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Abstract

The role of structural breaks in long spans of ex-post real interest rates for
ten industrialized countries is studied. First, the persistence of the real inter-
est is assessed with newly proposed low-frequency tests of Miiller and Watson
(2008). Second, the test of Leybourne et al. (2007) for a change in persis-
tence of a time-series is applied to the real interest rate. The results show that
real interest rates over the full sample period do not fit a covariance-stationary
or unit-root model, nor a fractionally-integrated, near-unit-root or local-level
model. Instead, the persistence of real rates changes over time and there are
periods when the real rate is covariance stationary and other periods when it

follows a unit root process.
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1. Introduction

The real interest rate is a key variable in theoretical models in macroeconomics
and finance. The properties of these models generally depend on the time series
behavior of the real interest rate (e.g., Neely and Rappach, 2008). However, there
is an ongoing controversy in the literature about the time series behavior of the real
rate of interest, especially in the long run.

Neely and Rappach (2008) surveyed the literature on the long-run persistence
of real interest rates.! Empirical research points to considerable persistence of real
rates but the form this persistence should take is in dispute. Some studies claim
empirical evidence favoring for real interest rates: a unit root process (e.g., Rose,
1988; and Mishkin, 1992), a fractionally integrated process (e.g., Phillips, 1998; Tsay,
2000; Sun and Phillips, 2004; and Karanasos et al., 2006), a non-linear process (e.g.,
Million, 2004; and Koustas and Lamarche, 2010), or a mean-reverting covariance-
stationary process with structural breaks. Structural breaks in the mean of the real
interest rate could lead to incorrect inference as to whether a time series is integrated
of order one, denoted I(1), or equivalently has a unit root, or instead is 1(0), i.e., is
covariance stationary (Bai and Perron, 2003).

In order to account for structural breaks, Garcia and Perron (1996) used a
Markov-switching model with three possible regimes for U.S. real interest rates. Neely
and Rapach (2008) criticized applying the Markov-switching model in the context of
breaks because it generally assumes ergodicity. This means that the current state
will eventually revert back to a previous state, which is normally not happening with
structural breaks in real rates.? The break test applied by Celemente et al. (1998)
allows for standard endogenous breaks, but is limited to two such breaks. On the
other hand, Caporale and Grier’s (2000) and Bai and Perron’s (2003) tests allow for
multiple breaks in real rates but require the real rate to be I(0). Rapach and Wohar
(2005) also applied Bai and Perron’s (1998, 2003) break testing methodology to real
rates of 13 industrialized countries from 1960:4 to 1998:3, requiring real interest rates

to be I(0). In contrast, Lai (2008) tested for breaks in the possible presence of unit

IThere is a related literature that studies the relationship between nominal interest rates and
inflation, based on the Fisher hypothesis (e.g., Haug et al., 2011). I do not pursue this line of research
here.

2See also Bai and Perron (2003, fn. 15, p. 17).



roots in real rates, tying in with Clemente et al. by not assuming that real rates
are 1(0).> The longstanding debate since Rose (1988) on whether real interest rates
are 1(0) or I(1) make accounting for breaks an important issue. The literature on
real interest rates so far has not applied a break testing methodology that allows for
multiple switches (breaks) from I(0) to I(1) regimes and vice versa, at unknown dates.
This paper tries to fill that gap.

I use a unique data set, starting in 1880, for ex-post long-term real interest

4 Long spans of annual data generally lead to

rates for ten industrialized countries.
more powerful tests in the possible presence of unit roots than shorter spans with a
higher frequency of observation (Haug, 2002). By contrast, all the above studies on
structural breaks in real interest rates used quarterly data starting in 1960 or later.

I argue in this paper that multiple regime shifts in the persistence of real
interest rates from I(0) to I(1) and vice versa explain their behavior. First, I examine
the low frequency (long-run) properties of real interest rates and show that their
behavior is not consistent with various alternative time series models, some of which
were previously considered in the literature: 1(0), I(1), fractional integration, and a
near-unit-root or local-level model. For this purpose, I use the recently proposed low-
frequency tests of Miiller and Watson (2008). Second, I apply the test of Leybourne
et al. (2007) for multiple changes in the persistence of a time series at unknown dates
in order to identify the various I(0) and I(1) regimes in the sample. Third, I re-apply
the tests of Miiller and Watson (2008) to the various I(0) and I(1) regimes identified
in order to check that they have persistence profiles consistent with an 1(0) or I(1)
process.

In contrast to previous break tests applied to real rates, the test of Leybourne
et al. (2007) allows for multiple changes in persistence of the real interest rate, be
it from I(0) to I(1) or from I(1) to I(0). Its advantage over other break tests is that
it does not require using several different break tests. Testing for a switch from an
I(0) regime to an I(1) regime means applying a break test to an I(0) series. However,

testing for a switch from an I(1) regime to an I(0) regime means, generally, applying

3Lai considered only one endogenous break but studied eight industrialized and eight developing
countries.

1Fisher (1930, p. 43) argued that the one-for-one relationship of nominal interest rates and
(expected) inflation is a long-run process so that long-term real interest rates over long spans would
seem appropriate, though I do not directly test the Fisher hypothesis in this paper.



a different break test to an I(1) regime. The reason is that the distribution of a
break test is usually different, depending on whether it is applied under the null
hypothesis to an I(0) or an I(1) time series (Leybourne et al., 2007). Furthermore,
in the case of possibly multiple breaks, testing methodologies require in general a
pre-test in order to determine whether there are any breaks at all in a time series
(Carrion-i-Silvestre et al., 2009; Perron and Yabu, 2009). On the other hand, the test
proposed by Leybourne et al. (2007) is applicable to testing for regime changes from
I(0) to I(1) regimes and also when regime changes occur from I(1) to I(0) regimes. In
addition, the methodology of Leybourne et al. (2007) produces consistent estimates

of the dates for the regime switches.

2. Testing for structural breaks

Perron’s (1989) seminal paper showed the importance of accounting for struc-
tural breaks in order to avoid finding a spurious unit root when a time series is a
stationary process around a broken deterministic trend line. Leybourne et al. (1998)
showed that a break can also have the reverse effect when it occurs early in the sample
period for an I(1) series with a break: standard unit root tests incorrectly reject a unit
root in favor of a mean-reverting I(0) process if the break is ignored. Furthermore,
using a break test designed for known breaks in order to search for breaks generally
changes the limiting distribution of the test (Carrion-i-Silvestre et al., 2009). On the
other hand, imposing candidate break dates for a Chow-type break test can lead to
finding spurious breaks (Hansen, 2001). Therefore, break dates should be treated as
unknown.

Finally, it is crucial how many breaks a break test allows for. When the true
data generating process has multiple breaks, a test that allows only for one break
may incorrectly lead to a finding of no structural change. Bai and Perron (2006)
demonstrated that multiple breaks lead to low powers of tests for a single break.

Leybourne et al. (2007) developed a new procedure that allows sequential
testing for multiple changes in the persistence of a time series. Their procedure
consistently determines multiple changes from I(0) to I(1) regimes and vice versa. It

allows also for the consistent estimation of the break dates. I apply this procedure



to determine the breaks in the real interest rate series and the type of regime, I1(0) or
I(1), that the real interest rate follows in a given time period.

The test of Leybourne et al. (2007) is based on the Dickey-Fuller unit root test
with local generalized-least-squares demeaning or detrending (DF-GLS), suggested
by Elliott et al. (1996).5 The test statistic M minimizes the doubly-recursive sequence
of the DF-GLS statistics for sample observations between AT and 771", where T is
the sample size, with A € (0,1) and 7 € (A, 1):

M= inf inf DF-GLS(\,T).

AE(0,1) TE(]

The associated local break point estimates are X and 7.

The null hypothesis is that the time series is I(1) throughout the sample. The
alternative hypothesis is that there are one or more I(0) regimes in the sample, i.e.,
there is at least one regime shift between I(1) and I(0). First, the most prominent
[(0) regime in the sample is tested for, followed subsequently by reapplication of the
test to sub-samples, if a break is found in the first round.

Leybourne et al. (2007) derived the limiting distribution of the test and proved
test consistency. They did the same for the change-point estimator of the break dates.
Furthermore, they provided critical values for the test for finite sample applications
and showed in Monte Carlo simulations that the test has good power and size prop-
erties in various data generating processes for finite samples. Moreover, Leybourne
et al. pointed out that other break tests cannot be used in general to consistently
separate 1(0) from I(1) regimes. Even in the case of a single break only, different
test and break-point estimators would be required depending on whether the change
is from an I(0) to an I(1) regime or from an I(1) to an I(0) regime. The M-test
overcomes this problem with the doubly-recursive process.

One limitation, that is unavoidable when testing for breaks, is that the presence
of multiple breaks in a sample may eventually lead in the sequential application
of the test to sub-samples that become too small for further reliable inference. 1
follow Leybourne et al. and generally set the minimum sample size according to

7T = XT'+0.2T. This leads, in my application, to sub-samples that are large enough

5T apply the demeaned version and set ¢ = —7, following Elliott et al. Also, the lag order for the
test is chosen with sequential ¢-tests and a 10% level of significance, following Ng and Perron (1995).



for the majority of cases. However, for a few cases where this poses a problem, I will
use instead a higher value than 0.2 and, in addition, resort to quarterly post-WWII

data to make the analysis feasible and reliable, depending on the country in question.

3. Empirical Analysis

3.1 Data

The annual data on the consumer price index (CPI) and long-term interest
rates from 1880 to 2001 are from Dewald (2003) and were kindly provided by the
author. His data appendix (pp. 52-58) provides details on the data sources. The
historical price index used for constructing inflation rates is mostly the CPI, and the
historical nominal long-term interest rate is mostly the long-term (10 year) govern-
ment bond yield. I updated the series with corresponding data from the IMF’s online
International Financial Statistics to 2006. The post-WWII quarterly data are from
the same IMF' source.

The endpoint of 2006 was chosen so that data from the recent global financial
crisis are not included. The period beyond 2006 is marked by extreme events that
lead to unconventional monetary and fiscal policy reactions in most of the countries
considered in this study. Also, the available observation beyond 2006 would be too
few in order for the test used to detect a break, say in 2007, because truncation at
the sample endpoints is necessary in order to implement the testing.

The ex-post real interest rate is the nominal interest rate less the ex-post
inflation rate. Allowing for the construction of the inflation rate, as the first difference
of natural logarithms of the CPI multiplied by 100, means that this series starts in
1881 and not in 1880, as does the real interest rates series. The ten industrialized

countries covered in my analysis are listed in Table 1.

3.2 Assessing the persistence of real interest rates

In order to assess the persistence profiles of the real interest rate series of
the ten countries, I use the low-frequency analysis developed by Miiller and Wat-
son (2008). Their methodology considers various alternative models for time series:

the 1(0), I(1), fractionally integrated, near-unit-root (local-to-unity), and local-level



specifications. The behavior at low frequencies, below the business cycle frequency,
i.e., at cycles longer than 32 quarters, characterizes these alternative specifications. I
apply the LE'ST-, LFUR-, S-, and H-tests in order to test whether real interest rate
behavior is consistent with an I(0) or I(1) specification over the full sample period.
I also estimate 95% confidence bands for the parameters that describe a fractional,
near-unit-root and local-level model for the S- and H-tests. These allow me to assess
the suitability of such specifications for the real interest rate time-series process.

The LFST-test is a low frequency test with the null hypothesis of an 1(0)
process that maximizes power against a point-alternative hypothesis of a local-level
model. The local-level model consists of an I(1) component with permanent effects
and a noise component with temporary effects. The weight of the I(1) component is
denoted by g. The local-level model is non-stationary.

The LFU R-test is also a low-frequency test but with the null hypothesis of a
unit root that maximizes power against a point-alternative hypothesis of a local-to-
unity or near-unit-root model, with local-to-unity parameter c. Following Miiller and
Watson (2008), I set g=10 and c=14 so that a 5% level test has approximately 50%
power at the alternative for which it is optimal.

The S- and H-tests are designed to test for misspecified persistence and mis-
specified low-frequency heteroscedasticity. I apply these tests to the I(0) and I(1)
models of the real interest rate. Again, the tests are set up so that a 5% level test
maximizes power at 50% at the alternative for which it is optimal.

Table 1 reports results for the above tests for the period 1881 to 2006 for the
ten countries. The LFST-test does not reject the I(0) specification for all countries,
except for France (p = 0.02).% According to the S-test, the I(0) model seems to cap-
ture the low-frequency persistence well, except again for France (p = 0.00). Canada
passes the H-test but barely so (p = 0.08). On the other hand, the real interest rate
exhibits too much low-frequency heteroscedasticity in order to be consistent with the
behavior of an I(0) model for the other nine countries, based on the H-test. The
H-test rejects the null hypothesis of no excessive heteroscedasticity for all countries,
except Canada. Therefore, an I(0) specification is only supported for Canada, with

the H-test being somewhat of a borderline case.

6T use a 5% level of significance throughout the paper.



The LFU R-test strongly rejects the I(1) model for the real interest rates of all
countries. The S- and H-tests for the I(1) model lead to the same result, except for
the S-test for France that is a borderline case (p = 0.07). Overall, the I(0) and I(1)
specifications do not fit the data for real interest rates for nine of the ten countries.
An I(0) specification for Canada may be an acceptable description for real interest
rate behavior, if the I(0) process is stable over time.

Next, I explore whether a fractionally integrated, a near-unit-root or a local-
level model can possibly provide a better approximation to the time series behavior
of real interest rates over the long span, as compared to an I(0) or I(1) model. Table 2
reports the 95% confidence intervals for the parameters d (for fractional integration),
¢ (for near-unit roots) and g (for local-levels) calculated from inverted S- and H-tests.

The inverted S-test confidence band for the fractional model includes zero
(d = 0) for all countries except for France, where the I(1) specification (d = 1)
is within the confidence band. There is less persistence in real interest rates for
countries other than France. However, the fractional model does not fare well for
the inverted H-test confidence bands. An outright rejection of the fractional model
occurs for France, Italy and Switzerland. The confidence bands for all countries,
except for Canada, do not include the I(0) model (d = 0). Worse still, the overlap
of the confidence bands for the inverted S- and H-tests is an empty set, except
for Canada (—0.04 < d < 0.08) and Sweden (—0.50 < d < —0.38). As argued
before, Canadian data seem to fit the 1(0) model (d = 0) and Swedish data may fit a
stationary fractional model with a negative value of d.

The near-unit-root model is soundly rejected based on the inverted H-test
confidence bands. The same holds true for the local-level model, except for Canadian
data where zero (¢ = 0) is included in the interval, which is the I(0) case. The inverted
S-test results are largely consistent with these two models, except for three countries
where the near-unit-root model is rejected outright. However, the inverted S-test and
H-test confidence bands taken together only support a local-level model for Canada,
whereas a near-unit root model is rejected. To summarize, Table 2 supports an 1(0)
model for Canada (when g = 0) and possibly a fractionally integrated model for
Sweden. However, it may be that the result in favor of a fractional model is caused

by structural breaks. I explore this issue in the next section.



3.3 Testing for structural change in the persistence of real

interest rates

The M-test of Leybourne et al (2007) for multiple structural changes in the
persistence of a time series is applied to the real ex-post long-term interest rate of
each of the ten industrialized countries. I start with the full sample from 1881 to 2006.
If the null hypothesis of an I(1) regime throughout the sample cannot be rejected at
the 5% level of significance, then I conclude that there are no significant breaks in
the persistence of the real interest rate. On the other hand, if the null hypothesis is
rejected, the dates of the I(0) regime are estimated. For the subperiod(s) outside the
[(0) regime, I repeat the application of the M-test. If the null hypothesis cannot be
rejected, there is no change in persistence detected by the test. If the null hypothesis
is rejected, dates for the I(0) regime are determined. The M-test is again applied to
the subperiod(s) outside the I(0) regime, and so on. The test results are reported
in Table 3. Whenever the sample size becomes too small, no test is carried out and
"na” is reported in Table 3.7 If the sample with insufficient observations falls in the
post-WWII period, I use quarterly data in those cases to calculate the M-test. The
last two columns of Table 3 list quarterly results for sub-samples adjacent to detected
I(0) regimes.

It is evident from the results in Table 3 that there are several regime changes
for each country. Also, countries differ in the pattern of how their real interest rates
change persistence over time. However, one result that stands out is that the most
recent period from the early 1980s or mid-1980s to 2006 is characterized by an I(1)
regime for all countries except for the Netherlands from 2001Q1 to 2005Q3 when it is
an I(0) regime and for Switzerland that follows an I(0) regime. The I(1) regime in Italy
and Denmark started already in 1920 and 1971, respectively, and not in the 1980s as
for the other countries. The change-over from an I(0) to an I(1) regime in those other
countries, including the UK and USA, coincides with the change in monetary policy
in the USA for the period from 1979 to 1982, as documented for example by Sims
and Zha (2006), among others. This I(1) regime preceded the global financial crisis
of 2007-08. It is interesting to note that Switzerland is not part of the post-1980s I(1)

"The parameter 7 = 0.20, except for the two smallest samples when T" = 29 for Sweden for the
period 1922-1950 and T = 36 for Denmark for the period 1971-2006, for which 7 = 0.35 and 0.30.



group. Switzerland, one of the safe-haven countries during the recent financial and
sovereign debt crises, has had an I(0) regime from 1940 to 2006 for the real interest
rate. This is likely a reflection of the monetary policy of the Swiss National Bank.

The period after WWII till the early- to mid-1980s is more or less a period
with I(0) regimes in most countries, except for Italy that has an I(1) regime. The
[(0) regime in Norway and the UK started already before WWII in 1902 and 1933,
respectively. This likely reflects the monetary policy under the post-WWII Bretton
Woods fixed exchange rate system that ended in 1973, followed by an adjustment
period of monetary policies in the aftermath of the oil price shocks in the 1970s that
lead to the above I(1) regimes from the 1980s onwards.

The pre-WWI period is characterized by the gold standard and the interwar
period between WWI and WWII saw countries abandoning the gold standard after
WWI, followed by unsuccessful attempts to re-introduce it in some form in the period
1925 to 1931.% The period from the 1880s to the start of WWII is a period with mixed
regimes across countries. An I(1) regime prevailed in Denmark, the Netherlands, the
UK and the USA. On the other hand, Canada, France, Italy, Norway and Switzerland
faced 1(0) regimes (with a delayed start in 1902 for Norway). Sweden switched in 1922
from an I(0) regime to and I(1) regime.

As a robustness check for the I(0) and I(1)regimes uncovered in Table 3, I
applied the low-frequency tests of Miiller and Watson (2008) to the sample period of
each regime, as long as the sample size was not too small. The results, not reported
to conserve space, generally support the detected 1(0) and I(1) specifications in Table
3, with only a few borderline cases for the H-test. This means that it is unnecessary
to resort to fractionally integrated, non-linear or other models referred to in the
introduction. Such models may incorrectly approximate breaks with, for example,
non-linear forms or a higher order of integration.

In order to determine whether the changes in persistence of the ex-post real
interest rates is likely due to changes in monetary policy, I applied the M-test to
inflation rates and nominal interest rates, following Rapach and Wohar (2005). The
results, not reported, clearly show that the breaks mostly align with breaks in the

inflation rates and much less so with breaks in nominal interest rates, which often do

8See, for example, Mitchener and Weidenmier (2010).
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not show breaks in persistence. This result gives an indication that likely monetary
policy regime changes are responsible for the breaks in real interest rate, though other
explanations are possible. Also, this result is consistent with the findings of Rapach

and Wohar (2005), as far as the cause of breaks in real rates is concerned.

4. Conclusion

This paper contributes to the empirical literature on ex-post long-term real
interest rates by applying new tests in order to identify the persistence behavior
and multiple breaks in persistence for real interest rates. Real interest rates for ten
industrialized countries over a long time span starting in 1881 are analyzed. The low
frequency (long-run) tests of Miiller and Watson (2008) reveal that real interest rates
over the full sample period have persistence profiles that are in general not consistent
with I(0), I(1), fractionally integrated, near-unit root or local-level models.

It is possible that changes in monetary or fiscal policies over time lead to
structural break in the behavior of real interest rates. Therefore, I applied break
test of Leybourne et al (2007) for unknown break dates. In contrast to previously
used break tests, their M-test allows for multiple changes in the persistence of a time
series, from I(0) to I(1) regimes and also from I(1) to I(0) regimes. The test results
show that real rates in all countries are affected by breaks in persistence.

The findings in this paper are that the period since the 1980s is generally
well described by real long-term interest rates that follow an I(1) regime. The post-
WWII to early 1980s period is dominated by I(0) regimes for real rates across the
ten countries. The pre-WWII period shows a mixed pattern of I(0) and I(1) regimes
across countries. Reapplying the tests of Miiller and Watson (2008) lends support to
the uncovered 1(0) and I(1) regimes because the persistence profiles of these regimes
are generally consistent with the detected I(0) and I(1) behavior.

The empirical results demonstrate that real long-term interest rates change
persistence over time. Real interest rates are a crucial determinant of investment,
savings and intertemporal economic decisions. The findings in this paper provide
empirical evidence on the properties of long-term real interest rates, which has impli-

cations for theoretical macroeconomic modelling.
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Table 1
Low-frequency tests of Miiller and Watson (2008) for 1(0) and I(1) models

Country LFST-test  S-test for  H-testfor LFUR-test S-testfor  H-test for

I(0) model 1(0) model I(1) model I(1) model
Canada 0.53 1.86 1.62 84.86 158.74 100.78
(0.26) (0.08) (0.08) (0.00) (0.00) (0.00)
Denmark 0.45 0.44 19.13 78.60 11.86 530.45
(0.32) (0.49) (0.00) (0.00) (0.01) (0.00)
France 5.46 16.38 287.04 37.50 2.05 368.92
(0.02) (0.00) (0.00) (0.00) (0.07) (0.00)
Italy 0.61 0.55 586.54 67.57 6.14 996.08
(0.23) (0.36) (0.00) (0.00) (0.02) (0.00)
Netherlands 1.01 0.72 5.38 75.22 22.33 260.98
(0.13) (0.26) (0.02) (0.00) (0.00) (0.00)
Norway 0.40 0.91 28.41 72.80 6.03 143.56
(0.34) (0.20) (0.00) (0.00) (0.02) (0.00)
Sweden 0.24 0.18 176.51 115.24 255.17 703.07
(0.57) (0.97) (0.00) (0.00) (0.00) (0.00)
Switzerland 0.33 0.23 710.34 100.22 119.38 149.07
(0.43) (0.89) (0.00) (0.00) (0.00) (0.00)
UK 0.28 0.31 76.16 86.32 11.81 296.63
(0.51) (0.69) (0.00) (0.00) (0.01) (0.00)
USA 0.52 0.84 17.17 73.33 24.18 422.07
(0.27) (0.22) (0.00) (0.00) (0.00) (0.00)

Note: The values in parentheses are p-values. A recorded value of 0.00 means a value
below 0.005.



Table 2

95% confidence bands for model parameters calculated from inverted S- and H-tests of
Miiller and Watson (2008) for fractional (d), near—unit-root (c) and local-level (g) models

Country Factional Fractional =~ Near-unit- Near- Local- Local-
S-test (d) H-test (d) root S-test unit-root  level S- level H-
(c) H-test (¢c) test(g) test ( g)
Canada -0.04,0.44 -0.50,0.08 -- -- 0.0,30.0 0.0,0.8
Denmark -0.20,0.78  -0.50,-0.34 16.5,30.0 -- 0.0,30.0 --
France 0.16,1.04  -- 0.0,30.0  -- 10.0,30.0 --
Italy -0.14,0.86  -- 11.0,30.0 -- 0.0,30.0  --
Netherlands -0.12,0.68 -0.50,-0.16 24.0,30.0 -- 0.0,30.0  --
Norway -0.14,0.84 -0.50,-0.46 13.0,30.0 -- 0.0,30.0  --
Sweden -0.50,0.48 -0.50,-0.38 -- -- 0.0,30.0 --
Switzerland -0.42,0.48  -- -- - 0.0,30.0 --
UK -0.28,0.76  -0.50,-0.44 19.5,50.0 -- 0.0,30.0 --
USA -0.14,0.66  -0.50,-0.28 26.5,30,0 -- 0.0,30.0 --




Table 3

Testing for structural breaks in the persistence of real interest rates: detected 1(0) and I(1)
regimes and time periods

Country Annual data Quarterly data
Canada na 1(0) na 1(0) na 1(0) na 1(0) I(1)
1881- 1896- 1923- 1948- 1966- 1976- 1988- 1971Q2- 1982Q2-
1895 1922 1947 1965 1975 1987 2006 1982Q1 2006Q4
Denmark I(1) 1(0) I(1)
1881- 1939- 1971-
1938 1970 2006
France 1(0) na 1(0) na I(1)
1881- 1939- 1954- 1981- 1981Q1-
1938 1953 1980 2006 2006Q4
Italy na 1(0) I(1)
1881- 1883- 1920-
1882 1919 2006
Netherlands 1(1) 1(0) na I(1) 1(0)
1881- 1945- 1985- 1985Q1- 2001Ql1-
1944 1984 2006 2000Q4 2005Q3
Norway na 1(0) na I(1)
1881- 1902- 1982- 1982Q1-
1901 1981 2006 20060Q4
Sweden na 1(0) I(1) 1(0) na I(1)
1881- 1884- 1922- 1951- 1982- 1982Q1-
1883 1921 1950 1981 2006 20060Q4
Switzerland 1(1) 1(0) na 1(0)
1881- 1910- 1924- 1940-
1909 1923 1939 2006
UK I(1) 1(0) na I(1)
1881- 1931- 1985- 1985Q1-
1930 1984 2006 20060Q4
USA I(1) 1(0) na I(1)
1881- 1944- 1983- 1983Q1-
1943 1982 2006 200604

Note: Results are based on a 5% significance level for the M-test of Leybourne et al. (2007).
An entry of “na” means that the sample size was too small to carry out the test.



	Haug
	Table 1&2
	Table 3
	DP_1303 Front page template.pdf
	Email: Alfred.haug@otago.ac.nz



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


