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FRANÇOIS DE CALLATAŸ

QUANTIFYING MONETARY PRODUCTION
IN GRECO-ROMAN TIMES:

A GENERAL FRAME

‘Quantifying monetary production in Greco-Roman times: a general frame’: to
explain it in just a few words, this topic was and is still but less at present, a mat-
ter of debate among numismatists as well as a matter of hope for historians. Where
are we some ten years after the numismatic debate which, in a way, culminated in
a colloquium held in 1997 here in Rome. This colloquium was held on the other
side of the hill, at the British School of Archaeology with, like us today, the effi-
cient partnership of the Istituto Italiano di Numismatica ? 1. Surely, the answer
varies depending on the angle of view from which it is viewed. 

1. Historiographical perspectives

I intend first to give a brief status quaestionis of the debate which divided those
who claim that uncertainties are too large to give hope and those who maintain
that, despite these uncertainties, calculations of coin quantities may be useful 2.  

The debate (up to 1997). To quantify monetary issues struck through ancient
history has long been a dream for historians and a frustration that numismatics
have not been able to answer positively. To take measure of that frustration, it is
enough to quote the delightfully perfidious comments of Arnold Hugh Martin Jones
(1904-1970) in his paper entitled ‘Numismatics and History’ written in 1956 for the
Festschrift of Harold Mattingly (1884-1964), the greatest scholar of his time con-

1 The proceedings were published as a special dossier in the Annali dell’Istituto Italiano di Nu-
mismatica, 44, 1997.

2 I tried to sum up (as fairly as I can) the debate in different places (with references to past liter-
ature): de Callataÿ 1997a, 2000, 52-59, 2005a, 549-58 and 2005b, 73-9.
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cerning Roman coinages. Jones begins with the recognition that «Numismatics is
a science in its own rights» 3. He pursues with the statement that «No more eminent
example could be found of a scholar who had combined the roles of an historian
and a numismatist than Harold Mattingly» (Jones 1956, 13) before concluding
with the catalogue of all what should be done in order to make a real profit of coins
for the historians. In other words, Jones says: «Thank you Harold for all what you
did, to have put an order in this uninviting numismatic evidence; now we, histori-
ans, may really begin the serious job». His conclusion deserves to be fully quoted:
«If numismatists wish to further assist historians, I would suggest that they pay
less attention to the political interpretation of the coins. In this once neglected
sphere a vast amount of valuable work has been done by numismatists in the last
thirty years, but latterly the value of the numismatic evidence has tended to be
overstrained, and its interpretation has become over-subtle. I would suggest that if
they wish to move out of their own field, they could do immensely valuable work for
the economic historian by giving him such information as I have suggested above
– estimating the relative volume of issues and the life of the various coins …» (Jones
1956, 32-33).  

In the 1970’s and the 1980’s, this dream changed into hope with the imple-
mentation of statistical formulas (more than 15), some of these formulas were
specifically designed for numismatic purposes. But statistics only provide tools
and any estimation of the amount of struck coins relies on historical evidence. For
the Greco-Roman world, the evidence is meager and it is submitted to interpreta-
tion. Our estimations will forever be affected by large uncertainties. The question
which was hotly debated in the 1990’s was about the meaningfulness of such ex-
trapolations. Regarding the legitimate warnings of certain voices which drew up a
catalogue of all the motives why the average productivity of the monetary dies
must have been substantially different from one coinage to another, reality points
to a more optimistic conclusion. Every time we are in position to check, results
look consistent with a roughly similar average productivity (this is done essen-
tially – but not only [see the survival rate] – by comparing the relative importance
of a coinage through its number of dies and its role into the circulation through
hoards) 4. In the meantime, other progress was made in terms of our understanding,
between the average productivity of gold and silver for example (with a lower pro-
ductivity for gold). 

There is a strong cultural aspect present in this debate. Most of us who have
been trained as historians or philologists are not familiar with numbers. Mathe-
matics as they are taught at school frame our minds to give the right number. There

3 Jones 1956, 13.
4 See recently Duncan-Jones 1999.
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is little education for statistics or probabilities. Hence, many of us seem to be fear-
ful of uncertainties as if what is not right is wrong, an out-of-purpose reaction.
What we are looking for is not to give any right number (which is unreachable but
not inexistent); it is to circumscribe the uncertainty to an acceptable level. That
demands to fix limits beyond which hypotheses would appear as ‘unlikely’ or ‘most
unlikely’ (which is less satisfying than ‘excluded’). It is in this sense that I proposed
to use the number of 20,000 coins per obverse die for silver coinages, with the idea
that it may be multiplied or divided by two (10,000 to 40,000 coins) but most un-
likely by three (6,666 to 60,000 coins) and, let say, quasi-excluded by four (5,000
to 80,000 coins), with only possible exceptions for samples of one or very few
dies. 

Could this range of uncertainty, multiplying or dividing the average estimate by
two, be qualified as a large one? Certainly not to compare with many fields like as-
trophysics where scientists are used to thinking in terms of orders of magnitude of
10. Admittedly, this is wider than for a political poll made two weeks before the
vote but this is what demographers routinely accept to face for their long term pro-
jections for example. In addition, this is similar to what experts of the IPCC (In-
tergovernmental Panel on Climate Change) are predicting in terms of global
warming between the last two decades of the 20th century (1980-1999) and the last
one of the 21st c. (2090-2099): an increasing of the temperature between 1.1 and
6.4 Celsius degrees 5. We should not be afraid by an estimate which goes from
10,000 to 40,000 coins per obverse die. The real question is: is it helpful? Prior to
beginning to deal with this, I would like to focus on recent developments which
took place during the last decade (1998-2008).

Recent developments (from 1998 to present). Generally speaking, it can
be said that, contrary to the prevision formulated by Andrew Burnett in 1997 («no
doubt the debate will continue, but it does seem to have the potential to develop an
independent literature of its own») 6, what really happened was a decrescendo.
Surely, the main protagonists, as Philip Grierson call them, Ted Buttrey 7 and I,
both quickly lost any hope in order to convince one another 8. In these circum-

5 The number of species alive on earth is estimated between 5 and 30 millions, out of which c. 1.5
millions have been officially described (c. 10,000 new species are described every year).

6 Burnett 1997, 1.
7 The average die-output proposed in 1976 by T.V. Buttrey for the Crepusius denarii were built

with no reference to textual evidence but reconstructing the number of working hours and days in a
year (Buttrey 1976, 100-1). 

8 On the main protagonists, see Grierson 2001, 351: «Thirty years of numismatics. The only sec-
tion in this that requires some comment is on pp. 58-60, dealing with estimates of mint output, for
this subject is one that continues to preoccupy numismatists and on which their views remain deeply
divided and on which, in the field of classical numismatics, the main protagonists are F. de Callataÿ
and T.V. Buttrey».
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stances, most numismatists refrained from jumping into what was denounced as an
illusion 9. As was pointed out by Richard Reece in 2003: «The violent views ex-
pressed on estimations of the sizes of issues, a perfectly reasonable and proper
thing to try to do, have unfortunately closed the subject down for the present. …
The net result of all this is that the study of coins as struck is a very sadly under-
exploited resource» 10. This is, in turn, too pessimistic and looks possibly too in-
fluenced by the Anglo-Saxon numismatic world alone. 

As a matter of fact, there is a growing use of die-output estimates. Looking at
die-studies in ancient numismatics for the years 1998-2008, the numbers look sig-
nificant. Table 1 gives a yearly summary of how many numismatic studies make
no use of quantification at all further than the crude numbers given by the die-
study (1st column) or are concerned to provide an idea of the size of the production.
Among these last studies, there is a natural distinction between those which are
dealing with obverse dies only (2nd column) and those which are not afraid to ex-
press results in number of coins (3rd column) 11.  

There is a decreasing number of studies which pay no attention to quantifica-
tion (twice less for the last quinquennium); but these still exist despite the fact that
true die-studies were elaborated and that it wouldn’t have cost great additional

9 See, for example, Arnold-Biucchi 1999, 7-8: «Je m’abstiendrai de toute spéculation sur le nom-
bre probable de monnaies frappées au total : la controverse sur la validité de certaines méthodes de
statistique appliquées à la numismatique, loin de s’apaiser, sévit de plus en plus» or Papaefthymiou
2002, 214 : «Plusieurs propositions portant sur le nombre de pièces frappées par un coin de droit ont
été formulées. Nous avons préféré ne pas nous hasarder à de tels calculs, …».

10 Reece 2003, 141.
11 The full references to that table are given in Annex 1.
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Year                      00No                                  Quantification Quantification 

                    00Quantification                     (in obverses dies)      (in coins) 

1998 02 02           4 

1999 08 03           2 

2000 03 03           1 

2001 05 01           2 

2002 01 06           2 

2003 02 03           1 

2004 03 02           5 

2005 02 02           2 

2006 01 05           2 

2007 02 03           3 

2008 02 0-           2 

 31 30         26 

 

1999-2003 20 16           9                     45 

2004-2008 10 12         14                     36 

 

1998-2002 19 15         11                     45 

2003-2007 10 15         14                     39 

Table 1. - The use of quantification in recent numismatic studies (1998-2008).
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labour to put numbers into perspective. On the other hand, a greater number of nu-
mismatic studies display some concern for quantification, either choosing to remain
at the stage of numbers of dies or, more imprudently, playing with estimates ex-
pressed in numbers of coins. The general trend is going in the direction of the lat-
ter.

From a methodological point of view, few contributions appeared during the last
decade. Richard Duncan-Jones made the hypothesis that dies may not have been
cut when needed but instead at the start of every planned issue, with – as a conse-
quence – very different productivities if the issue was prematurely canceled, but
this hypothesis never gained much support even from himself 12. Looking at the
famous issue of Republican denarii in the name of Crepusius, the only one for
which dies are numbered, Jörg Müller deals also with sets of dies. Two of them
(Group 9 [Thyrsus] and 20 [Altar]) present suspicious gaps the author interprets as
missing in our evidence not because these sub-issues were not struck but more
likely because they disappeared at once, in a shipwreck for example 13.  

For textual evidence, Patrick Marchetti proposed an improved reading of the
only epigraphic evidence we possess, the apousia accounts of the Amphictionic
League at Delphi. He reached the conclusion that we have to reduce the average
estimates proposed by Philip Kinns 14: the average productivity per obverse would
have been close to 16,000 coins instead of 27,000 15. In her important die-study of
Late Republican aurei in the name of both Caesar and Hirtius, Maria Cristina Moli-
nari converts the 2,282 gold crowns weighing 20,414 pounds brought at the tri-
umph of 46 BC into coins (see Appian, II, 102); making the debatable hypothesis
that all the aurei of Caesar/Hirtius were struck with these crowns which were en-
tirely melted down for that purpose, she pleads for a limited average productivity
in the range of 6,000/7,000 coins per obverse die, which is in line with other evi-
dence for gold coinages 16.  Since medieval textual evidence plays an important
role in the debate, it is appropriate to evoke the synthetic article by Martin Allen
entitled ‘Medieval English Die Output’ 17. Considering the evidence gathered so far,
he severely concludes: «The figures might suggest that ‘typical’ average outputs of
penny dies in this period were about 20,000-60,000 for obverse dies and 10,000-

12 Duncan-Jones 1999. For methodological criticisms, see Callataÿ 1997b, 71-72.
13 Müller 2006. 
14 Marchetti 1999, 109 (c. 10/15,000 coins per obverse die).
15 On the numbers proposed by Marchetti, see de Callataÿ 2005b, 88, note 5 and de Callataÿ 2005a,

552. 
16 Molinari 2003, 202-4 (c. 6,675kg of gold divided by 8,01g [the average weight of an aureus] =

c. 833,400 aurei divided by 124 original obverse dies [as estimated by the simplified formula of
Carter] = c. 6,720 coins per obverse die).

17 Allen 2004. 

QUANTIFYING MONETARY PRODUCTION IN GRECO-ROMAN TIMES 11



QUANTIFYING MONETARY SUPPLIES IN GRECO-ROMAN TIMES - © 2011 · Edipuglia s.r.l. - www.edipuglia.it

20,000 for reverse dies, but the extreme variations of the estimates in Table 7 and
elsewhere in this article demonstrate the folly of any attempt to use a single arbi-
trary figure for average die-output to estimate the size of a coinage» (p. 49). Ac-
tually, his Tables 6 and 7 provide a nice case illustrating that the stability of the
average increases with the size of the evidence. Here are the data classified in a de-
creasing order of the original die populations quoted in his Tables 6 and 7.

What we do observe is a quite stable average for large samples of about 100 dies
and more, in the range of 30,000/35,000 coins per obverse die 18. This is not as
frightening as Martin Allen claims it to be. Furthermore, despite his warning about
the «folly of any attempt to use a single arbitrary figure for average die-output to
estimate the size of a coinage», Allen decided to be foolish himself since he found
it appropriate to make use of such figures in his subsequent articles 19. 

Medieval English pennies were very thin silver coins which were easy to strike
in comparison to thicker Greco-Roman coinage. The average got for Medieval
times (c. 30,000/35,000 coins per obverse die) should appear as an upper limit for
ancient times. A lower limit is provided by a totally different approach: a compar-
ison of survival rates through history 20. This is an ex absurdo construction: it turns

18 Annex II gives the die-output details for the large production of London and Canterbury between
1281 and 1327 (only issues with at least 400 obverses – see Allen 2004, Table 4, p. 45-6). Here,
again, the spectrum of results is not very large (23,439-40,095 coins per obverse).

19 M. Allen 2006, 260 («Documented outputs of English penny dies in the thirteenth and fourteenth
centuries are generally between about 20,000 and 50,000 coins per obverse die and about 10,000-
20,000 coins per reverse die, which might provide some indication of the possible outputs of the type
7 dies») and Allen 2007, 199 («The numbers of dies expected if the allocated outputs were actually
produced, which have been estimated assuming an average output of about £100-£200 [24,000-
48,000 coins] per obverse die»).

20 de Callataÿ 2000b.
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Number of                         Number of Mint Years 
  obverses                                coins 

 

 8,398 33,383 London & Canterbury 1281-1307 

 4,737 30,783 London & Canterbury 1307-1327 

 128 33,735 Kingston-upon-Hull 1300 

 93 35,040 Bristol 1300 

 79 12,000 London 1471-1482 

 68/69 90,000 York 1353-1355 

 54 23,444 York (royal) 1300 

 40 23,508 Exeter 1300 

 37 46,500 Shrewsbury 1249-1250 

 31 56,000 Bury St Edmunds 1280-1297 

 20 65,000 Bury St Edmunds 1280-1287 

 17 7,000 (or less) London  1483 

 16 22,020 Chester   1300 

Table 2. - Medieval English die-output (Allen 2004, tables 4, 6 and 7 classified in a decreasing order
of obverse dies).
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out that from the large evidence of the 609 die-studies for Greek coinages gathered
in the two Recueils quantitatifs 21 that, as an average, every Greek obverse is now at-
tested by 4.2 coins (92,550 coins/21,973 obverses). Moreover, many die-studies pres-
ent a ratio ‘number of coins/number of obverses’ superior to 10 (92 out of 609 =
15.1%). The large corpus established by Margaret Thompson for the Stephanephori
tetradrachms of Athens counts 473 obverse dies for 3,866 coins, a high ratio thus of
c. 8.2 coins per die 22. According to her postulation, a low average output of 6,000
means that the general survival rate is 1 coin out of 734. Such a result would be most
astonishing since survival rates got for Middle Ages or even the 16th and 17th c. are
in the range of 1 out of 5,000. This is unlikely. Despite uncertainties as always, we
have no other choice than to consider that a die-output of 6,000 coins per obverse die
for Greek coinages is seriously underestimated. I have to confess that I am a bit dis-
appointed to have not seen any reference to this article so far, the one I would des-
ignate as the most important in my recent literature. My conclusion was: it would be
imprudent – and a bit intellectually dishonest – to keep such a pessimistic vagueness
alive and to pretend that no one could say if the average die-output was, all in all,
closer than 5,000 specimens better than 60,000. Quite differently, it seems that the
average die-output for Greco-Roman silver coinages could have been, more than
ever, confidently placed in between 10,000 and 40,000 coins per obverse. 

In this light, I appreciate as eminently reasonable, the conclusion expressed by
Maurice Sartre: “Statistical methods applied since some years, even if you disagree
about the number of coins struck with one die (20,000, 30,000 or 40,000, a difference
from simple to double thus !), allow quantitative assessments of first value for histo-
rians dealing with economics and exchanges” (my translation) 23.

2. Academic perspectives

The academic context to apply such numismatic quantifications is not
favourable. I am going to comment about three categories of academics: numis-
matists, historians and economists. 

Numismatists. On a very general level, young students are less attracted by the
classical world and the number of trained numismatists who are in position to do
research has not improved during recent years. The late Carmen Alfaro and Andrew

21 de Callataÿ 1997c and 2003. 
22 Thompson 1961, 709-10.
23 Sartre 2002, 188 («Les méthodes statistiques mises au point depuis quelques années, même si

vous n’êtes pas d’accord sur le nombre de pièces frappées avec un coin (20 000, 30 000 ou 40 000,
soit une différence du simple au double !), permettent des appréciations quantitatives de première im-
portance pour l’historien de l’économie et des échanges»).

QUANTIFYING MONETARY PRODUCTION IN GRECO-ROMAN TIMES 13



QUANTIFYING MONETARY SUPPLIES IN GRECO-ROMAN TIMES - © 2011 · Edipuglia s.r.l. - www.edipuglia.it

Burnett rightly pointed out the fact that: «There are today fewer numismatists, and
collectors, than there was a generation ago, and in some countries there has been
a change of emphasis from detailed studies of particular periods towards more
broad-ranging approaches to the processes and broad trends of many subjects, for
example archaeology. This has tended to lead some research away from numis-
matics into more general studies, though it is also leading, in some fields like early
Greece, towards a much more integrated and stimulating treatment of coinage in
its social and cultural context» 24. They interestingly pursued: «our impression is
that (scientific studies) are fewer in number than before, partly because of expense,
but also because the results they provide, though extremely important, have not
been seen to revolutionize the subject, as was previously hoped. Much the same
could be said of statistics; again they play an important role, but there has been a
retreat from the optimism of previous years about the potential, for example, of
using coins to make quantitative studies of past economies» (p. XII). It is a disen-
chanted voice we are hearing here. 

In 1997, I had fun calculating that, by maintaining the pace of publications, we
would have a die-study for all Greek coinages before the end of the 21st c. (in 2093
to be precise) 25. Such a prediction is likely to be inaccurate. The Summer Seminar
of the American Numismatic Society – long a major provider for die-studies – does
not escape the general trend: here too, the number of topics including a die-study
has severely dropped in recent years. As a matter of fact, university professors who
are encouraging numismatic die-studies are not numerous around the world. To
quote some names, Michel Amandry in France, Maria Caltabiano in Italy or Ka-
terini Liampi in Greece, appear as exceptions to the rule.

To perform a die-study is a complicated and long task which requires patience
and skill and may easily appear as not rewarding enough, especially since it needs
to pass through an ocean of sale’s catalogues 26. In addition, for young students
eager or anxious to make their way in academia, die-studies present another dis-
advantage by nature: they necessarily attach their authors to limited topics. The
ratio between transpiration and inspiration may look unattractive for those who
want to demonstrate how smart they are 27. 

24 Alfaro Asins & Burnett 2003, XI.
25 de Callataÿ 1997c, 325.
26 In the same time, die-studies have recently been implemented to new numismatic spheres. See

for example Esty & Spencer Smith 2001.
27 The recent European academic reform very much favours the Anglo-Saxon way (Oxford-Cam-

bridge) to produce a PhD (to show how smart you are in less than 300 pages) to compare with, let’s
say, the German tradition (to prove how you know the rules and are a hard-worker in no less than 600
pages). We may argue that this looks as a short-term strategy for the simple reason than the fate of
smart ideas is to be superseded by smarter ones. Instead, everyone who makes a die-study is pro-
ducing a new piece of evidence.
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Historians. Generally speaking, it is a long time now that economists, should
they be Marxists or not, no longer give the key tone to historians as they did in the
1970’s. Cultural anthropologists, building far more on models rather than on num-
bers, have replaced them. For ancient Greek numismatics, we may refer to the
work of Leslie Kurke, whose innovative approach was rewarded by a MacArthur
Award, or to Sitta von Reden as true examples of applied cultural anthropology.
This came along with a revival of interest for iconography and religion, themes
which – after a nearly uninterrupted preponderancy since the start of numismatic
studies in the 16th c. – fell in disgrace some 30 years ago. Even worse: within the
large realm of economics, macro-economics, the ultimate goal of these quantifi-
cations, is no more triumphant. It is all too obvious that there is less attention now
than in the recent past for quantified ancient economy.

Moreover, among historians of economy, the old (secular) debate between
‘Modernists’ or ‘Formalists’ (to whom most numismatists are suspected to belong)
and ‘Primitivists’ or ‘Substantivists’ left exhausted opponents, trying each whatever
their side to supersede the debate. I am even convinced that Alain Bresson has re-
cently done it for ancient Greek economy 28. Numismatists come late for historians:
their numbers would have been more happily welcomed two decades ago. We are
thus left with the strange taste of a long quarrel about ancient economy without se-
riously taking into account numismatic evidence (almost completely ignored by
Primitivists).

Above all, to estimate the amount of coins struck by ancient civic and state
powers does not give the amount of coinage actually put into circulation and, in ad-
dition, says nothing about credit. In other words, we are far from being able to say
how monetized ancient economies were (and we should welcome with great sus-
picion every claim of such kind).

The amount of coinage in circulation depends of several factors: 1) the amount
of struck coins released by the mints of course but also the length of circulation
which implies knowledge on when issues were pull out of the circulation by offi-
cial decree or when they disappeared by natural wastage. We know very little about
these two factors and this is not the place to enter into detail, but I would attract
your attention on wastage which may have varied largely and had heavy conse-
quences on the amount of coins in circulation. Richard Duncan-Jones estimated a
yearly wastage of more than 4% for some late Republican denarii, a tremendous
ratio to compare with the one of 1% or 1.5% we are more ready to accept looking
at hoards in general29. If real, this ratio severely affects the idea we may have of a

28 Bresson 2007.
29 Duncan-Jones 1999.
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plentiful circulation in the 70’s and 60’s BC due to the numerous issues struck for
the Civil War.

Credit is another major issue, and also a very hot one since the publication of
a recent article of William Harris: ‘A Revisionist View of Roman Money’ 30. In con-
trast to the classical (and Finleyan) view which maintains that credit was limited
in Greco-Roman times and was mainly restricted to consumption credit, many re-
cent studies have pointed out a far more extended use of credit. Relying on writ-
ten evidence, and to begin with the correspondence of Cicero in specific, Harris
pushed the case further than ever. If he is right, it would mean that «Roman mon-
etary system was far indeed from relying entirely on coinage» or, in other words,
«that credit-money added very significantly to the Roman’s Empire money supply»
(p. 24). No doubt, this ‘revisionist view’ will be commented on, being endorsed or
criticized. Elio Lo Cascio will focus on this specific point. My own suspicion is that
the pendulum has possibly swung too far in the opposite direction now, but the
onus of proof doesn’t anymore belong to those only who defend the vision of an
enlarged credit in Greco-Roman times.  

Economists. After the numismatists and the historians, the economists: how do
they consume the knowledge we are dealing with? Everyone should read the strong
statement made by Marcello de Cecco in his conclusions of the colloquium Mer-
cati permanenti organized by Elio Lo Cascio in 1997: «unfortunately all this talk
about gold and silver is a very poor production – I can assure you – of what we can
do, and frankly, we don’t need it, because you will never have the quantitative ev-
idence, you will never produce anything which is definitive, you can only have
qualitative stuff and that is what we need, because now our discipline, as econo-
mists, is intent, in itself, denying this predominance of macroeconomics, and going
back to the analysis of microphenomena…» 31. In line with him, we may certainly
agree on two points. First when he wrote: «You (ancient historians) may realize that
we (modern economists) are going towards you rather the other way round» (de
Cecco 2000, 272). 

Far from trying to reach a unified model with an enthroned economy dictating
its laws, economists are struggling with an embedded economy (just like ourselves)
with a major interest for institutions. Secondly, when addressing the ancient his-
torians, he concluded: «You don’t have to think: ‘If I don’t put on distinctive mod-
ern clothes, nobody will read me’. Nobody will read you anyway. So, only interested
people will read you, and interested people want to know the unadulterated truth,
and they want to know it with your own instruments, the ones that were given to you

30 Harris 2006.
31 de Cecco 2000, 269.
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in two thousand years, not the ones you learned from a few outmodel economists»
(de Cecco 2000, 273) 32. 

3. Historical perspectives

The third and last part of this paper intends to address the real concern: why is
it important to quantify ancient coinages? How and to whom is it helpful? Many
warnings have been expressed and modesty surely is commanded. But there is no
reason to give up or to demoralize in front of – I ironically resume – numismatists
who say «You cannot do it!» and historians who say «It does not help us!».

Economists. To start with economists (modern economists), there is nothing to
really catch their attention in these calculations, except the spectacle of historians
studying coins and money as an embedded phenomenon, in which institutions cer-
tainly play a role but possibly not as much as for the actual economy with all its
regulator agents (as constantly illustrated during these last weeks by the Fed for ex-
ample). Coins were struck to face state expenditures and the agenda for these ex-
penditures was heavily dictated by military purposes. When dealing with long term
views, historians are more ready to integrate wars, which involve risk and chaos,
as fundamental factors for economic change. 

Numismatists. At the lower level, the benefit to quantify monetary productions
goes to numismatists. It helps to define the purpose of specific coinages. As odd
as it may appear to historians, many numismatic die-studies fail to address the
question of why? Why this coinage was produced? Quantification forces us to ex-
plicitly assume our choices: was it for trade (as it was the most common implicit
assumption in the past)? Was it for state expenditures, mainly military (as we are
more and more tempted to consider)? Or was it only to express some pride, for
motives of propaganda? It seems crucial for numismatists to themselves formu-
late the most likely explanation of why coinages were struck. Quantification very
much encourages us to face these questions, even when results are inconclusive.

But sometimes, results are conclusive. Two kinds of favourable cases may
emerge: either because there is not enough, or because there is too much, whatever
the accepted average die-output may be (10,000 or 40,000). 

Not enough. There are more occurrences for the ‘not enough’ case, as illustrated
by most Roman Provincial coinages. Michel Amandry, Bernard Rémy and their
students have produced an impressive set of die-studies for Roman Pontus and Pa-

32 With a hard attack against the use of quantity theory of money: «the quantity theory of money:
you cannot prove it, it’s useless for us, what can we make of it, or with it? it’s past, it’s finito, it’s no
more. Maybe the Bundesbank believe in it, but not all of them» (de Cecco 2000, 271).
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phlagonia. (see the contribution of Amandry in the volume). They convert the orig-
inal number of obverse dies first into coins (with an average of 20,000 coins per
obverse) then into annual pay for Roman soldiers. Results tend to be impressively
limited: two centuries of issues are not enough, in the best case scenarios, to pay
more than 1,000 soldiers for one year in fresh coins (Amasia), many times less in
other cases. However, the original number of obverses can be estimated around 28
for Sebastopolis and 35 for Comana, the smallest mints under review 33. These
numbers are not particularly small in terms of dies but nevertheless could not af-
ford to pay more than c. 200 soldiers during one year, which means – considering
that these coinages were struck from Tiberius to Septimus Severus – no more than
2 salaries every year, an unlikely result for the trade hypothesis.  

My entire PhD about coinages struck during Mithridatic wars was built around
the ‘not-enough’ argument 34. The idea was to maximize the following three forms
of data needed to convert dies into pay, using 1)the highest extrapolated original
number of dies, 2)the high average of 40,000 coins for the output of every obverse
and 3)the high estimate of a yearly pay of 320 Attic drachms. Proceeding in such
a manner, we may be confident that proposed numbered results will exceed the
real ones. Nonetheless, for Mithridates Eupator himself, king of Pontus, as for
Tigranes, king of Armenia, there is a large gap between the numismatic evidence
and their military expenses. We may partly reduce the gap, arguing that numbers
for the armies in our written sources are grossly exaggerated, but we cannot fill it.
That leads to a non-symmetrical consequence: indeed, most coins (if not all) were
produced to match military expenses but these military expenses were not mainly
paid by coins. Quantification forces us to more precisely define for what purpose
coins were struck and used. This particular case strongly suggests a link with mer-
cenaries, a qualitative result thus, that would have been impossible to reach through
the simple comparison of numbers of dies. 

Philology may also be affected by quantification and the ‘not enough’ reason-
ing. There are two words in ancient Greek which mean “silver”: arguron and ar-
gurion (with a iota). The common assumption is that arguron (without the iota)
refers to uncoined silver while argurion (with the iota) designates silver coins. I
formally challenge this view 35. Along with textual evidence, quantification proofs
to be decisive in order to modify the meaning of argurion, which does not neces-

33 See also e.g. Komnick 2003 (with 18 obverses engraved at a single moment; see my review in
RBN, 150, 2004, 247-249) or Draganov 2007 (with the high number of 181 obverses for a value
which does not allow to pay more than 1,000 soldiers during one year; see my review to appear in
RBN, 154, 2008). 

34 de Callataÿ 1997d.
35 de Callataÿ 2008. 
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sarily refer to “silver coins” but only to silver money, to silver considered as a
means of exchange. Indeed, large amounts of arguriou are quoted in several con-
texts for which, even with the best accommodations we can offer, there is no pos-
sibility to connect enough coins. The consequences of such a semantic
deconstruction are not negligible. It turns out, for example, that large penalties paid
to Rome by Hellenistic defeated monarchies were not paid in coins, as believed up
to now, at least, not mainly. This clearly affects general ideas we may have about
the availability of coined metals at that time.

Too much. Sometimes, there is ‘too much’ as illustrated by the late Lysimachi
tetradrachms struck in Byzantium. With more than 200 obverses dies engraved in
15 years (Groups 3 and 4 of my study: c. 90-76 BC) 36, this reaches far beyond the
needs of any city, Athens included 37. A yearly average of 14 obverse dies for
tetradrachms was not even reached by the most powerful Hellenistic kings, with the
only exception of Alexander the Great. There is definitely too much for Byzan-
tium 38. This, at least, is a result we may get through comparison between numbers
of dies.

But there are cases for which quantification by coins prove to be helpful to
qualify abundance or paucity. During the years 69 to 73 AD, an army of c. 50,000
soldiers (five legions and the auxiliaries) was engaged in the Judean wars for a
total cost estimated at c. 39 millions denarii 39. These are impressive numbers in-
deed. But the numismatic evidence is even greater since it seems that we may con-
nect monetary issues for an approximate total of c. 45 millions denarii to these
events 40. As such, this context seems to provide a rare example of a large army
durably paid for only with fresh coins.

Quite differently, in certain cases, particularly when one deals with small but re-

36 See de Callataÿ 2007, 129-130 and 136. Precise numbers are 210 obverses for 15 years (c. 90-
76 BC), with a yearly average of 14 obverses for tetradrachms.

37 See de Callataÿ 2005b, 83.
38 14 x 20,000 tetradrachms = 280,000 tetradrachms = 1,120,000 drachms = 4.7 tons of coined sil-

ver (for a tetradrachm of 16.8g) = 186.7 talents of Attic silver = enough to fully pay in fresh coins at
least 3.500 soldiers (at the high salary of 320 drachms a year).

39 Amandry 2002, 141-143. At the annual cost of 1,134,000 denarii per legion to which one will
add 2,805,000 denarii for the auxiliaries.

40 I would be tempted to propose the following estimates: c. 26,000,000 denarii for tetradrachms
(320 obverses x 20,000 x 4), c. 19,000,000 denarii for aurei (95 obverses x 10,000 x 20) and 580,000
denarii (29 obverses x 20,000) = c. 45,5 millions denarii. Calculations made by M. Amandry are
problematic in a few instances (95,5 x 20,000 = 1,910,000 [not 1,970,000]; 1,970,000 x 20 =
39,400,000 [not 47,512,000]). His calculation for gold looks overestimated since he is using a mul-
tiplying factor of 20,000 coins per obverse (instead of a lower value of 10,000 as I think more real-
istic); the original number of obverses for Group 1 is very fragile (15 coins for 13 obverses, hence
an original number of 73.6 dies as calculated by the simplified method of G. C. Carter).

QUANTIFYING MONETARY PRODUCTION IN GRECO-ROMAN TIMES 19



QUANTIFYING MONETARY SUPPLIES IN GRECO-ROMAN TIMES - © 2011 · Edipuglia s.r.l. - www.edipuglia.it

markable issues by their size (e.g. Greek decadrachms) or their iconography 41, one
may be tempted to consider them as medals better than as coins, a clearly danger-
ous assumption. Quantification is there to remind that we are dealing with mass-
produced items. 

The so-called ‘Porus’ coinage struck during Alexander the Great campaigns are
certainly rare but six known obverses and 17 reverses (for 24 coins) make it hard
to sustain the recent claim that these coins were actually medallions 42. It is likely
that more than 100,000 of them were struck for a value of about 125 silver Attic
talents, a huge amount indeed. Taking into account this criterion of evaluation,
most Greek coinages would be medals.  

Historians. Beyond numismatic monographs dealing each with one specific
coinage, quantification is above all helpful in order to put things in perspective at
a higher level with no reason for historians to ignore such results. A first but very

41 Elkins 2006, 219 (with 5 obverses and 7 reverses, this issue probably represents a distribution
of one coin to any spectator for no more than a couple [2 or 3?] of audiences in the Colosseum). 

42 Holt 2003, 139-140 (and passim).
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Mints Annual output 

Silver in the name of Alexander the Great (c. 332-c. 290) c. 350.0 

 

Ptolemy II Philadelphus (285-246 BC) c. 132.0 

Ptolemy I Sôter (c. 295-285 BC) c. 100.0 

Late Ptolemaic kings (c. 164/3-c. 91/90 BC) c. 100.0 

 

Cistophoric coinages (c. 175-c. 130 BC)
1
 c. 49.3 

Demetrius Poliorcetes (c. 306-c. 287 BC) c. 48.2 

Antiochus III (223-187) c. 44.0 

Athens (c. 185-c. 45 BC) c. 39.5 

Seleucus IV (187-175 BC) c. 32.0 

Bithynian kings (128/7-74/3 BC)
2
 c. 31.7 

Tetradrachms of the Seleucid kings (c. 300-c. 235 BC) c. 24.0 

Mithridates Eupator (c. 97-64 BC) c. 23.3 

Mausollus (c. 377/6-c. 353/2 BC) c. 18.8 

Idrieus (c. 351/0-344/3 BC) c. 17.1 

Attalid tetradrachms (263-190 BC) c. 11.3 

 

Rhodes (c. 408-c. 190 BC) c. 9.5 

Cappadocian kings (c. 130-78/7 BC)
3
 c. 7.4 

Tarent (c. 510-c. 281 BC) c. 3.4 

Maroneia (c. 510-c. 60 BC) c. 2.6  

Miletus (c. 294-c. 86/5 BC)
4
 c. 2.2 

Phaselis (c. 525-c. 130 BC) c. 1.2 

Chalcis (c. 338-c. 87)
5
 c. 1.1 

Table 3. - Some Hellenistic annual outputs for silver coinages(in equivalent of obverses for Attic
drachms).
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helpful step is to assemble data coming from hundreds of die-studies (more than
700 now for the Greek world). At this stage, we do not need to quantify in terms
of coins. We may stay at the ‘die’s level’, with a systematic use of a common unit.
The equivalent of an obverse die for silver Attic drachm is the natural choice for
Hellenistic coinages. It indeed helps to realize that, in the long-run (i. e. more than
a century) the annual average output for civic mints is less than the equivalent of
10 obverses for Attic silver drachms (Rhodes: c. 9.5; Tarent: c. 3.4; Miletus: c. 2.2)
with the unique exception of Athens (39.5), while, for Hellenistic kings, the aver-
age is superior to ten and in the range of 20-50 for major kings such as the Seleu-
cids or Mithridates Eupator. Beyond that point, we are left with the huge Ptolemaic
coinage (c. 100.0, which means c. 25 obverses for tetradrachms every year) and,
as an ultimate mark to be sure, tetradrachms and drachms struck in the name of
Alexander the Great during four decades (c. 332-c. 290 BC) with a yearly output
of c. 350. 

The landscape provided by these estimates (which all derive from extrapolated
original numbers of obverses) looks coherent in terms of relative sizes, denying
again the statements made on the impossibility to compare different coinages.
Clearly, die-output averages did not differ very much, otherwise we wouldn’t be
able to explain the general coherency of these numbers. 

To take it one step further, let’s apply a die-output average of 20,000 coins to
see what it gives expressed in talents and tons of silver. Here, we are dealing with
large samples of hundreds or thousands of dies, with a reduced risk of abnormal-
ity (the larger the sample, the lower the risk). These numbers are indeed uncertain
but by no means are they illusions. They give us far better than an order of mag-
nitude. 

The main benefit to express results in tons of silver is to afford comparisons
with other data, either within or outside the period. These annual silver monetary
outputs may be compared with other estimates as revenues for major Hellenistic
monarchies 43, the total amount of coined silver for the Hellenistic world or even

43 On these revenues, see Le Rider & de Callataÿ 2006, 170-174.
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Mints Attic 

drachms 

Talents Tons 

of silver 

Silver in the name of Alexander the Great (c. 332-c. 290) c. 364.3 c. 1,214 c. 31.4 

Ptolemy II Philadelphus (285-246 BC) c. 132.0 c. 440 c. 11.4 

Ptolemy I Sôter (c. 295-285 BC) c. 100.0 c. 333 c. 8.6 

Athens (c. 185-c. 45 BC) c. 39.5 c. 132 c. 3.4 

Tetradrachms of the Seleucid kings (c. 300-c. 235 BC) c. 24.0 c. 80 c. 2.1 

Rhodes (c. 408-c. 190 BC) c. 9.5 c. 32 c. 0.8 

Miletus (c. 294-c. 86/5 BC)
1
 c. 2.2 c. 7 c. 0.2 

Table 4. - Annual outputs for Some Hellenistic silver coinages (in Attic talents and tons of silver
[with a die output average of 20,000 coins]).



QUANTIFYING MONETARY SUPPLIES IN GRECO-ROMAN TIMES - © 2011 · Edipuglia s.r.l. - www.edipuglia.it

the total amount of available silver, coined or uncoined. As it has been argued else-
where, the assumption is that Hellenistic precious metals, for the main part, were
not converted into coins. It is unlikely that gold coins represented more than 1/10th

of the available gold at that time 44. Table 5 gives the main important estimates
which we may reconstruct for gold and silver within the Hellenistic world. 

Beyond a doubt, it seems to me that they give at least orders of magnitude. The
total amount of silver coins, for example, here estimated at c. 2,000 tons, may be
divided or multiplied by two (I would be surprised if possible by three) but cer-
tainly it has to be estimated in thousands of tons, not in hundreds, and not in tens
of thousands. This frame is bound by external evidence among which numbers for
later periods, beginning with the Roman Empire, and the gold/silver ratio play a
major role.  

There is a lot of exciting work to do with these quantifications, either at the
lower level of die-studies, or on higher levels including the inscribing of the Greco-
Roman monetary world on a long-run perspective. Moreover, numbers give dif-
ferent feelings depending on the level you are. We may be first impressed, at the
first level, by the huge amount of coins struck in Greco-Roman times, billions lit-
teraly for the Greek world and tens of billions for the Roman Empire 45, often
prompting the conclusion that it was a lot. But, put into perspective, what we know
about the yearly rate of monetary production or the volume of coins put into cir-
culation often does not look impressive when compared with the possibilities of-
fered and the needs required by the political units under review, sustaining the idea
that monetization was actually limited. However, if going still further, we venture
into diachronic comparisons up to the 17th c. AD, there is no doubt that monetary

44 de Callataÿ 2006. 
45 The total amount of obverse dies engraved for the Greek world is in the range of 200,000 (c.

25,000 dies for the 609 die-studies gathered in RQEMH and RQEMAC which seem to cover c. 12.5%
of all the Greek issues). That makes c. 4 billions of coins (with an average output of 20,000 coins per
die). 
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Silver 

1 obverse die for tetradrachms (20,000 x 17.2g) = 0.34 tons of silver 

Annual monetary silver production for the Ptolemies (25/40 obverses) = 8.5/10.9 tons of silver 

Annual revenues of the Ptolemies (10,000/15,000 talents) = the equivalent of c. 259/389 tons of silver 

Annual monetary production to compare with revenues for the Ptolemies = c. 1/22
th
-c. 1/34

th
  

Total amount of silver coins = c. 2,000 tons  

Total amount of available silver = c. 20,000 tons  

 

Gold 

1 obverse die for staters (10,000 x 8.6g) = c. 0.09 tons of gold (c. 0.86 tons of silver for a ratio 10:1) 

Total amount of gold coins = c. 200 tons (c. 2,000 tons of silver for a ratio 10:1)  

Total amount of available gold = c. 2,000 tons (c. 20,000 tons of silver for a ratio 10:1) 

Table. 5. - Some silver and gold estimates for the Hellenistic world.
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quantifications nurture the idea that the Hellenistic and the Roman worlds were
more monetized, as far as coins are concerned. 

I would not conclude without offering a final warning insisting on the spectrum
of uncertainties we have to accept. Some twenty years ago now, I estimated the en-
tire coinage struck in the name of Alexander the Great in between c. 332 and c. 290
BC to be some 200,000 talents 46. This number was found attractive since it is very
close to the c. 180,000 talents taken by Alexander as booty in the Persian treasur-
ies. I used then the high estimate of 30,000 coins as the average die-output what-
ever being the metal. It actually seems more accurate to multiply the original
number of obverses by 20,000 for silver and by 10,000 for gold 47. As a conse-
quence, instead of 200,000 talents, the coinages in the name of Alexander are now
reduced to c. 90,000 talents48 and the general equivalence with the Persian booties
is gone. So Marcello de Cecco is correct: we will never have the quantitative evi-
dence; we will never produce anything which is definitive (but who does?), we
can only have qualitative stuff (this is to be appreciated) and, he adds, that is what
we need. And that is what we can offer. 
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References to Table 1

I have tried to take into account every relevant study published from 1998 onwards. Ho-
wever, it is likely that, despite my efforts, several studies are missing in this annex. I apo-
logize in  advance for these shortages which, hopefully, will not affect the general trend of
the calculations.

1. Quantification expressed in number of coins

Villaronga, L. 1998, Les dracmes ibèriques I llurs divisors, Barcelona, 87-94 (20,000 coins
[or 10,000 to be more careful]).

Hollstein, W. 1998/1999, Überlegungen zu Datierung und Münzbildern der römischen
Didrachmenprägung, JNG, 48/49, 133-164 (149 n. 62: c. 20,000 coins with references
to Burnett).

Amandry, M. and B. Remy 1998, Pontica II. Les monnaies de l’atelier de Sébastopolis du
Pont, Paris (48: 20,000 coins per obverse die, circa the equivalent to pay a Roman le-
gion for two months).

de Callataÿ, Fr. 1998, Les monnaies hellénistiques en argent de Ténédos, in R. Ashton and
S. Hurter (eds.), Studies in Greek Numismatics in Memory of Martin Jessop Price, Lon-
don, 99-114, pl. 24-8 (111: 20,000 coins). 

Sellwood, D. 1998, A Die Count for a Group of Parthian Drachms, in R. Ashton and S.
Hurter (eds.), Studies in Greek Numismatics in Memory of Martin Jessop Price, Lon-
don, 317-320, pl. 69 (318 : 20,000 coins – abundance). 

Amandry, M. and B. Rémy 1999, Comana du Pont sous l’Empire romain. Etude historique
et corpus monétaire (Glaux 14), Milano (58: 20,000 ex. – paucity of coinage : the equiv-
alent of c. 200 pays for legionaries). 

Moushegian, A. and G. Depeyrot 1999, Hellenistic and Roman Armenian Coinage (1st c.
BC – 1st c. AD) (Moneta 15), Wetteren (8: 20,000 coins per obverse die).

Bauslaugh, R. A. 2000, Silver Coinage with the Types of Aesillas the Quaestor (NS 22),
New York (112: 10,000 coins). 

Aperghis, G. G. 2001, Population-Production-Taxation-Coinage. A model for the Seleukid
economy, in Z. H. Archibald et al. (ed.), Hellenistic Economies, London-New York,
69-102 (95: 30,000 coins).
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Ashton, R. H. J. 2001, The coinage of Rhodes 408-C.190 BC, in A. Meadows and K. Ship-
ton (eds.), Money and Its Uses in the Ancient Greek World, Oxford, 79-115 (97: 30,000
coins – ‘if we make the usual, though far from reliable, assumption that each die struck
on average 30,000 coins’).

Amandry, M. 2002, La politique monétaire des Flaviens en Syrie de 69 à 73, in Chr. Augé
and Fr. Duyrat (eds.), Les monnayages syriens. Quel apport pour l’histoire du Proche-
Orient hellénistique et romain ?, Beirut, 141-3 (142-3 : 20,000 coins, ‘alors qu’une va-
leur de 30 000 est plus en vogue à l’heure actuelle’ [143] – these substantial amounts
of coins were issued for other purposes than to pay soldiers).

de Callataÿ Fr. 2002, Les productions des tétradrachmes civiques de la Cilicie jusqu’à la
Palestine à la fin du IIe et dans la première moitié du Ier s. av. J.-C. (Elaiussa Sébasté,
Aigeai, Séleucie-de-Piérie, Laodicée, Arados, Tripolis, Sidon, Tyr, Ascalon),  in Chr.
Augé and Fr. Duyrat (eds.), Les monnayages syriens. Quel apport pour l’histoire du
Proche-Orient hellénistique et romain ?, Beirut, 71-91 (84 : 30,000 ex. [intentional
high value] – large monetization).

Le Rider, G. 2003, Alexandre le Grand. Monnaies, finances et politique, Paris (92: ‘Je
propose, sous toutes réserves, de fixer ce nombre à 20 000’ and 319 : 20,000 coins).

Maffre, Fr. 2004, Le monnayage de Pharnabaze frappé dans l’atelier de Cyzique, NC, 164,
1-32, pl. 1-2 (8-9: calculations made for different hypotheses [10,000, 20,000 and
30,000 coins per obverse die] with estimates of the results in talents and tons of coined
silver – 9: ‘Ces quantités … fournissent toutefois un ordre d’idées à mettre en parallèle
avec les sommes allouées au satrape durant ses responsabilités navales’).

de Callataÿ, Fr. 2004, Le premier monnayage de la cité d’Amastris (Paphlagonie), SNR,
83, 57-85 (p79 : 20,000 ex.).

de Callataÿ, Fr. 2004, Le monnayage en argent au type d’Athéna Parthénos émis au nom
des Ainianes, Obolos, 7 (Coins in the Thessalian Region), Athens, 125-56 (138-139:
20,000 or 30,000 ex. – ‘a lot but not enough’).

Aperghis, G. G. 2004, The Seleukid Royal Economy, Cambridge (17-18: 30,000 coins).
Elayi, J. and A. G. 2004, Le monnayage de la cité phénicienne de Sidon à l’époque perse

(Ve-Ive s. av. J.-C.), Paris (578-580: 20,000 coins – estimates in silver tons).
de Callataÿ, Fr. 2005, L’instauration par Ptolémée Ier Sôter d’une économie fermée, in Fr.

Duyrat and O. Picard (eds.), L’exception égyptienne ? Production et échanges moné-
taires en Égypte hellénistique et romaine, Cairo, 117-134 (124-125: 20,000 coins).

de Callataÿ, Fr. 2005, A quantitative survey of Hellenistic coinages: recent achievements,
in Z. H. Archibald et al. (eds.), Making, Moving and Managing. The New World of An-
cient Economies, 323-31 BC, Oxford,  73-91. 

Elkins, N. T. 2006, The Flavian Colosseum Sestertii: Currency or Largess?, NC, 166, 211-
221, pl. 31-2 (219: ‘What little evidence there is suggests that an ancient obverse die
might strike around 15,000-30,000 silver coins before developing major flaws’ – there
is not enough [5 obv., 8 rev.] and the purpose is thus restricted to a largess).

Le Rider, G. and Fr. de Callataÿ 2006, Les Séleucides et les Ptolémées. L’héritage moné-
taire et financier d’Alexandre le Grand, Paris (172, 225, 228: 20,000 coins).

de Callataÿ, Fr. 2007, Le monnayage en argent d’Oinoanda : après Apamée (188 av. J.-C.)
ou après Mithridate (85-82 av. J.-C.) ?, in Gh. Moucharte et al. (eds.), Liber Amicorum
Tony Hackens, Louvain-la-Neuve, 203-211 (203 and 210: 30,000 coins [intentional
high value]).

Iossif, P. and C. Lorber 2007, Marduk and the Lion. A Hoard of Babylonian Lion Staters,
in Gh. Moucharte et al. (eds.), Liber Amicorum Tony Hackens, Louvain-la-Neuve, 345-
363 (349: 30,000 coins per obverse – plentiful strike).

Warren, J. A. W. 2007, The Bronze Coinage of the Achaian Koinon. The Currency of a
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Federal Ideal (RNS Spec. Publ. 42), London (166-167: estimates of 10,000, 20,000
and 30,000 are used [annex by de Callataÿ]).

Dalaison, J. 2008, L’atelier d’Amaseia du Pont. Recherches historiques et numismatiques,
Bordeaux (39-43: 20,000 coins – 189: paucity of the monetary strike, the equivalent of
the pay of 1,200 soldiers on two centuries).

Guihard, P.-M. 2008, Monnaies gauloises et circulation monétaire dans l’actuelle Nor-
mandie, Bayeux (20: 20,000 to 40,000 coins with a warning about the application of
these estimates to Gallic coins). 

2. Quantification expressed in number of dies

Kosmetatou, E. 1998, The coinage of Lycian Termessos pros Oinoandois, NumAntClass,
27, 161-183 (175). 

Hoover, O. D. 1998, Notes on some imitations drachms of Demetrius I Soter from Com-
magene, AJN, 10, 71-94, pl. 10-2 (73-74). 

McAlee, R. G. 1999, The Livia Hoard of Pseudo-Philip Tetradrachms, AJN, 11, 1-12, pl.
1-3 (3-4).

Arnold-Biucchi, C. 1999, Un trésor de tétradrachmes hellénistiques d’Aigeai en Cilicie, in
M. Amandry and S. Hurter (eds.), Travaux de numismatique grecque offerts à Georges
Le Rider, London, 1-13, pl. 1-2 (7).

Houghton, A. 1999, The Early Seleucid Mint of Laodicea ad Mare (c. 300-246 BC), in M.
Amandry and S. Hurter (eds.), Travaux de numismatique grecque offerts à Georges Le
Rider, London, 169-184, pl. 14-6 (180 : annual rhythm given from the number of ob-
verse dies).

Davesne, A. 2000, L’impact des guerres de Syrie sur la politique monétaire de Ptolémée
II, RN, 155, 9-16 (14).

Villaronga, L. 2000, Les monedes de plata d’Emporion, Rhode i les seves imitacions de
principi del segle III aC fins a l’arribada dels Romans el 218 aC, Barcelona (53-54).

Delrieux, F. 2000, Les ententes monétaires au type et à la légende SUN au début du IVe siè-
cle, in O. Casabonne (ed.), Mécanismes et innovations monétaires dans l’Anatolie aché-
ménide (Varia Anatolica 12), Paris, 185-211, pl. 31-34 (194).

Panagopoulou, K. 2001, The Antigonids. Patterns of a royal economy, in Z. H. Archibald
et al. (eds.), Hellenistic Economies, London-New York, 313-364 (326-333).

Houghton, A. 2002, The Production of Money by Mints of the Seleucid Core, in Chr. Augé
and Fr. Duyrat (eds.), Les monnayages syriens. Quel apport pour l’histoire du Proche-
Orient hellénistique et romain ?, Beirut, 5-19 (calculations about the number of ob-
verses). 

Duyrat, Fr. 2002, Les ateliers monétaires de Phénicie du Nord à l’époque hellénistique, in
Chr. Augé and Fr. Duyrat (eds.), Les monnayages syriens. Quel apport pour l’histoire
du Proche-Orient hellénistique et romain ?, Beirut, 21-69 (calculations about the num-
ber of obverses).

Ripollès, P. P. and M. del Mar Llorens 2002, Arse-Saguntum. Hitoria monetaria de la ciu-
dad y su territorio, Sagunto (179-213).

Papaefthymiou, E. 2002, Edessa de Macédoine. Etude historique et numismatique, Athens
(212-214).

Ingvaldsen, H. 2002, Cos. Coinage and Society. The chronology and function of a city-
state coinage in the Classical and Hellenistic period c 390-c. 170 BC, Oslo (80-83).

Villaronga, L. 2002, Les dracmes emporitanes de principi del segle II aC, Barcelona (55-
57).
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Wojan, Fr. 2003, Kérazonte du Pont sous l’Empire romain. Etude historique et corpus mo-
nétaire, RN, 159, 257-290, pl. 10-2 (282-283).

Villaronga, L. 2003, La plata emporitana de la segonda guerra punica, final del segle III
a.C, Barcelona (85-88).

Grandjean, C. 2003, Les Messéniens de 370/369 au 1er siècle de notre ère. Monnayages et
histoire (BCH Suppl. 44), Athens (47: ‘sans se livrer à des extrapolations hasardeuses’
and 237-238).

Houghton, A. 2004, Seleucid coinage and monetary policy of the 2nd century BC. Reflec-
tions on the monetization of the Seleucid economy, Topoi, Suppl. 6, Le roi et l’économie.
Autonomies locales et structures royales dans l’économie de l’empire séleucide, 49-79
(75-77).

Sawaya, Z. 2004, Le Monnayage Municipal Séleucide de Bérytos (169/8-114/3 ? av. J.-
C.), NC, 164, 109-146, pl. 10-18 (131).

Sawaya, Z. 2005, Les tétradrachmes Séleucides à l’Aigle de Bérytos, NC, 165, 99-124, pl.
9-14 (109 and passim).   

Duyrat, Fr. 2005, Arados hellénistique. Étude historique et monétaire, Beirut (systematic
statistic treatment of the number of obverses).

Lorber, C. C. and A. Houghton 2005, Cappadocian Tetradrachms in the Name of Anti-
ochus VII, NC, 166, 49-97, pl. 15-26 (86-97: ‘Appendix: Quantitative Analyses by Petr
Vesely’).   

Faucher, Th. and M. Shahin 2006, Le trésor de Gézéïr (lac Mariout, Alexandrie), RN, 162,
135-157, pl. 10-14 (142-143).

Wojan, FR. 2006, Trapézonte du Pont sous l’Empire romain : étude historique et corpus
monétaire, RN, 162, 181-229, pl. 17-33 (218-219).

Sheedy, K. A. 2006, The Archaic and Early Classical Coinages of the Cyclades (RNS Spec.
Publ. 40), London, (153-155; 155 : ‘The application of statistical analysis in this study
has been modest … I believe that the results provide important information’). 

Nercessian, Y. T. 2006, Silver Coinage of the Artaxiad Dynasty of Armenia, Los Angeles
(141-144).

Tsagari, D. I. 2007, Corpus des monnaies d’or, d’argent et de bronze de la Confédération
étolienne, Athens (261 and after; no use of these data in the text).

Ripollès, P. P. 2007, Las acunaciones de la ciudad ibérica de Saitabi, Valencia (83-86).
Draganov, D. 2007, The Coinage of Deultum, Sofia (25 coins per obverse die as an aver-

age!).

3. No quantification

Liampi, K. 1998, Ekkarra, eine Stadt der Achaia Phtiotis: Ihre Lage nach den numismati-
schen Zeugnissen, in U. Peter (ed.), Stephanos nomismatikos. Edith Schönert-Geiss
zum 65. Geburtstag, Berlin, 417-439.

Weiss, A.-P. and S. Hurter 1998, The Silver Staters of Ialysos, SNR, 77, 5-23.
Ashton, R. H. J. 1999, The Late Classical/Early Hellenistic Drachms of Knidos, RN, 154,

63-94, pl. 5-12.
Nicolet-Pierre, H. 1999, Les cratérophores de Naxos (Cyclades): emissions monétaires

d’argent à l’époque hellénistique, RN, 154, 95-119, pl. 13-22.
Holt, F. L. 1999, Thundering Zeus. The Making of Hellenistic Bactria, Berkeley-Los An-

geles-London.
Fischer-Bossert, W. 1999, Chronologie der Didrachmenprägung von Tarent 510-280

v.Chr., (AMUGS 14), Berlin.
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Lee, I. 1999, The Flower of Adonis at Eryx, NC, 159, 1-31, pl. 1-8.
Delrieux, F. 1999, Les monnaies de Mylasa aux Types de Zeus Osogôa et Zeus Labraun-

deus, NC, 159, 33-45, pl. 9-10.
Kinns, Ph. 1999, The Attic Weight Drachms of Ephesus: A Preliminary Study in the Light

of Recent Hoards, NC, 159, 47-97, pl. 11-16.
Ashton, R. H. J. 1999, The Hellenistic Hemidrachms of Kaunos, RBN, 145, 141-154, pl.

14-16.
Beckmann, M. 2000, The Early Gold Coinage of Trajan’s Sixth Consulship, AJN, 12, 119-

156, pl. 21-26 (124: 82 obv., 77 rev. and 256 coins but no use of these data).
Ashton, R. H. J. 2000, More Pseudo-Rhodian Drachms from Central Greece: Haliartos

(again), Chalkis, and Euboia uncertain(?), NC, 160, 93-116, pl. 5-9.
Matzke, M. 2000, Die frühe Münzprägung von Teos in Ionien. Chronologische und metrol-

ogische Untersuchungen um di Frühzeit, JNG, 50, 21-53.
Psoma, S. 2001, Olynthe et les Chalcidiens de Thrace. Études de numismatique et d’his-

toire, Stuttgart.
Lavva, S. 2001, Die Munzprägung von Pharsalos, Saarbrücken.
Ashton, R. H. J. 2001, Rhodian Bronze Coinage and the Siege of Mithradates VI, NC, 161,

53-66, pl. 15-30.
Ehling, K. 2001, Die Münzprägung der mysischen Stadt Germe in der römischen

Kaiserzeit, Bonn.
Kritt, B. 2001, Dynastic Transitions in the Coinage of Bactria. Antiochus-Diodotus-Eu-

thydemus, Lancaster.
Meadows, A. 2002, Stratonikeia in Caria: the Hellenistic City an its Coinage, NC, 162, 79-

134, pl. 19-30.
Ashton, R. H. J. and Ph. Kinns 2003, Opuscula Anatolica II, NC, 163, 1-47, pl. 1-8.
Komnick, H. 2003, Die Münzprägung von Nicopolis ad Mestum, Berlin.
Liampi, K. 2004, The coinage of Amorgos: Aigiale, Arkesine, Minoa and the koinon of the

Amorgians, RN, 160, 63-113, pl. 5-9. 
Meadows, A. 2004, The Earliest Coinage of Alexandria Troas, NC, 164, 47-70, pl. 3.
Frolova, N. A. 2004, Die frühe Münzprägung vom Kimmerischen Bosporos (Mitte 6. Bis

Anfang 4. Jh. V. Chr.). Die Münzen der Städte Pantikapaion, Theodosia, Nymphaion und
Phanagoria sowie der Sinder, Berlin.

Ashton, R. H. J. 2005, The Coinage of Oinoanda, NC, 165, 65-84, pl. 4-8.
Fischer-Bossert, W. 2005, Die Lysimacheier des Skostokos, RBN, 151, 49-74, pl. 3-8.
Prokopov, I. 2006, Die Silberprägung der Insel Thasos und die Tetradrachmen des “tha-

sischen Typs” vom 2.-1. Jahrhundert v.Chr., Berlin.
Ashton, R. H. J. 2007, The pre-Imperial Coinage of Iasos, NC, 167, 47-78.
Höghammar, K. 2007, A Group of Koan Issues from c. 200 BC, NC, 167, 79-92, pl. 16-7.
Mani Hurter, S. 2008, Die Didrachmenprägung von Segesta, Bern.
Kovalenko, S. 2008, Die spätklassiche Münzprägung von Chersonesos Taurica, Berlin.
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