7 years for 90 percent
of the transition to be completed. Yet it can be scen on the same graph that for the
United Kingdom we can accept midpoints earlier than 1909, and either very fast
transitions or extremely slow transitions with 90 percent of the transition taking one
hundred years. This huge range of acceptable parameter combinations for the United
Kingdom is compatible with the analysis of section 2. that suggested only weak evi-
dence for any transition in this series.

As an aid to interpreting Figure 2, in Figures 3 and 4 we plot the estimated beta
transition (131 <1 to 1) that maximizes the likelihood function, and for comparison
the transition of [3, <1 to | that is consistent with a ¥ at the highest point of the ac-

I'\. For example with our monthly data, when ¢ = .25, 90 percent complelion occurs in two years
{twenty-four months), when y = 5. 90 percent completion occurs in 1 month. Our formula gives that for
these v values, 90 percent of completion occurred in 24 months and [.2 months, respectively. Of course |
we allow in these calculations for the higher frequency of the U.S. data, und report for comparability num-
ber of years for 90 percent cumpletion of transition. To verify that our model was appropriate over the
whole sample span, we calculated residual autocorrelations for the periods before and after our besl esti-
males of the transition midpoints. These were small. giving ao evidence of serious misspecification of the
model for the complete data sets.
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maximizes the likelihood function. From Figure 3, it can be seen that the transition
that generates the maximum value of the likelihood function for the U.S. series is
virtually instantaneous, starting from June 1917. Alternatively the bulk of the transi-
tion consistent with ay from the edge of the acceptable ¥,7 set but with the same mid-
point (the slowes! ransition we can accept), takes place between 1914 and 1921.

As shown in Figure 4, for the United Kingdom, the transition that maximizes the
value of the likelihood function again occurs quickly, in this case in June 1915. The
ﬂoweﬂtmnﬂﬁm1wccamuﬁr@em(wﬂhﬂwsamenﬁdmﬁm)mshnmyunupwaM—
sloping line that in fact starts from .88 in 1890, reaches 91 by 1909, and .96 by the
{inal obscrvation. It can he seen that for the U.K. series we cannot reject an ex-
UmndysbwlmnmmwnhmismnﬂMycompkmdwﬁhnﬂwsmnm&

Clearly in terms of estimating structural change in the form of parameter transi-
tions, the U.S. and U.K. short-term interest rate series are fundamentally different.
While at the 5 percent level of significance for the U.S. we cannot reject parameter
transitions with midpoints between 1914:10 and 1918:1, this period being a good
candidate for a “transitional period” in terms of the historical evidence discussed tn
the introduction, transitions that are extremely slow can be rejected. For the United
Kingdom at the 5 percent level of significance there is a much wider range of mid-
points that cannot be rejected and in terms of transitional speed we cunnot reject the
slowest feasible transition, or the fastest. Thus for the U.K. series if a transition is es-
timated in spite of the test outcomes of section 2, then our statistically acceptable re-
sults tell us almost any type of break might have occurred—we cannot find strong
support for any specific type of break, and the hypothesis of no break is in this sensc
further supported.
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5 CONCLUSION

In this paper we have presented evidence on three important empirical issues re-
garding structural changes from 103 o (1) in U.S. and U.K. short-terim nominal in-
terest rates over the pertod 1890:1 to 1934:1. Those issues are as tollows: whether
structural breaks in these series do oceurs if structural breaks do oceur then when do
they most likely take place and how quickly are they completed; and finally what
types of breaks cannot be statistically rejected for cach serics. Given (uestions about
data reliability in the carly years. we report an analysis of weekly ULS. data begin-
ning in 1909. The fact that similar conclusions emerge from analyses of the U.S.
monthly series and a higher frequency serics covering a shorter time span strength-
ens the credibility of our results. Developing a new testing procedure Tor a transition
from an 1(0) to an i{ 1) process, we lind that we can unequivocally reject the null hy-
pothesis that the U.S. inferest rate series is [(1) throughout the sample period in fuvor
of the hypothesis thut a structural change from 10 to 1{1) occurred. For the UK. se-
ries we cannot reject the 1(1) null hypothesis, even at the 10 percent level of signifi-
cance, Qur results tndicate that our best estimate is that a rapid structural change
from [(0} to I{1} occurred in U.S. nominal interest rates in mid-1917.

While we find a ditferent date for the most likely structural break in U.S. interest
rates 10 Mankiw, Miron, and Weil (19875 und therelore find little support for their
conclusion that it was the founding of the Federal Reserve System in 1914 (hat
caused the transition from O} to I(1), historical evidence sugeests that the Fed did
play a part in the structural change. In June 1917 financial amendments were passed
by President Wilson which not only helped (o finance the purticipation of the United
States in World War 1. but also greatly increascd the flexibility of the Federal Re-
serve. The Amendments allowed the Fed. through the district banks, 10 operate a
more flexible monctary policy. This monctary policy was much more likely 1o have
had the effect of causing a structural change in the stochastic behavior of short-term
nominal interest rates of the type observed than anything that happened prior (o the
Amendments ol 19171

Our results indicate that for the United Kingdom we fail o find strong evidence
supporting any particular type of structural change, or indeed of any change at all. In
fact our results indicate that we cannot reject the proposition that UK. interest rates
are difference stationary over the entire period 1890—1934. There appeurs to be good
ceonamic justification for this finding. While the United Kingdom was still on the
gold standard in the carly 1900s, Goodfriend (1988) has shown that a central bank
can smooth interest rates even under a gold standard, Hence. the Bank of England
could well have been smoothing interest rates prior o the founding of the Federal
Reserve in 1914, resulting in the difference-stationary behavior of the U.K. interest
rate serics.

12, Tor w more detailed discussion of these Amendments. see Fishe (1991 5,
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[n conclusion, we cannot support Mankiw, Miron, and Weil (1987} in their argu-
ment that the founding of the Fed alone represented a new economic regime, or the
proposition of Barsky et al. (1988) that in some way the Fed caused a structural break
in U.K. interest rates. There is strong historical evidence in the form of the 1917 Fi-
nancial Amendments to support our econometric evidence that a structural break in
U.S. short-term nominal interest rates most likely took place in June 1917, At this
date the power ol the Federal Reserve System was increased sufficiently to allow
them to operate a successful interest rate—smoothing policy. The new regime might
reasonably be dated trom this point in the United States, though, as might be ex-
pected, no similar evidence for such a rapid impact on U.K. interest rates is apparent.
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