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Abstract

This paper employs a new method and dataset tmastithe effect of currency unions
on the integration of financial markets in late meedl Central Europe. The analysis
reveals that membership of a union strongly andifsogntly correlated with well-
integrated markets. We also examine whether cuyrengons were endogenous. Our
results indicate that markets were significantlitdreintegrated prior to the formation of
a union. In addition, we show that currency uniestblished by autonomous merchant
towns were better integrated than unions implentebteterritorial rulers. The overall
implication is that late medieval Central Europeamnetary diversity was a corollary of
weakly integrated markets.
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Currency Unions, Optimal Currency Areas and thegdmnation of Financial Markets:
Central Europe from the Fourteenth to the Sixte€ghturie$

LARS BOERNER and OLIVER VOLCKART

1. Introduction

After the last Grandmaster of the Teutonic Ordébeft of Brandenburg (1490-
1568), had turned the Prussian state of the Onderai secular duchy and done homage
to King Sigmund of Poland (1467-1548) in 1525, Slollemands for the harmonisation
of the currencies used in both countries placedihi@ difficult position. While on the
one hand, Duke Albert feared a loss of autonomytherother hand, he found it hard to
counter the Polish argument that after the creadfom currency union, ‘the utility of a
common coinage would become apparent in manifolgsiv@/olckart, 1996, p. 259):
the advantages for commerce seemed only too obvitei$ound himself in a dilemma
in a way that was far from unusual for politicatfarities acting under the conditions
of monetary fragmentation in late medieval Ceralope.

Did this dilemma exist? Were currency unions realy advantageous as the
King of Poland, the Duke of Prussia and their cdiors assumed? How did efficiency
and integration of markets develop under theirugfice? The answers given here to
these questions are based on a new approach nmast] financial market integration
and on a new dataset compiled in order to makessiple to apply this method. Both
method and data are described more fully latethe gaper. Here, it is sufficient to
indicate that under the conditions of a commodigney system such as that existing in
fourteenth to sixteenth century Europe, combinirsgadon exchange rates between
currencies based on gold and silver with data @nlhllion content of the coinage
allows us to calculate local gold-silver ratiostelpreting such ratios as proxies for
prices paid on financial markets, we can use tipFagezh most common in integration
studies: that based on the Law of One Price (Kimeliger, 1989, pp. 67 ff.). The basic
idea is that in a world with zero transport andh$@ction costs and perfect monetary
integration, prices, i.e. gold-silver ratios, beéwdocalities would converge to identity.
With positive transport and transaction costs, apsebetween prices indicate that

* The authors would like to thank Matei Demetreggiavanni Federico, Sri Nagavarapu, Albrecht
Ritschl, and Battista Severgnini for helpful comitsesind discussions.

* Max Weber Post-Doctoral Fellow (2007-2008) andrifnics Department, European University
Institute, Florence, Italy

* Economic History Department, London School of Earaics and Political Science
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opportunities for arbitrage remained unexploite@king it possible to estimate how
integration developed. The main advantage of tlathod is that it allows us to take the
guantitative analysis of financial market integvatiback from the late seventeenth
century, which is the earliest period researchdwafar been able to reach (Neal, 1985;
1987; Schubert, 1988; 1989), to the fifteenth arehehe fourteenth centuries.

There are several reasons why the issues analysed dre important and
interesting. For one thing, given the generally lewel of investment and the slow pace
of technological progress before industrialisatidin,makes sense to look for the
preconditions of growth in the commercial spherdteAall, growing and better-
integrated markets not only allowed for a morec@dfit allocation of resources, but also
for a more intensive division of labour, for spdis@tion and for concurrent increases in
per-capita output. This is why the economy of pdern Europe is increasingly being
studied in the context of a ‘commercialist’ framete.g. Aloisio, 2007; Unger, 2007;
Hatcher and Bailey, 2001, pp. 121 ff.; Persson,919Most scholars working in this
field focus on grain markets for the simple reatwat grain prices are relatively well
documented. However, there are drawbacks to tlpsoaph. Grain prices were subject
to violent seasonal fluctuations, and where at bet#w price-observations per year
exist — as is the case for most places beforeittieesith century — their informational
content is limited. Also, grain being a good withhigh weight-value ratio that was
expensive to transport, the integration of grairrkets allows few inferences about
markets for other commodities. The late medievah@yomarket, by contrast, can be
assumed to provide a nearly ideal benchmark fostheéy of other markets. To be sure,
under a commodity money system transport costs weséive, but the weight-value
ratio of money was still more favourable than thiaalmost any other good. The money
market therefore shows the optimum that could keched in the field of market
integration at any given place and period of time.

Why study currency unions? Monetary conditions ate Imedieval and early
modern Europe were characterised by a diversity dbfies modern imagination. The
large monarchies of Western Europe, i.e. France abdve all England, had
monopolised their currencies at a comparativellyedate, but no one has ever
attempted to count how many different currenciesewesed further east. In the Holy
Roman Empire alone, around 500 mints were in operah the fifteenth century
(Sprenger, 2002, p. 81). The number of currencias smaller but still huge. The
guestion of how this diversity — and efforts to maene it by forming currency unions —
affected market performance has hitherto not beieouslsed in any detail. Some
economic historians claim that monetary diversityéeded trade (Simek, 1971, p. 235;
Walter, 1992, pp. 30 f.; Sprenger, 2002, p. 61}, most, even those who discuss
integration issues (e.g. Persson, 1999), seem dittplto assume that money was
neutral. Economists, by contrast, point to the athges of unitary currencies,
specifically to the reduction of uncertainty abputes paid in other places that allows
economic agents to exploit the opportunities offeby a growing market (Grubel,
1970, p. 320). The core of the argument is thatecury unions foster trade by reducing
transaction costs and exchange rate volatility. iogd analyses made under present
conditions (e.g. Rose, 2000; 2001) claim that tradthin unions is considerably — by
about a factor of 3 — larger than what gravity megeedict under monetary diversity.

As for the period under discussion here, thereaanember of arguments which
suggest that monetary diversity cannot have besgriaus impediment to commercial
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integration. After all, the gold and silver on whilate medieval currencies were based
could be exchanged for each other, but were stiy anperfectly substitutable. The
two precious metals fulfilled different economimations, with silver dominating local
trade and small-scale transactions and gold losgace commerce (Spufford, 1991,
pp. 321 ff.). Thus, while in principle any type mbney was, due to its material value,
acceptable everywhere, in practice this appliechipao gold. Gold coins were more or
less indiscriminately used in all countries, red¢gsd of where they had been minted and
of which silver currency was locally issued or faxed. To be sure, some types of gold
coins were more popular than others. For examplegheé late fourteenth and early
fifteenth century, the English noble penetrated Bladtic, while the florin of Florence
and its numerous imitations was the favourite gmloh of Italian, French and Western
German merchants. In the fifteenth century, Westn@ay was dominated by the
Rhinegulden that was issued by the Archbishopsadg@he, Trier and Mainz and the
Count-Palatine on the Rhine, while further eastHli@garian gulden or ducat played a
similar role (Berghaus, 1965; Giard, 1967; Husi&70-72). What this implies is that
long distance trade used a limited number of déofamternational gold currencies.
Hence, monetary diversity at the lower level — libealised use of a large number of
silver currencies — should not have been a senbsatacle to market integration.

There is another argument in the modern literatmecurrency unions. In
contrast to authors such as Rose, who stress tlséivpo effects of monetary
harmonisation on integration, other scholars, wiguea from the point of view of the
theory of optimal currency areas, point out thadér integration may give rise to
monetary integration, in other words that curres@ee unified only once markets have
integrated. Ritschl and Wolf (2003) found such an effect ia #arly twentieth-century
inter-war period, when currency blocs formed inaarevhere markets had already been
well-integrated.

The issue of the endogeneity of currency areasnbasr been discussed with
regard to the pre-modern period. However, it seaththe more relevant as under a
commodity money system, monetary authorities wantm form a union needed to
agree on a common standard, and if local bulliacegrdiverged, as they were bound to
do between weakly integrated markets, this wadcditf Either the members of a
planned currency union would have to buy the raviens for their coinage at different
prices, in which case it is easy to imagine thguarents about rates of seignorage and
mint charges would prevent unification; or the menstof the union would try to avoid
these issues by producing the coinage centrallydistdbuting the seignorage among
themselves. Under these conditions, agents iniagtigegions far from the mint faced
incentives to melt down the money and sell theidmlbr export it to somewhere where
they would receive more raw gold or silver in exopa Which option they chose
depended on whether their local bullion price waghér or lower than the mint price,
but for the stability of the currency union, thigl dhot matter: both alternatives were
equally fatal. This argument, too, implies that kedtintegration advanced regardless of
monetary diversity, which could, in fact, only beeeccome when at least the bullion
market had reached a minimal degree of integrafidrus, the question needs to be

! This literature originated with studies by Mundg961) and McKinnon (1963). More recent
contributions have been made by scholars suchaagé&rand Rose (1998), Dixit (2000) and Alesina and
Barro (2002).
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asked anew: how important was a common currencyhiiintegration of pre-modern
markets?

The rest of the paper proceeds as follows. In @@@i the monetary history of
the region under investigation is surveyed, witlecs@l attention being paid to the
formation of the several currency unions that wealyse. Section 3 describes our
method, briefly sketched above, in more detail. Btlte problems the approach
involves and their solutions are discussed. Secti@ontains the analysis of the data
and presents the results. Section 5 concludes tynsuising the main findings of the
paper.

2. Monetary conditionsin late medieval Ger many

Like all medieval currencies, those used in theyHRbman Empire of the
fourteenth to sixteenth centuries were ultimatedyived from the monetary system
Charlemagne introduced in the Frankish kingdomtshbefore the year 800 (Grierson,
1965/79). With few exceptions, only one monetarit #rthe silver denarius or penny —
was issued. While uniformity was largely preserirethe ninth century, it began to fall
apart under the last Carolingians in the westeamliish kingdom, and under the Saxon
rulers in Germany. There, the kings and emperarssterred the right to issue coins to
an ever-increasing number of ecclesiastical andlaeculers. The process culminated
under Emperor Frederick Il (1194-1250) (Spreng€02 p. 60). Given the strong
incentives to increase the profits from seignorage probably also the differing local
prices of the raw materials needed for minting —-stmimportantly silver — it is no
surprise that standards began to diverge. By thellmiof the thirteenth century, a large
number of localised silver currencies had replabedormer monetary uniformity.

The later thirteenth and fourteenth centuries weharacterised by two
developments. On the one hand, an increasing nuofltewvns began to acquire their
own rights of coinage (Nau, 1964; Berghaus, 196dckart, 2007). This increased the
number of currencies in use in the Holy Roman Eenpind the neighbouring regions.
On the other hand, larger denominations in bothesiand gold supplemented the
simple monetary system of the high Middle Ages, nehthe penny had been the only
coin in circulation. This development began in rthidteenth-century Italy, spread from
there to France, and began to affect Germany frboutathe turn of the fourteenth
century. First, Italian and French gold and largiérer coins were imported and used
alongside the various domestic types of pennies,sban German princes and cities
began to issue their own multiples of silver pearid various types of gold coins,
most of which initially imitated the florin of Flence (Berghaus, 1971-72). From the
second half of the fourteenth century, the lindtedy was severed, and the emperor,
many princes and an increasing number of citiegrdebed both the standard and
appearance of their coins for themselves. Thishé monetary background of the
formation of currency unions within the Empire.

Several of these unions are included in the amalgsesented below, but we
should stress from the outset that there were nmaose, some of which were very
short-lived. Also, before introducing the unionski® considered in more detail, it is
necessary to point out three peculiarities. Fivghjle studies of modern monetary
unions, such as that by Ritschl and Wolf (2003 ciabove, use the nation state as the
unit of analysis, the present article focuses die<i This is necessary because in the
late medieval Holy Roman Empire, territorial statesre only beginning to emerge
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toward the end of the period covered here. Mang<itill had their own currencies,
which they sometimes issued in competition with ¢benage produced by their feudal
overlords. Territories with clearly defined bordehst were identical with currency
areas did not yet exist.

Second, for the purpose of analysis, the term naoypainion is here loosely
defined. It does not only cover unions betweentigali organisations or actors who
were autonomous as far as their supply of money ecaerned, who decided to
harmonise their currencies. We also apply the terametary union to cities whose
common currency was supplied by their feudal ovdrl&or example, we treat Bruges
and Ghent as forming a currency union, regardléskeofact that neither city had the
authority to pursue its own monetary policies, thedinage being supplied by their
common lord, the count of Flanders. Still, our noetlof analysis allows us to make a
distinction between both types of unions.

Finally, it is important to note that in the lateddle Ages, there were not only
formal currency unions in the sense of the wordiwssove, but that foreign monetary
units could be used informally and integrated ih® domestic currency. For example,
until the 1430s the county of Holland did have aeucy of its own. However, already
by the late fourteenth century the scribes of thent's treasury in the Hague used the
Flemish Pound Groat for accounting purposes (cfBder et al., 1997). In parts of
fifteenth-century South Germany Bohemian groatsutated as legal tender with a
fixed face value, supplementing the domestic aohgenominations (cf. Binder and
Ebner, 1910-15, p. 35). In many such cases, itmigossible to decide whether an
informal or de facto currency union existed. Whealgsing the data, this needs to be
kept in mind.

As for the unions in the strict sense of the wdhndt is those which were formed
by actors able to pursue their own monetary pdijdieo were exceptionally stable: the
Wendish Monetary Union and the Rappenmuenz-Unia.less stable organisations
were structured in a similar way, introducing thése unions is sufficient to give an
idea of what kind of policies late medieval curngnmions pursued.

The Wendish Union had its roots in an agreementc&wming a common
currency reached between Hamburg and Luebeck ithtiteenth century. In 1379, the
cities of Lueneburg and Wismar joined, and these fities continued to cooperate
until the middle of the sixteenth century (for fodowing, see Stefke, 2002). The union
was based on treaties between the partners thtticed detailed articles regulating the
weight and fineness of the common coinage. Imptiytathe members also agreed on
regular inspections, so-called assays, of sampld®eo coins. They did this in order to
prevent individual cities from reducing the stamtlaf the coinage, thereby making an
extra profit from seignorage and from the effedt&scesham’s law. One issue that the
treaties did not include was the minting of goldiebeck struck gold coins from the
1340s, and Hamburg and Lueneburg followed suihé1430s, but the definition of the
standard of the coins was left to the councilhefindividual cities. What was regulated
was the nominal value of these guldens in the usisitver coinage. Whether it was
possible to enforce these politically imposed ragedoubtful, not least because when
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the rates of other types of gold coins were fixeat, even the city fiscal administrations
always paid heedl.

The Rappenmuenz-Union was some decades youngethtaWendish Union
(Cahn, 1901). It had some antecedents in the dateefenth century, but was definitely
agreed on only in 1403. The partners were the d@ilkaustria, who held some scattered
territories in South-West Germany, and the citiésBasle, Breisach, Colmar and
Freiburg in Breisgau. Like the Wendish Union, thapRenmuenz-Union — it took its
name from the head of a raven (rappen) shown opriheipal denomination of its first
years — regulated the weight and the finenesseosilleer coins issued by its members.
Also like its North German counterpart, it repeste@nd ultimately unsuccessfully)
tried to fix the exchange rate of gold coins ciatilg in its member cities and
territories. In spite of this, the Rappenmuenz-Wni@mained stable, dominating
Northern Switzerland, Alsace and parts of South-M&=many until the second half of
the sixteenth century.

The Rappenmuenz-Union’s formation was neither ifs¢ fior the only attempt
to reduce the multiplicity of currencies used ie tHoly Roman Empire. Already in
1344, one of its later members, the city of Bakby concluded a treaty with Zuerich
and the Duke of Austria (Altherr, 1910, p. 25).the fifteenth century, however, the
monetary policy of Zuerich was oriented rather taithe north-east, with St. Gallen,
Constance and Schaffhausen being the city’s parinea union that was established in
1418 and fell apart five years later (Wielandt, 996. 24). From then on, Zuerich
cooperated with Lucerne, while Constance and Skaaffien formed a more stable
union with a number of cities in the area of Wuwertberg (Cahn, 1911, p. 246). There
were many smaller and less important unions, famgxde one that linked the cities on
the North-German coast of the Baltic. Finally, thevere cities that did not form
currency unions based on treaties among the membetrsvhose common currency
was supplied by their feudal overlord. The prestumdy covers cities in Flanders (such
as Bruges and Ghent mentioned above), Holland sRruBohemia and Austria, where
this was the case.

The sixteenth century saw a remarkable increasieeimrganizational efficiency
of the Holy Roman Empire, which, though far fronvel@ping into anything remotely
resembling a modern state, implemented a numbeomstitutional reforms. Since the
1520s, unifying the currencies issued by the varipolitical authorities within the
Empire’s borders had been on the agenda (Christn2002). In the long run, some
progress in this direction was made, in particagarfar as the higher denominations
were concerned: From 1551, the taler was mintetd soime measure of regularity by
almost all major estates of the Empire. Smallerod@nations, however, continued to
be issued in the traditional way, the only changend the fact that state-building
territorial princes were increasingly successfutliminating urban rights of coinage.

3. Method and data

The introduction gave a brief sketch of our apphotx estimating late medieval
and early modern financial markets, indicating twatuse exchange rate notations and
information on the bullion content of the coinageorder to compute local gold-silver

2 Thus, in 1490 the official exchange rate of thén@pulden was 22 shillings. In the same year, the
revenue office of the city of Hamburg used a rdte4oshillings (Bollandt, 1960, p. 197; Koppmann,
1880, p. 209).
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ratios. Studies of exchange rates between curehesed on the same precious metal,
e.g. silver, show that while the rates frequentlyedyed from parity, arbitrage always
brought them back to within the band between th&doupoints, and indeed to parity
(Volckart and Wolf, 2006). As arbitrage must hatfeeted exchange rates for gold and
silver in a similar way, we can interpret local dsllver ratios as prices paid on
financial markets. This allows us to make use eflthw of One Price, that is, to treat
spreads between local ratios as indicators of mbarefficiencies. Taking such an
approach is eminently plausible; after all, mante lenedieval consumers were well
aware of the fine gold and silver content of thanage and eager to exploit
opportunities for arbitrage offered by spreads sashthose that we have discovered
(KluRendorf, 1976, pp. 432 f.). A telling descrgoti of how people tried to make a
profit on the money market is given in a treatisétten by the late fifteenth-century
annalist Hermen Bote from Brunswick. According tot® (1880, pp. 416 f.), in about
the middle of the fifteenth century the exchange @& the Rhinegulden stood at 21
shillings in Brunswick and Hildesheim,

‘and in the cities by the sea [i.e. in Hamburg, heek and Wismar] the gulden was to be had for 24

shillings. Now here was a bargain that allowed peop look to their advantage and self-interest,

because with every gulden 3 shillings could be vganthat in these cities all shillings were bought
up and brought here to Brunswick and Hildesheind Arany people got rich through this trade...".

Commercial correspondence shows how this workedhat micro-level. Thus, in
December 1487 William Cely, an apprentice mercladribe staple in Calais, wrote to
his superior in London, advising that

‘if the new groats of Mechelen will go into Englande thinks it were best to purvey them to you,

for | think | shall get them at under 32 shillindge pound. If they will go into England, sir, seme
word and | shall get as many for your mastershipcas’ (Hanham, 1975, p. 240)’.

Such commercial letters and account books kept bscinants or political authorities

and other sources contain an abundance of excliateggaotations, which we can use in
order to examine how efficient financial marketsevel'o do that, we need to relate the
weight and fineness of the gold coins to their exde rates in silver currencies, and in
order to make them comparable internationally, westhreduce these rates to their
content of fine silver. In short, we use excharages to determine the gold-silver ratios
for the cities here considered, and treat thesesras proxies for prices paid on
financial markets.

We employ a dataset of c. 9,000 exchange rate iomsacompiled for this
purpose. The data are supplemented with c. 15Ctiosafrom Spufford’s (1986)
Handbook of Medieval Exchange, which provides ailgtchy coverage of Central and
Northern Europe but contains a wealth of informatam places in Western European
such as London, Bruges and Antwerp. The majorityhef data (almost 79%) were
found in urban, princely and ecclesiastic accoumtkis that are comparatively well
preserved (e.g. Harms, 1909; 1910). Exchange mtitions appear almost on every
single page of these sources — a fact that isurptising considering the multiplicity of
currencies used in late medieval Central EuroperchMant account books would
probably be equally fertile sources, if more ofrtheere preserved. As it is, only about
8% of the exchange rates used here are from conahecounts (e.g. Lesnikov,
1973). Commercial and non-commercial correspondgielded another c. 2% of the
data (e.g. Stieda, 1921; Hanham, 1975), and c. &b faund in notarial registers and
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similar sources (e.g. Simon, 2006). We also ussnatentioned by historians. Including
the material provided by Spufford (1986), they amtdo c. 9% of the total dataskt.

Using these data in order to calculate gold-sikatios involves a number of
problems and assumptions that need to be briefigudsed (for an extensive discussion
see Volckart, 2006; for another application of tapproach, Rosen, 1981). Exchange
rates were based on several types of transactiore® of which are relevant here (cf.
Spufford, 1986, pp. | f.). First, there was the tmnekementary one called manual
exchange, that is, the simultaneous and on the eypdtange of coins of different
currencies. Second, some exchange rate notatiggeaan loans where the creditor
agreed to repay the sum he borrowed in a diffezarrency. And finally, there was the
most sophisticated kind of exchange, which madeotigdls. In our dataset, only about
2% of the observations are based on rates foubdlsnof exchange. Loans account for
another 2% and manual exchange transactions fethes 1%. In the rest of the cases,
the sources just translate a sum of money in oreermcy into another without
indicating the underlying kind of contract. Thisusfortunate because not only rates
found in loans, but also those in bills of exchamgatained a hidden interest rate;
hence, there was a systematic difference betwesm #nd the rates paid in manual
exchange (de Roover, 1948, p. 62). In order to lidle o assess how relevant this
problem actually is, we need some idea of how manthe observations, where the
source does not indicate the kind of transacticgrevalso based on loans or bills. As
shown above, the most important type of sourcecsoant books. Like merchant
accounts, those of urban, princely or ecclesiassititutions occasionally refer to loans,
but in contrast to merchant ledgers, they nevertimerbills of exchange. Bills were
often employed in some Western European markets asdBruges, but, though they
were known in Central and Northern Europe, merchaamtely made use of them there
(de Roover, 1948, pp. 55, 60; Spufford, 1991, |5|4.ﬂ.).4 Even in Flanders, bills made
an overall negligible contribution to monetary diiation (Blockmans, 1990, p. 26; cf.
Murray, 2005, p. 123). We can therefore assumertiwatt exchange rates found in the
sources ultimately reflect rates that developecthanual exchange. As for the interest
rate that was a component of the exchange ratesianed in bills, too few such
documents are preserved to allow us to identifystiesnatic difference between these
rates and those based on manual exchange. Hensegernts acceptable to use all
guotations indiscriminately.

The ambiguity and lack of clarity of the sourcese@@roblems that are more
serious. Often the author of the document wherdowad the quotation did not bother
to clearly define to which kind of gold coin theckange rate applied. Moreover, even
if we know the types of coins, determining theintamt of specie can be difficult. The
principal class of sources that contain the relewgormation are mint ordinances and
contracts between the authority that issued thescand mint masters. Usually, such
documents defined the fineness of the alloy fronctvithe coins were to be made, and
the number of coins to be drawn from a specifiedngjty of that alloy. We could
interpret them straightforwardly if it were not feeveral obstacles. For one thing, in
some cases there is no clarity about the metricvalgunts of the units of weight in use

% Rates from political ordinances were excluded ftheanalysis.

* The dataset contains c. 600 observations from maetaccount books from areas outside England and
Flanders. Only one of these observations refeashil of exchange (from Cologne to Bruges: Leswmiko
1973, p. 13).
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between the fourteenth and sixteenth centuriesaRother, the ability of medieval and
early modern mint technicians to make chemicallyepgold and silver has been
questioned (Miskimin, 1963, p. 31; Jesse, 1928,1(0). This latter problem is
important because in some cases it is not cleathghehe fineness prescribed in an
ordinance applied to the finished coin that wasyaltl with some quantity of base
metal, or to the specie which was to be used inufieeturing the coin before the base
metal was added (cf. van der Wee and Aerts, 19@96p f.; 1980, pp. 234 f.). The
assumption made in this study is that the ordinsrened contracts determined the
fineness of the finished coins. This approach eptable because no mint master of
the fourteenth to sixteenth centuries could be sfireeing able to manufacture coins
that exactly met the prescribed standard. The pie@ge struck ‘al marco’, that is, mint
officials checked that a random sample held thegieed total weight, regardless of
variations among the individual coins. This alonekes it impossible to exclude a
margin of error when the bullion content of latediesal and early modern coins is
determined.

A related problem is posed by the fact that usu#tg bullion content of
different denominations belonging to the same cuyewas not proportional: small
denominations contained proportionally less sitha@n larger ones (de Roover, 1948, p.
222). Here, we assume that most people did notf@ahigh-purchasing-power gold
coins with small change, but used the largest sti@mominations available. We also
assume that after a change in the monetary stasmdaed coins would quickly replace
the old ones in the place where they were beingedinAbroad, old coins would
continue in circulation for a longer period (cf. Igkart and Wolf, 2006). Still, we must
accept that these factors, too, create noise idakeset. To reduce the noise, we rely on
the results of chemical tests conducted on thesceither by late medieval political
authorities, who had foreign money assayed, or bglem researchers (cf. e.g. Munro,
1972, p. 212 ff.; Grierson, 1981; Kubiak, 1986).tlis way, it is possible to derive a
sufficiently clear picture of how much gold andveil changed hands when money was
exchanged.

The data analysed in the next section are frongelt®r 69 cities, most of
which were in the Holy Roman Empire. Some werediginbouring countries, but were
linked by strongly frequented trade routes or isbe®m exchange relations to cities
within the empire. In modern terms, the geograpi&a covered by this study roughly
corresponds to eastern France, south-eastern Brigaih, Belgium, the Netherlands,
Germany, Switzerland, Austria, the Czech Repubiid western and northern Poland.
Theoretically, 69 cities form 2415 city-pairs in ishh we can measure spreads between
gold-silver ratios. As the analysis covers 210 getire earliest observation being from
1352 and the latest from 1562, there should betal wf 507,150 observations.
However, there are only a few cities where the seaityield so many exchange rate
notations that the time series are more or lessolkeh: Cologne, Basle, Hamburg, and
a few other places where the series extend at teasta couple of decades, such as
Schaffhausen and Nuremberg. This reduces the nuofbeity-pairs to 625 and the
number of yearly observations of exchange rateasjsréo c. 3300.

4. Analysis
The hypothesis tested in this section is that cagreunions had a negative
impact of the size of the spreads between the yeaglans of local gold-silver ratios,
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which we use as proxies for prices paid in finahaiarkets. Before beginning the
analysis, it may be helpful to summarise the wawlich we constructed the dependent
variable in a slightly more formal manner. Let @dide the exchange rate of some type
of gold coin sold for silver money in a specificéion as

kC
E = S1
(1) L CG ’

wherek represents the sum in a silver currer@g@(which equalled one gold coiﬁ:é).
The par ratio between these currencies is given by
_ kCq,Ag

R
2 LT CLAU

Here,Ag is the silver equivalent of the unit of accounttod silver currency, andlu is
the fine gold content of the gold coin. The localdgsilver ratio is the average of the
par ratios found per year (i.RLl’). We define ratios valid at the other places here

considered in the same way and aggregate them yaamdy level RL2 ). Spreads
...n
between the aggregates are therefore given by

@) A=R-RJ.

As shown above, large spreads indicate weakly iated markets, while small or
shrinking spreads show that the markets where dktiesr were measured were well
integrated or that integration was improving.

To test our hypothesis, we examine the dependeiatbla (LOG_SPREAD) and
the potential explanatory variables in various esgions. Among the explanatory
variables, a dummy that takes the value of 1 ifyamair formed a currency union, and
that is O in all other cases, has the first pld¢g”ION). We use a similar dummy to
represent city pairs whose common currency was l&dppy their common feudal
overlord (TERR_STATE). To measure if city-pairs eealready better integrated
before they joined a union, we introduce a LATERION dummy. This dummy
allows us to exploit extra information on the int#gpn of the financial markets of these
city-pairs before they merged into a union, helpisgo answer the question of whether
they were already at that time better integrated those city-pairs that never formed a
union.

In addition to these variables, which refer dingttl currency unions, we control
for a number of other influences. Most importantlie expect that spreads should be
smaller between cities that traded intensively vatdcth other. Lacking any data on
interurban trade flows, we make two assumptionstFive assume that the volume of
trade was negatively correlated with the distaneéwvben cities that were neither
seaports nor situated on the same navigable rimethé Middle Ages, distance was
primarily relevant if no waterway was available)hi§ fact is represented by a
TRANSPORTATION interaction term. This term is camsted on the basis of the
variable LOG_DISTANCE, which measures the distabpeveen two cities, and of a
WATERWAY dummy, which is 1 if both cities are commted by a waterway in the
form of a river or sea and 0 otherwise. Furthermese assume that the volume of trade
was positively correlated with the size of the ltgtapulations of a city-pair; an effect
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which we capture by introducing a LOG_CITIES val@l®Our assumptions here are in
line with those made in gravity models used to mtetiade between modern countries
(cf. e.g. Ritschl and Wolf, 2003; Bussiére and $thn2006, for the application of

gravity models in integration studies). The diffeze is that given the lack of data on
late medieval urban GDP, we use population sizes@exy.

We control for three further factors that may haviduenced financial market
integration. First, a HANSA dummy represents sharegimbership in the Hanseatic
League, second, PERIOD controls for time, and I[gn2IALECT represents the use of
a common idiom. Here, we disregard most modernuageg borders, instead assuming
e.g. that the Low German dialect was closer tdahguage spoken in the Netherlands
than to Upper German, from which modern Germarers/dd.

In our analysis, we first run an ordinary leastaguregression that we can use
as a benchmark, and then a two-stage least sqaaamt/(cf. Greene, 2007, ch. 16). We
do this in order to take into account a potentiadiageneity between the dependent
variable (the spread of gold-silver ratios betweéy-pairs, LOG_SPREAD) and the
independent variable (UNION). On the grounds ofCdrB-regression only, we would
be unable to exclude the possibility that the estors might be biased; after all, the
assumption that currency unions promote markegraten is not necessarily true. As
suggested by the optimal currency area literaterg. (Frankel and Rose, 1998; Dixit,
2000; Alesina and Barro, 2002), the causality mag aork the other way round, with
currency unions coming into existence only wherekeiz were already well integrated.
Therefore, in the two-stage least square varianowf model, LOG_SPREAD and
UNION are endogenous variables and jointly and #sneously determined. In a
further step, we use a static panel data analggiBéltagi, 1995; Wooldridge, 2002).
We pool the data over space and time and testfiiited cross-sectional effects, based
on city-pairs. Again, we take into account a pasrendogeneity between the spread
and currency unions, running a two-stage leastrequenel data regression.

The ordinary least square model (OLS) takes thma for
4) Y= Xl +e, & ~I1D(0, 6%)

where y; stands for the dependent variable LOG_SPREAR, far the exogenous
variables, UNION, TERR_STATE, HANSA, LATER_UNION, QG_CITIES,

DIALECT, PERIOD and TRANSPORTATION discussed abogdor the coefficient
ande; for the error term.

As explained above, in the two-stage least squadeh(TSLS) we assume that
LOG_SPREAD and UNION are endogenous variables aedaintly simultaneously
determined in the model. To solve this probleai endogeneity, we use
TRANSPORTATION as an instrumental variable, where wssume that this
instrument is uncorrelated with the error term, botrelated with the endogenous
variable UNION. We use all other exogenous varialae their own instruments. The
use of the TRANSPORTATION instrument is not unpevbétic since we cannot
completely exclude the possibility that it influescthe dependent variable not only via
its correlation with the existence of a union, utsome other way, too. However,
because of the lack of other complementary dat@rretive instruments are not
applicable. Thus, testing market integration witif$LS approach must be weighted
carefully, and discussed in the context of the o@®leS and panel-regression results
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Now let us turn to the static panel data analySswork with a static model, we
must first test the city-pair spreads for unit eodsince different series are pooled, we
must be aware of the possibility that not all okithprocesses have the same
characteristics or are described by the same p&easnd-or example, the city-pair
Cologne-Antwerp is stationary, but Cologne-Nurengbisr not. For this purpose, we
perform several unit root tests, running the Levim, and Chu test for common unit
roots, and the Fisher-Augmented Dickey Fuller amshét-Phillips-Perron tests for
individual unit roots. As none of the results aédk tests indicates the presence of a unit
root, we can apply the static model. Once havisgaked of this problem, we need to
discuss the selection of cross-sectional and tifiezts and the related choice of fixed
or random effects. Since the panel is unbalanceeset effects must be analysed
separately. Let us first look at the cross-sectieffacts of city-pairs and come back to
time effects later.

As a first step we must decide if we want to chofised or random cross-
sectional city-pair effects. The fixed effect mothkes the form

(B) Y=o+ Xl +si g ~IID(0, o%)

where the parametey; is assigned to each city-pair and estimated bynargli least
squares. Alternatively, we can choose a randonctsffmodel, which takes the form

(6) V=M +XiBR +ai gy, & ~1ID(0, 6%); a;i ~1ID(0, 6%)

where the parameter p stands for a common factdr cganare random factors,
independently and identically distributed over indiials.a; + ¢i; is treated as an error
term consisting of two components: an individu&y-gair specific component that does
not vary over time, and a remainder componentithassumed to be uncorrelated over
time.

The choice between fixed and random cross-sectigifiadts is not ambiguous.
On the one hand, the underlying units are disticity-pairs. Each stands for a
cornerstone of trade in Central Europe. Thus, thmey be some justification for
assigning fixed effects to specific city-pairs. @re other hand, we do not have a
complete picture of these pairs: our sources agnientary. Neither the number of
cities nor the observations over time are compl&terefore, the observations are a
random sample from an underlying population of -pg&rs. In this way, choosing
random effects may be justified. In addition, deprg on the different independent
variables discussed earlier, effects can be assigoedistinct city-pairs or to an
underlying common population effect. Thus, we eatancoefficients for both models.
We also run Hausman-tests for both the panel amd@ 8LS panel to check whether the
(theoretically more efficient) random effects esttors are consistent. The tests indicate
that they are, and that we can use them for odysiea

The results of both the benchmark and the croseset panel data estimations
are summarised in table 1 (see appertli@plumn one depicts the OLS and column
two the TSLS coefficients. They suggest a signifisanegative correlation of currency
unions with spreads between local gold-silver eatwer the period of observation in
the OLS-estimator. This also holds if we take a&pbtél endogeneity of the spreads and

® We also run these regressions from table 1 aedfiaim table 3 with White cross-section and White
period robust coefficient variance estimators,thatresults do not change.
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the unions into account. At the same time, we olesex significantly positive
correlation with ‘unions’ between cities whose emcy was supplied by a common
territorial ruler (TERR_STATE). In addition, we firbetter-integrated financial markets
between cities that formed a union at some laténtpo time, since the estimator for
LATER_UNION is significantly negative. The coeffisit for membership in the
Hanseatic League (HANSA) is positive in the OLSresgion and significantly negative
in the TSLS approach. As expected, the coeffidienthe distance in case no waterway
is available between the city-pairs (TRANSPORTATION significantly positive,
suggesting that spreads increased with increasstgnde between cities. Since we need
the TRANSPORTATION-variable as an instrument foe tAiSLS approach, we
unfortunately loose this information.

Before we continue to discuss the results showabie 1, some remarks on the
interaction term are in order. In table 2 (in tippendix) the interaction term of the OLS
regression is split up. Column 1 reproduces thé& @kgression from table 1, while
column 2 runs the same regression, but with theabigr LOG_DISTANCE and the
dummy WATERWAY. The distance has no impact on thepehdent variable.
However, cities which are connected by a waterway lbetter integrated. The
coefficient is significantly negative. All othertesators are unchanged.

Returning to the main results in table 1, resubisthe population size of the
city-pairs (LOG_CITIES) are inconclusive. The outpef the OLS regression is
significantly positive; in the TSLS regression tlestimator is negative but not
significant. The coefficient for PERIOD is signiictly negative (as we expected) and
the one for similar language between similar ciéyrp (DIALECT) significantly
positive. Accordingly, financial markets betweerties with similar dialects were
significantly better integrated than others. Altige, our preliminary benchmark
results confirm our expectations only in part.

Columns three and four present the results of tlessesectional panel data
analysis. Note that we reduce the number of exagemneariables to UNION,
TERR_STATE, LATER_UNION, LOG_CITIES and PERIOD, adl the other
exogenous variables take the form of dummies tbabhat change over time. Hence,
they are already incorporated in the cross-sedtieffiect. The last two columns show
the results for the fixed and random effects of tB&S approach.

The more efficient random effects estimators comfihe earlier results. The
coefficient for currency unions (UNION) is signifiotly negative in the panel as well as
in the TSLS panel. In the random effects model ciefficients for TERR_STATE are
significantly positive in both the panel and the LBSpanel. The estimator for
LATER_UNION is significantly negative. If we argubat while this model is more
efficient, the fixed effects model is intuitivelyare appropriate, the results become
weaker, with the coefficients being no longer digant. However, as explained above,
there are good reasons (missing data) for usingdahdom effects model, which is
therefore the appropriate choice. Thus, we canladechat there are no other hidden
city-pair effects which change the significance #mlalgebraic sign of the estimators.

The results for the population sizes of the citirgpdLOG_CITIES) do not
deliver clearer estimators than in the earlier @sgion. All estimators are positive, but
only the fixed effect estimator is significant. TRERIOD coefficient is significantly
negative for all estimators, as expected. We vetum to this issue below. For the
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moment, let us go back to the role of the TERR_SEAQummy in the model (in
appendix table 3 we skip this variable).

Here, the estimator for UNION is still negative amsdnificant, but the
coefficient is smaller. This indicates that esttilg a currency union did in general
promote market integration, even if it were sebygeudal rulers. Obviously, however,
among non-autonomous cities, whose common currerasy supplied by a territorial
lord, an opposing force was at work which led teveaker integration of financial
markets. Arguably, rulers established such ‘curyennions’ in disregard of market
conditions, creating unified currencies for ardzet were still lacking well-integrated
bullion markets (and by implication well-integratedarkets for goods with a less
favourable weight-value ratio than gold and silwen). Typical territorial institutions
that prohibited the export or melting of the doresbinage point that way (cf. Munro,
1972, pp. 11 ff.), though certainly similar instiins also existed in autonomous cities,
which were members of currency unions.

5. Conclusion

This paper employs a new method to estimate tregiation of late medieval
and early modern financial markets in order to arsmew questions regarding the
effects of currency unions. The method is basedetating exchange rate notations to
information on the bullion content of the moneyoirder to calculate local gold-silver
ratios, and on treating spreads between thesesragoindicators of deficiencies in
integration. In the model used in the analysisséhgpreads are the dependent variable.
On the other side of the equation, a dummy thataids whether a city-pair between
which a spread was measured formed a currency talk@s first place. The regressions
control for several other variables such as théadce between the cities, their size,
their autonomy with regard to monetary policiesmbership in the Hanseatic League
and so forth.

Briefly, the results indicate that membership icuarency union was strongly
and significantly correlated with small spreadsasetn local gold-silver ratios, that is,
with well-integrated financial markets. This is@tsue for ‘unions’ which were formed
by cities that were not autonomous with regard tmetary policies, but that used a
common currency supplied by their common feudalrloveé. Here, though, the effect
was weaker. As, due to the favourable weight-vali® of money, financial markets
were better integrated than any other markets, dlisvs us to infer that monetary
diversity did in fact have strongly adverse effemtsthe trade of more bulky and less
valuable goods, too. Where the same currency wed, usgde links in general must
have been tighter than where different currenciesulated. As the currency unions
which are analysed here standardised silver monéy this hypothesis implies that
merchants on their own were unable to overcomeetfeets of monetary diversity, for
example by employing a limited number of gold-basedrencies in long-distance
trade. What was needed was political action. WhakeDAlbert of Prussia eventually,
in 1528, gave in to the Polish argument that haisiog the currencies of both
countries would help commerce and agreed to a focomaency union, he lost part of
his political autonomy and, most painfully, the oba to arbitrarily increase his
revenues from the seignorage. However, the populaif his territory — in particular
the merchants of his only major city, Koenigsbetgenefited from his decision. Money
was, as the duke had to admit, definitely not ragutr
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Another important insight from our analyses indésathat, as suggested by the
optimal currency area literature, late medievalency unions were endogenous, being
formed on the basis of already well-integrated ratekThis result of our analysis has
far-reaching implications. It not only indicatesthunions could emerge only where the
necessary preconditions existed, but moreover stgj¢jgat where they did not develop,
these preconditions were frequently lacking. Ineottvords, where bullion markets —
and by implication markets for goods with less fanable weight-value rations — were
well integrated, monetary diversity could be repthdy some measure of uniformity,
while where this was not the case — where markete iragmented — monetary
diversity persisted. Put briefly, the monetary freemtation of fourteenth to mid-
sixteenth century Germany, that is, the existericefmuge number of silver currencies,
most of which circulated in relatively small reggoonly, was actually a corollary of the
weak state of Central European market integration.fact, given the state of
development of markets in Germany, the multiplicgfycurrencies used in that country
seems to have been optimal. To summarize, whileecay unions did help the
integration of markets, this effect could not beught about simply by an effort of
political will. Such an effort would be successfutly once market integration had
sufficiently advanced in the face of monetary fragation.

A final remark seems in order. One of the aimshié paper was to present a
new method for analysing financial market integnatduring a period of European
history that quantitative research has hithertsmhe®able to reach. The results that we
have achieved seem altogether plausible and miagcbXpectations that we formed on
the basis of modern economic theory. This in itseléhould be pointed out, strongly
supports our claim that our method is a valuabtk wseful tool for research that can be
applied with regard to other geographical regiarg] perhaps even to earlier periods
than those analysed here.
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Appendix
Table 1: Panel data analysis with city-pair effects

Dependent Variable: LOG_SPREAD

1) (2 (3) 4) (5) (6)
oLS TSLS Fixed Random Fixed-TSLS Random-TSLS
C 4.504** 3.635%* 2.952* 5.166*** 7.043 5.572%*
(5.897) (3.759) (1.617) (6.080) (0.570) (8.737)
UNION -0.907** -6.454%* -0.365 -0.912%* -36.776 -5.876%**
(6.614) (4.176) (0.454) (3.990) (0.340) (3.626)
TERR_STATE 0.652** 5.800*** -1.162 0.453*** 21.708 5.000***
(3.541) 3.985) (1.049) (1.625) (0.320) (3.232)
LATER_UNION -0.272* -0.540%* -0.850 -0.230* -7.619 -0.315*
(1.770) (2.724) (1.047) (1.105) (0.379) (1.625)
HANSA -0.015 0.465** - - - -
(0.170) (2.539)
LOG_CITIES 0.060** -0.034 0.352** 0.025 0.068 0.015
(2.195) (0.863) (2.003) 0.682) (0.078) (0.396)
DIALECT 0.060 0.366** - - - -
(1.209) (3.148)
PERIOD -0.003** -0.002%* -0.004* -0.004** -0.004*** -0.004***
(7.211) (2.950) (6.185) (6.659) (4.417) (10.010)
TRANSPORTATION 0.038*** - - - - -
(4.274)
Total observations 3776
Periods included 202
City-pairs included 650

* significant at 10%,; ** significant at 5%; *** sigificant at 1%
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Table 2: OLS with interaction-term or individualnables (LOG_DISTANCE,
WATERWAY)

Dependent Variable: LOG_SPREAD

@ @

oLS oLsS
C 4.504** 4.776**
(5.897) (5.994)
UNION -0.907** -0.944%**
(6.614) (6.109
TERR_STATE 0.652** 0.627**
(3.541) (3.403)
LATER_UNION -0.272* -0.308**
(1.770) (1.892)
HANSA -0.015 -0.007
(0.170) (0.082)
LOG_CITIES 0.060** 0.063**
(2.195) (2.270)
DIALECT 0.060 0.046
(1.209) (0.914)
PERIOD -0.003** -0.004**
(7.211) (7.274)
TRANSPORTATION 0.038*** -
(4.274)
LOG_DISTANCE - -0.000
(0.009)
WATERWAY - -0.246***
(4.424)
Total observations 3776
Periods included 202
City-pairs included 650

* significant at 10%; ** significant at 5%; *** sigificant at 1%
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Table 3: Panel data analysis with city-pair effeatishout TERR_STATE

Dependent Variable: LOG_SPREAD

() 2 ® “

fixed random fixed-TSLS random-TSLS

C 2.875 5.204** 6.813 5.636***

(1.576) (6.112) (0.671) (7.682)

UNION -0.749 -0.619%* -21.003 -2.501%*

(1.047) (4.380) (0.411) (3.909)

LATER_UNION -0.458 -0.238 -10.626 -0.475**

(-0.636) (1.1374) (0.414) (2.137)

LOG_CITIES 0.359** 0.027 0.066 0.020

(2.043) (0.720) (0.086) (0.526)

PERIOD -0.004** -0.004** -0.004** -0.004%*

(6.195) (6.722) (4.659) (8.645)

Total observations 3776

Periods included 202
City-pairs included 650

* significant at 10%; ** significant at 5%; *** sigificant at 1%
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