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Abstract

We apply threshold-regression analysis to a nealdae of exchange rates and
bullion prices covering five top European financcnters before the gold
standard (1844-1870). We confirm the finding in titerature that TAR-
estimated thresholds are systematically smaller thistorically observed gold
points. To rationalize this puzzle, we review thleswnptions of the classical
gold-point arbitrage model and conclude that TARipated thresholds cannot
be interpreted as transaction costs in the butliade. High integration may be
explained not by low transaction costs in bilatdvallion arbitrage, but by
availability of multilateral financial arbitragedeniques.
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1. Introduction

The classical gold-point arbitrage modemodel argues that adjustment within the
international commodity-based monetary system acdhrough bilateral flows of the metal into
which domestic currencies are convertiblBullion flows are supposed to occur whenever the
exchange rate exceeds the thresholds determindlgeblyansaction costs of moving metal — usually
known as the gold (or silver) points. In a contaitull capital mobility across countries, the widhf
the band within which the exchange rate can fla#ttouttriggering bullion shipments has therefore
been seen as an indicator of the degree of finaimtiegration. In this analytical framework, the
efficiency of the international monetary system haen judged by its ability to trigger bullion flew
whenever the exchange rate reach the gold poie¢és€g. Einzig, 1929; Morgenstern, 1959; Officer,
1986, 1996). This definition of efficiency has pqaed scholars to estimate gold points in order to
check whether financial markets were integratedes; whether bullion flows actually followed

depreciation or appreciation of nominal exchangesta

Two main approaches have been developed to metimusize of the gold points. The direct
approach consists of calculating transaction cérsts historical sources (see e.g. Einzig, 1929;
Officer, 1996; Flandreau, 1996; Esteves et al.,/200he results of these investigations have sparke
a large debaténotably on one specific historical case: the dedtarling market during the classical
gold standard period (1873-1914). Morgenstern (195@ Clark (1984) argued that the gold standard
was inefficient because gold arbitrage did not tpkee when the exchange rate lied outside of the
band. Officer (1986, 1996) computed new estimafdhatransaction costs of moving gold between
New York and London to restore the efficiency viefvthe gold standard. Other scholars have
developed an indirect approach by developing ecetricrtechniques on exchange rate data series to
estimate the threshold above/below which exchaatge series displayed a mean-reverting behavior.
The intuition for this is as follows: in a defiatibuntry, the price of bills of exchange must stop
appreciating when agents start using gold or sifwetead of bills) for their international paymsnt
therefore, mean-reversion occurs for the exchaatgewhen appreciation stops. Pioneered by Obstfeld

and Taylor (1997), the application of thresholdoaegressive (TAR) models to price data has been

2 Unlike Hume’s (1752) price-specie-flow mechanismdel, the classical gold-point arbitrage modeldsially
a partial equilibrium one — focusing on the inteior@al purchasing power parity of gold in termscofrency
not on international purchasing power parity ofdyml terms ofall traded commoditiesMarcuzzo and Rosselli
(1987) explain that the reason is that the intéonat equalization of general price levels is disight, but not a
necessary condition for gold arbitrage to stop.

% Defining which specific transaction cost actually matters in a given pei®difficult, and measuring it is
tricky: for instance, think of the difficulty in nasuring the monetary benefit of speedier tranggatinologies.
Another problem consists of finding of the histatidocumentation and constructing complete timesaf the
evolution of those transaction costs.



considered as an efficient method to measure nmeamting processésCanjels et al. (2004) have
extended their application to the classical golitvparbitrage model.n so doing, however, they have
also uncovered a puzzle: the thresholds estimaidd thvis technique for the London-New York
bilateral exchange relationship were considerabhaller than the transaction costs accurately
computed by Officer (1996) on the basis of extemdiistorical researchCanjels et al. (2004)
imputed this remarkable discrepancy to the fauftgramary sources, but they failed to establish
convincingly that historical evidence was systeoaly inaccurate. Hence, the puzzle remains
unsolved: do indirect strategies for measuringsaation costs always point to a higher degree of

financial integration than direct ones? And if ey is that the case?

In this paper, we provide an answer to these questiFirst, we apply the same empirical
strategy as Canjels et al. (2004) to a differestdnical context: we perform threshold-regression
analysis to twenty-one bilateral exchange relatigpss between five European financial centers that
did not have credibility problems on the exchangekat (London, Paris, Amsterdam, Hamburg, and
Frankfurt-am-Main) during the quarter of centurggeding the advent of the classical gold standard.
This period is particularly appropriate in ordertést techniques for measuring financial integratio
as it was an epoch in which major advances in comcation technologies (most notably, the
introduction of telegraphic and railway lines) wengt into place. In so doing, we find that Canjlls
al.’s (2004) result — viz. that estimated transacttosts are much lower than the ones reported by
historical sources — is a systematic outcome a@fstiold-regression analysis. As a second step, thus,
we propose an explanation of this puzzling redik review the assumptions of the classical gold-
point arbitrage model, and argue that some of theentoo restrictive to correspond to the actual
workings of credible commodity-based monetary systeln the light of this, we conclude that
econometrically computed thresholds cannot be pné¢ed as estimates of gold points (i.e.,
transaction costs in the bullion trade). We sugtfesitexchange rate volatility was indeed kept byw
international arbitrage, but that such an arbitrags of a different nature than the one envisaged b
the classical gold-point arbitrage model. Overallir results also show that European market
integration among the European core was much mamopnced than what was previously thought.
Using another measure of integration, Obstfeld dagor (2004) argued that deep integration only

started with the gold standard because it decragecbst of international arbitrage. By contrast;

* Here we only discuss univariate analyses; for #ivaniate regression analysis, see e.g. Bernhot Kugler
(2011). An early example of the indirect approashrteasuring transaction costs is Spiller and Wd&8§),
who used a probabilistic model and concluded traatsaction costs were very volatile under the aakgold
standard.

® The influential paper by Canjels at al. (2004) &ésimblished a new branch of the historical liteeatFollowers

include Volckart and Wolf (2006), Esteves et a0@2), Chilosi and Volckart (2011), Li (2012), andduies and
Herranz (2015).

® Note that also Esteves et al. (2007) got the samne result for the London-Lisbon bilateral excleang
relationship under the gold standard: TAR-estimditeelsholds were smaller than the transaction austgputed
on the basis of historical sources.



results show that recourse to fiduciary paymertrumsents such as bills of exchange and multilateral
arbitrage across currencies with very few risk evaluation had already produced very deep

integration in mid-19-century Europe.

The rest of the paper is organized as follows. Mmhet section illustrates the theoretical
foundations of the application of threshold-regi@ssanalysis to the study of financial integration
commodity-based monetary systems. Section 3 pies®nt empirical methodology, Section 4 our
data, and Section 5 our results. In Section 6 weudis the question of how to interpret the outcomes
of threshold-regression analysis, and suggest aimewpretation which goes beyond the limits of the

classical gold-point arbitrage model. Section 7cbaates.

2. Analytical Framework

In this Section we discuss the analytical framewadopted by the literature in order to
measure financial market integration under commyellitsed monetary systems. First, we point out
that this framework rests on a number of restricagsumptions — something that is not generally put
forward by its users. Second, we point out thatronst be careful in selecting the correct pricéeser
for computing arbitrage opportunities: microstruatussues suggest that albeit often exploitedniey t

literature, mint prices are not the right datage in order to properly assess financial integnatio

2.1. The Gold-Point Arbitrage Model

Samuelson’s model of price arbitrage is the catoee supporting the application of the
threshold-regression approach to the measuring arken integration (Samuelson, 1952). In this
model, agents arbitrage price differentials awatwben two locations, when the price differential
between the two markets is large enough to comperisa the transaction cost of moving goods

across locations. Formally this can be written as
—Cof <XGy <GP (1)
whereC(‘?"g4 is the transaction cost associated with physig¢edigsferring good G from location

B to location A at time, Cé{f” is the transaction cost associated with physidedlgsferring G from A

to B, whiIeXé‘tB is the nominal price margin between A and B of pwdity G, defined as



A
XgF = PE HEL_ p, @)/
MB,t
whereP{, is the price of G in APf, is the price of G in B, anBj ,/Pfis, is the nominal
exchange rate — defined as the ratio of the unipgige in A of the asset MB used as money in B
(Pi1s,) and the unitary price in B of the asset MB usedr@ney thereRf, , = 1). —CZ¢ andCly

are known as the (respectively) lower and uppemaodity points (Obstfeld and Taylor, 1997).

In papers measuring commodity market integratibe,mhodel described by Equations (1) and
(2) is interpreted as saying that for a given legélthe nominal exchange rafgﬁ‘,B,t/P,{?,B,t,
fluctuations of the real exchange rﬂgét/Pgt are constrained by the commodity points: whenever
P¢./Pg. gets too low, a commodity flow from A to B intenes to restore equilibrium. However, the
model can well be read the other way round, vizagng that for a given level of the real exchange
rate, fluctuations of the nominal exchange ratecamstrained by the very same commodity points:
wheneverPfi; . /Phs : gets too high, a financial flow from B to A intemves to restore equilibrium.
The idea is that every commodity flow from A to 8 always matched by an equal and opposite
financial flow from B to A, allowing the arbitragedo repatriate profits and hence to close the

operation. The counterpart to the nominal pricegimaof commodity G between A and B’g'f),

therefore, is the real price margin of the moneteset MB between B and K,f(ﬁ_t), defined as

Xszﬁ,t = PIéB,t - PﬁB,t% (3)-8

The model described by Equations (1) and (3) isatkmal analytical framework that has
generally been adopted in order to measure finaimiegration under commodity-based monetary
systems (see e.g. Canjels et al.,, 2004). Undegianeesuch as the gold standard, gold flows are
expected to impact not the price of gold, but tbmimal exchange rate: by modifying the profitakilit
of gold arbitrage, fluctuations of the exchange rate hence seen as the determinant of gold flows
across locations. Note thatB%; , = 1, X,,‘?,’j,f"t is equivalent to the deviation of the nominal exuie
rate from the real exchange rate (i.e. from theaitietpar). Threshold-regression analysis can thais
applied to this framework: the intuition is thaetprice margin (the exchange rate deviation froen th
metallic par) will follow a random walk within thieand constrained by the commodity points (the

gold points), while it will converge back towardetband once its bounds are violated (Hansen 2011).

" Differently said, this is the gross nominal prafftarbitraging good G from A to B (selling pricérmas buying
price) for an agent located in A.

8 Differently said, this is the gross real profit arbitraging the monetary asset MB from B to A l{sgl price
minus buying price) for an agent located in A. TiBigqual to the gross nominal profit of arbitragocommodity

G from A to B, divided by the price of the commadiX,y3 , = X£'7 (Phis./PE).



It is worth underlining that the arbitrage modeksented above only works under three
assumptions. The first onebdaterality: only what happens in the two considered locat{@nand B)
can have an impact on the nominal exchange rate.sBecond one ison-substitutability of the
arbitraged good only flows of the considered commaodity (G) carvdnan impact on the nominal
exchange rate — or differently said, the only reteéweal exchange rate is the ratio of the prideS o
(P& /PE.).° The third one isstrict coincidence between commodity and finanfimls financial
flows can only exist as a simultaneous counterfmartommodity flows — or differently said, the
commodity market (where G is exchanged) and theenay market (where MB is exchanged) are but

the two sides of the same cdfn.

Following Canjels et al. (2004), we are also gdimgise Equations (1) and (3) as the input of
our empirical analysis. Before we do that, howeeagther crucial question needs to be discussed:
what is the actual commodity price we should takBain a commodity-based monetary system? As

we shall see in Section 2.2, the answer is no¢l®gident as it might appear at first sight.

2.2.What Price? The Microstructure of Bullion Marketsin Europe (1844-1870)

In a commodity money system, bullion is specialauese it is both a commodity valued for
its own sake and because of its “moneyness” (@ujdity). It trades freely on local markets, butdtn
also be traded with privileged organizations (sashbanks of issue, giro banks, or mints) at a
regulated price. So far, the dominant view in fterature has been that under monetary regimes such
as the gold standard, the price of bullion washsesuch organizations, and not by traders on the
market!! The main rationale that has been put forward as, thbstracting from transaction costs, the
trading operated by those organizations was safftdio make the legal ratio equal to the marketepri
— or differently said, that the bullion market wasly internalized by them. Historical evidence,
however, suggests that bullion markets wagd fully internalized by official organizations, as
external bullion markedid exist*? As a result, understanding the microstructureudlidn markets is
crucial in order to select the correct price settesompute price differentials across countriaghis

section, we show that in the historical contextwdrich we focus, arbitrageurs had a better deal on

° This reflects that fact that, as already pointet] the gold-point arbitrage model ipartial equilibrium model.

1% This is encapsulated by Canjels et al.’s (200472) Equation 2, which explicitly sets changethia stock of
foreign currency domestically held as determinedbig flows.

! See e.g. Morgenstern (1959), Officer (1986), 8piind Wood (1988), or Canjels et al. (2004) totenut a

few. An exception is Flandreau (1996).

12\We confine the argument to the most developed f&aw financial centers of the time. We concede ttieat
situation might have been different in peripheraurttries like e.g. Portugal (Esteves et al., 20@7Bpain

(Nogues and Herranz, 2015).



local (external) markets than at the privilegedaniigations, so that the market price of bulliothis

relevant price to study arbitrage relations acomasitries.

Before the 1870s, the currencies of all five Eusspénancial centers in our sample were on a
gold monometallic, silver monometallic, or bimeiafioot. In Paris, private agents had the righas&
the mint to coin both metals; in London, the legélthe legal ratio made it profitable to coin only
gold, while only silver was minted in Amsterddrand Frankfurt; Hamburg, which was on the silver
standard, did not however have a mint. Except famblurg, regulated organizations did not intervene
directly and in unlimited quantity on the marketstt price. Rather, they were only ready to exceang
bullions for local money, but at a cost and wittaglse. Some institutional complementarity between
markets and organizations followed. Markets allowaders to secure the benefit of the immediacy,
while regulated organizations acted as market-nsakéfering limit prices (Ugolini, 2013). The
transaction cost associated with trading with oizgtions generated a non-negligible price diffeeznc
while delays impeded any meaningful short-termibtaig role of the legal ratio on the market price
This varying spread between the legal and the markee proves that arbitrageurs generally resorted
to markets for implementing their operations. Tégt 10f this section shows the historical relevavice

this argument.

In each financial center, three types of regulateghnizations could have been operated: 1) a
mint, 2) a giro bank, or 3) a bank of issue. 1) fgliwere in charge of transforming bullion into the
local variety of coins, but they did not sell ingoThis means that the mint price was a bid pnog,
an ask price. A mint was operated in all centersunsample except Hamburg. 2) Giro banks issued
bank money against deposit of bullion. As they wldd have any obligation to convert bank money
into local coins, they could hence change theirdride and an ask price for bullion at their withe
only giro bank still surviving at this date wasHamburg. 3) Banks of issue issued banknotes against
local coins, and were committed to reimburse theihodal coins. This means that they while their bid
and ask prices for bullion could not diverge toocmdrom the mint price, they could anyway be
changed at their will according to market condisigbdgolini, 2013). Banks of issue were active in al
centers in our sample except Hamburg. Hence, eagiiated organization decided the terms of the
exchange of coins against metallic bars or anyrotteans of payment such as banknotes or deposits.
Only in Hamburg did the bank buy and sell silveitsadepositors on demand and at a fixed prices thu
anchoring the mark banco on this metal (Seyd, 186816). Elsewhere, neither the mints nor the

banks intervene on local gold or silver marketsriger to put the market price in line with the oii

parity.

13To be precise, until 1847 the Netherlands wiedureon a bimetallic standard, but the Utrecht mint was
obliged to buy bullion at a fixed price. On thatyethe country switched to silver monometallisnd &me mint
became committed to buy silver at the official nprite (Vrolik, 1853).



Not only were regulated organizations not a viabturce for buying bullion (except in
Hamburg); most often, they were also an inconvenarilet for selling it. Table 1 displays the
average market price together with the legal rétie official bid price of the mint) and the spread
between them for the five financial markets in eample between 1844 and 1870 (see Section 4 for
details). All prices are for 1 kilogram of pure®llin terms of local money. These results look
paradoxical at first sight. For instance, in Framkithe bid price of a kilogram of silver was 105
gulden at the mint and 104.49 on the market. Theesa true for the other cities, except in Hamburg
where the spread was nil. The average spread vieasastial, leveling at 0.4% in Frankfurt, 0.33% in
Paris and 1.14% in Amsterdam. Spreads on gold {eerer but substantial too, leveling at 0.16% in
London and 0.23% in Paris. The comparison is untdteby the use of the median, suggesting that
the difference is an enduring feature of those etarkThe reason why market bid prices could stay
systematically lower than official ones is thatimggeurs had to face substantial transaction costs

while trying to sell their bullion to them.

Table 1 about here

Selling bullion to a mint or a bank to transforninito local currency was costly both in time and
money. European mints charged buyers fees for tiiinm of coins. The cheapest mint was the
London mint that charged nothing for the productfee but asked the buyer to pay the cost of
assaying the quality of the metal and to bring laerén gold of at least £20,000. But the highestco
for an arbitrageur was surely that the mint pri@swot a spot price but a price for future delivémy
London, bullion providers have to wait at leastdb4s to obtain the proceeds in coins, thus logieg t
corresponding interest (Seyd, 1868, p. 158). InsP#re period between the deposit of the ingots at
the mint and the delivery of the coins lasted 1gsdand the cost of minting was 0.21875%. more
convenient way to sell the gold might have beende the services of bank of issue that exchanged
ingots for banknotes. The Banque de France chabgki for a trade of banknotes against gold
(Haupt, 1882, p. 410). Also the Bank of England Idesith bullion or foreign coins, the

(in)convenience of which was described by Seyd §186 follows:

“A stranger unacquainted with the modus operantieto the Bank, and offers Gold Bars for
sale; he will be told, at the Bullion Office, thdtese Bars must first be re-melted, by the
authorised Bank melters. The addresses of thesg lgéfen him, he must proceed to one of
them, to have the Bars remelted. The Bars are tbasts into what is called thHgank of
England shapé€...). They may now be taken back to the Bullioni€f Here they are weighed
in the Gold scales, the mark and weight of eachliging called out for mutual noting. The
Porters then cut off the Assay pieces, after wiiieh Bars are trucked into the vaults. If an

14 Haupt (1882, p. 413) wrote that the Paris minuéska certificate in exchange for gold (the soechlimint
bill") that allowed retrieving coins after a lagndx that could be discounted on the money markee Th
corresponding loss of interest should thereforddataken into account to compute the profit fromitesige
when the mint was involved in the operation.



advance of money be there and then required, tled ohthe office, roughly estimating the
fineness and value of the Gold from the appearafdhe Bars, will authorize a payment on
account, to within 5 to 10 per cent. of such edtdaalue. (...). A day or a couple of days after
the Assays come in, and the account is got reddy.calculations are verified, the balance due
is settled and paid, and the transaction is clobkd.seller pays for the Assays.”

Seyd (1868, p. 243).

It is therefore reassuring that there is littletdnical evidence that, on those markets, the actual
arbitrage took placeia the mint price: unsurprisingly, investment manuadiwised investors to use
the market to secure the provision of metals (Bage, 1868; Seyd, 1868). We conclude that market
prices are the only relevant data series that shoellused in order to compute arbitrage opporesiti
across our five core financial centers. As a resioét price margin that we are going to analyzés
deviation of the nominal exchange rate not fromdfiigial metallic par (the ratio of mint prices), but

from thearbitrated metallic par (the ratio of market prices: Tate, 886

3. Econometric Specification of the TAR Model

The threshold autoregressive (TAR) model was farsiposed by Tong (1978) and further
developed by Tong and Lim (1980) and Tong (1983).special (or restricted) case of TAR, called
the Band-TAR model, has been applied to the estmatf the transaction costs that limit price
arbitrage across markets. Within the band definedhk transaction costs, agents do not arbitrage.
Outside the band, unexploited profit will triggebiérage, which triggers a reversion of the pricéhe

interior the band. A simple version of such BandRIéodel may be written as:

pout(xt_l _Cup) + gtout |f Xt—l > Cup
Ax, =4p0"x_, +&" if c™<x_,<c® (4)
pOUt(X,[_l _C|0W) + EtOUt |f Xt-l < CIow

where X is the percentexchange rate deviation from the arbitrated metatr (the deviation being

low

defined as in Equation (3) but divided by the mafacilitate international comparisorg;” (¢ ) is

the upper (lower) threshold which capture fieecentlevel of arbitrage cost™ is N(0, 02,), &"is

out

out

N(O, Uii ), and O (,Om) is the adjustment speed outside (inside) theshiwlels of arbitrage (or

inaction). The latter depends on structural elemefthe economy and on nonlinear components of
arbitrage costs (due e.g. to possible risk-averdigntraders). The threshold and the speed of
adjustment are supposed to provide a measure afefpee of integration of two markets: the lower

the arbitrage costs were and the less time thestd@nt process took, the better integrated were the

15 See Hansen (2011) for a selective review of theiegtion of TAR models in empirical economics.



two markets (i.e.,0°“twill be zero in case of no integration, and negatia case of perfect

integration):°

Theory predicts that within the band formed by shieds there is no arbitrage, which means
no price (i.e. exchange rate) adjustment when tbgsgorofit from arbitrage is smaller than tranigect

costs. This theoretical property implies that tikehange rate deviation from the metallic par will

follow a random walk within the gold points. We s thatc*® =c'" = ¢, implying symmetric

transaction costs. We impose unit root behaviadethe band by restricting)i” to zero to increase

identification of the parameters. Moreover, we assihe same error terms and conditional variance
inside and outside the band. Whers known, simple least-squares methods can beeapid each
subset of the data partitioned by the band (otwethresholds). In the absence of prior knowledge

about the threshold, we can still estimate this ehath a grid search of all possible values of the
threshold variable (heb_,),"” which either minimizes the sum of squared resi&loalmaximizes the

log-likelihood function of the model. As in Obsteland Taylor (1997), we use the maximum

likelihood estimation to estimate the following etjon, a restrictive version of equation (4):

pOUt(Xt_l _ C) + gtout |f c < Xt_l
Ax, =g if -c<x,<c
pOUt(Xt—l + C) + ‘9t0Ut if X, <-C

(5)
The likelihood function of equation (5) has thddaling form:

L(pom,JOUt,Uin;C)z— Z %(|Og(277)+|og(ai”2)+£i"2 /a_inz)

Iin (thl)zl

- Z l(log(ZH) + |Og(0'0m2 ) + gtoutz / Uoutz)’

lout (%-1)=1

wherel (X)) =1 (|x[_1| <c) and |l (%) = (|X[_1| >C) are indicator functions which depend on

the position ofX,_; being inside or outside the band.

For each deviation of the exchange rate to its\parstart by analyzing the stationary or unit-

root analysis of the exchange deviations using\tRetest developed by Ng and Perron (2001) or the

16 Jacks (2005) takes market integration as a proséthstwo separate but related developments: nartiedy
articulation of a system of price convergence afjdsiment.

1t is undesirable for a threshold value to be ek with too few observations into one or the pifegime.
This possibility can be excluded by restricting gearch to values of threshold variable such thatiramal
percentage of the observations lie in each regifangen, 1999). Following Rapach and Wohar (200@), w
require each regime (outer or inner) to contaileast 15% of the observations for the thresholibte.

10



KPSS test developed by Kwiatkowski et al. (1992)different sub-period¥ If the series is detected
as non-stationary (or unit root is detected), di¢ates that the deviations are persistent anc tiser

neither a mean reverting process, nor a procestuwhing to the edge of the band.

We estimate a TAR model when the series are statiaaind run a threshold test as a test of
specification to check the adequacy of the TAR médtive relative to the AR null. Because the
threshold is not defined under the null, the logllhood ratio does not follow the standay@
distribution, and the standard inference is invahdllowing Obstfeld and Taylor (1997) and Hansen
(1999) we solve this problem using Monte Carlo satian to derive the critical value of the tétf
the AR null is rejected, the estimated thresholohisrpreted as the cost of arbitrage betweenvtioe t
locations. If the AR null cannot be rejected, thiggans that the deviation returns to its mean
immediately, something that we interpret as theeabs of cost to arbitrage. In both cases, the “half

life” of the deviation measures the time takentfm series to return to half of its initial valuden it

moves outside the band. It is calculated by inpgttithe autoregressive coefficietﬁt’OUt in

In(O.5)/In(1+,0°m).20 We interpret a low (high) half-life as a high (lpgpeed of the correction toward
the mean (in the AR case) or towards the thresfiloMR case).

4. Data

We use a newly-collected database of spot exchatgs and bullion prices. The starting date
is July 20, 1844. The start date corresponds taBtrek of England’s adoption of modern discount
policy following the adoption of Peel’'s Act. Thestaavailable quote is October 1, 1870, but in most
markets quotations are discontinued several weeksdthis date because of the interruption oferad
triggered by the Franco-Prussian war. Followin§-t@ntury practice, the spot exchange g, is
defined as the price of a bill of exchange in dityor a payment to be delivered at sight in citynB
local currency. Sight bills were typically issueg firivate banks and were payable upon presentation
to the accepting bank in the foreign city. Billsrerglenominated in the currency of the city on which
they were drawn: for instance, bills on London swidAmsterdam were payable in sterling upon

presentation to the London address specified obithe

18 Following Obstfeld and Taylor (1997), the exchamge deviation is demeaned so as to center thessen

zero. This is motivated by the idea that transactiasts may not be symmetrical in all cases asthgsied. As
we discuss below, the fact that the series aralma@tys centered on the metallic par may be dughterseasons
than asymmetric costs to bullion arbitrage (sedi®@®6.1).

19 More precisely we estimate and fit an AR(1) nulldeloon the actual data and use the estimated pteaie

simulate the fitted linear model. The TAR modeldach simulated series is then estimated and walatdche

corresponding Log-Likelihood Ratio. The empiricastdbution of the LLR is then tabulated and usedaa

inference to judge the alternative TAR model agdims AR null.

20 A half-life is the time taken for a given seriesréturn to half of its initial value.

11



While all European currencies were quoted at lomdunity (typically, sixty or ninety days),
only core currencies were also quoted spot. Todaeoirrections for the interest-rate component
included in each long maturitywe only collect data on currencies with an actipet exchange rates
market. Between 1844 and 1870, there were onlydueh currencies: the pound sterling (London),
the French franc (Paris), the mark Banco (Hambubhg),Dutch guilder (Amsterdam), and the South-
German guilder (Frankfurty.

Bill prices are collected from stock exchange Hirike (Amsterdam, Frankfurt, Paris) or their
reprinting in the financial press (London, Hamburginong the twenty possible bilateral exchange
rate relationships between our five financial cexntéour series are missing as not all core curesnc
were quoted spot everywhere. This is illustrateéfigure 1. The most extreme cases are London on
the one hand (whose currency was quoted spot ehergaelse, but which only quoted spot two
foreign currencies — viz. the French franc and Bhech guilder) and Frankfurt on the other hand
(which quoted spot all other currencies, but waly gooted spot in Parig.Interestingly, Paris was

the only place to both quote and be quoted byth#racenters (more on this in Section 6.3).

Figure 1 about here

Gold and silver prices in each city were colledi@in the same sources as bill prices. Figure
2 summarizes the information on the available pgigetes. It shows that market prices of both gold
and silver ingots are available only in London,i®and Hamburg, while Amsterdam and Frankfurt
only quoted silver. We compute silver arbitratedsdar all available bilateral exchange relatiopshi
between our five centers. For the sake of robusives compute exchange rate deviations from both
arbitrated pars (gold and silver) whenever gold guasted on local financial market. To sum up, our
database includes sixteen bilateral exchange ed&anships of which five can be checked against
two different metallic benchmarks. This makes altof twenty-one series of exchange rate deviations

from an arbitrated metallic par.

Figure 2 about here

% The pricing of long exchange rate included thet sxehange rate and the offshore interest rateRBaver,
1953) and there is no proper method to disentahgkee dimensions.

2|t is interesting to notice that before Germarfioation, the Prussian thaler (i.e. Berlin's cumghwas not
guoted spot in any major international financiaitee.

% Seyd (1868, p. 443) explains the small numbeprign currencies quoted spot in London by the taat the
English banker “is under no necessity of seekingstment for his funds in Foreign securities o tkind”,

given the “so vast an amount of enterprise [thafitimually extends the boundaries of commerce figland]”.

By contrast, non-English bankers “do not so reafitiigt convenient investment for large sums of mqraad are
therefore driven to deal in a variety of bills”.
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Following Officer (1996) and Canjels et al. (2004k average bid and ask prices when both
are available. We collect data at the weekly fregydo ensure consistency of our comparison of the
threshold across the various pairs of markets. alstubills of exchanges were not quoted daily n a
markets: for instance, Hamburg prices of sightsbédie available only twice a week. Moreover, as
Baillie and Bollerslev (2002) have shown, reducthg frequency (e.g. from daily to weekly) of
exchange rate data decreases the time-dependeradustdasticity leading to inefficient estimated an
suboptimal statistical inferences. Therefore, toidwbiasing the comparison, and because all markets
guoted sight bills at least at the weekly frequerveg collect all available end-of-week prices. For
some cities, no price is available for some sulsplsr As noted by Neal (1990), a missing price can
indicates the inability to set a price, as was dones the case during period of financial tensisunsh
as during the revolutions of 1848. This is the cagth Frankfurt, for which our source was
discontinued after June 23, 1866 perhaps in commestith its annexation by Prussia. Appendix
Table 1 summarizes the main statistics for alleserThe maximum number of weeks in the sample is
equal to 1363 for the Hamburg-London pair. The munh is 869 in the case of the London-Frankfurt

pair. Except for bilateral exchanges rate with kfart, most bilateral exchange series contain about

1,300 observations. Appendix Figure 1 plots thdwian of our variableX, over the sample period.

5. Results

Equation (5) is estimated on stationary serieshefdéxchange rate deviations. Using the NP
and KPSS (when applicable) unit root tests, Taldb@vs that all series of the 1844-1870 period are
stationary (there is no unit root in the seried)jolr means that in the long-run, any deviationhef t
exchange rate of from the arbitrated par is folldv®y a return to parity’ Table 3 details the
estimates of the threshold and of the half-life thoe period 1844-1870. The unit of the threshodds i

the percentage deviation from market parity anduttieof the half-life is in number of weeks.

Table 2 and Table 3 about here

In all series but two, the TAR threshold estimaegositive and significant, which points to
the existence of some positive transaction cosirbehe deviation of the exchange rate returnétsto
mean. In two instances, the threshold is not sicanit, which points to the absence of any transacti
cost before the deviation of the exchange rateestaieturning to its mean, once it deviated. Those
instances are the Amsterdam-on-Paris and Frangfutamburg pairs. Overall, the thresholds vary
between a minimum 0.088% for Hamburg-on-Paris antiaximum 0.976% for Amsterdam-on-

Hamburg. The half-lives for these two pairs areha¢e weeks and a half and one week and a half

%4 See Appendix Table 2 for the result of the statitip tests.
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respectively: this indicates that it took less tlmamonth for the Hamburg-on-Paris exchange rate to
return to half of its initial value when it devidteutside the band, but only a week and a haltHer
Amsterdam-on-Hamburg pair. The estimated thresfmidhe Paris-on-Amsterdam pair is equal to
0.677% and the half-life is two weeks and a halfilevthe one for Hamburg-on-London is at 0.666%.
Interestingly, the estimated threshold for Parid-ondon (when parity is computed with gold) is at
0.427% and that the half-life is a week and a difs has to be compared with Flandreau’s (1996, p.
424) estimates of the direct cost of gold arbitraget are 0.985% before 1854 and 0.785%
afterwards. A great connoisseur of the bullion retslof the time, Ernest Seyd, reported that in the
late 1860s gold points were 0.5% around the metpr for the Paris-on-London relationship (Seyd
1868, p. 394). For the London-on-Paris pair, Fleadis (1996, p. 424) estimates are 0.575% before
1854 and 0.375% afterwards. This has to be comparedr 0.227% estimated threshéid.

Figure 3 about here

TAR-estimated threshold must be interpreted withe cgsince their estimation rests on the
assumption that the thresholds are constant duhiegwhole period. We relax this assumption by
estimating them by decad®rigure 3 plots the thresholds and half-life of reat the twenty-one
deviation series (i.e. sixteen market pairs, fifzavbich double) during each of the three decadabef
period (see Appendix Table 3 for details). The Itessuggest that thresholds varied noticeably acros
decades. For instance, while estimates for Hambnrgendon were at 0.666% for the whole 1844-
1870 period, we find a small 0.494% for 1844-18bfere 0.172% for 1851-1860, and a much higher
0.603% for 1861-1870. On the contrary, the Parigdamburg threshold for the deviation from the
gold par levelled at higher levels than the estua.149% for the whole 1844-1870 period, being
0.191% in 1844-1850, 0.257% in 1851-1860, and O&0@ 1861-1870. The Paris-on-Hamburg
thresholds for the deviation from the silver pae anughly comparable, with values of 0.374% in
1851-1860 and 0.161% in the 1861-1870. Figure 3vshbat the half-lives of the deviations, which
levelled between two and three weeks, are comparaith the 2.8 weeks half-life estimated with data
for the whole period.

When comparing the long-run threshold with the medrun threshold, two points are
noteworthy. First, all available direct evidencegwid points for this and for later periods (e.gy&
1868; Tate, 1868; Einzig, 1929; Morgenstern, 199@ndreau, 1996) suggest that our estimates are
substantially smaller than one would expect. Os thgard, our analysis systematically replicates th

puzzle first raised by Canjels et al. (2004) - itleat TAR-computed thresholds are much lower than

% The discrepancy between Flandreau's (1996) spénts and our estimated threshold is similar, vsitkier
point levelling at 0.625% for Paris-on-London and®% for London-on-Paris (post-1854).

2 We follow this partition criterion as it appeacsus the most neutral one. We could have followeliffarent
one (e.g. taking crises as cutting points, as igldés and Herranz, 2015), but our feeling is thahsaichoice
might have generated biases in our results.
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bullion points reconstructed from historical sogrce order to double-check whether the discrepancy
between the two is an artefact of the choice otifipepairs, we replicates the exercise for as many
different specifications as possible for the samiespof cities — by looking at the opposite direntbf
arbitrage (e.g. by comparing the results for Panid-ondon with those for London-on-Paris) and by
adopting a different metallic benchmark (e.g. bynparing the results for deviations from the gold
arbitrated par with those for deviations from thlees arbitrated par). The estimates, reported in
Appendix Table 3, do not reconcile the estimatagdholds with historically observed transaction
costs. Our estimates are in fact much closer tdetved of the financial transaction cost estimaiad
late-2¢"-century fiat-money regimes (see e.g. Coakley amertEs 2001). Given that the period was
characterized by the absence of capital contriois suggest that there was cheaper arbitrage biaila
to traders than moving gold or silver across caestfmore on this in Section 6.2).

Second, our estimations reveal serious discrepar@éveen the long-run and medium-run
estimates of the threshold. One potential explanatiay lie in the swings exhibited in the medium-
run by the series. This may be linked to the qaidi¢ properties of the exchange rate deviation for
each decade, as reported in Table 2. It was nauahthat the threshold was non-significant when th
series was stationary. For instance, both the Awtate-on-Hamburg and the Amsterdam-on-Paris
pairs display an AR(1) process in the 1850s, whvchild point to an absence of transaction costs.
Given that Amsterdam was heavily involved in theaficing of the Hamburger or Parisian traders
(Jonker, 1996), one might speculate that it washipk degree of competition on the Amsterdam bills
market that had pushed the transaction costs tdNatk that because the transaction cost of buging
bill is market-dependent, this is not necessagimmetric. This pattern can also be found in the0s86
between London and Paris. When compared to todaypéitern is not unusual, since the transaction
costs associated with foreign exchange tradingsis very low at present. Table 3 also reveals ithat
was not uncommon in the 1840s that the deviatiomfpar of some market pairs was non-stationary.
During the 1844-1850 period, the exchange rate atievis are non-stationary in five instances
(Amsterdam-on-London, Amsterdam-on-Paris, LondorAarsterdam, Hamburg-on-London, and
Frankfurt-on-Paris). Despite the relative stabitiigplayed by our exchange rate deviation series (s
Appendix Figure 1), one must not lose sight with tact that this was an epoch of dramatic shocks in
Europe. A period of intense speculation linkedhe Railway Mania (1844-1847) was followed first
by huge financial and political shocks (1847-184Bgn by a time of an unusual volatility of bullion
prices following the Gold Rush (1849-1850). Thig@ests that the way data series are partitioned
may have a very strong influence on econometriglt®ssometimes producing some outcomes (such
as non-stationarity) that are completely at oddh ttie principle itself of re-equilibrating arbitya.

To sum up, our analysis shows that transaction esttnated through the TAR model are
systematically smaller than actual gold or silveings reported by historical sources. Because our
results are in line with those of the literatuhgs tcannot be imputed to the quality of our compoite

or of our dataset. Moreover, we have also found THdR-estimated thresholds are sensitive both to
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the direction of the arbitrage and to the way tsrées are cut. Our evidence, therefore, pointedo
conclusion that TAR-computed thresholds cannotberpreted as reflecting the transaction costs of
bullion arbitrage: instead of the extra-gold-pomean-reverting pattern predicted by the classical
gold-point arbitrage model, TAR estimates may dbtuaappen to detect amtra-gold-point mean-
reverting process. To put it differently, our arsddysuggests that international arbitrage allowaorg
the re-equilibration of exchange rates in commebaged monetary systems may have been of
another nature than the bullion arbitrage envisdnethe classical model. The reasons why this may

be the case are discussed in Section 6.

6. Discussion

6.1: The Limitsto the Classical Gold-Point Arbitrage Model

As explained in Section 2.1, the classical goldiparbitrage model rests on three fairly
restrictive assumptions: 1) bilaterality, 2) normsttutability of the arbitraged good, and 3) dtric

coincidence between bullion and currency flows. fiiee of them can actually be criticized.

Criticism of the most basic assumption of the c¢tadsgold-point arbitrage model - i.e.,
bilaterality — is put forward by Coleman (2007) When arbitrégéveen two locations is feasible at
non-prohibitive costs through a third place — hguas — thertrilateral arbitrage may occur even
though the price margin does not excéddteral transaction costs. Focusing on the same historical
example as Canjels et al. (2004), he shows that gappened to be shipped from New York to
London through Paris although the sterling/dollachenge rate did not exceed the bilateral gold
point. As such shipments prevented the exchange frat reaching the bilateral gold point, the
implication is that TAR-estimated thresholds wilaessarily be lower than the actual bilateral obst
arbitraging gold or silver bullion. Coleman’s (2Q@obnclusion is very relevant. However, as trilater
bullion shipments tended to be quite cumbersome astly, the number of occasions in which
trilateral gold/silver arbitrage was cheaper thdatéral one must have been limited. On the whole,
this explanation does not seem to be sufficienddoount for the remarkable narrowness of TAR-

estimated non-bullion-arbitrage bands.

A second source of criticality can be drawn frorarfelreau (1996), who targets another important
assumption of the classical gold-point arbitragedehc- i.e.,non-substitutabilityof the arbitraged
good. When more than one kind of monetary assetsd#able to settle international payments — he
argues — then arbitrage @ame monetary instrument may occur even though thespriargin does not
exceed the transaction costs implied by arbitraganiother monetary instrument. Focusing on the

London-Paris bilateral relationship in the samdqakeas ours (when Britain was on gold and France
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on bimetallism), he shows that silver shipmentspeagd to occur between London and Paris
although the sterling/franc exchange rate remaivigdn the bilateral gold points (and vice-versas.
such shipments prevented the exchange rate frochirgathe bilateral gold point, the implication is
that TAR-estimated thresholds for gold are necédgdawer than the actual gold or silver points. No
doubt, Flandreau’s (1996) conclusion is very retévilowever, only five out of twenty-one bilateral
exchange relationships in our sample actually hachpeting metallic instruments at the time.
Moreover, this argument does not apply to the matahic systems considered by the literature
(Canjels et al., 2004, Esteves et al., 2007) — wlavglysis leads, nonetheless, to the same results

ours.

A third source of criticality can be traced dowratwther crucial hypothesis of the classical gold-
point arbitrage model — i.e., thstrict coincidence between bullion and currencywfo This
assumption is a very binding one: gold and moneytlawught to amount to the very same thing, and
money/credit creation never occurs. This condit®fundamental from a theoretical viewpoint, as it
ensures the applicability of threshold-regressioalysis to exchange rate series: in fact, in case
foreign currency could be created at will by thaldag system (instead of being imported in the form
of gold), there would be no reason for the exchamage to display a mean-reverting behavior only
after hitting the gold points. Unfortunately, thesamption of strict coincidence between bullion and
currency flows seems to be way too restrictive aoraspond to the actual workings of historical
monetary systems (Esteves et al. 2007, p. 12)idgrooeirrency (in the form of drawing rights granted
by foreign banks to local ones — which is whatshilf exchange actually amounted to) could indeed be
created without necessarily implying physical geliipments. One important application of this
critigue comes from the extension of target-zonad@t® to the classical gold standard (Bordo and
MacDonald 2005; Flandreau and Komlos 2006). Accaydio this literature, because the gold
standard was a credible target zone, mean-revespiagulation systematically drove exchange rates
back to the metallic par without any need for geldpments to occur. This means that when the
exchange rate rose, the banking systkdncreate foreign currency and sold it against loced e at
least, as long as it expected the price of locaheyao return to its real value (the metallic p#s3.
such credit creation prevented the exchange rate feaching the bilateral gold point, the implioati
is that TAR-estimated thresholds for gold will nesarily be lower than the actual gold or silver
points. The conclusions of the target-zone litemfre — again — very relevant. However, theiradire
applicability to our analysis is unclear. As we dasomputed our thresholds by using the exchange
rate deviation from tharbitrated (and not from themint) metallic par, our non-arbitrage bands are
dynamic — and not static as in the classical gdddard analysis. The metallic par was hence e)ati
and in some cases it moved rather considerable.@sfor the London-Paris bilateral relationship,
where the gold par varied as much as 5.82% betwpeh8, 1848 and February 1, 1851). This means

that it might have been difficult for arbitrageurs have converging expectations leading to mean-
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reverting foreign exchange speculation. As suckndhis explanation does not seem to be sufficient

to account for our results.

6.2: An Alternative View: Cross-Exchange Arbitrage

While none of the three explanations examined tti&e 6.1 can alone account for the puzzle we
observed, any of them contains a crucial elememituth: three of the most basic assumptions of the
classical gold-point arbitrage model (bilateralitpiqueness of the payments instrument, impossibili
of currency creation) may not hold in the contekthgstorical monetary systems. Analyzing the
theoretical implications of relaxing all of the ¢larassumptions at the time is way beyond the sabpe
this paper, and we leave this task to future retedn what follows, we will bind ourselves to
proposing a strategy for rationalizing our puzhattis consistent with both historical evidence ted
underlined limits of the gold-point arbitrage mad&his strategy consists of focusing on the role

played bycross-exchange arbitrage

In the context of historical monetary systems, mapgions were available to an arbitrageur
willing to settle a payment from location A to ldicen B. First, he could buy foreign currency (bitis
exchange on B) directly in A. Second, he could pajly ship gold or silver directly from A to B.
Third, he could — as suggested by Coleman (20@hjp-bullion to B through a third location C. But a
fourth option was also available: he could buy igmecurrency (bills of exchange on B) in a third
location C. Cross-exchange arbitrage of this s@$ wery common in the f%entury, and archival
sources from private banks abound with evidencesuah practices (see e.g. Gille 1961-3). The
existence of this form of arbitrage jsr se proof of extensive violation of the three aboventioned
assumptions of the classical gold-point arbitragedeh 1) by definition, it was non-bilateral but
trilateral; 2) it provided an additional, viabldeahative to bullion shipments; and 3) it was baged
payments instruments (bills of exchange) which ddo¢ created by the banking system without

necessarily entailing bullion shipments.

We are not the first ones to underline the impatanf cross-exchange arbitrage in the workings
of commodity-based monetary systems. Morgenste969)Lhas been the first to take the exchange
rate deviation from cross-exchange pars as anataliof market integration under the classical gold
standard. His intuition has been applied by Schu@i®89) to the 18-century international monetary
system. De Roover (1949) and then Li (2012) hawwigded extensive evidence of cross-exchange

arbitrage already in the late-medieval and earlgeno periods.
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When this form of arbitrage is allowed to existvbetn two locations, it is possible to compute
one cross-exchange par for any third location aléel as a trading partner. The cross-exchange par

between A and B through @J;") will be equal to

A C
PMC,t . PMB,t

P =—2c o8
' Pyvc: Pust

wherePf. . /P is the direct exchange rate between A and C,Pgad/Phg, is the direct
exchange rate between C and B. Following Morgensf£859), the direct exchange rate deviation

from the cross-exchange pef, defined as

AB_ ppar
P —Pey
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can then be taken as an indicator of financialgirtgon. By comparing the deviations of the
direct exchange rate from cross-exchange parsitgitheviations from metallic pars (gold/silver mint
and arbitrated pars), it is possible to have aeerfighe role played by cross-exchange arbitrage in
reducing the volatility of direct exchange rates.clse direct exchange rates are closer to cross-
exchange pars than to metallic pars, it is posdibleonclude that it was the activation of cross-
exchange arbitrage (instead of bilateral bulliohitemge) which kept exchange rates far from the

actual bullion points.

6.3: Cross-Exchange Arbitrage: Evidence

In order to measure financial market integratiamnglthe lines proposed by Morgenstern (1959)
and Schubert (1989), for each of our twenty-onatéibl pairs we compare the mean absolute
deviation of the direct exchange rates from a nunolbdenchmarks (mint pars, gold arbitrated pars,
silver arbitrated pars, and cross-exchange papsighrall third cities included in our sampfé)Table
4 presents the results for every pair per decade.tdble can be read as a sort of “horse race” gmon
the different payments strategies (or “arbitragetes”) available to arbitrageurs, allowing to see
which one is more likely to have exerted an infeen direct exchange rates by its proximity (and

hence, by the activation of mean-reverting arbérad the kind). To provide a broader view, in

27 As discussed in Section 4, information on spoharge rates on all other four cities is not avésiaib all five
centers (that is why in Figure 1 we have sixteeRdliinstead of twenty). This means that in somegathe
cross-exchange par cannot be computed properlyeMenywe do not think that lack of price informatimeans
lack of trading: after all, even though the pridesight bills of exchange was not officially quotetle price of
ninety-day bills was — meaning that trading wasvacbetween the two cities. As a result, to comprtess-
exchange pars between A and B through C when tige pr C of sight bills on BRgj;,) is unavailable, we
substitute the missing raR§; ,/Prs, With the inverse of the spot exchange rate on ECi®Pc./Phic:)-
Deviations from cross-exchange rates computedisnithy are given in italics in Table 4.
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Appendix Table 4 we aggregate information fromtelal pairs in order to get general statistics for

every “arbitrage route® Aggregate values on mean absolute deviationsisuelized in Figure 4.

Table 4 and Figure 4 about here

The results are unambiguous: in almost all cases;tdexchange rates used to be much closer to
cross-exchange pars than to any bilateral metadlic They always stayed furthest from mint pars, bu
also rather far from arbitrated pars — althoughoasierable improvement is recorded in the
“performance” of gold arbitrated pars, probablyleeting broader utilization of this monetary metal
after the Gold Rush of the early 1850s. By contrdisect exchange rates tended to stay remarkably
closer to cross-exchange pars. This seems to dutigesthe mean-reverting processes detected by
threshold-regression analysis had nothing to dd wiblations of the bullion points: in fact, the
random walk of the exchange rate was constrainethynthe occurrence of bilateral bullion arbitrage,
but by the occurrence of cross-exchange arbitfage. cross-exchange arbitrage took place whenever
the closest of the many available “cross-exchargjetsf were hit, the economic meaning of TAR-

estimated thresholds is impossible to interpret abear-cut way.

Figure 4 also provides a number of insights on Beam financial integration in the mid*19
century. On the one hand, it suggests that infaomaechnology innovations played some role in
fostering market integration: in stark contrasthwifigure 3, Figure 4 points to a non-negligible
improvement between the 1840s and the 1860s, asvbege absolute deviation of direct spot
exchange rates from basically all benchmarks dedlihroughout the period. On the other hand, our
results confirm that there were hierarchies inititernational monetary system. Direct exchangesrate
stayed systematically closer to some cross-exchaage with respect to others: this suggests that
because of unequal transaction costs, not all seeashange arbitrage routes” were actually equally
used by arbitrageurs. Figure 4 shows that the miste route for international adjustment consisted
of cross-exchange arbitrage through Paris; in plaidicular ranking, London only came third after

Amsterdam, while Hamburg supplied the less poprdate®® While this conclusion may appear in

% Note that statistics in Appendix Table 4 are fibohservations in the decade regardless of thelioriging to
the one or the other pair. This means that eacleredton contributes equally, but each pair contels
unequally to the computation of the aggregatedesalu

2 Of course, there might be a possibility that tied exchange rate deviation from cross-excharas s
meaningless: transaction costs on cross-excharggage might have been prohibitive, so that thdese
happens to stay close to each other for purelyiforis reasons. However, we think this to be vejkaly — at
least, in the light of the above-mentioned histrievidence of extensive cross-exchange arbitrege $ection
6.2). We think it much more likely that the direntchange rate often hit the one or the other “cesshange
point”: whenever that occurred, cross-exchangeraige took place and prevented the direct excheatgefrom
moving further in the same direction.

% The case of Hamburg is special. As it is appairerthe Hamburg column in Table 4, cross-exchangs pa
through the Hanse town tend to be far from direchange rates when they are computed using Hanpviogs
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contrast with received wisdom (traditionally coresidg London as the center of the international
monetary system since the early"k@®ntury), it is well consistent with the infornwi provided by

Figure 1 on the structure of the international pagyta network. Although London was a very
important financial center, Paris appears to hanwiged international arbitrageurs with a more
performing infrastructure for implementing interioagl transactions in bills of exchange, as it wes

only place to have the maximum number of currengieded there, but also the maximum number of
markets quoting the French franc (see Figurel). @igat speculate that this vantage situation rad it

roots in the peculiarities of France’s bimetalliarslard.

7. Conclusions

With the aim of measuring the evolution of finamaizarket integration in Europe at the time of
the introduction of tremendous improvements in camication technologies (the telegraph and
railways), we apply threshold-regression analysiswtenty-one series of weekly bilateral exchange
rate deviation from an arbitrated metallic par begw five core financial centers of the time. Welfin
that TAR-computed estimates of transaction costd te be surprisingly small — in some cases, even
nil — and sensitive to both the direction of adajge and the partitioning of the time series. Watpoi
out that there are good reasons why TAR-computessiiolds cannot be interpreted as transaction
costs in the bullion trade (the gold points). Iotfahe hypotheses underlying the classical goidtpo
arbitrage model appear to be too restrictive toespond to the historical reality of commodity-ldhse
monetary systems. Building on a number of contrdm#, we suggest that multilateral currency
arbitrage played a more crucial role than bilatbrdlion arbitrage in capping exchange rate vatstil
Looking at the deviation of the bilateral exchanage from cross-exchange pars, we find that firenci
integration did actually increase substantiallywsstn 1844 and 1870. We conclude that the
application of the TAR model to the estimates ofdgar silver points of credible exchange rate is
misleading. “Beneath the gold points” more comebitrage strategies were adopted by arbitrageurs
thanks to the high sophistication of payments teples at the time. Such strategies contributed much
more substantially than “primitive” bullion arbitga to the remarkable stability of the international

monetary system.

(in roman), while they are much closer when they @mputed using inverse exchange rate on Hamlnrg (
italics). This suggests that unobserved transacisits (not included in official quotations) mayweaxisted for
accessing the Hamburg bill market, thus reducisgfficiency. These may have been tied to theicgisins in
force at the local giro bank (Seyd 1868).
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Data Sources

London:The Economis{1844-1870).

Paris: Cours général de la bourse de Paris publié par JesgBressor{1844-1861);Cours de la
banque et de la bourse, anciens cours De ChoiByestson reuni§1862-1870).
Hamburg:Boérsen-Halle: Hamburgische Abendzeitung fir Han@ehiffart und Politik(1844-1860;
1862-1870)Hamburger Geld- und Wechsel-Co((t860-1862).

AmsterdamAmsterdamsch EffectenblétiB44-1870).

Frankfurt:Borsen-Kursblatt von A. SulzbatB844-1866).
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Figures and Tables

Figure 1: “In-degrees” (spot exchange rate on theigen place quoted abroad) and “out-degrees”
(spot exchange rate on a foreign place quoted inghgiven place) for Europe’s five top financial
centers, 1844-1870Source: authors’ database.
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Figure 2: Metallic standards, bullion markets, andavailable metallic parities in the international

monetary system, 1844-187®ource: authors’ database.
Note: G = gold (in black), S = silver (in grey).

LONDON
Standard: G
Active Markets: G, S

AMSTERDAM
Standard: S
Active Markets: S

PARIS
Standard: G, S
Active Markets: G, S

u

26

HAMBURG
Standard: S
Active Markets: G, S

FRANKFURT
Standard: S
Active Markets: S




Figure 3: Estimation results of the threshold autoegressive modelSource: Appendix Table 4.
Note: Information provided close to each arrow imd#s 1) the benchmark metallic par (G = gold, S#ei); 2)
the size of the estimated threshold; and 3) th&lHal(in parentheses).
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Figure 4. Mean absolute exchange rate deviation fro a number of different benchmarks.
Source: Appendix Table 4.
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Table 1: Mint prices vs. market prices of bullionsin five European cities

Amsterdam Frankfurt ~ Hamburg London Paris Paris
Metal silver silver silver gold gold silver
Mint price 105,8 105 118,67 136,57 344444 22222
Market prices 104,59 104,49 118,69 136,35  3437,17 220,60

0,
Average spread as % 1,14% 0,49%  -0,0002%  0,16% 0,21%  0,33%
of Mint price
i 0,
Median spread as % 1.13% 040%  -0,0006%  0,16%  027%  0,35%
of Mint price
Standard Deviation 0,43% 0,40% 0,0010% 0,01% 0,20% 0,08%
1 0,

Min spread as % -0,90% -0,25%  -0,0016%  0,00% 0,21%  0,33%
Mint price
Max 4,06% 1,19% 0,0030% 0,16% 0,74% 0,39%

Notes: Mint prices and market price are the valudocal currencies of 1 kilogram of metal and
available at the weekly frequency. The spreadesdifference between the Mint price and the local
market price. The mint price did not change dutheywhole period of the study for any market.
Source: Authors’ computation using data describe8ection 4.

Table 2: Qualitative propriety of exchange rate deiation (results of the Ng-Perron/KPSS
stationarity test and LLR linearity test). Source: Appendix Tables 2 and 3, Table 4.

Market of destination
Market of origin Amsterdam  Frankfurt ~ Hamburg London Paris
Amsterdam - NA TAR TAR AR
Frankfurt TAR - AR TAR TAR
1844-1870 | Hamburg TAR NA - TAR TAR
London TAR NA NA - TAR
Paris TAR TAR TAR TAR -
Amsterdam - NA TAR UR UR
Frankfurt TAR - TAR UR AR
Stb perod M Hamburg TAR NA : TAR UR
London UR NA NA - TAR
Paris TAR TAR TAR TAR -
Amsterdam - NA AR TAR AR
Frankfurt TAR - AR TAR TAR
Sub-period 2| Hamburg TAR NA - TAR UR
18511860 ' 5hdon TAR NA NA i AR
Paris TAR TAR TAR TAR -
Amsterdam - NA TAR AR AR
Frankfurt TAR - AR AR TAR
Sub-period 3| Hamburg TAR NA - TAR TAR
1861-1870
London TAR NA NA - AR
Paris TAR TAR TAR TAR -

Note: NA = Data non available; AR = Autoregressive pracdAR = Threshold autoregressive process; UR = tdwit
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Table 3: Estimation results of the threshold autorgressive model {844-1879.
Source: authors’ computations.

Market of origin |Market of destination Metallic Par parameters estimate t-stat. C.l. Half-life
Frankfurt Hamburg Silver rhp -0.095 -4, 252+ 0.04 6.9
threshold 0.081 1.247, 0.13
Obs_out (Obs_ip)  892(205
Frankfurt Amsterdam Silver rHo -0.284 -4.200%+* 0.14 2.1
threshold 0.762 8.221%** 0.19
Obs_out (Obs_ip)  170(918
Hamburg London Silver rhjp -0.345 -6.809*** 0.10 1.6
threshold 0.666 11.172%* 0.12
Obs_out (Obs_ip) 295(1058
Hamburg Amsterdam Silver rho -0.370 -5.068*** 0.15 15
threshold 0.976 11.058*** 0.18
Obs_out (Obs_ip) 208(1134
Amsterdam Hamburg Silver rho -0.357 -6.539*** 0.11 1.6
threshold 0.637| 10.082*** 0.13
Obs_out (Obs i) 256(1086
Frankfurt Paris Silver rhp -0.181 -4.552%+* 0.08 35
threshold 0.332 4.874*** 0.14
Obs_out (Obs_ i) 482(462
London Paris Gold rhp -0.127 -3.884**+* 0.07 5.1
threshold 0.227 3.331%* 0.14
Obs_out (Obs_ i)  554(565
Paris Amsterdam Silver rHo -0.254] -4.469*+* 0.11 2.4
threshold 0.677 8.699*** 0.16
Obs_out (Obs_ i) 176(967
Paris Frankfurt Silver rhp -0.097 -3.697*+* 0.05 6.8
threshold 0.144 1.957* 0.15
Obs_out (Obs_in)  751(192
Paris Hamburg Gold rho -0.219 -7.352%* 0.06 2.8
threshold 0.149 2.847%* 0.10
Obs_out (Obs_in)  911(373
Paris London Gold rhp -0.346) -4.709%+* 0.15 1.6
threshold 0.427 8.856*** 0.10
Obs_out (Obs_ir)  265(879
London Amsterdam Silver rHo -0.437| -5.664*+* 0.15 1.2
threshold 0.704] 10.018*** 0.14
Obs_out (Obs_inp)  256(745
Amsterdam London Silver rHo -0.620 -5.805*** 0.21 0.7
threshold 0.832 11.381*** 0.15
Obs_out (Obs_inp)  154(847
Amsterdam Paris Silver ro -0.148 -5.329%* 0.06 4.3
threshold 0.114] 1.780 0.13
Obs_out (Obs_inp)  928(208
Frankfurt London Silver rhp -0.429 -5.202%* 0.16 1.2
threshold 0.547| 6.745%** 0.16
Obs_out (Obs_inp)  298(452
Hamburg Paris Gold rho -0.178]  -10.349** 0.03 35
threshold 0.088| 3.887*** 0.05
Obs_out (Obs_ip) 1102(195

Notes:*** ** * denote the significance at the level d%, 5%, 10%, respectively. HL denotes the Half-lifderms of weeks. Obs_out
(Obs_in) denotes the number of observations outgid@le) the threshold. T-stat. is calculated Hase the bootstrapped standard errors.
C.l. denotes the confidence interval of the thré&sketimate.
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Table 4: Mean absolute exchange rate deviation froma number of different benchmarks, per
bilateral pair. Source: authors’ computations.

from |from silver | from gold | from from |from CEP| from CEP |from CEP
Origin Destination | Period | mint | arbitrated | arbitrated | CEP via|CEP via via via via
par par par London | Paris | Hamburg | Amsterdam | Frankfurt
1844-50| NA 0.419% NA NA | 0.264% 0.595% NA 0.202%
Amsterdam  London | 1g51.60| NA 0.466% NA NA | 0.182% 0.539% NA 0.183%
1861-70| NA 0.527% NA NA | 0.160% 0.450% NA 0.194%
1844-50| 1.026%| 0.564% NA | 0.595%|0.290%| NA NA 0.247%
Amsterdam Hamburg | 1851-60| 0.768%| 0.578% NA | 0.539%| 0.301%| NA NA 0.241%
1861-70| 1.084%| 0.399% NA | 0.450%)| 0.229%| NA NA 0.192%
1844-50| 0.669%| 0.504% NA 0.260% NA | 1.011% NA 0.288%
Amsterdam  Paris | 1851.60| 1.613%| 0.447% NA 0.233% NA 1.152% NA 0.321%
1861-70] 1.231%| 0.411% NA 0.228% NA | 0.697% NA 0.265%
1844-50| NA 1.284% | 0.511% NA | 0.314% NA 0.441% | 0.733%
Hamburg London | 185160 NA 0.816% | 0.672% NA | 0.152% NA 0.358% | 0.680%
1861-70| NA 0.559% | 0.400% NA | 0.136% NA 0.235% | 0.682%
1844-50| 0.878%| 1.476% NA 0.357% 0.469% NA NA 1.054%
Hamburg | Amsterdam 1g51-60| 0.447%| 1.341% NA 0.228% 0.262% NA NA 0.938%
1861-70| 0.639%| 0.800% NA 0.161% 0.155% NA NA 0.828%
1844-50| 0.722%| 1.048% | 0.660% | 0.314%  NA NA 0.538%| 0.640%
Hamburg Paris | 1851-60| 1.413%| 1.256% 0.490% | 0.152% NA NA 0.643%| 0.809%
1861-70/ 0.967%| 0.681% | 0.390% | 0.136% NA NA 0.539%| 0.811%
1844-50 NA 0.497% NA NA | 0.231% 0.695% 0.202% NA
Frankfurt | London | 1g51.60/ NA | 0.533% NA NA | 0.161% 0.684% | 0.183% NA
1861-70| NA 0.599% NA NA | 0.160% 0.686% 0.193% NA
1844-50| 0.565%)| 0.439% NA | 0.702%] 0.206%| NA 0.247% NA
Frankfurt | Hamburg | 1851-60| 0.500%| 0.453% NA | 0.689%|0.198%| NA 0.241% NA
1861-70| 0.397%| 0.488% NA | 0.691%]0.203%| NA 0.192% NA
1844-50| 0.937%| 0.425% NA 0.2249% 0.193% 1.040% NA NA
Frankfurt | Amsterdan) 1g51-60| 0.839%| 0.441% NA | 0.194% 0.177% 0.928% NA NA
1861-70| 0.909%| 0.465% NA 0.197% 0.193% 0.821% NA NA
1844-50| 0.658%| 0.520% NA 0.211% NA | 0.558% 0.199% NA
Frankfurt Paris | 1851-60| 1.007%| 0.459% NA | 0.164% NA | 0630%  0.195% NA
1861-70| 0.802%| 0.369% NA 0.148% NA | 0.635% 0.201% NA
1844-50 NA 0.426% NA NA | 0.210% 0.357% NA 0.224%
London | Amsterdan) 1851.60] NA 0.552% NA NA | 0.169% 0.228% NA 0.194%
1861-70] NA 0.528% NA NA | 0.141% 0.161% NA 0.197%
1844-50| 1.285%| 0.443% | 0.518% NA NA | 0.313% | 0.293% | 0.211%
London Paris | 1851-60| 0.482%| 0.546% | 0.317% NA NA | 0.153% | 0.213% | 0.164%
1861-70| 0.201%| 0.373% | 0.161% NA NA | 0.140% | 0.196% | 0.149%
1844-50| 0.653%| 0.496% NA | 0.245%| NA | 0.270% 0.277% NA
Paris Frankfurt | 1851-60| 0.909%| 0.358% NA | 0.274%| NA | 0.267% | 0.226% NA
1861-70| 0.660%| 0.422% NA | 0.206%| NA | 0.199% 0.192% NA
Paris London | 1844-50| 1.249%| 0.442% | 0.517% NA NA |  0.562% 0.225% 0.231%
1851-60| 0.486%| 0.526% | 0.329% NA NA |  0.661% 0.224% 0.161%
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1861-70 0.230%| 0.381% | 0.184% NA NA |  0.523% 0.169% 0.160%
1844-50| 0.624%)| 0.727% | 0.445% | 0.566%| NA NA 0.279% 0.269%

Paris Hamburg | 1851-60| 0.824%| 0.633% | 0.388% | 0.667%| NA NA 0.238% 0.266%
1861-70| 0.651%| 0.293% | 0.534% | 0.527%| NA NA 0.186% 0.216%
1844-50| 0.606%)| 0.465% NA 02289 NA | 0.965% NA 0.2779

Paris Amsterdan 1g51-60| 1.512%| 0.391% NA 0.175% NA 0.864% NA 0.2269
1861-70 1.169%)| 0.400% NA 01709 NA | 0.626% NA 0.1959

Note: NA = Non applicable; CEP = Cross-Exchange Par. \&lueitalics denote that the cross-exchange parbleas
computed through using a proxy for unavailabledispot exchange rate series (see text).
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Appendix Figures and Tables

Appendix Figure 1: Exchange rate deviations (cented, as percent of the metallic market par).

Source: authors’ database.
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Appendix Table 1: Descriptive statistics of exchargyrate deviation from pars (percentage, 1844-70).
Source: authors’ computations.

Exchange rate deviations

Market of origin Market of Metallic Par Obs. Mean Std. Dev. Min. Max.
destination

Amsterdam London Silver 1062 .0352486  .5943434 228 2.326309
Amsterdam Hamburg Silver 1343  -.3224032 .53954840539045 1.154303
Amsterdam Paris Silver 1236 .1600432 5132257 4188 1.6951

Hamburg London Gold 1354  -.3541669 5775922 -3.03221.933399
Hamburg London Silver 1363 -.7923461 .5800259 -324B .8237265
Hamburg Amsterdam Silver 1345 -1.110908 .7021278232888 1.741993
Hamburg Paris Gold 1322 2357863  .6652008 -8.017822624112
Hamburg Paris Silver 1363 9608324 .6673753 -.783182.919179
Frankfurt London Silver 819 1695474 6491225 -34B2 2.682827
Frankfurt Hamburg Silver 1106 3034676  .4725659 902453 1.506885
Frankfurt Amsterdam Silver 1097 -.0812614 .5661548.045034 1.415939
Frankfurt Paris Silver 1019 .25589 5343912 -1.3382 4.023231
London Amsterdam Silver 1053 2210432 .6179678 228 2.173582
London Paris Gold 1334 2184277  .5402375 -2.51283%261094
London Paris Silver 1287 -.0783297 .4460277 -5.87161.060725
Paris Frankfurt Silver 1018 .0863187 .5124626 -32B% 1.893739
Paris London Gold 1317  -.1182072 .4399637 -5.807687421984
Paris London Silver 1359 .1699738  .5443407 -2.66353.521391
Paris Hamburg Gold 1300 -.3219821 .4669243 -2.44994.172605
Paris Hamburg Silver 1337 .3886825 .5687226 -1.06932.475056
Paris Amsterdam Silver 1225 .0767947 .4918173 46K3R 1.695973
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Appendix Table 2: Ng-Perron/KPSS unit root test forexchange rate deviations from arbitrated parsSource: authors’ computations.

Exchange rate deviation 1844-1850 1851-1860 1861-1870

Market of origin  Market of destination  Metallic Par MZa Mzt Lag Obs. MZa Mzt Lag Obs. MZa Mzt Lag Obs.
Amsterdam London Silver 1.718766***k 158 -16.03790*** -2.762890*** 1 324 -13.49110** B68660** 7 486
Amsterdam Hamburg Silver -28.96670*** -3.725160** 1 298 0.334788*k 522 -25.6380*** -3.44646%+* 2 503
Amsterdam Paris Silver -13.96040t -2.345410t 1 160-22.54190*** -3.352410*** 7 510 -11.03770** -2.3430** 2 455
Hamburg London Gold -8.801280 ** -2.079640** 3 332 -8.821320** -2.040980** 3 511 -14.68350*** -2.5143% 8 507
Hamburg London Silver -7.893620* -1.983640** 4 332 -28.73520%** -3.778310%** 10 520 -16.31150* -2.84aa* 14 509
Hamburg Amsterdam Silver -19.22610*** -3.050100 *** 2 300 -12.18730** -2.426800** 2 520 -8.551340** .862180* 0 507
Hamburg Paris Gold -7.126130t -1.724690t 3 321 7@830 -1.398520 2 511 -14.67780*** -2.655060*** 4 53
Hamburg Paris Silver -5.020050 -1.568260 0 327 7aR0*** -2.884210*** 1 520 -3.937470 -1.152950 4 64
Frankfurt London Silver 0.480023**k 104 -21.30410*** -3.256300*** 1 496 -22.77610*** :373410*** 0 261
Frankfurt Hamburg Silver -18.05540 *** -2.982480*** 0 330 -21.73560*** -3.294120*** 2 496 -23.46390***  -3.276200*** 0 268
Frankfurt Amsterdam Silver -26.22950*** -3.563416* 2 307 -10.83150** -2.287020** 2 496 -11.79840**  -2.418700** 1 272
Frankfurt Paris Silver -6.568620* -1.452820 0 188 10.16370** -2.219380** 2 478 -19.94310*** -3.1323260 2 268
London Amsterdam Silver 1.614241 ***k 149 -23.400F -3.368190*** 0 321 -15.3799*** -2.71793*** 7 20
London Paris Gold -50.04240*** -4.901890*** 2 15622.69440%* -3.296740%** 6 502 -20.14190*** -3.1610** 8 463
London Paris Silver -13.21590** -2.539270** 0 156 9.516030** -2.139730** 0 480 -48.359107 -4.908690" 0 451
Paris Frankfurt Silver -12.57070** -2.411890 ** 0 88 -11.98470** -2.407100** 4 476 -20.62930*** -3.8890**+* 0 268
Paris London Gold -12.4014** -2.47705** 2 183 -96020** -2.146160** 0 496 -53.26690*** -5.159020*** 0 455
Paris London Silver -31.46060*** -3.841360*** 8 183 -30.45440*** -3.825520*** 6 518 -16.23460*** -2.8600*** 8 461
Paris Hamburg Gold -20.51890**t -3.035090 **t 3 337 -13.26490* -2.516280** 0 502 -10.94480** -2.31247 7 453
Paris Hamburg Silver -11.55640%* -2.397350** 0 321 -5.613990 -1.613350 4 511 -5.751710* -1.488580 5 146
Paris Amsterdam Silver -21.15810**t -2.921920 **t 0160 -22.91210%** -3.381350*** 5 505 -22.4079%** :34599%+* 0 455

Notes:Only constant is included; t indicates the inclusid linear trend and constant (following Canjelsle 2004, we introduce a linear trend as welde if the process is trend-stationary);
the optimal number of lags is chosen by minimizimg Modified SIC; ***, * * are Significance at B, and 10 percent, respectively for rejecting thié oot null hypothesis. MZa and MZt
denote efficient versions of the PP tests base@ldh detrending procedure (Ng and Perron, 2001ethplk means that the KPSS test (Kwiatkowski et1&892), which has a stationary null, is

applied and that the LM test statistics are repbrte
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Appendix Table 3: Estimation results of the threshlnl autoregressive model for the three sub-periods$ource: authors’ computations.

Market of origin | Market of destination | Metallic Par parameters | estimate] t-stat.] C..] HL]| estimate] tst. | C.I. | HL [ estimate | tstat. | C.I. [ HL
1844-1850 1851-1860 1861-1870
Amsterdam London Silver rho UR -0.244| -4.000***| 0.12] 2.5 -0.166 -3.074*r 1| 3.8
threshold 0.167 1.942* 0.37 0.178 9.360.26
Obs_out (Obs_in 304(10R) 421(15)
Amsterdam Paris Silver rhp UR -0.186| -3.694*** 0.1] 3.4 -0.1472 -2.512*F 0.1l 4.
threshold 0.093 1302 0.15 0.148 1446 |0.2
Obs_out (Obs_in 425(87) 342(118)
Amsterdam Hamburg Silver rhp -0.638  -4.246** 0.300.7 -0.161| -2.890**+*| 0.11] 4. -0.230  -3.793*F 0.122.7
threshold 0.595 7.237*  0.14 0.106 1.190 0/18 0.482 4.745%** 0.2
Obs_out (Obs_in 53(261)) 415(106) 3726
Hamburg London Gold rhq -0.18p -2.0221* 0.18 35 .3Fp| -4.221*| 0.15| 1.8 -0.658 -5.157*1 0.25 0.7
threshold 0.364 2.7374 0.27 0.393 4.367** .18 0.669| 10.967**| 0.12
Obs_out (Obs_in)  137(195) 259(2583) 7(430)
Hamburg London Silver rhg -0.404 -3.848"* 0.41 13 -0.293| -4.726**| 0.12| 2.0 -0.86 -5.119*1  0.34 0.4
threshold 0.494 5.200** 0.19 0.17p 2.3891* .1@ 0.603| 8.868**| 0.14]
Obs_out (Obs_in)  125(207) 402(118) 6(422)
Hamburg Amsterdam Silver rhp -0.252  -3.452** 0.152.4 -0.171| -3.420%** 0.1] 3.7 -0.062 -1.127 0.11 80.
threshold 0.205 1.990*7 0.2] 0.406  3.593** 28. 0.658| 2.730***| 0.48]
Obs_out (Obs_in 245(7Q) 289(229) 6(881)
Hamburg Paris Gold rh UR UR -0.236| -3.836***| 0.12| 2.6
threshold 0.281  4.213*f 0.1B
Obs_out (Obs_in 244(215)
Hamburg Paris Silver rh UR -0.325| -3.099***| 0.21| 1.8 UR
threshold 0.581 5.414*1 0.21
Obs_out (Obs_in 110(410)
Frankfurt London Silver rhg UR -0.435| -3.718**| 0.23] 1.7 -0.259  -3.548*F 1b | 2.3
threshold 0.559 4.545**F  0.2b 0.101 312 | 0.15
Obs_out (Obs_in 139(238) 227(41)
Frankfurt Hamburg Silver rhg -0.113 -1.413 0.16 .8 -0.130 -2.600** 0.1l 5.0 -0.114 -1.105 021 5
threshold 0.723 3.286*%  0.44 0.084 0.923 0{18 0.066 0.702] 0.1
Obs_out (Obs_in 53(279) 389(103) 8(22)
Frankfurt Amsterdam Silver rho -0.209 -2.297F*  0.18 3.0 -0.121| -2.017*| 0.13 5.4 -0.336 -2.577** 0.261.7
threshold 0.405 3.894*%  0.21 0.341 2.258f* 30, 0.612| 5.368***| 0.23
Obs_out (Obs_in]  113(207) 268(244) 8(236)
Frankfurt Paris Silver rhq -0.064 -0.548 0.23 10.6 -0.340| -3.247**| 0.21| 1.7 -0.233  -3.721**1 0.18 2.6
threshold 0.200 1.018 0.39 0.593 5.6821** 021 0.124 2.077*| 0.12
Obs_out (Obs_in 122(69) 106(377) 9(83)
London Amsterdam Silver rho UR -0.442| -3.168***| 0.28| 1.2 -0.144 -2.631*F  0.11 4.3
threshold 0.652 4.902*** | 0.27 0.248 2.040F 0.24
Obs_out (Obs_in 105(299) 391(107)
London Paris Silver rho -0.457 -5.455** 0.17 1.1 0.238 -5.026 0.09 25 -0.927 -5.429 034 O
threshold 0.256 3.910** | 0.1 0.077 1.548 010 0.548 9.187** | 0.12
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Obs_out (Obs_in] _ 179(138) 411(102) 99(406)
London Paris Gold rhd -0.24B -1.814 0p7 24  -0.093 -1.719| 0.11] 7.4 -0.15] -2.280% 0.4 4]
threshold 0347 2579 0.24 0.094 1.108 0J15 0.059 1.141] 0.14
Obs_out (Obs_in 72(95) 401(90) 339
Paris Frankfurt Silver rhd -0.124 0816 0.3 52 .549| -3.866™ | 0.28] 09| -0.45J -2.598" 0.35 1.2
threshold 0534 22747 o4y 0573 7.253* 16. 0.489] 4.990**| 0.2
Obs_out (Obs_in) _ 48(139 74(408) 461206
Paris London Gold rhd 0380 -2.037f 0438 14 ezl -1.619| 0.13 6.4 0.166 -2.619%F 0.13 3.
threshold 0389 4.010™{ 019 0.176  1.978F 18. 0.063 1537 0.08
Obs_out (Obs_in] 58 (124) 276(224) 64(36)
Silver tho| -0.418] -4.309"* 019 14 0290 5% |041 | 2| -0.253| -3514| 0.14] 24
threshold 0.124 157 0.16 0.162 2.893%* O0fi1 0.229| 2.759"*| 0.17
Obs_out (Obs_in] __ 134(49) 289(228) 1(332)
Paris Hamburg Gold h 0.284 35957 0.6 21  .3D| -4.697* | 0.13| 1.9] -0.229 -4.018* 01] 2.7
threshold 0191  2.011% o018 0287 3.804*F* 18, 0.207| 3.339"*| 0.12
Obs_out (Obs_inj _ 228(89) 246(261) 3(266)
Silver tho|  -0.083 1.277 0.4B 8 0302 -3.432%°0.18| 19| -0.167] -3.212*Y 04 3.8
threshold 0.194 1.016 0.38 0.3f4 4.110%* o8 0.161| 2.403**| 0.13
Obs_out (Obs_in] _ 236(84) 212(302) 0(284)
Paris Amsterdam Silver thh  -0.1q1 0.828 0]24 B.5 0.198| -2.712**| 0.15| 3.1  -0.09d -1.800F 0.1 6.4
threshold 0.084 0418 041 05h7 5.1601* op1 0.229 1.941% 0.24
Obs_out (Obs_in) _ 141(3]] 81(42B) 288J1f7

Notes:*** ** * denote the significance at the level dR6, 5%, 10%, respectively. NS denotes that the datanon-stationary for the relevant peribtl. denotes the Half-Life in terms of
weeks. Obs_out (Obs_in) denotes the number of adis@ns outside (inside) the threshold. T-statalsulated based on the bootstrapped standardse@dr denotes the confidence interval of

the threshold estimate.
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Appendix Table 4: Descriptive statistics of absol@ exchange rate deviations from a number of differg benchmarks, per decadeSource: authors’

computations.

from mint f;cr)kr)?ti\é?jr ;rg)?:rg:elg from CEP via | from CE_P via | from CEP via | from CEP via | from CEP via
par par par London Paris Hamburg Amsterdam Frankfurt
Mean 0.824% 0.636% 0.531% 0.372% 0.272% 0.637% 90629 0.395%
1844-1850 Median 0.716% 0.473% 0.440% 0.273% 0.190% 0.555% 22206 0.263%
Standard Deviation 0.617% 0.570% 0.557% 0.3829 1085 0.500% 0.304% 0.424%
Number of Observations 3993 5315 1663 3253 2618 0327 2963 3603
Mean 0.902% 0.614% 0.438% 0.331% 0.201% 0.590% 50623 0.381%
1851-1860 Median 0.780% 0.502% 0.354% 0.238% 0.158% 0.568% 18504 0.250%
Standard Deviation 0.648% 0.477% 0.353%) 0.2989 WPAL7 0.397% 0.207% 0.359%
Number of Observations 6167 8221 2592 5078 4066 0506 4045 5407
Mean 0.754% 0.492% 0.333% 0.288% 0.170% 0.477% 60019 0.354%
1861-1870 Median 0.636% 0.414% 0.243% 0.199% 0.129% 0.417% 15406 0.230%
Standard Deviation 0.565% 0.384% 0.307%) 0.2789 D47 0.356% 0.173% 0.336%
Number of Observations 5167 6456 2523 4206 3404 7420 3201 3371

Note: CEP = Cross-Exchange Par. Statistics are fopgliapriate observations in the decade (see text).
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