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Abstract
This paper presents econometric evidence on whether the founding of the Federd Reservein
1914 caused a gtructura change from level - sationarity to difference-gtationarity in U.S. and
U.K. short-term nomina interest rates. We develop new econometric tests that dlow for
parameter trangtions to test for a bresk of this kind and undertake a grid search andysis of
dates and speeds for the change. We find that U.S. nomina interest rates most likely evolved
rapidly to difference-gtationarity in June 1917. For the U K. we fail to rgect the null that U.K.
interest rate series follow a difference gationary process over the entire period 1890-1934.
Our andysis differs from previous research on this topic in that we take care to explore
datistical uncertainty around parameter estimates, and incorporate higher order dynamics into
our econometric analysis.
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U.S. AND U.K. INTEREST RATES 1890 - 1934: NEW EVIDENCE
ON STRUCTURAL BREAKS

The period 1890-1933 was a tumultuous time in financid marketsin both the U.S. and the
U.K.. The U.S, the UK., and other European countries suffered through World War 1,
underwent changes in monetary indtitutions (with the founding of the Federd Reserve System
inthe U.S.), and changesin monetary policy regimes and objectives (e.g. the suspension of the
gold standard). Monetary economists have empiricaly investigated the effect of such changes
on the data generating process describing nomina interest rate movements. A body of
empiricd literature has invesigated the changing stochastic behavior of short-term nomina
interest rates during the period 1890-1933 in the U.S. as well asin the U.K.. This literature
has concluded that during the period 1890-1910 short-term nomina interest rates in both the
U.S. and the U.K. followed stationary, 1(0), processes, whereas for the period 1920-1933,
these interest rates had become nongtationary, 1(1), processes. The exact time (or date) at
which the structurd change from dationary to nondationary behavior took place, and the
causes of the structura change in the data generating process describing nomina interest rates,
has been an area of controversy. The most notable statement has been the argument, made by
Mankiw, Miron, and Well (1987) that the founding of the Federd Reserve Systeminthe U.S.
in 1914 was a catalyst for the structura change in U.S. interest rate behavior. Expanding on
this, Barsky, Miron, and Welil (1988) have argued that the Federal Reserve also caused a
gructurd bresk in the time series behavior of interest rates in the UK. Subsequent empirical
research (focusing primarily on the U.S), questioning previous works on various grounds,
have argued againg the 1914 breek point for U.S. interest rates, finding other break point
dates. While little research has been done re-examining the stochastic behavior of U.K.
interest rates, there is reason to suspect a structurd break in U.K. short-term nomind interest
raes. Congder, for example, the evidence that Barsky, Mankiw, Miron and Well (1988)
present on the autocorrelations of each series (their Table I). For the U.S. monthly series, the
autocorrelaions for the first sub-period (1890-1910) damp quickly relative to those for the
second sub-period (1920-1933). For the U.K. seriesthere are significantly stronger and more
persstent autocorreations in the first sub-period. Indeed, Barsky, Mankiw, Miron, and Wall



(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 fall to investigate the issue
any further. In this paper we provide amore detailed investigation of the above issues.

The purpose of this paper is to present new econometric evidence on the hypothesis of a
structural break in the stochastic processes generating both U.S. and U K. short-term nominal
interest rates between 1890:1 and 1934:1. Throughout our andyss we Utilize the logigtic
function to modd the Structura bresk as a trangtion from an 1(0) to an 1(1) process. This
permits scope in assessing the speed as well as the timing of any trangtion. Section 1 presents
a brief review of the literature in this area. Our Setigtical analyss follows and has three main
sections. In Section 2 we develop new procedures for testing for a structura break from 1(0)
to 1(1) and apply them to U.S. and U.K. short-term nomind interest rates. In Section 3 we
concentrate on dating the structural break in the U.S. series. In Section 4 we use grid search
techniques to illugtrate a fundamenta difference between the U.S. and U.K. series regarding
what types of trandtions (in terms of specific dates and speeds) cannot be rgected by
likelihood retio tests. Section 5 concludes the paper.

Our results indicate thet, with a fully specified dynamic modd, a rapid structurd bresk
from 1(0) to I(1) most likely occurred in U.S. nomind interest rates in June 1917. In contrat,
for the U.K. wefall to find strong evidence supporting any particular type of structural change,
or of any change a dl. In fact, we find no evidence againg the propostion that the U.K.
interest rate series were difference stationary over the entire period 1890-1934. One possible
explandtion for this is the interest rate smoothing behavior of the Bank of England during this
period documented by Goodfriend (1988). Our results indicate that we cannot support the
Mankiw, Miron, and Weil (1987) argument that the founding of the Federa Reserve System
aone represented a new regime, or the proposition of Barsky, Mankiw, Miron, and Well

(1988) who argue that the Fed in some way caused a structural break in U.K. interest rates.

1. Literature Review

It has been proposed that monthly U.S. short-term nomind interest rates underwent a
dructurd bresk from being level-gtationary, 1(0), with a dominant first-order autoregressve
root of about .75, to approximately difference-gtationary, 1(1), sometime between the end of



1914 and the middle of 1915; see for example Mankiw, Miron, and Well (1987), and Barsky,
Mankiw, Miron, and Well (1988). Mankiw, Miron and Well (1987) argue that the change in
the stochastic behavior of interest rates was a result of the founding of the Federd Reserve
System in 1914 and itsimplementation of interest rate smoothing policies? While agresing that
a change in the stochastic behavior of U.S. interest rates took place at some time between
1910 and 1920, severd authors have questioned the date; see for example Fishe and Wohar
(1990), Fishe (1991), Angdini (1994), and Kool (1995). Fishe and Wohar (1990) find a
structura bresk in either early 1915 (supporting the Mankiw, Miron and Weil (1987) results)
or in 1912, depending on whether they examine three-month or sx-month interest rates. Fishe
(1991) employed weekly data for the U.S,, dlowing for multiple structura bresks over the
sample 1890 to 1933. Bresk points were reported in January 1908 (a period just following
the October 1907 financid crigs), in June 1917 (a date associated with Federal Reserve
Amendments that significantly increased the Fed's operating capability), and in January 1930.
Kool (1995) employs a recursve method based on Bayesan learning and argues that the
results of previous switching regresson techniques atempting to date the structural change in
interest rates are not robust. His estimation method yields a switch to nongtationarity in late
1917. Angdlini re-examines the work of Mankiw, Miron and Well (1987) and Fishe and
Wohar (1990) and concludes that their results are not robust to sample periods and that there
is no evidence of structurd changein 1914.

While the mgority of authors believe that when the structural change in U.S. interest rates
did occur, it occurred quite rapidly (for example Mankiw, Miron and Well (1987) found it
highly probable that the structurd break in U.S. interest rates took less than a year to be fully
complete), other arguments have been proposed regarding the speed of the adjustment to a
new regime following the founding of the Fed. Willis (1923) and Wicker (1966) note that the
Fed was not very active in its early years, with most of its efforts during the years 1914-1916
being focused on internd organization. After this initid period however the Fed was adle to
concentrate more resources on ther interest rate policy that consequently affected the
stochastic behaviour of interest rates. Riefler (1930) and Kool (1995) point out that the Fed
did not provide large amounts of liquidity to the economy until after 1917 when war financing

became an important concern.



In addition to questions over the timing and speed of the structural change, various
dternaive arguments have also been presented to explain the reason for the structurd change.
For example while Fishe and Wohar (1990) support Mankiw, Miron and Weil (1987) and
Barsky, Mankiw, Miron and Waeil (1988) with respect to the behavior 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. Moreover, Angdini (1994) notes that during World War |
the New York money market was strongly subjected to the regulation and control of the
Money Market Committee. Further, throughout this period mgor reforms were passed, that
according to some writers of the time greetly 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 aworldwide phenomenon, resulting from the suspension of the gold standard, beginning in
1914 and ending by September 1917. The World War | suspension of the gold standard was
not abrupt, but piecemed. While the war forced most of the European nations off the gold
dandard, in the U.S. it was nomindly maintained and it was not until September 1917 that the
government began to congtrain gold exports in an effort to restrict gold outflows. From May
1919 through March 1920 inflationary pressures led to the resumption of gold outflows (see
Wicker (1966)). Then as gold reserves 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 U.S. went off the gold standard.

Although it gppears quite plausible that the establishment of a new ingtitution such as the
Federad Reserve at the end of 1914 could have had a strong and immediate effect on market
conditionsin the U.S,, it seems very unlikely that the introduction of the Fed would have been
the catalyst for structura change around the world. Clark (1986) proposes that the structural
change in interest rate behavior aso took place in European countries where centra banks had
aready been in operation for many years. For example, the Bank of England was established
in 1694. Barsky, Mankiw, Miron and Well (1988) dso find a change in the behavior of U.K.
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 sufficiently dominant to



have dtered worldwide interest rates, they argue againgt Clark (1986) that it was the
dissolution of the gold standard that caused this change. They present a theoretical mode to
support their argument that the founding of the Fed was the ultimate cause of the worldwide
change in interest rate behaviour because it “marked the beginning of a new erain which al
major countries had a central bank”*.

Barro (1989) and Kool (1995) suggest a more étractive explanation for the structural
change in U.S. and UK. interest rates, as reflecting the beginning of interest rate targeting.
Barro (1989) attributes the regime change in the U.S. to the fact that the central bank had an
objective of smoothing interest rates around a random walk target to stabilize the economy a
some point following the founding of the Fed. It has been argued by Kool (1995) that interest
rate targeting in the U.S. and the U.K. began at different times, abeit for the same reason,
namely the financing of military spending through government borrowing at low interest rates.
Kool (1995) finds structura breaksin 1915 for the U.K. and 1917 for the U.S..

2. Testing for atrangtion from 1(0) toI(1) in U.S. and U.K. interest rates

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. Our subsequent
empirica andysswill examinethisissue The datafor our empiricd andyds are taken from the
set used by Barsky, Mankiw, Miron and Weil (1988) and Mankiw, Miron and Weil (1987).
The U.S. data series consgts of 529 monthly observations on the three month time loan rate
avalable a New York City banks, taken from the National Monetary Commission Financial
Review, updated using the Commercial and Financial Chronicle. The U.K. series conssts
of 529 monthly observations on the three month rate on bankers' bills available in London and
taken from the Economist. This is the open market rate of bankers hills, not to be confused
with the Bank of England's discount rate, known as the bank rate. Fishe and Wohar (1990),
among others, question the reiability of this data series and note a number of problems with
the U.S. monthly data set. We therefore follow their drategy of andysing primarily weekly
datafor the U.S,; aseries of 1305 observations beginning in 1909. For completeness, we also
report findings for monthly dataaswell.”

Consider for atime series y, of interest rates modeled as



Y =a, +a,§(g.t)+by, , +b,S(@t)y., te @D
where e, are independent, identicaly distributed (I1D) deviates, and S (g,t) isthe logigic
function based onasampleof sze T,

S(gt)=[1+exp{-g(t- tT)}]"
that monotonicaly traverses the interva (0,1). Equation (1) represents a model that dlows a
smooth trangtionin y, from one first-order autoregresson, as t® - ¥,

yo=a,+by. +e
to another, as t® ¥,

y,=(a,+a,)+(b,+b,)y, ,+e .

The interpretetion of the parameters of S, (g,t) is asfollows. The parameter t determines
the timing of the trandtion midpoint fraction because, for g>0, we have S, (g,t)=0,
S,(@t)=1and S,;(g,t) =05. The speed of the trangtion is then determined by the
parameter g. If g issmdl then S (g,t) takes along period of time to traverse the interval
(0,1), and in the limiting case with g=0, S (g,t) =05 for dl t. On the other hand, for
largevaluesof g, S (g,t) traversesthe interva (0,1) very rapidly, and as g approaches
+¥ this function changes vaue from 0 to 1 ingantaneoudy a time t =tT . Thus the modd
dlows for no trangtion, instantaneous trangition, and &l smooth intermediate cases. Models of
this type have been discussed by Granger and Terasvirta (1993) and Lin and Terasivirta
(1994), though the test for trangition from 1(0) to (1), developed in this section, is new.

In the firg-order autoregressve framework of (1), if the find dae is difference-
dationarity, about which there seems little dispute in the literature, then b, + b, =1. This
condraint will be imposad in our subsequent analysis. Leve-dationarity in the initid Sate
implies |bl| <1.Asuuming b, + b, =1, then (1) can be re-written as

(v, - S@t)y.)=a, +a,5(9.t) +b(y., - S(At)y.,)+e. )
To test the null hypothesisthet y, is (1) throughout againgt atrangtionin y, from [(0) to I(1)
with drift, the relevant hypotheses are,

H,:b, =1, H;:b,<l.

Asthereis little reason to suspect long term drift in the later, difference-gationary, period, we

a0 congder the same test, but congtraining the drift to be zero; thet is for a trangtion from a



dationary firg-order autoregresson with non-zero mean to a random wak with no drift. In this
case a, +a, =0 sothat modd (2) becomes
(v, - S@t)y.)=a,d- S(@t) +b.(y.,- S@t)y.,) +e. 3
The null and dterndtive hypotheseson b, are as before.
The appropriatetest of H, versus H, in both models is based on the t - Satistic for
tesing b, =1; that is,
_b,-1

t=—L
se(b,)

where 61 is the (nonlinear) lesst squares estimator of b, in (2) or (3). To obtain critical
vaues for these test datigtics, we Smulated under the null hypothesis from the random wak
model
Yi =Yt €

with e, generated as 11D N(0,1). Models (2) and (3) were fitted to this process by nonlinear
leest squares (NLS), care being taken to ensure that globa rather than local minima were
found through the use of agrid of sarting vauesfor t . Because models (2) and (3) are linear
inthe a and b paamees, when esimating, following Leybourne, Newbold, Vougas

(1998), we are aile to speed up the convergence of the optimization agorithm by
concentrating the sum of squares function with respect to these parameters. Thus the NLS
edimation problem reduces to minimizing the sum of squares function with respect to the two
parameters g and t . Given the greater voldtility in the early part of these interest rate series

compared to the post-break years, particularly for the U.S,, we aso smulated critical values
assuming heteroskedadticity under the null hypothesis. Specificdly these critical vaues were
samulated under the null hypothess from random wak series of 1305 observations, with
variance of e in the first 34% of the sample three times thet in the find 66% of the sample.

(Our andyss suggests that for the U.S. weekly series the most likely abrupt break is 34% of
the way through.) Of course these criticd vaues are only directly reevant for the mode
estimated for this data, hence in Table 1 we present both sets of critical vaues at the 0.10,
0.05 and 0.01 significance levels for both the tests (unconstrained drift and drift constrained to
zero), estimated from 5000 replications®



When cdculating the test satistics for each interest rate series, rather than working with
the raw data, we corrected for any potentid dynamic misspecification in the modd (2) or (3)
by application of an autoregressive filter to the data prior to the modeling. The filter we used
involved first estimating by ordinary least squares the autoregresson

Dy, =& + _éklfTDyt.i +é
We then defined yt* = ét‘ € asour series to be modeled and estimated the models (2) and
h=1

(3) udng the filtered deta yf in place of y,.” Treating the autocorrelation dynamics in this
way ensures that the asymptotic null digribution of the test Satidtic is unchanged. Moreover,
snce nuisance parameters are eadly diminated through ordinary leest squares estimation of the
autoregression in firg differences, only modest additiond computation is involved in
amulations, through which we were gble to verify that the critical values of Table 1 reman
appropriate for sample sizes of interest. Table 2 provides the caculated test statistics and
estimated parameters for each trangtion mode!.

Comparing Table 2 with Table 1, for monthly U.S. short term nomina interest rates over
the period 1890:1 to 1934:1, usng the critical vaues smulated under the assumption of
heteroskedastic error terms, we can regject the null of no trangtion from 1(0) to I(1) for &l of
our modds a the 5% level of sgnificance. This is so irrespective of whether or not we
incorporate dummy varisbles in the modd for points of data irregularity.® Even stronger
regjections are obtained, at the 1% sgnificance level, when U.S. weekly data beginning in 1909
are used. Note however that irrespective of which critical vaues are used, for U.K. monthly
short-term nomind interest rates over the period 1890:1 to 1934:1, unequivocdly we cannot
rgect the [(1) null hypothesis. Thus, we find, dong with previous authors, very strong evidence
of trangtion from level-ationarity to difference-gationarity for the U.S., however evidence for
such atrangtion in the U.K. interest rate seriesis not Sgnificant, even a the 10% leve. That is,
our andysisfalsto reved strong evidence againgt the proposition that U.K. interest rates were
difference stationary over the entire period.’

3. Estimating the structural changein U.S. short term nominal interest rates



In section 2 our tests fail to find strong support for the hypothes's that a structurd change
from 1(0) to (1) occurred at al in U.K. interest rates over the period 1890:1 - 1934:1. In this
section of our empiricad andlysis we concentrate on the U.S. series. Here and in the following
section, we report results on U.S. weekly data, beginning in 1909. In fact, very smilar results
were found for U.S. monthly data over the period 1890:1 - 1934:1. A detailed andysis of this
monthly seriesis givenin Sollis (1999).

To determine the timing and speed a which the structura change in U.S. short term
nomina interest rates occurred, we used the approach outlined in section 2, estimating models
with and without any condraints on the drift &, +a, in (1) and (2). The modd specifications
are,

(Y - S(@1)y.) =a+a8(gt) +h(y..- S@)Y..)

k
+aqby,, +& 4

for uncongtrained drift, and for drift constrained to be 0,
(Y - S(@t)y.) =a(1- S(gt)) +hb(y..- S@t)y..)

k
+aqDy,  +g ©)
i=1

with, as in the previous section, k=5 in both modds. In each case, then, the congraint
b, + b, =1 isimposed on (1), in line with the evidence of the previous section of atrangtion
from 1(0) to I(1). Equations (4) and (5) provide a dightly different approach here, where the
emphasisis 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 shal see, entirdy compatible with those of the
previous section.

Figure 1 shows the edimated trangtion, from a nonlinear leest squares fit for the
congrained drift modd. (Virtudly identica results were obtained for the unconstrained mode
(4)). The estimated trangition is virtualy ingtantaneous, occurring in June 1917. As reported in
Sollis (1999) a dmilar andyss of monthly data from 1890:1 - 1934:1 aso generates a best
edimate of an amog ingantaneous trangtion in June 1917. The only apparent difference of



substance between results for the two data sets is that while Sallis reports an estimate of 0.74
for the dominant autoregressive parameter in the pre-trandtion period, as can be seen from
Figure 1 the corresponding value for the higher frequency datais 0.93. Because 093* = 0.75,
these esimates are certainly not incompatible. While our results for weekly data and for
monthly data covering a longer time period are in agreement, they differ from those of
Mankiw, Miron and Weil (1987), who dso used a logistic switching modd, estimating a
trangtion, usng monthly data, that is essentidly completed between December 1914 and June
1915. We can achieve the same results for those data by dropping the dynamics - that is the
termsin lagged firg differencesin (4). It isthe inclusion of these terms, then, that accounts for
the differencesin our point estimates and those of Mankiw, Miron and Well. However, it must
be stressed that the analysis of this section does not gatigticaly exclude an earlier trangtion as
aposshility.

The edimated trangtions reported in this section are nonlinear leest squares point
estimates. In Figure 1 we report as our best estimate a very rapid trangtion in mid-1917.
However, as yet we have not attached uncertainty measures to this estimate, which does not
for example exclude on gatigica grounds the possibility of an earlier or less rapid trangtion.
Thisissueis explored in the following section.

4. A grid search analysis of potential parameter transitions.

In our final empirica section we make a more detailed comparison of the U.S. and U.K.
interest rate series, from the perspective of estimating parameter transitions to capture potentia
gructural changes from 1(0) to 1(1). Specificaly, we fit trangtion models to both series and
determine the set of parameter vaues (g,t) - that is, speed of trandtion and trangtion
midpoint - that cannot be excluded by likdlihood ratio tests. Here we report results for the
U.S. weskly series beginning in 1909.° In section 2 we noted the lack of strong evidence of
any such trangtion for the U.K. series. Neverthdess, failure to rgect a null hypothess (of no
trangtion) does not necessarily condtitute strong evidence in favour of that hypothess, so a
trangtion modd is estimated for the U.K. data. In section 3 we noted that our best estimate
for the U.S. series is a very rapid trangition in June 1917, but it is important to assess what
other possihilities cannot be excluded on statistical grounds.

10



Working with our most genera modd, given by equation (2), we augment to explicitly
take account of higher-order autocorrdations giving model (4), which is then estimated by
nonlinear least squares. As before, in that model we set k =5 for the U.S. weekly series and
k =24 for the U.K. monthly series. Then for each series we caculate the sum of squared
errors (SSE) over agrid dlowing g to range from .005to 5in stepsof .005and t from.1to
9 in geps of .01, minimizing SSE, or equivaently maximizing the Gaussan likdlihood, for the
remaning parameters in the modd at each point on the grid. Note that increasing the range of
g beyond 5 leads to no information gain because a this sage the trangtion is dready virtudly
instantaneous.
Defining the naturdl log of the likelihood function a the global maximum over (g,t) as
L, (g,,t,) and the log of the maximized likelihood function & any other point (g,.,t,) as
L,(9,.t,), then a each point in our grid search we obtain a different L, for each different
g,t combination. Assuming that |1=2(L, - L,) has a chi-squared didtribution with 2
degrees of freedom under (9,t) =(g,.,t,),theset of dl g,t combinations that cannot be
rgected at the 5% sgnificance level can be obtained by locating the g,t vaues such tha
| <599. These s=ts 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 trangtion
speed g (that haslittle intuitive interpretation) againg t , we convert g into the gpproximate
time that it takes for 90% of the trangtion process to be completed (45% either sde of the
midpoint t ), usng for monthly (weekly) data the approximate converson formula 90%
trangtion in months (weeks) ~ (6/ g). This approximation appears to work well over the
range of values considered here.™
From Figure 2, for the U.S. short term nomina interest rate, the acceptable transtion
midpoints t range from October 1914 to January 1918, while in terms of the transition speed,
we can accept speeds from instantaneous to 7.7 years for 90% of the trandtion to be
completed. Yet it can be seen on the same graph that for the U.K. we can accept midpoints
earlier than 1909, and either very fadt trangtions or extremey dow trangtions with 90% of the
trangtion taking 100 years. This huge range of acceptable parameter combinations for the

1



U.K. is compatible with the analysis of section 2, that suggested only wesk evidence for any
trangtion in this series.
Asan ad to interpreting Figure 2, in Figures 3 and 4 we plot the estimated beta trangtion

(tA)l <1 to 1) that maximizes the likelihood function, and for comparison the trangtion of

61 <1 to 1 that is conggtent with a g at the highest point of the acceptance set (a dower

trangtion), but with the same t vdue as for the trandtion that maximizes the likelihood
function. From Figure 3, it can be seen that the trangtion that generates the maximum value of
the likelihood function for the U.S. series is virtualy ingtantaneous, starting from June 1917.
Alterndively the bulk of the trandtion consgtent with a g from the edge of the acceptable

g,t st but with the same midpoint (the dowest trangtion we can accept), takes place

between 1914 and 1921.

As shown in Figure 4, for the U.K., the trandtion that maximizes the vaue of the likelihood
function again occurs quickly, in this case in June 1915. The dowest trangtion we cannot
rgect (with the same midpoint) is smply an upward doping line that in fact sarts from .88 in
1890, reaches .91 by 1909 and .96 by the final observation. It can be seen that for the U.K.
series we cannot rgect an extremdy dow trangtion that is not fully completed within the
sample.

For the U.S. series, in terms of the g,t  combinations that cannot be regected at the 5%
level of sgnificance, we have a set with midpoints that are tightly clustered between October
1914 and January 1918. For the U.K. however the set of the g,t combinations that cannot

be rgected is much larger, with a wide range of acceptable midpoints and acceptable speeds
ranging from trandtions tha are completed in 1 month, to trangtions that are ill not
completed after 100 years!

Clearly in terms of estimating structurd change in the form of parameter trangtions, the
U.S. and U.K. short term interest rate series are fundamentally different. While at the 5% leve
of sgnificance for the U.S. we cannot rgect parameter trangtions with midpoints between
1914:10 and 1918:1, this period being a good candidate for a ‘trangtiona period’ in terms of
the historical evidence discussed in the introduction, trangtions that are extremely dow can be
reected. For the U.K. at the 5% level of sgnificance there is a much wider range of midpoints
that cannot be rgjected and in terms of trangtiona speed we cannot reject the dowest feasible
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trangtion, or the fastest. Thus for the U.K. series if atrangtion is estimated in spite of the test
outcomes of section 2, then our Satistically acceptable results tell us dmost any type of bresk
might have occurred - we cannot find strong support for any specific type of bregk, and the
hypothesis of no bresk isin this sense further supported.

5. Conclusion

In this paper we have presented evidence on three important empirica issues regarding
structura changes from 1(0) to 1(2) in U.S. and U K. short term nomind interest rates over the
period 1890:1 to 1934:1. Those issues are; whether structura bresks in these series do occur,
if structura bresks do occur then when do they most likely take place and how quickly are
they completed, and finally what types of bresks cannot be satisticaly regjected for each
series. Given questions about data rdliability in the early years, we report an andysis of weekly
U.S. data beginning in 1909. The fact that Smilar conclusons emerge from analyzes of the
U.S. monthly series and a higher frequency series covering a shorter time span strengthens the
credibility of our results. Developing a new testing procedure for atrangtion from an 1(0) to an
I(1) process, we find that we can uneguivocally regect the null hypothess that the U.S. interest
rate series is (1) throughout the sample period in favour of the hypothess that a structurd
change from 1(0) to I(1) occurred. For the U.K. series we cannot regect the (1) null
hypothes's, even a the 10% leve of sgnificance. Our results indicate that our best estimate is
that a rapid structural change from 1(0) to I(1) occurred in U.S. nomind interest rates in mid-
1917.

While we find a different date for the mogt likely structural bregk in U.S. interest rates
to Mankiw, Miron, and Weil (1987) and therefore find little support for their conclusion that it
was the founding of the Federal Reserve System in 1914 that caused the transition from [(0) to
[(1), higtorical evidence suggests that the Fed did play a part in the structurd change. In June
1917 financia amendments were passed by President Wilson which not only helped to finance
the participation of the U.S. in World War |, but adso greetly increased the flexibility of the
Federal Reserve. The Amendments alowed the Fed, through the district banks, to operate a
more flexible monetary policy. This monetary policy was much more likely to have had the
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effect of causing a sructural change in the stochastic behavior of short-term nomind interest
rates of the type observed than anything that happened prior to the Amendments of 1917.*2

Our results indicate that for the U.K. we fail to find strong evidence supporting any
particular type of structurd change, or indeed of any change & dl. In fact our results indicate
that we cannot rgect the propostion that UK interest rates are difference stationary over the
entire period 1890-1934. There gppears to be good economic judtification for this finding.
While the U.K. was 4ill on the gold standard in the early 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 to the founding of the
Federd Reserve in 1914, resulting in the difference sationary behavior of the U.K. interest
rate series.

In conclusion, we cannot support Mankiw, Miron and Well (1987) in their argument that
the founding of the Fed aone represented a new economic regime, or the propostion of
Barsky, Mankiw, Miron and Well (1988) that in some way the Fed caused a structural break
in UK. interest rates. There is strong historical evidence in the form of the 1917 Financid
Amendments to support our econometric evidence that a structura bresk in U.S. short term
nomina interest rates most likely took place in June 1917. At this date the power of the
Federd Resarve System was increased sufficiently to dlow them to operate a successful
interest rate smoothing policy. The new regime might reasonably be dated from this point in the
U.S,, though, as might reasonably be expected, no smilar evidence for such arapid impact on
U.K. interest ratesis apparent.
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Table 1. Smulated critical valuesfor structural changetests

Sgnificance T ta ra,)-0 t(h) t(h) a,va,-0)
1% -4.403 -4.145 -5.194 -4.907
5% -3.777 -3.611 -4.622 -4.376

10% -3.748 -3.361 -4.568 -4.128

Notes. t denotes smulated large sample criticd vaues of the test ddidtics
assuming under the null hypothesis that error terms are 11D standard normdl. t(h)
denotes smulated large sample critical vaues of the test statistics, assuming under
the null hypothesis that error terms are normaly distributed with variance in the first
34% of the sample three times that in the find 66% of the sample.

Table 2. Estimated parametersand calculated t test for structural change

~ ~

Model a, a, b, g t t

U.S, 1890:1-1934:1, (m) -371 | 342 .895 1.60 597 | -4.859**
(153) | (144) | (.022) | (.353) | (.054)

U.S, 1890:1-1934:1, (m) -372 | 372 893 | 14.68 | 570 | -4.945**

a,+a, =0 (.155) (022) | (.384) | (.048)

U.S, 1890:1-1934:1, (m) -370 | 344 | .893 1.60 597 | -4.698**

Dummies (167) | (.166) | (.023) | (.388) | (.050)

U.S, 1890:1-1934:1, (m) -370 | .370 892 | 1468 | 570 | -4.696**

Dummies, &, +a, =0 (.144) (.023) | (.358) | (.048)

U.S, 1909:1—1934:1, (W) 073 | -076 | 931 | 5197 | .339 | -5.410*
(.068) | (.049) | (.013) | (.393) | (.038)

U.S. 1909:1 - 1934:1, (w) 073 | -073 | 931 | 2761 | .339 | -5.409*

a,+a, =0 (.067) (013) | (.359) | (.038)

UK. 1890:1-1934:1, (m) -154 | 133 949 | 1926 | 578 | -3.272
(.078) | (.076) | (.016) | (12.63) | (.477)

UK. 1890:1-1934:1, (m) -154 | 154 | 949 | 3064 | 578 | -3.273

a, +ta, =0 (.078) (.016) | (19.94). | (.477)

Notes: (m) and (w) denotes monthly and weekly observations respectively. ‘Dummies
refers to the inclusion of dummy variables for the months 1907:11, 1907:12 and 1908:1.
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** * denote dgnificance a the 5% and 1% leves respectively. Standard errors are in
parentheses.
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ENDNOTES

! Barsky, Mankiw, Miron and Weil (1988), page 1130.

% The Federal Reserve Act was passed on December 23, 1913. The presidents of the banks
met for thefirst time in July 1914 and the banks opened for business on November 16, 1914.

% Fishe and Wohar (1990) aso find a bresk in 1912 when employing asix-month interest rate,
cagting doubt on the MMW hypothess that the Fed was the primary contributing factor
causing the stochastic behavior of interest rates to change.

* Barsky, Mankiw, Miron and Weil (1988), page 1125.

> For more details on these interest rate series see, Mankiw, Miron and Weil (1987), Barsky,
Mankiw, Miron and Weil (1988), and Fishe and Wohar (1990).

® For the NLS estimation here and throughout our analysis we employed the OPTMUM
subroutine library of GAUSS 3.1. The critical values are virtudly identical for series of 529
monthly and 1305 weekly observations. We dso smulated innovations from a heavy-tailed
digtribution, Student’s t with 5 degrees of freedom. This had a negligible impact on the critical
vaues. Subsequently we dlowed for dynamics by introducing lags. We found that this
elaboration of the test has only a modest impact on the critical values.

’ For the U.S. weekly, U.S. monthly and the U.K. monthly series, using the generdl to specific
testing methodology at the 10% leve of sgnificance weidentified k =5, k=20 and k=24
respectively. For the U.S. monthly series we aso considered the possibility of eaborating our
model by incorporating 0-1 dummy variables for the months 1907:11, 1907:12, 1908:1,
which were severdly affected by the financid crash of 1907. Like Fishe and Wohar (1990)
and Fishe (1991) we find that seasona dummy variables taking the same vaue across the
sample have no impact on the location or gpeed of the structurd bresks found using our
models. For this reason we present results excluding seasond dummies. We aso
experimented with seasond dummy variables that took different vaues in the early and late
periods, in the manner of Mankiw, Miron and Weil (1987). However this methodology
involves an arbitrary decison as to what sub-samples should be used to caculate the dummy
variables, and none of these types of models offer an increase in explanatory power over
models excluding sessond dummy variables but incdluding additional datistically sgnificant
dynamics.

8 For calculation of the test statistic with U.S. monthly data, the relevant trangition models were
estimated with dummy variables included for observations 1907:11, 1907:12, 1908:1, these
observations being severdly affected by the financid crash of 1907. It is widdly acknowledged
that some of the U.S. monthly data is subject to being contaminated with measurement error.
For certain months in the years 1903, 1907, 1910 and 1918, usury laws imposed a ceiling on
the reported interest rates meaning that the rates reported in these years were not the true
market clearing interest rates. While we report results including only dummy varigbles for
observations 1907:11, 1907:12, and 1908:1, incorporating dummy variables into our models
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for observations with measurement error did not dter the timing of the estimated trangtion, or
the generd conclusions of datistical support for a bregk of this type in the U.S. series or the
finding of no such bresk in the U.K. series. This is conastent with Mankiw, Miron, and Wall
(1990), who, in their response to Fishe and Wohar (1990), include dummy variables to
account for suspect dates, and find little change in their bresk point. Mankiw, Miron, and Well
(1990), write, “There is no evidence that any of the results we reported are attributable to
measurement error.” (p. 978) See Fishe and Wohar (1990) for more details on the issue of
messurement error in these series.

°An additiona check on the validity of our findings for the U.K. saries was carried out by
edimating our modes with the exponent in the logigtic function reversed to (tT - t) and with
g replaced by g°. In this case our restriction b, + b, =1 forces the model to be I(1) a the
gart of the series and our standard test becomes one of the null hypothesis that the model
remans a |(1) agang an dternative hypothess that at some point there is a trangition to 1(0).

This variant reveded no additiond datistical evidence againg the 1(1) null hypothesis for the
U.K. series.

1 However, Sallis (1999) finds comparable conclusons for the U.S. monthly series over the
whole period 1890-1934. In particular, the sharp digtinction in inference about the U.S. and
U.K. interest rate time series that will be reported in this section holds whichever of the two
U.S. seriesisandyzed.

" For example with our monthly data, when g=.25, 90% completion occurs in 2 years (24
months), when g =5, 90% completion occursin 1 month. Our formula gives that for these g
vaues, 90% of completion occurred in 24 months and 1.2 months respectively. Of course ,
we dlow in these cdculations for the higher frequency of the U.S. data, and report for
comparability number of years for 90% completion of trangtion. To verify that our modd was
appropriate over the whole sample span, we caculated resdua autocorreations for the
periods before and after our best estimates of the trangtion midpoints. These were smdl,
giving no evidence of serious misspecification of the modd for the complete data sets.

2 For amore detailed discussion of these Amendments, see Fishe (1991).



