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TRIANGLE ?
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Giuseppe Tullio™ and Jiirgen Wolters

ABSTRACT

[ i j ] t rates

This paper analyses the interrelationships of oﬁi.cxal an'd p;:::a;z nci:‘;s:stzeo otes

n seven European financial centres a'na' in particu coveen Lo

ben:'ee and Paris. Looking at the days and directions of all official Izscc;u i rate

f}f;:;;s in the seven centres, pairwise leacfs and lags ?réog:c; z;ec(.meren-

ivate discount rates, which seem to be smnonar?:, correla coeren.
1::;: are measured, multivariate Granger-causality tests are perfor.

are
functions are calculated. The paper shows that there

impulse response lin,

i ] is, and Ber
strong mutual feedbacks between interest rates in London, P;zrz:& e ol
suggesting that the classical gold standard was a decentralized,

system.

1 INTRODUCTION

This paper’ deals with asymmetries in balance of paymentg ﬁiuf-:,r;;e?f Ifct’:gzﬁ
European countries during the classical gold s.tandard an o s
d the Bank of England in the system. Thus it deals only w1 o o
ag' ted to one another and not with how they,. as a group, S o
dests ilised) the world price level. To be more precise the paper focuses on ’
('ieStabl Tate i London determined interest rates elsewhere and how‘tl:ley wer
%ntereﬂ l:aﬁsé:ced by them, and draws conclusions from the _empmcal tests
l;l'e:;rlﬁegl a11130ut the role of London in managing the international monetary
Sys')It;[:;'ules of the gold standard do not per se induce an asymmetric w?;]l::tgﬁ :«_f
international adjustment, unlike the Bretton Woods system. But asy

ontained an analysis of the History of

'The paper presented at the Brescia conference also cg the gold standard. See Tullio and

Economic Thought on the issue of asymmetries durin
Wolters (1996).

* Universita de Brescia )
**Free University of Berlin

419




42
0 GIUSEPPE TULLIO AND JURGEN WOLTERS

c . - 3 )
an anse also from differences in preferences of the Central Bank and the

ubli i
Public, two examples being Germany’s low inflation preference under the

structural/institutional ff:rﬁ:w;f ?2 arits'e f1rom oy iy Counires
national economy and the
monetary

system: the relative size of the economy, the share of ex i
;lelieag:ﬁrf: l(g cll}v;.lis‘lﬁcation of exports, the gold stock gf“) rt;'feu(l':;ct’;:ll ;’;I::]’{Tt?v
benking s n:a ail ;tu;s, the gold sto.ck in circuiation, the development of thn;
o ystem ant fen;and d.eposns, .the spreading of the gold exchange
s g ond the us tod gold devices (f:aP1ta1 controls). Some of these character-
e dlo m):o e: ;ema:d (?ften undistinguishable from national preferences,
determine world money n‘:;il‘::t aczzlgit?;ispxgr (;f gﬁtiSh ot Tontes
determ of the role of i
man ‘ilgioﬂ;zn:;?i::f I-r;xogetary sy_stem. On the one hand Keynes 1'5']:‘ ;Ziz?al;n
orchost ey er trll1 on as being almost ‘the conductor of the intemationall(
UK o ong on 1e3 ; e; MeCloskey and Zecher, after reporting that in 1913
ey ot 2 Y 13% of world GDP as opposed to 27% for the US {McClos-
er, 1976, p. 65), conclude instead that the Bank of England n:)asy

have been just ‘the triangl .
Keynes: gle player in the world orchestra’. In the words of

During the latter half of the 19th centu the i

E(::;l;t:gn:o 12111‘;'()al.ighout the wo.rld wasn;o prtlar:iilﬁ?nc;? ftll;;m:;:: ‘1)31;;;{6((1)1;

oA, mo(rir!f(‘)s.t have claimed to be the conductor of the international

by o o.w > read‘l ying the terms on which she was prepared to lend, aided

o e 0w ¢ ness to vary the volume of her gold reserves a;ld th
of other Central Banks to vary the volume of theirs, she could ts

a large extent determine th : ..
11, p. 306/7). e credit conditions elsewhere (Keynes, 1930, Vol.

And in the words of McCloskey and Zecher:

Apparently the Bank was no more than the

. . s L.
triangle player, in the world’s orchestra McC iy and Zomon Soho S8 the

loskey and Zecher, 1976, p. 65).

Reviewi i i

i Sou;i rt:fi:n h;s;lory of economic thought one finds first of all that Keynes
o 50 sure e;‘ passages of the Treatise on Money that London was as
powerful as we[;pearsu rom the sentence quoted above, Second, one finds that
ondor ooy reseeww.s aware that the enormous gold stock of France and the
Britch o 155C es of tpe Bank of England increased the vulnerability of
b tere ve:y e:sto forexg_n mﬂue'nces. Third, one finds that most writers who
mphieily o oot 't{mmetnc working of the classical gold standard had either
UE gty o € I}:) Illci:;sy(::ogwt}l;alﬁ_?;ce ofc’l payments adjustment between the
K anc producmg countries) in mind

2 ejrlin azrét;:;}:e;r;ulﬁdon and the two other main Europeazl financial T::lrte}:;e
e ad'u't » one finds that several authors believed in a much mon;
Ramer Justment between London, Paris and Berlin than implied b

sentence above. They were Haberler (1937), Meade (191;;‘; ang

© Scottish Economic Society 1995
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Eichengreen? (1992). In particular, Eichengreen defined the classical gold
standard as a ‘decentralized, multipolar system’.

Most, but not all, of the scanty econometric evidence which exists on interest
rate interrelationships during the classical gold standard tends to conclude that
lagged German interest rates tends to Granger-cause French and British rates
and much less vice versa (Neuburger and Stokes, 1979; Giovannini, 1989).
Eichengreen (1987) found instead that interest rates in London Granger-caused
German interest rates and found weak evidence in favour of the reverse
causality; however, Giovannini reports that he is unable to replicate
Eichengreen’s results. Lindert (1969) also finds that London official discount
rates were more powerful than German ones in influencing the exchange rate,
but wams the reader that his resuits may be influenced by the less frequent
changes of foreign discount rates or in his words ‘by the relative inaction of
foreign Central Banks’. These studies cover only subsets of the last 13 years of
the period, except for Lindert who covers the last 23 years.

The paper is divided in three further sections. In Section IT we focus on
official discount rate changes in the main financial centres and present data on
the days and direction of all changes in London, Berlin and Paris from January
1876 to December 1913. We measure the number of times each cenire led the
other and the average leads and lags in days, separately for the two periods and
for changes in the same direction and in the opposite direction. The division of
the period in two is suggested also by the fact that the structural/institutional
features mentioned above changed substantially between the two periods, in
particular the use of the pound as foreign exchange by other central banks, the
relative size of the countries and the relative gold stocks. Assuming no use of

gold devices, if London was the undisputed ‘conductor of the international
orchestra’ we would expect Berlin and Paris to always follow London with a
short lag and London never to have to follow Berlin or Paris. In this section we
also extend the analysis to the time lags of official discount rate changes
between London on the one hand and the smaller financial gold standard centres
of Brussels, Amsterdam, Vienna and St. Petersburgh.

In Section III we use monthly data of private discount rates, a market
determined interest rate which is more variable than the official rate and, after
checking for stationarity, we measure correlations and coherencies between the
seven European private discount rates to study their tendency to move together
at low and high frequencies. In Section IV we continue our analysis of the
interrelationships between monthly observations of private discount rates by
generalising bivariate Granger-causality tests to a 3-dimensional system
composed of the private discount rates in the three main financial centres and
caleulate also the impulse response of each centre to the other. We repeat the
multivariate Granger-causality tests and the calculation of the impulse response
functions in the 7-dimensional system which includes private interest rates in
the three main centres and the four minor ones mentioned above. We did not
perform the tests of this section with the official discount rates because they

2por a detailed analysis, of the views of these authors, see Tullio and Wolters (1996).
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422 GIUSEPPE TULLIO AND JURGEN WOLTERS

moved in a too discontinuous fashion, especially in France. Section V contains a

summary of our main findings, and concluding comments.
The novelties of this paper are first that we ex

years from 1876 to 1913 and divide the whole period in to two: the period of
falling world prices from 1876 to 1895

and the period of rising world prices
from 1896 to 1913. We want to see whether there were significant changes
between the two periods. Second, we study both the official discount rates and
the private discount rates. Third, we extend the analysis to seven European gold
standard financial centres: the three main ones plus Amsterdam, Brussels,
Vienna and St. Petersburgh. Fourth, we use a whole battery of more sophisti-
cated econometric techniques than

has been the case so far, including
multivariate Granger-causality tests (rather than bivariate one

Tesponse functions and we calculate also coherencies.
Our results show strong mutual feedbacks between London, Paris and Berlin with
maybe just a slight dominance of London, They suggest that the balance of payments
adjustment between the three largest European countries (the UK, Germany and
France) was much more symmetric than implied by Keynes’ sentence above.

tend the sample period to the 38

s), impulse

II LEADS AND LAGS IN OFFICIAL DISCOUNT RATE CHANGES IN THE MAIN
EUROPEAN FINANCIAL CENTRES

If London was the undisputed ‘conductor of the international orchestra’ we
would expect the Bank of England’s official discount rate and London’s private
discount rate to lead temporally and cause (in a Granger sense) interest rates all
over the world, without being in turn much affected by them. In addition British
rates should be expected to be highly correlated with interest rates around the
world and show 2 high coherency with them both at high and low frequencies,
provided foreign countries did not use gold devices and financial controls on a
large scale. Mainly because they moved ‘in steps’, for

official discount rates we
preferred to gather data on the days and direction of their changes in the seven
main European gold standard financial centres for which we could find the data

(London, Berlin, Paris, Bruxelles, Amsterdam, Vienna, St. Petersburgh) and

calculate pairwise the average leads and lags in days rather than performing
causality tests and calculating coherencies and impulse responses, as we shall do
in the next section for private discount rates.

We allow for a maximum response
lag of one month,? as Tesponses tended to be rather rapid in the cases in which
they occurred. If we had allowed for a long

€r maximum response lag we would
have run the risk of considering as a response what may have been an indepen-
dent move (we do not possess statements on the motivations of each move), We

do all the tests of this section separately for the period of falling prices (January
1876 to December 1895) and the period of rising prices (January 1896 to

December 1913). All the data are obtained from Vergleichende Notenbanksta-
tistik (1925).

? Giovannini (1989) considered a maximum response lag of one week, We shall see below
that one week is too short,

® Scottish Economic Society 1995
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a huge
irst of all it is worth recalling that the Bank of Frar?:t‘:; I()J(f)siséssselfort tefm
Fllisof recious metals. In 1910 it amounted to 71i3 a:k of England stock
S'm‘t(;‘lities I:jmd 61-5% of French exports, as opposed to a o e stk of the
ol 1o 44-4% of liabilities and 8-6% of UK e of the Bank of England
e‘l"_‘ah bank was only marginally higher than the one o wence the Bank of
Rexcs; of liabilities and 13-9% of exports). %\s a conseq infrequently
(46-8% 1d afford to change the official discount rate v;rgs e o
i :; 1:0 the Bank of England. During the per}od 18;,61—t1imes pex year) s
con-lpaerchanged the official discount rate only 21 tumes *E“E Jand and 66 times
I:;?JI:J‘:sed to 133 times (6-6 times perg)lrgarg Of::l g}iz;nﬁec;e 1r‘:lgg(0-8 per year) for
3 . From 1896 to 1 the ¢ for the
(t:ﬂgmliilg?;brznnie 88 for the Bank of England (4-9 per 3](;:;1‘ t)h:ni(rixt’i?nac:ional
e 4 d was manag .
, the Bank of Englan
Rell;thaIcllls.rﬂfl E?::}:l;afth; film of gold’ made it very vulnerable to foreign
gold stan
. i don and
Shocl(Sl. 1 analyses the respose of official discount rate chani%s 1111:;1‘21“ f;)r]::t we
le?b fo one a?xrother. Taking the 133 changes of the Bank oer :ﬁadra;lt of the
Berlin that in the first period of falling world prices (uﬁ) e ithin one
Ob’tffwethe Reichsbank followed the Bank of England f lljngland’s moves.
. etil’ i.e the Reichsbank followed in 32.3% of the Bankgi e in the opposite
of 1.‘340 changes were in the same direction and only thre \ in Table 1) the
El)iietilgii 4 In the second period of rising P‘Tii‘f; t(_lo‘;":l;gt];irﬁe month ie the
. j d the Bank of Englan o these 39
REI.ChSE:\El; iﬁﬁﬁid in 48-9% of the Bank of ]E:‘.ngland mmjtes.di?é’cti :n. For
Reichs ere in the same direction and only four in the ﬁ}p;pofs:ﬁ e gland chenges
changes w . : out of 221 Bank of En
- eriod the numbers are: © that the
B Whofl'ellsfwﬁlarS% times or in 39% of the cases. e ;c’t%c;ltuieincreased
_Be;un c: of London on Berlin was very strong _md.eed a_r:h increased capital
mbufal:ltially from the first to the second period in line wi
subs
maéket.ifnteegr :;;(;;l'se in the same way the leads of Berlin ovl':ler tLo;_?gclll I\j:ngzi
ut if w ; don. In the first p
i nce of Berlin over Lon ;
e evendst};onlgizfx;glu; one month 35 times out of 66 total Berélsnoiltlif;g’;g
'f;?jl?l’;wzf th: rc:hanges) and in the second period it f(;)llo;vfﬁio ?v%;lgeﬂin in 4%
© iod Londen fo
. .3%). For the whole perio in followed
Berlin c.h?n%eizc(:fnt :a)te changes, while as we saw before ?Brllll:n ;’: ;; e
of ]iieﬂmi; 309 of London’s changes. The picture doesb n?mtzd o we did
oo 'fim only changes in the same direction. It should also edo o know who
Cmtlséoigideryme changes enacted on the same day, as w:feBeﬂm vor London
?c(:)ok the lead. It would be tempting to say that ge lpif!;:):'ever one should be
; the power of London over Berlin, ; reveal
wasef};gﬁrint:::al‘;reting the numbers of Table 1 in this way. What they
car

4 : - . . - i i l
i Opposiie directions, which is ‘:(.n"’.l 10N 10 l ]he
[he Ie!ﬂ.tive lnffequency Of movcme.nts n Pp. li ; .l 1 a '
centres a“d both Subperiods may have lmporta.nt lmp cat OI!S' i()l aSy‘lIli]IIEH;eS ll] ba la‘n(:e olf
j T [he centre couniries ﬂ.nd the penp TY. p S ana ySe n
paymcnts adjust“lel][ belwee he This point d

Tullio and Wolters (1996).
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424 GIUSEPPE TULLIO AND JURGEN WOLTERS

TABLE 1
Official discount rate changes in London and Berlin

18761895

Ngt.h?f Bank of Elngland changes followed
within one month by Berlin change
Average lag (in days) g 43-9 323%'
of which: in same direction
Average lag (in days)
In opposite direction
Average lag (in days)
No. of simultaneous discount rate changes in
London and Berlin (same day} 0

30%
2:3%

mwod

No. of Rflichsbank changes followed within
one month by Bank of England change 2
Average lag (in days) ® ?gS 3%
of which: in same direction 31
Average lag (in days) : 12.9
In opposite direction 4
Average lag (in days) 20-25 o%
No. of simulations discount rate changes in
Berlin and London (same day) 0 0

47%

1896-1913

NPt.h?f Bank of ‘tEhngland changes followed

within one month by Berlin change

Average lag (in day);) 8 ‘1435 8%
of which: in same direction 39
Average lag (in days) 9.5
In opposite direction 4
Average lag {in days) 20-3

No. of simultaneous discount rate changes in

London and Berlin (same day) 2

44.3%
4.6%

2-3%

No. of Rf}ixct}:SI;}ank changes followed within

one month by Bank of England change 4

Average lag (in days) # g ?87 2%
of which: in same direction 24
Average lag (in days) 10:2
In opposite direction 6
Average lag (in days) 12-6

No. of simultaneous discount rate changes in

Berlin and London {same day) 2

34-3%
8-6%

2-9%

Notes:

' Number of changes in % of total Bank of E i
. i T ngland discount rate changes during th i -
s ﬁ:m&: g; :::Iﬁﬁgcs in % o? tota.} %g:ﬁsbank discount rate changes dgringll;:: icﬁidpclrég%lslégS 1895
ges in % of total of England discount rate ch duri i )
* Number of changes in % of total Reichsbank di res during the o th T
Source: Vergleichende Notenbankstatistik (1925).1“0“Ilt rate changes doring the period 1896-1913.

with certainty is that Berlin had a powerful infleence on London and vice
versa,

‘ The ratios in the last column of Table 1 show an increase through time in the
mﬂuenc; of Lopdcu} over Berlin, which is consistent with the view that capital
market integration increased through time and a reduction in the influence of

© Scottish Economic Sociery 1996
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Berlin over London. This reduction may be related to the gold acquisition policy
of Germany in the years after 1871. As explained in great detail by Hawtrey
(1927) Germany’s gold policy was one of the main causes of the long decline in
world prices. It is plausible to assume that during the first period London must
have felt very strongly the waves of Germany’s gold policy both because
London was the gold market of the world and because the Bank of England was
operating on such a ‘thin film of gold.’

Turning to the average response lags, those in the same direction ranged from
9 1o 13 days. Thus the reaction, when it occurred, was relatively fast. Giovan-
nini (1989) performs the same analysis as in Table 1 from January 1889 to
December 1907 but he considers a maximum lag of one week, which is clearly
too short given the average lags of 9—13 days we calculated.

Table 2 contains the same analysis for London and Paris. In the first period
France followed London’s discount rate changes within one month in only 6-8%
of the cases in which London moved and in the second period it followed in
11.4% of the cases. These numbers suggest that the use of gold devices by
France may have been a substitute of discount rate policy and above all that
France’s discount rates were protected by the huge gold stock of the Bank of
France, Vice versa London followed Paris in 19% of the cases in the first period
and 28-6% in the second, suggesting a greater influence of Paris on London than
of London on Paris. In the London-Paris case the percentage of movements in
the opposite direction is much larger than in the London-Berlin case; in addition
there are almost as many moves on the same day as delayed moves, suggesting
possibly a higher degree of short run cooperation in times of crisis in the
management of the gold standard than between London and Berlin, as opposed
to cooperation for the long run maintenance of the stability of the system which
was clearly lacking.

The average response lags were again quite short: from 8 to 13 days for lags
of Paris with respect to London and 17 days for London with respect to Paris.
However, if one considers also the frequent movements occurring on the same
day, the lags arc substantially shorter (about a week).

In the analysis of time lags between Berlin and Paris performed in Table 3
the powerful influence of the huge metal stock of the Bank of France
emerges even more clearly: on those rare occasions in which Paris moved
(only 21 times in the first period and 14 in the second) Berlin had to follow
in 39% of the times in the first period and in 71% in the second. On the other
hand Paris’s gold reserves allowed it to take Berlin changes more leisurely: it
followed in 15% of the cases in the first period and in 9% of the cases in the
second. Most of the changes tended to be in the same direction, especially in
the second period. Noteworthy is also the fact that the average lag of Berlin
with respect to Paris fell considerably from 15 to 7 days from the first to the
second period.

In conclusion, the three tables presented do not give strong support to the
‘conductor of the international orchestra’ hypothesis of the classical gold
standard. They rather suggest that we are dealing with three powerful countries
mutually influencing each other, each with its own peculiarities. They suggest

© Scottish Economic Society 1996
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TABLE 2
v . TABLE 3
Official discount rate changes in London and Paris Official discount raie changes in Berlin and Paris
1876-1895 1876-1895
No. of Bank of England changes followed within i ithi
8 No. of Reichsbank changes followed within
Oni month by Paris change 9 6-80%° one month by Paris change 10 15-29%°
fverl‘;‘,ge lag (in days) 13-1 Average lag (in days) 14
1 which lm same direction 6 4.59, of which: in same direction 8 12-1%
In"e’age_ ag (in days) 142 Average lag (in days) 13-7
I OPPOSIIIB direction 3 2.3% In opposite direction 2 31%
N V?”{ge ag (in days) ) 1t Average lag (in days) 15
Lg. 3 snm:.;ltanqous discount rate changes in No. of simultaneous discount rate changes in
ndon and Paris (same day) i 6-0% Berlin and Paris (same day) 0 0
No. of Bank of France changes followed i ithir
ithi No. of Paris changes followed within one
Xlﬂ'lm one month by London change 4 19-0%°¢ month by Berlin changes 8 39-0%"
Ve;agl?']?f (indays) 175 Average lag (in days) 14.7
?& whic : in same direction 3 14-3% of which: in same direction 6 28-7%
Inverage_ ag (in days) 14 Average lag (in days) 14-2
o 0pp0511te direction 1 4-8% In opposite direction 3 14-3%
N v;:rzgge lag (in days) ) 28 Average lag (in days) 11
Bo.l? su:in;> taneous discount rate changes in No. of simultaneous discount rate changes in
erlin and Paris (same day) 8 18-1% Paris and Berlin (same day) 8 39-0%
1896-1913 1896~1913
No. of Bank of England changes followed i ithi
ithi 4 No. of Reichsbank changes followed within
thm one month by Paris change 10 11-4%7 one month by Paris change 6 8:6%""
v:;- ?vg}?i c?]g_ i(r‘lns;':]ysg. , 82 Average lag (in days) 73
Average la (i cEl: irection 9 10-3% of which: in same direction 6 8-6%
Inog gositegd'm t.ays) 66 Average lag (in days) 7.3
Avell?fge lag gﬁcdgé) 2; 1-1% In opposite direction g 0%
: : . Averape lag (in days)
Egﬁ 35:1:]11151?11?0“5 dlsc?junt rate changes in No. of si%nultgneous giscounl rate changes in
aris (same day) 6 6-8% Berlin and Paris (same day) 0 0
No. of Bank of France changes followed i ithi
ithi No. of Paris changes followed within one
ann onle month by London change 4 28-6%" month by Berlin changes 10 71:4%;,
V:;i‘f;c%g_ i(x:nsg;yst)i' ; 17:3 Average lag (in days) 82
Average Jae § frection 2 14-3% of which: in same direction 9 64-3%
Ino %esitigdgnct'a v 13:5 Average lag (in days) 6
Aveir'f : re d'fm : 2 14-3% In opposite direction 1 7-1%
No. of siﬁul?fn(elg s?-s) i 21 Average lag (in days) 28
Lm:ldon e I.E lscc:iunt rate changes in No. of simultanecus discount rate changes in .
ris (same day) 6 42.09%, Paris and Berlin (same day) 0 0
Notes: Notes:

3 Number of changes in % of total Bank of Engl i i i
i gland discount rate changes during the period 1876—
:Number of changes in % of total Bank of France discount rate changegs during%he pepgc;d 1876— lt;gsg >
sgumﬁr o:‘ c:anges in ? 0; tota} banl;of; England discount rate changes during the period 1986-191:-!
umber of changes in % of total Bank of France discount rate ¢h i i - '
Source: Vergleichende Notenbankstatistik (1925), changes during the period 9861913

more symmetry between these three main European countries than has been so
far assumed.

We have constructed tables similar to Tables 1-3 to analyse pairwise the
relationships between official discount rate changes in London and the four
smaller financial centres for which data are available (Brussels, Amsterdam,

® Scouish Economic Society 1996

9 Number of changes in % of total Reichsbank discount rate changes during the period 18761895,

0 }umber of changes in % of total Bank of France discount rate changes during the period 1876-1895.

1 Number of changes in % of total Reichsbank discountt rate changes during the period 1876—1895.

12 Number of changes in % of total Bank of France discount rate changes during the period 1896-1913.
Source: Vergleichende Notenbankstatistik (1925).

Vienna and St. Petersbugh). Then we have done the same for Berlin and the four
smaller centres. We briefly discuss only the four tables relating to London
without showing them because of lack of space.’

5The four tables relating to London and the four relating to Berlin are available from the
authors on request.
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Surprisingly the picture that emerges is one where London followed the
smaller centres more often than the other way around. This is particutarly the
case for Amsterdam, Vienna and St. Petersburgh. One explanation may be that
these smaller European Central Banks were holding large foreign exchange
reserves in London and that the increase in their discount rate may have been for
the Bank of England an alarm bell of pending sterling conversions into gold,
inducing her to take pre-emptive action. Another explanation could be that some
tensions originating in the world were at times transmitted faster to the smaller
and weaker European Central Banks and only later to the Bank of England. An
example couid be the following: consider a fall in export revenues of the British
and Dutch colonial empire hitting more rapidly the current account of Holland
than the current account of Great Britain, forcing Amsterdam to increase the
official discount rate first.

A third explanation could be related to the following observations. Private
discount rates tended to lead official discount rates as shown for Germany by
Sommariva and Tullio (1987, Chapter 2); shocks originating anywhere in the
system were therefore transmitted first to private discount rates in London and
other centres, causing their increase; the increasing spread between the variable
private discount rate and (for the moment) fixed official discount rate led to a
fall in the ratio of metals to liabilities in both Central Banks’ balance sheets. To
defend internal convertibility (the only ‘rule of the game’ the gold standard
Central Banks followed) they sooner or later raised the official discount rate to
reverse the reserve drain. It is possible that the Bank of England could on
average afford to move more leisurely, given the central position of the London
financial market in the system and the greater power of London to attract funds
from everywhere. The smaller Central Banks had to react instead more
promptly. For more details on the role of the spread between the private and the
official discount rates in influencing liquidity ratios in Germany and of changes
in the liquidity ratios in influencing the discount rate, see Sommariva and Tullio
(1987).

Whatever the causes of these findings, they do not suggest a Bank of England

which unambiguously led the Central Banks of smaller European financial
centres.

IIT PRIVATE DISCOUNT RATES IN SEVEN EUROPEAN FINANCIAL CENTRES:
STATIONARITY, CORRELATIONS AND COHERENCY

Whether the private discount rates are stationary or not is tested using the
Augmented Dickey-Fuller test in Table 4. The interest rate series are all
stationary at least at the 10% level in both periods. This means that we can
perform the traditional statistical tests using the interest rate levels.

Table 5 contains the means, standard deviations and coefficients of variation
of monthly private discount rates in seven European financial centres, separately
for the two periods. London had the lowest average interest rates in the first
period (2-33%), St. Petersburgh the highest (5-44%). In the second period
average interest rates were higher in all countries, most likely as a result of a
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TABLE 4
Augmented Dickey-Fuller tests

k
Test equation: AX, = ag+px,_ + Z aAx, ;+u

i=1

1877(¢1)—-1895(12) 1896(1)—1913(12)

t k t k
-5-51%% 3 -327* 6
Engend -2:60(") 4 -272(") 4
France {

Germany —4.93%F 6 3457 6
Belgium -3 72 1 -337° 1
Austria ~7-43%* 3 -2:64(") 2
A 1 —-3-48™* 6

Holland -351% .
Russia —5.13%* 5 -2.84(%) 4

fes: . .
?Lo).ei. #* indicates that He: the variable is I{1), can be rejected on

210, 5, 1% level, respectively. o . )
k is chosen such that the residuals are empirically white noise.

t denotes the t-statistic of p.

TABLE 3 . _
Descriptive statistics of private discount rates
1876(1)—~1895(12) 1896{1)-1913(12)
Mean Std. dev. Var. coef. Mean Std. dev. Var. coef.
. 1:10 036
land 2-33 1-11 0-48 3-07 ‘
E?aiz: 2-38 0-65 0-27 2-57 (1)31 g%g
Comany 270 0% 0@ s o 09
Belgium 271 . . 08 02
i 3-80 0-50 0-13 3.93 . :
ﬁgflt;tad 2-64 0-76 0-29 3.13 0- g',z’ g%g
Russia 5:44 1-02 0-19 5.64 0-

change in inflationary expectations, a higher productivity (?f _c.apltal and maﬁc
more frequent financial crises which threatened _convemb.xhty,' dmough e
increase is remarkably small in relation to changes in actual.u?ﬁatlon and in real
economic growth. London lost, in the second period, the privilege of the lowe.st
average rate in favour of Paris (3-07% in Lor}don as ogposed to 2-?7%mm
Paris). London rates show the highest variability in !JOth periods, suggesting that
its central role as manager of the gold standard with such small gold reserves
haﬁ‘:b(i:stti contains correlation coefficients between the seven series. In the first
period London had the highest correlation coefficient w1th. Brussels (0-71),
followed by Berlin (0-64) and Paris (0-58) and the lowest Wllth St. P.etersburgg
(0-05). Berlins comelation with Amsterdam and especlally V1enpa an

St. Petersburgh was higher than London’s. Paris had the highest correlation with
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TABLE 6

Correlation coefficients of private discount rates
Upper part: period 1876(1)—1895(12)

Lower part: period 1896(1)—1913(12)

Median

Engl. France Germ. Belg.  Austria  Holland Russia  correl.
England X 0-58 0-64 071 0:39 0:53 0-05 0-56
France 0-78 X 0-51 0-83 011 0-49 0-19 0-50
Germany 0-74 0-74 X 0-60 0-57 0-61 0-26 0-59
Belgiom  0-82 0-88 0-82 X 0-20 064 0-24 0.62.
Austria 0:55 0-69 0-89 077 X 033 0-25 0-29
Holland  0-74 0-71 0-69 0-81 0:63 X 0-16 0-51
Russia 0-48 043 0-56 0-57 0-48 0-47 X 0-22
Median
correl. 074 0:73 0-74 0-82 0-66 0-70 0.48 X

Brussels. In the second period all correlation coefficients are higher (increased
capital mobility) and many are over 0-8. The largest increase is recorded by
London’s correlation with St. Petersburgh. Interest rates in Beslin and Vienna
move almost together (0-89). What emerges from Table 6 is a high degree of
capital mobility (with the exception of St. Petersburgh) increasing through time
and a stronger correlation of Vienna and St. Petersburgh with Berlin than with
London.

The coherencies, (comparable to a determination coefficient for each
frequency) between London’s private discount rate and those in Berlin, Paris,
Vienna and St. Petersburgh are presented in Figure 1. Figure 2 contains the
coherencies between Berlin and the other centres. The solid line refers to the
first period, the dashed one to the second. The coherencies close to the origin
are for low frequencies (the frequency /6 corresponds to a one year cycle).
The dashed horizontal line represents the approximate 90% confidence band.
Thus all coherencies above the dashed horizontal line are significant. The
coherencies tend to increase from the first to the second period at most
frequencies. Again this has to be most likely attributed to the increased
integration of financial markets. The average coherency (not reported here) is
higher for low frequencies (2—4 years) than for high frequencies (1/2 year),®
confirming Morgenstern’s (1959) result that the medium run cycles of the main
European interest rates were most of the time in the same phase. Russia
presents the lowest average coherency at all frequencies both with London and
Berlin in both periods. London has significant coherencies with Berlin and
Paris at low frequencies in both pericds (Figure 1). They increase in period
two. Between Berlin and Paris there is evidence of a significant coherency also
at higher frequencies (Figure 2). However, maybe the most interesting result is
the very large increase in the coherency at low frequencies between Berlin and
Vienna, but also to a smaller degree between Berlin and St. Petersburgh. These

§A table with average coherencies by frequency ranges for all pairs of interest rates is
available from the authors on request.
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increases are more significant than for London. We conclude that the degree of
financial market integration between Berlin and these smaller centres increased
more than between them and London and that probably the power of attraction
of Berlin’s financial market with respect to Viennma and St. Petersburgh
increased more than London’s.

IV PRIVATE DISCOUNT RATES IN SEVEN EUROPEAN FINANCIAL CENTRES:
GRANGER MULTIVARIATE CAUSALITY TESTS AND IMPULSE RESPONSE
ANALYSIS

In this section we present the results of Granger-causality tests and impulse
response functions first in the 3-dimensional system formed by the London,
Berlin and Paris private discount rates; then in the 7-dimensional system formed
by the private discount rates in all 7 financial centres considered in Sections II
and III. We use monthly data as in Section III. First we describe the method-
ological approach followed.

With y,, u,, and u as (n, 1)-vectors and A; (i=1,... p) as (n, n) matrices a
vector autoregressive process of order p (VAR( p)) is given as’

Y=t Ayt Ayiat e Ayt i (1)
where u, has zero expectation and
E(uu)=% and E(ui)=¢ t# 3.

These models can be used for structural analysis: (i) Granger-causality and (ii)
impulse response analysis. Within this framework one can generalize the
bivariate Granger-causality tests. If one partitions the set of variables y, in two
subsets x, and z, one can test whether there exists a simple Granger-causal
relation from x, to z, and whéther these two subsets of variables are instantane-
ously Granger causal.

Moreover, one may be interested in the response of one variable to an impulse
in another variable in the whole system. This can be done with so-called impulse
response functions. Suppose we want to investigate the effect of an innovation
in the London rate on other interest rates of the system. This can be done by
assuming that prior to time t=0 all variables are equal to their mean value and
that only the London rate increases by one unit in period ¢ = 0. Assuming that no
further shocks occur we can evaluate the reaction of the whole system during
periods t=1,2,3, ...

With this type of analysis it is assumed that a shock occurs in one variable at a
time. This assumption may be problematic if the shocks in the different variables
may be not independent. Therefore, prior to performing the impulse response
analysis one transforms the residuals in such a way that they are uncorrelated
and have unit variance. One problem with this kind of analysis is that the results
of the orthogonalised impulse responses may depend on the ordering of the
variables in system (1).

7 See especially Luetkepohl (1991, p. 35).
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We estimated two VAR(2)-models . The order was chosen by applying
information criteria.* One VAR(2) is 3-dimensional and contains the interest rates of
London, Berlin and Paris. The other VAR(2) is 7-dimensional and contains all
interest rates.’ The results for the period from 18761895 are given in Tables 7 and
8 and Figures 3 to 8. With the F-statistic we test the hypothesis Hy: ‘x is not
Granger-causal to z’. With the *-statistic we test Ho: ‘no instantaneous causality
between x and z’. Considering the 3-dimensional system first (Table 7), we find that
both hypotheses can always be rejected. PR stands for private discount rate and
E,G,F are the country codes. Thus we find strong linkages between the three
interest rates. In the 7-dimensional system (Table 8) we see again that there exist
strong instantaneous causal relations. Moreover, the centre countries have a %u'ghly
significant Granger-causal relation to all the other countries, whereas the .penphery
and smaller countries have no Granger-causal influence on the other countries.

To get more detailed information about the reaction between the three
countries in the centre we look at the impulse respone functions between PRE,
PRG, and PRF. The results do not change substantially between the 3- or the 7-
dimensional system. We report only the impulse response functions in the 3-
dimensional system for lack of space.'® We find that:

(i) Innovations in PRG have a significant influence on PRF (until 5 months),
and on PRE (between 2 and 4 months).

TABLE 7 _
Granger-causality fests in the 3-dimensional system,
1876{1)-1895(12)

x z F{x—2) ¥ (x—-12)

PRE PRG, PRF 6-77(0-000) 30-40(0-000)
PRG  PRE, PRF 12-33(0-000) 27-67(0-000)
PRF PRE, PRG 5.78(0-000) 9-33(0-000)

Notes:
P-values in parenthesis.

TABLE 8 :

Granger-causality tests in the 7-dimensional system, 1876(1)-1895(12)

x z F(x—z) yix—2)
PRE PRG, PRF, PRH, PRB, PRA, PRR 2.78(0.001) 47.96(0.000)
PRG PRE, PRF, PRH, PRE, PRA, PRR 6.54(0.000) 51.75(0.000)
FRF PRE, PRG, PRH, PRB, PRA, FRR 3.56(0.000) 25.21(0.000)
PRA, PRR PRE, PRG, PRF, PRH, PRB 1.00{0.452) 48.17(0.000)
PRA, PRR, PRH PRE, PRG, PRF, PRB 1.35(0.171) 56.57(0.000)
PRA, PRR, PRB PRE, PRG, PRF, PRH 1.71(0.065) 82.26(0.000)
Note:

P-values in parenthesis

3gee Luetkepohl (1991, pp. 128),

9The programme used is MULTI, written by Haase et al. {1992). )

®The impulse response functions in the 7-dimensional system are available from the
authors on request.
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Figure 3. Response of France 10 a unit shock in Germany (3-dimensional system).

(ii) Innovaticns in PRE have a very short run {up to 2 months) significant
influence on PRG and no significant influence on PRF.
(iii) Innovations in PRF have a very short run significant influence on PRE but
no influence on PRG.
Thus there seems to exit a feedback relation between England and Ger-
many, whereas France is influenced by Germany and influences England.
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Figure 4. Response of England to a unit shock i Germany (3-dimensional system).

The results for the period from 1896 to 1913 are reported in Tables 9 and
10 and Figures 3 to 8. Again we estimated two VAR(2)-models, one with
the three variables PRE, PRF, and PRG and the other with all 7 interest
rates. In the 3- dimensional system, the Granger-causality tests (Table 9)
show that the influence of France on the other two countries seems to be
weaker, whereas England shows a highly significant Granger-causal relation
to the others. The same holds for Germany. In the 7-dimensional system
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Figure 5. Response of France to a unit shock in England (3-dimensional system),

(Table 10) we find again strong instantaneous causal relations. With the
exception of France and Russia each country shows a significant Granger-
causal relation to all the remaining countries. Between the group of the
centre countries and the other countries there exist feedback relations.
However, the influence is much more significant from the centre to the
periphery.

© Scottish Economic Society 1996

S .

ASYMMETRIES IN INTEREST RATE BEHAVIOUR 437

pPericd 1876 - 1895

0.253 38
-
)
4
4

0.122
N
r
4
/

0,009
=
»
A
[PES
.
[12]
~
-]
o

-0.140
Vs

/4

\

N e —
-

Kesponse o1 pane

L — —— Impulse response
— — — +/= 2 » stondard error Eknown orde?
————— +7/~ 2 » stondord error (unknown or er)

period 1896 - 1913

/ =~ Q‘\t\o o unit innovation in pric
/ s

0.524
™~y
,

0.337

0.151
~
N
J
I
I

-0.036
5
7,
w
w
ol
-
[o:]
ol

Kesponse of pdbe
—%.:222
7

i—— jMpuise response
—_— - ~ 2 + stondard error (wnown order}
————— +/— 2 » stondord error (unknown order)

Figure 6. Response of Germany to a unit shock in England (3-dimensional system).

© Scottish Economic Society 1996




438 GIUSEPPE TULLIO AND JURGEN WOLTERS

Period 1876 - 1885

-
81" oo
- - e
A -~ hliry v - - N
7« ~to o“unit_innevation in pdpo
P "~ -
L ~ T
/ - Teea
o~ -
o~ - -
ST/ Sl Tl
«© ~ - T TEmmeall
—
/ -
/ -
(=) - —
" —
2 -
e
LT -
/ // I ~
w / -~
o /S o~
=T “
&S|/ N
- ~
S ' ; e t } ; e
v |0 1 2 3 o~ 4 - 5 & 7 a8 3
e ~ -
- ~ -
Qo‘-' Iy R —
- -
as . —_—
Impulse response Teee
—_— — 2 » stondord error (known order) =~ T T em—o
A e +/= 2 = standord error (unknown order) -

Period 1896 - 1913

1.158

0.865

0.573

=
4=
=
©—
£ ; i oo e ; 4 {
ao 1 b . 4 G a_. & 7 8— — 9
wn ! . o . -
g ~ P -
™ - ~ -
1 lmpuise response e
T = — — 2 = stondard error (known  order)
————— +/~ 2 v stondord error (unknown order)

Figure 7. Response of England to a unit shock in France (3-dimensional system).

In Figures 3-8 we look at the impulse response functions between PRE,
PRG, and PRF. The results do not differ very much for the 3- and the 7-

dimensional systems. Again we report only the results for the 3-dimensional
system for lack of space. We find that:

(i) Innovations in PRG have only a very short-run (one to two months})
significant influence on PRF and no significant influence on PRE.
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Figure 8. Response of Germany to a unit shock in France (3-dimensional system).

(ii) Innovations in PRE have a short run significant influence on Germany
(one to two months) as well as on France (one to three months).
(iii) Tnnovations in PRF influence both PRE and PRG.

Thus it seems that the position of England and France becomes sironger
compared to the previous period, whereas the position of Germany weakens,
although it may be that Germany influenced England primarily via France.

© Scottish Economic Socicty 1996




440 GIUSEPPE TULLIO AND JURGEN WOLTERS

TABLE 9

Granger-causality tests in the 3-dimensional system,
1896(1)-1913(12)

x z F(x—rz) 22x~2)

PRE PRG, PRF 6-74(0-000) 45:62(0-000)
PRG  PRE, PRF 8-39(0-000) 41.95(0-000)
PRF PRE, PRG 2-03(0-081) 30-67(0-000)

Notes:
P-values in parenthesis.

TABLE 10

Granger-causality tests in the 7-dimensional system, 1896(1)-1913(12}

X z Flx—2) xHx-12)
PRE PRG, PRF, PRH, PRB, PRA, PRR  3.91(0.000) 61.13(0.000)
PRG PRE, PRF, PRH, PRB, PRA, FRR  2.66(0.003) 65.77(0.000)
PRF FRE, PRG, PRH, PRB, PRA, PRR  1.33(0.205) 40.72(0.000)
PRH PRE, PRG, PRF, PRB, FRA, PRR  1.94(0.032) 33.16(0.000)
PRB PRE, PRG, PRF, PRH, PRA, PRR  1.95(0.031) 58.86(0.000) -
PRA PRE, PRG, PRF, PRH, PRB, PRR  3.10(0.000)  57.79(0.000)
PRR PRE, PRG, PRF, PRH, PRB, PRA  1.85(0.042) 22,64(0.001)
FPRE, PRG, PRF PRH, PRB, PRA, PRR 3.12(0.000) 112.36(0.000)
PRH, PRB, PRA, PRR PRE, PRG, PRF 2.55(0.004)  112.36(0.000)
Note:

P-valves in parenthesis.

V SUMMARY AND COMPARISONS WITH PREVIOUS EMPIRICAL STUDIES

In this paper we have analysed the interrelationships of official and private
discount rates between seven European financial centres and in particular
between London, Berlin and Paris during the period 1876—1913. We have
looked at the days and direction of all official discount rate changes in the seven
centres and analysed pairwise leads and lags (Section II). As to private discount
rates we have tested for stationarity, measured correlations and coherencies,
performed multivariate Granger-causality tests and calculated impulse response
functions. The main objective of the paper was to gather new evidence on the
degree of asymmetry in balance of payments adjustment between the three main
European financial gold standard centres and about the alleged role of London as
the ‘conductor of the international orchestra’. We find strong mutual feedbacks
between interest rates in London, Paris and Berlin, suggesting that the classical
gold standard was a decentralised, multipolar system as suggested by
Eichengreen (1992).

Hence London was neither the conductor of the international orchestra nor a
riangle player. It was probably the most influential country in the system, but
our analysis shows that the balance of payments adjustment between at least the
three main European countries, the UK, Germany and France must have been
much more symmetric than implied by Keynes’ ‘conductor of the international
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orchestra’ view, with the latter two countries being in the position to influence
significantly London interest rates and most likely being able to throw at least at
times a large share of the burden of adjustment on the UK. This is confirmed by
the study of leads and lags in official discount rate changes in Section II as well
as by the multivariate Granger-causality tests and impulse response functions of
Section IV. Germany and France were large international capital exporters and
net creditors, had a larger gold stock than the UK and had their own financial
sphere of influence in Continental Europe. The sphere of influence of Germany
in Continental Europe (especially on Vienna and St. Petersburgh) increased in
the period 1896—1913 more than London’s, as the coherencies presented in
Section III seem to suggest. In addition the mark and the franc were used as
reserve currencies on an increasing scale in Continental Europe and by the end
of the period they were more important on the Continent than sterling (Lindert,
1969). Finally, also the fact that on the eve of World War I the German
economy had already overtaken that of the UK contributes to explain our
findings.

As a result, the role played by France and especially Germany during the
classical gold standard should be upgraded and the role of London downgraded
at least with respect to the ‘conductor of the international orchestra’ view. For
the sake of completeness one should, however, remind the reader that Keynes
held a much more sophisticated view than believed by those who quote his
famous sentence.

Our results do not confirm the results of any of the four previous empirical
studies on interest rates interrelationships during the classical gold standard
which we could find. Two seem to attribute an even larger role to Berlin than we
do in this paper (Neuburger and Stokes, 1979; Giovannini, 1989). Eichengreen
(1987) found a sirong influence of British rates on the French and German rates
and weaker evidence of the reverse. Finally, Lindert (1969) found that the Bank
of England clearly enjoyed a short run command over most of the sterling
exchanges, especially with respect to shallow money markets, like Portugal and
Russia. He concluded that ‘London also enjoyed hegemony among the three
main centres, although her supremacy was less pronounced. She had a clear
edge on Berlin and a more ambiguous advantage on Paris.’ (Lindert, 1969, p.
52). One problem with the above mentioned studies, except that of Neuburger
and Stokes, is that the official discount rates they use were moving in steps,
especially in France, and this may make the results less reliable.

The second conclusion of our tests is that even the smaller European financial
centres (especially Amsterdam, Vienna, St. Petersburgh) seemed at times able
to influence London’s official discount rates or at least transmit to London
disturbances originating elsewhere, as shown by the fact that there were many
instances in which the official discount rates in these centres led the Bank of
England’s official discount rate. In addition, the 7-dimensional Granger-causality
tests presented in Section IV with monthly private discount rates show that at
least in the second period the periphery of Europe Granger-caused the private
discount rates in the three main centres (Table 10), although the causality was
not as strong as from the centre to the periphery.
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Third, an interesting corollary of the tests presented in this paper is that they
show that capital mobility and financial market integration was significantly
higher in the period 1896-1913 with respect to the period 1876-1895. This
comes out rather clearly particularly from the correlation coefficients and the
coherencies calculated in Section III.
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