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1. Introduction

Fluctuations in balance of payments variables in the
19th century U.S. economy have received intensive study
from at least 3 distinct points of view. There are growth-
oriented studies of long swings, business cycle studies of
the NBER-type, and studies of the operation of the gold
standard that focus on short cycles. Typically, fluctua-
tions in the variables of duration other than the selected
one are either ignored or actually removed from the data
by various smoothing techniques. Inferences from simple
models deemed to have implications for the cycle in
question are then checked with the data, and various
descriptive generalizations are advanced. These methods
are unguestionably useful, but little refléction is needed
to see that mechanisms advahced to describe behavior at
one frequency (cycle of a particular duration) may also be
at work at other frequencies, This observation is given
particular weight when it is noted (in the sequel) that
several proposed mechanisms of long swings have their most
appropriate application to considerably shorter cycles,

An empirical method which allows study at a descriptive
level of cyclic behavior and interdependency of balance

of payments variables at all frequencies simultanecusly
should therefore be useful. This paper undertakes such

a task using the appropriate tool of spectral and
pseudo-spectral analysis on balance of payments variables
from 1820 to 1915, The method provides a wealth of
descriptive statistics unattainable using less sophisticated
techniques and permits in some respects a more ohjective

treatment of data than the smoothing technigues of previous
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writers. A number of previous generalizations are over-
turned by our results, and in any case the spectral
technigque and its pseudo-spectral interpretation provides
valuable insight into the conceptual and statistical

analysis of balance of payments fluctuations.

Part 2 will survey the models of fluctuations in
balance of payments variables in the literature and the
principal generalizations advanced from the data, Part 3
will discuss spectral techniques and their pseudo-spectral
interpretation -- an interpretation particularly useful
in the present type of research. The results of the study

are presented in Part 4,



-3-

2. Balance of Payments Fluctuations: the Conventional Wisdom.

Fluctuations in balance of payments variables have
been studied in three broad contexts:
1. the interaction of growth-related "long swings" in
balance of payments and domestic variables,
2. NBER-type analysis of the contribution of balance of
payments variables to "business cycle" fluctuations, and
3. analysis of the functioning of the international adjust-
ment mechanism (especially in the period of the "full
gold standard" from 1879 to 1915), with emphasis on
short c¢ycles in capital and specie flows,
Investigations undér each rubric have proceeded indepen=-
dently, with the result that hypotheses or generalizations
about cyclic behavior are not always compared to all the
relevant cyclic information in the data. This section
will discuss work in the three broad areas in turn, ac-
cumulating a list of hypotheses and generalizations,
Following the technical discussion of spectral techniques
and their péeudo—spectral interpretation in Part 3, this

list will be compared with the spectral results.

2.1. Long Swings,

In the context of long swings, balance of payments
variables have been studied in their own right
[Williamson (15)] and linked to domestic activity in a
broader system of relations [North (11)}. We will consider
the North and Williamson models simultaneously since the
latter is a generalization (with different emphasis) on

the former. Neither model is developed in a formal sense,



but the implicit structure under their analysis of fluc-
tuations is focused entirely on the demand side, with the
growth of capacity output essentially taken as exogenous.
As a result, even though both authors discuss supply-side
variables, inferences from this research properly apply
only to socurces of fluctuations, not growth,

In North's model a major source of fluctuation in
general activity, especially in the period 1815-1860, is
cycles in exports, particularly cotton. He attributes
this to the interaction of secularly shifting demand with
a disposition toward over-supply. North's evidence for
this mechanism has been gquestioned, and Temin {14] has
found the explanation instead in volatile and elastic
demand schedules. Most recently, Wright [16] has agreeably
divided the blame.

Under either interpretation, however, no excess-
supply-type market reaction can be expected to have its
most important impact on cycles 18 to 20 years in duration.
The appropriate focus of North's explanation of "long

swings" is, therefore, on much shorter cycles,

Turning to the actual transmission mechanism from

lThis is not to denigrate the discussion of sources of
growth in both works. They contain much theoretical and
empirical material that enhances knowledge of the growth
process. It is not, however, made consistent with the
implicit underlying model of fluctuations; inferences
from cycles cannot, therefore, properly be used to discuss
growth, See the discussion in the beginning of Part 3.
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exports to general activity, the economy is seen at the
upswing as having under-utilized resources in the form of
unspecialized labor, if not in actual unemployment. The
shift in export demand thus causes an increase in real
income and output, increasing investment, consumption,

and imports. More attractive investment opportunities in
the U.S. bring capital inflows (especially since capacity
expands with a profit-inflating lag), so that foreign
saving adds to domestic capital formation. Finally, rapid
expansion in the export sector brings about over-supply, a
fall in export prices, production, and in income (or at
least in its rate of growth). North finds this model most
applicable for the period 1815-43, arguing from the export
lag at the 1843 turning point that growth is ndw fueled by

domestic factors related to investment.

The evidence marshalled in support of this model shows
parallel movements in long swings in balance of payments
variables and a number of domestic variables from 1815=60.
Cotton export values and cotton prices move together,
along with total exports (over half is cotton). Exports
also move parallel with imports and import prices, with a
lead at turning points until 1843, Imports proxy domestic
income, at least with respect to cyclic properties,
Capital inflows also exhibit a pronounced long swing,
lagging exports at turning points until 1843, These
flows are assumed to respond to the supply of securities
generated by domestic capital formation. The terms of
trade move parallel to capital flows in the long swing,
buttressing the hypothesis that favorable export prices

fuel the domestic expansion.




-6—

Williamson's work may be seen as an extension of
North's to focus on the role of the capital and accomo-
dating accounts in the balance of payments. Macro markets
for money, goods, and bonds are linked in a model where
again, capacity output is exogenously determined. The
upswing of a cycle -~ whether export- or investment-
induced -- generates not only increasing income but
increasing demand for money and the supply of securities.
Capital inflows not only absorb the increased supply of
securities but provide an increased stock of money to
satisfy an increased transactions demand. Williamson
argues quite properly that the over- or under-effecting
of the real transfer of capital and the resulting ac-
comodating out- or in-flow of specie should not be
regarded as a passive residual. Instead, the behavior of
the balance of autonomous payments plays an important role
in the mutual interaction of this model, since it deter-

mined, in a general equilibrium system, the stock of money.

Williamson has found evidence for long swings in
capital inflows and specie flows in the period under study.
Moreover, omitting the period 1850-78, capital inflows
typically were greater than trade balance deficits in the
upswing, providing a specie inflow that expanded the money
supply to lubricate the growth process. A more appropriate
focus for this model however would be on shorter cycles.
The inverse twenty year cycles in capital formation are
well established and seem to be due to the lengthygestation
sort of phenomenon discussed by Abramowitz [ 1]. These
presumably result in inverse long swings in the supply of
long-term securities and thus corresponding cycles in

long-term international capital flows. Note, however, that
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the attractiveness of long-term securities on either side
of the Atlantic is also influenced by short-term interest
rates and relative price movements. There might well be
important short cycles in long-term capital flows even in
the fact of the supply~side evidence noted by Williamson.
Since a simple specie flow model under "one-shot" perturba-
tion would typically produce cycles shorter than 20 years,
it appears that shorter cycles are a more appropriate area
of focus for Williamson's hypotheses, Added weight is

lent this observation by noting that a considerable portion
of nineteenth century capital flows is short-term (aggre-
gate data alone is available), and may be expected to

exhibit shorter cycles.

In this regard, it is interesting to note that
possible short cycle interactions have led Tarner &
Bonomo [13] to challenge the Williamson long~swing hypo-
thesis. They questioned Williamson's "filtering process”
in using five-year moving averages of detrended data,
arguing that "if the capital flows (which included both
short- and long-term capital movements) were significantly
correlated with the business cycle, much of the explanatory
power of these series may be short run in nature and not
due to the long swings in business activity as postulated.”
Using what they consider to be a more thorough filtering
process for removing business cycle components from capital
and gold inflows and the balance of trade, their analysis
suggests that "long term capital flows are not closely
correlated with economic growth.“ This type of controversy
over the "most appropriate transformation" of time series
data is irresolvable, but the approach used below would
allow us to exactly specify the filtering properties of

Williamson's (but not Tanner & Bonomo's) transformation.
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In any case, by permitting simultaneous study of long and
short cycles, it permits more thorough examination of the

hypothesis,

In summary, we expect the data to reveal:
1. long-swings in balance of payments variables revealing exports
leading domestic activity (imports) and capital flows
in phase with specie flows and exports.
2. shorter cycles revealing the same type of interpretation

in trade and monetary variables.

The results presented in Part 4 present mixed support
for the North and Williamson hypotheses applied to shorter
cycles, For example, capital flows and exports are largely
out of phase, and capital flows typically lag specie flows
considerably. The spectral technique is ill-suited for
inference on long cycles, but again, vefy tentative

negative evidence is uncovered,

2.2 Business cycles,

The NBER has sponsored most of the analyses of the
role of balance of payments variables in business cycles,
and the methodology of these studies views cycles as
egsentially an erratic and largely aperiodic adjustment
process about exogenous growth in capacity. As previously
noted, our understanding of both processes would be ad-
vanced by a theory and a methodology which focuses on

C , , 1
their interaction rather than their autonomy. In

Various authors have noted these interrelationships in
working with data. Mintz [ 9], for instance, observed
that exports of rapidly expanding industries "turned down
later and up earlier than those which developed more slowly."
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approaching data at least the spectral analytic approach
to time series analysis serves to emphasize that the dis-
tinction between growth-related long-swings and business

cycles is whelly arbitrary.

For the period prior to the Civil War, Smith & Cole's
[12] study of the 1815-60 period contains little systematic

treatment of interactions involving balance of payments

variables beyond nhoting the conformity of terms of trade

with capital flows (a result confirmed in our analysis).

Mintz's study [ 9] represents a comprehensive treat-
ment of the literature and evidence dealing with the
interaction of exports and domestic activity for the peried
1879-1961., That study concludes, in part, that:

1. the average length of cycles in export value, guantity,
and prices is roughly the same as that for cycles in
domestic activity -- 3 to 4 1/2 years (in the period 1866
to 1915, the shortest was 2 years, the longest cycle 9

years) .

2. the "average rise and fall" of these cycles was "re-
latively moderate" -- 8% in export prices and 14% in
guantities (total exports increased ninefold over the
period 1866 to 1915). Response to changes in foreign
demand was primarily guantity instead of price adjustment.
3. there was general conformity between cycles in U.S.
exports and in total foreign demand (proxied by the

dollar value of world imports excluding the U.S.)}.

In interpreting these results, Mintz concludes that
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there is little evidence that cycles in exports are
related to cycles in domestic activity apart from their

common coincidence with cycles in foreign activity.

As Mintz noted, a variety of forces link exports and
domestic activity. On one hand, we have causality running
from exports to domestic activity, with changes in exports
acting with a multiplier effect on domestic activity. On
the other hand, we find causality running from general
domestic activity to exports: (1) the rise in prices ac-
companying expansion discourages quantity (and value) of
exports, yet (2) the expansionary phase of cycles in a

growing economy may stimulate output in export industries.

The net effect of these inter-relationships is made
less predictable by the fact that, as Williamson emphasized,
capital and specie flows are not passive and represent a

separate link to activity in different countries.

Indeed, the most general (and reasonable) position is
that business cycles of varying duration may reflect pre-
dominantly different interactions, and that treating all
cycles in the 2 to 10 year range as essentially homogeneous
may obscure systematic differences across this band of

cycles,

To summarize, we are lead to expect that cyclic
fluctuation about long swings may be produced by a variety
of factors, including the real considerations discussed by

Mintz and North and the monetary and capital flow variables
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considered by Williamson. We are left somewhat uneasy about
the usefulness of analyzing the "average" business cycle
which can vary from 2 to 9 years. As we will note below,
there is evidence for two separate cycles, at approximately
3 1/2 and 8 years. Mintz's generalizations concerning
foreign demand vs. domestic activity are confirmed in both

cycles, however, and for pre- as well as post-war data.

2.3. International adjustment mechanism.

A variety of authors, most notably Morgenstern, [10],
have analyzed the financial aspects of the working of the
international adjustment mechanism, focussing on the
period 1879~1915. Two models are studied: the specie-
flow mechanism (mentioned previously in connection with
Williamson's work) and the interest arbitrage mechanism for
short-term capital flows, with a focus on short cycles.

The latter is outside the domain of our gross descriptive
study, but if the specie-flow apparatus is at work in a
simple fashion, the data should exhibit cycles with in-
phase and parallel behavior in specie flows and changes in
the money supply, parallel but perhaps somewhat out-of-phase
movement in the trade bhalance, Morgenstern finds that no
clear relation emerges; even the most basic relation of
specie flows with changes in the money supply does poorly.
This may be due in part to the serious errors in reporting
specie flows uncovered by Morgenstern, but cleérly no
single picture is possible anyway. Williamson has noted
the same difficulties in the long swing context, and this

study confirms it for all frequencies.
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The reasons are clear: as the work of Morgenstern
particularly shows, movements in balance of payments
variables are influenced by short-term and long-term
capital flows, complex domestic economy interactions with
real and monetary variables, and episodic shocks that lead
to sequences of turning points too irregular to be de-
scribed as cycles in the strict usage of the term. This
observation is just as applicable to long as short cycles.
Nevertheless, there is use for an objective repreéesentation
of the "average" or "typical" cyclic properties of balance
of payments variables -- indeed this is in some degree

what all work with cycles attempts.

We have seen that considerable gains are possible
from viewing cycles of all durations simultaneously:
spectral methods feature this but place additional demands
on the regularity in reality. The next section will ex-
plain in a formal fashion our treatment of cycles, and
defend as reasonable in the face of "non-regularity" a

pseudo-spectral interpretation of our results.
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3. Methodology

We have summarized_a part of the historical research
into the nature of c¢ycles in balance of payments variables.
The empirical methods there used to buttress generaliza-
tions involve smoothing techniques to isclate a particular,
somewhat regular, cycle. Particular attention is paid to
dating lead-lag relationships in pair-wise companions.

The outstanding weakness of this research, repeated here,
is that it does not directly investigate structure -- a
particular cycle could have any number of sources and we
are unable to discriminate among them.l A gecond weakness,
as we have seen, lies in the lack of simultaneous in-
vestigation of cycles of different lengths. Spectral
methods score an advance here, but impose, strictly
speaking, an unacceptable regularity assumption on the
data., Relaxation of the regularity assumption (stochastic
stationarity) results, fortunately, in a useful and in-
tuitive pseudo-spectral interpretation of spectral

statistics. This section will first discuss cyclic

In a sense this is a strength, and was so conceived by
Burns and Mitchell, [ 2]. NBER research thoroughly drives
home a feeling for the rich diversity in cycles -- no simple
generalization can be entirely true, Nevertheless, the search
for unifying themes is a cornerstone of social science metho-
dology. Broadly accurate statements about cycles would be
aids to understanding historical events comparable philo-
sophically to the theory of choice as a framework for
viewing actual consumer choice., In the context of a search
for such statements, a direct investigation of structure
following the lines of Chow, [ 4], and Howrey, [ 7], would
be valuable.
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fluctuation in a structural context to gain perspective on
the present work, and then describe intuitively spectral

and pseudo-spectral analysis.

3.1. Various approaches to cyeclic analysis,

The theory underlying the "models" just considered
could presumably be approximated by a reduced form system

of simultaneous linear relationships of the form

(1) Y = AY +th+U

t t-1 t

where Yt is ‘a vector of jointly determined variables th

(aggregate output, interest rates, capital flows, etc.) at

‘ is a vector of exogenous variables X:

(foreign demand, population, etec.) at time period t, Ut is

a vector of random shocks to the model at time period t,

time period t, X

and A and B are matrices of constant coefficients, In the
state of theory, such a model necessarily has the rate of
growth of capacity output exogenous or very simplistically
endogenous as in Harrod-Domar-type models., Cycles are
thus disequilibrium fluctuations around an external growth
path, Concerning disequilibrium in the more relevant

(for the study of growth) neoclassical growth models,
Robert Solow says,"... the literature so far has produced

little beyond chitchat_“l

Just such a model was estimated by Franks & McCormack

[5 ] with a gparing use of underlying theory; Williamson

1 . . . .
The quote is from Solow's introduction to Mathematical

Theories of Economic Growth, E. Burmeister and A,R. Dobell,
Macmillan, 1970.
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estimated several single equations which should be viewed

as embedded in this larger type of framework.

Tf we begin by making the assumption of stochastic
stationarity (a dubious assumption in periods of rapid
change), there are several distinct and useful ways to

define the cyclic properties of this mechanism.

First, we can ignore the information presented in (1)
and study simply the cyclic properties of the §5t, or
broaden the analysis to the study of covariation over time

between any th and some of the x, This approach ig-

it
nores the useful constraints implied by the richer model (1},
and should therefore be viewed as gross correlation or

descriptive analysis.

Second, we can focus on the extent to which cycles in

£ acting through the

at their expectation {zero), we

the th are induced by cycles in the X,
model. By setting the ujt
can express the undisturbed path of the vector Yy solely

in terms of the time path of the elements of Xt by either

o0

{2} Yt = L ASBXt_S, where A2 = A“A if s = 2
s=0
or starting from some initial period t=1
T T-1 s
(3) YT "—"AYO+ z ABXt_S
s+o

(3) can be viewed as a time-invariant linear filter which

modified the amplitudes and phases of the cycles in the X to
produce the cyclic properties of the equilibrium paths of th.l

1lan alternative approach which we will not consider here
focuses on the cyclic properties of the ujt, i.e., of deviation
about the eguilibrium paths. Howrey [ 7] has analyzed this
dimension of a simple macro model of the pre- and post WWII
econeomy.
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Third, we can examine the cyclic properties of the
system itself by suppressing the X;, OF holding them con-
stant at some fixed level X and study the response of
the yjt to perturbation via the ujy“ This would involve

an analysis of only the "acceleration" in the system, i.e.,

(4) Yt = C + AYt—-1 + Ut

where C = BX*., In this context, we could either examine the
cyclic properties of Yt over time in response to a single
shock at period t=1 or examine the oscillations in Yt due
to continuous displacements by the Ut.
Historical research can obviously be advanced‘by all
three approaches to the study of cyclic behavior if periods
can be found for which stochastic stationarity is not un-
reasonable assumption. The hypotheses cited above were
offered in explanation of cycles about equilibrium paths,
apart from random disturbances and subsuming the properties
of the system itself as part of the "transfer mechanism.”
It would be very much to the point of historical research
if we could isolate the cyclic properties inherent in the

structure of the economy, i.e., the third alternative

. Chow [ 3] has shown that in general the system will be

stationary if the roots of A lie within the unit circle;
the system will not exhibit prolonged oscillations if U,
is suppressed after some initial shock at t=0, but may

well oscillate in response to continuous displacement by

even serially independent Ut'
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presented.l In fact, the works cited (and ours) adopted

the naive approach due, as we have noted, to the un-

availability of data and the undeveloped state of theory.
The basic problem with this approach is seen more clearly
as one of loss of discriminatory power since a given auto-
correlative structure of each th could be attributed to

many different combinations of input (X ,Ut) and transforma-

t
tion (A,B). Similarly, partial comparisons of the cyclic

properties of the th with various X, are inherently

incapable of discriminating between pZirwise relations

vs, mutual relations with a separate set of variables.
Mintz, [ 7] may well be correct in rejecting a direct link
between exports and domestic activity in favor of linkages
between each separately with foreign activity, but her
partial analysis of the data cannot be accepted as proof

of this.

3.2. A spectral approach to_the problem.

Morgenétern has advocated a methodological progression
in the study of fluctuations which begins with a thoxough,
intuitive evaluation of the accuracy of the data and the
historical background governing it. "Only when all this
is finished can the question be raised whether more advanced
statistical procedures (Fourier analysis, spectral analysis,

etc.) should not be used in further work."2

1 . . . I,
The authors are currently investigating the possibility

of estimating the "cyclic properties" of a simple macro
model using the Kuznets data (1869-1915).

5 :
Morgenstern [10], p. 8.
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it is not clear how much more can be done by way of
detailed analysis at the level of balance of payments
aggregates beyond the contributions we have discussed.
Our results suggest that it is not now premature to apply

these more advanced procedures in this area.

Spectral analytic techniques have been explained
elsewhere (Granger & Hatanaka [ 5], Jenkins & Watts { 8]),
and will only be summarized here.1 This approach follows

from the basic fact that a stationary random process (a

typical Ye with the j~subscript omitted) can, under
general circumstances, be expressed as the sum of in-
finitely many simple harmonic components, each with a
distinct frequency A , period p = 27 / XA, and random an
amplitude.2 Asg a result, any given time series of values
of Yo ig viewed as bheing decomposable into its frequency
components -- trend, long-swing, business cycles, seasonal
variation, and noise-like variation are all essentially
similar harmonics differing in periodicity and perhaps

amplitude,

The absolute as well as relative impoxrtance of each

component —- measured as contribution to variance -- is

We will take technical liberties in our discussion for
brevity. The alternate approaches to the study of cyclic
properties can also be pursued using frequency techniques.

The process is also "orthogonal," i.e., the random
amplitudes at different frequencies are uncorrelated.
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readily available in the power spectrum f£() )} of Ye which
stands in one-to-one correspondence with the autocorrela-
tion function of Yy (they are Fourier transform pairs).
f(A) is a function of frequency that, at each given
frequency, is quite intuitively based on the amplitudel

of the corresponding frequency component of Y-

This frequency approach can also be used in studying
intertemporal covariation between pairs of variables. The
lagged cross-«correlation2 between Yy and X, has a fre-
quency counterpart in the power cross-spectrum CR(A ).
Althouch this function of frequency is useful for some
purposes in itself, there are three measures derived from

f (x), £ (x), and CR__ { X ) that are of more direct use to
X Y Xy

us.

The gain G(A ) of a given harmonic component (with
frequency ) of y, over the corresponding (same freguency)
harmonic component of x, measures, for each frequency, the
ratio of the amplitude of that fregquency component in Y
to the amplitude of the corresponding component in X, - It
is analogous to the regression slope coefficient of Y, on
x, 1if all frequency components but the one in question are

t
removed from both series., This measure would indicate,

More accurately, it is based on the variance of the random
amplitude associated with each narrow band of frequencies.

This is defined, at each possible lag 7, as R(t) =

cov(y,, ¢ G
(v %, )/ v O
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for instance, whether the 5 year cycle in foreign activity
was more damped relative to the 5 year cycle in domestic
activity.

The phase shif P( )}, also measured frequency-by-

frequency, measures the amount by which the phase of each
freguency component of Yy must be shifted to be coincident
with the corresponding frequency component of X . P(Xx) is
the most direct measure of lead/lag relationships between
specific freguency components of two time series and is

superior to any "time domain" characterization of this

phencmenon.

The study of lead/lag relationships by phase analysis
has the further advantage of imposing an awareness of the

full implications of a statement 1like "x, leads yt." It

is certainly possible and quite common, En fact, to find
the long (low frequency) cycles in X, leading the long
cycles in Y but the short (high frequency) cycles in X,
lagging the short cycles in V- The lead/lag relationship
between two time series is properly defined at each specific
frequency and unless X, leads Y at all frequencies or a
subset of dominant freguencies, the statement above has no

meaning, We will encounter examples of this problem below,

Our third function measures the extent to which a

given frequency component of‘yt and Xe are correlated.

The coherence function C( A) 1is analogous to the coefficient

of determination in the regression frequency-by-freqguency

of each component in y, on the corresponding component in X, .
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Tt measures the correlation between the components of Y
and X after adjustment has been allowed for their different
phases and amplitudes.

These functions are estimated using transformations
of sample auto- and cross-correlations and the estimates,
under the assumptions of stationarity and normality, admit
to inference.1 Realistically, this type of analysis -- by
either time or frequency domain techniques, is data-
intensive, and we are faced with a serious degrees-—of-
freedom problem, particularly in the study of cyles 20
years or longer. More important, the assumption that the
variables we are investigating are stationary is probably
untenable. For these reasons, we will forego any attempt
at confidence bands or statements, offering instead what we
find a more comfortable interpretation of these purely de-

scriptive measures.

As Granger & Hatanaka2 observed, the notion of a time-
varying spectrum is an oxymoron, since the spectrum is
only defined for a stationary series. But we can conceive
of the auto- or cross-correlative properties of various
series and their auto~ and cross-spectra as defined at
each point in time; changing cyclic properties would then

be associated with a sequence of distinct spectra., It has

See the references above and also chapter 9 in T. Naylor,
ed., Computer Simulation Experiments with Models of Economic
Systems, Wiley, 1971.

Alternate formalizations of the following interpretation
can be found in Hatanaka & Suzuki [ 6] and Granger &
Hatanaka [ 5], ch. 9.
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been shown that the expectations of our spectral estimates
under these circumstances are averages of these distinct
spectral and cross-spectral measures. If, as the more
agnostic approach adopted by previous researchers implies,
the spectra of these variables are fundamentally different
over time, we are estimating a meaningless average and
would expect no distinct results, If, on the other hand,
the spectral properties of these variables are constant
over time (the series are stochastically stationary), we
would expect sharp peaks in the spectra at certain fre-
quencies. Finally, if the spectra of these variables
evolve but in such a way as to preserve at least the re-
lative importance of broad bands of frequencies, we would
expect to find broader peaks in the estimated spectra,
Clearly, the fact that our estimates are subject to the
additional confusion of sampling variation about these
expectations which we cannot begin to separate out com-
plicates our analysis, Nevertheless, the reasonableness
of the following estimates as well as the recurrence of
certain results for almost all variables has lead us to
believe that the third interpretation is most reasonable

in the present study and that the time averages or pseudo-
spectra we are estimating are meaningful.



-2 3=

4  Results.

4.1, Preliminary arguments.
We estimated the spectra for all variables in both levels
.and first differences of logarithms (lfd).1 Variables that

assumed negative values were simply differenced,

Spectra based on levels present the overall contri-
bution to variance noted above. For all non-monetary
variables, we found the so-called "typical spectral shape"
like that of imports (1820-1860) which is presented as
curve A in Figure 2. In other words, the strong trend
(a cycle with infinite period and zero frequency if the
trend is linear) overshadowed the importance of shorter-
period, higher frequency cycles. This confirms the
scattered references to the fact that trend strongly

dominated all cycles in these variables,

Taking logarithms does not have a significaﬁt effect
on the cyclic properties of a variable. First-differencing
does not alter the phase but has a varying effect on the
amplitude and therefore powexr at different frequencies,
severely dampening lower frequencies with a steadily

diminishing effect as we move toward higher frequencies,

1 All autocorrelation functions were evaluated up to a

maximum lag egual to 1/3 the total observations; a Parzen
window was used on the autocorrelation functions; the data
were adjusted to zero mean, raising the possibility of a
bias at low frequencies (long cycles) due to the mean
adjustment.

Linear transformations are referred to as filters, Dif-
ferencing is a "high pass" filter (it passes high frequency
but suppresses low frequency components; moving averages
are "low pass" filters. The exact spectral properties of
many of the common linear transformations are presented in
Jenkins & Watts [ 8].
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objective" only in a special sense. Frequency techniques
process the data more objectly than those used in the
studies cited above, but there always remains the need

for essentially subjective interpretation of these results.
The results should be viewed, therefore, as complementary
statistics which focus more on the permanency in the data
than do those obtained by traditional techniques. Both

are valuable in cyclic analysis.

The results are presented in four sections: the evi-
dence for export induced fluctuations from 1820-60, the
same mechanism examined from 1866-1915, evidence on the
capital flow hypothesis of Williamson, and finally, evidence

of the working of the specie-flow mechanism.

4.2 Evidence for export-induced fluctuations: 1820-60.

The results on export-fueled expansion are mixed for
the pre-war period and negative for the post-war period,
There is confirmatory evidence in the movement of real
variables from 1820-60, particularly in the behavior of
cotton, but negative evidence in the movement of monetary

variables,

Figures 1 and 2 present the estimated spectra for log
first differences of exports and imports (total value} for
the two subperiods; Figure 3 presents the coherences between
these variables. There is some, albeit weak, evidence for
20 year long swings in the prewar but not postwar period.
The estimates based on levels would be a more appropriate
place to look for evidence of significant power at 20 years,

but the trend dominates these series and we simply have too
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few observations to address those cycles in any proper fashion.
Even so, we find slight evidence even in 1£d4 imports (our

best proxy for domestic activity for the prewar period) of
power localized at 20 years. The coherence between the two
series is high (anything between .5 and 1.0 is commonly

taken as "high" coherence) at 20 years in the prewar period,

and fairly high for the shorter cycles,

Our phase estimates indicate exports slightly leading
imports at higher frequencies (especially the 3 to 3 1/2
year cycle} and slightly lagging at low frequencies, but

these values are not dramatic enough to be taken seriously.

The results above are generally compatible, for the
pre-war period, with the hypothesis of long swings in
domestic activity which are export induced. They are also
éompatible with export-induced short cycles. A further
test of North's hypothesis about the expansive effect of
exports concerns the relationship between deflated exports
and real domestic activity (proxied by deflated imports),
and here the evidence is lesgs clear. According to North,
variation in real exports and imports should be roughly
coincident, with both lagging export price cycles., Cross
spectral estimates {(not shown) for 1fd real exports and
imports suggest fundamentally different cyclic properties

and low overall coherence hetween these variables, This

1 . . ; .
Our "estimate of average spectra" view is important here,

North indicated that the 20 year cycle in exports lead
imports up to 1843 and lagged thereafter. We saw no point
in even trying to decompose the 1820-60 sample in this way,
and it is not surprising that we find no definite lead/lag
relationship for the whole period.



tends to negate North's argument, but only in part. Price
variations produce terms of trade and hence real income
movements which can initiate a general expansion: pPooOYr
results on "quantity" in the export sector don't necessarily

remove the importance of the export induction mechanism.

A corollary of the export-fueled growth hypothesis
has capital inflows tied to export expansion, with cycles in
the former coherent with, but generally lagging, cycles
in the latter. Figure 4 presents the spectral estimates
for the first-differences in net capital flows for the two
periods. Note again the significant shifts in the spectra.
A comparison of Figures 1 and 4 iﬁdicates that the cyclic
activity in exports and capital flows is irregular and not
well-related in the prewar period. Coherence estimates
reinforce this impression: coherence is only significant
(.59) for the 2 1/2 year cycle in the pre-war period.

Phase estimates show capital flows generally leading ex-
ports, with the 2 1/2 year cycles completely out-of-phase.
The low coherence, except at high frequencies, phase re-
sults, and broad spectral pecaks represent to us weakly
disconfirming evidence for the hypothesis that there exists
a straightforward, discernable link between capital flows

and export expansion in the earlier period.

An important part of North's hypothesis concerns the

Partly since this net flow is somewhat difference-like to
begin with, we find localized power at 20 years in the
spectral estimates based on levels (not shown) in both
periods. This evidence for long-swings in capital flows
is filtered out by differencing in the prewar period.



crucial role of cotton exports in trade and domestic
fluctuations in the prewar period. First, cotton accounted
for over half of the value of total exports, and to the
extent that other export activity was linked to or correlated
with cotton production, we would expect cyclic properties

in cotton exports to dominate those of total exports.

Second, the dominant role of cotton in the agricultural
sector and of the agricultural sector in the total economy
leads us to suspect that the cyclic properties of aggregate

domestic output are linked with those in cotton production.

Figure 5 presents the estimated spectra of 1fd cotton
exports and total imports for the pre-war period. There
is remarkable similarity: this is one of our most out-~
standing results. The coherence in the long swing range
is .88, while coherence for the two shorter cycles drop
off to around .40 for the 4 1/2 year cycle and is very low
for the 2 1/2 year cycle. We regard this as strong con-
firmatory evidence of the dominant role of cotton in the
cyclic behavior of the 1820-60 economy (as previously
noted, we feel it does not address sources of growth de-
spite North's emphasis), There is a problem with the
phase statistics: cotton leads slightly in the short
cycles (where North's model is perhaps most applicable on
a priori grounds) but lags by 1.5 years in the long swing.
This may be due to averaging over the two sub-periods noted
by North -- as noted previously, he suggests a shift to a

lag in 1843.l Even so, the lag is not very significant --

We are unable to estimate two sub-periods due to the de-
grees of freedom  problem. North's analysis is not free from
it either - how significant is a shift in lead-lag after
observing 3 turning points in which cotton leads?
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the predominant impression 1is one of very similar and co-
incident c¢yclic behavior. Estimates of gain at the 3
major freguencies show greater amplitude (wider swings) in

cotton than in total imports,

Other elements of the North hypothesis concerning the
crucial roie of cotton are not confirmed by the data. De-
flated cotton exports do as poorly as deflated total exports,
and the relationship of cotton with capital flows is no
better (see Figures 4 and 5). North lays stress on the
role of international demand in initiating cycles as
demand shifts secularly along a reversed-L shaped supply
schedule, Price should lead value on this reasoning, and
cross-spectral results confirm high coherence in a marked
long swing with price leading by about 1 year, The shorter
cycles where North's reasoning seems more appropriate have
low coherence, perhaps indicating supply and demand shifts.
The industry study of Wright, {[16], might provide a basis
for a structural analysis of cyclic behavior in this im-
portant market (the post-war period could be included,
though a different model may be indicated by the altered

cyclic properties of cotton (not shown)).

It is noteworthy that wheat exports, which some
authors feature as a similar leading sector after 1846,
meet with poor results when tested against domestic in-
dicators, Also noteworthy is the absence of a long swing
in wheat exports from 1846 to 1915, Like cotton and all
other variables, wheat exports appear to have quite
different spectral properties in the postwar period, again

indicating structural change.



4.3, The evidence for export-induced fluctuations: 1866-1915

Turning to the relationship between exports and domestic
activity in the post-war period, we recall that Mintz
claimed that exports were conditioned more by foreign
demand than by domestic conditions. Export cycles con-
formed to cycles in domestic activity mainly because
cycles in domestic activity and foreign demand coincided.
The negative influence of domestic activity was further
highlighted by noting the out-of-phase behavior of deflated
exports and domestic activity. Most of our results confirm
hers with the exception of the behavior of the 8-9 year

cycle.

We will approach the problem in a slightly different
way, apart from focusing on all cycles simultaneously.
Mintz's analysis covered the pericd 1879-1913, where our
sample runs from 1966~1915, In addition, Mintz used a
measure of world demand (U.S. excluded) while we are using
that of the principle foreign customer. There are advan-
tages and disadvantages to each approach. A gain
from our approach is that we are able to
use prewar U.K. data to explore these relationships for

the earlier period.

The estimated spectral density functions of 1fd U.S.
exports and U.K. imports for the prewar and postwar
periods are presented in Figures 6 and 7 respectively.
We note immediately the apparent stability in the cyclic
properties of the U.K. imports-(also a proxy for U.K.

domestic activity) between these periods at high
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frequencies but the emergence of the distinct 8 year cycle,
coherent and in phase with the cycle in U.S. exports, in

the postwar period. Coherence is also high at the 2 1/2

year cycle, where our phase estimates suggest U.K. imports are
leading by about 1/2 year. Gain estimates indicate

greater amplitude in cycles in U.S. exports at the major
frequencies, It is also interesting to note that, although
there is no distinct power at the 20 year cycle in these

growth rates, we do find the maximum coherence (.84) there.

For the prewar period, we find strong cocherence (.91)
at the 5 1/2 year cycle and high coherence in the 2 to 3
year range. Evidently, the interrelationship was closer
in the prewar than in the postwar period, possibly due to
the dominance of a single export, cotton, in the earlier
period. In sum, we find indirect evidence consistent with

the Mintz hypothesis for both periods.

We can examine the relationship between exports and
domestic activity in two ways: (1) by comparing exports
with imports (as a proxy for domestic activity), or (2) by
comparing exports directly with several measures of domestic

activity available in the postwar period.

The estimated spectra for 1fd exports and imports
were presented in Figures 1 and 2 above. We noted power
at 8, 3 1/2, and 2 1/2 yeérs.' Cross—épectral analysis
shows high coherence at all three cycles; phase estimates
indicate a slight and possibly insignificant import lag at
8 years, exports lagging by about 9 months at 3.1/2 years,
and the 2 1/2 year cycles completely out-of-phase., Thus,
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results for the shorter cycles are consistent with Mintz's
hypothesis about a clouded negative relationship between
exports and domestic activity, while the longer cycle
possibly indicates a positive relationship. Note the
contrast with the prewar period, which had in phase cycles

at high frequencies as well as the long swing.

This view is also affirmed by comparing exports with
domestic macro variables, Figure 8 contains the estimated
spectra for growth rates in exports and Kuznets' annual
consumption and gross construction series {current prices)

from 1869—1915.l

These domestic series do not give as much evidence of
well-defined cyclic properties as does the export series,
although cycles at 8 years in both domestic series are each
coherent with the 8 year cycle in exports, and there is
also high pairwise coherence with exports at the 2 1/2 year
cycle, We also note that the amplitudes of these cycles
are greater for exports, and that exports slightly lead
consumption at the 8 year cycle but the short cycle in

these variables is very nearly out-of-phase,

Given the presence of unknown sampling variability,
it is hard to know how seriously these results should be
taken. The problem is especially difficult here, since

the domestic series were obtained by interpolation between

1 , .

We are grateful to the NBER for making available the
annual estimates underlying the published 5-year moving
averaged data in Kuznets [ 8],



benchmark years. An optimistic appraisal would find con-
fidence for the Kuznets data in the similar results seen
in the comparisons of exports with imports and exports
with domestic activity. Also, the similarity may buttress
confidence that imports proxy domestic activity in the

pre-war period reasonably well.

Our use of variables in current prices to test the
links with domestic activity does not adequaﬁely reflect
the capacity constraints featured by Mintz, When exports
deflated by their price index were compared in lag first
differences with the three domestic activity series above,
there were several noteworthy results. First, a good deal
(though not all) of the power of the longer cycle in ex-
ports was lost and shifted to about 7 years. Second,
coherence dropped markedly to generally below .5, parti-
cularly for the longer cycle. The short cycles retained
their basically out-of-phase character with lowered co-
herence, These results basically tend to confirm the
negative influence found by Mintz. However, one can still
interpret the 9 year results as affirming a positive in-
fluence running from exports to domestic activity. It is
simply more tenuous since most of it depends on price
movement, This is similar to the conclusion drawn for the

earlier period.

Finally, Figures 1 and 4 allow a comparison of the
cyclic behavior of exports and capital flows in the post-war
period., We note shared power at 2 1/2 and 3 1/2 years,
with added cycles at 20 and 6 years for capital flows,

and 8 years for exports. The shared short cycles are



highly coherent (.85). Both cycles have nearly completely
out-of-phase behavior, which argues against exports con-
ditioning capital flows in North's sense, It is puzzling

that the inverse relation should be so strongly indicated.

4.4 The role of capital flows.

We next consider the relationships predicted by
Williamson's work with capital flows interacting with the
monetary mechanism, Basically, the claim is that capital
flows in the upswing (perhaps generated by export expansion
for the 1820-60 period, though we have mixed evidence here)
over—-fulfill the real transfer, resulting in a specie in-
flow that helps expand the money supply, at least in the
specie standard period. In a growing economy, this in-
creased money supply helps satisfy increased transactions
demand, Reverse conditions apply on the downswing, and
we would expect an overall positive relationship between

capital and specie flows,

The simple static specie flow mechanism, on the other
hand, suggests that capital inflows would be associated
with no particular specie flow (completely-effected real
transfers), other than random under- or over-correction.
Williamson applies this discussion to long swings, but as
we have argued in part two, it is perhaps more applicable

to shorter cycles,

Williamson exempts the period 1850-78 from discussion
as not properly part of the specie standard due to the gold

production after 1849 and the fluctuating exchange rate
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from the war years until 1879. The justification for ex-
cluding 1850-07 is weak in our opinion -- the U.S. is still
on the specie standard and unless the gold extraction in-
dustry has fundamentally different cyclic behavior than
specie flows, meaningful results can still be achieved.

We estimated the spectra both with and without the decade

of the 50's, and obtained roughly the same results_l

Figures 9 and 10 present the estimated spectra for
differences of net capital inflows and net specie inflows
for the periods 1820-60 and 1879-1915 respectively.2 Cur
results for both the pre~ and postwar period are generally
discouraging. Our estimates suggest that the cyclic pro-
perties of both variables is poorlycdefined, at least in
the prewar period. Postwar specie flows do suggest cycles
at 3 1/2 and 2 1/2 years. The coherence between cycles in
these flows in both periods is very low, reaching a maximum
of .4 at the 2 1/2 year cycles (which appear to be out-of-
phase). Even in levels, we find no support in these
estimates for the Williamson hypothesis as applied to

long swings or shorter cycles,

In a sense, we have been prepared for this result,

Williamson also argues from his evidence that the decade
of the 40's {after 1843) does not fit the hypothesis; also
the period after 1904. We did not exclude these periods
for degrees of freedom reasons.

A comparison of the estimates for net capital inflows for
the period 1879-1915 (Figure 10) and 1866-1915 (Figure 4) is
instructive. We note that both suggest the same broad fre-
gquency decomposition for higher frequencies, but the longer
sample gives better resolution., It is not surprising that we
do not pick up the longer cycles suggested by Figure 4 using
the shorter sample.
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The various relations conditioning capital and specie

flows are so complex as to build an expectation of con-
stantly changing cyclic properties, In'brief, the
regularity required for the success of this technique is
possibly absent in these variables, and we are in the

awkward position of being unable to determine if our
estimates invalidate the use of the technique or Williamson's

hypothesis!

An important part of Williamson's work concerns the

interaction of U.S.. capital inflows with U.K. capital

outflows, After 1850, he finds U.K. capital outflow cycles
and U.S. inflow cycles of 20 year duration that conform
and reflect the inverse relation found in the building
cycles of the U,S. and U.K. We might reasonably expect to

find conformity in shorter cycles as well.

Figure 11 presents the estimated spectra of differences
in U.K. capital outflows for the periods 1820-60 and 1866-
1913. The estimates suggest that prewar capital flows had
highly coherent short cycles (2 1/2 years again) but little

other conformity in their cyclic properties, 1In the post-
war period, we find evidence for cycles (which are all
highly'coherent) at 20, 8, and 2 1/2 years. Our phase
results suggest that the 20 year cycles are in phase,
capital inflows lead by more than a year at the 8 year
cycle, and capital outflows lead by about 6 months at the

2 1/2 year cycle,

In sum, we find support for the important role of

U.K. capital flows, even evidence of the 20 year cycle.
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It is again reasonable that the general conformity in these

flows improved between the prewar and postwar period.

4.5 The Specie Flow Mechanism

Finally, we turn to consider evidence on the working
of the specie flow mechanism in the prewar (1820-60) and

postwar {1879-1915) pe'riods,1

The principle relationship in the specie flow ap-
paratus is a direct linear relation between changes in
the money supply and levels of specie flows. Cycles in
the two should be comparable, highly coherent, and in
phase. We found no correspondence in either period
between the cyclic properties of these variables, however.
Coherence is very low genérally. Measurement error in
both series may explain in part the lack of relationship,
but our other resgults reinforce the same negative con-

clusion.

Specie flows should have a straightforward relation
to changes in terms of trade variables under the hypo-
thesis. Two measures were used: a domestic price index
(the Warren-Pearson wholesale price index in the prewar
period and Kuznets implicit GNP deflator in the latter
period) divided by the import price index and the export
price index divided by the import price index, Specie

flows share power with neither variant in either period,

The decade of the 50's was dropped from the earlier period
in trial runs without affecting the results. We omit
separate consideration of the 1820-49 period.




and coherence is uniformly low.

Finally, this mechanism should reveal a responsiveness
of the trade balance to movements in the terms of trade,.
Comparison of spectral density functions for change in
the trade balance and changes in the terms of trade (both
variants) does reveal similar cyclic properti€s —-- power
is shared at high frequencies (largely out-of-phase)
before the war and at 8 years and higher frequencies

after the war,

The postwar cycles are not coherent, however,
Evidently the price-adjustment mechanism was at work to a
variable degree in the prewar period =-- after the war
its operation was obscured by income movements and other

factors.




5. Summary

This paper has shown that conceptualization and study
of 19th century U.S. balance of payments fluctuations in a
spectral framework is fruitful. Emphasis on the simul-
taneous examination of cycles of all duration results in
the application of hypotheses to the most appropriate
frequencies. A rich harvest of descriptive statistics
allows better measures of coincident movement than less
sophisticated methods. And in our view, the limitation
of the stochastic stationarity assumption of spéctral
analysis is overcome by a reasonable and intuitive pseudo-

gpectral interpretation of the results.

There are a number of important empirical results
bearing on previdus research. First, the export-led
fluctuations hypothesis for the pre-war peéeriod receives
some confirmation in all cycles. The central role of
cotton is especially striking. For the post-war period,
export-led fluctuations continue in the 8-9 year cycle,
but out-~of-phase behavior is found in.short cycles. BEx-
ports are very much conditioned by foreign demand in both
periods, confirming Mintz. Exports do not appear to
condition capital flows in either period. Williamson's
hypothesis concerning coincident movement in specie flows
and international capital flows is not confirmed, either
in long swings or in the shorter cycles where it may be
more applicable. The specie flow mechanism is not found
to be at work in any single fashion in either period.
Finally, persuasive evidence has been presented of funda-

mental change in the cyclic rhythm of the U.S. economy
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after the Civil War, én important 8-9 year cycle appearing

where there was none before.




Appendix
The data used in this study are drawn from three

principal sources: Williamson's study, [15], the Historical

Statistics of the United States, [17], and work sheets on

annual data estimates under-lying Kuznets, [ 8], and fur-
nished to us by the NBER. All the U.S. and British balance
of payments data were taken from Williamson, together with
import and export price indices, The wholesale price

index (Warren-Pearson) used in the alternative terms of.
trade measure and a price index for cotton used in an
attempt to discriminate between price and quantity move-

ments in cotton were taken from the Historical Statistics,

The macro aggregates used for the post-war period were
taken from Kuznet's annual estimates. Since they are
annual estimates interpolated from 5 year benchmarks,
their cyclic properties may be suspect, but use of the
uﬁaveraged data is nevertheless superior to the 5 year
moving average form of the published data. In addition to
these sources, money supply estimates used in examining
the specie flow mechanism were taken from Temin, [14], for
1820-~58, and from Friedman and Schwartz, [18], for 1867-
1915. For the earlier period,.particularly, the cyclic
properties may be suspect due to the crudity of the es-

timates, but the series is the best available.
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