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Abstract

The discovery of mines of precious metals in Central and South America led to a massive exogenous monetary
injection to Europe�s money supply. I argue this episode can be helpful to identifying the causal e¤ects of money
in a macroeconomic setting. Using a panel of six European countries for the period 1531-1790, I �nd strong
evidence in favor of non-neutrality of money for changes in real economic activity. The magnitudes are substantial
and persist for a long time: an exogenous 10% increase in production of precious metals in America leads to
a hump-shaped positive response of real GDP, peaking at an average increase of 1.3% four years later. The
evidence suggests this is because prices responded to monetary injections only with considerable lags. Several
exogeneity tests and robustness checks con�rm the results.
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1 Introduction

Is monetary policy capable of stimulating economies, and if so, by what degree and duration? In this paper I
argue that early modern discoveries and production of precious metals in America can be explored for identi�cation
of monetary shocks. The key idea is that under the commodity money system which prevailed during the early
modern period, variation in availability of precious metals caused by discovery and varying levels of production in
American mines lead to exogenous variation in the realized availability of money in Europe. This identi�cation
strategy hence allows the recovery of reduced-form point estimates of the e¤ects of exogenous changes in money
supply on the macroeconomy. I �nd that after production of precious metals in America increased 10% in any
given year, real GDP in Europe subsequently rose, peaking at an average increase of 1.3% four years later. The
evidence suggests this is because prices responded to monetary injections only with considerable lags.

Modern empirical monetary economics su¤ers from a di¢ cult identi�cation problem in that variation in the
money supply is not exogenous to the state of the economy. Central banks respond to the state of the economy
and try to in�uence, as well as respond, to agents� expectations.1 This joint causality leads to a fundamental
identi�cation problem that prevents straightforward inference. Since central banks tend to pump up the monetary
base2 during, or when they anticipate, a recession, simple correlations could suggest that positive changes in money3

have no e¤ect, or even a negative e¤ect on output, even if the exact opposite is true in a causal sense.

The modern literature on the identi�cation problem caused by money endogeneity goes back at least to James
Tobin�s critiques of Friedman and Schwartz (2008/1963), but the debate has not converged to a consensus. Lately,
the empirical macroeconomics literature has attempted two main strategies to deal with this problem: some studies
attempt to recover structural shocks through a "narrative approach" (Romer and Romer 1989, 2004); others follow
a more technical approach, using recursive VAR�s (Christiano, Eichenbaum and Evans 1999) or interest rate futures
surprises on FOMC dates as instruments (Gertler and Karadi 2015). While many of these studies tend to conclude
that money matters, even that basic result is by no means universal. Indeed, much disagreement remains with
respect to the timing, transmission mechanism, and importantly, impact magnitude: the estimated e¤ects ranging
from essentially zero4 , to moderate5 , to large6 . Additionally, both the narrative and the recursive VAR identi�cation
strategies have been criticized on identi�cation grounds (Leeper 1994, Chari Kehoe and McGrattan 2008).

To the best of my knowledge all this new research is focused on new methods. Instead, I propose a new approach
which relies on new data, spanning over a very long horizon, combined with an historical natural experiment
identi�cation strategy. In principle, every macroeconomist should agree that an empirical approach would preferable
to identi�cation based on recursive order, sign restrictions or stand-alone theoretical models, as long as a source
of exogenous variation was available.7 Here, I propose how to construct this, and my empirical study additionally
brings the advantage of covering a much longer period that is usually the case in empirical macroeconomics �
231 years. This is probably the longest macro panel ever assembled. Of course, my results apply in the context
of the period under consideration; I make no claims about the size or persistence of liquidity e¤ects for modern
economies. Nevertheless, my line of attack complements recent developments in macroeconomics. While previous
research argued that prices were too volatile to be consistent with the notion of sticky prices (Blis and Klenow
2004), recent research has used large microeconomic datasets to argue that even if prices look volatile this is due to
temporary sales following sticky plans, and hence the aggregate price level is, indeed, sticky �and by implication,

1Furtermore, third-party causality may be a problem, as other (unobserved) factors may a¤ect both the state of the economy and
monetary policy, leading to "ommited variable bias".

2Nowadays this is done indirectly, using an interest rate rule, hence central banks cannot be said to control the quantity of outside
money. Additionally, in modern economies most of the money supply is inside liquidity: created endogenously by the banking system,
broadly de�ned.

3Or equivalently, under "normal" times, negative changes in the nominal interest rate.
4Uhlig (2005) uses sign restrictions to argue that full neutrality of monetary policy shocks is not inconsistent with the data.

Williamson and Wright (2011) altogether insist that "money is neutral". See also Sims and Zha (2006).
5Christiano, Eichenbaum and Evans (1999, 2005) and Coibion (2012).
6Romer and Romer (1989, 2004), Angrist and Kuersteiner (2011), Cloyne and Huertgen (2014), Barakchian and Crowe (2014).
7Of course, as always with IV�s and natural experiments, identifying an e¤ect does not tell us why it exists or if it is externally

valid, and in this respect structural models which can shed light on mechanisms remain useful and complementary to reduced-form
identi�cation methods. Here, by "liquidity e¤ects" I simply mean the reduced form real e¤ects of changes in the quantity of money,
without entering into detail about the speci�c transmission mechanism.
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reactive to monetary policy (Anderson et al 2013, Nakamura and Steinsson 2008, Guimarães and Sheedy 2011,
Kehoe and Midrigan 2015, Gorodnichenko and Weber 2016).

In addition to a section on the historical background, this paper has essentially two parts. The �rst of these
takes as a given that the production of precious metals in America was exogenous to the state of the European
economy, and identi�es the e¤ects of additional availability of outside liquidity on GDP and prices. In the following
section I defend the validity of the natural experiment on several grounds. First, I show that the (considerable)
variation of nominal GDP and prices explained by regional-level weather shocks (variation in air temperature and
rainfall) cannot explain the future variation of production of precious metals in America. Second, I also show that
the timing of the discovery of new mines or the intensity of production in America was not responding to the market
price of silver and gold in Europe. Third, in order to account for the possible endogenous formation of expectations,
I show that variation in the value of production of precious metals in America was close to white noise, so it could
not have been predicted in advance. Finally, shifting the discussion from production in America to shipments to
Europe, I show that the unanticipated component of the injections can be measured as the di¤erence between the
quantities that a comprehensive source which was private information to the receiving agents said was arriving
compared with what the commercial newspapers announced. I show that this measure, too, was approximately
white noise. Hence, even if agents had rational expectations and were using the best publicly available information,
they could not have optimized according to the quantities arriving, as they would not have been able to predict
these in advance.

2 Historical background

2.1 The early modern commodity money system

The early modern monetary system was a commodity money system. Precious metals, chie�y silver and gold, were
a required input for the production of coinage.8 In general circulation was by tale (within national boundaries),
though in the case of gold and silver coins (but not copper) there was a large component of intrinsic value. There
were no central banks in the modern sense, but there was monetary policy �mint policy � and the monetary
authority decided the rate at which private agents could transform precious metals into currency. The avaliability
of precious metals mattered for the determination of how much new coin supply was minted. Challis (1992, p.
431), for instance, argues that the output of gold, "though a regular feature of production, was subject to wide
�uctuation, and it was not unknown for the Mint to have to strike more in a single year than it had in the previous
�ve ... but these variations were outside of the Mint�s control, since it depended entirely on what importers chose
to deliver to it for coining, on windfalls of captured treasure, and on decisions by the government". These decisions
themselves evidently depended on the government�s perception of the availability of precious metals.

Other liquid means of exchange, which were less liquid than coin but functionally money as well, also existed.
These included forms of "inside money" such as bills of exchange and banknotes, but it is important not to
exaggerate their importance in this period (Table 1).9 These were complements to, not substitutes for, the more
liquid and widely accepted bullion-based currency (Nightingale 1990), and could not substitute for them over the
long term because of credibility restrictions (Palma 2015b). Although the supply of precious metals was inelastic
(at least over the medium to long run), and precious metals were a critical input in the production of money, it
was nonetheless true that, as today, the total quantity of money was potentially endogenous to the state of the
economy (at least in the short run). This was because the decision of the monetary authority to engage in forms
of monetary manipulation such as debasements (whether "defensive" or "aggressive") or changes in the mint price
were always responses to macroeconomic and political conditions.

8 I emphasize that I am here referring to legal tender coinage alone, rather than money more broadly. In some periods there was
also some private coinage of mostly small change based on copper, which circulated well above "intrinsic worth" (Seglin 2008). Coins
based on copper, whether provided by governments or private parties, were always akin to �at money, but could only be used for quite
small transactions (see for instance, Sargent and Velde 2002).

9Table 1 illustrates the case of England, but in continental Europe coin generally played an even more important role; indeed as
late as the 1860s, �On the Continent . . . specie accounted for somewhere between one-half and three-quarters of the money supply�
(Flandreau 2004, p. 3)
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Figure 1: World vs. New World silver output, 1521-1810, in kg. Source: TePaske (2010, p.111)

TABLE 1 HERE

2.2 A New World of precious metals

In a well-documented episode, the Inca emperor Atahulpa, having been captured by the Spanish in November
1532, agreed to exchange his release for a twenty-two-foot by seventeen-foot room �lled with gold, and twice that
amount in silver. His subjects duly delivered the sum, presenting 13,200 pounds (6,000 kilograms) of gold and
26,000 pounds (11,800 kilograms) of silver to the Spanish, who nonetheless still executed him following a mock
trial.10 The ransom of Atahualpa constituted much of the gold production in Peru during that decade. However,
as far as the production of precious metals in the Americas was concerned, this sort of episode was the exception,
not the rule � the vast majority of precious metals were extracted, not plundered from American civilizations.
(Furthermore, and also betraying the mythical search for the American El Dorado, most of the value came from
silver, not gold.)

The enormous quantities of precious metals which were duly imported to Europe during the early modern
period dwarf the initially available stocks (Table 2).11 Indeed, the New World was the main source of production
for precious metals at the world level during the early modern period (Figure 1; see also Barret 1990). As TePaske
emphasizes, much of the overall early modern production occurred in Mexico, especially in Zacatecas and after the
mid-seventeenth century. Earlier on, Potosí and other areas of the Spanish vice-Royalty of Peru (much of which
including Potosí, located in modern Bolívia) had been dominant from the mid-sixteenth to the mid-seventeenth
century. The same is still true, though to a slightly lesser degree, if precious metals are measured in real value
terms. In any case, together, Mexico and Peru were responsible for over 99% of the production of silver in the
whole of the American continent during the early modern period. In turn Brazil was responsible for most of the
production of gold. Despite Christopher Columbus�s early obsession with searching for gold �and the early success

10These quantities are an approximation given by TePaske (2010), which cites other �gures as well, but there is broad agreement on
the approximate numbers. For a lively account of this episode, see Diamond (1998).
11 In fact, Table 2 shows the quantities imported directly to Europe alone, ignoring the importance of the quantities of silver exported

directly from America to Asia through the Paci�c, which also had important stimulative consequences for the European economies by
making the trade with Asia possible (Palma and Silva 2015).
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of �nding moderate quantities in the Caribbean (Vilar 1974) �the history of mining up to the eighteenth century
was overwhelmingly one of silver (Figures 2 and 3, Table 2).12

TABLE 2 HERE

2.3 The determinants of American precious metals production

Was the discovery and production of precious metals in America exogenous to short-term variation of the state of
the European economy? The key identi�cation assumption in this paper is that it was. I now discuss whether it is
reasonable to assume this from an historical point of view. In Section 4 below, I additionally defend this assumption
using statistical analysis, such as using weather shocks as an IV for the state of the European economy.

The historical evidence suggests that prior to the discovery of the American continent, mining in Europe
was indeed largely endogenous to the European economy. The silver mines of central Europe (mainly Saxony,
Bohemia, and Hungary), which had reopened in the fourteenth century, were explored at the margin, and became
uncompetitive and closed towards the mid-sixteenth century once Potosí and the rest of America increasingly
became available. Faced with the possibility of �nding a new mountain of silver or gold, spot prices for precious
metals mattered little in inducing additional search e¤ort. The search intensity decision was based on constraints
such access to capital and the feasibility of entering unknown territories under reasonable conditions of security
and health.

The history of the European colonization of America is, well into the sixteenth century, largely a history of
search for sources of precious metals. Over and over again explorers searched � usually in vain � for multiple
El Dorados. But while their motivation and struggles are well-known, there are no documented cases for which
either investors or explorers decided to go ahead or cancel an expedition based on a short-term variation in the
general economic condition of the home economy or the price for precious metals. This was never a decision on the
margin, because it was simply not possible to form expectations, since the relevant probabilities were unknown,
and unknowable. It was impossible to know in advance, where, or if, precious metals might exist, even though some
characteristics associated with the presence of precious metals were known, such as high altitudes or mountains.
Explorers could and did ask the natives, but more often than not the result would be a red herring. Speculation
about the possibility of gold or silver mines existing in the Brazilian interior had been going on for about two
centuries when signi�cant gold mines were �nally found.13 All available evidence suggests that the timing of gold
discoveries was not anticipated.

But even if the timing of discoveries were exogenous to the state of the European economy, were the mining
intensity decisions exogenous to the current state of the European economy? This was indeed the case as the
intensity of mining was driven by availability of technology and local cost conditions, not demand. Once a rich
mine was found, and �xed costs were invested as needed, then for a long time the price was necessarily well above
the cost of operation, and price variations would have been insu¢ cient to induce changes in the intensity of mining.
Due to capital, entrepreneurial, and physical constraints, in the short term marginal cost was increasing with
output. The costs dictated mining intensity, since compared with them, the price which dictates revenue was of
second order. This is analogous to modern mining operations in developing countries, for which "operations are
expensive to set up and it only makes sense to stop digging if prices fall below variable costs" (The Economist
2013). Furthermore, while today most mining operations are run by large corporate companies such as Rio Tinto,
in colonial America mines were managed by individuals who faced a short life expectancy and much more uncertain
property rights, and hence were likely to operate with a much shorter-term planning horizon. This is con�rmed by
the narrative evidence (eg. TePaske 2010, p. 32-33, 36) and also illustrated by the fact that, as Figure 4 shows,
following the discovery of a new mine most of the quantities tended to be extracted in the �rst few decades.

12Figure A1 of the appendix shows the distribution of precious metal production across New World regions.
13About two decades before, in 1677, the former governor of Rio de Janeiro (the main city at the time) had testi�ed to the national

authorities (Conselho Ultramarino) that no gold existed in Brazil (Figueiredo 2012, p. 64 and p. 234).
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Figure 2: Location of the mines, initial date of records and mining quantities. Source for the underlying data:
TePaske (2010)
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Figure 3: The distribution of New World gold and silver registered production, 1492-1810 (10-year averages). In
pesos of 272 Maravedís. Source: TePaske (2010).

Figure 4: The long-term trends of Potosí silver output. Source: TePaske (2010).
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Furthermore, Figure 4 shows unconditional results, but controlling for technical change would make this result
even stronger. This is because an exception to the general rule that most of the quantities extracted happened in the
decades following the discovery of each mine was sometimes caused by the introduction of new mining techniques,
which raise the TFP of the mining production function. Here I now discuss the most well-known example, which
was the application of the mercury amalgamation (also known as patio) process to the Potosí mines. It supports
the general rule that the timing of the decision was not based on the state of the European economy, but instead
on local conditions in America.

After the approximately simultaneous discovery of the Mexican and Peruvian silver mines in 1545-6, the
�rst to be explored were the richest veins, following the ancient Native American technology known as the guaira
technique. Technical progress was present but slow; and by the mid-1560s production was in clear decline following
the depletion of the richest surface ores. Yet the exploration of underground ores required more advanced technology
combined with a substantial �xed investment (Gardner 1988, p. 909). Following the visit of the Viceroy Francisco
de Toledo in 1570-72, the mercury amalgam process, which had been invented a few years before, was introduced,
together with the mita system of forced labor, under which a certain percentage of Native Americans had to provide
forced labor. Amalgamation was introduced to Potosí between 1571and 1576, and as a result production boomed
(Figure 5; see also Bakewell 1977, p. 75).

Figure 5. Potosi silver output around the time of the introduction of the
amalgamation process. Source: TePaske (2010).

Both of these factors led to an upsurge in the mines�productivity (Vilar 1969, p. 121-2). But it is important
to realize that "[w]ithout the capacity to re�ne poor ores that amalgamation gave to Potosí, enlarging the labour
force would have been of little use" (Bakewell 1977, p. 58). This case study suggests that the timing of di¤erent
quantities of production was hence dictated by local production costs, themselves conditional on the available
technology at a given moment, which itself depended, among other things, on local administrative conditions �but
not on short-term variation in the state of the European economy. Over a longer period of time, of course, new
technologies developed partly in response to the ambition to produce more precious metals in America. But this
surely took longer than a few years, and if so it does not a¤ect the identi�cation strategy which I adopt here.

In sum, while it would be pointless to describe in further the production cycle for precious metals, for each
case the timing of discoveries led to the usual hum-shaped production pattern as initially the richest veins were
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explored, followed by diminishing returns only occasionally interrupted by technical change, access to slaves, or
the additional integration of the di¤erent elements of the colonial economies, in particular, the farming, grazing,
and mining sectors.14 Several regions simply went through an unconditional hump-shaped response, as suggested
by Figure 4 and as also happened in the important case of eighteenth-century Brazil (TePaske 2010, p. 47). In no
case has the state of the European economy been given by historians as a reason to explain variation in the timing
of short-term production of precious metals in America.

3 Empirical implementation and identi�cation strategy

The main idea of this paper is that the discovery and production of precious metals in America during the early
modern period can be used as a source of exogenous variation for the money supplies of Europe. The dependent
variables of interest are output and a measure of the price level (here the GDP de�ator). Since the shock �the
production of precious metals in America each year �is common to every country, the identi�cation is not coming
from di¤erent cross-sectional exposure, but from time-variation in the shock. Given that these were integrated
economies15 , the shocks will have a¤ected them all, even if possibly with di¤erent timing.

I independently estimate separate single equations for nominal GDP, the price level, and real GDP: as long as
variation in the dependent variable was indeed exogenous, the estimated parameters identify reduced form point
e¤ects, hence an explicit system of equations is not required. I interpret the mechanism as a "liquidity e¤ect"
because I assume it operated through the money supply, though data for this is not observable.16 As in Romer
and Romer (2004, p. 1068), the baseline speci�cation simply includes as dependent variables a constant and lagged
values of itself and of the shocks.17 I additionally show that including measures for supply shocks (weather shocks)
has little impact on the results.

3.1 Data

The period covered by this study is 1531 to 1790. Six countries are included: England, Holland, Italy, Spain,
Portugal, and Sweden. All the sources and data transformation procedures are described in the appendix. The
starting date is determined by data availability for annual mining quantities18 . As for the �nal date, it is determined
by two considerations. First, coin supply loses some comparative importance as a percentage of money supply
around that time, initially in Britain (O�Brien and Palma 2015), but then also progressively elsewhere (Roberts
and Velde 2014). And second, the outset of modern economic growth in some of the countries in the sample
would lead to nonstationarity in the GDP series (even when using �rst di¤erences) and hence some confounding
problems.19 The panel is "almost" balanced: Sweden�s data starts almost three decades later than the others
(1560), but other than this every variable is available for every country annually. This means that this dataset is

14For a review of the literature for the important case of New Granada see the references cited in TePaske 2010, pp. 38-9, who also
endorses this view.
15Exactly by how much depends on the exact de�nition and metric used to measure integration (Federico 2011), but there is no

question that all of these economies traded with each other, and it is likely that there was some co-movement in international business
cycles as well.
16The only exception is England, for which money supply is available from Palma (2015a). This case con�rms a steep increase in

money supply during the early modern period. However, as explained in that paper, the reconstruction method, while leading to data
which is representative of long-time trends, is likely to miss much high-frequency variation. Hence, it is not liable to be used to identify
short-term liquidity e¤ects.
17As long as the shocks are indeed structural they will not, up to a random error (asymptotically), be correlated with other variables

that in�uence output so no additional controls need to be included.
18The precious metals output data is quite complete after this date (TePaske 2010). In any case I was guided by the principle that

I am here estimating a lower bound to the true quantities mined (because of incomplete records or the possibility of smuggling). It
would not be possible to go much further back anyway, as evidently earlier there would be no variation in the production levels, which
would be �at at zero.
19Furthermore, the French revolutionary and Napoleonic wars combined with the rise of paper money also led to in�ationary expe-

riences with �scal origins in several countries during the 1790s (see for instance Sargent and Velde 1995 for the experience of France),
events which were unrelated to the production of precious metals in American mines.
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several order of magnitudes larger than the typical dataset used in the empirical macroeconomics literature that
aims to identify the e¤ect of monetary shocks, even when quarterly data is used in those studies.

The key variables which I use are as follows. (See the appendix for an extensive account of the data sources
and characteristics.) The dependent variables of interest are nominal GDP, the GDP de�ator, and real GDP. In
turn the main independent variable is the value of precious metals production in America. In the case of silver,
all data corresponds to annual variation in (the value of) production, with the exception of the short periods of
1536-59 for Lima and 1531-1559 for Mexico, for which I am forced to use the annualized values of ten-year averages
as no annual data is available.20 As far as gold is concerned, unlike in the case of silver to the best of my knowledge
no systematic annual production information exists. I hence use ten-year averages, taken from TePaske�s (2010)
compilation of sources. Translating gold ounces to silver pesos has implied a conversion through both value and
the relative price of gold and silver (available through Neal 1990 and McCusker 1978). This leads to some loss of
high-frequency variation but the basic results hold whether or not gold is included.

3.2 Basic results for a panel of European countries

I now discuss the reduced-form results for my panel of European countries. For most countries all of the dependent
variables are nonstationary across the entire sample. To deal with this there are, in principle, several options, the
simplest and most transparent of which is to use �rst di¤erences.21 The �rst equation estimated is as follows:

�ynomi;t = const+

6X
j=1

�j�st�j +

4X
j=1

�j�y
nom
i;t�j + x

0
i;t + ei + ui;t (1)

Here, i indexes countries and t time periods, at an annual frequency. �ynomi;t is the �rst di¤erence of the
natural logarithm (i.e. approximately the growth rate) of nominal GDP, �st�j is the �rst di¤erence of the natural
logarithm of production of precious metals in America at time t� j (the main independent variable of interest) and
xi;t is a vector of optional country-speci�c controls. Finally, ei is a time-invariant, country-speci�c �xed e¤ect, and
ui;t is the error term.22 For all speci�cations, the number of lags has been selected according to the BIC criteria.
(Unlike the AIC, the BIC is consistent.) For some close speci�cations the BIC varies little, but it clearly indicates
that a large number of dependent variable lags corresponds to over�tting, and that a higher number of lags for the
shocks are advised. I have settled for the BIC�s optimal choice of 4 lags for �ynomi;t and 6 for �st�j , but the exact
choice of lags is not determinant for the results.

In this regression, the �j�s are the main parameters of interest. They identify an unweighted average e¤ect of
additional availability of precious metals on nominal GDP, controlling for output dynamics (plus possibly additional
controls). Column (1) is a simple speci�cation, while column (2) is the baseline speci�cation which additionally
controls for supply-side shocks (here given by weather variation). Column (3) is a placebo robustness test, discussed
below. Notice that as long as production levels in America was exogenous to past, present and future realizations
of income in Europe, the �j coe¢ cient identi�es the reduced-form e¤ect of precious metal production �an e¤ect
which presumably, operated through national money supplies � and no additional controls are required.23 The
controls xi;t include polynomials of a deterministic time trend, to account for any possible remaining dynamics,
and supply shocks proxied by weather variables.24 The latter are alternatively the absolute level or the rate of
change of temperature, rainfall, and interaction terms of these variables.
20Since this corresponds to some loss of high-frequency variation in the dependent variable, it should if anything reduce the statistical

signi�cance of my results.
21Figure A2 of the appendix shows each variable, for each country, in �rst di¤erences. Panel ADF tests cannot reject at standard

levels of signi�cance that the data is stationary in �rst di¤erences. (They also do not reject a levels equation with a deterministic
trend.)
22Notice that the criticism of Nickel (1981) only applies to �short�panels. When T is large, as is the case here, the �xed-e¤ect (within)

estimator is consistent, and there is no need to use a dynamic panel model.
23Also notice that for all t, st does not vary across i. That is, the shock is common to all countries, �si;t�j = �st�j for all i:
24The �nal speci�cation includes only weather variables which control for supply shocks. This is because polynomials of a time trend

(e.g. a1t+ a2t2), which I have included to account for any remaining dynamics, turn out not to be individually or jointly signi�cant,
and the BIC increases relative to the baseline speci�cation, which suggests over�tting. Hence I have not included them.
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Table 3 shows the results. These suggest that nominal GDP responds strongly to the increased availability of
precious metals, and that the positive e¤ects persist up to at least �ve years later. A 10% increase in production
of precious metals in the American continent leads to a hum-shaped response of nominal GDP, with a peak e¤ect
of about 7% around years 2-3, all else constant.25

TABLE 3 HERE

A second equation concerns the price level (Table 4),

�pi;t = const+
6X
j=1

�j�si;t�j +
4X
j=1

'j�pi;t�j + x
0
i;t� + fi + vi;t (2)

Where pi;t is the price level, and the remaining notation is as before. The evidence suggests that the response
of the price level takes longer, and is much milder, than that of nominal GDP. Lags 5-6 are individually signi�cant
at standard levels, but have smaller coe¢ cients than was the case with nominal GDP over a 2-3 year lag. A 10%
increase in the production of precious metals in the American continent leads to an increase in prices of about 4%,
all else constant, in years 5 and 6 years after the shock.26

TABLE 4 HERE

The fact that the GDP de�ator reacts later and less strongly than nominal GDP suggests the existence of
liquidity e¤ects. This can be tested directly using real GDP as the dependent variable (Table 5),

�yreali;t = const+

6X
j=1

�j�st�j +

4X
j=1

�j�y
real
i;t�j + x

0
i;t� + gi + wi;t (3)

Here, yreali;t is real GDP per capita and the remaining notation is as before. The results are in Table 5. The
baseline estimates are in column (3), while column (1) shows the results without weather controls, and column (2)
without controlling for lagged real GDP. In turn columns (4) and (5) concern speci�cations which will be discussed
in sections 3.4.2. and 3.4.3., respectively. The baseline (column 3) results for real GDP show that only two years
after a 10% increase in the production of precious metals in America, average real GDP in the sample European
countries was about 0.6% higher, all else constant.27 Hence we cannot reject the exist-ence of a strongly positive
liquidity e¤ect.28

Notice that the three equations were estimated separately. As noticed before, as long as the shocks are
structural the reduced-form e¤ects will be identi�ed, and there is no need to explicitly consider the price level and
nominal GDP as part of a system. Furthermore, for all the cases (nominal and real GDP, as well as the price level),
all the signs are as expected, even though not all are individually signi�cant.29

TABLE 5 HERE

25Years 2 to 4 are individually signi�cant at conventional levels.
26The baseline results so far are sumarized in Figure A4 of the appendix.
27This "all else constant" e¤ect is individually signi�cant at the 10% level (p-value: 0.067). Notice this is an e¤ect for the second

year alone; I discuss the more important cumulative e¤ects below.
28 If the sample is restricted to the two countries for which better quality data is available, not only is the magnitude of the e¤ect

even stronger but the second lag becomes statistically signi�cant at the 1% level; see column (3) of the appendix table A2, and the
discussion in section 3.4.4.
29Notice that for some of these coe¢ cients, not rejecting zero is indeed the �desired� result, as happens for the e¤ect on the price

level for the �rst few years or nominal GDP for the last one or two years.
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Strikingly, for nominal GDP, the price level, and real GDP, the type of response found here is qualitatively
consistent with the response to monetary shocks found for the modern US economy in much of the modern macro-
economics literature (Christiano, Eichenbaum and Evans 1999, Romer and Romer 2004).

3.3 Cumulative impulse response functions

Cumulative impulse response functions are computed as follows. Take yreali;t as an example. Using equation (3), a
shock of size " at time t = 0 to �2s0 = ", has the following e¤ect one year later:

�2yreali;1 = �1" (4)

while two years later,

�2yreali;2 = �1"+ �1(�
2yreali;1 ) (5)

= "(�1�1 + �2)

three years later,

�2yreali;3 = �1"+ �2(�
2yreali;2 ) (6)

= " [�3 + �2(�1�1 + �2)]

and so on, up to 6 lags for precious metals production and 4 lags for the lagged dependent variable (in this
example, real output). Hence in each case, there is a direct impact e¤ect, plus an indirect e¤ect accruing from the
dependent variable dynamics.

The baseline results of the previous subsection can be visualized by considering the cumulative impulse response
to a positive 10% shock relative to the sample average (Figure 6, where I also show the cumulative impulse response
function to a 1 standard deviation shock relative to the sample average). As the �gure suggests, these e¤ects are
of a substantial magnitude, and persist for a long time. After production of precious metals in America increased
10% in a given year, real GDP in Europe was 1.3% higher four years later, all else (except for endogenous output
dynamics) constant. The evidence summarized in these graphs clearly suggests this is because prices responded to
monetary injections only with considerable lags.

Indeed the e¤ects in the �gure correspond to a conservative bound as they correspond to the full speci�cation
from the equations in the last subsection �i.e the results in columns (2) in Tables 3 and 4, and (1) in Table 5. If
past dependent variable dynamics and other covariates were not being controlled for �see equations (4)-(6) �the
unconditional e¤ect would be even stronger.
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Figure 6. Accumulated impulse response functions of nominal
GDP, the GDP de�ator, and real GDP to a positive 1% shock
and a positive one-standard deviation shock to production of
precious metals in America. The horizontal axis denotes the

number of years after the shock.

Additionally, data construction considerations suggest the e¤ect found is an underestimate. Indeed, for all
but two of the countries in the sample, GDP has been reconstructed using a relatively imprecise demand-based
approach.30 Because demand-side reconstruction uses prices to arrive at real GDP, if prices were indeed sticky then
the short-run response of those economies will actually be underestimated. This biases the results against �nding an
e¤ect, since the measured response will then be smaller than the true one, which would have been more vigorous, but
unobserved to us. The same type of attenuation bias results from the likely fragility of annual data reconstruction
for early modern economies. As there is no reason to believe the induced noise is in any way correlated with the
growth of precious metals production in America, the fact that I �nd an e¤ect nonetheless suggests that either
there is little annual-frequency noise in the historical GDP data reconstruction (which is implausible), or that the
true liquidity e¤ect was even stronger than that which I �nd.

30This is the case for Italy, Spain, Portugal, and Sweden, following an application of Deaton and Muellbauer (1980). In the case of
England and the Netherlands, GDP was constructed more directly, using output data.

13



3.4 Roboustness considerations

3.4.1 Dealing with potential covariate mismeasurement

As discussed in the previous subsection, if precious metals production was seriously mismeasured, this should bias
my coe¢ cients downwards in absolute terms.31 The fact that I �nd strong and signi�cant results suggests that this
is not a relevant problem: lags of the independent variable are indeed systematically correlated with the dependent
variables of interest. Still, in order to account for the possibility of smuggling, I now consider data on the use
of mercury. Technical change and variable mining productivities meant that the relation between mercury usage
and production was far from linear. Still, the correlation was usually tight (Figure 7), which suggests production
estimates from �scal sources are not out of line with reality.

Figure 7. Production of precious metals and mercury usage. Sources:
TePaske (2010), Gardner (1988)

As the �gure suggests, after about 1700 the correlation breaks down to some extent; while the trends continue
to be similar, there is a level e¤ect downwards for mercury usage. There are two reasons for this. First, the
eighteenth century was the age of gold, and there is evidence that mercury was particularly useful for silver, not
gold. (Figure A3 of the appendix shows that some of the divergence can be accounted for if gold is excluded).
But second, the direction of the breakdown matters. If, after 1700, mercury supply had been well above silver
production levels, then this might be a sign of increased smuggling after that time. The fact that it was below
instead suggests that it corresponds to higher TFP in the mining production function. Indeed, as the �gure also
suggests, the change corresponds to a level e¤ect only, as the trends continue to be similar. In sum, data on mercury
utilization suggest that smuggling was not an important issue and annual volumes of precious metals production
are approximately right.

Additionally, scale economies, coordination problems, and strategic security considerations often meant that
it made sense to transport precious metals in bulk and in protected convoys or galleons. Even in the case of gold,
which compared with silver is potentially easier to smuggle because of its higher value-to-weight ratio, it often
made sense not to. In the case of Brazilian gold after 1720, for instance, the state charged a rate of 1% for the
transportation of gold across the Atlantic (Costa et al 2013).

31As with classical measurment error, there should be attenuation bias.
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3.4.2 Placebo tests

If forward values of production of precious metals are added to the main regression in a symmetrical fashion to the
lags, the point-estimates for those forward variables are small in absolute terms, and either with erratic (nominal
GDP) or hard to interpret (GDP de�ator) signs. Furthermore, they are not individually signi�cant at conventional
levels, and an F-test rejects joint signi�cance as well. The results are shown in column (3) of Tables 3 and 4 and
column (4) of Table 5. The failure of future precious metals production to a¤ect the results also suggests that
agents did not or could not have anticipated in advance the coming of precious metals and optimized accordingly,
a topic which I will pick up in more detail in section 4.3.

3.4.3 Was there an heterogeneous response for the �rst-order receiving countries?

I have so far maintained that the annual production of precious metals in America was exogenous to the state of
the European economy taken as a whole, an assumption which I defend in detail in section 4. This assumption is
fully compatible with the possibility that once extracted, the distribution among di¤erent European countries of
the part shipped to Europe was endogenous to the characteristics of those di¤erent European countries32 , and that
it may have had heterogeneous e¤ects for di¤erent economies.

As the main receiving country was Spain, it is interesting to report the results for Spain alone. In fact, the
results for Spain diverge from most of the others. A liquidity e¤ect seems to be absent. Surprisingly, this does
not seem to be because the price level is responding particularly strongly or fast; instead, even nominal GDP is
not responding much either (Table 6, columns 1-3). These results seem strange given that, as is well know, at
least parts of Spain su¤ered from considerable in�ation in the sixteenth century. At the same time, other parts
of Europe did too, and Spain was an open economy which exported most of the precious metals: in this context
no one-to-one e¤ect on the aggregate price level is necessary.33 Secondly, in�ation in sixteenth-century Spain may
have had more to do with the introduction of tokens (vellón) than American precious metals.

TABLE 6 HERE

The fact that a liquidity e¤ect is absent for Spain suggests that for the full sample, the timing of real and
nominal e¤ects may have depended on factors other than where did the precious metals physically arrived in the
�rst place.34 It needs to be recognized at this point, however, that the underlying GDP estimates are diverse and
not of the same quality. The series for England and the Netherlands were derived from the production side, but the
others are based at least in part on a demand side approach, relying on proxies and relatively strong assumptions
for the estimation of the size of the industrial and service sectors. I have run separate panel regressions for England
and the Netherlands on the one hand and the other four countries on the other hand (the results are shown in
the appendix, tables A1 and A2). These results seem to suggest that indeed, the e¤ects are weaker (and less
statistically signi�cant) for the countries for which the data has been estimated using more imprecise methods.

But at the same time, the case of the other �rst-order receiving country, Portugal, provides and interesting
comparative dimension to Spain. For Portugal, an e¤ect still exists for the full sample, but if the sample is split so
that the regressions are run for the period that Portugal was a receiving country only (after about 1690), the results
vanish (Table 6, columns 4-9). The magnitudes become smaller and the standard errors larger. The point of doing
this is to interpret Portugal 1531-1689 as a "control group". From this I conclude that perhaps the existence of a

32Endogenous to income levels and consequent demand for liquidity; see McCloskey and Zecher (1974).
33We do know that in sixteenth century Seville, the arrival of the �eets led to price increases, and if a Dutch disease mechanism

existed, it should have operated through an increase in the price level (and an appreciation of the real exchange rate). However, it is
not clear how widespread these price changes were in the country as a whole. Further, if changes in relative prices occurred (perhaps
the price of tradables fell) this need not a¤ect the GDP de�ator.
34 Indeed for the remaining 5 countries there seems to be no systematic correlation between the distance of the capital of each country

from Seville (or Cádiz) to the strength of the country-speci�c liquidity e¤ect.
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liquidity e¤ect is conditional on not being a �rst-order receiving country, or on other unobserved characteristics of
the receiving countries. Indeed, if Spain and Portugal after 1700 are excluded from the sample, the liquidity e¤ect
found for the others is even stronger. I compare the liquidity e¤ects on real GDP for the full sample with that
for England and the Netherlands, and for the second-order receivers (alternatively de�ning Portugal before 1690
as one or not) in Figure 8. The results are as expected: England and the Netherlands have the strongest liquidity
e¤ects, followed by the other second-order receivers.

Figure 8. Accumulated impulse response functions of real GDP to a positive 1%
shock to production of precious metals in America: comparison of several

subsamples.

4 Threats to identi�cation

The literature on the nineteenth-century gold standard generally assumes that gold production was endogenous to
prices. Robert Barro�s (1979) model describes the adjustment of money and prices under the gold standard, and it
assumes that the supply of gold in the long run is determined by the opportunity cost of producing gold. Hence,
if there is a rise in productivity in the non-gold producing sector of the economy, there is a subsequent increase in
the demand for money. In turn, this leads to a fall in prices �ie. to a rise in the purchasing power of gold �which
stimulates gold production.35 Threats to the validity of my natural experiment can be classi�ed as follows. First,
the timing of the discovery of the mines could have been endogenous to European prices or GDP. Second, mining
intensity could have been endogenous to the state of the European economy as well.36 From the point of view of
statistical testing, what matters is whether the total production of precious metals was reacting to the state of the
European economy, so these two distinct possibilities can be safely confounded.

In this section, I respond to the endogeneity challenge in several ways. First, I follow an IV strategy: using
weather shocks as a source of exogenous variation to the state of the European economy (GDP and prices), I show

35 It would be interesting to test these theoretical predictions for period Barro was writing about using the timing of the discovery
and mining intensity of nineteenth century gold rushes in Alaska, Russia, Australia, South Africa, and California. I leave this for future
work.
36One might additionally argue that the distribution of the windfall across the di¤erent European countries could have been endoge-

nous. This was certainly the case, but it will be internalized by the reduced-form estimates and hence does not represent a threat to
identi�cation of either the "average" e¤ect across the European economies in the sample or that for any speci�c subsample chosen when
those regressions are run.
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that these do not cause future changes in the production of precious metals in America. Second, I show that both
the production of American precious metals and shipments to Europe were approximately white noise. Third, I
show that changes in production in America were not positively correlated with previous changes in the price of
precious metals in Europe. Fourth, I show that Granger "causality" tests suggest that changes in the production
of precious metals in America predict future changes of GDP and prices in Europe, but not the other way around.
They also suggest that changes in the production of precious metals in America predict future changes in the price
of precious metals in Europe, but not the other way around. Finally, I show that a credible measure of the lower
bound to the unanticipated component of shipments to Europe have the same e¤ect as those which may have
been anticipated, hence increasing the credibility of the Granger "causality" tests, by ruling out anticipation e¤ects
which would have operated through the endogenous formation of expectations.

4.1 The weather as an instrument for European GDP

The reverse-causality hypothesis can be ruled out using country-speci�c weather information as an instrument for
variation in GDP. Suppose that in a given year, output increased driven by consensually exogenous weather shocks.
If a reverse-causation link existed, American production of precious metals should, as a consequence, increase in
the next few years. I will now test (and ultimately reject) this hypothesis using a 2SLS model. The second-stage
equation is

�st+k = c0 + c1�~yi;t + ei + ui;t

where k = 1 corresponds to the usual �rst di¤erence case, but I also consider the possibility of longer response
times, i.e. k > 0.37 Here, ~yi;t is the part of nominal GDP which is explained by a �rst-stage regression of regional-
speci�c air temperature, and interactions of this with lagged output.38 While the weather would be expected to
directly a¤ect mainly agricultural output, it would be expected that this e¤ect would in turn spill-over to the rest of
the economy as well. First-stage F-statistics con�rm the instruments are relevant (i.e. not weak), which is natural
as these were largely agricultural economies for which the weather was critical in determining the success of the
harvest. As instruments, I use the absolute level of country-speci�c and season-speci�c air temperature. (I have
also used country-speci�c rainfall levels but the results do not change much.) It seems reasonable that the weather
in Europe did not a¤ect the production of precious metals in America in other channels in addition to (potentially)
through di¤erential levels of demand caused by changes in GDP. The results are shown in Table 7.

TABLE 7 HERE

The important result is that c1 = 0 cannot be rejected at standard signi�cance levels, which supports the
hypothesis that it was not the state of the European economy determining the production of precious metals
in America. Instead, as argued in section 2 this was driven by local conditions.39 A similar result holds for the
corresponding coe¢ cient for the GDP de�ator. Hence, these results suggest that the state of the European economy
did not cause future discoveries or mining intensity of precious metals in America.40

37 I report the results for k = 4, but the result holds for similar choices of k. I also tried as a dependent variable st+k � st, and once
again the results hold.
38The results are similar if instead of the level of air temperature, the absolute level of air temperature, the di¤erence relative to the

absolute level, or, following the analogous case of rainfall by Miguel et al (2004, p. 733), proportional change is used.
39With regards to instrument relevance, in Table 7 I show the IV F-statistic of the �rst stage regressions, and they are above the

usual rule of thumb of 10. I do not perform tests of over-identifying restrictions, since the current consensus is that even when more
instruments than endogenous variables are available, these tests cannot be used to test for instrument validity (Parente and Silva 2012)
40Previous readers have suggested using weather data for the Americas as a source of exogenous variation in precious metals production

in the main regressions. I �nd this unpersuasive because the exclusion restriction becomes hard to defend: surely, other elements of the
colonial economies in addition to precious metals production were a¤ected by the weather in the colonies, hence rendering the exclusion
restriction invalid as the weather would have a¤ected the state of the European economy in ways (e.g. the strength of sugar or cotton
production) other than through variation in the availability of precious metals.
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4.2 Granger-"causality" tests: did production react to the price of precious metals
in Europe?

There is also the possibility that mining in America was reacting to the price of precious metals in Europe (as
opposed to the "state" of the European macroeconomy more generally, as tested for in the previous subsection).
Here, I respond to this possibility using the market price for silver in London, taken from Neal (1990).41 Initially
looking at simple correlations, regressions of silver production on prices in London show that a relationship can
be safely rejected, whether the relationship is estimated in levels or �rst di¤erences (with low F-joint signi�cance
statistics). Nevertheless, these are just correlations, and do not imply that the production of precious metals in
America do not have a causal e¤ect on prices of precious metals in Europe, all else constant.42

Indeed, Granger-"causality" tests following reduced form VARs43 for the �rst-di¤erence vector show that while
it is not possible to reject at standard levels of signi�cance that the production of precious metals is a predictor
of future silver prices in London, the opposite is not true (Table 8). Following the estimation of the reduced-form
VAR (with a number of lags chosen according to the BIC criteria), Granger-"causality" tests for each variable
are simply Wald tests that the coe¢ cients on the lags of the candidate explanatory "cause" are jointly zero. The
nulls simply test whether, by not including them, the model loses signi�cant explanatory power (hence it is about
prediction, not true causality.)44

TABLE 8 HERE

These results (plus those of the previous subsection) are strong evidence in favor of the idea that local
cost conditions in Central and South America, not annual-level variations in the state of the European economy
(including the price of precious metals), were the main determinants of how much precious metals were produced
in the New World.45 Hence, the natural experiment which provides the causal identi�cation for the results in this
paper seems to be validated. However, since Granger-"causality" tests are about prediction, not causality, they
may be not valid in the presence of anticipation e¤ects. While their presence over long periods of time seems in
this case rather far-fetched, I consider the endogenous formation of expectations in the next subsection.

4.3 Accounting for endogenous formation of expectations

4.3.1 Was future production of precious metals growth predictable?

Even after ruling out the possibility that the production of precious metals in America would have been reacting
to the state of the European economy or the price of precious metals in Europe, it could still be the case that
variation in these production levels, while exogenous to the European economy, would have been going through
regular production cycles which could have been easily anticipated by the European agents.

41While I am not aware of a similar price series for the remaining countries in the sample, the European economy should have been
su¢ ciently integrated at the time that these should be highly correlated to the price in London. Also, these tests can only be done for
silver, as in the case of gold, variation in production is not observed annually.
42 In fact, if the test is reversed and instead forward prices are used as the dependent variable, the F-statistic increases and there is

now an individually signi�cant in the �rst few years, which is consistent with the results from the previous section (and indeed a lower
bound to the true causal e¤ect due to downward bias caused by the contemporaneous response of real GDP, which would tend to raise
prices).
43Notice that in a reduced-form VAR no ordering restrictions are imposed (see for instance, Stock and Watson 2001). They are

simply meant to capture dynamic correlations in the data.
44As always with Granger-"causality" tests, the null is the hypothesis that the explanatory variable predicts changes in the dependent

variable.
45 In �gure A5 of the appendix, I additionally show that,outliers excepted, there also does not seem to have existed a correlation

between time and number or richness of mines found.
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In the previous subsection I have shown that the production of precious metals in America is a good predictor
of future developments in GDP, but not the other way around. However, as is well-known, Granger-"causality"
tests may not be valid in the presence of anticipation e¤ects. If people could correctly predict the quantities of
silver and gold coming every year, then identi�cation could be at stake. One prominent possibility is that as news
about the discovery of mines and the shipping of precious metals to Europe spread, agents endogenously adapted
expectations, such that, for instance, the real e¤ects on money supply would be neutralized through an increase in
prices. It would then be more di¢ cult to justify the e¤ects that I �nd here.

My interpretation of discoveries and production of precious metals in America as a natural experiment can be
made more credible if it can be shown that variation in the growth (�rst di¤erence of the natural log) of production
of precious metals in America � the main independent variable of interest used in the regressions of Section 3
� cannot be easily distinguishable from white noise. In fact, this can be again tested using a Portmanteau or
Bartlett�s periodogram-based test for white noise, which does indeed suggest agents at the time would have had
much di¢ culty predicting future variation of this variable (Table 9, column 1).

TABLE 9 HERE

4.3.2 Was future monetary growth predictable?

Even if variation in the production levels in America could not have been predicted, it is still arguable that agents
would have been trying to form expectations as best as possible from publicly available sources about the arrivals of
shipments to Europe. If people could predict in advance how much was arriving, they could �under the additional
assumption of rational expectations �predict how much money would increase over the next few years, and should
have reoptimized accordingly. Notice, however, that short-run neutrality implies not only that we assume rational
expectations but also instant market clearing. Even today markets do not clear instantly, because of various
frictions such as sticky plans, prices, wages, and rational inattention, but it is worthwhile seeing whether this can
be tested for.

It is possible to construct a good measure of the unanticipated component of (some of) the shocks. Com-
mercial �newspapers� in Europe regularly announced the quantities arriving. One source which has been studied
exhaustively is that of the Dutch gazettes (Morineau 2009). These �newspapers�of the time announced how much
was arriving to Spain and Portugal every year. They hence describe the amounts which were "public information".
They were hence an informational higher bound, i.e. the quantities that an hypothetical agent which was as well
informed as it was possible using public information, and who formed expectations rationally, could best predict.

At the same time, in the case of gold arrivals in Portugal, there is a �scal source which gives, on an annual
basis, the true arrivals. Gold from Brazil to Portugal during the eighteenth century was an important fraction of
the total value of arrivals (see Figures A6 to A9 of the appendix), and there is plenty of evidence that these then
spread out all over Europe. Tim Blanning, for instance, writes that "the rapidly expanding output of Brazilian
mines helped alleviate the chronic shortage of coin and, among other things, allowed the stabilization of European
currencies" (Blanning 2008, p. 95).

The data on the "true" gold arrivals was private information to the receiving agents and their intermediaries
and to the king of Portugal, and has been obtained from a �scal source, the livros de manifestos de 1%, available
at the Lisbon mint. Costa, Rocha and Sousa (2013) describe this source in detail, and it is available for the period
1720-1808. It contains information not only about the amounts arriving but also its receivers, both public and
private.46 The livros de manifestos de 1%, was compulsory for all the �eets that transported gold arriving from
1720 onward. Costa, Rocha and Sousa (2013) argue persuasively that any quantities of gold smuggled must have
been minor compared with these, since the 1% paid was a relatively small cost once agency, risk and transportation
costs are taken into account.
46Since the quantities were often picked up by intermediaries, it is arguable that communication between these could lead to an

estimate of the totals. However, the very fact that commercial gazettes were providing these estimates suggests that the total quantities
were not otherwise known to the public.
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A shock can hence be de�ned as the quantity that actually arrived minus that which a hypothetical best-
informed agent might expect from relying on public information alone (Figure 9 shows the annual innovations;
Figure A9 in the appendix shows the absolute comparison between the two amounts). In the initial decades,
the newspapers exaggerated the quantities arriving, and there was some persistence in these mistakes, as visual
inspection of Figure 9 suggests.47 However, as the century advanced, the variance in these errors diminished, and
the direction of the errors also became less systematic.

Figure 9. A lower bound to the innovation component of gold arrivals
(de�ned as true arrivals, given by a source which was private

information, minus the best-information higher-bound expectation,
given by a source which was public information). Unit: Tonnes.

Sources: see text.

Notice the revelation of the uncertainty was not observable for the agents, since the true quantities arriving
remained, for them, unobservable. Hence the innovation does not correspond to the usual and perhaps more
intuitive expression innovationt = mt � Et�1(mt) since agents did not observe the realization of mt even at time
t. (And it is not clear when, or if, the uncertainty was ever revealed to them). In other words, using standard
notation, Et(mt) = Et(mt p It), which does not necessarily equal mt.48This innovation was close to white noise
(Table 9, column (2), and the appendix �gures A10, A11), and it was also large relative to the overall size of arrivals
�the median annual value for arrivals during the 1720-1788 period was 7.26 tonnes.

The almost absence of serial correlation increases the credibility of arrivals as an exogenous, largely unpre-
dictable shock. Unfortunately, in the case of arrivals in Spain, an equivalent measure cannot be constructed. While
the Dutch gazettes also reported quantities of Spanish American gold arriving to Europe, no source analogous to
the livros de manifestos de 1% is available in the Spanish American case (Costa, Rocha and Sousa 2013), hence
rendering an analogous calculation of the innovations impossible for that case. But there seems to be no good rea-
son to suppose that the Dutch gazettes would have been able to predict quantities coming from Spanish America
any better than they were in the Brazilian case.

47 It is likely that the opposite would have been true earlier in the century, when the Brazilian discoveries were still fresh.
48This in itself poses interesting questions and identi�cation strategy possibilities to be explored in future work: for instance, in this

age before any o¢ cial publication of macroeconomic statistics by the government, did people respond to the overall quantity of money
in circulation or to what they perceived as such? The very fact that no o¢ cial statistics existed can help us understand better not just
this economy but potentially the role that such government-provided information plays today as well.
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4.4 External validity

Most of the considerations in this section have so far been concerned with the internal validity of the results.
The safest interpretation is that these liquidity e¤ects correspond apply only to the context of the early modern
European economy; the fact that early modern economies were very di¤erent from those of today certainly precludes
direct extrapolation of the results. It is di¢ cult to know at this stage, for instance, whether prices were more or less
sticky than in modern economies, since qualitatively an argument could be made both ways. To my knowledge no
study has undertaken a systematic comparison of wage and price rigidities in the past vis-à-vis modern economies.
On the one hand, in early modern economies social norms could lead to price and wage rigidities as well as market
illiquidity. Land contracts, for instance, were often set for several generations. And unlike today in the early
modern period nominal wages (though not prices) only varied very intermittently, often staying constant over an
interval of many years. But at the same time, in modern, rich economies prices (but not wages) seem to vary
considerably less than they did in the past, perhaps due to the stabilizing in�uence of modern central banks.

And yet it is striking that the response of past economies to monetary shocks was as similar as that which
we expect from those today. The fact that in the European early modern period monetary shocks had e¤ects that
match much of what we know about their e¤ects today suggests one of two conclusions. Either the mechanism
that generates modern liquidity e¤ects is not, in fact, "modern" �that is, not as related to the role of �nancial
intermediation as some of the textbook channels of monetary policy transmission suggest �or instead, they were
of a di¤erent nature than those of today, but happen to roughly coincide in timing and magnitude of e¤ect. More
research is needed, particularly at the micro level, to distinguish between these possibilities.

5 Conclusion

Identi�cation in both economic history and macroeconomics is illusive: convincing natural experiments or instru-
mental variables which allow us to answer important questions are rarely available. In the case of the identi�cation
of the e¤ects of money on the real economy, an extensive literature has developed, but the fact that liquidity e¤ects
are so di¢ cult to identify has led to all sorts of conclusions, ranging from monetary shocks having no e¤ects (Sims
and Zha 2006, Williamson and Wright 2011) to them having small-to-moderate and persistent e¤ects (Christiano,
Eichenbaum, and Evans 1999), to strong and very persistent e¤ects (Romer and Romer 2004).

The early modern monetary injections from America provide a clean source of identi�cation for this problem.49

While restricted to a period of the past �and because of the di¤erent nature of past economies I am certainly not
in favor of quick extrapolations of external validity �the evidence is in support of the notion of non-neutrality, and
in favor of large, and persistent, e¤ects of money on real output.

Many extensions of this work are possible for the future. For some countries it is possible to split the output
data into agricultural versus non-agricultural (industry and service) sectors. It seems likely that the e¤ects are
stronger for the latter, which would then suggest that the full results are being driven by an elastic response of
industry and services (while in agriculture supply was much more inelastic). Another promising avenue is to consider
whether the e¤ects are stronger at times of recession. The exercise is not straightforward since the de�nition of
"recession" is far from clear-cut, and the annual frequency of the data only allows us to consider episodes where the
recessions lasted at least two or three years. Still, one simple possibility would be to de�ne recession as two years
below trend growth where in turn this is given by a polynomial approximation, or where the cyclical component
is de�ned by a �lter such as Hodrick-Prescott or Baxter-King. This would allow us to consider whether the e¤ects
change conditional on the receiving economy being in recession (Ramey and Zubairy 2014, Thwaites and Tenreyro
2016). Finally, my emphasis in this paper has been on reduced-form results but one important future step is to
understand the structural mechanism behind them.
49 I do not take an active position in this paper on what was the mechanism through which money a¤ected real economic activity.

Unfortunately annual data on money market interest rates is not systematically available for these economies, and more than one type
of monetary transmission mechanism is consistent with these results.
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Appendix

In this appendix I present the data sources for the sample. In a separate appendix (for online publication
only), I present additional data and speci�cation checks for the empirical section.

Historical material (Sources)

GDP and GDP de�ator data. England/GB from Broadberry et al. (2015). North and Central Italy from
Malanima (2011). Holland from Van Zanden and van Leeuwen (2012). Spain from Álvarez-Nogal and Prados de
la Escosura 2013), Portugal from Palma and Reis (2016), and Sweden from Schön and Krantz (2012, 2015).

Conversion to grams of silver. Pounds sterling from Munro (undated). Florentine lire to grams of silver from
Malanima (2011). Dutch guilders from Van Zanden and van Leeuwen (2012). Spanish reales from Waltis (1994).
In the case of Sweden, I used the following conversion rates for the conversion to nominal GDP in 1800: 1 riksdaler
specie = 25.2816 gram silver; 1 riksdaler banco = 1 riksdaler specie; 1 riksdaler banco = 1.445 riksdaler riksgälds;
1 SEK = 1 riksdaler riksgälds. These rates correspond to the 1800 average, as the value of riksgälds in riksdaler
banco was �oating and changed each month. SEK de�ned as riksdaler specie in 1776-1788, riksdaler riksgälds
1789-1855, riksdaler riksmynt 1855-1873. Hence, 1 SEK = 36.5319 grams of silver, and nominal GDP in 1800 =
133.64 million SEK = 4882.18 tons of silver. For earlier periods, 1 SEK de�ned as riksdaler specie in 1776-1788,
and riksdaler riksgälds 1789-1855. The �ne silver content of mark (mark kopparmynt from 1624) was then used,
making the 1 SEK = 72 mark kopparmynt conversions in 1777. (Thanks to R. Edvinsson for this info.)

Production of precious metals. In all cases the original units are pesos of 272 Maravedís, here converted to
grams of silver at the rate of 1 silver pesos of eight reales (or equivalently, 272 Marvedís) = 25.931 grams of silver;
for the conversion rate, which is valid for the entire early modern period, see Munro (2003). Silver production
in Peru, 1531-35 from Vilar (1969, p. 110); Silver production in Peru (Lima), 1536-59 (original data by decade,
here annualized) from TePaske (2010, p. 187). Silver production, Peru (Potosí), 1545-1559, from TePaske (2010,
p. 188). Silver production in Mexico, 1531-1559 (original data by decade, here annualized), from TePaske (2010,
pp. 114). Silver production Peru, 1559-1790, from TePaske, Herbert Klein et al. (1982); silver production in
Mexico, 1559-1790, from TePaske and Klein (1981) and TePaske (1983). Gold production, 1531-1790 (by decade,
here annualized), from TePaske (2010, p.54).

Mercury supply. In Quintales (1 quintal = 100lbs), 1558-1790. As complied from a wide variety of primary and
secondary sources and made available by Richard Gardner, R. at http://www.insidemydesk.com/ (last accessed
January 22nd, 2015)

London price of gold and silver. Prices are in pounds sterling per ounce for gold and pence per ounce for
silver. This data was taken from Neal (1990) and McCusker (1978), as made avaliable by O¢ cer and Williamson
(2015).

Weather shocks data. Seasonal air temperature data from Guiot and Corona (2010), Luterbacher et al. (2004),
and Xoplaki et al. (2005). Seasonal precipitation data from Pauling et al (2007).50 The original data are given in
a grid, which varies between 70:75�30:25N and 29:75W �39:75E. I have chosen, for each country, the grid closest
to the capital city (the only exception has been Italy, in which I have chosen Florence, as Malanima�s data refers to
Central and North Italy only.) In a few cases the data was not available for a speci�c location, and when this was
the case I chose the nearest available grid for the same year, �xing the latitude, and searching along the longitude,
as described in detail below. Since for each country there is season-speci�c data for both temperatures and rainfall
for each year, the total amount of data collected has been 6�4�2�231 = 1488 observations. The exact coordinates
chosen were as follows. England: 51:25N , 0:25W ; Italy (Central and North): 43:25N , 11:25W ; Holland: 52:25N ,
4:75W , Sweden:52:25N , 18:25W ; Spain: 40:25N , 3:25W , Portugal, 38:75N , 9:25W . When data was missing an
approximation was made using the nearest available longitude as follows. Autumn precipitation: Italian longitude
proxied by 8:25W , Swedish longitude proxied by 19:75W ; Spring precipitation: same as for Autumn; Summer
precipitation: Italian longitude proxied by 8:25W , Swedish longitude proxied by 9:75; Winter precipitation: same
as for winter.
50Taken from http://www.cru.uea.ac.uk/cru/projects/soap/data/recon/, accessed January 2015.
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the Bank of 

England 
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1.9 
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- 

 
6.5 

Other 
means of 
payment 

 
1 
 

10 n/a 18.1 n/a n/a n/a 

Total (M2) 4.5 20 >8.5 40 >23 >56 >141.4 
 
Table 1. Estimates for the components of English nominal money supply. Unit: millions of £. 
Sources: Mayhew (2013), Capie (2004) and Cameron (1967). The category “other means of payment” 
includes Cameron’s £ 6m in government tallies and £2 m in inland bills in 1688 and £ 3.1m in 
deposits in private banks in 1750. 
 

 

Fine silver, tonnes Gold, silver equivalent tonnes 

Initial stock, Europe (1492) 3,600 297 

Imports to Europe 

1500-1600 7,500 150 

160-1700 26,168 158 

1700-1800 39,157 1,400 

Total Imports 72,825 1,708 
 

Table 2. Specie stocks and flows. Sources: Initial stock from Braudel and Spooner (1967), as 
endorsed by Velde and Weber (2000, p. 1230); flows from Morineau (2009).



 

Table 3. The nominal GDP equation, 1531-1790. The lags of the dependent variable included as 

controls account for potential serial correlation in the error term. The “weather controls” include 

the current level and 2 lags of the country-specific air temperature. Standard errors (in 

parentheses) are bootstrapped with 1000 replications. *, ** and *** denote individual 

statistical significance at the 10, 5, and 1% levels. 

Dependent variable: First difference of the ln 
of nominal GDP 

 
(1) 

 
(2) (3) (placebo) 

 
Estimator 

 

 
Fixed-effects 

(within estimator) 
 

 
Fixed-effects 

(within 
estimator) 

 

 
Fixed-effects 

(within 
estimator) 

 

Constant 
  .009** 
(.004) 

  .009** 
(.004) 

  .009** 
(.004) 

First difference of the ln of nominal GDP(-1) 
   -.228*** 

(.026) 
   -.228*** 

(.026) 
   -.230*** 

(.026) 

First difference of the ln of nominal GDP(-2) 
      -.187*** 

(.026) 
-.188*** 

(.026) 
   -.188*** 

(.027) 

First difference of the ln of nominal GDP(-3) 
  -.056** 

(.026) 
  -.053** 

(.026) 
  -.054** 

(.027) 

First difference of the ln of nominal GDP(-4) 
-.031 
(.026) 

-.032 
(.026) 

-.034 
(.026) 

First difference of the ln of  
precious metals production (-1) 

.034 
(.024) 

.035 
(.024) 

.033 
(.025) 

First difference of the ln of  
precious metals production (-2) 

   .069*** 
(.025) 

   .069*** 
(.025) 

      .068*** 
(.026) 

First difference of the ln of  
precious metals production (-3) 

   .067*** 
(.026) 

  .066** 
(.026) 

  .067** 
(.026) 

First difference of the ln of  
precious metals production (-4) 

  .043** 
(.025) 

.043* 
(.025) 

.044* 
(.026) 

First difference of the ln of  
precious metals production (-5) 

.016 
(.025) 

.020 
(.024) 

.019 
(.025) 

First difference of the ln of  
precious metals production (-6) 

-.017 
(.023) 

-.018 
(.024) 

-.0194 
(.024) 

First difference of the ln of  
precious metals production (+1) 

- - .016 
(.025) 

First difference of the ln of  
precious metals production (+2) 

- - .003 
(.026) 

First difference of the ln of  
precious metals production (+3) 

- - 
-.015 
(.026) 

First difference of the ln of  
precious metals production (+4) 

- - 
-.023 
(.026) 

First difference of the ln of  
precious metals production (+5) 

- - .002 
(.026) 

First difference of the ln of  
precious metals production (+6) 

- - -.012 
(.025) 

WEATHER CONTROLS NO YES YES 
COUNTRY FIXED EFFECTS YES YES YES 

BIC criteria -1718.43 -1699.47 -1585.196 
 

R2 
Within: 0.0747 
Between: 0.9868 
Overall: 0.0707 

Within:  0.0747  
Between: 0.9868 
Overall: 0.0707 

Within:  0.0759 
Between: 0.9863 
Overall: 0.0720 

observations 1491 1491 1455 



 

Table 4. The price level (GDP deflator) equation, 1531-1790. The lags of the dependent 
variable included as controls account for potential serial correlation in the error term. The 
“weather controls” include the current level and 2 lags of the country-specific air temperature. 
Standard errors (in parentheses) are bootstrapped with 1000 replications. *, ** and *** denote 
individual statistical significance at the 10, 5, and 1% levels. 

Dependent variable: First difference of the ln of 
the price level 

(1) (2) (3) (placebo) 

 
Estimator 

 

 
Fixed-effects 

(within 
estimator) 

 

 
Fixed-effects 

(within 
estimator) 

 

 
Fixed-effects 

(within 
estimator) 

 

Constant 
      .008*** 

(.002) 
   .008*** 

(.002) 
.009 

(.003) 

First difference of the ln of the price level (-1) 
-.125 
(.122) 

-.124 
(.123) 

-.125 
(.122) 

First difference of the ln of the price level (-2) 
   -.184*** 

(.065) 
   -.182*** 

( .066) 
   -.184*** 

(.065) 

First difference of the ln of the price level (-3) 
   -.147*** 

(.048) 
   -.147*** 

(.047) 
-.149*** 

(.046) 

First difference of the ln of the price level (-4) 
   -.116*** 

(.029) 
-.115*** 

(.029) 
-.115*** 

(.030) 
First difference of the ln of 

 precious metals production (-1) 
-.009 
(.021) 

-.006 
(-.006) 

-.010 
(.023) 

First difference of the ln of 
 precious metals production (-2) 

.004 
(.026) 

  .003 
(.026) 

.000 
(.027) 

First difference of the ln of  
precious metals production (-3) 

.018 
(.035) 

.016 
(.035) 

.015 
(.036) 

First difference of the ln of  
precious metals production (-4) 

.015 
(.014) 

.015 
(.015) 

.017 
(.016) 

First difference of the ln of  
precious metals production (-5) 

      .039*** 
(.012) 

.042*** 
(.012) 

   .044*** 
(.012) 

First difference of the ln of  
precious metals production (-6) 

  .034** 
(.014) 

.035** 
(.014) 

.032** 
(.015) 

First difference of the ln of  
precious metals production (+1) 

- - -.007 
(.021) 

First difference of the ln of  
precious metals production (+2) 

- - 
-.047** 
(.026) 

First difference of the ln of  
precious metals production (+3) 

- - 
-.043* 
(.022) 

First difference of the ln of  
precious metals production (+4) 

- - -.023 
(.022) 

First difference of the ln of  
precious metals production (+5) 

- - .001 
(.022) 

First difference of the ln of  
precious metals production (+6) 

- - .009 
(.021) 

WEATHER CONTROLS NO YES YES 
COUNTRY FIXED EFFECTS YES YES YES 

BIC criteria -2253.174 -2234.322 -2115.97 

R2 

Within: 
0.0657 

Between:  
0.8758 

Overall:   
0.0638 

Within:  
0.0677 

Between:   
0.8712   

Overall:   
0.0657 

Within: 
0.0568 

Between:  
0.9905 

Overall:   
0.0452 

observations 1491 1491 1455 



Dependent variable:   
First diff. of the ln of real GDP 

(1) (2) 
 

(3) 
 

(4) (placebo) 
(5) (second-

order receivers) 

 
Estimator 

 

Fixed-effects 
(within estimator) 

Fixed-effects 
(within estimator) 

Fixed-effects 
(within estimator) 

Fixed-effects 
(within estimator) 

Fixed-effects 
(within estimator) 

Constant 
.002 

(.002) 
.002 

(.002) 
.002 

(.003) 
.000 

(.003) 
 

First diff. of the ln of real GDP(-1) 
-.078 
(.072) 

- 
-.078 
(.072) 

-.079 
(.071) 

-.070 
(.076) 

First diff. of the ln of real GDP(-2) 
-.129* 
(.077) 

- 
-.128* 
(.077) 

-.128 
(.080) 

-.128 
(.091) 

First diff. of the ln of real GDP(-3) 
-.029 
(.020) 

- 
-.029 
(.021) 

-.029 
(.020) 

-.023 
(.017) 

First diff. of the ln of real GDP(-4) 
-.080*** 

(.024) 
- 

-.082*** 
(.026) 

-.081*** 
(.025) 

-.089*** 
(.019) 

First diff. of the ln of  
precious metals production (-1) 

.038 
(.028) 

.033 
(.022) 

.037 
(.027) 

.036 
(.029) 

.038 
(.042) 

First diff. of the ln of 
 precious metals production (-2) 

.059* 
(.032) 

.054** 
(.026) 

.059* 
(.032) 

.060* 
(.034) 

.081* 
(.047) 

First diff. of the ln of 
 precious metals production (-3) 

.038 
(.032) 

.027 
(.027) 

.039 
(.033) 

.043 
(.036) 

.041 
(.052) 

First diff. of the ln of  
precious metals production (-4) 

.014 
(.025) 

.0085 
(.019) 

.014 
(.025) 

.014 
(.025) 

.016 
(.041) 

First diff. of the ln of  
precious metals production (-5) 

-.030* 
(.0164462) 

-.042* 
(.023) 

-.029* 
(.017) 

-.031 
(.017) 

-.044 
(.020) 

First diff. of the ln of  
precious metals production (-6) 

-.051** 
(.023) 

-.055* 
(.029) 

-.052** 
(.024) 

-.051 
(.023) 

-.074 
(.027) 

First diff. of the ln of 
precious metals production (+1) 

- - - 
.020 

(.012) 
- 

First diff. of the ln of 
 precious metals production (+2) 

- - - 
.047 

(.048) - 

First diff. of the ln of 
precious metals production (+3) 

- 
 
- 
 

- 
.027 

(.045) 
- 

First diff. of the ln of  
precious metals production (+4) 

- 
 
- 
 

- 
.004 

(.047) 
- 



 

Table 5. The real GDP equation, 1531-1790. The lags of the dependent variable included as controls account for potential serial correlation in the 
error term. The “weather controls” include the current level and 2 lags of the country-specific air temperature. Standard errors (in parentheses) 
are bootstrapped with 1000 replications. *, ** and *** denote individual statistical significance at the 10, 5, and 1% levels. 

 

 

 

 

First diff. of the ln of  
precious metals production (+5) 

- 
 
- 
 

- .021 
(.051) 

 
- 

First diff. of the ln of 
 precious metals production (+6) 

- 
 
- 
 

- -.006 
(.032) 

 
- 

 
WEATHER CONTROLS 

 
NO YES YES YES YES 

 
COUNTRY FIXED EFFECTS 

 
YES YES YES YES YES 

 
BIC criteria 

 
-1366.503 -1359.081 -1366.503 -1258.046 -524.1151 

 
R2 

 

Within: 0.0316 
Between: 0.9899 
Overall: 0.0310 

Within: 0.0074 
Between: 0.3256 
Overall: 0.0074 

Within: 0.0321 
Between: 0.9571 
Overall: 0.0315 

Within: 0.0345 
Between: 0.9779 
Overall: 0.0339 

Within: 0.0339 
Between:  0.9925 
Overall:  0.0333 

observations 1491 1495 1491 1455 985 



 

Table 6. Nominal GDP, the price level, or real GDP for the receiving countries (Spain, full sample and Portugal, 1690-1790), and for Portugal 
1531-1689. The “dependent variable dynamics control” include four lags of the dependent corresponding dependent variable. *, ** and *** 
denote individual statistical significance at the 10, 5, and 1% levels.

Sample 
 

Spain, full sample (1531-1790) 
 

Portugal, 1531-1689 Portugal, 1690-1790 

Dependent variable 

 
(1) Ln of 
Nominal 

GDP 
 

(2) Ln of 
Price level 

(3) Ln of 
Real GDP 

(4) Ln of 
Nominal 

GDP 

(5) Ln of 
Price level 

(6) Ln of 
Real GDP 

(7) Ln of 
Nominal 

GDP 

(8) Ln of 
Price level 

(9) Ln of 
Real GDP 

 
Estimator 

 

Fixed-
effects 
(within 

estimator) 

Fixed-
effects 
(within 

estimator) 

Fixed-
effects 
(within 

estimator)

Fixed-
effects 
(within 

estimator) 

Fixed-
effects 
(within 

estimator) 

Fixed-
effects 
(within 

estimator)

Fixed-
effects 
(within 

estimator) 

Fixed-
effects 
(within 

estimator) 

Fixed-
effects 
(within 

estimator) 

Constant 
.010 

( .006) 
.010 

(.010) 
.002 

( .004) 
-.028 
(.018) 

-.015 
(.012) 

-.008 
( .011) 

.006 
(.007) 

.003 
(.007) 

.003 
(.005) 

First diff. of the ln of 
prec. metals prod. (-1) 

-.046 
( .041) 

-.087 
(.062) 

.039 
(.027) 

.074 
(.059) 

.0418 
(.040) 

.043 
(.034) 

-.029 
(.066) 

-.001 
(.063) 

-.019 
(.049) 

First  diff. of the ln of 
prec. metals prod. (-2) 

-.003 
( .043) 

-.034 
(.064) 

.030 
(.028) 

.069 
(.062) 

.055 
(.041) 

.012 
(.036) 

.061 
(.067) 

.083 
(.064) 

-.012 
(.050) 

First  diff. of the ln of 
prec. metals prod. (-3) 

.015 
( .043) 

.006 
(.064) 

.010 
(.030) 

  .147** 
(.062) 

  .087** 
(.041) 

 .060* 
(.036) 

.033 
(.067) 

.025 
(.064) 

.031 
(.049) 

First  diff. of the ln of 
prec. metals prod. (-4) 

.028 
( .042) 

.013 
(.062) 

.013 
(.027) 

.031 
(.063) 

.061 
(.042) 

.022 
(.035) 

.142** 
(.067) 

.096 
(.065) 

.059 
(.049) 

First  diff. of the ln of 
prec. metals prod. (-5) 

.050 
(.041) 

.040 
(.061) 

.008 
(.027) 

-.049 
(.062) 

-.000 
(.042) 

-.002 
(.034) 

.053 
(.065) 

.063 
(.063) 

-.000 
(.048) 

First  diff. of the ln of 
prec. metals prod. (-6) 

.058 
(.039) 

.082 
(.058) 

-.022 
(.026) 

-.048 
(.059) 

-.028 
(.040) 

.006 
(.032) 

-.059 
(.063) 

-.055 
(.060) 

.003 
(.047) 

DEP. VAR. DYNAMICS 
CONTROLS 

YES  YES  YES  YES  YES  YES  YES  YES  YES 

WEATHER 
CONTROLS 

YES  YES  YES  YES  YES  YES  YES  YES  YES 

R2 0.0737 0.1040 0.0747 0.3289 0.6023 0.1128 0.3872 0.5300 0.2965 
observations 253 253 253 152 152  152 100 100 100



 

 

Table 7. Nominal GDP, the price level, or real GDP instrumented by weather shocks show that the state of the European economy does not 
cause future variation in the production of precious metals in America. *, ** and *** denote individual statistical significance at the 10, 5, and 1% 
levels. 

Independent variable 

 
 

Nominal GDP 

 

Price level 

Dependent variable 
specification 

(1) 
 

First difference of ln 
of the value of 

precious metals 
production (+1) 

(2) 

First difference of ln 
of the value of 

precious metals 
production (+4) 

(3) 

First difference of 
ln of the value of 
precious metals 
production (+6) 

(4) 

First difference of 
ln of the value of 
precious metals 
production (+1) 

(5) 

First difference of 
ln of the value of 
precious metals 
production (+4) 

(6) 
 

First difference of 
ln of the value of 
precious metals 
production (+6) 

 
Estimator 

 

 
IV: 2SLS 

 

 
IV: 2SLS 

 

 
IV: 2SLS 

 

 
IV: 2SLS 

 

 
IV: 2SLS 

 

 
IV: 2SLS 

 

Constant 
   .011*** 

(.004) 
.012*** 
(.004) 

.012*** 
(.004) 

.0092** 
(.004) 

.011** 
(.004) 

.013*** 
(.004) 

First difference of the 
ln of the dependent 

variable (-1) 

.032 
(.111) 

-.104 
(.106) 

-.063 
(.113) 

.095 
 (.147) 

.140 
(.148) 

-.114 
(.180) 

COUNTRY FIXED 
EFFECTS 

YES YES YES YES YES YES 

ADDITIONAL 
CONTROLS 

NO NO NO NO NO NO 

First-stage F-statistic 14.50 16.12 14.10 11.71 11.49 11.07 
R2 0.0003 0.0003 0.0002 0.0002 0.0000 0.0012 

observations 1501 1483 1459 1501 1483 1459 



 
 

Equation Excluded Prob>×  
First difference of the 

Ln of the value of 
Spanish American 
silver production 

First difference of 
the Ln of the 

London price of 
silver 

0.692 
 

First difference of the 
Ln of the value of 
Spanish American 
silver production 

All 0.692 

First difference of the 
value of the Ln of the 

London market price of 
silver 

First difference of 
the Ln of the value 

of Spanish American 
silver production 

0.000 

First difference of the 
value of the Ln of the 

London market price of 
silver 

All 0.000 

 

Table 8. Granger “causality” Wald tests following a reduced-form VAR of the first difference and 
the value of silver output reject that it does not Granger-cause the price of silver in London, but 
not conversely. Data sources: see text.  

 

 
 

 

 

 

 

 

 

Table 9. Portmanteau and Bartlett tests for white noise of the first difference of the ln of precious 
metals production.  

 

 

 

 

 

Dependent variable: First difference of the 
natural log of precious metals production 

(1) 
Main shock 

(2) 
Manifestos 

shock 
Portmanteau (Q) statistic 52.19 84.5721 

Prob > (40) 0.093 0.0000 
Bartlett's (B) statistic 2.2056 2.3447 

Prob > B 0.0001 0.0000 
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Figure A1. New World gold and silver output distribution, 1492-1803, in billions of silver pesos 
of 272 maravedís. Source: TePaske (2010) 

 

 

 

 

 

 

MEXICO
2058.03 = 

45%
CHILE

49.5 = 1%
NEW 

GRANADA
217.02 = 5%

PERU
1470.56 = 

32%

BRAZIL
656.4 = 14%

OTHER*
80.45 = 2%

*Includes registries in the Caribbean, Central America, Ecuador, 
and the Rio de la Plata



 

 

Figure A2. First difference of the natural logarithm of nominal GDP and the GDP deflator. 
Sources: see the appendix. 
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Figure A3. Production of precious metals and mercury usage. Source: Gardner (1988) 

 

 

Figure A4. Estimated parameters and coefficient intervals relative to columns (2) of Tables 3 and 
4 in the main text. 
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Figure A5. Kilograms mined vs. date of discovery. Sources: TePaske (2010) 

 

 

 

 

 



 

Figure A6. New World Gold output (in kg.), 1492-1810. Source: TePaske (2010, who in turn 
relies on a combination of other sources). 

 

 

Figure A7. New World Silver output (in kg.), 1492-1810. Source: TePaske (2010, p. 76, who in 
turn relies on a combination of other sources). 

 



 

Figure A8. Brazil Gold Production, 1691-1850, in kg. Source: TePaske (2010, p. 47) 

 

 

Figure A9. Dealing with endogenous formation of expectations: comparison of the informational 
higher bound (Manifestos) with the true arrivals (Morineau). Sources: Morineau (1985), Costa, 
Rocha and Sousa (2013). 



 

Figure A10.Aucocorrelations of the “innovation” variable in Figure 9 of the main text. 95% 
confidence bands are shown in grey. 

 

Figure A11. Partial autocorrelations of the “innovation” variable in Figure 9 of the main text. 
95% confidence bands are shown in grey.  
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Table A1. Nominal GDP, the price level, or real GDP sample split by receiving order. The “dependent variable dynamics control” include four lags of the 
dependent corresponding dependent variable. Standard errors (in parentheses) are bootstrapped with 1000 replications. *, ** and *** denote 
individual statistical significance at the 10, 5, and 1% levels.

Sample 

 
 

Second-order receivers: England, the 
Netherlands, Sweden and Italy 

 

Second-order receivers, plus Portugal prior 
to 1690 

Dependent variable 

(1) 
 

Ln of Nominal 
GDP 

(2) 

Ln of Price 
level 

(3) 

Ln of Real 
GDP 

(4) 

Ln of Nominal 
GDP 

(5) 

Ln of Price 
level 

(6) 
 

Ln of Real 
GDP 

 
Estimator 

 

 
Fixed-effects  

(within 
estimator) 

 
Fixed-effects  

(within 
estimator) 

 
Fixed-effects  

(within 
estimator) 

 
Fixed-effects  

(within 
estimator) 

 
Fixed-effects  

(within 
estimator) 

 
Fixed-effects  

(within 
estimator) 

Constant 
 .007* 
(.004) 

  .005** 
(.002) 

.002 
(.004) 

.006 
(.004) 

.001 
(.003) 

.001 
(.003) 

First diff. of the ln of precious 
metals production (-1) 

 .051* 
( .028) 

.013 
(.020) 

.038 
(.042) 

.053** 
(.023) 

.040 
(.032) 

.040 
(.032) 

First  diff. of the ln of precious 
metals production (-2) 

   .089*** 
(.017) 

.008 
(.036) 

.081* 
(.047) 

.079*** 
(.021) 

 .067* 
(.039) 

.067* 
(.038) 

First  diff. of the ln of precious 
metals production (-3) 

   .050*** 
(.015) 

.009 
(.047) 

.041 
(.053) 

.066*** 
(.014) 

.045 
(.040) 

.045 
(.040) 

First  diff. of the ln of precious 
metals production (-4) 

.050 
(.034) 

    .034*** 
(.0093848) 

.016 
(.041) 

.022 
(.026) 

.014 
(.031) 

.014 
(.031) 

First  diff. of the ln of precious 
metals production (-5) 

.012 
(.010) 

  .057** 
(.026) 

 -.044* 
( .020) 

-.006 
(.008) 

  -.038** 
(.018) 

  -.039** 
(.018) 

First  diff. of the ln of precious 
metals production (-6) 

  -.046** 
(.021) 

 .028* 
(.017) 

   -.074*** 
(.027) 

-.041 
(.020) 

  -.059** 
(.027) 

  -.060** 
(.027) 

DEPENDENT VARIABLE 
DYNAMICS CONTROLS 

YES  YES  YES  YES  YES  YES 

WEATHER CONTROLS YES YES YES  YES YES YES
R2 0.0359 0.0298 0.0333   0.0315 0.0317 0.0317 

observations    985 985 985 1,138 1,138 1,138



 

Table A2. Nominal GDP, the price level, or real GDP for sample split by type of GDP data. The “dependent variable dynamics control” include four lags of 
the dependent corresponding dependent variable. Standard errors (in parentheses) are bootstrapped with 1000 replications. *, ** and *** denote individual 
statistical significance at the 10, 5, and 1% levels.  

Sample 

 
 

England and the Netherlands 

 

Sweden, Italy, Portugal and Spain Sweden and Italy alone 

Dependent variable 
(1) Ln of 
Nominal 

GDP 

(2) Ln of 
Price level 

(3) Ln of 
Real GDP 

(4) Ln of 
Nominal 

GDP 

(5) Ln of 
Price level 

(6) Ln of 
Real GDP 

(7) Ln of 
Nominal 

GDP 

(8) Ln of 
Price level 

(9) Ln of 
Real GDP 

 
Estimator 

 

 
Fixed-
effects 
(within 

estimator) 

 
Fixed-
effects 
(within 

estimator) 

 
Fixed-
effects 
(within 

estimator) 

 
Fixed-
effects 
(within 

estimator) 

 
Fixed-
effects 
(within 

estimator) 

 
Fixed-
effects 
(within 

estimator) 

 
Fixed-
effects 
(within 

estimator) 

 
Fixed-
effects 
(within 

estimator) 

 
Fixed-
effects 
(within 

estimator) 

Constant 
.008 

(.0074) 
.006 

( .005) 
.0016 
(.008) 

.005 
(.004) 

.004* 
(.002) 

.002 
(.002) 

.009 
(.007) 

.006 
(.005) 

.003 
(.003) 

First diff. of the ln of prec. metals prod. (-1) 
   .081*** 

(.026) 
.024 

(.040) 
.016 

(.050) 
.037 

(.030) 
-.008 
(.030) 

.046 
(.030) 

.081*** 
(.026) 

.024 
(.040) 

.058 
(.067) 

First diff. of the ln of prec. metals prod. (-2) 
   .102*** 

(.024) 
.023 

(.072) 
.068*** 
(.005) 

.059** 
(.030) 

.012 
(.036) 

.047 
(.046) 

.102*** 
(.024) 

.023 
(.072) 

.079 
(.095) 

First diff. of the ln of prec. metals prod. (-3) 
   .074*** 

(.012) 
-.008 
(.107) 

.015 
(.025) 

.065*** 
(.017) 

.010 
(.048) 

.055 
(.051) 

.0742*** 
(.012) 

-.008 
(.107) 

.082 
(.107) 

First diff. of the ln of prec. metals prod. (-4) 
.104** 
(.049) 

.041 
(.035) 

-.012* 
(.006) 

.036 
(.031) 

.002 
(.012) 

.034 
(.037) 

.104** 
(.049) 

.041 
(.035) 

.063 
(.079) 

First diff. of the ln of prec. metals prod. (-5) 
.026* 
(.016) 

.070** 
(.028) 

-.046** 
(.023) 

.005 
(.014) 

.027 
(.021) 

-.022 
(.018) 

.026 
(.016) 

.069** 
(.028) 

-.043* 
(.025) 

First diff. of the ln of prec. metals prod. (-6) 
.003 

(.034) 
.063*** 
(.015) 

-.092*** 
(.023) 

.006 
(.0212458) 

.039* 
(.022) 

-.033 
(.029) 

.003 
(.034) 

.063*** 
(.015) 

-.060 
(.045) 

DEPENDENT VARIABLE DYNAMICS 
CONTROLS 

YES  YES  YES  YES  YES  YES  YES  YES  YES 

WEATHER CONTROLS YES YES YES YES YES YES YES YES YES 
R2 0.0244 0.0304 0.1193 0.0114 0.0132 0.0227 0.0244 0.0304 0.0258 

observations 479 479 479 985 985 985 479 479 479
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