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Introduction

Timber was the principal source of fuel during tReman empire, enabling
multiple aspects of Roman daily life, from cookittgheating the public baths, as well
fueling its industries. Before a brick-and-cememieduct could be built, or a legionary’s
iron shield smithed for optimum strength, a largarmtity of wood had to be consumed in
ancient kilns. Despite how critical fuel wood was dll aspects of Roman life and
economy, its consumption and supply has not bestestically examined. This study
will analyze the use of wood in four fuel-intensivelustries from 200 BC to 400 AD:
metallurgy; ceramics production; lime making; andsg making. To understand the
dynamic between industry and its fuel resourcesmust not only determine how much
fuel was demanded by industry and how this demaurdulated across the geographic
and chronological reach of the empire, but alsdyaeahow this demand for a limited
resource changed the style of production itselis Tequires a close examination of the
physical remains of ancient industry, synthesiziagchaeological remains, legal
documents, and literary references.

Behind larger claims about the dynamic betweenstighiand fuel resources are
complex interactions between consumption habitgdyetion adaptations, and a
changing resource burden which must first be deted. Two shifts in the consumption
of fuel-intensive goods altered the relationshigwleen fuel and industry during the
Roman period. Though production and trade of faoensive consumer goods like metal,

glass, and pottery had occurred in the Mediternarfea centuries or even millennia



before the Romarisfor the first time these goods were demanded loyamilable to a
larger segment of the population outside of a royallite minority — a group which grew
as the empire and its wealth expanded in the fimtturies BC and AD. The
phenomenon of empire led to an unprecedented stiimddon of tastes across an
enormous geographic regidhat a stash of mass-produced fine pottery froctofées
in Gaul was discovered at the fort of VindolandaFe 1), on the northern-most frontier
of Roman Britairf, is a neat example of how this phenomenon mighe vaerked. The
legionaries themselves were a conduit for the sp@faRoman material culture into
newly conquered regiorisand the archaeological record reflects the diffusdf their
tastes to local populatiorfsArchitecture reflected this shift as well, leadiby an
increased demand for fuel-intensive bricks, ceratiiégs, and lime, three staples of
imperial construction. Even a remote frontier towad its own public bath which
required tiles and bricks to build, and more impottcenters usually had aqueducts and

public buildings of brick-and-concrete construction

! For example, the Uluburun shipwreck, dating fraam X300 BC and discovered off the coast of Turkey,
held nearly ten tons of copper and one ton ofrtgots in its hold, as well as a stash of glasstspossibly
produced by manufactories in Egypt. Andreas HauptmRobert Maddin, and Michael Prange, “On the
Structure and Composition of Copper and Tin Inditsavated from the Shipwreck of UluburuBilletin
of the American Schools of Oriental Rese&82B (Nov., 2002): 1-33.

2 Wilson, “Large-Scale Manufacturing, Standardizatiand Trade,” 393-417.

% Andrew I. Wilson, “Large-Scale Manufacturing, Standization, and Trade,” ithe Oxford Handbook of
Engineering and Technology in the Classical Woeldl, John Peter Oleson (Oxford: Oxford University
Press, 2008), 393-417.

“Anthony Birley, Garrison life at Vindoland€Stroud: Tempus, 2002), fig. 8.

®W. V. Harris points to the importance of the legi@s a source of demand for signed terracottadamp
the provinces, their presence encouraging the dprent of local production of these fired goods.
“Roman terracotta lamps: the organization of am@ty,” The Journal of Roman Studié8 (1980): 126-
145.

® Reflected in the increased fired pottery use iitaBr after the Roman invasion, described in Vivign
Swan,The Pottery Kilns of Roman Brita{bondon: Royal Commission on Historical Monuments,
Supplementary Series 5, 1984), 19. For a more tlghraliscussion of how ceramic studies have beeth use
to study Romanization, see Roman Ernst R8tiiling Romanisation: Pottery and Society in Cdritedy
(Cambridge University Press, 2007).



Demand for these fuel-intensive commodities notyoekpanded over the
geographic reach of the empire through imperialibat, became concentrated in urban
centers of an unprecedented siz&hese urban centers were home to prosperous
consumers whose appetites for the most basic foffsisb the finest metal tableware had
to be fed by a combination of nearby villa prodoctias well as through long-distance
trade® The fact that urban centers were home to the prosiperous Romans entailed a
large local consumption of fuel-expensive statuseadike glass and metal tableware.

These changes in consumption, brought by urbanemd imperialism,
necessitated two significant shifts in the method acale of production during the
Roman empir€.In a manner not done before or immediately aftés period, the
Romans created “mass-productithfacilities, often near large centers of demand &k
army fort or urban center, or advantageously cftedtransportation for long distance
trade. Mass-production facilities may not haverbdge dominant production regime in

the empiré! but their existence changed the dynamics of feelsumption on a local

" The city of Rome probably sustained a populatibare million inhabitants in the first century ABnd
Alexandria, Antioch, and Carthage each between3fBI)000. Theses population sizes were not reached i
Europe again until the 1700-1800s. W. V. HarrisetiBeen archaic and modern: some current problems in
the history of the Roman economy,”The Inscribed Economy: Production and distributiothe Roman
empire in the light of instrumentum domesticuead. W. V. Harris (Ann Arbor, MI: University of Mhigan
Press, 1993), 11-29.

8 W. V. Harris, “Between archaic and modern,” 11-29.

° Though the technology of production for fired gesdmained largely unchanged for millennia, with th
exception of the invention of glass blowing in firet century BC. On metal: P.T. Craddock, “Metadjy,”

in The Oxford Handbook of Engineering and Technologhé Classical Worlded. John Peter Oleson
(Oxford: Oxford University Press, 2008), 102; Ortpoy: Mark Jackson and Kevin Greene, “Ceramic
Production,” inibid., 496-519.

10\We must be careful when applying words like “inalyisand “mass production” in the ancient and pre-
modern eras. “Industry” does not imply a factoryhwpower-driven machinery to which countless wasker
attend, but is used in the ancient context to des¢he production of a single artifact type irgeamnumbers
at one site, with an unknown number of workers., 3@grew |. Wilson, “Large-Scale Manufacturing,
Standardization, and Trade,” Tihe Oxford Handbook of Engineering and Technologhé Classical
World, ed. John Petédleson (Oxford: Oxford University Press, 2008), 393; and Harris, “Roman
terracotta lamps,” 126-145.

™ This question is related both to demographic amhemic topics intensely debated by historians.
Demographically, the majority of the empire’s inftabts lived rural and agricultural lives, and wabulot



level, as well as expanded the “resource footpraitthe civilization as a whole. The
dispersion of manufactories of all scales to negvores of Europe and the Mediterranean
also marked a change in fuel-intensive productiomring the empire. These
manufactories were either introduced as a completelv technology, in the case of
brick production to Romano-Britailf,or were an intensification of local industry, for
example silver manufacture on the Iberian peninula

How can we understand the effects these changpoduction would have had
on fuel resources? Although some quantitative edénof total fuel wood demanded
would be a useful tool in this inquiry, the geodraally and chronologically scattered
evidence does not lend itself to this type of asialyAs will be discussed below, the
variability in all aspects of fuel-intensive prodiocn makes generalizations almost
impossible. Production of fuel-intensive goods ooed at a variety of scales — from
mound kilns which produced twenty clay pots, to rityeby-fifteen foot subterranean
complexes firing 40,000 bricks at one Calculations for even one production site are
made maddeningly complex by the range in heat redudy different subsets of fired
goods (within the category of metals, for instarare,iron ore with high carbon content
needs to be heated in a fire 40Chotter than that used to smelt a low carbon @),

as well as the different intensities of heat geteerdy different types of fuel (brushwood

have been consumers of these goods. The questishabfpercentages of agricultural and craft praduact
was trade beyond a local market is also uncer&sr.Harris, “Between archaic and modepassim and
Keith Hopkins, “Models, ships and staples, Tirade and famine in classical antiquigd. P. Garnsey and
C.R. Whittaker (Cambridge: Cambridge University$3re1983), 84-109.

2 parvill, T.C. and McWhirr, A.D. “Roman brick prodtion and the environment,” ifhe Romano-British
countryside: studies in rural settlement and ecopaed. David Miles, British Series 103 (Oxford: Bsit
Archaeological Review, 1982), 137-150.

13 Craddock, “Mining and Metallurgy,” 95.

1 Darvill, T.C. and McWhirr, A.D. “Roman brick prodtion and the environment,” 137-150.

15J. E. RehdeiThe Mastery and Uses of Fire in Antiquiontreal: McGill-Queen’s University Press,
2000) 103.



produces almost five times less heat than cut haodif). This is not taking into account
variation in furnace design, which has crucial @psnces for heating efficienty.

Complications aside, we can make several importantjmpressionistic,
comparative conclusions about fuel demand acrahssiry, geography, and time. Of the
heavily qualified estimates which historians havedpced, Janet DeLaine’s numbers
regarding brick and lime consumption in imperialnswuction will be included to
support the claim that imperial building projectsngrated a massive increase in fuel
consumption. Comparative fire temperatures of pctda will be included throughout
Section | and collected in the Appendix to sugdest relative fuel expense behind
individual goods, which will be used towards a firdensiveness hierarchy of the four
industries in Section I.v. Chronologically, prodoat of all the fuel-intensive goods in
guestion appears to have peaked in the first cg@tir During this era, the dispersion of
large production centers was at a geographic hesylggesting an increased resource
burden on the Western territories, especially Brithegal and literary sources suggest
the surprising continuity of fuel-intensive prodoct in the areas of Italy immediately
adjacent to Rome, like Terracina.

Despite these trends of intensification and gedgcagispersion of fuel-intensive
production, which clearly increased the amountuefl fvood demanded by industry, the
archaeological and written records reveal few imsta of fuel wood shortages. How did

Roman producers manage fuel resources to prevemtitycand deforestation? The

16 RehderUse of Fire 31.

1" Rehder compares his own smelting experimentspirnaitive-type kiln similar to ancient kilns, with
those of metallurgy historian R.F. Tylecote, whaswaing a better-insulated kiln. For the same arnofin
iron processed, and similar fuel types, Rehderireduhree times the fuel of Tylecote, highlightitig
importance of kiln design to fuel efficiency, bis@sounding a cautionary note for historians gyim use
experimental archaeology to build estimates ofemtdiuel consumption. Rehdétse of Fire 150.



evidence does not suggest either a significant -thsigince trade or a government
subsidy of fuel wood for industrial purposes. Thdyoinstances where the imperial
government used its powers of extraction to stiteulel supply — through public

contracts and taxation in kind — was done in otdefuel the public baths, not industry.
Fuel demand for industry, therefore, appears toehlaeen managed by small-scale

adjustments in production style, to be discusseskeiction II.



I: Production and consumption of fuel-intensive g®o
i. Metals

The Romans mined and used iron, copper, silved,de&ad, and zinc, and made the
alloys'® bronze, brass, and pewtéiRoman civilization depended upon the availabitity
metal products, both low cost metals like iron &atl, and precious metals such as silver.
Demand for metal products cut across all segmehtheoempire’s populatidfi— rich
and poor, urban and rural, military and civiliaratQ, in a treatise on estate management
intended for fellow landowning Italians in the sedacentury BC, instructs his readers to
buy iron tools, scythes, spades, axes, harnessesnents, chains, ploughs, and copper
vessels?! The “urban” Roman, living in a town center suppdrtby nearby rural
agricultural production, often had lead pipes béméés or her feet? which connected to
metal fixtures in homes or public fountains to dyppater. They cooked and stored food
in pans and containers of cast bronze or of coppéead, and often would have used
metal coinage of silver, bronze, or brass to pwsetthese objects at markéMetal was

used for domestic equipment such as knives, rameks, and keyé? but also for the

18 An alloy is a manufactured blend of two or moreatse Bronze and brass are both copper alloys, and
pewter is a mix of lead and tin.

19p 1. craddock and M.J. Hughes, edisirnaces and smelting technology in antiqltgndon:
Department of Scientific Research, The British Muag1992).

20 This point is debated. Harris notes in “Betweernait and modern,” 29, that despite evidence of
widespread metal use in the remains of Pompeiichvpiovide a snapshot of a particularly wealthyamrb
center before 79 AD, metal objects are surprisidpgent in documents from an estate in Roman Egypt.
On the other hand, Sim has suggested that it isteamderestimate the number of metal objectsgoein
used at a given time, because metal objects aa f[wfoted from remains. David Sim and Isabel Ridge,
Iron for the eagles: the iron industry of Romant&in (Stroud: Tempus, 2002).

21 catoDe Agricultural35.1.

22 pliny Natural History34.164, in John W. Humphrey, John P. Oleson, amdréw N. Sherwoodzreek
and Roman Technology: A Sourcebg@o&ndon: Routledge, 1998), 177.

2 Christopher Howgego, “The Supply and Use of Moimethe Roman World 200 BC to AD 300,”
Journal of Roman Studig82 (1992): 1-31.

% Sim and Ridgelron for the eagles] 8.



highest form of social expression as cast bronzdpsre? The craftsman of wood,
stone, or leather could not ply his trade withopgaalized metal tools, nor could the
construction worker build homes without hammergsaxnetal plastering tools and metal
nails to secure timber constructittiThe military would have been the largest consumer
of metal objects, using belts and harnesses of rasal?’ carrying weapons of high
quality iron, and wearing armor which could be @aspte as a few sheets of smithed iron
or as complex as layers of minutely hammered lofkson chain mail. The soldier relied
on massive war machines of metal parts liked@ipultaandmanubalistain battle, as
well as javelins, arrows, and shiefds.

When was metal production at its most intense?odighh numerous metallurgy
historians have attempted to estimate the amoumheifll processed at major Roman
mining sites by looking at slag, the waste metal-off created during smelting (the

furnace processing of or&)ijt is impossible to create a chronology from themmains.

From settlement remains in archaeological recok@®gtmine sites, it appears production

% Annamaria Ciarallo and Ernesto de Carolis, @dsmo faber : natura, scienza e tecnica nell'antica
Pompei(Milan: Electa, 1999). The book presents matemnigure preserved in households of Pompeii,
subsumed in ash from Mount Vesuvius in 79AD, thiwvigling a snapshot of the consumption of
prosperous urban households in peninsular ItatiiérHigh Empire.

26 Sim, Iron for the eagles18.

?"David Brown, “Bronze and pewter,” 25, 33.

%8 Sim, ibid., 73-102.

2 Although the estimates are complicated by theatliffy of accurate dating and the possibility teatant
slag heaps are much smaller than at the time ofadRgmmoduction due to later re-processing, the rarsb
are at least suggestive of the magnitude of préaalucluring the Roman period. Adding up all the slag
heaps found in present-day Spain, Allan calcul#tatithe Romans produced 25-30 million tons of,slag
which, using a slag-to-metal ratio of 3:1, wouldame total production of 8-10 million tons metakrily
Cleere estimates Britain iron production was 2,26 of iron per annum at its height, contributiog
what Paul Craddock estimates was the more tha®8@ghs of iron produced per annum throughout the
rest of the Empire. John C. AllaBpnsiderations on the Antiquity of Mining in thedian Peninsula
(Royal London: Anthropological Institute of GreattBin and Ireland, 1970), Paul T. Craddock,

“Mining and Metallurgy,” in John Peter Oleson, @the Oxford Handbook of Engineering and Technology
in the Classical WorldOxford: Oxford University Press, 2008), 108; He@eere, The Iron Industry of
the WealdLeicester: Leicester University Press, 1985), 8nJHealy Mining and metallurgy in the
Greek and Roman world.ondon: Thames and Hudson, 1978), 195.



at major centers like the Weald, in Britdftand in Vipasca, Portugil,ceased in the
mid-third century and late fourth century AD, resipeely. The Greenland ices cores
provide novel, although impressionistic, evidené€Roman metal production. Though
most famously used to study temperature trendsinmate history, the cores are also a
record of airborne particles released during smgltThe deposits for the Roman era are
unique in the pre-industrial record, with lead dafsfour times greater than natural
levels from 500 BC to AD 300. Copper deposits folla similar chronology? Jongman
has suggested that the decline in both coppereatideposits in the late second century
points to a sharp drop in metal production.

What did the production that was satisfying thismded look like, and where did
it take place? Although mining sites from the Ronpamiod have been excavated from
North Africa to Serbid® the location and intensity of production depengeshtly on the
type of metal being processed. Iron production oecluthroughout the empire and at a
variety of scales, since most areas had plentégplbdits, with its ingots most likely used
locally or regionally. Less plentiful lead, silvecopper, and gold deposits were an
altogether different case, with these preciousuess managed carefully by the imperial
administration or military to maximize outptitBritain was a critical source of tin and

lead, perhaps even before the territory was comglierAD 43. Diodorus of Sicily writes

% Henry Cleere, “Industry in the Romano-British Ctryside,” In David Miles, ed.

The Romano-British countryside : studies in ruritlement and econon(@xford: B.A.R. British Series
103 (i), 1982) 123-135.

31 DomergueMine antique d’Aljustrel32.

323, Hong, Candelone, J.-P., Patterson, C.C., aRdBoutron, “Greenland Ice Evidence of Hemispheric
Lead Pollution Two Millennia ago by Greek and Ron@Givilizations,” Science265 (1994), 1841-3. See
also, S. Hong, Candelone, J.-P., Soutif, M., Badtron, C.F., “A Reconstruction of Changes in gep
Production and Copper Emissions to the Atmospherieg the Past 7000 YearsThe Science of Total
Environmentl88 (1996), 183-93.

33 P.T. Craddock, and M.J. Hughes, efisrnaces and smelting technology in antigltgndon:
Department of Scientific Research, The British Muag1992).

% p. @rsted, “Roman State Intervention?” 70-76.



in the first century BC, “Much tin is brought ovieom the island of Britain to Gaul...and
is carried on horses and traders through the heartbf Celtica to the Massalians and to
the city called Narbo® By the mid-first century, a quotation from Plinyggests that
British products were so plentiful that restriciohad to be placed on production: “For
pipes and sheeting we use black lead, which isugiugith great efforts in Spain and all
the Gallic provinces but in Britain occurs at theface of the ground in such abundance
that a law forbids the production of a certain gitgri>*® One is also struck by the
overwhelming importance of mines in the Iberian iRsma’ for the supply of irorf®
tin, 3 copper’® and gold. The peninsula became a Roman posseasioa 190’s BC and
the government’s principal source of precious mitakoinage by the first century BC.
Pliny, writing in the mid-first century AD, mentisnthe use of Iberian tin in a bronze
recipe from Campani&, pointing to the importance of Iberian productstiie long-
distance commercial marketplace as well.

Metal products required large amounts of fuel wdlughout each stage of
their manufacture (see Table 1, in Appendix). Aftetal oré? was mined from the earth,

ancient metallurgists processed the ore througlkrakvyuel-intensive stages, including

% Diodorus Siculugistory 5.38.4.

% Pliny Natural History34.164-165. Although building an argument withautritical use of ancient
evidence, David Elkington suggests these restristigere imposed on British mines because of palitic
pressure from Iberian mine owners. Pliny, havingrban imperial procurator in Spain, would perhaps
have been inclined to exaggerate the threat oisBrjiroducts flooding the market. David Elkington,
“Roman Mining Law with particular reference to Biitt and Derbyshire Bulletin of the Peak District
Mines Historical Societ{0, no. 4, (1988).
http://www.pdmhs.com/PDFs/ScannedBulletinArticlagiBtin%2010-4%20-
%20Roman%20Mining%20Law.pdf (accessed on Januagrgad®)

%" Diodorus Siculugistory 5.36-38.

38 StraboGeographyB.2.8.

¥ bid., 3.2.9.

“lbid., 3.2.3.

“! Pliny Natural History34.20.95.

“2 John Healy defines ore as “minerals in which theahexists in a chemical combination with other
elements, chiefly oxygen, sulphur, arsenic.” Joleal, Mining and metallurgy11.
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ore roasting, smelting, and refining. Ore-roastreguired about half the heat energy
needed for smelting, and was often accomplished griéen wood. Smelting was by far
the most energy-demanding stage of production, regdired the use of charcoal —
carbonized wood which releases a more concenthatatthan untreated wood. Charcoal
was the only fuel available to the anciéhtsapable of producing higher temperatures for
sustained amounts of time, to 8G0or higher with the use of billow$! Refining
involved further heating of the metal and shapinmto ingot form, often stamping it
with a makers’ mark or testament of purity. Theuti®sg more pure metal ingot would
then enter the market to be sold to blacksmithsfdshioning into the final consumer
good, a process which also required a fire of vegi temperatures.

Thus, we can say that there were two major sitefsiedfconsumption for metal
production: ore processing areas, which were mitsh @djacent to the mining sites; and
the blacksmith’s workshop, which, enabled by thegldlistance trade of ingot3could
be in a completely different province than from wehéhe metal originated. Both mining
and blacksmithing had a range of production scdftesy small village operations and
itinerant blacksmiths, to “industry” towns and gawaent-owned or managed operations.
An additional specification must be made to underdtthe resource demands of metal
production. Metal products required differing amtsunf processing depending on the
mined ore’s content and on the final form desitéds, different mine types likely had

very different resource footprints. Taking into sateration the unique melting point and

3 Although there is one instance of use of bitumgmietalworkers in Theophrastus, in general
archaeology does not suggest coal products werglywiged. Theophrasti@n Stonesl6-17: “Among the
substances which are dug up because they are ubefs known simply as coals [lignite] are made of
earth, and they are set on fire and burnt like abelr They are found in Liguria...and in Elis as gioes
by the mountain road to Olympia; and they are digtuged by metal workers.”

** Healy,Mining and Metallurgy 150.

4% Attested to by the large volume of metal ingotsnd in Mediterranean shipwrecks. See A.J. Parker,
Ancient Shipwrecks of the Mediterranean and the &oRrovincegOxford: Tempus Reparatum, 1992).
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differing amounts of processing that each type efaihrequired to reach tradable form,
there is a clear fuel-intensity hierarchy of thetaise consumed by the Romans: iron;

silver; brass & bronz& copper; tin; gold'.

ii. Ceramics

Pliny the Elder wrote: “Nor are we sated by thesence everywhere of pottery
products, with jars devised to hold wine, pipesv@ter, flue ducts for baths, tiles for
roofs, fired bricks for walls and foundatiorf§. The sheer number of pottery, bricks, and
tiles that were consumed by the Romans, as Plisgrebd, makes ceramic production
significant to the historical problem of fuel congption. Though the actual mechanics of
firing ceramic objects required used significangs fuel than metal production (see
Table 2, Appendix), the geographic dispersion eirtmanufacture and the evolution of
massive kilns had a clear impact on fuel demand botally and in general. The
following section will discuss the demand for amdduction of pottery, brick, and tiles,
three categories of ceramic goods which were coedummassive quantities during the

empire.

Pottery
Societies have made pottery throughout historid @ehistoric) time. What was

different about its production under the Roman ee®hiTwo changes occurred in the

% As alloys, would bronze, brass, and pewter hagaired more processing, or was the metal found more
often mixed in its natural state? It seems thaiq@aarly for bronze, processing was complex, It tise

of pewter in Britain may have been a cheaper atéra to using refined, pure tin.

*" Gold is one of the few metals found in its natistate (not as an ore), therefore would not hagaired
smelting or refining. Nonetheless, there is botthaeological and literary evidence showing the Rmma
did indeed refine the gold they mined, albeit ptdbavith chaff-fuel and not charcoal, as a chardoalis
hotter than necessary. On chaff fire for gold: Er@eography3.2.8.

“8 Pliny Natural History35.159.
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production style of pottery goods, linked to theesigl of Roman material culture, which
have implications for increased fuel use. Firsgdoction sites for Roman-introduced
objects such as terracotta lamps (Figure X) amoitaria (large cooking vessels)
proliferated in the provinces to meet demand frdre Roman army and newly-
Romanized communities. Mass-production for localstonption rose and fell with the
expansion and contraction of imperialiéfiThe use of stamped terracotta lamps appears
to have been carried to newly-conquered provingeshb Roman legions in the early
empire, reaching a height of geographic diffusiorthie late first century AP’ Mortaria
were produced locally in large quantities during $ame periodf: but the archaeological
record in Britain shows this production declinegndiicantly in the second half of the
fourth century AD in Britairt?

The second significant phenomenon was the creafidarge production sites of
finewares, called theerra sigillata, for export. These large manufactories produced
finewares to feed the demand from more prosperoasumers in northern Britain to
central Italy. Mass-production of expensive finesg@rhad a long tradition in the
Mediterranean, beginning with Corinthian wares irciant Greece in the"6century
BC.> Like many aspects of elite Greek culture, the Rmradopted and “massified” this

tradition, creating manufactories of mold-madehkggiality wares like the Arretine red-

“9 British archaeologist Swan observes of RomancaBrjt‘Romanized communities tended to use pottery
for a much wider variety of purposes than was nbbefore the Roman Conquest.” Vivien G. Swahe
Pottery Kilns of Roman Britai(London: Royal Commission on Historical Monumer@spplementary
Series 5, 1984) 19.

*0 Harris, “Roman terracotta lamps,” 128.

*1 Manymortaria have been found with makers’ marks, like ampharabricks. Jackson and Greene,
“Ceramic Production,” 508. Their manufacture mustdnbeen local, because as Parker notes, “Table
pottery was never a major item of cargo in the Nerdanean region Ancient Shipwreckd6. This
suggests the same pattern of branch manufactucettkss by Harris for stamped terracotta lamps.

2 Swan,Pottery Kilns,19.

3 Wilson, “Large-scale manufacturing,” 396
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slippedterra sigillata of Italy, the “Samian” wares produced in Gaul, dimeir derivative
African Red Slip wared! These objects were not destined exclusively forsamption
by a narrow elite, as the Greek wares were, buewensumed by provincial elite and
people of means, outside the seats of powaithough the exact social status of the
consumers of these wares is debafeshdrew Wilson suggests that they were destined
for a prosperous but non-elite market: “As econodggelopment continued, customers
who had previously bought fine ceramics moved umétal and glass, while a new (and
larger) number could now afford mass-produced nildettery and tablewares”The
production infrastructure created to meet this deimand accomplish this distribution
was remarkable. The excavation of the La Graufasenmanufactory, located in
southern Gaul and in operation from 40 to 100 &Bhowed massive communal kilns
used by up to twelve different potters and operatedpecialized kiln masters who kept
accounts of the firings on discarded pottery shéFigure X). From the tabulations on
the shards, it appears that over 30,000 vessels tmuprocessed in a single firing.
Wilson suggests that since “each firing might tpkehaps three weeks, it is likely that
the ten or more kilns were fired in rotation — @grh loading and commencing the firing
of a different kiln every couple of day§”Of all the pottery products used by the

Romans, these finewares were the most fuel intens®e Table 2, Appendix), and the

> Wilson, “Large-scale manufacturing,” 397.

% For example, the stash of Samian wares foundraddfanda, a military fort on the northern frontiér
Romano-Britain, mentioned above. Birl&arrison Life at Vindoland&fig. 8.

%6 Roth, Styling Romanisatigrpassim

>" Jackson and Greene, “Ceramic Production,” 500.

8 \W.V. Harris, review of_es graffites de la Graufesenquiy Robert MarichalAmerican Journal of
Archaeologyd7, no. 2 (April 1993): 374-375.

*9 Wilson, “Large-scale manufacturing,” 398.

8 wilson, Ibid., 399.
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fact that they were manufactured in enormous gtiesitat one site suggests the potential
for fuel scarcity.

Another change in the demand for pottery undeRbman empire was the mass
production of shipping containers for agricultuetports like wine and oil. These
containers, called amphorae (Figure X), were predua enormous quantities to meet
the appetite of urban centers like the city of Rpreflected by the Monte Testaccio, an
artificial hill in Rome of shards of as many asrBilion Spanish amphoras.Intuitively,
we would expect the location of the bulk of thaioguction to fit trends in export-import
economy supported by the distribution of shipwrat&mnely “that export from Italy in
the last two centuries BC gives way (in the westdaditerranean) firstly to traffic from
Spain and then, from the third century AD on, @ffic from Africa.”® A contract from
Oxyrhynchus, Egypt, dated AD 243, suggests the oypgeoduction that might have met

the needs of a villa producing for export:

Of my own free will | undertake to lease for twoaye...your potting establishment for
making wine jars, in the large farmstead of youasaround Senepta, together with its
storerooms, kiln, potter's wheel and other equipmen condition that annually | make
for you, fire, re-fire, and coat with pitch...foahoesjars to a total of 15,000, 150 double
keramig and 150 twcaehoesjars, while you provide friable earth and...suffitiduel for
the kiln...I shall manufacture during the wintef..

It is interesting to note that the exact quantitytype of fuel is not specified,
suggesting perhaps that the estate on which therpatas located could provide
the fuel needed with little effort, although the mhen of the seasonal
manufacturing could provide a clue to fuel resour@nagement techniques, to

be discussed in Section Il.

®1 Jackson and Greene, “Ceramic production,” 508.
62 parker Mediterranean shipwrecks.
83 p. Oxy.3595, in John W. Humphre@reek and Roman Technolo@74-375.

15



How did pottery production affect the local fuel @gbresources? Most pottery
production did not require high fire temperatursse( Table 2, Appendix). Because of
this, pottery could be fired with a wide range ©élf, including dung, peat, straw, reeds,
chaff, and wood? The choice of fuel depended on what type and sfizéln was being
used, which unlike metallurgy and glass productishere the physical procedure
dictated a fairly standard kiln size, representeldrge range (Figures X and 2In
many instances, different ceramic objects woulditeel in the same kiln, a habit which
seems to have dominated in Italy. Pottery kilngaliered in Italy in operation from late
Republic (mid-first century BC) to the second centddD, all show mixed production, as
amphorae, coarse pottery, roof tiles, and brickaiemwere all found near single kilffs.
The longevity of this type of production in mixedsguct kilns, whose wares were likely
intended for local consumption, suggests that flexhand was met without strain by
local woodlots described by the agricultural wst&r These mixed wares kilns were
unusual in Gaul and Britain, however, where speadl kilns dominated, perhaps
relating to the military’s relationship to produani®® Swan notes that the longer-lasting,
large-scale potteries, the Nene Valley and theeAHlolt/Farnham kilns, appear to have
used brushwood for fuel, whereas the smaller-sgadduction areas of the New Forest

had kilns with “capacious combustion-chambers” twoemmodate large bundles of

%4 Vivien G. SwanPottery Kilns 6-7.

% For example, “In Britain the processes includedfiies used to fire black burnished wares in Dgrset
simple updraft kilns, and more complex structuresdufor firing tiles (e.g. legionary pottery works

Holt).” Jackson and Greene, “Ceramic productioi®35

% peacock, D.P.S. and D.F. WillianAsmphorae and the Roman Economy: an introductorgiefliondon
and New York: Longman, 1986), 69-71.

7 For example, CatBe Re Rustic87: “Remove twigs from the pruning of vines arees, and make them
into bundles; and heap the vine and fig stickgHerforge, and the split wood for the use of thetera’

% Swan,Pottery Kilns,87.
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wood ® She suggests that fuel conservation needs exfiinpattern, as brushwood
collection would necessarily be less destructiantharvesting cut wood fuel. The large
kilns of terra sigillata pottery, which had to maintain higher temperatioceachieve the
glossy glaze and brittle consistency of the wamesst likely could not have been fueled
by local woodlot management or brushwood collecti®uarprisingly, a graffito a shard
from La Graufesenque manufactory in Gaul, whicheapg to be a list of duties assigned
to slaves, includes the task of cutting woothteriem erigenda presumably for kiln use,
suggesting that wood fuel did not have to be imggbrto the site, at the very least

implying that there was no local shortage at thament in time’°

Bricks and tiles
Brick became a staple in Roman construction enfttst century BC, and its use

characteristic of Romanised town construction tghmut the empire. Mandated for
building in the city of Rome starting in late sedocentury BC'* bricks were both a
relatively inexpensive domestic construction maledand a key structural element in
imperial construction because it was cheaper anttidoe used to construct structurally
complex elements like vaults (Figure ¥)Ceramic roof tiles developed in Greece in the

seventh century BC, and were adopted by the Romansised until the Late Empife.

%9 Swan,Roman pottery kilns33.

0 Graffito A25b, in Anthony King, “A graffito from & Graufesenque arsémia vasgd Britannia 11
(1980): 139-143.

" 1n an effort to decrease the frequent and destrutites which ravaged the predominantly timber-
constructed housing in the city. LiWistory.

2 Jackson and Greene, “Ceramics Production,” 506.

"3 Jackson and Greeribjd., 507.
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Potters also made tiles in specialized shapesrte s&s box-flues for under-floor heating
chambers (requisite for Roman bath constructios,fgure X), pipes, and draif.

Who were the consumers of bricks and tiles? Bbidsuggests that possessing a
roof with ceramic tiles was a statement of finahwaiarth, since having a property with a
large number of roof tiles was a prerequisite femly a senator in various Republican
documents? It seems more likely that the quantity of rooésilwas an efficient way to
estimate the size of one’s home — the real weatithe consideration — rather than
suggesting the tiles themselves were valuable tshjd@rracotta tiles and pipes were
ubiquitous in town centers in ltal§,as Strabo wrote of Rome, “nearly every house has
cisterns, pipes, and bounteous fountaiffsfow widely were bricks used outside of
Italy? Brick construction was adopted throughowt éimpire in urban centers and smaller
towns for both domestic and imperial constructibke public baths or aqueducts. A
small, periphery town in the empire would havehat Yery least needed some quantity of
fired brick and tiles to construct the public bathspublic service available even in
industrial settlements like Vipasca, Portugal, ¢odiscussed below. Bricks and tiles were
necessary to bath construction, as neither mateaald rot and crumble under the moist
conditions’®

Mass production of fired bricks started in Italyrithg the reign of Augustus and

lasted throughout the empifépccurring in the rural areas near large townsherestates

"4 Gerald BrodribbRoman Brick and TiléGloucester: Alan Sutton Publishing, 1987) 70, 80.

'S Brodribb,Roman Brick7-8, referring to the Charter of Tarentum (89BCharter of Urso (44BC); Dio
CassiudHist. 46.31.3.

6 Humphrey,Greek and Roman Technolo@g5-298.

" StraboGeography5.3.8.

'8 Brodribb,Roman Brick89.

¥ DeLaine, “The supply of building materials,” 401.
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of Roman elites® Historian Tapio Helen used the makers’ marks p&tdronto extant
mass-produced bricks found in Rome and its poresito draw conclusions about the
system of production and supply of brick. Of ak tstamped bricks found, dating from
over a 200-year period, 1,325 different produceeshes appear in the collected makers’
marks®! Helen notes that in just one year of productioB, 223, there were 54 different
family names represented, which he takes to meah ahleast 54 landowners were
producing bricks at this one point in tiffeSuch intensive brick production seems to
have been exported to the provinces in the firdtssetond centuries AD. Bricks stamped
with Italian senatorial family names have been tbuimmost of the major North African
ports, as well as in Dalmatia (Croatia). Thoughuidaand McWhirr suggest that they
arrived as salable ballast in trade shifisthis is not supported by evidence from
Mediterranean shipwrecks, very few of which couritks among their cargd. This
combination of evidence — widespread stamped gbodisno convincing evidence of
long-distance trade — suggests the phenomenon asfchrworkshops, proposed by
William Harris to solve a similar pattern in stardperracotta lamp distributidit.Thus,
the style of manufacture was exported, not the gtsmlf. The military carried mass-

production techniques of brick with them to Britdihwhere a perhaps exceptionally

8 wilson, “Large-scale manufacturing,” 401.

81 Tapio HelenOrganization of Roman Brick Production in the Fiestd Second Centuries ABlelsinki:
Academia Scientiarum Fennica, 1975), 19, 22-23.

8 Helen,Roman Brick Productignl9.

81 c. Darvill, and McWhirr, A.D. “Roman brick prodtion and the environment,”137.

8 parker Ancient Shipwreck6-18.

8 Harris, “Roman Terracotta Lampgassim

8 The earliest tiles date from a legionary fortesBxerter, from AD 55/50. Brown, “Pottery,” 137. A
stamped tile from Chester, dated AD 167, readsidgwiducius (?) made this roof tile (tegulam) for
Legio XX in the third consulship of Verus”. Therneanany discoveries of tiles stamped, “CL BR,” shor
for “classis Britannica,” the name for the Romamin Britain. BrodribbRoman Brick?7.
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large kiln at Holt has been discovered with link#ds chambers eighteen- to twenty-feet
long, fed by common stoking pit (Figure ¥).

Historians of ancient construction technology hexeated quantitative estimates
of brick consumption and production and its atteridenpact on woodland resources,
which, though making assumptions about extremetiakbe factors, suggest a large fuel
wood demand from large kilns. Historians DarvildakicWhirr give an insight into the
fuel demands of a structure like those at Holtyapdlating from a nineteenth century
experimental firing of Roman brick kilns at Sussesich measured twenty-by-fifteen
feet and contained about 40,000 bricks. After lmgmwood to warm up the kiln for three
or four days, the nineteenth century archaeologisési 12-14 tons of coal to finish firing
the bricks. Assuming the same heat can be obtdnoad one-and-a-half tons of wood
charcoal as can be obtained by burning one toow{grade coal, Darvill and McWhirr
conclude that Roman military brickmakers would hased 18-21 tons of wood for each
firing.®® Using a standard forest density in New Englandhe acre of woodland yields
sixteen tons of wodd — they estimate each firing would consume aboet torone-and-
a-half acres of woodland. If the kiln was used esst three times per year, as they
suggest, this would consume more than three adresmaodland annually® a demand
that seems supportable through harvesting locakfodanet Delaine gives what seems a
conservative estimate for the bricks used in onauneental building in the city of Rome,
the Baths of Caracalla (built AD 216), an excepitynlarge and intricate public bath.

She believes that all of the bricks needed coule lteeen produced by twenty or so large

87 Brown, “Pottery.” 84.

8 Darvill and McWhirr, “Roman brick production,” 146

89 An extremely variable number.

% For reference, Columbia’s Morningside campus ia@@s.
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kilns (she does not specify what size) being fisegten to eight times a year, for four
years?! Using Darvill and McWhirr's estimate, the Bathsdnstruction would have

consumed 560-640 acres of woodland. Despite thge lanargin of error in this

calculation, it is suggestive of the strain put woodland resources in periods of
intensive imperial construction. When Russell Msiggrote that the adoption of brick
construction in the city of Rome in the second egnBC would have been a relief on
timber resources in peninsular Italy, since it mearshift away from the use of long-
timbers for structural suppott,he neglected to account for the massive quantifes

wood needed to fuel brick production.

iii. Lime

The use of lime plaster for construction dates haabirca 12,000 BE3 Since its
invention, lime has been used for flooring and asnatrix for brick and stone
construction. It could also have been used astéider in agriculture, although there is
no evidence for this occurring on a large scald after our period. Under the Romans,
lime was used in both domestic and imperial cor$itn. As a key ingredient in binding
pozzolana concrete (a mix of volcanic sand and fjghlity lime)®* a hallmark of
imperial construction style in peninsular lItaly,likely would have been consumed in

largest quantities in government-run constructiorojgets, like public baths or

°1 Janet DeLaine, “The supply of building materialste city of Rome: Some economic implications.” In
Settlement and economy in Italy, 1500 BC-AD 15@pers of the Fifth Conference of Italian Archagplo
ed. Neil Christie (Oxford: Oxbow Books, 1995), 5562.

92 Russell MeiggsTrees and Timber in the Ancient Wofidixford, 1982) 227.

9 W. David Kingery, Pamela B. Vandiver, and Marthikett, “The Beginnings of Pyrotechnology, I:
Production and Use of Lime and Gypsum PlastererPtre-Pottery Neolithic Near Easigurnal of Field
Archaeologyl5, no. 2 (Summer, 1988): 219-244.,

% DelLaine, “Brick and Mortar,” 230.
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government building®> We can take lime demand to fit the same patteuggested for
bricks above.

Making lime is a multi-stage process, where limestes calcinated in a furnace
heated to 800-90G°® to form quicklime, and later, at the site of constion, “slaked”
with water to produce the lime paste which hardehsn exposed to air. In the firing
stage, a furnace had to be heated to and kepglatémperatures for three or four days,
requiring constant additions of fu€lLime kilns have been excavated in North Africa,
Germany (six kilns excavated at site at Iversheipgrated by army on a large scale),
France, and Britain (about a doz&h)They reflect the broad spectrum of production
scales described for each good above, namely, kmall-scale production, military
production, and larger centers to meet urban demand

The majority of domestic demand was likely met Inyali-scale kilns, like an
excavated second century AD lime kiln of five culmieters capacity in Kettering,
England. The kiln was sited near a number of pptkiins, as part of a villa, and was
fueled with small branches and twigs judging frorharoal remains?® From
conservative calculations, archaeologists estirttede a single charge of this kiln could
produce enough lime to erect a stone building tize sf the nearby villa (walls
measuring thirty-by-ten meters long, three metégh,land 0.75 meters thick) or a much

larger structure of partial timber constructiSfiSince the kiln was used a minimum of

% DelLaine, “Bricks and mortgr239-240.

% Kingery, “The Beginnings of Pyrotechnology,” 219.

9 Kingery, ibid., 221

% D.A. Jackson, L. Biek, B. F. Dix, “A Roman LimelKiin Weekly, Northants, Britannia 4 (1973): 128-
140 (137).

% Jackson, “A Roman Lime Kiln,” 136.

190 3acksonibid.. 138.
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five times, the authors suggest it was producingaomommercial scalé®* These
observations suggest that the majority of lime pobidn to meet domestic demand was
not particularly fuel-intensive.

In contrast, military and government constructiacessitated large-scale lime
production, which entailed a much larger resouct#grint. The work of Janet DelLaine
is again useful for understanding the resource demdor a single imperial building
project. She estimates that all the lime used énBhths of Caracalla, most likely fired
and transported from Terracina, a rural area neand? % could have been produced by
thirty-five lime kilns (each load producing thirfize tons of lime), firing ten times each
year for four yeard® Experimental lime firing in kilns at Iversheim, fBeany, once a
center of lime production for the Roman army, u$d&litons of beech wood for each ton
of lime produced® Taking 1.6-2 tons of wood consumed per ton limedpced.® the
Baths would have required 2,240 tons of wood fblimke consumed, which translates to
around 140-175 acres of woodland. Even though oactgin of the Baths stretched over
a four year period, potentially leaving time for edband resources to regenerate, the
large total quantity demanded suggests that pramuetas fueled by more than just local

woodlands.

101 Jackson, “A Roman Lime Kiln,” 138.

192 Janet DeLaine, “The supply of building materialstte city of Rome: Some economic implications,” In
Neil Christie, ed.Settlement and economy in Italy, 1500 BC-AD 15@@eps of the Fifth Conference of
Italian Archaeologypp. 555-562.

193 peLaine, “The supply of building materials to ttigy of Rome,” 560.

1% Delaine, “Bricks and mortar,” 261.

195 Kingery, “The Beginnings of pyrotechnology,” 221.
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iv. Glass

Glass, once a luxury good for kings in the anci@reek and Near East
civilizations, became a regular (if expensive) cbj@ Roman consumer markets. With
the diffusion of glass blowing techniques in thstfcentury AD, glass was widely sold in
the form of bottles, jars, plates, cups, beakeard, tailet bottles for balms and ointments
(Figures X and XJ°® Sheet glass for windows was introduced to archite¢ though it
was prohibitively expensive for anything but elitemes or imperial building project¥’
This diffusion of products fell significantly in ¢hthird century AD'%® with mass-
produced glass not made in such quantities agaihfifieenth century Venicé®

While some historians claim that blown-glass watcasne to “compete with
pottery or even metal in the market pla¢®actual written evidence suggests glass
wares were not attainable to the majority of RomaFise fact that Trimalchio, an
exaggerated and ironic nouveau-riche characteeiroRius’ playSatyricon(first century
AD), says glass is cheHpis not proof of the wares’ availability, as Grasaims,**?but
is sufficient evidence of the prohibitive costlisexf glass objects. Despite this costliness,
glasswares had a wide geographic distribution, riiksly carried to the provinces by

high-ranking legionarieS:* where later local manufacture began to feed derfrandthe

198 Rosa Barovier Mentasti, et al., edslass Throughout Time: History and Technique ofsGitaaking
from the Ancient World to the Presétilan, Italy: Skira Editore S.p.A, 2003), 17.

97 David F. GroseEarly Ancient Glass. Core-Formed, Rod-Formed andtG4essels and Objects from
the Late Bronze Age to the Early Roman Empire, B0D. to A. D. 5¢New York: Hudson Hills Press,
1989), 242.

108 \tentasti,Glass Throughout Tim&2.

109 Wilson, “Large-Scale Manufacturing,” 393-417.

19 Grose Early Ancient Glas241-242, drawing on a quotation from Strabeographyl6.2.25: “a
drinking cup could be purchased for a copper coin.”

111 petroniusSatyricon50.

12 Grosejbid., 242.

3 Blown glass objects, from circa AD 70, traveledhaiegionary soldiers to their fortress at Usk, in
southeastern Britain, as well as to the Vindoniesain present-day Brugg, Switzerland. Amg)cient
Glass,16.
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provincial elite. Two shipwrecks discovered off dwast of France laden with glasswares,
one from the late first century B& and one from the second century At provide
snapshots of the glass trade in the Early and Higipire. While the first century BC
wreck contained only finished products, probablyofactured in Italy or the Levant, the
later wreck carried some fifteen to eighteen tdnsnprocessed glass along with finished
glass vases and panes of window glass, suggestegresence of large processing
centers in provinces by this datg.

Glassmaking, like metal production, was dividetbitwo sites of production in
antiquity — the area where the raw materials weet#ed into semi-finished ingot form,
and glass workshops which turned the imported mgub finished products.’ Before
the diffusion of glass blowing techniques in thmstficentury AD, raw glass was made in
just a few specialized centers in Greece, Egypl,iarthe Levant®® Glass making was
brought to peninsular Italy after the Greek stated Egypt were incorporated into the
empire during the second and first centuries'B@eveloping in the early first century
AD into a lasting industries in Camparifd,as well as in Aosta and Aquileia in the

northwestern Po Valle¥#* In the first century AD, glass making spread te Western

Hip Lw Arts, A collection of Ancient Glass 500BC — 500 Aldchem: Antiek, 2000), 17.

115 Souen Deva Fontaine and Daniéle Foy, “L’ép@uest-Embied, var le commerce maritime du verre
brut et manufacturé en Méditerranée occidentals tantiquité,” Revue Archéologique de Narbonnaise
40 (2007) 235-268.

116 Souen Deva Fontaine and Daniéle Rbig.., 235-268.

17 E. Marianne Stern, “Glass Production, The Oxford Handbook of Engineering and Technolaghé
Classical Worlded. John Peter Oles¢@xford: Oxford University Press, 2008), 520-542Fh

118 stern,ibid., 520.

19 Grose Early Ancient Glas241.

120 Arts, Ancient Glass20.

121 Mentasi,Glass Throughout Timéd5.
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provinces, where production was introduced by tlilgary and then grew to supply the
regional market, as in Cologré?

Raw glass is a heated fusion of mineral soda, froe shells or plant ash, and
silica from sand or river pebblé%’ Ingots were made in a two-step process, firstihgat
the raw ingredients together to a temperature 6@®r 900C, then breaking up the
interim amalgam and reheating the fragments iruailsle hotter than 116Q to form the
final glass ingot?* Archaeological remains suggest these temperatuees achieved by
heating ceramic crucibles over adapted pottery aften’?® Glassblowing involved
heating the ingot to 108G until it was molten, then affixing the viscoussado a metal
blow pipe'?® Pliny described glassmaking in Syria in the fishtury AD, where ingot
making and glass blowing appear to have taken piacthe same workshop: “The
heating is done with light, dry wood...Like bronzéass is melted in a series of furnaces,
and dull blackish lumps are formed...The masses afe=thagain in the workshops and
colored, then some of the glass is shaped by bpwsome ground on a lathe, some
engraved with silver”®’

According to Marianne Stern, a historian of antiglass, glassblowing did not

develop into a large-scale enterprise like the rofhel-intensity industries described

122 Arts, Ancient Glassl7.

123 stern, “Glass production,” 521.

124 3ennifer Price and Sally CottaRpmano-British Glass Vessels: A Handbod&rk: Council for British
Archaeology, 1998), 10.

125 Unfortunately, the best documented excavationgifias ingot manufactory is from fourteenth century
BC Egypt. Run by Egyptian royalty and producingyigrpuck-like glass ingots for export, the manufact
used cylindrical ceramic pots to heat and then rtfuddraw glass. Bruce Bower, “Ancient Glassmakers,”
Science New$67, No. 25 (June 18, 2005): 388; Thilo Rehrenadgar B. Pusch, “Late Bronze Age Glass
Production at Qantir-Piramesses, Egy@¢iencgJune 17, 2005): 1756-1758.

126 Stern, “Glass Production,” 535.

127 pliny Natural History36.190-194 in Humphrereek and Roman Technolo@76-377.
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above!?® She bases her conclusions on an archaeologicaysaf the Alps, which show
that of all workshop discovered, just 6% were ftasgmaking, compared to 23% for
bronze and brass making, 39% for iron working, 88 for pottery:*® Stern explains
this limited development partly by technology liatibns — glass furnaces, less than one
meter internal diameter, were too small to accomatedultiple workers, and thus were
not conducive to mass-manufacture developri@8tern’s hypothesis is challenged by
the wreck off Marseilles, which suggests that lafgeduction centers existed in
important provincial areas like Gaul where theres\@astatus-hungry local elite, but in
general, glass production appears to have beersenigiin comparison with metal and

ceramics discussed above.

v: Cumulative demand

Acknowledging the idiosyncrasies of production afeimand for each of the
goods described above, can we still draw conclgsalout the relative fuel intensity of
the four industries in question? From a purely na@otal point of view, metallurgy
historian J. E. Rehder proposes the following m@mafor Roman production:

Biomass fuel consumption by furnace products?
(Kg per kg of product)

Biomass
Product consumed
copper 200
iron 150
glass 10 to 15
lime 8to 14
ceramics 1to3

128 Stern, “Glass production,” 542.
129 stern, “Glass production,” 541.
130 stern,ibid., 541.

131 Eontaine, Ouest-Embie,” 235.
132 RehderUses of Fire152.
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Despite the number of simplifying assumptions midarrive at the exact numbers, the
comparative magnitudes of demand are supportetidogitidence, and serve as a useful
starting point for the query. Individually, theredo metal objects were exponentially
more fuel intensive than a single pottery wares Kignificant to note that the most fuel
demanding product types, metal and glass, weretbadled in ingot form. This trade in a
partly finished material effectively spread theawse burden of production across two
locations, thereby mitigating local fuel scarcity.

Though an accurate measure of the relative fugll lsehind the individual goods,
Rehder’s table is deceptive as a measure of tHedamanded by each Roman industry,
for it is not connected with the relative volumek pyoduction of each good. An
individually fuel-expensive glassware does not egpond to large shortages of fuel
caused by the glass industry, for glass was pratiuceelatively insignificant numbers
compared to pottery and metal objects. Likewis®jedecheap pottery ware understates
the potential impact of mass-produdedra sigillata on the Mediterranean environment
in the first and second centuries AD.

Understanding the relative volumes of productiérihe four goods in question
must start with an understanding of the nature exhahd for each good. Intuitively,
demand for large quantities of lime and bricks wdoloé limited to building spurts or the
creation of new settlements, with long gaps ofelitb no demand in between, with any
one building project evidently needing more brickean lime. Metal goods were
demanded for a range of crucial activities by aljreents of Roman society, although
once purchased they could last many generationsthiey are both repairable and

recyclable. Ceramic goods were needed constantlgidity tasks, and would have been
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replaced more frequently than metal objects becatifeeir shorter lifespan and the fact
that they could not be reus&tiGlass objects appear to have been status itetmer rat
than steadily demanded consumer goods, purchaskdocnasionally and in small
guantities by those affluent enough to afford théfhese generalizations challenge
Rehder’'s hierarchy, arguing for the decreased itapoe of glass production and
increased importance of ceramics to cumulative dieehand from Roman industry.
Another aspect to consider is the frequency withictv these objects were
produced for export. As discussed in the sectidiov@, it was often manufactories for
export which consumed the most fuel, due to thereadf the wares produced and the
size and productivity of kilns used. A.J. Parkerigentory of Mediterranean wrecks
provides a useful guide to the importance of eaddyxct type in long distance trad&*
Parker includes the following table, recording thember of wrecks found to contain a

good type, as well as the percentage of all wréaks the period which were carrying

this good:
Cargo categories from 400 BC to AD 408°
Wrecks %

Amphorae 92 54
Pottery 26 15
Metals & ore 17 10
Tiles 5 3
Stone 4 2

Amphorae, as the principal vessels used to shigvdgtive oil, and grain — all important
commodities in long distance trade — were unsungig found in more than half of

discovered wrecks from the Roman period. Glass doesippear in Parker’s inventory,

133 Although shards of broken pottery have been fdnndrporated into concrete construction or as
architectural elements. Pefikopman Pottery7.

134 Although using shipwrecks to generalize about expmduction invites the debate over the natud an
frequency of long distance trade by ship. HopKiMgdels, ships and staples,” 95.

135 parker Mediterranean Shipwreck49.
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because it represented a minute number of findkéPa book was published before the
discovery of theOuest-Embiez lwreck off Marseilles, discussed above, but one
additional wreck would not change the percentagds)s, weighing relative production
level, nature of demand, and frequency of expothwie mechanical considerations
proposed by Rehder, | propose the following hidrarof fuel-intensity in Roman
industry: 1. metals; 2. ceramics; 3. bricks; 4 djrB. glass.

Taking fuel-intensive production as a whole regirtteere are several critical
conclusions to be drawn about the shifting geodapimd chronological burden of
production. Generalizing from the archaeologicalord, each of these goods reached
maximum production levels in the first and secoadtaries AD. The demand that drove
this production is clearly related to demographic a&conomic trends described by
Roman historian Willem Jongman and others, namtbigt both population size and
average standard of living were increasing acrbesempire during this periotf® This
trend reversed in the late second century, a sftén explained by a detrimental
epidemic of plagué®’ The evidence collected above corroborates thiglff& and if the
ecological impact of this spike in production isaexned systematically with scientific
evidence, it could suggest an additional explandio the late second century economic
contraction.

The evidence suggests two observations about ffezing geographic impact of

fuel-intensive production. Firstly, the continuoiugl-intensive production sustained in

138 Willem M. Jongman, “The Early Roman Empire: Congtion,” in The Cambridge Economic History
of the Greco-Roman Worldd. Walter Scheidel, lan Morris, and Richard Sglzambridge University
Press, 2008), 592-618.

137 Jongman, “Consumption,” 612.

138 Although many of the historians generating thelente cited probably had this larger chronology in
mind when drawing their conclusions.
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Italy, especially in rural areas immediately proaten to urban centers, is remarkable.
Terracina in particular seems to have sustainetdramus fuel-intensive production from
the third century BC well into the fourth centurnypAo feed demand from the city of
Rome. As discussed above, Terracina was a criscalrce of lime for Roman
construction in the Republican peridtithrough the late fourth century, also apparently
supplying the city with fuel woodf®® The second observation concerns the increasing
resource burden experienced by the provinces dsnfeasive production expanded
there, which no doubt wrought great changes on lamelscape. Though a truly
comprehensive study would require more knowledgeref and post-Roman industry in
these regions, at the very least it is clear thateampire entailed intensified production
regimes and the spread of a fuel-intensive mateulalre.

Did these trends in production necessitate fuellne® management in the places
and during the period where fuel consumption wastnmense? Although a full answer
to this question is obscured by silences in thelentiary record, the following section

will address how the Romans treated fuel resowtestined for consumption by industry.

II: Managing the fuel supply
Oliver Rackham, a historian of the British landssaclaims that while animal

husbandry and agriculture required massive landratee by definition, and still do,

139 DeLaine makes a case for the critical role of deira estates in construction supplies for Repablic
Rome: “It may be no coincidence that at least tvepublican consular families (the Aemilii Lepidi atted
Sulpicii Galbae) whose members were involved inamepnstruction works at the Emporium in Rome also
had property at Terracina. Indeed, the same M. Aagriiepidus who was aedile in 193 BC built the
Porticus Aemilia at the Emporium outside the Pdrigemina (Livy 35.10.12) used his office when aans

in 179 BC to have improvements made to the harb®eoracina (Livy 40.51.2), reputedly to serve his

own estates although they presumably also advashthgewhole region.” In, “Building supplies,” 560.

149n the fourth century, Terracina supplied Rome \iitawood and lime: Theodosian Code 14.6.3;
SymmachusRel.40.3.
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producers of metal or pottery would have been mecli to manage woodland as an
economic resource, for their present and futuredyecton depended on its sustained
supply of wood*** While scholars of medieval England like Rackhanveha rich
documentary base from which to build observatiobsué forest management and
conservation, ranging from private law suits ove tutting of trees to the creation of
forests protected by the royal hodégthere are no real equivalents in the Roman written
record***The only mentions of tending trees as an econoesource appear in the
works of the agricultural writers Cato, Varro, a@dlumella, which instruct Italian villa
owners to keep small woodlots and suggest waysaoage orchard$; not obviously
intended to fuel the “industrial” production desed aboveThis silence should not be
interpreted as meaning Roman industry did not rieemhanage its forest resource, but
rather reflects the authorial biases of the anci@etary record. Ancient authors
considered business management, aside from ththeakspectable country gentleman,
an inappropriate topic for the formal literary medi, and practical treatises on technical
production are scarce compared to later periodgréamodern Europe. Both of these
“silences” are deeply related to the social overtoaf running a business for profit and

of being an actual craftsman, two jobs that wemreiexh out by Romans of a distinctly

lower social status than those writing literature.

141 oliver RackhamTrees and woodland in the British landscdpendon: J.M. Dent, 1976), 85-86.

142 Eor example, a law suit mentioned in taria Regis RollsAD 1220, mentions an exact price (60
shillings) for “waste and damage” done by fellirks and letting cattle eat the stool-shoots. Imtleeern
period, there is a mention in the 1792 House of @oms Journal of “the wasteful Practice of lopping
Trees.” Rackhamibid., 1, 91.

143\We must be careful to not make too much of thétewea references to forests in ancient texts,gein
mindful of their contexts. Hughes fails to do thasd as a consequence, his argument for a systemati
private and public system of forest conservatiomaésk.Pan’s Travail 86-90.

144 CcatoDe Agricultural.3, 1.7; Columell®e Re Rusticd.3.7; Pliny the YoungeEp. 5.67.7-13, 4.6.
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Archaeology, trade and accounting documents, dsasdaws or imperial edicts
help fill in for the bias in the literary recordf Wood was a scarce commodity or a
managed one, we would expect to find in extant ecva documents of ancient Rome —
Egyptian papyri, the tablets from the Vindoland& fo Britain, etc. — an entry which
assigns wood for fuel some valtié either suggesting it was an important commodity in
the marketplace, or a government-subsidized bulkdgsimilar to grain or other
foodstuffs sent to important urban centers in It&8ych references are scarce, and when
one does encounter mentions of wood in trade resaipis often tomaterig or timber
used for constructioH?®°

It is clear that importation of wood did occururban centers which could afford
to pay the relatively high transport costs. lma@é market area near the Porta Trigemina
in the city of Rome, where goods brought to thg ema the Tiber were sold, there
appears to have beerparticus inter lignarios or wood market, in Republican tim&.
Other archaeological evidence, including a weigbhe designed specifically for wood
(inscribed pondus lignarium and a mosaic commemorating a guild of wood tmder

(navicularii lignarii), in Rome’s port city of Ostia, suggests a wooddér within

145 A humorous but unrealistic reference to the valiieees on a property is cited by W. Schiedefrin
anecdote about two Roman censors recorded by Walktaximus (92 BC): “Cn. Domitius reproached his
colleague L. Crassus with having columns of Hyraettharble in the portico of his house. Crassus
immediately asked him how much he considered his loguse to be worth. ‘Six million sesterces,’ was
the reply. ‘Well then,” said Crassus, ‘how muctslé® you think it will be worth if | cut down terf gour
trees?’ ‘Just three million,” said Domitius. ‘So ih of us is the more extravagant, I, that bought t
columns for a hundred thousand or you who baldneeshade of ten trees with three million sesteftes?
Valerius Maximus 9.1.4, in W. Schiedel’s price listtp://www.stanford.edu/~scheidel/NumTable.pdf

148 Eor example, a shipment of pine wood noted inatysecond century ship register in Alexandri®, se
Paul Heilporn, “Registre de navires marchandsPapyri in Honorem Johannis Bingen Octogenaed.
Henri Melaerts (Leuven: Uitgeverij Peeters, 2000).

147 Livy 34.41.10, circa 192 BC. Although Meiggs bebs this market was for construction wood, not fuel
wood. Russell Meiggs, “Sea-borne timber supplieRame,” In, J.H. D’Arms and E.C. Kopff , ed$he
Seaborne commerce of ancient Rome : studies iraaptbgy and historgAmerican Academy in Rome:
1980), 186.
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peninsular Italy*® The imperial administration contracted North Afmcshipmasters in
the fourth century to import wood to the city ofRe “for public uses and need$*and
contemporary literature also mentions that an ameen imported grain was granted to
Terracina for its valuable service in providing Romith fuel wood"*° Russell Meiggs
has interpreted this evidence as signifying a seskortage of fuel wood from the city of
Rome, part of the Roman state’s effort to keep iplidths functioning despite a dearth
of supplies:>! Two important qualifiers should be added to théement. Firstly, giving
fuel wood to baths seems to have been a long edtabl political and philanthropic
gesture, akin to providing feasts during holiday$umding gladiatorial gamées? which
suggests that the imperial government’s decisigorécure fuel wood could have served
a ceremonial rather than a purely economic purp8seondly, this action should be
taken in the context of Late Empire economy, whics characterized by state-run or
state-contracted production and distribution di@al goods.

The best evidence for imperial administration imement in fuel wood supply

for industrial production purposes is an indiregference in the mining laws at Vipasca,

148 The connection between these fragments of evidenrst be further explored. Professor Maiuro has
suggested that because of known current patterte iRiver Tiber, all goods being distributed frdme
location of the Porta Trigemina must have been ginbérom Ostia, connecting this potentially to the
navicularii, although Meiggs dates the mosaic from the sdaantury AD. MeiggsJrees and Timber
338-9.

4% Theodosian Code 13.5.10, from 364 AD: “EmperorkeXfinian and Valens Augustuses to Ampelius,
Proconsul of Africa. African shipmasters who conwaod suitable for public uses and needs We again
exalt with the privileges formerly granted to them.

150 Symmachu®elationesl0.40.3: “The emperor Julian, aiming at relievihg tity of Terracina, whch
provides for the uses of the Roman people botliutlenvood for the public baths and the lime foraiemg
the walls of the city of Rome, he brought parthad grain for the Puteoli, 5700 modius of grain, to
Terracina.” InMonumenta Germanaie Historica: Q. Avrelii Symmagplae svpersvned. Otto Seeck
(Berlin: Apvd Weidmannos, 1961).

51 Meiggs, Trees and timber in the ancient war58-9.

152 A second century AD inscription from Misenum, Ytalecords a perpertual donation of 400 cartlodds o
good-quality wood for heating public batfisS, no. 5689). An extant inscription from Northriza, CIL
8.24609, describes the collection of tax in thefaf fuel wood (“ligni”), probably dating from AD&D’s.
This seems to have been destined for use in thigcpadtihs, according to Callu — an annual tax oégain
amount of wood per person. J. P. Callu, “PENSAQLIES sur une inscription d’Afrique Antiquités
Africaines15 (1980) : 273-283.
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Portugal, where copper was mined from Augustanditoethe late third century AB?
Two bronze tablets discovered in one of the miségheaps, called the Lex Vipasca or
Aljustrel tablets, give a detailed picture of theahcial and legal structure of Roman
mining on the Iberian peninsula. The tablets, ohetoch likely dated from the reign of
Hadrian (AD 117-138) and the other from AD I'73dictated not only the terms with
which prospective miners could lease mining righds the state, complete with detailed
requirements about the maintenance of mine shatteovisions to prevent stealing of
the ore, but also dictated the public auction ofitacts for services in the mining
settlement, namely, running the bathhouse, selBhges, barbering, and cleaning
clothes™ Interestingly, there is no section dictating tlagesof contracts for providing
fuel wood — this service appears not to have beeticaed out to a private party. The
only mention of fuel wood comes in the provisioons the individual contracted to run

the settlement’s baths:

The lessee of the baths or his partner shall, cor@ance with the terms of his lease...be

required to heat the baths and keep them openstrentirely at his own expense from

daybreak to [...] sunset. [...] The lessee shall notakbewed to sell wood except for

branch trimmings unsuited for fuel [...] The lessémlkat all times have on hand a
: . 156

supply of wood suitable for thirty days.

What is clear from the passage is that fuel woos avacarce commodity at the site, as is
no surprise, with the contract meant to mitigatengetition between the fuel-intensive
heating of the baths and metal processing. Frora, lemumber of interpretations are

possible. The government could merely be ensutiag the bath administrator would

153 Claude Domergué,a mine antique d’Aljustrel (Portugal) et les tatsiele bronze de Vipas¢Raris:
Publications du Centre Pierre Paris, 1983), 24-27.

%4 pid., 31.

155 ex Vipasca, translated by F.R. Tenney
http://www.pdmhs.com/PDFs/ScannedBulletinArticlagiBtin%2010-4%20-
%20Roman%20Mining%20Law.pdf (Accessed on Febrdag009).

156 C|L 2.5181, in Fikret YeguBaths and Bathing in Classical Antiquitiew York: The Architectural
History Foundation, MIT Press, 1992).
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never sell his wood supply at the cost of keephegliaths running, which he might be
inclined to do if wood prices were high during athge. Thus, the contract could be
intended to ensure that the baths were runniny tine@s, no matter what the cost for the
bath keeper. Another interpretation, giving theéestaedit for more contractual cunning,
could take the passage to imply that provisionue fvood was a lucrative business for
the government, or perhaps for a private party wsitlay in the office of the procurator,

and that it did not want competition. The provistorhave at least thirty days’ supply on
hand could have been a way for the supplier ofMbed to fix the market — since the

contract states that the bath keeper must rundtiesJentirely at his own expense,” the
thirty day provision meant a forced and large pasehof wood that the wood seller could
depend on for revenue. This is tempting but unstipdospeculation, for there is no
extant evidence for businessmen or officials malgneat fortunes from supplying fuel

wood?!®’

If fuel wood was not a significant commodity inethmarketplace, nor a
government subsidized bulk good, it was clearlypsed locally. As a consequence,
smaller-scale management techniques must haveittegnal to the continuance of fuel-
intensive production. Producers of fuel-intensiveods appear to have taken the
following small-scale measures to mitigate pressamefuel wood supply: the use of
brushwood or more abundant, cheaper fuel; seasgalithg of production, allowing time
for woodland regeneration; creation of industrifisters, with many fuel-intensive
industries located in one area in order to expedigéibution of imported wood; and,

when all else failed, relocation of industry to @mea where fuel resources were more

57|n contrast to the fortunes we know were madeupplying bread, for example, from an opulent tomb
of a freedman. It is possible that the guild of deedrophori(“tree-carriers”), which was quite powerful in
the Late Empire, might have been fuel wood supglileut this is speculation.
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plentiful. If we are to take the relative dearth dépletion stories told by the
archaeological and literary record, it appears thase small-scale adjustments allowed
production to continue uninterrupted for decadestfcenturies at industry sites.

Henry Cleere suggests that iron smelters at thé@amilrun Weald in Britain
performed timber felling, charcoal making, and gimglin a seasonal cycle, evidenced
by successive layers of charcoal, roasted ore ,fined furnace structural debris in
furnace excavationS® Cleere and fellow British metallurgy historian D@Sim both
suspect this was done to accommodate the growinlg ©f trees>® The same cycling
appears to have been an important part of bricktéesl production. Graffiti on bricks
found in Britain record dates falling between Apdhd September exclusivel§’
suggesting production only occurred during theseithm Seasonal production is also
mentioned in the papyrus contract for amphorae ngakvinter production only) cited
above!® The exact reasoning behind seasonal production nmyhave been fuel
resource management at all. Especially in climbiteshat of Britain, the damp and cold
winter would have been a strong imperative for @ealscycling of outdoor work like
extraction of clay or ore, and of actual firing,chase damp and frost interfere with the
proper drying of bricks or pottefy? Even if this cycling was not adopted for wood

management purposes, its practice would have diwesst resources time to partially

regenerate, especially if the pause continuedti@spring months.

%8 Cleere The Iron Industry of the Weal@8.

159 Sim, Iron for the Eagles39.

159 parvill and McWhirr, “Roman brick production,” 13839.

161p Oxy.3595, in John W. Humphre@reek and Roman Technolo@y4-375.

152 M.G. Fulford,New Forest Roman Pottery: Manufacture and Distiitmytwith a Corpus of Pottery
TypegOxford: British Archaeological Reports 17, 19753,
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In industries that were moveable — not tied toeaggaphically limited vein of
silver deposit or fine clay — siting played an impat role in mitigating fuel demand
pressures. One strategy suggested in the arch@=laogcord was the creation of
“industry” centers. Roman potteries were oftendsibear iron smithing sites in Britain
and Gauf®® and clusters of fuel-intensive industries seeiaee been common in Egypt
long before and continuing through Roman tiftfés\n excavation of lime kilns near
Alexandria, from the second and third centuries A3 revealed a site of amphorae
production'® This phenomenon suggests either that productidghese goods was not
large enough for the various industries to be imgetition for fuel resources, or that fuel
wood was being supplied from some outside sourcethuns it was convenient to be
closely sited for distribution purposes.

Fuel competition played a role in a productior’sitrelative location to a town
center. Fuel wood near urban centers, whose lasgelation demanded large quantities
of fuel for domestic purposes and heating the publaths, was presumably quite
expensive. Archaeologist M.G. Fulford notes thae tNene Valley kilns moved
progressively away from the town center in thedhand fourth centurie$® probably
because of the costs of raw materials like fuel dvdoate empire evidence for lime
production occurring in the immediate vicinity ofban centers complicates this idea.
The Theodosian Code, a collection of Roman lawsianpérial edicts compiled in the
mid fifth century AD, the late imperial period, indes an imperial edict from the 370s

AD addressed to the inhabitants of Constantinoaleity of approximately 600,000

163 Swan,Roman pottery kilngi9.
164 \william D.E. Coulson and Nancy C. Wilkie, “Ptolemaind Roman Kilns in the Western Nile Delta,”
Bulletin of the American Schools of Oriental Resb&63 (Aug., 1986): 61-75.

165 Coulson and Wilkie, “Ptolemaic and Roman Kilns,” 65
186 Fulford, New Forest Roman Potterg.
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residents?’ to remove all lime furnaces located “througholet émtire space that extends
along the shore of the sea between the amphithaadi¢he port of the sainted Julian, for
the sake of the healthfulness of Our Most Augusy &nd on account of the vicinity of
Our palace.*®® That lime production was occurring in a city cents large as
Constantinople, and regularly enough to be a puhlisance, is surprising. The edict also
challenged DelLaine’s and Jackson’s vision of reddyi low urban consumption of lime —
if these estimates were true, to whom would thedéutng lime makers be selling?
These contradictions could suggest a crisis s@oatvhen lime, either being used as
fertilizer or for building purposes, was in suclgihidemand that the lime makers could
use high cost wood fuel and still afford to produce

One location where these adjustments failed togureserious resource depletion
was the island of Elba, the only significant iromenin Italy. Two passages describing
iron production on the island, written 80 years rgpauggest that irreversible
deforestation caused the relocation of smeltingvities to the mainland of Italy. The
earlier passage, written by Diodorus Siculus in@@is BC, described the production site

as follows:

There is an island called Aethaleia [Elba] lying thfe Etruscan city named Poplonium.
The island [...] takes its name from the abundanceooty clouds [aithalos] close about
it. [...] They have a great abundance of iron orel e men working the ore pound the
rock and burn the broken stones in cleverly designenaces. Then smelting the stones
by means of a great fire in these furnaces, théytte product into moderately sized
pieces resembling large sponges in appearancedatidloom”]. Merchants, buying and
bartering these objects, transport them to DicdedadPuteoli, or Pozzuoli, in the Bay of
Naples, a transport hub for Campania] and othemeeroial centers where men purchase
these cargoes and, having gathered together a ¢mogg of metal workers, do further
work on the metal to produce all sorts of objectsrf the iron. Some are fashioned into
types of armor; others are cleverly worked intopgsawell suited for double-pronged
forks, sickles, and other such tools. Since thesdteen distributed by the merchants to

every region, many parts of the world share inubefulness of these iterh®

187 Harris, “Between archaic and modern,” 11.
188 Theodosian Code, 14.6.5.
189 Diodorus of SicilyHistory 5.13.1-2.
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The second reference, written by Strabo some 86sylater, marks a clear change: “I
saw the people who work the iron which is trangubftom Aethalia (Elba); for it cannot
be melted together by heating in the furnaces endland; it is carried immediately from
the mine to the mainland* That the only instance of resource managementréail
mentioned in the literary record arose from inteasron production on an island, a
situation ripe for depletion, is a strong argumintthe mitigating power of small-scale

adaptations made by Roman producers.

lll. Conclusions and implications

Two observations about fuel management seem piskfi from the
chronologically and geographically scattered evodgenhe first with implications for the
“microeconomic” *’* behavior of ancient Romans and the second for the
“macroeconomic®’? life of the empire. Firstly, evidence from all thieel-intensive
industries indicates that fuel supply affected tmenner, location, and timing of
production at all scales. Although observationsualloese adaptations are not discipline-
changing revelations, they make a case for fueplyugs an important factor in Roman
economic thinking, to be included along with the renothoroughly discussed
considerations of transportation costs and locatatel’”® The second observation has
consequences for the role the imperial governméayed in the ancient economy. It

appears that large, organized responses to resdeptetion occurred only in the case of

170 StraboGeographys.2.6.

71| am using this generally, as the study of indiiticonsumer or producer economic decisions.

172 | arger economic trends of production and growttt, government involvement in these processes.
13 Eor example, Harris, “Roman terracotta lamps,”,11384; or Janet DeLaine, “Brick and mortar:
Exploring the economics of building techniques atf® and Ostia,” IfEconomies Beyond Agriculture in
the Classical Worlded. David J. Mattingly and John Salmon (LondonutRmige, 2001), 230-268.
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fueling the public baths of Rome, proving eithesuaprising indifference on the part of
the imperial administration or the effectivenessfall-scale adjustments to production
to mitigating fuel demand.

Although an understanding of fuel consumption nigiihe Roman empire is an
important historical question in itself, providirgnew lens through which to examine
Roman material culture and economy, the query hear consequences for ancient
environmental history. The fuel source for Romadustry was a living one, which
served many other purposes than being mere kildeiodviassive consumption of fuel
meant clearance of forested lands, entailing @ sifienvironmental effects! from local
depletion of soil nutrients to, as climate scidstigre becoming increasingly aware, the
release of massive amounts of carbon and methaméhia atmospher€? The question
of deforestation in the Roman Mediterranean isqacally revived by environmental
and ancient historians alike, without satisfacteopclusions.’® What is left out of these
accounts is a thorough understanding of the regémercapacity of woodlands and
the complex causation behind ecological changeyedsas a more nuanced reading of
the Roman production system and the society thedted it. Examining the nature of
fuel-intensive production during the Roman empiralthough admittedly introducing

more difficult and unresolved questions of econohgtory to an already complex issue

74 David A. Perry, Ram Oren, and Stephen C. Haotest Ecosystem&™ Edition. (Baltimore: Johns
Hopkins University Press, 2008).

175 Wwilliam F. RuddimanPlows, Plagues, and Petroleum: How Humans Took 1@baf Climate
(Princeton, New Jersey: Princeton University Pr2eg5).

178 Many of today’s scholars, like Jared Diamond, JBkrlin and Michael Williams, sweep the subject
into larger lessons brought by the sustainableldpweent movement. Jared Diamo@bllapse: how
societies choose to fail or succeg@tew York: Penguin, 2005); Michael WilliarDeforesting the Earth
(Chicago: University of Chicago Press, 2003); JBenin,A Forest Journey: The Role of Wood in the
Development of CivilizatiofNew York: W.W. Norton, 1989).

"7 Discussed by A.T. Grove and O. Rackhdine Nature of Mediterranean Europe: an Ecological

History (New Haven: Yale University Press, 2001
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— iIs meant to correct for the failings of the “modeeye searching for environmental
destruction in the pre-modern world.

The evidence presented in the sections above fdevahe seemingly
contradictory claim that trends in Roman econonggaliopment at once broadened and
intensified the environmental impact of its civédtion, yet, this development appears to
have been sustainable. What saved Rome from arpestuollapse,*’® was not a unified
environmental “policy*’® — as one would hope to find as an enlightened piato bring
to present discussions — but a collection of segiyiminor adjustment of production
technigue and location. These observations, coupldda more thorough examination
of new scientific data, have the potential to pdevia more direct method in years to
come for understanding the nuances of the dynab@tween ancient production and the
environment. Work in the field of palynology, theidy of ancient pollen deposits, has
been used in ancient historical study as corrolb@raevidence for environmental
catastrophes mentioned in ancient literature, Iol cecently, with improved timescale
resolution and species identification, has the ewe become useful for suggesting
vegetation fluctuations within historical tim&® A closer collaboration between
scientists and historians has the potential to ghe natural resources themselves a

“voice” in this inquiry®

178 Eor an example of the growing body of scholarsthiallenging “collapse” theories of civilization,
famously re-packaged by Jared Diamond, see Josephidter, “Archaeology of Overshoot and
Collapse,”Annual Review of Anthropolo@®p (2006): 59-74.

179 Contra the claims of David Hughes, who reads agand coherent planning into scattered ancient
referencesPan’s Travail: Environmental Problems of the Anc¢i&reeks and RomanBaltimore: The
Johns Hopkins University Press, 1994.

180\Walter Finsinger, Oliver Heiri, Verushka ValsecdWiilly Tinner, André F. Lotter, “Modern pollen
assemblages as climate indicators in southern Eur@obal Ecology and Biogeography (2007): 567—
582.

181 Two attempts at this kind of history are: Sandevah der Leeuw and The ARCHAEOMEDES research
team, “Climate, hydrology, land use, and environtaktiegradation in the lower Rhone Valley during th
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Appendix I: Firing temperatures of fuel-intensive products (°C) *#2

Table 1: Fire temperatures for processing of diffeent metal types

Metal Roasting| Refining g ForgingBlacksmithing
type to ingot

Iron yes 300-500{ 1400 1100 900-1600
Copper | yes 300-400 1100

Silver yes 1000

Lead 327

Tin yes 230

Brass* 900

Bronze* 950

*As alloys, brass and bronze would require moregssiag.

Table 2: Firing temperatures for pottery products

Product Firing temperature
Red-slip fineware 1050-1200
Coarseware 900-1000
Terracotta 900

Amphorae 500-700

Table 3: Fire temperature for construction materials

Product Firing temperature
Bricks 900

Lime 800-900

[Glass] 600-900; 1100

Roman period.'Comptes Rendus Geoscien88g, Iss. 1-2 (Jan-Feb 2005): 9-27; and Karl WzBy
“Environmental history in the Mediterranean wortdoss-disciplinary investigation of cause-and-effec
degradation and soil erosiorddurnal of Archaeological Scien@2, I1ss12 (Dec 2005): 1773-1800.

182 with information from Rehder, Sim, Sherlock, Jawksind Greene, Grose.
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