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Version autrice

Funding irrigation. Between individual and collective
investments

Marguerite Ronin

Irrigation remains an underestimated and therefore insufficiently studied
aspect of Roman agriculture.' If technical aspects, however, tend to be increas-
ingly well understood, the economic and financial conditions of irrigation
practices do not seem to have been much considered yet, even though they
constitute a critical feature of an estate’s management. Amongst the
different choices a landholder had to make, investments in hydraulic
infrastructure were guided by the particular needs of cultivation and
breeding, which variedaccording to the environmental context. The costs
involved had some direct consequences upon the economy of the farm
holding.

This paper will try to contribute to a better knowledge of the funding of
irrigation, either modest or extensive. The topic indeed matters because at
itsvery core lie the modalities of management of a natural and sometimes
limitedresource. The question asked is therefore related to the way the different
actors of the farming world controlled the water resource. What economic
means could they use to get access to a water supply and to exploit it?
Unfortunately,the sources do not allow us to assess the costs of the irrigation
facilities themselves.? That is why attention will be turned towards the
nature of the investments required, financial, human, and material, related
to the institu- tional context, the natural environment, and the scale of the
irrigation networks.

Because water is a collective resource, it seems relevant to question whether
the investments were made individually or were collectively incurred. Owing
to the nature of the evidence studied—inscriptions, archaeological data,
and

' See Horden and Purcell 2000: 244 and Willi and Beltran Lloris 2012 for a detailed
bibliography about the topic in Roman Spain.
2 The few prices we know are mostly related to urban aqueducts (Duncan-Jones 1982).
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fragments from the Digest of Justinian—the geographical scope of this study
isconfined to central Italy, with some glances at the provinces of Africa
and Spain.

IRRIGATION INFRASTRUCTURE: AWORTHYINVESTMENT FROM
THE SECOND CENTURYBC ONWARDS

Before investigating more closely the nature of the investments made for
irrigation infrastructures, it is necessary to keep in mind that watering the
crops was a real concern for growers. From the second century BC onwards,
the demand of rapidly growing urban markets within the Roman Empire
expanded. In that context, irrigation allowed greater productivity, and hence
possibly more profit.3 This evolution has been noticed in the market gardening
business, which is particularly well documented for the Roman hinterland, but
other fields of activity were also involved. The progress made in animal
husbandry from the second century BC onwards is, for instance, closely linked
to the development of irrigated meadows, and we have good indications
thatthe African production of olive oil benefited greatly from irrigation
systems and from flood-based agriculture.?

The agricultural productivity of Roman towns’ hinterland and suburban
areas is widely acknowledged, particularly in the case of Rome itself, where the
production of quality goods was stimulated by the large urban market.®
Surveys in the vicinity of Rome have shown, in some areas, a high concentra-
tion of farms or villas. During the two first centuries al, the extent of plots
ranges from an average of 10-15 to 20 hectares around Fidenae, in the Tiber
Valley, and from 25 to 30-35 between the Anio and the Via Nomentana.® The
limited size of the estates is generally used as an argument to consider that
the region was orientated towards highly productive intensive farming.
Added tothe fact that the agricultural region in the close vicinity of Rome
displays fewtraces of cereal cultivation, it has been assumed that it was
largely devoted tothe growing of fresh products, such as vegetables or
flowers, a business

3 Although the difficulty of selling the surplus in some cases has been rightly pointed out
(Kron 2012: 156-7).

4 Kron 2012; Hitchner 1995.

5 For a survey of literary evidence from Cato the Elder to Cassiodorus, see Thomas and
Wilson 1994: 156-9.

& Quilici Gigli 1994: 140. The author compares these dimensions to the possible 75 to 125
hectare estates in the Ager Veientanus or Casanus, but rejects the assumption of an average
property size of 1 to 2.5 hectares as made by Andrea Carandini in the close southern suburbs
ofRome (Carandini 1985: 69). For a validation of such a density over the first two and a half
centuries of the Principate in the areas closest to the urban centre, see Witcher 2008.



considered as lucrative by Cato, from the outset of the second century Bc.”
Market gardening is indeed a characteristic feature of the suburban land-
scapes: small-scale, intensively cultivated and irrigated plots, devoted to the
cultivation of fresh products.® Although it is well attested by written sources, it
was for long thought to have left almost no traces in the landscape and was
therefore considered undetectable by archaeological studies.® However, the
consideration that the gardening activity necessitated intensive irrigation,
andthat drainage and irrigation processes were clearly combined in the same
technology of land improvement, provides good opportunities to trace
itand estimate its importance.’ Remains of hydraulic equipment, such as
large cisterns apparently devoted to irrigation, are indeed evident in the
Roman hinterland and show a clear clustering along the Tiber, along which
transport was cheapest.” Similarly, some drainage cuniculi observed in central
Italy have been linked with operations of collecting water in order to increase
the availability of water resources for villas downstream, for instance north
and east of Rome, in Marcellina near Tivoli or in Civita Castellana near
Viterbo, but also further south in Sperlonga.”

Probably further from the urban area, but still obviously focused on the
urban market, meadows were devoted to cattle breeding, an activity which
benefited from improvements of fodder crops. A survey of Columella’s De Re
Rustica shows a distinct concern for this topic, although irrigated pastures had
already been mentioned by Cato two centuries earlier, even if with consider-
ably fewer details.” For growing lucerne (or alfalfa), renowned as a very
nutritious forage, Columella advised to divide the terrain in small portions,
of about 3 x 15 metres, allowing the setting of irrigation ditches between the
plots.™ In those conditions, lucerne could be harvested ‘four and sometimes
six times’ a year, which together with its excellent nutritious qualities made it a

7 On the absence of millstones noticed in field surveys, see Quilici Gigli 1994: 141. See also
Thomas and Wilson 1994: 158—62; Wilson 2008: 758—9. Out of nine sorts of cultivations, Cato
declares that irrigated horti came second: Cato, De Agri Cultura 1. See also Columella, De Re
Rustica 2.2.6; 10.23—6; 10.40-9. See in particular Morley 1996: 83-95.

8 For indications of such cultivations in other Roman towns, see for instance Monteil et al.
2005: 33-5; Monteil 1999: 465-7.

9 Carandini 1985: 71; Morley 1996: 102 (both references cited by Wilson 2008). For written
sources about irrigation around Rome, see for instance CIL 6.1261; CIL 14.3676; Frontinus, De
Aquis 9.4-5; Cicero, De Lege Agraria 2.

10 Wilson 2008: 734, 760. For a comparison between different crops and their need for water,
see Kron 2012: 170; and more details about central Italy in Thomas and Wilson 1994: 158-64.

" Wilson 2008: 746; Quilici Gigli 2008.

2 Quilici Gigli 1997: 203-4. For examples of ditches from the 4th—3rd century BC to the
Augustan era in Vallerano, south of Rome, see also Bedini 1997.

'3 The care of meadows is specifically detailed in Columella, De Re Rustica Book 2, and also in
Book 6 about the care for cattle. Cato gives his preference to water meadows over dry meadows
in order to supply hay (Cato, De Agri Cultura 8.1). See also Varro, De Re Rustica 1.37.5.

4 Columella, De Re Rustica 2.10.26.



very profitable object of cultivation. Columella’s detailed attention to pasture
management and to fodder cultivation is obviously due to the fact that the
techniques had reached a high degree of sophistication by his time. This can
been explained by the spread of Carthaginian and Greek intensive-farming
techniques, including convertible husbandry (i.e. the alternation of arable culti-
vation and artificial pasture on the same piece of land), in central Italy from the
second century Bc onwards." Indeed, archaeozoological and archaeobotanical
data give clear evidence for a real improvement in the quality of forage and
amajor increase in the size of the cattle from that period until late antiquity.'®

Whereas the irrigation of pasture is well attested by the Roman agrono-
mists, it is not easy to associate it precisely with any region."” Scattered
epigraphic and legal documents however provide evidence that it was used
in ancient ltaly. To the north of Rome, east of Viterbo, masonry dams with
associated channels and diversion cuniculi have been related to an inscription
recording works on meadows (prata), carried out by C. Egnatius during the
second century BC.”® The jurists were also involved in protecting the practice
at least from the first century Bc, as we know from a fragment of Justinian’s
Digest. Ulpian reports the opinion of Ofilius, a friend of Cicero and Julius
Caesar, in a dispute where an arable field (arvum) had been changed into a
pasture (pratum).’® This conversion led to a modification of the watering
conditions: when used as arable land, the plot was irrigated only seasonally
(certo tempo anni), when turned into a meadow, it was irrigated continuously
(adsidua). But, although this change had harmful effects on the neighbour’s
plot, Ofilius refused him any judicial recourse and therefore favoured the
breeder irrigating his land.

Watered meadows are also attested in another fragment dating back to
the middle third of the first century AD, which arguably gives an indication
thatthe practice was extended to a semi-arid region. Taking his case from
Mini- cius, Julian mentions damage incurred by a farmer when his neighbour
seizedall the available water, which caused the meadows and trees to run
dry.2° Julian’s African origin cannot be used to help us determine in which
regionsthe practice of irrigated meadows could be applied. The irrigation of
trees, however, can be related to semi-arid regions, such as Africa or Spain,
since their growth would particularly benefit from extra watering in these
regions.?'Wadi agriculture, applied in the Tripolitanian pre-desert, south of
the ancientcities of Leptis Magna, Sabratha, and Oea, took advantage of
wadi-flood episodes. Cisterns and wells have been recognized by survey
operations, but

5 Kron 2000; 2004b; 2012: 158 sqq.

16 Kron 2004a: 124 sqq.; MacKinnon 2015.

7 For modern to contemporary times, artificially irrigated meadows are particularly
well attested and studied in England and in Alpine areas (Brown 2005; Riedener et al. 2015).

'8 CIL 11.7505. Quilici Gigli 1989.

% Digesta 39.3.3 §2 (Ulpian 53 Ad Edictum).

20 Digesta 8.5.18 (Julian 6 Ex Minicio).

21 Kron 2012: 159; 166.



some must probably be related to pastoralism.?? Walls erected on the
banksand along the slopes of wadis have, however, for a large part been linked
to theirrigation of cultivated areas. A large quantity of olive presses has
beendiscovered in a region remote from modern oil production areas.®
Further-more, palynology has revealed a variety of cereals associated with
foddergrasses and shrubs, which points to a system of rotation, meant to
improve the productivity of the soil.?* Archaeological research has,
nevertheless, shownthat the practice could be used in central Italy too. The
works on the Metro-politana Cline have thus allowed to discover the remains
of a suburban estate,situated between the Caelian Hill and the Lateran,
south-east of Rome,provided with a sizeable reservoir of 69 x 34 metres.?®
Supplied by a water-course hypothesized to be the Aqua Crabra, this large
pool is also related to awater-lifting wheel. Irrigation was obviously decisive in
this estate where veget-ables, but also fruit trees, were grown during the first
century all. Amongstthem, peach-trees, very recently introduced in Rome,
must have been especiallyfashionable and lucrative, justifying the investment
in the hydraulic facilities.2The region of the High Steppe around Cillium
Kasserine, in Africa Pro- consularis, still bears numerous signs of the
abundant production of olive oil,along with stock-raising, cereals, and
maybe vines. Qil, in particular, wasproduced in very large quantities,
probably destined for export.?’ This pro-duction was apparently the result
of large-scale investment and suggests theintervention of people wealthy
enough to finance the trees, farms, andpresses.?® If olive trees are markedly
resistant to dry conditions, it is never-theless possible to enhance the
quality and productivity of the fruit by irriga-tion, especially in semi-arid
environments.?® Different kinds of hydraulicinfrastructure directly related
to olive orchards have indeed been observedaround Cillium, and mostly
date from the end of the first century aBlonwards.3° The wealth of the Flavii
of Cillium is well-known thanks to thefunerary poem inscribed on the
second-century mausoleum erected by

T. Flavius Secundus in memory of his father.3! To judge by their example,
investment in agriculture was obviously profitable.3? More specifically, irriga-
tion seems to have added to the profit (as reported in the text on the Flavii’s
mausoleum) and irrigation infrastructures must thus be considered to have

been a profitable investment in northern Africa.

22 Barker et al. 1996: 170.

23 Barker et al. 1996: 167-8.

24 Barker et al. 1996: 265; 273.

25 Rea 2011; Barbera 2015: 4-5; fig. 13a—20b.

26 peaches were probably introduced from Persia and/or Greece during the first half of the
first century AD and rapidly became very popular (Sadori et al. 2009).

27 Mattingly 1988: 45-7.

28 Mattingly 1988: 51.

2% patumi et al. 2002: 33—4; Terral et al. 2009: 22.

30 Hitchner 1995: 146-9; 154-5.

31 CIL8.211-16.

32 Evenso, it has been argued that the family was maybe not as wealthy as it seems, in spite
of its clear social advancement (Lassére 1993: 226-7).



A growing need for water was indisputably linked with the development of
intensive farming, of convertible husbandry, and of the extensive cultivation of
olive trees. Irrigation infrastructure, having been introduced into central Italy
during the second century Bc, was thus a worthwhile investment.33

INVESTMENT FOR INDIVIDUAL WATER SUPPLIES

Individual access to water and irrigation operations was achieved thanks to
various hydraulic devices from the most simple and affordable trenches to
more elaborate and accordingly more costly solutions. North of Rome, along
the Tiber Valley, several large cisterns have been observed.3* Associated with
rural sites (usually villas from the imperial period), their capacity ranges from
an estimate of 200 m3? to 700 m3. Some are only semi-interred, some are
completely free-standing. They consist of neatly built masonry structures of
opus signinum and reticulatum, with tufa quoins, and are sometimes vaulted.®
Supplied by small-scale rural conduits, they could also be associated with a
network of ditches.® Constructing such cisterns undoubtedly constituted a
material investment. The volume of the walls (without even considering the
vaults) may be estimated between about 105 m?3 for the smallest ones and
240 m?3 for the largest ones.3” While it is not possible here to investigate the
construction techniques with any precision, we may assume that the
materialscame from the site or from the vicinity. Bricks and tiles, which are
necessaryfor the mortar, are very common in the Tiber Valley, even on small
rural sites,®® as is limestone.3® Nevertheless, it still represented a significant
amountof man-days to build them. Depending on the size of the facing elements
of the opus reticulatum and the amount of mortar, it would have represented
a minimum of 74 man-days of work for the smallest ones, going up to 167
for the largest ones to be erected, not taking into account the supplementary
workconstituted by the vaults.*® Although it has been pointed out that, due
to its standardization, the opus reticulatum required less skilled workers,
dependingon the complexity of the conception itself, the intervention of a
professional mason might sometimes have been required.* The expenditure
was obviouslyjustified by the need for a large quantity of water. This was
probably drawn from an aqueduct for a limited time and then stored to
be used when the

33 See also the conclusions in Wilson 2002: 6.

34 Wilson 2008.

35 Wilson 2008: 735-9.

36 For instance, Quilici and Quilici Gigli 1980: 206, site 35.

37 These calculations and the following are based on the figures from Delaine 2001.

38 Wilson 2006b: 228.

39 Heiken, Funiciello, and De Rita 2007: 8.

40 These estimates seem plausible although they are probably in many cases an underestimate.
4 Crawford and Coarelli 1977: 16-18; Wilson 2006b: 227; Dessales 2011.



supply was not available anymore because it was directed to another plot.*?
Fragments of the Digest from the end of the first and the end of the second
century af give evidence for such a system where the sharing was based either
on the season or on the time of the day.*® The high profits expected from
agriculture in the area were clearly the reason that encouraged land-holders
toequip their estates with a cistern.

In Tripolitania, another type of water storage device was implemented:
water retention walls, evidenced by the UNESCO Libyan Valleys Survey. If
some wall systems were intended to mark estate boundaries and others
were linked to stock enclosure, a great number were associated with flood-
based agriculture.** Strongly built in order to resist violent flood episodes,
and orientated obliquely to the slope, they were intended to trap surface
run-off. Water was then either directed into cisterns or infiltrated directly
into the soil. Due to the difficulties of the terrain, to the extent of those
networks, and to thematerials required (some stones probably even having
been quarried), the authors of the survey consider that the investment was
enormous. As a knowledge-based activity, it was probably carried out by
members of the local communities. It therefore did not necessarily require a
considerable financial input, but a very substantial material and human
investment. In Tripolitania, as in the Tiber Valley, high profits were expected
from agricul- ture, principally for exporting olive oil.

Although they all insisted upon the need of water, Roman agronomists did
not detail the technical aspects of water-channelling. Only Columella ex-
plained how to design drainage ditches and canals. From his description,
one pictures a very simple technology, of covered canals or open ditches,
depending on the nature of the soil. Open ones were directly cut into the
earth and not necessarily channelled, provided that the ground was
compacted enough. If covered, ditches had to be dug three feet deep and
half-filled withsmall stones, gravel, or even branches. A few stones had to be
laid at each sideof the ditch, in order to rivet its banks.** Most of the private
irrigation worksrecorded in the Digest, mainly by authors from the second
and third centuriesal, tally with the ditching operations described by Columella
in the middle of the first century.*® The simplest work consisted in digging
irrigation ditches (called rivi), which could be covered or not.*” To prevent
important loss of water by infiltration, jurists also allowed the possibility of
strengthening the

42 Wilson 2008: 739.

43 Digesta 43.20.6 (Neratius 3 Membranae); Digesta 39.3.17.pr. (Paulus 15 Ad Plautium).

44 Barker et al. 1996: 217.

45 Columella, De Re Rustica 2.2.9-11.

46 See, for instance, Digesta 43.21.3.pr. (Ulpian 70 Ad Edictum) and Méller 2010: 27, n. 57,
about the juridical conditions of use and change of use of ditches described in this text.

47 Digesta 43.13.1 §4 (Ulpian 68 Ad Edictum).



channels with stones and mortar or even of piping it in fistulae.*® Wood could
also be used for sluices or weirs (septa).*® Such works are difficult to trace
on the field, and more difficult to date. However, archaeology sometimes
uncovers examples. Alongside more elaborated underground cuniculi, enclosed
terracotta pipe networks have been unearthed around Rome.*° This system
probably made surveying of the course of the aqueduct simpler: the gradient
did not have to be measured too precisely since the water could have run
under some pressure.5' It seems, at first sight, that such irrigation infrastruc-
ture was quite elementary and required no particular engineering skills. The
only human investment consisted therefore in the workforce: if this was not
available within the estate itself, it was most probably possible to mutualize the
efforts within the neighbourhood.5? The materials (small stones, gravel, and
branches) were also doubtless close at hand, although some studies have
shown that a few elements came from a certain distance, which probably
implied a small occasional financial investment.>® Despite this preliminary
picture, it must be stressed that neither the legal texts, the agronomists, nor,
inmost cases, the archaeological sources provide details about the total
length ofthe conduits, which was probably the most decisive variable due to
the reliefand the nature or the terrain.

Our first source of information on the organization and cost of such
engineering works is Cicero, and especially the first paragraphs of a letter he
wrote to his brother in September 54.5% Acting on behalf of Quintus, he paid
101,000 HS for the fundus Fufidianus in Arpinum. As noted by Cicero, the
principal interest of the property obviously lay in the large quantities of water
it was provided with, and which could be employed for the irrigation of 50
iugera of meadows or for the ornament of the villa. Further on, the author
questions the decision of his brother to keep his fundus Bobilianus instead
ofselling it.>®> This estate was well irrigated too, and Cicero argues that
his

48 Digesta 39.3.11.pr. (Paulus 49 Ad Edictum); Digesta 43.21.3.1 (Ulpian 70 Ad Edictum);
Digesta 43.20.3 §5 (Pomponius 34 Ad Sabinum). On the durability of the jurisprudential rules
through the evolution of vocabulary between this last text and others, Méller 2010: 82.

4 Digesta 43.21.1 §4 (Ulpian 70 Ad Edictum).

50 For examples of underground cuniculi, see Quilici and Quilici Gigli 1986, sites 81 and 157.

51 Wilson 2008: 753-4.

52 Cato advised readers to maintain good neighbourly relations in order to exchange favours
(Cato De Agri Cultura 4).

53 Bedini 1997: 165—6 for an example of a network dated from the third to the first century Bc;
Ghisleni et al. 2011: 132.

54 Cicero, ad Quintum Fratrem 3.1.1-2. | follow here the translation and suggestions of David
Shackleton Bailey (Loeb Classical Library 462, Harvard, 2002). The French translation by
Leopold-Albert Constans, regularly reprinted by the CUF since 1936 (most recently Les Belles
Lettres, Paris, 2002), may lead to some inconsistencies.

55 Here, Constans (see the previous footnote) proposes to read again fundum Fufidianum
where most other editors suggest something close to Bobilianum. This small difference is not
without consequences: if it were the same estate Cicero is referring to all through Paragraph
2,



brother should merely have secured the access to the water thanks to a
servitude, and sell it, thus indicating that the water was the only worthwhile
thing on this land. It is, however, strange that his main argument is that he
thought the estate could have been sold at the same price with or without
the water.

After mentioning his brother’s properties, Cicero goes on to refer to the cost
of a private aqueduct between two of them. Although some other solutions
have been proposed, it seems very probable that the water was conducted from
the Bobilianum.>® Where it was conducted is not clear, but we know that the
source and the destination were 2.2 kilometres (3,000 paces) apart. This length
apparently necessitated the intervention of a professional contractor with
his team of workers, for an estimated 22,500 HS.%” Additionally, the work
prob-ably required some engineering, since another contractor was asked to
join Cicero, perhaps to provide a second opinion or to bid for the contract,
and thisone was specialized in tunnels. Did this aqueduct represent an
important investment? In his letter, Cicero repeatedly tries to induce his
brother to use the water drawn from his different pieces of land for
ornamental purposes, buthis friend Caesius, who accompanies him, points
out the profit it may bring to an agrobusiness. Although we do not know
what was finally decided, it is possible that the work was part of an irrigation
system. Now, if we hypothe- size that Quintus’ properties, located in the
same area, were comparable in size, we can suppose that the profit expected
was close to that of the 50 jugeraof meadows of the Fufidianum. An annual
profit of 6 per cent for such a pieceof cultivated land gives a result of 7,500
HS a year.®® The 22,500 HS of the aqueduct could therefore have been
recovered within three years. Other expenses, such as staff costs, were also
naturally incurred, but it must be stressed that investments in agricultural
business were calculated on the longrun,®® and that aristocrats could rely on
the profits of their other estates to cover the costs in new ones. Finally, it
must be stressed that the amount probably did not represent an important
expense overall for the brothers. Cicero states further on in the letter that
Quintus’ vilicus Nicephorus had agreed to build a little construction in his
villa for a cost of 16,000 HS.5° Although it is not said what the construction
was intended for, the fact that

the whole buying and selling operation would have been completed in order to secure access to
aperennial (and probably abundant) source of water. This would, however, have been a lot of
work with some risk of not being able to sell the property at a good price.

56 Elizabeth Rawson has proposed that the equipment was to draw water from the Fufidia-
num to the Manilianum, another of Quintus’ properties, which she identifies with the Arcanum.
See Rawson 1976: 98.

57 This price was exactly 3 HS a foot for a length of 3 paces (=7.5 feet).

58 On this percentage, see Columella, De Re Rustica 3.3.8-10.

59 Columella, De Re Rustica 3.3 on investments and profits in vineyards.

80 Cicero, Ad Quintum Fratrem 3.1.2.5.



Cicero calls it aedificatiuncula, the only known occurrence of this word,
certainly implies that he did not consider that the price was a large sum.
We may therefore assume that the price of 22,500 HS for an aqueduct
conveying a perennial and abundant supply of water was not an expense
about which they would worry very much.

Aninscription of the second century provides evidence for the construction
of a larger private hydraulic work, associated with a single estate.®’ Near
Viterbo, in Etruria, the senator and former consul Mummius Niger Valerius
Vegetus bought a water source. To conduct the water to his villa along his
almost nine-kilometre-long private aqueduct, the Aqua Vegetiana, he also
purchased eleven stretches of land and obtained a senatus consultum to be
allowed to build his aqueduct alongside a public road. The inscription men-
tions a width of about three metres for the masonry work and of about
1.80 metres for the pipes themselves. The region, being fertile, was intensively
farmed: stock breeding, fruit trees or wine, vegetables, and cereals.®? Consid-
ering the extent of the investment, it has nevertheless been suggested that
thewhole operation was not intended to provide water for irrigation but for
the embellishment of the senator’s villa, and that he also intended to sell a
part ofthe water to his neighbours.53

Hydraulic works needing the intervention of a hydraulic engineer are also
acknowledged by several jurists from the Severan era. Two fragments in
particular lead us to believe that constructions involving a bridged conduit
were not rare. It appears that rights of conducting water and rights of
passagecould clash, and Paulus denied the possibility of building or digging
an aqueduct where someone already had a right of way. AlImost at the same
period, on the contrary, Pomponius decided that it was allowed to build a
bridge conducting water over another aqueduct.®* In the case of Cicero or of
Valerius Vegetus, the main part of the workforce was likely to be available
within their large familia rustica and materials could have been found on the
estate or in the near vicinity.®® The layout, however, still required the skills of
professional engineers. It necessarily implied a financial investment, the
amount of which depended on the length of the construction, as Cicero
pointed out. By contrast, the very simple water-channelling techniques men-
tioned by Columella, and sometimes observed by archaeologists, made them
avery affordable investment, as long as the estate was provided with
enough

81 CIL 11.3003 = /LS 5771 = AE 2002, 471.

52 Broise and Jolivet 1997: 1327-50; Andreau et al. 2002: 22.

63 Bruun 2018.

54 Digesta 39.3.11.pr. (Paulus 49 Ad Edictum); Digesta 43.20.3 §6 (Pomponius 34 Ad Sabi-
num). For other examples of such hydraulic constructions, see also Digesta 43.20.3 §5 (Pompo-
nius 34 Ad Sabinum) and Digesta 43.21.1 §11 (Ulpian 70 Ad Edictum).

85 Villas could indeed exploit resources from the ground such as stones and clay (Marzano
2015: 189-95). On the difficulty of determining whose task it was, the proprietor’s or the
contractor’s, to choose and provide the materials, see Dessales 2011: 49.



water. The cost of irrigation systems, including the length of the channelling,
was indeed directly linked to the availability of a water supply.

Access to water must therefore be considered as a part of the overall
investment for those who needed to reach remote supplies.® In some cases,
as with flood-based agriculture, irrigators just had to wait for the water to
periodically come to their fields. In other cases, it was necessary to lift or to
conduct water. Although water-lifting devices are difficult to trace in archae-
ology because they were mostly composed of perishable materials, they are
well attested in papyri.8” A simple technology, like the shaduf, was widespread
in the empire, but it does not allow the exploitation of large quantities of
wateror the irrigation of large areas.®® Archives of estates from the mid-
third- century Fayum show that the maintenance of more sophisticated
deviceslike water-wheels was the object of very careful provisions, which
obviously reflect the significant investment they represented.®® The
recurrent mentions of such repairs in the Arsinoite nome show that artificial
irrigation was used extensively.”®

Additionally, landholders did not hesitate to conduct water over a long
distance, as the building of the Aqua Vegetiana illustrates. Along its course, it
was possible for a canal to cross other estates, as the legal texts repeatedly
indicate: Paulus thought that it was possible to ask the holder of the interven-
ing land to traverse his plot, while Africanus mentioned that it was legitimate
to cut across several properties to convey the water.” Furthermore, legal
textsclearly demonstrate that access to water through a right of servitude,
even if itdid not lead to actual ownership of the source, had a financial value
and couldbe sold.” The vocabulary used by the jurists from Quintus Mucius
(2nd—1st century BC) to Paulus (2nd—3rd century al) leaves no doubt on the
subject: awater servitude could be sold (vendere) and bought (emere).”® A
private deed,recorded by Paulus, emphasizes the fact that a landholder
accepted that he would share water from his fountain with his neighbour
(maybe his brother) for free (tibi do donoque).” As an easement was, by rule,
attached to the land and not to the individual who acquired the right, it clearly
gave an economicvalue to the plot concerned.”

56 See the revenues generated by the fees paid to access water in the city of Ptolemais
Euergetisin 113 AD: Habermann 2000: 132-7.

7 Malouta and Wilson 2013.

8 Pliny, Historia Naturalis 19.20.60.

59 For instance, P. Flor. 16 and P. Rein. 52.

70 Rathbone 1991: 223-4.

" Digesta 39.3.17 §4 (Paulus 15 ad Plautium); Digesta 8.3.33 §1 (Africanus 9 Quaestiones).

72 |n a chapter directly inspired from the Roman servitudes, the French Civil Code states
thatcompensation may be negotiated between both parties (Code Civil, article 682).

73 Digesta 8.3.14 (Pomponius 32 Ad Quintum Mucium); Digesta 19.1.3 §2 (Paulus 6 Ad
Sabinum). See Bruun 2015: 136—41 in particular.

74 Digesta. 8.3.37 (Paulus 3 Responsa).

7> Justinian Institutiones 2.3.3; Digesta 8.3.20 §2 (Pomponius 33 Ad Sabinum). On the
economic value of the servitude rights, see Johnston 1999: 70; on the possibility of selling a
servitude right and its implications regarding contract law, see Méller 2010: 318-21.



Storage obviously represented a human and even financial investment
because of the construction of masonry cisterns. Water-lifting devices ranged
from very basic investments with low output to more elaborate pieces of
equipment. For conducting water, the costs depended on whether it was
neces-sary to hire a professional engineer, on the length of the channels, and
on thematerials required. In all cases, access to water represented a strong
concern for irrigators. Scarcity or distance could have been the reason why
landholders decided to share supplies or equipment thanks to a collective
investment.

Archaeological evidence for shared private hydraulic infrastructure is rare,
although some instances are known in Italy and Gaul.”® This scarcity is,
however, probably due to a lack of information, since legal texts from the
first to the third century al repeatedly indicate that the practice was usual.
Through the right of servitude, private individuals could be granted by a
neighbour the right to share a water supply, but also the devices required
for its distribution (lacus) and the conveyance (fistula, rivus).”” To avoid conflicts,
it was also possible to agree on a schedule between the different beneficiaries.”®
It is, however, not completely clear, to judge from the texts, if the practice
ofsharing a water servitude was intended for the benefit of the dominant
estate, which enjoyed the right of conducting water, or for that of the
subservient one,from which the water was led away. Ulpian explains that
granting a right to several people diminishes in a proportionate quantity the
amount of avail- able water. For that reason, he advises that the validity of a
servitude right besubmitted not only to the consent of the water source’s
owner but also tothat of the other beneficiaries.” The Severan jurist points
out that it could bein the best interests of a proprietor to distribute his water
widely, in exchange for certain compensation, in kind or in money, but
that it wouldbe to the disadvantage of the dominant estates. In fact, the
sharing of the supply itself, through a right of servitude, is not really
profitable since each beneficiary had to negotiate his right separately, and
most probably had to pay separately.®® By contrast, it was probably
advantageous to share the infrastructure, as it reduced the cost of
construction and maintenance.®'Although obviously modest in the case of
small canals, the saving could have been more important for masonry
buildings, private distribution /acus, or substantial water-lifting devices.

76 Leveau 2006: 106—7; Wilson 2008: 749; Messineo 2005: 2.

77 Digesta 43.21.3 §3 (Ulpian 70 Ad Edictum); Digesta 43.20.3 §5 (Pomponius 34 Ad Sabi-
num).

78 Digesta 8.3.2 §1 (Neratius 4 Regulae).

7 Digesta. 39.3.8 (Ulpian 53 Ad Edictum).

80 Djgesta 8.6.16 (Proculus 1 Epistolae); Digesta 8.1.17 (Pomponius, Regulae). For a discussion
about the independence of servitude rights, see Bannon 2009: 49.

81 Digesta 43.21.3 §3 (Ulpian 70 Ad Edictum); Digesta 43.20.3 §5 (Pomponius 34 Ad Sabi-
num).



Concessions from the public water network to private individuals are a well-
known fact, evidenced through literature and epigraphy, in Rome as well as in
provincial towns.82 In some cases, neighbours could even form an association
in order to share water from the same castellum.®® Although they are not
frequently recorded, it is also possible to report a few examples of diversions of
the supply towards villas and large estates. The Anio Vetus had, for instance,
aspecial branch to water the gardens and farmland of Tibur.®* The water of the
Aqua Crabra was used to irrigate the numerous villas of the ager Tusculanus.®®
An inscription found on the Aventine depicts the irrigation scheme of several
estates belonging to freedmen of Caesar and Augustus around Rome.2¢ The
drawing clearly shows reservoirs, which Stefania Quilici-Gigli believes to be a
good model for large lacus, collecting water from drainage canals and to which
distribution networks are connected. She has discovered such cisterns in the
suburban area of Teanum, north of Naples, and in the Roman suburbs along
the Tiber.®” An inscription from the region of Amiternum registers several
rural properties benefiting from a diversion of a local aqueduct.®® Other
archaeological examples may be found around Arles, in Gallia Narbonensis,
or Cillium, in Africa Proconsularis.®®

Referring to a senatus consultum from 11 Bc, Frontinus recalls that when an
association of private individuals had been granted a common water supply,
they had to build their own castellum in order to distribute water to each of
thesocii.®® The benefit for the neighbours was obviously to reduce the
construc-tion costs. Indeed, the distribution devices designed for private
functions observed in Italy are generally small and simple, but examples of
more elaborate masonry equipment are also attested and would be more
appropriatefor the collective housing Frontinus seems to refer to.®" In certain
cases, archaeology also shows that the same conduit from the common
castellum could be shared by a row of houses, each supplied by a secondary
canal.®2 Common reservoirs and channels were thus probably funded by
neighbours acting in association. Such associations are better documented
in towns, but there is no reason why a similar system could not occur in rural
areas and for

82 See amongst other examples Vitruvius, De Architectura 8.6.2; Frontinus, De Aquis 106.1
and 108 (SC De aquaeductibus); Frontinus, De Aquis 129.44-7 (Lex Quinctia); Codex Theodo-
sianus 14.15.4; Codex Theodosianus 15.2.8; CIL 2-5, 267 = 1643 = CILA 3-1, 3; CIL 8, 51.

83 Frontinus, De Aquis 106 and 109.4-5.

84 Frontinus, De Aquis 6.6. See Evans 1993.

85 Cicero, De Lege Agraria 3.9.7; Cicero, Ad Familiares 16.18.3.1.

86 On CIL 6.1261, copied out in the seventeenth century and now lost, see Rodriguez Almeida
2002: 22-3.

87 Quilici Gigli 1997: 208-12.

88 || $5792 = CIL 12.1853. For discussion, see Buonocore 1994; Rodriguez Almeida 2000.

8% Gazenbeek 2000: 227-8; Hitchner 1995: 155.

%0 Frontinus, De Aquis 106.

9! For discussion, see Dubouloz 2011: 345-6; Dessales 2013: 245-6. For different types of
domestic distribution reservoir, see Dessales 2013: 211-16.

92 Dessales 2013: 246.



agricultural purposes. As the role of urban aqueducts for irrigation has been
reconsidered in recent years, such schemes could arguably have applied to
thenetworks recorded on the inscriptions of Amiternum and of the Aventine,
as well as on a very similar document from Tivoli.?3

The construction of public aqueducts, like other monumental building
projects, could be undertaken by the emperor, by local communities, or by
private citizens.®* Although it is well known that the emperor had the
potential to contribute to municipal hydraulic equipment by tax rebates
or by the provision of raw material or even of hard cash, imperial
benefactions are seldom reported in inscriptions in Africa and Spain.%®
Meanwhile, the intervention of the legions in construction projects are
mostly related to military camps or peace-keeping operations.*® The
completion of such works by municipalities, although attested, is however
quite rarely com- memorated.®” If we take the examples from northern
Africa and the Iberian Peninsula, we can see that the epigraphic
documentation records gifts made by individual benefactors (euergetai) to
their patria with some frequency, but this category is probably
overrepresented due to the tendency of private citizens caring for their
reputations to display their generosity as visibly as possible.®® Finally,
another well-represented category of financing public aqueducts is
constituted by the combination of private and municipal funds.®®

As far as local construction projects are concerned, it must be stressed that
local elites were constantly called upon to finance public works, either as
benefactors acting voluntarily or through the payment of the summa honor-
aria and pollicitatio, which have arguably been considered the main sources of
municipal income, at least in the western provinces.’® If members of the

93 CIL 14.3676 = AE 2002, 180 = Inscrlt 4.239. For a discussion of the role of urban aqueducts in
rural supply, see for instance Wilson 1999; Gazenbeek 2000; Leveau 2010; 2013.

94 On the fact that there is no particular difference between aqueducts and other buildings
inthis regard, see Leveau 2001: 85; Duncan-Jones 1982: 75-8; 124-5.

%5 With the mention of the indulgentia principis: Verecunda (CIL 8.4205), Castellum Tiddi-
tanorum (/LAlg, 2—-1, 3596 = AE 1946, 61). For examples in the Eastern Provinces, see Mitchell
1987: 344 sqq.

%6 Examples in Lambaesis (CIL 8.2572 and CIL 8.2658), in Gheria-el-Gharbia (AE, 1973, 573),
in Aquae Flauianae (CIL 8.17727). On the difficulty of interpreting the mentions of construction
projects undertaken by the legions on behalf of the emperor, see Le Roux 2009.

97 |n Saldae (CIL 8.2728 = 18.122), Thugga (CIL 8.1480 = 26.534). See also in Thignica for a
restoration at public expense (CIL 8.1412 = 15.204).

%8 Examples in Ebusus (CIL 2.3663), possibly in Dianium (CIL 2.3586), llugo (CIL 2.3240),
Igabrum (CIL 2-5, 316), by testament in Mellaria (CIL 2.798), in Capsa lustiniana (CIL 8.120),
Leptis Magna (CIL 8.11), Sabratha (AE 1925, 103).

99 Probably in Bisica (CIL 8.23.888), in Abbir Maius (AE 1993, 1738), in Thugga (CIL 8.1480),
in Haidra (AE 1988, 1119). Maybe in Castulo (C/L 2.3280) and Mellaria (CIL 2.798).

100 Briand-Ponsart 1999: 217. Although it has been argued that the payment of the summa
honoria was only occasional and not an automatic requirement in some regions of the empire
(see Zuiderhoek 2009: 44, for the province of Asia), it seems that in Africa, it was compulsory for



local aristocracy, who exploited agricultural lands, could naturally resort to
their own water works when they needed to irrigate their plots, properties
situated near the urban aqueduct could also have benefited from a diversion
of the water supply. As we know, this was largely the case around Rome
where landowners diverted urban water supplies for profitable agricultural
purposes.’ This option would have been even more advantageous given the
possibility of obtaining the water for free.’®? Did the properties represented
on various inscriptions along the course of public aqueducts belong to those
who played a significant role in financing it? To answer this question, it would
be necessary to know more about the constraints ruling the layout of the
aqueduct.’® This would unfortunately require an investigation well beyond
the scope of this chapter. It is, however, useful to recall that the municipal
lex of the colony of Urso gives evidence that the rights of rural properties
had to be considered by the local assembly when they determined the route
of an aqueduct. Decurions and duumviri had indeed to decide which estates
the aqueduct could go through.'®* Besides technical require- ments, some
political negotiations probably took place between members of the
assembly. It is well known that euergetism could be ruinous and that some
aristocrats were very cautious not to squander their resources. Bene- fiting
from the public network could thus have been an opportunity for them to
reduce the costs of their private constructions and the amount of their
investments.'%®

Although not easily perceptible, shared investment in small-scale irrigation
activity did exist. Whether human, material, or financial, it remained modest,
however. Private water supplies were obviously not the object of large collect-
ive investments, at least not through servitude rights. The equipment and
devices for shared systems were, on the contrary, more likely to be collectively
funded, even in cases where the expense appears moderate. If concessions
from the public network had to be subscribed individually, public infrastruc-
ture could however be shared. It probably helped to reduce the costs of
irrigation, but depending on the amount of water needed, and probably the
region, it was apparently not always sufficient, as the example of large irriga-
tion facilities will show.

holding office or being a member of the local senate (Duncan-Jones 1962: 65-9; Jacques 1975). It
is nevertheless possible that the situation of the African provinces was exceptional due to the
wealth of the municipal elites.

91 Pliny, Historia Naturalis 31.42. Regarding this text, Philippe Leveau emphasizes that ‘in
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to the construction of an aqueduct’ (Leveau 2001: 86).

192 Frontinus, De Aquis 80, 107-109; CIL 10.4760 = ILS 6296; CIL 12.5413.

103 | eveau and Paillet 1976: 149 sqq.; 165 sqq.; Paillet 2007.

04 | ex. Col. Gen., 99.37; 100.1-8. See also Leveau 2015: 341.

95 An idea that fits well with the assumed greed of Roman landowners (Purcell 1995: 162).



MODES OF COOPERATIVE INVESTMENT IN
LARGE-SCALE IRRIGATION FACILITIES

Irrigation communities are rural associations gathered to share a common
water resource thanks to collective hydraulic equipment.'®® Our knowledge of
this sort of organization in Italy, Africa, and Spain is scarce, although two texts
offer compelling glimpses of their functioning: the Lamasba decree from
Numidia, dated to the reign of Elagabalus (218-22), and the Bronze of Agon
(or Lex Rivi Hiberiensis) from Spain.'®” Both inscriptions illustrate the com-
plexity and variety of that particular type of water management. The channel
of Agén was probably an open diversion canal, situated on the right bank of
the river Ebro—at least between 117 and 138."°% In Lamasba, it has been
proposed that the irrigation facility was a ganat (or foggara) or even a ‘hybrid
between true foggaras and classic Roman aqueducts’.'®® The Lamasba decree
records the water allocation of eighty-five plots. However, as we possess only
fragments, the total property has been assessed at least at 170 plots and
c¢.325hectares."® Our understanding of the financial capacity and of the
general economic pattern of those communities is limited, due to a lack of
evidence. The texts nevertheless clearly show that they were autonomously
ruled by common interest.”™ Their existence and perpetuation depended on
largewatering infrastructures. The question is, then, to evaluate what sort of
investment was necessary to implement and maintain them.

Theoretically, the large rivers of the Roman Empire were public because
they were considered a common good.” Their water could consequently be
freely shared between those who held lands along the bank, proportionally
totheir possessions.” In the case of the Agén community, the supply of
water was therefore presumably free of charge, since it came from the Ebro.
The implementation of the infrastructure, however, remained to be funded.
As in any extensive irrigation scheme, not only was a workforce required, but
alsosome qualified technicians, able to draw up a plan and calculate the
gradient of the conduit, even if the level of competence varied according to
the technology employed and the size of the facility. The community, in
Agdn

196 For a global overview, see Maganzani 2010. Detailed examples in Richardson 1983;
Trousset 1986; Cotton and Yardeni 1997: 212-16; see also Beltran Lloris 2006b: 267-9, about
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™ Beltran Lloris 2014a.
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and elsewhere, might have had to hire people, which requires financial
capital,or it might, on the contrary, have been able to recruit the workforce
from its members, thus making use of its own human capital."™*

Nevertheless, various reasons render an imperial intervention in the digging
of the Ebro Canal, on the colonial territory of Caesaraugusta, as plausible as a
community investment. Firstly, the Lex had been enacted under the direct
authority of a representative of the emperor, the governor, or his legate."®
Inthe second place, the army possibly played a role in the implementation of
other hydraulic networks observable within the territory of the colony. Indeed,
the immense dams of Almonacid de la Cuba and of Muel were seemingly
funded by the emperor when the colony was founded in 15 Bc for Augustus’
veterans."® At least a part of the irrigated plots, situated on the territory of
a colony where the centuriation stretched over 35 km along the Ebro River,
appears to have been the property of veterans, and then that of their heirs.""”
The implementation of an irrigation system played a significant role during
the land division.""® A connection seems therefore possible between the estab-
lishment of water networks around the colony of Caesaraugusta and that of the
centuriation.” However, if the first edition of the text suggested a very large
canal of about 20 km, exploited by a community composed of proprietors of
pagi belonging to two different cities (the colony of Caesaraugusta and the
municipium of Cascantum) a new reading of the title of the inscription leads to
a different conclusion, namely that only one pagus was involved in the Lex.'?°
In this case, we would have to think of a much smaller community, not as
autonomous as was thought before. But it would also compel us to consider the
irrigation in the Ebro Valley, as it is organized by the Lex, a much more
commonplace phenomenon. Instead of a large community of irrigators, or-
ganized independently from the colonial and municipal powers, the picture
would be that of numerous smaller communities, organized by pagi, within the
boundaries of civic institutions. That is, however, not necessarily contradictory
with an imperial intervention, or at least supervision.

Lamasba, unlike Caesaraugusta, was a municipium where nothing leads us
to believe that the army played a role in the establishment of the network,
and

4 Five centuries earlier, P. Lille 1 offers a particularly interesting basis for comparison and
shows how gigantic these kinds of work possibly were. On the third-century-BC estate of
Apollonios, in Philadelphia, a project of canals and dams representing the excavation of 84 km
intotal was reckoned to cost 1 talent and 3,834 drachmas, i.e. the work of 500 workers for three
and a half months. Schnebel 1925: 48-9; Burnet 2003: 102-3 n. 46.

5 Beltran Lloris 2014b: 61-2.

"6 Beltran Lloris 2014a: 130-1.

"7 Beltran Lloris 2006a: 188; Esparraguera et al. 1994: 199-200.

"8 |ex Colonia Genitiva 104.10-19; Siculus Flaccus, De Condicionibus Agrorum 2.35; 43—4
(Guillaumin 2010: 47 and 49).

S Willi and Beltran Lloris 2012: 28.

120 Tarpin 2014; followed by Einheuser 2017: 36—40. Previous suggestions in the same
direction were already made by Castillo Garcia 2008; 2009.



where the conflict that arose between the irrigators was apparently settled
locally by a group of arbitrators linked to the ordo.™ Fairly modest plots were
acquired by private agriculturalists, within a system controlled by the local
aristocracy, which undoubtedly had an interest in the whole operation.'??
The Roman state probably confined its involvement to providing an
institutional and legal framework ‘to protect property and water rights and
to resolve conflicts’.’” The qganat-based technology, used in the Aurés
Mountains and the Sahara, and probably used in Lamasba, did not
necessarily present many technical difficulties even though, depending very
much on the length of the tunnel, it must have required a certain practical
knowledge. Even if it was notactually introduced by the Romans, army
engineers undoubtedly had mas- tered most of its technical features by the
time the Lamasba decree was issued.’?* Around military settlements like
Lambaesis (where, of course, vet-erans could also have settled), only about
30 km away, it is thus conceivablethat military land surveyors could have
helped the local communities with their networks.'?® The letters reproduced
by the surveyor Nonius Datus on hisstele, however, clearly indicate that,
about half a century before and in the same region, the military authorities
did not readily allow their engineers to contribute to civilian projects, and
Pliny possibly refers to a lack of engineersfor civilian public works in his letters
from Bithynia."”*® Irrigation communities could then hire some ganat
technicians, able to locate a water table and to determine the course of the
underground canal. Examples of travelling spe- cialists of the sort are known
in Persia and Oman.'?” Papyri also attest that itinerant river-worker teams,
specialized in the irrigation systems of the Nile,were hired by independent
farming communities. They earned a daily wage orwere paid on a piece rate,
received food, and were treated with great respect.'® Finally, some members
of the irrigation communities of the region could havebeen expert enough to
implement the equipment themselves, provided that the water table was
not too deep. As for the workforce itself, it was probablyavailable within the
community, although, given that tunnelling was a hard and dangerous task,
ethnographic examples of ganat digging from North Africa show that it was
often assigned, as much as possible, to a servile workforce.?®

121 The status of municipium had been granted around the end of the first century af, and
thecity never became a colony to our knowledge (CIL 8.18.501).

122 For a municipality involved in irrigation issues, see the example of the Tabula Contre-
biensis (CIL 12.2951) in Birks, Rodger, and Richardson 1984: 47-8.

123 Wilson 2012: 2-3.

124 Wilson 20064, esp. p. 213 for strong arguments against the hypothesis that the ganat-based
technology was introduced by Romans from elsewhere in the empire.

125 A few veterans are mentioned amongst the irrigators of Lamasba, such as Flavius Fortis or
lunius Felix.

126 CJL 8.2728; Pliny, Epistulae 10.39-40.

127 Birks and Letts 1976.

128 Rathbone 1991: 166, 226.

129 Grandguillaume 1973: 439, 448; Wilson 2006a: 210.



If the irrigators chose to employ itinerant hydraulic specialists, the wages
ought to have been paid by the whole community. This therefore implies the
creation and the management of a common fund. This system is well
attestedelsewhere, for instance in the Tabula Contrebiensis and even in the
Lex Rivi Hiberiensis, although there is no clear indication in this case what the
moneywas intended for.™° The possibility that the works were carried out
by some members of the community is also confirmed by other documents.
It indeed appears that the detailed rules described in the inscriptions were
necessary notonly to avoid conflicts, but sometimes for an efficient organization
of collective tasks as well. Irrigation networks require regular operations of
cleaning, repair, redigging of canals, and strengthening of the dykes and
dams. The Lex Rivi Hiberiensis provides a detailed account of the members’
obligations on that aspect.”™ Any breach of these compulsory assignments led
to the payment of a fine to the common fund.”? In Egypt, corvée labours on
the irrigation networks constituted a very strong obligation for anyone in the
farming communities. The instructions given by a strategos from the nome
of Oxy- rhynchus in al 278 defined clear and severe penalties towards
anyone neg- lecting these duties.”?

There are several reasons why rural or urban communities might have
made use of the human capital at their disposal. The most obvious
explanationis that compulsory labour allowed very convenient savings
where financial capital might have been scarce. That could have been the case
in Lamasba, anda free workforce was indeed an invaluable asset. One may
nevertheless makeanother assumption, more germane to the distinctive
features of irrigation communities: the corvées were a suitable means of
controlling the workforcein a field of activity where timing was of great
concern.”™ This indeed is what Danielle Bonneau observes in Egypt, where the
flooding of the Nile was carefully observed.”™> Timing very much mattered in
irrigation communitiestoo, both for issues of water-sharing and also for
maintenance operations, which were precisely achieved by corvée labour. In
the midst of the Ebro community, the one-month period of the dry season
when the water supply had to be shut down was determined by a vote of
the irrigators’ assembly, which indicates how important this decision was.
The cleaning of the canal had to be carried out during that particular month
and it was indubitably an

130 Tabula Contrebiensis |. 13—14; Lex Rivi Hiberiensis §1b and §11a.

31 | ex Rivi Hiberiensis §1a, §2b, §3a, §3b.

32 | ex Rivi Hiberiensis §1b.

33 p, Oxy. 12, 1409. For other examples on the topic of compulsory labour within a
community, see Feissel 1985; Tarpin 2009: 133.

134 Interestingly, P. Lille 1 states that the costs for the works on irrigation canals depended on
the time of the year when they were undertaken. From winter to the harvest period, the costs
increase by almost 40%, which is obviously due to the low availability of the workforce, when
everyone is engaged in the fields (as also clearly shown by PS/ 502).

135 Bonneau 1993: 307; see also the comments of Horden and Purcell 2000: 254.



urgent task, for which the authorities might have wanted to have tight
controlof the workforce.™®

CONCLUSION

The costs of irrigation in single estates varied according to the technical
constraints (length and construction of the conduit, necessity of storing
water), but the efforts and investments also reflected the profits expected.
That was probably the case for the cisterns observed along the Tiber Valley,
not far from Rome: cultivating fresh produce in the area was a very profitable
business, which explains the presence of such equipment. A key element
concerning investments related to irrigation, in any situation, is however the
access to water. In that respect, Roman law played an essential role through
servitude rights. The numerous fragments of the Digest from the second
century BC to the second century all about water in rural contexts show
how accessing the resource was important for landholders. Mere rights of
use, even shared, even without the actual property ownership, had an eco-
nomic value. As a water servitude was attached to the land itself, it certainly
represented a useful investment to enhance the value of an estate. The role
played by urban aqueducts in this regard is still poorly known and documents
like the inscriptions of Amiternum, of Tivoli, or of the Aventine still raise
many questions about the links between public aqueducts, rural or peri-
urbanestates, and irrigation. In the provinces, the members of the municipal
aris- tocracy, proprietors of large estates on their city’s territory, took
decisions and participated in the funding of the hydraulic projects. Their
economic interests presumably had an influence in the matter. Further
investigations into concessions and diversions towards rural estates, as well
as into legal and political constraints put on the course of the aqueducts,
would help to understand it better.

One of the aspects that have been considered, collective investment, is
uninformative as far as individual landholders are concerned. The texts related
to the rights of servitudes show that such costs were individually incurred,
especially because water servitudes were almost certainly negotiated
person-ally. In irrigation communities, on the other hand, one can observe
substantialhuman, material, and perhaps financial collective investments. It
is significantthat the documentation for such organizations comes from
Africa and Spain,two dry regions where irrigation would be crucial to ensure
sufficient pro- duction, or even any production at all in the case of pre-desert
landscapes.’™’

136 The same concern applies to management of oases: Bédoucha-Albergoni 1976: 47-8.
137 See also Cotton and Yardeni 1997: 203-23 for an example in the Judaean desert.



As in oases, the environmental conditions, the scarcity of water or its
irregular availability, led agricultural communities to cooperate in order to
access the water resources and build the necessary infrastructure. A
collectivesystem was in those cases necessary and involved a collective
investment, whether in material, human participation, or financial
capital.'®
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