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WALLACE E. HUFFMAN and
JAMES R. LOTHIAN*

Money in the United Kingdom, 1833-80

1. INTRODUCTION

BRITISH MONETARY BEHAVIOR has long been a fascination of
economists; yet even today, when econometnc investigations of the British data have
become almost commonplace, there still are no systematic statistical studies of early
nineteenth century experience that span more than a decade or so at a time.' Our
ohjective in this paper is to fill in at least part of the gap. To do so, we have combined
Bank of England data with estimates made by private scholars to derive a series for
high-powered money in the United Kingdom for the years 1833-80. We use these

*We would like to thank Michael Bordo, W. H. Bruce Brittain, Arthur E. Gandolft, Thornas Huertas,
and AnnaI. Schwartz for their comments and Richard Burrell, Peter Chang, and Connie McCarthy for their
assistance. Two anonymous referees for this journal also pravided valuable suggestions far additional wark
and constructive criticism of earlier versions of the paper. Lothian's work in part was done during his
participation in the project on “The Intemational Transmission of Inflation thraugh the World Monetary
System™ at the National Bureau of Economic Research and funded by grants from the National Science
Foundation (grants APR 76-12334 and APR 78-10372), Scaife Family Charitable Trusts, the Alex C.
Walker Educational and Charitable Foundation, and the Relm Foundation. Since the paper has not
undergone the standard review pracess of the National Bureau of Economic Research, it is not an official
publication of that organization.

'As in the United States, the demand for money has been the area most frequently investigated
econometrically. Bath (31] and [42] include summaries of some of the literature appearing in the 1960s and
early 1970s. More recent results are reported in [12, 14, 33, 34].

In addition to several of the demand for money studies, such as [38], there are a number of works that
caver the |ater decades of the nineteenth century as part of investigations of longer term monetary behaviar.
These include (5, 22, 36, 37, 50, 54, 57). Twao papers that we know of deal with the 1830s and 1840s alone,
[131[34]6.1'1"w0 other studies of mnterest that are cancerned exclusively with the gold standard period are [20]
an .
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data to investigate bath the cyclical and the secular role of money in the UK.
ecanomy during thase years.

Our maio reason for working with high-powered money, as opposed to a broader
definition of money, is that consistent data for commercial bank deposits simply are
not available for the full period. Since such a narrow definition of money is at
variance with conventional procedure, we discuss its implications and appropriate-
ness in the next section of the paper. In that section we alsa describe the derivation of
the series and pravide a brief overview of the period. We report a variety of empirical
results in the third section, noting and insofar as possible attempting to explain, the
similarities and differences between our findings and those of other studies. The last
part of the paper contains our conclusions along with suggestions for furtherresearch.

2. HISTORICAL BACKGROUND, THEORETICAL CONSIDERATIONS, AND THE DATA

Querview of the Period

In the half century between 1830 and 1880, the British economy in general and the
financial system in particular were in a state of flux. The upsurge in growth that had
started in the last two decades of the eighteenth century continued throughout the
period. Real income, from the cycle peak in [836 to the cycle peak in 1884, grew at
an average annual rate of 2.2 percent per year and on a per capita basis by 1.3 percent
per year. Compared with the Deane and Cale [18] estimates of aggregate and per
capita growth rates in the period 1700-1785, these rates are a fourfold increase.

At the same time, the structure of British national product underwent an equally
rapid change. Agriculture, forestry, and fishing, which accounted for roughly one-
third of national income in the first decade of the nineteenth century, fell to slightly
over 10 percent of national income in 1880. Over the same period, the combined
share of manufacturing, mining, and building rose from slightly over 20 percent to
slightly under 40 percent, and the combined share of trade, transport, and income
from abroad increased from roughly 17 percent to roughly 29 percent.

In the monetary area, twa developments are particularly worthy of note: the spread
of commercial banking and the Bank of England’s metamorphaosis into a full-fledged
central bank. The impetus behind the spread of cornmercial banking was the legaliza-
tion of joint-steck banking in England and Wales. Although such banks already
existed in Scotland in the eighteenth century, they were legalized in the rest of Britain
in 1826, Between 1826 and 1840, 129 such banks were established, with by far the
greatest part of the increase (89) coming in the mid-1830s, presumably as a result of
the further liberalization of banking regulations in the Banking Act of 1833 {45,
pp. 192-200].

The Bank of England’s assumption of the powers of a central bank was more
gradual. Chartered in 1694 as the first privately owned corporation in Britain, it had
taken on a fair number of the standard activities of a central bank by the beginning of
the nineteenth century. Commercial banks in the United Kingdom already were
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keeping their reserves primarily in the form of Bank of England notes and deposits
{20, p. 34]; the bank was acquiring government debt and rediscounting some
commercial paper for other commercial banks; and its notes were gaining in money-
ness relative to those of other banks. Then during 1824--25, when a run on commer-
cial banks accurred, the bank began to serve as a lender of last resort. By the panic of
1866 it was doing so on a broad scale.

The Bank of England’s position was further strengthened by the Banking Acts of
1833 and 1844. The act of 1833 not only remaved the ceiling on the discount rate an
some bills and nates, but it also made the bank’s notes legal tender. The Act of 1844
ultimately gave the bank the exclusive right of note issue in England and Wales.
Subsequent acts, moreover, set the stage for moving toward a unified note issue for
the United Kingdom under the bank's control.

High-Powered Money as the Definition of Money

To study the role of monetary factors in the British economy during this period, we
had to resort to the use of an extremely narrow definition of money: high-powered
meney. Our major reason is that no accurate and continuous bank deposit series exists
before 1870. The question arises, however, whether such a narrow definition of
maney is justifiable. The issue is whether conditions existed such that high-powered
money would be more stable in demand than alternative monetary totals. Since one of
us has discussed the empirical definition of money at greater length elsewhere [43],
we will enly summarize the arguments here.

The key assumption is that money holders demand directly the services that
monetary assets provide rather than the actual real stocks of monetary assets them-
selves. The demand far the stacks, therefore, is a derived demand, dependent not
only upon the demand for monetary services but alse upon the production functions
relating the stacks to the service flows. If those production functions shift or differ
accross monetary assets, then to avoid aggregation bias one would have to account for
these shifts or differences empirically, either by estimating directly the moneyness
weights associated with different assets as Chetty [10] has attempted or by including
proxy variables for asset quality in the demand functions as a number of other authars
have dane (e.g., 6, 22, 39, 43, 50]). The alternative, which we have used, is to adopt
a definition of money that contains a narrow range of monetary assets that are similar
in moneyness per real unit and that change very little in moneyness through time.

Two parrow definitions of money have been suggested—high powered money and
currency held by the nonbank public {24, pp. 14343, 43]. For this study, we chose
high-powered money as it is usually defined, the sum of notes, coins, and deposits
with the monetary autharities. The argument for working with high-powered money
is based on a twa-part view of depasits. According to this view, deposit holders are
participants in a tie-in sale. They indirectly hold both high-powered money (bank
reserves) and interest-bearing assets (bank loans and other investments). Because the
high-powered money part of depasits, like currency held by the nonbank public,
always yields monetary services, in circumstances such as those existing in Britain in
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the mid-nineteenth century, when the development of financial institutions was
particularly rapid, it may be useful to treat the high-powered money part of deposits
and currency as close substitutes and the define money as high-powered money alone.,

Description of the Monetary Data

We define high-powered money as the sum of notes and coin outside banks,
bankers’ and other private deposits at the Bank of England, and commercial bank
vault cash. To derive our series for high-powered money, we first constructed annual
series for coin in circulation outside the Royal Mint and the Bank of England, bank
netes in circulation outside the Bank of England, and bankers’ and other private
depasits at the Bank of England.

To construct the coin series we proceeded as follows. For the period 1833-79, we
estimated coin in circulation by working backward from Sheppard’s estirnates for
1880 [54, Table A3.2, pp. 180-81]. First we adjusted his 1880 figure to mid-year;
then for each year we subtracted an estimate of the net annual additions to coin in
circulation. For 1858-79. our estimate of net annual additions was the amount of gold
and silver coined, adjusted for redemptions, plus net imports of British comn [49,
Appendix 9, p. 104]. For 1833-57, our estimate was the value of the net imports of
bullion and specie for balance-of-payments purposes for the United Kingdom [35,
pp. 70-75].

For bank notes in circulation, we used the sum of the annual averages of weekly
estimates of Baok of England notes, as reported by the Bank of England [2], plus
end-of-year estimates of Scottish, Irish, and ather English baok notes, taken from
{47, Table 6, pp. 450-51] and adjusted to a mid-year basis. Bankers” deposits and
other private deposits at the Bank of England are annual averages of weekly data,
drawn from a variety of sources. Weekly data on private deposits at the Bank of
England were taken from [51, appendix 16, pp. 106-246] for the period 1833-40;
from [52, appendix 6, pp. 261-76] far 1840-41; and [53, appendix §, pp. 25-153] for
1841-47. For 1847-79 annual averages of private deposits were taken from [47,
Table 2, pp. 444—435]. Before 1880 our high-powered money series was formed as the
summation of the series on coin in circulation outside the Mint and the Bank of
England, bank notes in circulation and banker’s and other private deposits at the Bank
of England. For the period starting at 1880, we used Sheppard’s series, adjusted for
discontinuities in currency outside bapks and centered at mid-year.?

3. EMPIRICAL FINDINGS

Our discussion of empirical results is divided into four parts: a description of
velocity behavior, both longer term and cyclical; a brief analysis of the relationship
between high-powered money growth and cyclical fluctuations; tests of “causality”

2Anna Schwartz has pointed out what may be an error in Sheppard’s data: a possible overstatement of the
amaunt of coin in circulation in 1830, The result of such an error would be to cause our figures for
high-powered money growth from 1830 to 1880 to be biased upward and of velocity growth downward.
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between high-powered money and inceme; and a presentation and analysis of single-
equation estimates of the demand function for high-powered money.

Velocity Movements

The data for nominal and real per capita GNP (source: [[7] for 1834-1912, and-
[19] after 1912), the GNP deflator, the nominal stock af high-powered money, and
the velocity of high-powered maney are plotted in Figure | for 1833-80. Mast
apparent are the sustained upward movements in both the nominal stock of high-
powered money and nominal GNP over this period. From 1833 to 1880 the trend rate
of growth of high-powered money averaged 2.1 percent per year and of nominal GNP
averaged 2.6 percent per year. The arithmetic result was an average rate of increase in
the velocity of high-powered money of (.5 percent per year. This apparent upward
trend in the velocity of high-powered money in the United Kingdom does nat
continue throughout the twentieth century. From roughly 1900 on, the velocity of
high-powered money maves very similarly to the velocity of M,, showing a long-
terrn downward drift up to the post-World War I1 period and a rise thereafter.

The rise in velocity in the nineteenth century, although slight, marks one difference
between our findings and those reported in other longer-term studies of velocity
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behavior, such as[12, 61, 38, 22, 50]. In all of these studies, the authors have defined
money “broadly” to include commercial bank time and demand deposits, and they
have reported a secular decline in velocity. We discuss these differences in results at
greater length below when we present our estimated demand functions.

To explore velocity movements further, we have computed standard deviations of
the logarithims of velocity, high-powered mooey, and nominal income for the full
period 1833-80, for the subperiods beginning and ending with 1863, and for various
ather periods. A comparison of these standard deviations shaws that for 1833-80, and
for mast of the other years too (1881-1968), velocity had a good deal of stability.
QOver the whole period 1833-80 the percentage variation in velacity was one-third or
less than that of either its numeratar or denominator viewed separately. Over the two
sub-periods it is still less, although the differences are smaller for 1833-56 than for
the period thereafter. A comparison with the years after 1880 reinforces these
findings. Variations in velocity are again considerably smaller than variations in
either nominal income or higher-powered money.

This apparent stability of velocity is also illustrated in another way by the figures
presented in the last two columns of Table 1. They show the fraction of the variation
of either nominal income or the nominal stock of high-powered money predictable
from knowledge of the other series and of the average value of velacity.? In almost

TABLE 1

VARIATIONS IN NoMINaL INCOME, HIGH-POWERED MONEY.
AND THE VELOQITY OF HIGH-POWERED MONEY
IN THE UNITED KINGDROM,

1833-80 aND SELECTED QTHER PERIODS

Explained Fractian af

Perenntage Variauan in* Variation int
Nominal  High-Powered Nominal  High- Pawered

Period [ncame Maney Velariry ncame Maney
1833-80 0.367 0.307 0.101 0.925 (.893
1333-56 0.149 0.129 0.101 0.544 0.386
185680 0.202 0.188 0.035 0.925 0.913
1880-1968 1.014 1.057 0.164 0.974 3.976
1833-1968 [.219 1176 0.170 0.981 0.979

Sources: Nominal income (GNP befare 1912 came fram [17]. after 1992 from {[9]. The
high-powered emoney seriey. darived by us, is explained in the wx

*Defined as standard devistions af the logarithms of the variable

TDefined 25 ane minus the ratig of te vartance of the logaridim of velacity tq the varianee af the
logarithm af the ather variable. All of these coeflicients of determination are significane 3¢ G.05 or
helow except the secand ane in ihe last colusmn, which s significant a0, bE

every instance they indicate a substantial and statistically significant degree of
explainability. Thus, regardiess of which variable—nominal income or the nominal
stock of high-powered money—is viewed as being largely exogenous and, hence, i§
used to predict the ather, the constant velocity model provides a convenient first
approximation.

*To understand the calculation of the petcentage of the variance explained, consider the relationship log
U = a + blog W. The coefficient of determination of a regression hased on this relationship would equal
1 —(5,. 0 (n—k~ 118,72 (u — 1), where n is the number of observations, k the number of independent
variables, S, ., is the standard error of the regression and §,, the standard deviation of log U7, If b were
constrained to equal 1, the expression for the coefficient of determination would reduce ta 1 — (5,,.2)45.2),
where §,,., is simply the standard deviation of log (U/W}.
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Constant velocity is, however, only an approximation. In addition to the observed
downward trend, velocity exhibits pronounced cyclical movements. We illustrate
these in the upper half of Figure 2, where we present a plot of the average reference
cycle behavior of velocity over the seven full and one partial reference cycle,
measured trough to trough in the years 183379 (reference cycle data were taken from
[28] before 1850 and from [7] thereafter). Our computations of cycle averages and
relatives were based on the procedures outlined in [7]. Figure 2 shows a definite
procyclical pattern of velocity, with both peaks and troughs being coincident with the
corresponding reference-cycle turning points. A comparison of these movements
with the cyclical movements in the velocity of M, plotted by Friedman [21] for a later
periad in the United States reveals a close carrespondence between the two series.

This cyclical pattern of veloeity has been given several interpretations, which are
not mutually exclusive. Some have stressed differences between measured and
permanent income over the cycle as a major detertninant; others have assigned the

relerénce cycle relatives
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dominant role to interest rates. Both appear to be important over this period. The
three-month interest rate and the consol rate exhibit a similar cylical pattern to that of
velocity, whereas transitory income by construction conforms positively to the cycle.
Moreover, in our investigation of the form of the money demand function reparted
below, we find that permanant income performs better than measured income and that
the three-month interest rate has a consistently significant negative effect.

High-Powered Money and the Business Cycle

Another topic that has generated substantial interest in recent years has been the
cyclical impact of monetary changes. Monetary theories of the business cycle cur-
rently have a number of strong proponents and a fair amount of empirical support.
According to such theories, a major—although not the only—force leading to
contractions in business activity is stdden and cnanticipated decreases in monetary
growth. Such decreases initially affect real output and unemployment rather than
prices alone. The reason usually given is that prices are set largely on the basis of the
anticipated rate of inflation. A sudden decrease in money growth, therefore, will
catch people unaware. For a time, prices will continue to be set at higher Jevels than
the new slower money growth would ultimately justify. The consequence is a
temporary decrease in real output and rise in unemployment.

To examine the plausibility of these theories of the cycle, we present several kinds
of results. In the lower half of Figure 2, the average reference-cycle pattern of the
continuously compounded annual growth rates of high-powered maney are plotted
both for the seven cycles for which we have full data and for the one additional cycle
for which we have only partial data.* These plots show that changes in the rate of
growth of high-powered money, on average, led the cycle, falling precipitously
from mid-expansion to the cycle peak, edging down slightly thereafter until mid-
contraction, and then rising substantially. This pattern, moreover, prevailed in all of
the individual cycles themselves, except one: 1862-68. In that cycle, the change in
the rate of high-powered money came after the peak. Moreover, when we examined
these individual cycles further, we found a direct relationship between the magnitude
of the decrease in the growth of high-powered money and the duration of the
corresponding cyclical contraction. The rank correlation between the two was 0.39,
which is statistically significant at close to the 0.05 level.

All of these resuits are consistent with monetary theories of the business cycle,
from the earlier and simpler version expounded by Friedman and Schwartz [25] to
explain their results to the later and more sophisticated versions advanced under the
general heading of “rational expectations™ (see [3, 44] as examples). They are,
however, hardly conclusive.

For one thing, they use yearly data, which tend to blur lead and lag relationships.
For another, they invoive little formal statistical analysis, and hence provide only a

“We have used rates of change rather than levels in an effort to capture the “surprise” element of
monetary changes, the logarithm of last period’s level being taken as a measure of anticipated. If past
values of the series alone were used as the basis for forming anticipatians, aur measure wauld be correct if
the logarithm of high-powered money followed a random walk.



WALLACE E. HUFFMAN AND JAMES R, LOTHIAN . 163

rough idea of the surength of those relationships and of the degree of confidence tobe
placed in them. To investigate the timing question further, we have conducted a series
of “causality” tests of the Granger variety. To implement these tests we ran regres-
sions of the following general form for the full period up to 1968 and for several
subperiods:

m r
X, =a + E ka _r T Z Ckz:_k + e, (l)
' k=1 k=1

in which neminal income and the nominal stock of high-powered money alternated as
dependent and independent variables. In one set of regressions we used logarithms of
both variables throughout, included a time trend in addition to the constant, and set m
equal to 3; in the other we used first differences of the logarithms of the variables,
included a constant alone, and set s equal to 2. In each instance we were interested in
testing the null hypothesis c, =0 for all k, that is, Z does not Granger-cause X.
This form of the test differs in several respects from the test of Granger causality
Sims [55] has developed. Since his work has generated substantial interest and since
his version of the test has had a number of applications in the UK., context, one of
which we deal with below, we thought it useful to enumerate those differences.

TABLE 2

GRANGER CausaLITY TESTS:
HicH-POWERED MONEY AND NOMINAL INCOME
N THE UNITED KivGDoM, 1837-1968 aND SUBPERIODS

Period D&ﬂﬁ: ‘ R:: io D&ﬁzg?: : szio
1837-70 log ¥ 9.42 log H Q.08
1870-1914 0.13 [.27
191468 317 4.63
1837-1968 9.20 318
1837-70 Alog ¥ [9.42 Alog H .93
18701914 0.02 .68
191468 518 6.00
1837-1968 13.43 4.2(

Source: Sece Tahle 1,

Note: The test equations were of the farm X, = a + B2, BX._, + T, &
Zi_¢ + e, where nominal income and the inal stock of high-p d maney,
in log e and Alog # form, al d 4s the dependent and independent variable, Tn
the level equations m was equal to 3 and a time trend was included alang with the
cangtant; in the differenced equarions s was equal to 2 and the canstant alane was
used.

One difference is that Sims filters both series to eliminate serial correlation before
estimating his test equation. The other lies in the form of the equation itself. To test
the hypothesis that Z does not Granger-cause X, Sims runs the following regression

an = E th‘ _J €y (2)

k=-m

where a tilde indicates prefiltered data. He then tests the null hypothesis A, =0 for k
going from —m to — 1, that is, all of the coefficients on the futre values of X
are zero.
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We chose the method we used, rather than Sims’s, because it seemed to us t¢ be
both more direct and more easily interpretable. No prefiltering is involved. The time
trend or differencing, together with the autoregressive terms, are assumed to elimi-
nate serial correlation. Moreover, since the equation uses no future values as right-
hand-side variables, it corresponds more closely to standard econometric procedures.

Over the periad of greatest interest, the direction of influence is unambiguous; from
high-powered money to nominal income. In both sets of regressions (log, and Alog,),
the monetary terms contribute significantly to the explanation of income after aliow-
ing for the effects of lagged income, but income contributes little ta the explanation of
money. In the period 1870-1914, the relationship is very weak in hoth directions.
Finally, in both the period 191460 and the full span of years from 1837-1968, the
influence runs both ways.

The results for 183770 might seem surprising. Sterling was rigidly linked to gold
during these years. And on one view of how open economies operate, the simplest
model of the monetary approach to the balance of payments, nominal income might
have been thought to lead rather than lag the nominal stock of high-powered money.
The reason, a proponent of this view would maintain, is that price arbitrage eliminates
divergences in prices among countries adhering to a gold standard relatively quickly,
whereas equilibrating financial flows only occur with a lag.

So, for example, consider a permanent increase in monetary growth abroad.
Initially inflation will increase abroad; then, given arbitrage, it will increase in
Britain. The resuit will be an excess demand for meney in Britain, followed by a
balance-of-payments surplus and gold inflow and then finally by an increase in the
equilibrivm rate of monetary growth.

That, however, is not the only possible sequence of events. If arbitrage were less
rapid, then specie flows might well provide the major initial link. In this case,
changes in monetary growth could lead changes in nominal income growth even
though the economy were fully open and the nominal stock of money an endogenous
variable.

The point is, therefore, that there is no one-to-one correspondence between the
timing relationships between meney and income and either the degree of apenness or
the potential importance of domestic as opposed to foreign influences. In this
situation, as Zellner has pointed out in a more general context [61], we would need
additional knowledge about the structure of the model to make inferences about
causation from timing.

One way to get such knowledge is to examine the behavior of the asset components
of high-powered money. If international factors operating through specie flows were
important in this period, then specie movements would determine movements in
high-powered money. In additional regressions of the same type reported above, we
found no such influence. Lagged specie had only insignificant effects on either
high-powered money or the domestic asset component of high-powered money. The
latter finding, moreover, casts doubt on the alternative mechanism through which
international forces might have operated: expansion or contraction of domestic assets
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by the Bank of England in response to balance-of payments pressures. Either
domestic factors were of primary importance during this period or the effects of
international factors worked their way through the system completely within a year.

One reason to suspect that domestic forces were the major cause is that, even
though Britain was on a gold standard during this period, it was mare a domestic
commeadity standard that the worldwide goid standard of the later nineteenth century.
Many major countries such as Germany, France, United States (1860-79, in particu-
lar), Belgium, the Austro-Hungarian Empire, Russia, and Italy were not adherents.
Consequently, much of the externa] influence that one would normally associate with
an international gold standard may have been absent.

Another possible reason for this finding is the predominant role of the United
Kingdom during the mid-nineteenth century. Its size relative ta that of the rest of the
warld, coupled with the reserve currency status of sterling, also would explain why
we find an influence from money to income, rather than either the reverse or some
mixture of the two. In this sense, the United Kingdom at that time was analogous to
the United States during the Bretton Woods era. Hence, the same analysis others [ 16,
48] have applied to U.S. experience then may very well pertain to the United
Kingdom.

The results for the period 1870-1914 also deserve comment because they seem to
conflict with results reported by Mills and Wood [46] in their study of the same
period. We find a somewhat stronger relationship from income to high-powered
money than from high-powered money to income, but neither is significant at
anything close to conventional levels. Mills and Wood, wha use a test similar to
Sims’s version, find a significant effect of income an M, but not the reverse.

Why the difference in results? Lack of comparability of test procedures is one
possibility, but it can be ruled out since in retesting using Mills and Wood’s procedure
we achieved results similar to those reported abave. We found no consistently
significant relationship in either direction but, unlike our ather results, a somewhat
stronger influence from high-powered money to income.

Another set of possibilities is related to the data themselves. Possible sources of
difficulty could be our use of a slightly different income series from that of Mills and
Waod and their use of M, in a period in which the distinction between current
(demand) and deposit {time) accounts was blurred. If data problems are not the
cause, however, then the difference in results must reflect differences in the behavior
of high-powered money and the M, multiplier, since it is the latter that provides the
arithmetic link between the two aggregates. The greater association of M, than of
high-powered money with lagged income must reflect a greater association of the
rmoultiplier with lagged income. This in turn could be due to international influences,
commercial banks changing their deposit-reserve ratios as the Bank of England
altered its discount rate in response to foreign-induced price changes and incipient
gold flows, all of which would be consistent with Mills and Wood’s explanation. Orit
could be due to domestic factors that influence income and interest rates and with
them deposit-reserve and deposit-currency ratios.
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The results for 191468 and for the full pericd 1837-1968 are what one might
expect to find under the varied exchange rate regimes, and presumably varied
domestic pelicy goals that prevailed.

Estimates of Demand Functions

In investigating the demand for money, we use a standard model in which the
quantity demand of real per capita cash balances is a function of real per capita
income and the opportunity cost of holding money. The specific form of the model for
which we report results is

log (H/IPN), = a +b log (y,/N), + ci, %))

where H is the nomina] stock of high-powered money, P is the GNP deflator, y, is
permanent real GNP, i is a short-term {three-month) rate of interest, ¢ denotes the time
period, and log a natural logarithm. We chose this functicnal form because of its
widespread use in other studies and its theoretical appeal, namely its assumption of
homogeneity and of a constant interest rate coefficient and, hence, of no liquidity
trap.3 We used permanent, as opposed to measured, income because it produced a
slightly smaller standard error of estimate in all periods in our preliminary tests.®
Similarly, we used the short-term interest rate (three-month commercial bill rate up to
1938 and the three-month Treasury bill rate thereafter; [47, Table 10} and (48],
respectively) rather than the consol rate because it proved superior in terms of
goodness of fit within periods and stability of coefficients across periods.’

Since ordinary least-squares estimates of the money demand equation (3) gave
evidence of positive first-order autecorrelation, we reestimated the equation using a
generalized least-squares routine from the NBER TROLL package that is asymptoti-
cally equivalent to the Cochrane-QOrcutt iterative procedure. Estimates of both cor-
rected and uncorrected equations are reported in Table 3.

Before discussing those results, we should note one additional potential problem,

$We ran a series of regressians aver the same time periods as thase in Table 3 to test the propositions that
the demand function was hormogeneous of degree zero in the price level and of degree one in population. In
all three of the OLS regressions and two of three regressions employing a correction for autocorrelation, we
were unable to reject the first hypothesis at the 0.05 level; in the three comected regressions we were unable
ta reject the second hypothesis at the same level.

5To construct our series for permanent income, we first regressed the log of actual real GNP on time for
the period 1830-1972. The intercept of that regression was taken as the value of permanent income in 1829.
Subsequent yearly values of the series were then generated according te the formula

log y,, = (1-B)log y,,.1 + B logy, + (1-P) Jog {[+c),

where y is real income, p signifies permanent, ¢ is a time subscript, ¢ is the slope of the semilogarithmic
trend regression and § s a coefficient assumed equal to . 10. The method is similar to Darby’s [1 5] except
that we work with logarithms and he uses arithmetic values. The coefficient of 0.10, also used by Darby,
was chosen primarily for the sake of convenience. It did, iowever, produce a slightly lower standard error
of estimate than the ane other serjes we tried in which we used a §=0.33, as in {21].

“tn QLS regressions that we ran, the consol rate produced a fairly large { —0.28) and significantly
negative coefficient for the period 1333-80; a much smaller (—0.055) but still significantly negative
coefficient for the period |880~1968; and a slightly negative and insignificant coefficient for the two
periods combined, When we entered both the consol rate and the three-month rate together, only the
three-month rate was consistently significant with a negative sign.
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namely, the assumption implicit in our madel of stock equilibrium within a year. If
that assumption is incorrect, we would have to fit a more complex relationship in
which we specified some type of adjustment mechanism. The standard procedure in
such instances has been to resort to a simple stock-adjustment formulation that, when
combined with the equilibrium demand relationship, results in the inclusion of a
lagged dependent variable in the estimated equation. We have not taken thatapproach
for two reasons: the statistical problems associated with the use of such variables,
particularly in small samples {see [32]} and the economic problem of specifying
exactly what is adjusting to what—money demand to money supply or vice versa.
This second difficulty is particularly severe in this case, given the varied policy
regimes, both domestic and international, that existed over our sample period.
Attempting to solve it would take us considerably beyond the scope of this paper (see
(9, 27, 40, 59] for discussions of various aspects of this problem).

TABLE 3

ESTIMATED DEMAND FUNCTIONS EOR
HigH-PowERED MONEY IN THE UNITED KINGDOM
1833-1968 AND SUBPERIGDS

Variahles

0D-w R

Periad Constant Log y, /N [ i SE
183380 — L.048 0.890 -0.020 0.70 0.899
(29.570) (2.973) 0.060
18801968 —2.808 1.118 —0.056 0.31 0.898
(36.381) (7.640) 0.111
1833-1968 —0.963 0.876 -0.032 0.17 0.907
(55.487) (4.543) 0.128
1833-80 —-0.839 0.859 —0.021 1.64 0.674
(13.854) (3.957) 0.67 0.046
18801968 —1.967 }.939 —-0.024 1.86 0.423
(8.614) (3.829) 0.92 0.053
18331968 —0.882 0.863 —0.022 1.87 0.463

(13.545) (5.440) 092 G.051

Note: The tap half of the table cantains the OLS estimatas; the batiam half GLS estimates obtained
with the NBEIE’S TROLL package. The dependent variable throughaut was lag (H/PM). Absalute
valyes af ¢ statistics are beneath the coetficients in parentheses.

Our recourse has been to rely upon the correction for autocorrelation, which itself
can be interpreted as a form of stock adjustment. In addition, we experimented with
data averaged over reference cycles, since such averages presumably provide closer
approximations to equilibrium values and, hence, will suffer less from the effects of
disequilbria and other transitory disturbances than the annual data. Since the pa-
rameter estimates obtained in these equations were similar to thase obtained with the
annual data, we only report the results for the annual data.®

#0One additional aspect of the cycle-average results deserve mention. Far the pre- 1880 and post-1880
subperiods separately, the Durhin-Watson statistics also improved substantially in the regressions with
cycle-average data. Only for the two periods combined did significant first-arder autacorrelation remain.
This autocorrelation, however, was substantially reduced by allowing the intercept of the equation to differ
for the twa periods. Our tentative explanation of these findings is that, in addition to whatever omitted
factors were opetable over the shorter run and captured by the averaging, some secular influence on the

demand for high-powered money was not taken into account by our equation. Changes in lag relationships,
amitted variables such as deposit quality, and errors in the data are all potential candidates.
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Several features of these results are worthy of note. Foremost is their degree of
explainability. In spite of the crudeness of the earlier data, the coefficients of
determination in both the OLS and the corrected regressions are all respectable.
Moreover, they result in substantial improvements over the simple constant velocity
formulation. The standard error of estimate for these regressions ranges from 17 to 43
percent lower than the standard deviations of the logarithm of velacity reported in
Table 1.

The estimated coefficients in the regressions also deserve some discussion. In
general, they are fairly stable across subperiods—a somewhat less powerful result for
interest rates, since one of the criteria for our rate choice was stability. Moreover, the
estimated coefficients agree reasonably well with estimates reported in other studies.

The interest rate caefficients are low, a one percentage point increase in the interest
rate decreases high-powered money holdings by 2 to 5.5 percent, depending upon the
period chosen, which translated implies interest elasticity estimates in the range of
—0.06 to —0.15. The income elasticities all cluster about unity, with estimates for
periods before 1880 falling at the low end of the range and the estimates for the period
thereafter falling at the high-end.?

By comparison, long-term time-series studies for both the United Kingdorm and the
Unites States and cross-state studies in the United States using deposit-inclusive
definitions of money have praduces similar but somewhat larger estimates of income
elasticities (1.0-1.3) and a broad enough range of estimated interest elasticities that
our estimates do not seem out of line (see 22, 26, 31, 38, 42, 50]). These similarities,
however, pose several potential problems.

A standard interpretation of the demand-for-money literature is that the degree of
interest elasticity increases as the definition of money narrows.'® Qur estimates,
which are for a very narrow definition of money, fall in the low-end of the range of
time-series estimates. If they are correct, they therefore raise questions about the
validity of the standard interpretation.

Our income elasticity estimates also require some explanation. Estimates for
money in countries undergoing rapid development are generally much larger than
unity. By contrast, none of ours is greater than 1.2, and in the pre- 1880 period when
the United Kingdom was undergoing its most rapid growth, they are below unity.
Cast in this light, our estimates seem low.

The difficulty is that when money is defined broadly, the income elasticities
estimated for rapidly developing economies are likely to be biased upward. Increases

°As a check on our estimates, we ran similar regressions (both OLS and corrected and alternating
measured and permanent real per capita GNP as scale variables) for the subperiods 1833-56 and 1856-8().
These estimates again proved reasonably stable. As a further check, we also ran a series of regressions in
which we alternated the log of real per capita high-powered money balances and of real per capita measured
GNP as the dependent and the independent variables, for the periods reported in Table 3 and for various
averlapping 30-year subperiods. Under the assumption that the measurement errors in both variables are
equally important, the average of the estimated income elasticities derived from regressions of log (H/PN)
on log (WPN)} and of log (w/PN) on log (H/PN) will approximate the true elasticity. When we computed
these averages, they exhibited a pattern reasonably similar to that of the coefficients reported in Table 3.

'“Friedman dissents, referring to “"The absence of a cansistent tendency for the same holding period yield
to give the most satisfactory statistical results” (23, p. 410]. He argues that in principle the whole term
strecture should matter and in ways (e.g., a steeping tilt to the yield curve reducing desired real cash
balances) that are not immediately obvious.
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in financial sophistication and concomitant changes in the quality of depasits are
usually characteristic of such periods. Thus, not taking quality changes into account
results in a specification bias. The income variable in effect does double duty,
capturing the influence of quality effects as well as its own effect on demand. The
relatively small pre- and past-1880 differences in our estimates is one hit of evidence
that high-powered money is less affected by such changes.''

4. SUMMARY AND CONCLUSIONS

The purpose of this paper has been to report the results of our investigation of the
role of maney in the nineteenth century British economy. The analysis is based upon
examination of time series for high-powered money that we have assembled for the
period 1833-80. Our results, although in some senses still preliminary, have a
number of important implications.

We find that the relationships between money and ather economic aggregates in the
United Kingdom look very familiar. They bear a fairly close resemblance to the
relationships observed in other time periods in the United Kingdom and in both this
and other periads in the United States and in foreign countries other than the United
Kingdom.

Velocity appears reasonably stable on average. Its short-run cyclical movements
are akin to those observed in the United States, although its trend in earlier years is
different. Further analysis shaows the potential importance of monetary fluctuations
as a source of business contractions. When we examined the other side of the ve-
lacity coin, the money demand function, we found that the demand for money
was statistically explainable by the same type of simple demand functions used in
other studies. _

One implication of our results is obvious. In any field of investigation, replication
of experiments is a useful way of checking and refining initial hypotheses, Because
our data are drawn from an era characterized by political, social, and economic
arrangements so different from, say, contemporary Britain or America, the similarity
between our results and results drawn from later data for these countries is all the
morte important.

Anather obvious area for which our findings have implications is the controversy
between proponents of monetary control and credit control—in its historical manifes-
tation, the currency schoal-hanking debate. We, like Collins [L2], find little suppaort
for the banking school's view that movements in monetary aggregates were of no
importance for overall economic behavior. On the contrary, the stability of our
estimated demand functions, the analysis of movements in high-powered money over
the course of reference cycles, and the results of the Granger tests all serve to

"'One measure of the increase in finaneial sophistication in the United Kingdom aver this period is the
change in the deposit-currency ratio. Cameron (8] estimates a rise in this ratio in Great Britain from 0.56 to
in 1800-1801 to 1.7 in 184445, Sheppard’s [54] estimates show a deposit-currency ratio for the United
Kingdom as a whole of 2.37 in 1880. Using these fipures and various plausible assumptions about increases
in the deposit-reserve ratio, we have derived a series of estimates of the (biased) estimated income elasticity
of real per capita M, holdings. These range from a multiple of 1.2 ta a multiple of 2.0 times our estirated
income elasticities for real per capita high-powered money holdings.
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substantiate a pasition much closer to the currency schoaol than to the banking school.

Our results also suggest several topics of direct concern for further research. The
source of the difference between the long-term behavior of velocity before and after
1880 is one question. The relationship between monetary changes and income
changes in the United Kingdom and in the rest of the world is another. Analysis of the
role of monetary factors in important episodes, e.g., periods of banking panic, is a
third. Still another is the stability of high-powered money in demand relative to that
of broader monetary aggregates.

The last question, mareover, is particularly relevant in both the United Kingdom
and the United States, The post-1972 period in the United Kingdom, following the
introduction of competition and credit control, and the past few years in the United
States have seen substantial changes in the ratios of one type of deposits to another
and to currency. In the United States, some economists have recommended using
either high-powered money or the (adjusted) monetary base as an indicator,

In the United Kingdom, neither has received much attention until recently. In fact,
in one of the few studies recommending a choice other than either of the two
conventionally used definitions of money, M, and (sterling) Ma, Smith [57] has
recommended the use of an even broader aggregate than M;. Our results, however,
suggest that investigation of the behavior of high-powered money in recent years in
Britain may be extremely useful.

APPENDIX

HiGH-POWERED MONEY AND ITS COMPONENTS FOR THE UNITED KINGDOM,
1833~79 {MILLIONS OF POUNDS)

Bankers" and Other

Coin Nates Private Depasits
Oulside Oulside al Bank of High-Pawered
Year Banks Banks England Maney
(1} et} (3) (4 =01+ (2 +(3)
1833 41.4 36.9 8.2 83.6
1834 33.9 373 7.8 84.0
18353 331 36.9 7.0 82.0
1836 36.6 37.6 8.5 827
1837 38.6 380 7.1 83.7
1838 38.6 39.0 7.0 84.6
1839 34.2 38.1 4.5 76.8
1840 13.3 36.8 4.1 4.2
1841 343 35.6 4.1 74.0
1842 37.2 357 57 78.6
1843 40.8 354 7.4 83.0
1844 43.8 37.5 8.4 89.7
1845 44.8 382 9.6 92.6
1846 46.2 38.5 12.9 97.6
1847 40.9 36.8 8.7 86.4
1848 19.9 3.7 9.8 83.4
1849 38.9 32.4 161 81.4
1850 399 333 9.8 83.0
1851 41.1 33.5 9.3 83.9
1852 48.9 36.2 12.8 97.9
1853 55.4 3R.1 12.5 106.0
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APPENDIX (continued)

HiGH-PowERED MONEY AND ITS COMPONENTS FOR THE UNITED KINGDOM,
1833-79 (MILLIONS OF POUNDS)

Barnkers™ and Other

Cain Notes Private Depasits
Ouiside Outside at Bank of High-Pawered
Year Banks Banks England Maney
4] (2 i3] ()= {0} + () +(3)
1854 59.0 375 ’ 11.1 LG7.6
1855 66.8 PN 1.7 115.6
1856 68.7 37.2 1.2 117.1
1857 63.2 37.0 16.7 109.9
1858 63.4 370 4.1 114.5%
1859 67.0 38.1 14.4 118.5
1860 67.2 38.3 136 119.1
1861 67.3 366 12.5 116.4
1862 7.3 371 14.6 123.4
1863 737 36.5 14.0 124 .2
1864 79.3 36.3 13.2 128.8
1865 80.9 37.1 14.0 132.0
1866 R6.4 39.1 16.8 142.3
1867 87.8 389 18.8 145.5
1868 87.3 39.6 20.2 147.1
1869 94.1 39.6 18.1 151.8
1870 95.4 KR 18.1 153.4
1871 100.9 41.7 2.3 163.9
1872 109.3 435 20.0 172.8
1873 110.3 43.6 19.1 173.0
1874 110.6 44.0 18.8 173.4
1875 110.9 45,1 21.2 177.2
1876 113.9 45.8 23.5 183.2
1877 116.7 46.1 22.6 185.0
1878 121.8 45.8 13.2 196.8
1879 1204 43.7 28.4 192.5
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