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method has much promise but is yet in early stages of testing.79 
fig. 3 provides a diagrammatic representation of these differing 
fragment / temperature curves for different fire types.

6.2. Marketing timber and fuel

Price information about wood and charcoal comes mostly 
from diocletian’s Price edict in ad 301, and from delos from 
about the 7th century bc. In the Price edict we find timber and 
charcoal fuel much more expensive than raw fuel wood, although 

79 mCpaRland et al. (2009); Veal / o’donnell / mCpaRland (2016).

Fig. 3 – Diagrammatic fragment/temperature distributions illustrating 
the reflectance method. 

(Figure: author, after McParland et al. [2009].) 
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price comparisons for fuel types have to be interpolated through 
their respective transport costs.80 bundles of kindling had the 
highest value of all. delian imports were tightly controlled, as 
we know, and this included supply of charcoal and wood.81 
The relative value of wood and charcoal in Greece, compared 
to other commodities, was very high due to its scarcity, as bres-
son has argued.82 most ancient Greek villagers could not afford 
much, if any fuel. romans on the other hand, had fairly easy 
access to wood due to its availability. We do not have archaeo-
logical evidence for local market supply of timber and wood for 
cities’ use. fuel is bulky, (and dirty), therefore sales areas may 
have been located away from the main market. home delivery, 
at least in places like Pompeii, can also be imagined.

7.  Land ownership over time: conversion of ager publicus to 
ager priuatus

land types in the roman period may be divided into sacrum, 
ager publicus, and ager priuatus.83 sacred forests (nemus) were 
perhaps less likely to be accessed for general timber or fuel pro-
duction, although the matter cannot be tested archaeologically. 
some scholars have suggested nemus were cut for the benefit of 
temple priests. land laws in the republican period attempted 
to protect smaller farmers’ rights, but over time, ager publicus 
became ager priuatus.84 The mechanism for this originated in 
rome’s handling of newly obtained lands in her progressive 
domination of the mediterranean. Typically a defeated city may 
have fertile land reassigned to veterans or to the state. forests 

80 gRaseR (1959). newer fragments of the edict do not add more informa-
tion on wood.

81 RegeR (2002) 73. aRnaoutoglou (2009) questions the assumption that 
prices on delos (due to its central aegean location), represented prices through-
out the Greek world (134-36).

82 bResson (2016) 72-73.
83 following, e.g., long (1875) 21-27.
84 RoselaaR (2010).
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would become part of the imperial administration, sometimes as 
part of the emperor’s fisc. Taxes were payable in cash or kind, 
often in firewood, for access to the forest. Theoretically at this 
point, use by local citizens was still facilitated, but gradually the 
emperor and his tax agents leased forest (and agricultural land) 
to the elite, thus reducing ager publicus. elites were the greatest 
beneficiaries of ager publicus, farming it directly or through ten-
ants.85 Texts suggesting such elite benefits increase substantially 
in the late antique period.86

8. State formation and urbanization

a state’s progress towards political domination of the medi-
terranean was moderated by the ability to gain access to, and 
control, the best forest resources. It is a notable pattern in history 
that the most successful civilizations have had long and secure 
access to forest resources for building and fuel. In this phe-
nomenon, the egyptians, the Phoenicians, and then especially 
the romans, were more successful than the Greek city-states 
who failed to accrete as a unified power. In progress towards 
empire, a type of centripetal force of attraction to rome’s 
larger cities developed, especially for trade. large ancient cities 
became great consumers of all products, developing complex 
demand and supply patterns. ever larger public buildings and 
elite uillae were constructed. nearly all manufacturing required 
the use of raw wood for turning and tools, but also copious 
quantities of fuel, and so demand for both timber and fuel 
rose with increasing urbanization. demand for fresh foodstuffs 
for rome, and the rise of pastio uillatica, pushed the origins 
for the wood supply further and further away from the city. 
forests in the Imperial period became more and more lim-
ited to mountain areas. charcoal, always a preferable fuel in 

85 dunCan-Jones (1976) 7.
86 discussed by diosono (2008a) 28.
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a dense urban city,87 would have experienced increasing demand 
with increasing population. a pattern of distant mountain sup-
ply is observable even in Pompeii (3rd century bc to ad 79).88 
The rise in sophistication of the iron and bronze industries, 
together with city consumer demands, must have seen a very 
large increase in charcoal making in latium, and perhaps further 
afield, although we have no evidence either documentary, or 
archaeological, for the transport of large quantities of charcoal, 
and not much either, for the transport of wood, except in a few 
historical mentions.89 Transport by road causes increasing frag-
mentation of charcoal, rendering less of it suitable for industrial 
purposes (but these ‘fines’ can be used domestically). Transport 
by river or sea would have been preferable. 

9. Conclusions

environment is the first source of inequality in access to for-
est resources in the ancient mediterranean. competition for for-
est resources among mediterranean polities was strong. states 
with poor rainfall and larger tracts of low fertility soils had to 
import large timbers, especially the egyptians and the Greeks. 
The Greek city-states had the further disadvantage of never 
forming a whole empire, and so fought among themselves, and 
with others for resources. The long-term ability to control forest 
resources depended on a polity’s original ability to access timber 
resources to construct a fleet. ongoing maintenance and expan-
sion of the fleet was then critical to state and elite wealth, both 
for security, but also for long term access to the markets of the 
ancient mediterranean. The use of predominantly conifer wood 
types: cedar, larch, fir, cypress, pine (and the products of pitch 
and resin), made environmental influence a further constraint as 

87 since it burns with little smoke, weighs little, cf. raw wood, and provides 
nearly twice the number of calories.

88 Veal (2012); (2014). 
89 diosono (2008a).
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most conifer wood types do not grow back without replanting 
(compared with most other deciduous and evergreen woods 
which can regenerate naturally). The most desired conifers grew 
at high altitudes. construction of large buildings also required 
the use of single long timbers, and conifers were also generally 
preferred. other woods were important for ships’ decking, fur-
niture, and tools of all kinds. archaeological evidence provides 
us with a large range of woods used for these purposes, and for 
the most part these were locally obtained. however, in roman 
egypt one case study we have examined shows that 40% of 
everyday objects were made of imported woods from europe, 
the mediterranean and modern day south asia.90 evidence sug-
gests some exotics were imported in log form and worked locally, 
while others may have been imported in their final product 
forms. The inferred quantities of everyday items made of exotic 
woods, suggest reasonable equality of access to this resource by 
elites and sub-elites alike. 

land rights dictated by the state ultimately saw increasing 
inequality of access to forest resources. Ager publicus became ager 
priuatus over time, as the roman state leased captured agricul-
tural lands and forests to elite favourites. The sources are silent 
on the long-term practical outworking of this trend on the poor 
tenant farmer. This inequality of access and rights to wood 
between rich and poor is not surprising since forest control was 
intricately tied up with land ownership. The elite (and state) 
were the great landowners, and therefore had greater access to 
the various types of wood for construction and fuel of which 
they had need. however, they could not afford to completely 
restrict lower socio-economic groups’ access to woodland, or 
the workforce would have starved. Inequality of access to wood 
resources was also tempered by elite acts of euergetism and social 
display in public feasts, and the provision of public bathing.

Timber was demonstrably more valuable than fuel according 
to our two main sources for wood prices, diocletian’s edict 

90 Van deR Veen / gale / ubel (2011).
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and the price data from delos (recalling the differing dates and 
geographical origins of these two diverse sources). historical 
evidence is mostly limited to only a few types of large timbers 
being traded across the mediterranean from sources east to west 
(cedar, ebony and citronwood). The archaeological evidence in 
this regard is scant for cedar, and lacking for the latter woods. 
The tools of archaeology, wood and charcoal analysis, and eco-
nomic modeling can be usefully combined with a re-reading  
of the historical texts to arrive at a much more nuanced under-
standing of wood commodities in the ancient world than has 
previously been possible. charcoal collection should be incor-
porated into all classical excavations to continue progress. We 
hope we may see the realization of more detailed studies of 
shipwrecks from the east. cedar was the most prized wood in 
the mediterranean through time. yet so far we are unable to 
trace archaeologically its high use as ascribed to it in the writ-
ten evidence. 
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dIscussIon

S. von Reden: That was a very interesting presentation, thank 
you. I would like to ask one thing robyn: you did not really 
mention brushwood. brushwood consumption was also impor-
tant. In egypt land was developed for agriculture by the clear-
ance of brushwood, in a type of symbiotic gain, presumably 
this was a local economy that the state may have developed. 
What about timber? Were these separate economies?

R. Veal: Thank you sitta for reminding me of the impor-
tance of brushwood. yes, brushwood was, and is an important 
fuel, especially in more poorly treed areas. however, it is highly 
flammable, and so tends to burn to completion, and not be 
observed in the archaeological record, although heather and 
gorse are occasionally found. It was used even in treed areas to 
start fires, and particularly in cremation. I agree it was likely to 
be a local product. Timber supply was the challenge for egypt 
and Greece for shipbuilding and large public building construc-
tion. Woods of dimensions and types that were not locally 
available were required, and so these had to have been impor-
ted. markets for timber and brushwood would presumably 
have been managed differently, but we have little evidence.

F. Hurlet: I’d like to know more about the relationship 
between ‘woodland’ and the ‘state’. how did the roman Impe-
rial state control forest resources?

R. Veal: Without entering into a full discussion on roman 
land rights, we can say that from the republican period, defea-
ted cities’ and states’ forested land technically became the pro-
perty of the roman state, although in practice the elite and/or 
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communities who owned the lands still mostly retained control 
over, and access to them. They paid taxes to the roman state, 
usually in kind (timber, fuel, resin, pitch). This is a bit of a 
generalization. following aggressive defeats, (e.g. of Veii, and 
cumae), no property rights were retained. Wood products from 
state-owned forests were put to use in construction and repair of 
public buildings, roads, for the baths, the army, and other public 
uses. some lands and forests were ‘leased’, especially to senato-
rial families. by the Imperial period the emperor was buil-
ding up his personal land holdings through various means and 
the separate ownership of forests by the state and by the empe-
ror, seem to have become blurred. We know of the intervention 
of hadrian, drawing a cordon of inscribed stones around much 
of the remaining forest of lebanon. Presumably the precious 
cedars, and other tall conifer timbers were protected for state 
use. of the leased forests, the longer a wealthy landowner held a 
lease, the more likely de facto ownership appears to have become 
the norm. medium-sized and even subsistence landholders alike 
may have paid a small (i.e. affordable) access fee. This permitted 
them grazing and/or wood fuel collection rights. one supposes 
that by the late antique period, as roman control broke down, 
woodland access may have become more costly, as elites com-
mandeered more land without restraint. however, by this time 
some agricultural fields were being abandoned, and trees would 
have reoccupied formerly arable land (at least in part), so overall 
forest cover increased. more work is needed in this area.

G. Reger: you cited evidence for secular climate fluctua-
tions in the mediterranean. I’d like to know whether there is 
evidence of fluctuations in distribution of forest species in 
conjunction with these changes — for instance, does the range 
of beech extend lower on mountainsides during the wetter and 
cooler period in late antiquity. can we see reflections of such 
changes in the archaeology: for instance, do we see a higher 
incidence of (say) beech in the archaeological record for use as 
fuel correlated with such periods?
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R. Veal: This is an interesting question Gary, as several fac-
tors come into play. modern ecologists believe many species of 
flora and fauna survived in lower altitudes in earlier time peri-
ods. overall man’s activities have pushed many species higher 
up, so we have in part a flawed understanding of where things 
might have grown, based on where they grow now (even in a 
similar climate). We can tell broadly, what an optimum altitu-
dinal range might be for a particular tree type by measuring the 
particular climatic and soil regimes that permit maximum pho-
tosynthesis. It is difficult, however, to isolate altitude in calcu-
lating ‘optimal growing conditions’. for instance, for beech, in 
the current climate, photosynthesis is optimized between 1200-
1550m in central Italy, and we believe the overall climate was 
not too different in the Imperial period to today’s climate.91 
Grove and rackham propose a formula that for a 1° c drop in 
temperature over a century, the tree-line might drop by about 
100m .92 however, this would be difficult to observe in prac-
tice, (since neither pollen nor wood charcoal remains can tell us 
from where, exactly, they originated). It is also accepted now 
that there is a time delay in reaction to climate change, and so 
pollen studies need to be read with some circumspection. how 
great this delay may have been requires further study.

S. Fachard: Votre modèle quantitatif pour estimer les surfaces 
de forêts nécessaires à la consommation d’une cité est très sug-
gestif. si je l’applique à mes régions d’étude, je m’aperçois que 
les chiffres peuvent varier notablement en fonction de l’indice 
de productivité. ma question est la suivante  : comment estimer 
l’indice de productivité d’une forêt antique ? 

R. Veal: Thank you sylvian. yes, forest productivity is a key 
issue. even in a modern forest, productivity will change over 
time with changing weather. Thus we will always be estimating 

91 pignatti (1997) 487-490.
92 gRoVe / RaCkHam (2001) 142.
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a range. however, this is not an impossible task, and our aim 
will be to constrain our early estimates further. modern science 
tells us forest productivity ranges under different climate, soil, 
and cultivation regimes. The woods identified in the charcoal 
can provide cropping indicators. Together with local pollen 
studies these can give us fairly closely, the makeup of the ancient 
forest, and how it was cultivated. study of the ancient soils 
would help even more (although this is not yet routinely carried 
out). difficulties also arise (even in modern studies) from report-
ing productivity on a ‘clear cut’ basis (all the wood cut down), 
or a sustainable basis (small wood selected, and cut as coppice 
or pollards). narrower ranges may be obtainable if we collect 
more local data, and perhaps introduce probabilistic analyses 
to flesh out predicted linear ranges. notably, macchia (com-
mon in Greece) is not necessarily always ‘low productivity’, 
although it is relatively lower than deciduous forests, as growth 
is slow.

C. Brélaz: I found what you said about the ‘hidden economy’ 
of forests extremely interesting. The same is true, I think, of 
the swamps for which secondary, small-scale activities are also 
attested. all swamps were not necessarily unhealthy and did not 
bring disease, especially when they were regenerated through 
fresh water. In the case of the roman colony of Philippi in the 
province of macedonia, for instance, which was settled next  
to a large swamp, we should assume that the colony even took 
advantage of this marshy environment. fishing activities and 
reed cultivation must have been carried out, as was already the 
case in the nearby Prehistoric settlement of dikili Tash. as 
Prof. beltrán lloris suggested in his own paper, roman coloni-
zation did not necessarily mean an economic downturn for the 
local population. my question is regarding forest ownership. 
as you mentioned, forests seem to have been a royal monopoly 
in the macedonian kingdom. rock inscriptions from lebanon 
show that some parts of the forest there, but not the whole for-
est, were Imperial property during the roman period. on the 
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other hand, it has been recently argued by a. m. hirt, convinc-
ingly I think, that not all mines and quarries belonged to the 
emperor in the roman world. some may have been owned and 
operated by local communities. What about the forests? accord-
ing to what criteria was a forest considered Imperial property? 
had it to do with the quality of the wood? or did the roman 
emperors only inherit the forest estates that previously belonged 
to hellenistic kings?

R. Veal: Thank you cédric. I agree with you about swamps. 
They were, and are, important areas of production: for collect-
ing fruits and berries; grazing of animals; firewood provision 
(and pitch production — pine trees are the most common trees 
in coastal areas); and fishing. coastal lagoons located in these 
swamp areas were also a source of large quantities of juveniles of 
otherwise ocean going fishes (following their parents’ return to 
breed), as well as salt making. as to property ownership, I have 
looked at this broadly above in answer to fred’s question, and 
clearly hadrian took action over the forests of lebanon, pre-
cisely because these woods were very favoured for ship and pub-
lic building construction. In general though in the Imperial 
period, the state and/or the emperor both appear to have rou-
tinely taken over technical ownership of defeated cities’ forests 
(regardless of makeup), whilst mostly leaving management and 
access to the locals, and exacting taxes in kind.

A. Bresson: Je voudrais revenir sur la question du déboisement. 
sans aucun doute parler d’un déboisement universel dans le 
monde ancien serait méconnaître ce que l’on peut savoir sur la 
base de la documentation écrite et archéologique. cependant, 
ne faut-il pas insister sur les différences régionales? certaines 
zones très densément peuplées ou faisant l’objet d’une exploi-
tation plus intensive (pour la production métallurgique en par-
ticulier) n’avaient-elles pas été exploitées au-delà de la capa-
cité de reproduction naturelle? en outre, comment prendre en 
compte l’impact du bétail, en particulier des ovins et caprins, 
sur la reproduction des taillis et forêts? 
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R. Veal: Thank you alain. yes I agree deforestation is a 
nuanced and regional issue, although we can say with certainty 
from pollen studies that large-scale deforestation only started in 
the mediaeval period in the mediterranean and europe. more 
difficulties existed in poorly-wooded areas (such as you have 
noted in Greece). over-exploitation of areas where metal work-
ing was carried out, does appear to have occurred from time to 
time, for example, on elba, (as I have discussed in my chapter), 
and in the provinces in places like roman east africa (parts of 
which were marginal for wood anyway). however, long-term 
exploitation of woodland for mining and smelting also shows 
highly managed forest in some cases. scholars of romano british 
metal smelting, (for example, Peter crewes, and henry cleere), 
argue that careful coppice management was the rule, and forests 
were not denuded, but carefully husbanded and harvested cycli-
cally. forests grow back, and coppicing increases life and vigour 
of trees. The charcoal evidence in romano britain (for which 
many studies have been carried out) shows the use of much small 
round wood. We have not yet examined enough assemblages to 
provide a comprehensive understanding of the whole empire.

With regard to the browsing of ovicaprids — yes they do a 
lot of damage, and formal woodland management for coppicing 
(cutting near ground level), was not possible without extensive 
fencing. In flatter areas of the empire, we presume fencing was 
put in place (extensive documentation exists for mediaeval 
europe), however, for the steep inclines of Italy, and other simi-
lar areas, woodland management would have relied on pollarding 
(cutting above grazing height), or rotational clear felling (and 
sorting of the wood into building and fuel sizes). both strategies 
are observable in modern Italian forests.

N. Purcell: I have a number of questions. firstly, I wonder 
what minimum/tolerable levels of heating existed. Was ‘warmth 
as a luxury’ a social variable? ethnographic study might be infor-
mative. for example, what do people do in winter in Greco-
roman space and time? secondly, was fuel a macro-historical 
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contributor to social deprivation and elite enrichment? can we 
consider the contrasting cases of the urban poor, and the rural 
poor of Greece as outlined in alain’s book? 

R. Veal: Thank you nicholas, for so many questions of inter-
est, and for your personal reminder about Vitruvius’ porticus post 
scaenam, one place wood might be stored in a villa. your sugges-
tion that fuel be studied as an object of euergetism is a useful 
idea. certainly we have quite a few inscriptional examples of fuel 
donations and tributes, as a basis for such a study. With regard 
to your query about the ‘luxury of warmth’: as the group has 
discussed, we have to consider not only the availability of wood, 
but also: the local climate, clothing, and the relative wealth of 
an individual. Presumably people rugged up in warmer clothing 
(if they had it), and purchased more fuel, probably charcoal fuel. 
The urban poor were assisted in part by ambient warmth that 
insulae provided in large cities. neighbours benefitted from the 
fires for cooking and heating of those below them, as the heat 
rose. alain’s Greek rural poor, who seem far worse off, with more 
difficult and costly access to fuel, had to cook communally, and 
probably experienced worse conditions of cold in winter. so, fuel 
was a major historical influence on social deprivation and elite 
enrichment, since it is so tied up with land ownership, and it is 
an essential. as ager publicus gradually became ager priuatus, pre-
sumably access to woodland became more costly for all. This 
cost would not have troubled the wealthy, or even the artisanal 
classes, but subsistence farmers and the city poor would have 
been relatively burdened by such cost increases. as the Impe-
rial population approached its maximum in the ad 2nd cen-
tury, and charcoal production commensurately increased for all 
types of purposes, the logistics of supply would have at the very 
least, led to higher transport costs as woodlands became more 
isolated from the large cities they served. elites were the greatest 
consumers, both industrially and privately, of all fuel types, so 
the ownership of wood resources, and their transfer to consump-
tion zones can definitely be seen as a further example of an elite 
burden on the basic needs of urban populations. 
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P. Eich: The concept and the semantics of the term annona 
are quite complicated. could you expand on your use of the 
word and the development of the annona in time?

R. Veal: you are right to bring this up Peter, thank you. I’ve 
only mentioned the annona simplistically. We know the annona 
was essentially a tax on practically every agricultural and land-
based activity. This tax, often in kind, provided critical resources 
to provision the army, as well as to feed the city poor, among 
other uses. even from the republic, rome had to import grain, 
principally from sicily and sardinia, and later from egypt and 
north africa, in order to feed its citizens. over time emperors 
tried to limit the number of poor receiving the dole. Grain is the 
focus of the annona in the early part of roman history. by the 
late antique period attestations of the annona describe a much 
wider variety of foodstuffs including oil, wine, and potentially 
fuel. my interest lies in the impact of providing the dole in bread 
form (from the severan period onwards) — as opposed to raw 
grain. This implies the use of a considerable amount of fuel to 
make the bread, and so the burden to provide the dole increased. 
moreover providing oil also implied a wood and fuel burden 
since wood was used to warm the lees to extract more oil, and of 
course was necessary in press building. It may be possible to take 
the range of estimates of numbers of people receiving the dole, 
and calculate the fuel required to make the grain into bread. my 
point is, that moving from raw grain to bread provision created 
a greater burden because of the fuel requirement (and of course, 
labour, and the opportunity cost of producing saleable items). 
fuel (and timber) can be seen as almost insidious essentials — 
which we find inserted economically into practically every aspect 
of life. 

F. Beltrán Lloris: regarding forest and imperial administra-
tion, of course there could be instances of forests run by the 
imperial administration, but there are plenty of examples where 
forests remained attached to city administration as shown, for 
instance, in chapter 82 of the Lex Vrsonensis. regarding wood 
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sustainability and the romans, there are cases in which the 
exploitation of forests during roman times seems to have pro-
duced deforestation: the results of the study on ice cylinders 
from Greenland related to lead pollution show a clear peak in 
pollution provoked mainly by the exploitation of the silver mines 
in spain (Science 265, 1994, 1841 ss.), mainly in the carthago 
nova area. It would be interesting to examine the effect of min-
ing in this area in roman times.

R. Veal: Thank you francisco. yes I agree in principle that 
local administrations often still maintained control of their for-
ests, (the romans rarely wanted to interfere at this level of con-
trol), but taxes were then due to the state as we have already 
discussed. Thank you for the specific example. The carthago 
nova mines, (modern day cartagena), have been reinvesti-
gated a number of times. some of the high outputs suggested 
by calculations from ancient historical sources made by modern 
scholars, (e.g. slag output of over 15 million tons), have been 
debunked by extensive geo-archaeological studies, (6 million is 
the estimate now). further, the romans mined less gold/silver 
than previously thought, and much more copper. The wood 
requirements in roman times were more like 200,000 trees p.a. 
(perhaps a quarter to a third of the previous estimates).93 This 
is still a lot of wood, but the mine ran efficiently from about the 
3rd century bc, and so renewable wood supplies had to provide 
part of the requirement, even if charcoal was also brought in 
from elsewhere. roman mining waned there in the ad 4th cen-
tury, and was not restarted on any scale until much later in his-
tory. In the 19th century new types of exploitation began ‘and 
required more (local) wood.’94 I infer that local woods existed 
then, perhaps from re-afforestation. The stark landscape of rio 
Tinto is as much due to (natural and processed) sulphide dom-
inance (i.e. poisoning) of the soils as other issues. you are right 

93 RotHenbeRg / palomeRo (1986).
94 Ibid.
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francisco we could study this more by examining the charcoals 
and inferring cropping strategies (i.e. more sustainable, if using 
small wood). changes in the local flora may be detected by pol-
len studies. To my knowledge concurrent evaluation of these data 
has not yet occurred. rio Tinto is probably the largest example 
of wood exploitation for mining in the roman world, and it 
was in a province, so we might expect this to be an example of 
local over-exploitation. 
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