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Abstraa

Recent reseach has attributed the rise in cross-market correlations during periods of financial
turbulence & evidence of transmission via channels that are otherwise dormant during periods of relative
tranquility. Without being explicit asto what these channels are, they are usually surmised as evidence of
financial contagion. In asystematic investigation of pre- and past-crisis crossmarket correlations, in three
periods of history, we find some evidence of greaer market co-movements after the onset of a aisis.
However, this grengthening of cross-market linkages, whether contagion or not, seemsto infed only those
courtries that otherwise have wedk bil ateral ties during periods of relative stability. In contrast the excess
market co-movements observed in tightly integrated marketsis, in general, of leser magnitude. In general,
however, we find evidence of considerable volatili ty in cross-market correlations, as such it is unclea that
even significantly higher correlations observed during periods of instabili ty cannot be dictated by the
congtraints of the traditional relationships that prevail during periods of relative stability. That is, whereas
correlations between markets may be tighter during periods of turmoil , that such co-movements are unique

to such timesis not necessarily the ase.



1. Introduction

The financial crisesin the 1990sin Mexico and East Asia have been deaied for their virulence
and for the far-reading effeds and international spread beyond the epicenters. That crises can spread
aaossinternational borders sould not, of its own accord, be surprising; it is merely arefledion of the
interdependence of cross-country fortunesin the presence of red and identifiable channels of transmisson.
However, recent crises were daimed to be athrea to global economic and pditi cd stability becaise they
were so contagious. In particular, thisincreased international scope of crises has popularized a view that
would suggest that the spread of crises can be indiscriminate, affeding countries with otherwise strong
fundamentals that display no obvious connedions or linkages to ather crises-aff eded courtries. It isthis
phenomenon which is often cdled contagion.

However, confusion prevail s over the term “contagion,” asthere exists no accepted definition. It
isbroadly used in the financeliterature in referenceto volatility clustering and spill overs observed in asst
markets. An analogous interpretation of the word “contagion,” asa cdch-all term that refersto all the
channels through which shocks are disseminated between countries, can be found in the literature on
financial crises, e.g. Kaminsky and Reinhart (1998. These channelsinclude: crises linkages sich asthe
eff ects of adevaluation of a muntry’s currency on the competitivenessof its trading partners; financial
market integration which closely links asst markets acrossinternational borders; and the responses of
common lenders to aregion (or even alarger number of countries) to a aisisin one wuntry which
constrains liquidity.

A narrower definition of the word “contagion” separates contagion effeds from those that are
justifiable by economic fundamentals, e.g. Eichengreen, Rose and Wyplosz (1996 define mntagion

stemming from a currency crises as foll ows (though the definition is applicable to crisesin general):



[By] contagion...we mean a systematic efed on the probabili ty of a speaulative dtack which
stems from attadks on other currencies, and is therefore an additional effed above and beyond

those of domestic “fundamentals.”*

According to this view, transmission occurs through various non-fundamental s based channels that operate
after the onset of a aisis, but are unimportant during periods of tranquili ty. Various theories have been
forwarded as to what these passble channels of transmission may be. Some theories have entered around
self-fulfilling expedations and panic (Masson 1998. Whil e some other explanations have stressed
weakening incentives in gathering country-spedfic information in increasingly globali zed seaurities
markets, as an important culprit responsible for the greder levels of volatili ty that have been observed
aaossemerging markets. According to thisview, investors are unable to dstinguish one anerging country
from another, and are thus prone to lumping all emerging countriesinto one group. The revelation of abad
state in one market then causes a universal shift in expedations aadossall emerging markets and a
movement of fundsinto safer markets.

A comparison of the aoss-correlations between markets prior to and after the onset of a aisiscan
suggest the importance of the éove channels of transmission, but cannot separate one channel of
transmission from the other. Recent studies, such as, Baig and Goldfajn (1998, Forbes and Rigobmn
(1998) have implemented such tests for contagion in financial market variables. Baig and Goldfajn (1998)
test for contagion between the markets of Thailand, Maaysia, Indonesia, Korea ad the Philippines during
therecent Asian crisis. They find that the aosscountry correlations among currencies and sovereign
spreadsincrease significantly during the aisis period, while the evidence of contagion in equity marketsis
mixed. Forbesand Rigoban (1998 have shown that the measure of crossmarket correlationsis biased
upward during periods of higher volatility, in which case the rise in the correlation coefficients that we
observe during a aisis, neal not signify that linkages between countries have in fact strengthened
significantly. After correding for this bias they have found the incidence of contagion in stock market
returns in threeseparate episodes of volatili ty to be weak.

However, the chall enge in assessng the empiricd importance of contagious channels of
transmission, is more involved than verifying the incidence of higher correlations at times of crisisto be

statisticdly significant. A test of the null hypothesisthat p; = p,, where p; isthe aoss-correlation during



periods of relative cam and p. isthe aoss-correlation during periods of greaer volatility, is based on the
assumption that correlations between markets can change foll owing the onset of a aisis, however, during
either aperiod o tranquility or aperiod d crisisthese arrelations are mnstant. A test asto whether the
correlations change during periods of turbulence then, attempts to assesswhether the observed dfferences
between the measured correlation coefficients can be atributable to statisticd noise, or whether the
correlation between marketsis sate-dependent, where astable period represents the redization of one state
and a aisis period the redi zation of another.? However, it isnot clea that the rrelation between two
variablesis constant over agiven period d time. The arrelation coefficient may be dependent on other
fadorsin both atranquil periods and crisis periods. For instance, it is possble that market co-movements
are generated in resporse to hews, where large shocks or “bigger news’ reades awider audience and has
greder leverage in affeding markets. Thuslarger shocks may generate greaer co-movements between
markets. To the extent that shocks are both larger and more volatil e during periods of turbulence, we
would exped that the unconditional distribution of the sample @rrelation coefficient to have ahigher mean
and variance during turbulent periods. It isnot clea therefore, that a simple test that p; = p, will
necessarily be picking up dfferencesin cross-market linkagesthat are dtributable to the state variable.
The point isthat crises may be acompanied by increasesin the aorrelation coefficient even in the esence
of any structural shiftsin the relationship between markets, sincetypicaly shocks are larger during periods
of crigis.

The objedives of our paper are very simple: to examine the record of financial crisesin the past
120yeas, and the evidencefor the prevalence of channels of transmission that could be cdled “contagion.”
We examine the evidence of increasesin correlations during periods of volatility relative to periods of
tranquility between the years 1880-1914 when the world was on the gold standard, and also for the period
between 19191939, when the world operated on the gold exchange standard and contrast our findings for
that period with the more recent period between 197319972 We omit the Bretton Woods period from the

comparison becaise in that period there were virtually no banking crises and the aurrency crises that

! Eichengreen, Rose Wyplosz (1996 “Contagious Currency Crises,” p. 2.

2 A test of the null hypothesis that p; = p,is based on the sample rrelation coefficient, which hesan r-
distribution. An appropriate transformation can bring this distribution closer to normality. SeeFisher
1915 and Ruben 1966 The differencein the transformed sample arrelation coefficients — during periods
of cdm and periods of greaer instabili ty — can then be gproximated by a random variable that has a
normal distribution. A test of the null i s then straightforward, however, implicitly we asume that the two
samples of crisisand non crisis observations are independent, and that ead sasmple is drawn from a
bivariate normal distribution with correlation p; and po.

3 We define periods of volatility as periods when there is either a aurrency crisis or abanking crisisor a
coincidence of these two events.
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occurred had very minor red effeds. SeeBordo and Eichengreen (1999. We dtempt to dscern patterns
in the manner that correlations are dfeded during periods of crisis, as this gives us information on the
significance of international li nkages and the geographicd pattern of such linkages. Thisis becaise during
turbulent periods, if shocks are not communicated between countriesin an indiscriminate manner, rather if
there exists osme order in the way that correlations acosscountries are dfeded, then this may suggest that
shocks are disdpating via standard channels of transmission, casting doubt on those contagional avenues of
transmission that underplay the significance of the traditional relationship between markets.

Thoughevidence of any such patterns may shed light on which markets display increased co-
movement during periods of crisis, thereby reveding the salient channels of transmisson, such analysis
cannot isolate the impad of a shock in one wuntry on another. For this purpose VAR analysisis useful, as
it disentanglesthe dfed of a shock in one @muntry on another. VAR analysisthus all ows us to answer
guestions as to whether channels of transmission change significantly when we restrict our attention to
crisis dates and which countries were the primary redpient of shocks during crises and which countries
were largely insulated. The answers to these questions are important in understanding the extent of
contagion relative to say fundamentals based transmisson.

Scrutiny of the correlation coefficient in two exclusive windows of time — one @rrespondingto a
period d tranquil ity and the other to a period d turmoil — provides a foundation for atest of the importance
of contagion based transmisson. Moreover, VAR analysis affords a more predse picture of the qoss-
courtry linkages during crises and non-crisis periods. However, even though these methods provide an
ideaof the extent of the average relationship between countries over periods of time they do not cast light
on the short-term aspeds of thisrelationship. To this end, we investigate the dynamics of the arrelation
coefficient by rolling a threemonth window over the sample. This exercise traces the developments acoss
markets as summarized by the am-movements of bond prices. In addition, it revedsthe volatility of the
correlation coefficient during periods of stability and during periods of instabili ty, which may offer
suggestions on how to interpret the significance of arise in correlation during periods of volatili ty.

In sedion 2, we first describe the history of international financial crisesin the nineteenth and
twentieth centuries. With this narrative & background, combined with the dad of a chronology of financial
crises (banking and currency crises) for 21 courtries,” both advanced and emerging, in sedion 3, we

examine some empiricd evidence using annual data on the m-movements between courtries, in periods of



crisis, in five maaoemnomic variables: red GDP growth, CPI inflation, the changein the ratio of net
exports to GDP, M2 money growth, and the change in short-term interest rates for a panel of 21 courtries
from 1880G:1939and for 28 countries from 19731998 (the 21 countries plus 7 countries affeded by recent
crises).” Although an analysis of the anual data can provide insights into transmission between courtries
over the long run, annual datais unlikely to cast a sufficiently fine net to “catch” the bulk of contagion

eff ects which are largely short term.

Tothisend, in sedion 4, our focus switches to the m-movements of bond prices, for which we
have weekly data for both the prewar and interwar periods. We conduct a variety of tests for contagion.
First we compare the aoss-country correlations during periods of relative tranquility to that during periods
of turmoail. We dothisfor both the prewar and interwar periods. We then examine whether there exist any
discernible patterns in the manner in which correlations are seen to rise acosscountries as well asthe
dynamics of the aorrelation coefficient. We estimate Vedor Autoregressons (VAR) using our interwar
data, for which we have the longest continuous sries. We estimate the impul se responses of shocks to
various courtries for periods of tranquility as well as periods of crisis. Theimpulse responses all ow usto
isolate the impad of a shock in one cuntry on another, thus underlining the various bil ateral cross-country
interdependencies that exist. Moreover, a wmparison of the impul se responses for periods of crisisand
non-crisis, allow us to seeto what extent cross-border linkages change during crises, as well as providing a
means by which to investigate the role of various countries in communicaing shocks.

Sedion 5 compares the historicd high frequency patterns to that of recent emerging countries

during the recent Asian crisis. Sedion 6 concludes with some lesons from history.

2. Historicd Perspedives on the International Transmisson of Financial Crises

The recent series of crisesin emerging markets, the Mexican crisis of 199495 and the “tequila
spill overs’ to Latin American and ather countries, the Asian crisis of 199798 and its “ spill overs’ to Brazl
and Russa, hasled to the view that financial crises (both currency and banking crises) tend to spread aaoss
courtries like a @ntagious disease unless they are aurtailed by vigorous international intervention. From

an historicd perspedive the recent spate of international financial crisesis nothing new. Inthe eentury and

* The muntriesin our sample ae: Argentina, Australia, Belgium, Brazl, Canada, Chile, Denmark, Finland,
France, Germany, Greece Italy, Japan, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, U.K.,
USA.

® The 7 additional countries are: Indonesia, Korea Malaysia, Mexico, Phili ppines, Singapore and Thail and.
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ahalf preceding World War Il there were numerous international financial crises, some of which dwarfed

the recent batch in both severity and scope. Below we discusstheir incidence and evolution.

The Incidence of International Financial Crises

The nineteenth century had periodic international financial crisesin virtually every decale since
1825 Kindleberger (1986a) Appendix B presents a chronology going badk to the seventeenth century. His
focus was primarily on showing a wmmon incidence of crisesin the re curtries of Europe and the U.S.
Morgenstern (1959 displays a chronology of stock market panics for European countries and the U.S. from
18801939 showing a high degreeof cross-country coherence. Thorp’s (1926 Business Annalsisalso a
source showing common patterns of banking panics, stock market crashes, and financial stressin 17
courtries. Bordo (1986) focused on 4 European countries (U.K., France, Germany, Sweden) and the U.S.
and Canada 18701939 His chronologies of financial crises, banking panics, and stock market crashes
highlighted the international coincidence of these events and of several empiricd measures of financia
stressunder the dasdcal gold standard and gold exchange standards. Recently Bordo and Eichengreen
(1999) compiled a dronology of banking and currency crises based on historicd narratives and a airrency
crisisindex for 21 countries from 18801973 This chronology is complemented with measures of the
eqnomic impact of crises. Again a pattern of reaurrent international crisesis evident. (SeeFigure 1).

From this literature we learn that there were periodic financial crisesin alarge number of
courtries over the past century and ahalf. The key crisis yeas before World War Il were 1825 1837-38,
1847 1857, 1866, 1873, 1890-93, 1907-1908, 1914, 1920-21, and 1929-33. In the postwar Bretton Woods
regime, although there were aurrency crisesin advanced countries associated with adherenceto the
adjustable peg exchange rate regime, there were no banking crises and the aises observed had relatively
minor economic efeds. For the period beginning in 1880for which we have sufficient data to assess the
eoonomic impact of crises, the evidencefrom Bordo and Eichengreen (1999 suggests that the severity of
crises in emerging countries before 1914 may not have been as gred as that observed in today’ s emerging
countries and that it is the incidence of twin currency and banking crises today that may acount for the

different experiences.

Patterns of Transmisson




From the historicd literature we can discern a number of explanations for the international
transmission of crises. These include linkages through international trade, through lending from the coreto
peripheral countries, through arbitrage in short-term securiti es markets, stock markets, and commoditi es
between advanced countries, and through gold flows and the money supply and psychologicd fadors
independent of the other channels.

All of the pre-World War Il crises occurred under variants of the gold standard. This hastwo
important implicaions. First, most countries adhering to gold convertibility after 1880were tightly linked
to ead other by the fixed exchange rates of their gold parities and the ésence of serious impedi ments to
the flow of goods and capital. Thisfadlitated the transmission of shocks, including financial crises,
between countries. Seaond, these international crises often occurred in periods of deflation when, under the
self-regulating operation of the commaodity theory of money which in the long-run drives the pricelevel for
the gold standard world, an excess demand for monetary gold creaed an environment of monetary
stringency and financial distress (Bordo and Whedock 1998 Bordo, Duekker, Whedock 1999.

Within this context the record suggests a number of geographicd patterns of crisis transmission.
The dominant mechanism was between the alvanced countries of Europe, with crises often originating in
Gred Britain, the center of the international financial system, and from the core to the periphery countries
of North America, Latin America, and the rest of the world. However, crises also ariginated in the
periphery and espedally the U.S., which spread to Europe and then badk to the periphery. Below we

document some of the more important episodes.
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Episodes of International Financial Crises

1825 The aisis of 1825is often viewed as the first international financial crisis. The liberation
of Latin Americain the ealy 1820 led to a masdve inflow of cgpital from Britain to financethe
exploitation of gold and silver mines and of sovereign loans to the newly independent republics. It also led
to an export boom. These foreign influences combined with the rapid growth of the new industries of the
industrial revolution and liberal monetary expansion in the yeas after the Napoleonic warsled to a
speadlative mania on the London Stock Exchange (Gayer, Rostow, and Schwartz 1953 Ned 1998 Bordo
1998). A growing trade imbalance and a drain on the Bank of England’s gold reserves led the Bank to raise
its discount rate in the summer. A stock market crash in October triggered a banking panic in December,
which spread to the mntinent. The Bank, concerned over its own reserves, did not ad quickly enoughto
allay the panic, which resulted in numerous bankruptcies and arecesson. The aisis gread to Latin
America & the overseas loans were cut off, adedinein investment and exports reduced tax revenues and
led to sovereign debt defaults acossthe region. It took threedecales before the debts were renegotiated
and cgpital flowsin Latin American resumed (Marichal 1989.

183638. Thiscrisiswas primarily an Anglo-American affair. In 1836 the Bank of England
began raising Bank rate in response to an external gold drain caused by poa corn harvests and capital
flows to the U.S. to finance aboom in cotton lands. The resultant stock market crash in December 1836
spread to Paris. The dfedson the U.S. were dramatic. A reduction in lending to cotton fadorsin New
Orleans parked a banking panic there that spread through the correspondent banking system to New Y ork.
The resultant nationwide panic led to suspension of spede paymentsin May 1837that lasted close to a
yea. The aisiswas transmitted through capital market linkages and through spede outflows and their
eff ects on money supply (Temin 1969 Levy-Leboyer 1982 Huff man and Lothian 1984).

1847 Thiscrisiswhich was primarily a European affair was triggered by the mllapse of a
speadlative boom in railroad sharesin London. Asin ealier episodes, the Briti sh balance of trade turned
negative. The Bank readed to dedining gold reserves by raising its discount rate. This ended the boam,
caused pricesto fall and triggered a major banking panic, which ended only with an announcement that the
Chancdlor of the Exchequer had signed a letter temporarily suspending the Bank Charter Act, thereby

allowing the Bank to issue more notes than would be wvered by its gold reserves (Clapham 1945
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Dornbusch and Frenkel 1984). Accordingto Kindleberger (1986), the aisis greal to Germany and
Holland in the next yea through international banking channels.

1857 Thiscrisisbeganin the U.S. A railroad stock boom fueled by the Californiarecently
discovered gold fields and British capital, collapsed in August 1857. Thisled to the banking panic of 1857
with widespread bank failures. Thiscrisis gread to England in the fall and, like the 1847 event, was ended
in November by a Treasury letter. From England the aisis gread to the mntinent, with a serious panic in
Hamburg in December. According to Kindleberger, the aisiswas aso felt in South America, South Africa
and the Far East.

1873 The aisisof 1873isviewed asamajor international crisis. The run-up to the aisiswas a
lending boom in Latin Americato financerail roads fueled from England and the @ntinent, and a
speaulative land boan in Germany and Austria fueled by the French gold indemnity paid to Prusda dter
the Franco-Prussian war. The Austrian, German boom coll apsed in a spedaaular stock market crashin
Viennain May. Stock marketsin Amsterdam and Zurich also crashed. Inthe U.S. abanking panicin
September foll owed the mllapse of a stock market boom in New Y ork with the failure of Jay Cook, a
major financier and President of the Union Padfic railroad. According to Kindleberger, the German crisis
contributed to the U.S. event as capital flow was cut off despite the fad that the dollar was floating in this
period which would have negated the price spede flow channel of transmisson. Thiscrisis had serious
repercussonsin Latin America The downturn in the European economy ushered in by the aises and the
turnaround in world prices from inflation to deflation in this period reduced exports, tax revenues (trade
taxes were the principal form of taxation in Latin America), and debt servicelealing to a new wave of
defaults (Marichal 1989.

1890 The Baringcrisis of 1890triggered an international crisisin England and Latin America
that has resonancefor today. The aisis culminated a major lending boam from England and the aontinent
in the 18805 to Argentina and Uruguay to financerailroads and ather infrastructure. Many of the loans
went to the Argentine provincial banks, that were not financially sound, fueling a monetary expansion and
their collapse. Theinternationa crisis erupted when the House of Baring (a major investment bank in
London that held the unsaleable paper of the Buenos Aires Water Supply and Drainage Company) dedared

itself to the Bank of England to be insolvent on November 8, 189Q The Bank prevented a panic by
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arranging alifeboat operation to re-capitalize Barings with the ad of other major London financial
institutions and a temporary rescue loan from the Banque de France and the Russian central bank. The
crisis gread badk to Latin Americawith the cessation of British lendingto Argentina, Uruguay, and Braal.
According to Kindleberger the 1890crisis was also linked to a major bank failure in Parisin 1889and was
the foundation for a later series of crisesin 1893

1893 Magjor crisesinthe U.S. and Australiain 1893have been linked to the ealier Baring crisis
and to a general downturn in the world pricelevel. The U.S. panic of 1893is generally asociated with the
Sherman Silver Purchase Act, afilli p to the Free Silver Movement, which led investors feaing that the
issue of silver certificates would forcethe U.S. off the gold standard, to fleethe U.S., hence predpitating a
gold outflow and monetary contracion. The proximate cause of the massive banking panic in the summer
of 1893was a stock market coll apse and increase in commercial fail ures that awakened fea's about the
solvency of commercial banks.

The Australian crisis was preceded by aland boan, which wasin large part financed by domestic
bank lending. The immediate cause of the panic was faling export prices, which made it difficult for the
pastoral sedor to repay itsloans. Thetrigger was the dosure of threebanks. The aisis was aggravated by
awithdrawal of British depasits and loans. Retrenchment by the surviving banksin turn predpitated along
depresson (Bordo and Eichengreen 1999.

1907 The 1907 crisis had many of the atributes of the ealier crisis but in terms of its
international scope ad its virulenceit was probably the worst of the gold standard era. Thetrigger is sid
to have been the Bank of England, which began raisingits discount rate in 1906from 3.5 percent to 6
percent to counter agold drain. Thisadion had the effed of reversing the flow of gold to the U.S. and
severely tightening U.S. money market conditions. A stock market crash occurred in ealy 1907, and
eqnomic adivity began to dedine. In October, depasitor runs on trust companies pread to the mmmercial
banks. The money stock dedined predpitously, banks suspended cash payments, and the e@nomy entered
asharp recesson. According to Kindleberger (1986n) the aisis greal from England via Franceto Italy,
which had been undergoing a speculative boom. The cmnnedion was by Paris cleaing its deds of London
seaurities and bah centers gopped lending to Italy and ather peripheral countries (Bonnelli 1982).

According to the chronology in Bordo and Eichengreen, 9 out of their 21 countries were hit by crises.
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1914 The outbresk of World War | predpitated a massive internationa financial crisis acoss the
world. Inthe Bordo-Eichengreen (1999 sample of 21 courtries, 15 countries had currency crises, banking
crises, or both. Thiscrisis, unlike the others, did not spread from the cre to the periphery but occurred
virtually simultaneously in all countries as the belli gerents srambled to liquidate foreignassets. Thisled
to panicsin all asst markets and a scramble for high-powered money. Banking panicsinthe U.S., U.K.,
and ather countries were dlayed by timely lender-of-last-resort intervention.

192022 The post war deflation and recesson, triggered by monetary authoritiesin the U.S,,
U.K., and ather countriesin an attempt to roll badk the wartime inflation and post war commodity boom
and to restore pricelevelsto their prewar gold standard levels, were associated with both banking and
currency crisesin anumber of countries (Denmark, Italy, Finland, Netherlands, and Norway). However,
unlike the aises of the nineteenth century there was no clea pattern of international transmisson.

192933, The stock market crash on Wall Stred in October of 1929 ushered in the greaest
worldwide contradion of al time. The wllapseinworld output from 192933 was heralded by a llapse
in commodity pricesin the emerging countries. The stock market boom in New Y ork by 1928choked off
U.S. capital flowsto central Europe and Latin America and predpitated currency crisesin a number of
courtries (Australia, Argentina, Uruguay, and Brazl) ealy in 1929(Kindleberger 1986a). The Wall Stred
crash predpitated by tightening Federal Reserve palicy was instantly refleded in stock market crises
around the globe.

The story of the international propagation of the Grea Depresson iswell known (Eichengreen
1992 Kindleberger 1986b, Friedman and Schwartz 1963. The U.S. downturnin 1929turned into a
depresson in 1930and 1981 after the Federal Reserve fail ed to alay a series of banking panics. The
resultant coll apsein prices and output worldwide forced sovereign borrowers to cut badk on servicing their
debts and then to default, predpitating a cllapse of foreign lendingin 1931 At the sametime the U.S.
induced depresson and deflation predpitated banking and currency crisesin central Europe, forcing the
U.K. to abandon gold in 1931 Transmisson occurred through gold flows, the money supplies, and capita
flight. Adherenceto gold for most countries aded as “golden fetters’ preventing monetary authorities from

foll owing expansionary monetary palicy (Eichengreen 1992).
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3. Annual Evidence Based on Correlations for Possble Incidence of Transmission/Contagion Effeds

3.1 Methoddogy

The gproach taken in this edion isto examine the patterns of correlations (in non-crisis and
crisisyeas) of annual datafor 5 maaoemnomic variables (red GDP growth, the change in net exports
relative to GDP, money (M2) growth, CPI inflation and changes in short-term nominal interest rates) for 21
countries for the periods 18801914, 1919-1939 and for 28 courtries for the period 19731997.° Crisesare
defined as bath currency crises and banking crises and are summarized in Figure 1. The aisis dates for
18801939 come from Bordo and Eichengreen (1999, for 1973-1997from the World Economic Outlook
May 1998 We divide our sample of countriesin ead period into emerging and advanced, the distinction
rests on the aiterion of the level of per capita GDP and whether countries were net capital importers.”’

The purpose of the exerciseisto discover general patterns of inter-country linkages which could
be monsidered as transmission or possble mntagion effeds of financial crises and to seehow these patterns
change acossthe threehistorica monetary/exchange rate regimes. The regimes are: the pre World War |
classcd gold standard; the interwar gold exchange standard and the current managed float regime.

Important differences between the regimes which impact on the incidence, severity and
transmission of crises include the basic differences between the two historica regimes which were fixed
exchange rate regimes based on gold convertibili ty and the present managed floating regime based on fiat
money.? The former regime is generally charaderized by greaer openness to maao shocks including

financial crises’ than the float.

® Data Sources: 1880 —1939, Bordo and Scwartz (1987), 1973 — 1997, International Financial Statistics.

’ For the period 1880 — 1914 the emerging countries are: Argentina, Australia, Brazl, Canada, Chile,
Denmark, Finland, Greece Italy, Japan, Norway, Portugal, Spain, Sweden, United States. The advanced
courtries are: Belgium, France, Germany, the Netherlands, Switzerland and Grea Britain. For the interwar
period, 1919-1939 the emerging countries were: Argentina, Brazl, Chile, Greece Portugal and Spain, with
the advanced countries, in addition to the original 6 now including: Australia, Canada, Denmark, Finland,
Italy, Japan, Norway, Sweden and the U.S. For the 197397 period, the alvanced country sample isthe
same & the interwar but the emerging country sample has been enlarged to include: Indonesia, Koreg
Malaysia, Mexico, Phili ppines, Singapore and Thail and.

8 Also of importance for the incidence and spread of financial crisesisthe fact that the interwar gold
exchange regime was lessstable and lesscredible than the prewar classicd gold standard. SeeEichengreen
(1992).

® This of course, neads to be qualified by the effects of increasingly open capital markets which offset the
insulation properties of floating exchange rates. Also, it should be noted that within the rubric of the
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In addition there ae key institutional differences between the regimes.’® These include the fads that: there
were fewer countriesin the prewar period that had central banks which could serve @ alender of the last
resort to alay a aisis, compared to the later regimes; many of the emerging countries in our prewar sample
were more alvanced than today’ s emerging countries in terms of the development of government and
market institutions, and financial markets; there were no international financial institutions such asthe IMF
to provide emergency fundsin a aisis, although there was limited central bank cooperation during crises
between the alvanced countries (Bordo and Schwartz 1998. Finally although both goods and financial
markets were integrated in all 3 periods, the evidence suggests that in many respeds globali zation today
may be more extensive than in the ealy regimes (Bordo, Eichengreen and Irwin 1999.

The methoddogy we follow however islimited. Annual data can not very well i dentify the
impaa of criseswhich usually occur in the short spaceof days and weeks. Moreover, correlation is not
causation and to make meaningful inferences about causality such analysis needsto be supplemented with
other information and techniques. Thus we view the rrelation analysis here as simply providing

information to supplement the high frequency data analysis undertaken in sedions 4 and 5 kelow.

3.2 The Patterns of Correlation

We present the results of our correlation analysisin two ways: (1) in asummary table (Table 1)
between 3 groups of countries (emerging, advanced, advanced and emerging), which displays the average
correlations between countries that had pasitive rrelationsin non-crisis yeas and the average increasein
correlation during crisis yeas between countries that had pasitive wrrelations; (2) in Appendix |, we show,

for eath variable the individual country correlation matrices underlying Table 1.

3.3 Red GDP

managed float regime, many of the muntriesin our sample & various times have pegged their currency to
the dallar or other dominant currencies.
10 seeBordo and Eichengreen (1999
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Table 1, panel A shows that on average that in the dassicd gold standard period, the crrelation in
non-crisisyeasin red growth was the largest between the alvanced and emerging countries among the
threegroups. The arrelation increased in al 3 groups during crises, with the largest increasesin the
advanced countries. Theincrease in the average crrelation coefficient between crisis and noncrisis yeas
and the increase in countries affeded could refled the effect of common shocks or the transmission of
shocks. The pattern we observe is smilar to that found by Bergman, Bordo and Jonung(1998 who used a
band pessfilter to remove dl non-business cycle frequencies from thisred GDP data for a subset of these
countries.

Appendix |, Table 1, Panel A suggests sme regional patterns. The arrelation of GDP growth
between the muntries of Latin America the U.S. and Canada, and the countries of Scandinavia, could
refled common regional shocks or the transmission of businesscycle disturbances. The table dso suggests
evidencefor inter-regional linkagesin crisis yeas, for example between Argentina and Australia, Australia,
Canada and the U.S.

For the advanced countries alone we observe arrelations between the wre European countries
which increase with crises e.g. between the United Kingdom and France. Focusing on the relationship
between advanced and emerging countries we seeevidence of traditional trade links in the non-crisis yea
correlations between the United Kingdom, Denmark, consistent with the explanation, based on gravity
equations, given by Eichengreen and Irwin (1998. Countries are linked by international trade through
long-run paliticd and historicd ties as well as more traditional determinants of the pattern of trade. These
results may be consistent with the trade dhannel of transmission found in other studies (Eichengreen and
Rose 1999and Rose and Glick 1998.

For the interwar period, Table 1, Panel B, suggests that the highest paositive arrelation for red
growth in non-crisis yeas was between the advanced countries, whil e gredest increases in the number of
countries with high positive mrrelation was also the case for thisgroup. Thislikely refledsthe fad that
our sample of advanced countries now includes many prewar emerging countries.

The inter-country pattern from Appendix |, Table 1 highlights regional and traditi onal linkages,
for example in the emerging countries the rise in correlation among the Latin American countries, and

between Spain and Portugal; in the advanced countries the high correlation between the Scandinavian
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countries and an increase in correlation between them during crises; increased correlation between
Australia, Canada, the U.S. and Europe during crisisyeas. This pattern cgptures the spread of the Grea
Depresgon as does the rise in correlation between the Latin American and Iberian countries with the
advanced countries. The interwar experiencethus provides grong evidence for transmission eff ects during
crises. We canot however determine the exad nature of the dhannels but the regional and international
linkages we observe suggest the importance of international trade.

Finally for the recent period, from Table 1 we observe the highest correlation in non-crisisyeasas
well asthe largest increase in positive crrelationsto be between advanced countries. This suggests that
the businesscycletightensin crisis yeas. However the crrelation in this regime was higher in the ealier
periods which suggests an increease in the international transmission effeds of crises.

From Appendix | Table 1, in non-crisis yeas, we discern for the emerging countries regional
patterns of correlation in Asiaand Latin Americabut also links between countries in these regions and
southern Europe. Theincreese in positive arrelations for the emerging countriesis also largely regional
although there ae someincreased correlations between regions suggesting the posshili ty of contagion
effects.

For the advanced countries, the arrelationsin non-crisis periods are highest within the European
Union and pasitive arrelations increase most between those muntries, although we dso observe rising
positive rrelations between the U.S., Australia, Canada and Japan and between those countries and
Europe. Wedo not deted much of a pattern in the correlations between the advanced and emerging
courtries although one aan observe rising correlations between Latin America and Europe and Southern
Europe and the core European courtries.

In sum the evidencefor red growth linkage suggests patterns of international transmission during
crises which are largely regional and likely trade linked, as well asto alesser extent, passble unacounted
for interregional contagion effeds. Moreover these effeds sem to be greder in the recent regime. Further

reseach however isrequired to identify the channels.
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3.4 Net Exports

In large measure the pattern observed from the red growth correlations is buttressed by that for net
exports. The broad averagesin Table 1, panel B for the pre 1914 period, show similar non crisis yeas
correlation aaossthe groups of countries, with the greaest increases in positive crrelations for the
advanced countries. The patternsin Appendix 1, Table 2, back up those for GDP growth. We seepositive
correlations of net exportsin the Latin American, Scandinavian and Iberian regions with increasesin crisis
yeas. Also there ae anumber of countries which have positive correlations with countries outside the
region. Similarly for the advanced countries only and between the advanced and emerging countries, we
observe atightening of the linkages between crisis and non crisis yeas and the development of new
linkages, posshble esidencefor contagion effeds.

For the interwar the highest average positive crrelation of net exportsin non crisis yeas was
between emerging countries (Table 1, panel B) but the greaest increasesin correlation and number of
courtries was in the alvanced countries. The patterns discerned for individual countries from Appendix 1,
Table 2 shows the presence of trading blocs, e.g. in the tight correlationsin non crisis yeasfor the
Commonwealth countries. These linkages also increase in crisis yeas. For this period however, it is hard
to discern any pattern in increases in correlations between the advanced and emerging countries.

In the recent period, the correlationsin non crisis yeas between advanced and emerging courtries
was on average highest of the threegroups. Theincrease in correlations was smilar aadossthe groups as
displayed in Table 1, Panel B. For individual countriesin Appendix 1, Table 2, regional patterns of
correlation in non crisis yeas are gparent as well asincreasesin correlationsin crisisyeas, eg., in Asia,
but there is also a pattern of increasing correlation between Asia and Latin America onsistent with the
stories of contagion and tequil a eff ects.

For the advanced countries we see avery high correlation between the European countriesin non-
crisisyeasand in crisis yeas between Germany and the rest of Europe. Also, the table for correlations
between advanced and emerging countries suggests an increase in correlation in crisis yeas between
Southern Europe and the rest of Europe, East Asia and Europe and East Asia and Australia, evidence of the

transmission of crises beyond regions. Finally, a cmparison of these patterns aaoss the threeregions
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suggests that transmisson and possble mntagion eff ects have increased aaossregions compared to the

two ealier regimes.

3.5 Money Growth

In the pre World War | period, the highest correlation on average in changes in money supply in
non-crisis yeas was between advanced and emerging countries but the highest increase in correlation was
for the advanced countries (seeTable 1, panel C). Theindividual country correlationsin Appendix Table 3
do not reved much of arecognizable pattern of correlations between the emerging countriesin non crisis
yeas, although we do olserve an increase in the number of countries where crrelationsincressein crisis
yeas.

For the advanced countries we seean increase in correlation during crises between the murtriesin
Continental Europe but not with the United Kingdom. We do not sense much of any pattern of correlation
between the advanced and emerging courtries.

Thus the linkages of the dassicd gold standard seem to be strongest within the advanced
courtries. The @sence of detedable rrelationsin non-crisis yeas or of increasesin correlationin crisis
yeas between the U.S. and U.K. isabit of apuzZe. It may refled the use of low frequency data and the
fad that our correlations are ancurrent.™

For the interwar period, the highest non-crisis correlation on average was for the advanced
courtries. Also the greaest increasesin correlations (and the largest number of countriesinvolved) was for
these countries. Thisis consistent with the traditional view that the Grea Depresson was a gold standard
story (Eichengreen 1992 Friedman and Schwartz 1963.

For individual countries regional patternsin non-crisis yeas for the energing countries are
evident for Latin America ad Iberia (Appendix 1, Table 3). These correlationsincreasein crisisyeasas
do those between the two regions. For the alvanced countries, strong regional linksin North America, the

Commonwealth and Europe ae observed as well as linkages between Europe and North America These

M SeeHuffman and Lothian (1984 who use the Granger-Causality technique and annual datato detedt a
causal role for money supply in the transmission of the businesscycle, including severe cycles with
banking panics, between the U.K. and the U.S. in this period.
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linkagestighten in crisis, espedally between the U.S. and Germany, consistent with the story that the Grea
Depresgon was transmitted by monetary channels via the fixed exchange rate gold standard. Finally,
althoudh positive @rrelationsin money growth in non crisis years are observed within the alvanced and
the emerging countries we do not seemuch of an increase in correlation between Europe and the periphery.
Thislikely refledsthe fad that most of the muntriesin our emerging country sample for the interwar were
not on the gold standard or had left it by 1929

For the recent period, the average crrelation between money growth ratesin non-crisis yeas was
highest of the threegroups among the emerging countries, as was the increase in correlation in crisis yeas
(Table 1 Panel C). For the individual countries we do not detea much of a pattern of correlation in non-
crisis yeas either within regions or between them. (Appendix |, Table 3). A similar conclusion holds for
increasesin correlation in crisisyeas. This phenomenon seans consistent with adherenceto the
fluctuating exchange rate regime which all ows monetary independence.

For the advanced countries, we dso donot observe much correlation in non-crisis yeas between
monetary growth rates, with the principal exception of the European countries that were part of the EMS.
During crises we observe an increase in correlation in crisis yeas for the European countries and between
the U.S. and Germany.

Thereislittle correlationin non crisis years nor an increase in correlation in crisis yeas, except
between Southern Europe and Western Europe, and to alesser extent between East Asia and Japan, Latin
America axd the U.S.

In sum, the evidence suggests that money supply was most likely a very important channel for
transmission of crisisin the interwar period, less ® in the gold standard period except among the alvanced
European countries, as aso wasthe cae for the recent period. The @sence of a pattern of increasein
correlation in crisis yeasto countries beyond the major regions siggests that contagion through money

supply was not likely an important channel.
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3.6 PricelLevel Changes

In the gold standard period the average arrelation of changes in the pricelevel between the 3
groups of countries was very similar in non-crisis yeas, with the largest increase in correlation occurring in
advanced countries (Table 1, Panel D). Focusingon individual countries correlationsin Appendix I, Table
4, the pattern in non-crisis yeas aaossthe emerging regions of Latin America North Americaand
Scandinaviais quite similar. Inflation is positively correlated acossthe countriesin theseregions. There
is however, littl e increase in correlation within the regions or between them during crisisyeas. A parallel
pattern prevail s for the advanced countries and between advanced and emerging countries. This siggests
that for the pre 1914 period thereislittl e evidencefor the transmission of deflationary shocks in periods of
crisis.

For the interwar, the highest average rrelation in non-crisisyeasat 0.51 wasin the advanced
countries, asignificant increase in correlation occurred acossall these groups (Table 1, Panel D). For
individual countries, a pattern of strong correlation in non-crisis yeas aaossthe alvanced courtriesis
evident and the correlation increases during crisis, espedally between Germany and the other European
centers. Thiswas not the case for the emerging countries whose rrelation in price danges between
courtriesin non-crisis yea's was weak and did not increase much in crises. The only emerging country
which conformed to the European pattern was Argentina.

This evidencefor the interwar is consistent with the traditional story; deflationary shocks were
transmitted during crisis aadossthe gold standard, with Germany and the U.S. asthe epicenter. Pricelevels
in the emerging countries, not on the gold standard, moved independently.

For the recent period the advanced countries had the highest average rrelation in pricelevel
changesin the aisis yeas, whil e the highest average increase in correlation was in the emerging countries
(Table 1, Panel D). Changesin pricelevelsare arrelated between individual emerging countries only for
East Asiaand there waslittle increase in correlation in any of the emerging countries. By contrast price
changes are dosely conneded in non-crisis periods between the alvanced courtries, but thereislittl e

incresse during crisisyeas. A similar pattern holds between the alvanced and the emerging courtries.
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This evidence suggests that in this period crises were not transmitted between countries through a deflation
channel.
Thus a cmmparison acossregimes suggests that the only period in which crises were strongly

asciated with the transmission of pricelevel changes aaossthe world was during the interwar.

3.7 Interest Rates

The highest correlation of the percentage change in short term interest rates on average for non-
crisis yeas among the 3 countries during the pre 1914 period was for the advanced countries (Table 1,
Panel E). The highest increase in correlationin crisis yeaswas for the emerging countries. The large
increase in the number of emerging countries with increases in correlation during crisis yeas with courtries
to which there wasllittle or no correlation in non crisis yeas may be passble evidencefor contagion
effects. Between individual emerging countries prominent examples of increasing correlation in crisis
include Chile and Argentina, the U.S. and Canada, the U.S., Italy and Scandinavia, Italy, Spain and Braazl
(seeAppendix 5, Table 5).

For the advanced countries we observe significant non-crisis correlations acossEuropean
courtries, correlations between interest rates increase during crises but not as much asin the emerging
courtries. There ae only afew examples of increased correlation during crises between advanced and
peripheral courtries.

For the interwar period, the average arrelation in non-crisis yea's was quite similar acossthe 3
groups. The largest increase in correlation was in the emerging courtries (Table 1, Panel E.) From the
individual correlationsin Appendix | Table 5, not much of a pattern of correlations between interest ratesis
evident in non-crisis yeas, except for Latin America However avery large jump in correlationsin crisis
yeas which encompasses countries for which thereislittle correlation in non-crisis yeas suggests the
possble presence of contagion effeds.

For the advanced countries, significant correlationsin non-crisis yeas between the U.S. and the
U.K., other European centers and the U.S,, refled the financial linkages of the interwar gold exchange

standard. Although we deted some increases in correlation in crisis yeas, the patternis not clea.
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Finally, between the advanced and emerging countries, Argentina, Spain and Portugal are linked
to Europe in non-crisis yeas. Increasing correlation between U.S. and U.K. interest rates on the one hand
and those of Southern Europe and Latin Americaon the other suggest evidencefor transmission/contagion
eff ectsin aset markets.

For the post war, the highest average rrelation of interest rates acosscountry groups was for the
advanced countries, whil e increases in correlations and number of countries aff ected were significant for
the emerging and advanced-emerging goups. (Table 1, Panel E). This pattern may indicae possble
transmission/contagion effects. Between individual countries apparent patterns of correlation in non-crisis
yeasare gparent inside Latin America and East Asia. (Appendix | Table5). In crisisyeasthe wrrelation
in interest rates between countries in these regions increases substantially seemingly refleding the tequila
and contagion effeds of the Mexican and Asian crises. For the alvanced courntries we dso deted a
significant increase in correlation between the European countries and between Europe, the U.S. and Japan
which likely refleds transmisdon effeds from the ERM crisisin 199293,

The evidencefor interest rates semsto suggest increased inter-regional transmission effeds
through asset market channels. However annual data can only make very limited suggestions on the
underlying causal mechanisms. To lean more we turn to higher frequency data.

To summarizefor the evidence on transmission/contagion effeds as reveded by the aanual
correlation analysis of the key maao aggregates: the patterns discussed for red growth and net exports
suggest the likely importance of international trade linkages in the transmisson of crises. The patterns for
money supply and prices suggest that adherenceto the fixed exchange rate gold standard regime was
important in the transmisson of crises acdosscountries. Finaly the interest rate evidencepointsin the

diredion of transmisdon through traditional asset market channels as well as possible mntagion effeds.

4. Financial Market Contagion in the Prewar and Interwar; Evidence from Weekly Bond Prices

4.1 Bond Price Correlations

Recent studies, such as Baig and Goldfajn (1998, Forbes and Rigoban (1998, have tested for
contagion in financial markets by examining the behavior of the arrelation acosscountries, in financial

market variables, such as securities prices, interest rates and exchange rates. Whereas high correlation
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aaosscourtriesis not in itself evidence of contagion, as this may merely refled historic aosscountry
dependence significant increasesin the arrelation coefficient are interpreted as evidence of contagion.
The ideaunderlying such testsis the view that the strength of cross-country linkages is state dependent.
The occurrence of abad state, in particular a aisis, excites otherwise dormant channels of transmission,
radicdly changing the nature of the linkages between countries, thus amplifying the aossborder impad of
a shock, which shows up as an increase in the rrelation coefficient. Asnoted above, however, care
should be taken in how we interpret the results from such tests, asit is not clea that an increase in
correlations between marketsis necessrily evidencethat the channels by which shocks are communicated
are ay different from relatively stable periods.

In what foll ows we proceal with a systematic investigation of theseideas. We begin by
comparing the aoss-country correlations in the change in weekly bond prices, during periods of crisis and
periods of relative tranquility, for both the prewar and interwar periods.** We then investigate more dosely
the dynamics of the aorrelation coefficient by cdculating the correlation over a sub sample which we roll
forward through time. We do thisfor both relatively stable periods as well as periods of turbulenceand
seach for evidencethat would suggest that the crrelation coefficient behaves smewhat differently during

periods of crisis. In sedion 5, we expand this research to include the more recent period.

41.1. PreWorld War | Period

For the prewar period we have data on threenon-adjacent yeas— 189, 1893 and 1907 — for eight
courtries.*® The figures reported in the source were rounded to the nearest half, making it difficult to pick

up correlations between countries, espedally at relatively stable times, when bond price movements were

12 The distribution of the sample @rrelation coefficient — the r distribution — is ssomewhat compli cated.
However, a simple transformation — known as the ztransformation — brings the distribution close to
normality. SeeFisher (1915, or for more recent references eGayen (1951) and Ruben (1966. In order
to test the null hypaothesis that two samples of sizen; and n, are from two independent bivariate normal
populations with correlation coefficients p; and p, such that p; = p,, we employ the test statistic

/2
U= (21 - 22)/%%1 _3% @%2 _3§ , Wherez; = tanh © =12,

where r; isthe sample rrelation coefficient.
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minimal. Assuch we exped our estimates of the correlation coefficient to be biased downward. Hencethe
results of atest for arise in correlations can only beinterpreted liberally. The datais nevertheless
suggestive and can shed light on the ties between the financial markets acrossvarious countries.

In order to compare arrelationsin the pre-crisis period with those of the aisis period, it was
necessary to have some alditional information regarding the dates of crises, than could be obtained from an
annual chronology such asthat reported in Bordo and Eichengreen (1999. We identified these dates by
reviewing various issues of The Economist, Weekly Commercial Times as well asthe Commercial and
Financial Chronicle—amethoddogy whichis clealy subjedive. Firgt, a aisis, banking or currency,
however defined, is never so predse ato present an obvious demarcation of the aisis period. Seaond, the
commercial magaznes of that era, which comment on such matters, do not adhere to a scientific
methoddogy or terminology. The severity and ramifications of a aisistherefore had to be based on the
tone of the narrative.

These problems are ampounded when testing for contagion since @ises do not occur
simultaneously aaoss al countries and the mntagion stemming from a turbulent period typicdly cannot be
attributed to any single event. It isthus necessary to identify the event with the broadest repercussons. In
1890this was most likely the Baring crisis. 1n 1893 there were two important crises whose effeds gill ed
over and affeded external markets; the Australian crisisin May, which impaded on U.K. markets, but did
not generate a cisisthere and the U.S. crisisin October, which resulted in the dosure of numerous
Pennsylvania banks (Friedman and Schwartz, 1963. For our sample of countries, we believe that the
repercussons of the U.S. crisis were the more broadly felt of the two events, thus the months up to October
of that yea are treaed as non-crisis observations. Finally, we view the U.S. crisisin 1907as the cdalyst
behind the sequence of events that generated crisesin 8 ather countriesin our sample of 21 countries. The
beginning of the U.S. crisisin 1907 can be traced badk to the troubles of Knickerboker Trust Co., which
began on October 21.

Initially we estimate the correlation coefficients of the weekly change in bond pricesin apoded
sample of non-crisis observations, as well asfor apoded sample of al crisis observations. The obvious

advantage of using apoded sampleisthat it affords more predse estimates of the crrelation coefficient by

13 The ourtriesin our sample ae Argentina, Brazl, Canada, Chile, France, the Netherlands, the U.K. and
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virtue of alarger sample. For small samplesthe test statistic, U, (seefootnote 9), poorly approximates a
normal distribution. This point should not be downplayed given the frequency of our data and that the
average length of a aisisisrelatively short. Moreover, the crrelation between countries can be volatil e,
which can, depending upon the choice of window, cause an incorred asessnent of cross-country linkages.
A poded sampleisless ensitive to these short-term movements in correlations away from the mean, thus
providing a more acarate picture of the long-term relationship between countries. Such an exercise thus
picks out the countries that were ansistently highly correlated. However, it isnot clea how one should
compare these rrelations to those emerging from a poded sample of non-crisis periods, for poding over
various episodes of crisis blurs the contagion effed that stems from any spedfic event. Thus, we cannot
necessarily make statements about contagion per se, however, we can make more general statements about
the underlying neture aoss-country linkages during turbulent periods. Since poding the data hides
considerable information about the extent of cross-country dependence spedfic to particular yeas, we
extend our analysis by estimating the correlation coefficients for the non-crisis as well asthe aisis sub-
period surrounding the Baring crisis.**

We estimate the correlation coefficient for a window of time that preceled the Baring crisisin
1890and contrast this to that which we observe in the period following the aisis. This exercise provides
uswith a doser look at the cntagion that stemmed from this crisis. We then proceel to estimate the
correlation coefficients by rolling a 3-month window over the sample. This provides a ded of the
robustness of our results as to the choice of window as well as affording a better view of the dynamics of
the correlation coefficient between countries prior to and after the onset of a aisis.

In Table 2 we report the aoss-country coefficients acossall countries acoss al non-crisis
periods. Althoudhin general pradicdly all the arrelations acossmarkets are positive, few are significant.
The mrrelations between Brazl and France, the Netherlands and Chile and the U.S. and Canada seem
relatively high. Thereisalso some evidence of high correlations between the South American countries.

On the whole the evidence suggests that the emerging countries were somewhat correlated with
ead other and strongly correlated with the advanced countries. But the three avanced countriesin our

sample ae we&ly correlated. We must be caitious what we infer from thisresult. The temptation isto

the U.S. Source The Economist, Weekly Commercial Times, various issues.
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conclude that the linkages aaossthe alvanced countries were weaker than those between the emerging
courtries or those between the advanced and emerging countries. However, this need not have been the
case. Sincebond prices were lessvariable for the alvanced courtries, given the seledion ruleinherent in
the way the data was reported, small changesin bond prices were not deteded, thus tending to hiasthe
correlation coefficient downward. Thisbiasislikely to belarger for the alvanced countries rather than the
emerging countries where bond prices fluctuated more widely.
The high correlations between the emerging countries either suggests that emerging countries were dosely
integrated and shocksin one emerging country were being felt in others, or it suggests that shocksto a
common third country were driving these high correlations. We susped the latter, i.e. we believe that
shocks being transmitted from the are to the periphery were more important in explaining the high
correlations between the emerging countries, than shocks that were being communicated between the
peripheral nations. Whereas a pattern of correlations emerges that is suggestive, it is difficult to argue this
case, by relying solely on the evidence of our correlations.” Headway can be made into this issue using
VAR analysis, which all ows us to isolate the dfeds of ashock in one @untry on another. *®

In order to make inferences about contagion it is necessary to compute the aoss-market
correlations for crisis periods. We estimate these @efficients for the poded sample of all crisis
observations covering all threeyeas, aswell asfor the spedfic aisisperiods. Table 5 reportsthe changes

in correlation between crisis and non-crisis periods — entries that are significant at 5% are shaded.

4 The analysis of the 1893and 1907 crises reveds few new insights  to save spacewe omit them.

15 When we isolate caes involving relatively high correlations between emerging countries, we typicaly
ohserve even stronger correlations with a common advanced country. For instance the arrelation between
Argentinaand Chile is 0.168, both countries are dso strongly correlated with the Netherlands. The
correlation between Argentina and the Netherlandsis 0.218and the rrelation between Chile and the
Netherlandsis 0.244. Similarly Brazl and Argentina ae moderately correlated and bah countries display
considerably stronger correlations with France

8 We investigate this issue more dosely, for the interwar period, using VAR analysis, in sedion 4.2. In
general we find that for this period shocks to the core had larger effeds on emerging countries than did
shocksin other emerging nations.
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Table 2. CrossCountry Correlations During Tranquil Periods; 1880 - 1914

(Shaded entries are positive orrelations that are significant at 5%)

Full sample: 04/01/1890 —25/10/1890, 07/01/1893 —30/09/1893, 05/01/1907 — 28/09/1907

Argentina |Brazl Canada  [Chile France Neth. U.K. USA
Argentina 4 0120107 -0.006713 0.16765233 0.16552 0.21822  0.00701962 0.044892221
Brazl 1 0.00444 0.048676905 0.25289 0.038669  0.13446051 0.124723186
Canada 1 0.03617084 0.067809 -0.1631170  0.11544808  0.22793795
Chile 1 -0.024%1 0.24402 0.02806529§ 0.063684364
France 1 0.08700§  0.04490648  0.15555124
Neth. 1 0.095481169 0.09543748§
U.K. 1 0.088051099
USA 1
Table 3. Change in Cross-Country Correlations During Crises Periods; 1880 - 1914
(Shaded entries are positive orrelations that are significant at 5%)
Full sample: 01/11/1890 —27/12/1890: 07/10/1893 — 30/12/1893, 05/01/1907 —28/09/1907
Argentina|Braal Canada  [Chile France Neth. U.K. U.SA.
Argentina -0.32814 0.08026§ -0.1710¢ 0.003566 -0.1299¢ 0.09045 -0.1418%
Brazl 0.079623 0.081473 -0.27809 0.128205 -0.07964 0.13191
Canada 0.18326§ -0.0422] 0.212406 0.269527 -0.138]
Chile 0.0001§ -0.43144 0.361555 0.39439
France -0.42667 -0.14871 0.298205
Neth. -0.14827 -0.1336¢
U.K. 0.09095
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A charaderistic that emerges from these results, isthat the variation in the rrelation coefficient
increases during crisis periods, that is me muntries are more negatively correlated than before, while
others are more strongly positively correlated. This can be seen clealy from Figure 2, which plots the
distribution of the correlation coefficient acossall countries during periods of crisis and periods of relative
stabili ty. Given that our sample of countriesisfairly diverse, we would expea the distribution of the
correlation coefficient during periods of crisisto be more fat-tail ed, this foll ows because ashock in any one
individual country is not communicated everywhere, this causes larger negative rrelationsto arise
becaise aises-affeded markets diverge from those unaffeded by crises, and larger positive @rrelations
arise because aises-affeded countries move doser together. However, we dso observe that the mean
value of the rrelation coefficient deaeases during periods of crisis. Thusthereisno indicaion of a
strengthening of cross-country linkagesin general. However, this does not predude the posshili ty of arise
in correlations within groups of countries.

Focusing on the three alvanced countriesin our sample — France, the Netherlands and the U K. —
we find that all the correlations between these cuntries actually deaease sharply during periods of
instability. For the emerging countries the evidence of an increasein correlationsis alittl e stronger. We
seeinstances of both increasesin correlation aswell as deaeases. The evidencethat the correlation
between the advanced and emerging courtries increasesis mewhat stronger. All significant increasesin
correlation that we observe ae between the alvanced and emerging countries.

An interesting result isthat the correlations between certain countries that were high during
periods of relative stabili ty showed no indication of increasing during periods of crisis. Observe from
Tables 2 and 3that the correlations between all countries that are significant during ron-crisis periods
deaease during periods of crisis. For instancethat the correlation between the U.S. and Canadais
significant, but this correlation dedines by —0.138and becomes insignificant during periods of instabili ty.
However, correlations between countries that were weakly correlated or negatively correlated during
relatively cdm periods doincrease. Exceptions are the U.S. and Braal, the U.S. and France and Canada

and the U K.
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Figure 2. The Distribution of the Correlation Coefficient During Periods of Tranquility and Crisis; 1880- 1914
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correlation

To summarizethese findings, there is no indication that correlationsincrease acossall markets
during crisis periods. Moreover, there is no evidencethat correlations increase between countries that are
related, in terms of their regional similarities, their levels of development or by the extent that they trade
with each other. Whereas periods of stabili ty suggest patternsin the crrelation coefficient that reflect
these simil arities by which we @an group countries, the linkages that tie these markets of these muntries
together seem to weaken during periods of volatility. For instancethe high paositive arrelation in the
movement of U.S. and Canadian bond prices during periods of stability refleds the fad that the U.S.
provided the largest export market for Canada. However, it seems that averaging over three gisodes of
crisis, two of which that had debilit ating effeds on the U.S., provides an impression that the Canadian
markets were largely insulated from the effeds of the sharp downturns experienced in the U.S.

Whereas the evidencethat linkages acoss countriesin general, or within the dassof emerging or
within the dassof advanced countries, do not increase, there is sme evidencethat would indicate that
periods of crisis brought the emerging markets closer to the alvanced markets. We susped that the impaa

of crisesin the advanced countries gilled over to the emerging markets and viceversa. Examiningtable 3,
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we seeincreases in correlations between the U.K. and Brazl, Canada, Chile and the U.S. Also we see

increases in correlation between the U.S. and France and the U.S. and the Netherlands.

Baring Crisis 1890

We now switch our attention to ead spedfic euisode of crisis. We begin with the Baring crisis.
We mompute the correlations between the U.K. and ead other country in our sample for the period o
stability prior to the aisis and the period d turmoil, from November to the end of theyea. In Table 4, we
report the correlation with the U.K. over the 9 months precaling the aisis, aswell astheincressein
correlation during the aisis. The shaded entries represent those that are significant at 5%.

Prior to the aisis, we seethat the U.K. displays pasitive arrelations with all the cuntriesin our
sample. The arrelation with Brazl, Canadathe U.S. and in particular Chile aerelatively high. The
correlation with Argentina, France and the Netherlandsis small. The we&k correlation with Argentinais
interesting and may refled the fad that initially the aisisin Argentina had only a mild impact on U.K.
markets, with the troubles only beginning when the wegk position of Baring Brothers was reveded. After
the onset of the aisis, with the exception of the Netherlands, the crrelation between U.K. markets and all
other markets deaease, sharply in some caes. Interestingly, the correlation with Argentina deaeases.
Thus the movementsin bond pricesin British and Argentine markets, do not seem to refled the sequence
of eventsthat caused the aisisin the U.K., which can be traced to Briti sh interests in Argentina.

In Figure 3, we plot the correlationsin bond price movements with the U.K., for the period from
July 22, 1890 to December 27, 1890. The aorrelation coefficients were cdculated by rolli ng athree-month
window through time. Thus, the value of the mrrelation coefficient that isreported at any particular point
intime, refleds the aorrelation between those markets over the previous threemonths ending at that date.
Some interesting patterns are immediately transparent. Note that the crrelations are highly volatile. Note
that the correlation with Argentinais high between April and June. This could refled the spill over of the
Argentine aisison U.K. markets, a charaderistic that our ealier analysisdid not reved. Noticethat the
correlation between the U.K. and all other countries, with the exception of Canada and the U.S.,, rise toward
the beginning of June. The arrelations with al three South American countries as well aswith the

Netherlands incresse. The rrelation with Canada and the U.S. increased somewhat later, toward the
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middle of August. Thisrisein correlations during the summer months is consistent with the seasonal
movements in interest rates which we observe from thisera. Prior to the Baring crisisthe crrelations with
the Netherlands and the Latin American countries are low. With the onset of the Baring crisis, these
correlations tend to deaease further, with the exception of the crrelation between the U.K. and the
Netherlands.

Clealy, the ove analysisis sensitive to the choice of windows. The use of arolli ng window
does, alleviate this problem to some extent. However, even so the analysis remains very sensitive to the
width of the window. Nevertheless the rolli ng correlations do reved some key underlying charaderistics
that are otherwise not observable. In particular, we seethat the arrelations between countries are highly
volatile even during stable periods. To an extent, this volatility in the correlation coefficient could reflect a
common seasonal pattern that has littl e to dowith causation, athough it is not clea that thisis .

We dso olserve that though correl ations between countries can rise dramaticaly during periods of
crisis, as for instance, the crrelation between the U.K. and the Netherlands, there ae several instances
when the correlations between markets that we believe to be highly integrated adually deaease, e.g. the
correlation between the U.K. and U.S., or the mrrelation between the U.K. and Canada, or that between the
U.K. and Argentina. The suggestion isthus, these markets remain largely insulated from the effects of a
crisis. The Argentine aisis which began in 189Q sparked a depresson, the dfeds of which —including
several bank fail ures, and sharply depredating exchange — were felt for threeyeas. It istherefore
interesting that the correlation between the U.K. and Argentinaisn't seento rise ssaresult. A valid
argument isthat the dfeds of crises took some amount of time to spill over to ather markets and our short
windows, which terminate & the end of the yea, are not caching the bulk of these dfeds.

In summary, for non-crisis yea's we observe evidence of regional patternsin the data that may
refled trade li nkages between countries as was the cae for the annual data. However, these patterns are
lessclea during crisisyeas. Thereis ome indication of atightening of links between the alvanced and
emerging countries. However, in general, the evidence of risesin correlation following the Baring crisisis
weak, with the Netherlands as an exception. It is therefore difficult to conclude that the mntagion

stemming from the Baring crisis $gnificantly impaded on the bond marketsin other countries. However,
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we do olserve apattern which suggests that contagion effeds may have spread acdosscourntries that were

otherwise traditionally weakly correlated.

Table 4. Pre-Crisis Correlations and Post-Crisis Increases in Correlation with the U.K.
January 1890 —Decanber 1890

Pre-crisis: 04/01/1890 —25/10/1890 Post-Crisis: 01/11/1890 —27/12/1890
Post Crisis Increasesin
Country Pre-Crisis Correlations _
Correlations
Argentina 0.089270466 -0.06993
Brazl 0.195218771 -0.52101
Canada 0.221622255 -0.44889
Chile 0.315791788 -0.54306
France 0.107773775 -0.81184
Netherlands 0.068206988 0.221064
USA 0.180142595 -0.76427

Figure 3. Behavior of the Correlation Coefficient Through Time; Correlations with the U.K. and Other
Countries, April 1890 —Decanber 1890
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Correlation between UK and Canada Over Six Month Windows
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41.2. Interwar Period

The mverage of our datafor the interwar is more cwmprehensive spanning over 11 yeasfrom
January 2, 1925to May 15, 1936and 16courtries.’” Moreover the difficulties faced with the rounded data
for the prewar are no longer a wncern. Overall the quality of the interwar datais superior to that which we
utili zed for the prewar. As such the bulk of the weight of our statisticd analysisis based on our findings
for the interwar.

We proceed as above by estimating the correlations of weekly changesin bond prices for apoded
sample of crisisand non-crisis periods. Again our choice of crisis datesis based on the mntemporary
narrative. As can be seen from the histogram in Figure 1, the yeas between 1923 1933were the most
heavily palluted with crises. The boam in speaulative adivity in the U.S. in the latter part of the 19205
culminated with coll apse on the New Y ork Stock Exchange in October 1929 The sequence of events that
led up to this event can be tracel badk to the dedines on the NY SE from September of that year. On
October 21, margin cdlsled to heary selling with the volume of sales excealing 6 milli on shares. By
October 29, this number had readed 164 milli on.*® SeeMalkiel 1996

Degspite the turbulence on Wall Stred, the extent of the mntagion to other sedors, such asthe
bond market, isunclea. In 1929 there were only 2 crisesin our sample of 21 countries. Even so the
historic significancethat has been attributed to this event suggests an obvious date by which to demarcae
an ealier period d relative stabili ty from the period o instabili ty to follow. Neverthelessthe inclusion of
the threemonths foll owing the October stock market collapse in our poded sample of crisisdatesis
debatable, asthe turmoil in the market for long-term government bonds was of alesser extent than that in
the stock market.™

By contrast to 1929 1931 wasthe “year of crises.” Altogether 18 countriesin our sample of 21
experienced crises. Given the mayhem of that yea, it is not obvious which event had the widest

repercussons. The failure of Kreditanstalt, Austria’slargest private bank, in May, triggered a banking

" The wuntriesin our sample ae: Argentina, Belgium, Brazl, Canada, Chile, Denmark, Finland, France,
Germany, Italy, the Netherlands, Sweden, Switzerland, the U.K. and the U.S.

18 Today’ s equivalent of a16.4 milli on trading day would be in excessof a one billi on trading day.
¥nfad, wefind little evidence of contagion in bond prices following the eventsin October of 1929
However, the volatility in bond prices was considerably greaer compared to the ealier period d stability.
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crisisin Germany within a month and caused instabili ty on much of the continent. While Britain's
departure from gold, on September 21, set the stage for several countriesto brea their tiesto gold, thus
having wide repercussons for Europe and the rest of the world. Given the dmost continuous instability in
that yea, we ae unwilling to commit to a particular sub-period d volatili ty, as such we demarcae the
lengthy period from May to the end of the yea asa aisis period.

For 1932-33 we focus on repercussions of the banking panic in the U.S., whose beginnings can be
tracead to the fail ure of numerous Midwestern banksin October of 1932 The aisis sharpened considerably
in January of 1933 and was not over until a string of bank holi days had been dedared in March of that
yea. As auch the period from October 1932 to March 1933 isincluded in our sample of crisis
observations.

We then focus on a spedfic period d turmoil following Britain’s departure from the gold
standard. We examine the behavior of the crrelation coefficient around that time, both by cadculating the
correlations prior to and after the onset of each crisis and by rolli ng a 3-month window over the sample.

Table 5 reports the rrelation coefficients for non-crisis weeks, for the poded sample. Again the
shaded entries are those that are statisticaly significant at 5%. Some regional patterns are transparent.
Argentina, Brazl and Chile ae seen to be highly correlated. We dso seethat the eentral European
courtries are strongly correlated with ead other and also with Japan. The U.K. displays sgnificant
correlations with Canada and France. The U.K. was the second largest export market for Canada & that
time, thus the positive crrelation between the two countries refleds these trade linkages. As we would
exped, the U.S. and Canada ae strongly correlated with ead ather. The U.S. isalso correlated with
Denmark and Finland.

Table 6, reportsthe aisis period correlations. The evidence of a strengthening of crossmarket
linkages is dramatic, with 85% of the muntries now displaying positive crrelations with ead other. In
particular observe that several of the European countries are significantly correlated with each other as well
as with the South American countries and with Canada. Franceis correlated with 13 countries, while
Belgium and Italy are strongly correlated with 11 countries. The U.K. isnow highly correlated with 9
courtries. Interestingly we observe that Chile displays grong correlation with 13 countries. This

charaderistic of displaying strong correlations with other countries was observed for the pre World War |
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periodaswell. Chileisaninteresting casein that it broke itslink to gold in 1878and remained on a
fiduciary standard for the next 48 yeas; with abrief 3-year returnin 1895 It is also interesting becaise of
its reliance on its export sedor, which experienced a boam stemming from the expansion of the nitrate
industry. Thus, Chile was arelatively open country and this may in part explain the large correlations that
we observe with other countries.

Figure 4, plots the distribution of the aorrelation coefficient during periods of crisis and periods of
stability. The mode of the distribution of p —the arrelation coefficient — during ron-crisis periodsis
clealy at zero, however, thereis also evidence of some structure in the distribution for values of p close
0.1. Moreover, theright tail of the distribution isfairly heavy. This contrasts with what we observed for
the pre World War | period, when the distribution of the correlation coefficient was more symmetric aound
zeo. The heavier right-tail s and the more pronounced structure & p closeto 0.1, merely indicates that
correlations between markets werein general higher during the interwar period than the prewar. During
crisis periods the mode of the distribution of p shiftsto about 0.22 and correspondingly the mean of p
incresses. Theright-tail of the distribution is heavy, and eventually tapers off at p nea 0.6. Thereisaso
evidence of some structure in the distribution closeto 0.1 and 0.35. In contrast to the pre World War | era,
there is ample evidence of a strengthening of cross-country linkagesin general, during periods of crisis.

Table 7 reports the increases in correlation during crisis periods over non-crisis periods. Again the
evidence of increasesin correlationsis grong, with nealy 86% of countries showingan increase. The
countries that stand out, in that they display alarge number of significant increases are Belgium, Canada,
Chile, Denmark, France, Italy, Sweden and the U.K. The rrelations between the South American
courtries by comparison, or the crrelations between the U.S. and Canada, and the U.S. and Europe do not
seem to increase & much and in some caes deaease. The cuntries that stand out for showing relatively
few increasesin correlations are Finland, Japan, the Netherlands and the U.S.

For the pre World War | period the evidence suggested that the countries grongly correlated
during periods of relative stabili ty, displayed adedine in correlations during periods of volatility.
Countries that displayed an increase in correlations were typicdly those that showed low correlations

during periods of tranquility. Close scrutiny of Tables5 and 7, also suggests a similar pattern of behavior.

43



The pattern that emergesis that the arrelation between the European countries rises during a
crisis, however, thereis no indicaion that the risesin correlations occur between those countries that
displayed significant correlations during the periods of tranquility. For instance, the correlation between
Denmark and the U.K., for our poded sample of non-crisis observations, increases dramatically from -
0.079to 0447, during periods of crisis. Similarly the crrelation between the U.K. and the Netherlands
rises from -0.030, while the rrelation between the U.K. and Germany rises from 0.034to 0.373. Whereas
instances of dedinesin correlation were few, countries traditionally depicting littl e @-movement during
times of relative stabili ty tended to display greaer evidence of co-movements during periods of instabili ty
than those @untries that were highly positively correlated over the period d non-crisisyeas. Thispoint is
made dealy in Figure 5, which plots the correlation coefficient during crisis yeas against the correlation
coefficient during non-crisisyeas. A non-parametric fit reveds clea evidence of a negative slope

refleding the reversalsin country rankings based on the arrelationsin bond price movements.

Britain's Departure from Gold; September, 21 1931

On September 21, 1931, runs on Sterling predpitated by France and the Netherlands forced the
U.K. off the gold standard. Over the next yea some 25 aher countries foll owed the U.K. in abandoning
gold (Friedman and Schwartz, 1963. In Figure 6, we plot bond priceindices for a sample of 13 countries,
from the period July 3, 1931to November 27, 1931 The extent of the c-movement in bond prices
following this event isdramatic. Bond pricesin ead country are seen to dedine for a period following the
Sterling crisis. In Table 13, we report the mrrelations between the U.K. and all other countriesin our
sample. With the exception of Finland, Japan, Switzerland and the U.S,, all correlations with the U.K.
incresse. However, only two of those increases — the crrelation between the U.K. and Argentina and the
correlation between the U.K. and Belgium — are significant. The fail ure to verify many of these increases
to be statisticdly significant, may be explained by the small sample of observations that we ae forced to
work with and the resulting poar approximation of the test statistic to normality. Nevertheless the
evidence of a strengthening of linkages between the cuntriesin our sample and the U.K. is driking.

Figure 7 provides alook at the dynamics of the adosscorrelations between U.K. markets and ather

markets in our sample. The rrelation coefficient is sen to be highly volatile. Thereisanincreasein
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correlationsin May after the onset of the Austrian crisis. Thereisalso amarked increase in correlations
aaossthe board in September, foll owing Britain's departure from the gold standard. Thereisthusa dea
indication of arisein correlations foll owing the Sterling crisis, however, thisincreaseis e to be short-

lived.

Figure 4. Distribution of the Correlation Coefficient; 1919- 1939

—¥— non-crisis
—&— crisis

-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6

correlation

Figure 5. Bond Price Correlations in Crisis Periods vs. Correlations in Non-Crisis Periods; 1925 - 1936
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Table 8. Pre-Crisis Correlations and Post-Crisis Increases in Correlation with the U.K. (1931)

Pre-crisis; 02/01/1931 —18/09/1931 and Post-crisis: 25/09/1931 —29/01/1932

Post Crisis Increesesin
Correlations

Country Pre-Crisis Correlations

Argentina -0.44666 0.642944
Belgium 0.088236 0.627421
Braal 0.100568 0.180825
Canada 0.076307 0.398209
Chile -0.07662 0.236151
Denmark -0.00397 0.472699
Finland 0.393646 -0.19157
France 0.499075 0.176882
Germany 0.289491 0.066213
Italy 0.190665 0.382124
Japan 0.24733 -0.18235
Netherlands 0.410385 -0.16906
Sweden 0.067007 0.204613
Switzerland 0.394566 -0.08103
United States 0.375893 -0.19912
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Figure 7. Behavior of the Correlation Coefficient Through Time; Cross Correlations Between the UK and Other M arkets, January

2,1931—May 27,1932
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Correlation Between the UK and Switzerland Over Three Month Windows
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Summary of the Weekly Bond Price Evidencefor the | nterwar

To summarize, for the interwar we have observed a larger number of significant correlations than
that for the prewar era and larger numbers of significant increases in correlation. The vast majority of
courtries display positive crrelationsin bond price movements during periods of stability. This difference
cannot wholly be dtributed to a sudden strengthening of international ties. In part, at least, it has
something to dowith the fad that our data for the prewar was rounded. On the whole there is considerable
evidence of greaer co-movement in bond prices during periods of instabili ty over the yeas 192933, than
that which we observed for the three yeas of prewar data. The number of instances when rises in
correlations were significant is also striking, suggesting strong evidence of contagion. The evidence of
contagion, by contrast, is weder for the prewar period, though the paucity of the data for that period daes
not allow for a better comparison.

It is questionable though that the evidence of rises in correlation that we observe an establish the
importance of contagious channels of transmission. Indeed two common themes emerge from our analysis
of bath periods that casts doubt on the contagion hypaothesis.

First, the reversal in rankings of countriesin terms of the strength of their cross-country linkagesis
not easily explained. Whereas, the sharpening of linkages aaoss markets otherwise weakly correlated
during periods of low volatility, tends to suggests contagion, it is not clea why these avenues of
transmission should not be pronounced amongst countries that are strongly correlated during periods of
relative tranquility. If contagion, whether it is the outcome of self-fulfilling prophedes, or herding
behavior, is indiscriminate, then countries which are tightly linked viared channels of transmission should
experience such contagion effedstoo. Instead they seem to be largely insulated from such contagion. This
is ©mewhat of a puzze.

An explanation of this may have to dowith the relationship between investors information sets
and the correlations between markets. If markets are highly correlated, presumably refleding high levels of
integration, investors can anticipate the impad of a shock in one cuntry on the other, or tracebad the
origins of adisturbancein country B to eventsin country A. When markets are weakly correlated investors

are unable to assess the impad of a shock in one @untry on another. This uncertainty present between
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these two markets may make these markets more prone to herding behavior. Recent reseach, such as
Calvo and Mendoza (1998), has suggested an explanation for herding behavior as an outcome of
optimizing behavior in highly globalized markets. Spedficdly, increased globalization of markets has
increased the msts of obtaining market-spedfic information. The impad of a shock in one market thus has
an uncertain impad on another market. We believe that a similar argument with only minor modification
can explain the pattern of behavior that we observe. Spedficdly, we susped that investors are better able
to forecast the effect of a shock in one market on another market when they are highly correlated. A shock
in the U.S. therefore does not cause herding behavior in Canada, as agents are largely informed of the effed
that this will have in Canada. However, investors are unable to forecast the impad of a shock in one
country on another when they are we&ly correlated. As auch a shock in one country may well lea to
contagion in all markets that display weaker correlations.

Seoond the volatility of the correlation coefficient seen in our analysis of spedfic episodes of
financial turmoil, is such that the relevance of tests that attempt to establi sh the truth of contagion, by virtue
of a omparison of correlations in two windows of time, is brought into question. Such tests are founded
on the assumption that the correlation over given windows of time is constant. Since the validity of this
assumption is susped, the acarracy of such analysisis brought into question. Spedficdly, atest of the null

hypothesis
Ho: P =p3
where p; is the mrrelation between markets during periods of stability and is the p, correlation during

periods of instabili ty, based on the test statistic

F %0

U= , Wherez; = tanh ™+ =12

W, BBy B
%%1_35 n, =3

assumes a cmparison aaosstwo samples drawn from two independent bivariate normal populations with

correlations p; and p,. Where the violation of the first assumption of independence is obvious, it should
also be dea that the crrelation between two markets is likely to be time-varying over any period o
ohservation that alows datisticd comparisons. Hence in comparing the crrelation in bond prices of a

period d relative stability and over a period d volatility, we ae violating both the assumption of
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independence, by virtue of the persistence of the bond price series, and the assumption that over any given
period we ae drawing from a population that possesses certain stationarity properties. Whereas wide-sense
stationarity is a property that is often assumed o a given time series, the stationarity over time of the
contemporaneous covariances aaossvariablesis afar stronger assumption.

A possble solution to this problem is to identify the main source of volatility in the correlation
coefficient and then proceed by fitting a function that all ows for this dependence and then test for abre& in
this relationship foll owing the onset of a aisis. Aswe hinted to ealier, the size of the shocks affeding the
markets, €. As such we muld estimate p(gfs), where sis a state variable indicating whether thereis a aisis
or not, and examine whether p(ef,)= p(ek,) for 2° where S is the suppat of & Given the somewhat
discrete nature of our bond price series and the ladk of observations that correspond to “big news’ events,
i.e. large shocks, we ae not inclined to pursue such an avenue of investigation. A better solution, and one
that further research in this areashould implement, would measure the impact on volatility in one market of
shocks in another market, thustradng out a“news impad curve,” where the news is represented by the size
of shocksin the aljacent market. For an example of reseach along similar lines, seeEngle and Ng (1995.
A risein correlations in bond prices in two markets is then depicted by the mnvexity of this function. A
test of whether channels of transmission differ during periods of crisis could then proceal with a
comparison of the aisis and nonkcrisis “news impad curves.” Presumably the presence of contagion

would be suggested by a aisis “newsimpad curve” that dominates the non-crisis “news impad curve.”

4.2 VAR Analysis: the Interwar

Although scrutiny of the arrelation coefficient can provide insightsinto the degreeof
interdependence between courtries, such a methoddogy cannot acaunt for the cmplex inter-relationships
that exist between countries and daes not provide ameans by which to dsentangle the effeds of a shock in
one wuntry on another. That we observe strong correlations between two countries, or asignificant risein
correlations during crises periods, may be by virtue of a cmmplex chain of transmission and feadbadk
eff ects of which we aelargely ignorant. A rise in cross-correlations between two markets siggests but

does not necessarily imply transmisson and or contagion from one market to the other. In order to shed
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light on the inter-rel ationships between countries we estimate avedor autoregression using weekly dataon
bond prices for 10 countries in the interwar period.?’ This methoddogy advanced by Sims (1972 80), was
motivated by the desire to limit the role of restrictions in ecmnometric modeling and all ow instead for the
endogeneity of all the variablesin the system. Assuch, in contrast to the Box-Jenkins approach, where the
objedive of making acairate short term forecasts dictates the nead for parsimonious gedficaions, in the
spedficaion of a VAR, no attempt is made to “pare down” the number of parameters, where the goal is not
acairrate forecasting, but to reved the underlying relationships among the variables.

In the present context, VARs provide aframework from which we can analyzethe complex
dynamics that exist between any two variablesin the system by isolating the impact of a shock in one
variable on another. By examining impulse response functions, we can obtain a sense of these dynamics,
and shed light on the extent of transmission effeds acosspairs of courtries. Moreover, by properly
acounting for dates at which countries experienced crises, we an seeto what extent these dynamics
change during crises and thus make inferences about possible contagion effeds.

We etimate VARs using the weekly data on bond prices for the interwar period. We choose alag
length of one week; changing the spedficaion does not significantly improve the fit. We distinguish
between periods of crises and periods of relative tranquili ty and estimate aV AR using a poded sample of
non-crisis observations as well asfor apoded sample of crisis observations. We restrict our attention to a
sample of 10 countries for which we have data without gaps for a 7-yea period. The period runring from
192933 was viewed as particularly turbulent, and sub-periods within these yeas were chosen to constitute
our crisis dates (for detail s of the choice of crisis dates, seesedion 4.1.2). Periods of relative tranquili ty
within these years were removed from our sample of crises observations and adjoined to our pooled sample
of non-crises observations.

Sincethe sampleis divided into two parts, consisting of an amalgam of the major crises dates and
a omplementary set of non-crises dates, what emerges from our study are not the charaderistics of
contagion surrounding spedfic episodes of crises, rather the underlying patterns of transmisson and
contagion between the auntries of interest for the entire period o concern. Intheory it ispossible to trea

the occurrence of each crisisin each country separately by the incorporation of several multiplicative

2 The ten countriesin our sample ae: Argentina, Belgium, Braal, Canada, Chile, France, Germany, Japan,
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dummies. Thuswe would in esencebe estimating a state-dependent VAR, where the number of statesis
given by n?, where n is the number of courtriesin our sample and where eat state represents one possble
outcome of crisis or hon-crisis combinations in the sample of n countries, i.e. if our sample nsisted of
three ountries, Canada, the U.K. and the U.S., then one possble outcomeis no crisisin Canada, no crisis
inthe U.K. and crisisinthe U.S. We muld also trea ead state & unobserved, such an approach would not
reguire usto identify the aisis datesapriori. However, such flexibili ty would quickly exhaust the degrees
of freedom in our sample and render such an exercise infeasible. Moreover, the estimation of a Markov
Switching VAR using such a spedfication is even less appropriate & our sample of observations would not
cover aperiod of time sufficiently lengthy to all ow the estimation of the transition probability matrix.
Motivated by such concerns, as well asthe desire to keep the analysis $mple and allow a more direct
comparison with our ealier methoddogy, we divide the sample into two parts constituting periods of

stabili ty and instabili ty, rather than employing any finer divisions.

Figure 8 plots the impulse response graphs for seleded countries corresponding to periods of
relative tranquili ty.”* The impulse response functions traceout the time profil es of the effects of a one-unit
innovation in bond prices on domestic bond prices. The impulse responses reved a number of interesting
patterns. First, the dfeds of shocksin foreign markets ssemto die out fairly quickly —typicdly after two
or threeweeks. Seaond, shocks originating from core muntries sem to have asignificant effed on the
peripheral countries. In particular, we observe that the U.S. consistently has alarge impad on all other
nations. We dso observe that innovations to the cre European countries often spill s over to ather markets.
In genera thereis greaer crossborder transmission to the peripheral countries, irrespedive of the source of
the shock.

This agrees with our findings from the aorrelation study, where we saw evidence of correlations
between the advanced and emerging courtries and also saw that the emerging countries were moderately
highly correlated. However, the impulse response graphs suggest that the mre murntries were more
insulated from the effeds of shocks abroad, refleding the lower levels of volatility in bond pricesin these
countries. For instance, we observe that a shock to Brazl hasafairly strong effed on Argentina, which

lasts for at least two periods. The impad of this shock on Germany by comparison is rather muted. Third,

the U.K. and the U.S.
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we observe evidence of regional patterns and trade linkages. For instance, a shock in the U.K. hasalarge
impad on Canada & well as Argentina, refleding the fad that the U.K. was the second largest export
market for Canada, and a major export market for Argentina.  Similarly shocks to several European nations
have alarge impad on Chile. This could reflea Chil€e' srelianceon its export seaor. Also shocksto Chile
are seen to spill over to Brazl and viceversa, and shocks to the European countries are often communicaed
to eadh other, refleding regional linkages.

Figure 9 plots the impulse resporse graphs for crises yeas. The evidencethat linkages grengthen
during periods of crisisis striking. The dfeds of shocks are seen to be of greaer amplitude and more
persistent. Thisis particularly true of the threeLatin countries, which are dso the threeemerging countries
in our sample. Although regional similarities and trade linkages persist — for instance we still see ashock
to Brazl and Argentina has a moderately large impad on Chile, while shocksto U.K. and Belgium
spill over to Germany and shocks to Canada spill over to the U.S,, the patterns are no longer so sharp. For
instance Canada and Belgium are often seen to be important countries in disseminating shocks even when
no obvious regional or trade patterns are visible.

In genera, thisanalysis badks up aur ealier findings that countries that are historicdly weely
correlated are often found to be highly correlated during periods of crisis. Spedficdly, we observe
instances when countries that have minor impads on other countries during periods of tranquility have
considerably larger impacts during periods of crisis.

On the other hand, countries that had a strong impad during non-crisis dates do not display such
strong evidence of a strengthening of the channels of transmission. In several cases the impulse response
graphs arein fad lesspronounced than during non-crisis dates. For instance, the initial impaa of a shock
from the U.S. hasthe largest impad on Argentina. This continuesto bethe caein crisis yeas, however,
the initial impad of this shock seemsto be no different during crisis yeas than during non-crisisyeas. For
crisisyeas, we dso find that Canada and Belgium have alarge impaad on Argentina, whereas ealier they
had a minor impad. For Belgium theinitial impad of the shock from the U.S. remains largely the same

during crisis yeas, though during crisis yeas Chile has alarge impad on Belgium as does Canada. We see

2L Changing the ordering of the impulse response functions did not affed the results.
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that Belgium has alarge impact on Canada during non-crisisyears. During crisis yeas, however, Canada
and the U.S. have ahuge impad, whereas the impad of shocks to Belgium are roughly unchanged.

In summary, the evidence supparts our ealier findings and suggests that in general linkages
strengthen during crisis. Patternsrefleding regional, historic and trade ties emerge. Moreover, we find
that advanced countries were largely responsible for spreading shocks to the emerging countries and were
themeselves more insulated from these shocks. And although linkages between groups of countries that
aretightly integrated doincrease — the evidence on thislimited. It seems that shocks can and dospill over
from countries that are not necessarily tightly linked during periods of tranquility as was suggested by the

correlation study.

5. Bond Price Correlations; the Recent Experience

Below we mntrast our findings for the prewar and interwar periods with the more recant period.
Dueto data limitations we have restricted our analysis to the period covering the recent Asian crisis. We
procedl as above, by examining the extent to which cross-correlationsin bond pricesincreased after the
onset of the Asian crisis. We then estimate rrelations acosstime to oltain a sense of the crrelation
dynamics. We definethe aisis period from July 7, 1997to May 25, 1998 and the tranquil period as
January 6, 1995to June 30, 1997.

Our data for the recent period is weekly and covers a sample of 23 countries.?? In Table 9 we
report the aosscountry correlations over the non-crisis period. In general the mrrelations are higher than
for the pre World War | or interwar periods. Some regional patterns are dso apparent. In particular, the
European countries are strongly positively correlated with ead other. The U.K., Francedisplay significant
correlations with four other European countries, while Germany is sgnificantly correlated with five
European nations. The U.K. isalso correlated with Canada and the U.S., whil e the correlations between

Germany and Singapore ae significant. Spainisinteresting, in that it displays grong correlations with

%2 The muntriesin our sample ae Australia, Brazl, Canada, Denmark, Germany, Hong Kong, Indonesia,
Italy, Japan, Malaysia, Mexico, Phili ppines, Portugal, Singapore, Spain, Switzerland, Thailand, the U.K.
and the U.S. Source Reuters database.
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more @untries than even Germany — eight all in all, of which six are European. The evidenceof high
correlations amongst the Asian countriesis weaker. However, with the exception of the Phili ppines, the
correlations between Malaysia and the rest of the Asian countriesin our sample ae significant, asisthe
correlation between Thailand and Hong Kong. Thailand also displays moderate crrelations with
Singapore, while Indonesiais moderately correlated with the Philippines, though these ae not significant.
Interestingly, none of the rrelations between the Asian countries and Japan or the U.S. are significant.
Although Singapore displays drong correlations with both of these cuntries, none of these crrelations are
significant. Indeed Singapore isthe only country that displays a moderately high correlation with Japan.
Thailand is grongly correlated with both Hong Kong and Malaysia. It isalso highly correlated with

Singapore, though not significantly.
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Table 10reportsthe increase in correlations during the aisis period. Although, the crrelation
between Thail and and Brazl, Canada, Denmark, France and Germany increase mnsiderably, none of the
increases are significant. Againthishasto dq at least in part, with the small size of our sample. We dso
seemoderate increases in correlation between Thail and and Australia, Canada, Indonesia, Italy, Japan,
Mexico, Phili ppines, and the U.S. A similar pattern is observed of Indonesia, in that correlationsincrease
substantiall y with a number of European countries, where two of these increases are significant. Thereis
also evidencethat correlations with some of the Asian countriesincrease. However, thisincreaseis mild.
The Phili ppines displays a number of significant increases in correlation with various courtries, primarily
European. While Hong Kong displays an increase in correlations with a number of emerging countries,
namely Brazl, Greece Mexico, and the Philippines, however, only the increases with Brazl and Greece
are significant. Singapore stands out, in that the correlations with the Asian courtries dedine.

Close scrutiny of Tables 9 and 10reveds an interesting result, which beas resemblanceto that
which was observed for the interwar and prewar periods. For those periods we observed areversal in
country rankings based on their cross-correlations. For the more recent period thisis not the case, however,
for al countries whose @rrelations lie within the interval [-.5,.2] during periods of tranquility, there seems
to be no relationship between p; —the non-crisis period correlation — and p, — the aisis period correlation.
Moreover, on average the aisis-period correlation for such countriesis zero. For countries with high
correlations, we find that on average the aisis period correlation p, > 0, however p.< p;. We interpret this
result as suggesting that there auld be mntagion to countries that are normally weakly correlated, although
there aould just as well not be ay. Since @rrelations are in general lower between countries that were
originally strongly correlated, on average there seemsto be no evidence of contagion to these cuntries.
Quite the mntrary, these muntries seem fairly insulated from shocks emerging from their close partners.

For the prewar and interwar periods, we found the aoss-country correlations to be very volatile.
We examine whether thisis 2 for the recent period also. Asabove, weroll athree-month window over the

sample and estimate the correlation between two markets at each date. Figure 10 dotsthe arrelation
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between Thai interest rates and those of four Asian countries and four “core” countries. This exercise
reveds detaials that are not otherwise visible in our investigation of correlations in fixed windows of time.
The oorrelation between Thailand and Hong Kong is ®ento risein October. This coincides with the
devaluation of the Hong Kong ddllar. The arrelation between Thail and and Indonesiaincreases on after
the deval uation of the Thai bath, however, despite this increase, the crrelation between the marketsis
lower than that which prevailed in the two months prior to the @llapse of the Thai currency. The
correlation between Thail and and Malaysia seemsto be high in the two months precaling the aisis, and
largely remains high urtil just prior to the Honk Kong devaluation. The crrelation then proceals to fall
sharply before rising again briefly at the time of the devaluation in Hong Kong. The crrelation between
Thailand and Singapore shows an increase prior to the Thai devaluation, and largely remains high except
for amomentary fall before October.

The mrrelation between Thai interest rates and those in the core muntries sown, rises on after
the Thai devaluation. However, thisincrease is small and short-lived. The crrelations fall bad to zero
and then quickly turn negative. There isthus evidence of contagion. However, these effeds are often seen
to be short lived. Moreover, thereis considerable volatility in the crrelation coefficient even during
periods of stability.

In summary the evidence suggests that correlations between markets are in general stronger for the
recent period than they were for the pre WWII period. Thislikely refleds closer asset market integration in
the recent period. Moreover, periods of crisisare acompanied by a more noticeale increasesin
correlations. However, evidencefor patterns of contagion are not clea. Thereislittl e evidenceto suggest
that countries that are dosely integrated will be dfeded by contagion stemming from ead other. Similar
to what was observed for the prewar and interwar periods, we observe highlevels of volatility in the
correlations acosscourtries. Thisvolatility again casts doubt on standard methods of testing for

contagion.
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6. Conclusion

The key theme that emerges from our empirica analysisisthat the correlations between key
maao aggregates at annual frequencies and band prices at weekly frequencies aaossthreeregimes over
the past century is generally consistent with theoreticd priors. However, during periods of financial crisis,
these patterns seem blurred, when high correlations are sometimes observed between countries that are
difficult to explain on the basis of historic levels of co-movement.

The annual data on five fundamental maao aggregates reveded, for both the dassicd gold
standard and the interwar periods, strong evidence of regional co-movements and of linkages expeded by
traditional trading patterns. The evidence dso suggested that such correlations were often higher during
crisis periods, thus suggesting evidence of atighter business cycle. Moreover the evidence suggests ssme
correlation between different sets of countries during crises.

This underlying theme was observed in the analysis of the weekly data. Both correlation and
VAR analysis aiggested evidence of regional and trade patterns for the prewar, interwar and the recent
Asian crisis. Moreover, the evidence pointed to the mre murtries of the prewar and interwar gold
standards as major players in disseminating shocks to the rest of the world. However, such patterns ssem
to be weaker during periods of crisis.

The two historic periods were regimes of general fixed exchange rates and we would exped the
transmission of shocks during financial crises. For the recent period, when greaer exchange rate flexibili ty
prevail s we observe both clea correlations aaossthe world which suggests the importance of closer
financial market integration and in crisis periods a similar pattern, as observed in the other periods of an
increase in correlation with countries which did not exhibit clea correlations in non-crisis periods, thus
there is considerable evidence d both the annual and weekly frequencies which suggests that countries that
are not otherwise crrelated show considerable @-movement at times of crisis. The question arises, isthis
evidence of contagion? If it is, it may reflect investor uncertainty as to the transmission of shocks between
weakly connected markets.

However, afinding which emerges from our weekly data, that the volatility in the correlation

coefficient can be extremely high, casts doubt on the importance of contagion effeds. Thisvolatility,

71



observed for both crisis and non-crisis periods, suggests that correlations between markets can periodicdly
be high even during periods of stability in the dsence of amagjor shift in cross-market links. Assuchitis
not necessarily clea that new channels of transmisson a.k.a. contagion are in operation during periods of
crisis, simply because we observe higher correlations between countries.

The mixed pattern observed by our empiricd analysis clealy suggests the need for further
reseach. Our evidence dso suggests that the emphasis on contagion eff ects in the recent literature is
clealy over blown and the cae for an enhanced international crisis manager or an international lender of

last resort to ded with contagion is not transparent.
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