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Introduction

* For more than a century, the negative role of climate
cooling in late antiquity has been discussed on a fall in /\
agricultural yields and the decline of the Roman Empire pre-Romen / Roman \pos;.aggan
4

(HUNTINGTON 1917; BUNTGEN et al. 2016)

g
R

N
w

Aegean g Aegean |

* More recently, the evidence of global warming at the 3 i 2
. . . o2 22— Mgnorca/ ;% \
beginning of the Roman period (McCormick et al. 2012) =3 | Alboran A |
: 25 21 RN S
suggests now that climate may have been very favorable %5 "~ | .: 7. S S o
to the development of the Roman Empire around the s E =] 0 S AT B N ‘-z;
beginning of our era (HARPER 2017). £ /’fsacny’ : A
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* However, these interpretations are controversial as it - A2 § g ° &
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remains difficult to perceive from historical and 16— /§ 2 g5 3 5 % <
: | & ; ,

archaeological sources what the actual impact of these
climatic variations may have been on yields.
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Evolution of the surface temperature of the Mediterranean sea

* Modelling now offers the opportunity to design complex
over the past 5500 years

models and test different hypotheses
MARGARITELLI et al. 2020
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Study area : Gallia Narbonensis
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“In all of Gallia Narbonensis, the agricultural products are
exactly the same as in Italy, while as one advances north
toward the Cévennes, one no longer sees olive or fig
trees; the other crops, it is true, continue to thrive, but, if
one advances a bit more in the same direction, one sees
that grape vines, in turn, only grow with great difficulty.”

Strabo (Geography, 1V, 1)



The ROMCLIM agent-based model

= Simulates the potential yields for wheat,
wine and olives (agrosystemic emulator)

= Calculates the benefits of different types
of villas and farms producing these crops
in function of climatic and economics
factors

X 0.085 HS/km/kg
0.2HS{km/lg (édit de Dioclétien)

= Model works for each century between — |
6th c. BCand 7t c. AD

* Every “patch” sprouts each type of agent :
wheat farm, olive grove, winery

Paleoclimatic
data

OUTPUTS:
ROMCLIM : agent-based -number of exploitations
LPJmL emulator : model = simulating impact -sum of the benefits of the

reconstructing yields of climate on ancient agricultural exploitations
societies -Harvests




Lund Potsdam Jena managed Land (LPJmL)

LPJmL (Lund-Potsdam-Jena for managed Land)

What is LPImL?

* aDynamic Global Vegetation Model (DGVM)
* an agroecosystem model

* aglobal gridded crop model (GGCM)

* aglobal hydrological model (GHM)

What does LPJmL do ?

It translates environnemental and
management inputs into carbon and water
budget.

For that, it simulates daily energy, carbon,
and water fluxes between the atmosphere,
the vegetation, and the soil.

For both potential natural vegetation and agriculture

Space &
time loops

Input exemples

Manthly temperature August 2015
e - o

Climate, Soil, CO, , land use, land
management (farming practices)

v

Mecanistic &
empirical process
representation

Soil -
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Water fluxes, carbon stocks & fluxes,
natural vegetation distribution,
agricultural production

Land use
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Output exemples

LPJmL4 net primary production [gC m 2 yr ]

o 400 0 Eg 1090 /

LPJmL4 soil carbon [kgC m'z]

£ [] noon

LPJmL4 crop production [ keal yr‘1]

20009 T B [

Schaphoff et al. (2018)

A. Bondeau/IMBE



LPJmL emulator : modify seasonal

Interface of ROMCLIM agent-based model Femperstursar precprstons
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Main characteristics of the agents:
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Number of farmers

Cultivated area

Yields
Harvest
Price of harvest

Costs of exploitations

Distance to the nearest
capital of city

Cost of transports
Benefits

Action

0-2 ha 240 jugera (60 ha) (Caton) 100 jugera (25 ha)
(Columelle)

Returned by LPJmL emulator calculation/climate

Cultivated area * LPJmL vyield

0-100 denarius/modius* 0-40 denarius/sextarius** 0-30 denarius/sextarius™**
Quantity of grain necessary Number of persons * 140 140 sesterces/year/slave
for feed the family + sesterces/year

necessary seed for next year

Calculated by the model

0-1 sesterce/kg/km * Distance to the nearest capital
Surplus price — costs Harvest price — costs

Disappear if annual harvest Disappear if benefits < 0
can’t feed the family



Examples of prices in denarius given by the Edit on
Maximum price of Diocletian (301 AD)

Wheat Piceni Olei floris 40
Barley 60 Rhosati 20 Olei 24
sequentis
Lentil 100 Vini 8 Olei cibari 24
Rustici
Zythi 2 Olei 8
raphanini

Transport costs = 20 denarius/mille/1200 livres

* denarius/modius 1 modius = 8,67 liter
gk denarius/sextarius 1 sextarius = % liter 8
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Simulating changes in
TRANSPORT COSTS on roman
villas and farms profitability

Simulation of wineries’ profits in 3" c. AD
= Transport costs = 0 (top)

= Transport costs = 0.8 sesterces/kg/km
(bottom)
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Simulating variations of
SEASONAL TEMPERATURES AND

PRECIPITATIONS on agricultural

goods profitability

Simulation of wineries’ profits in 3" c. AD

Negative effect of an increase of + 1,5 °C
in summer temperature on wineries’
profits

Decrease of the sum of profits from 451
to 184 millions of sestertius
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2500 BP

6th c. BC
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Benefits of wheat farms
W m Benefits of olive groves

... Benefits of wineries

‘ Roman capital of city
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5th c. BC

2400 BP
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Benefits of wheat farms

W m Benefits of olive groves

‘ Roman capital of city

... Benefits of wineries




4th c. BC

2300 BP
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Benefits of wheat farms

W m Benefits of olive groves

‘ Roman capital of city

... Benefits of wineries




2200 BP

3rd c. BC
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Benefits of wheat farms ‘ Roman capital of city
W m Benefits of olive groves

... Benefits of wineries
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2nd c. BC

2100 BP
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‘ Roman capital of city
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2000 BP 1st c. BC
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Benefits of wheat farms
W m Benefits of olive groves

... Benefits of wineries

Roman capital of city




1st c. AD

1900 BP
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‘ Roman capital of city

Benefits of wheat farms

W m Benefits of olive groves

... Benefits of wineries
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1800 BP

2nd c. AD
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Benefits of wheat farms
W m Benefits of olive groves
... Benefits of wineries

‘ Roman capital of city
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1700 BP

3rd c. AD
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1600 BP

4th c. AD
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Profitability of wineries
/climate of 6" c. BCvs 15t c. AD

» Higher profitability of wineries in the 1%
c. AD (451 millions sestertius) compared
to 61 c. BC (288 millions sestertius),
noticeably in the middle Rhone Valley

=  Wine price = 6 denarius/sextarius

= Transport costs = 0.2 sesterces/km/kg
= Area cultivated = 100 jugera (25 ha)

= Number of farmers/exploitation = 14
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Profitability of wheat farms
/climate of 6" c. BCvs 15t c. AD

» Increase in the profitability of wheat
farms in the 15t c./6" c. BC appear very
less important (0,04 %)

= Area cultivated = 2,8 ha
=  Wheat price = 50 denarius/modius
= Transport costs = 0,2 sesterces/km/kg

= Number of farmers/exploitation = 6
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Profitability of wineries, olive

groves & wheat farms

/climate

= Higher profitability for the productions
according to the climate of the 15t c. AD

(bellow) /6t BC (top)

= Model produces a virtual land use map
with areas specialized in a specific type of

production
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Output of the model: potential

benefits (in millions sestertius)
Pot. benefits

= Increase of potential benefits ce4 s 'H A B wineries
since 6t c. until 2" c. BC which [ "-.—"'l i Olives groves
marks an important peak 3'°'.iIBC wheat Farms
= Highest level during late Iron e
Age and Roman periOd (an peak Iron Age| High Empire| Late Antiquity
in 379 c. AD)

= Decrease during Late Antiquity
(4th-7th ¢. AD) Qu—=" "

= Wheat is less sensitive to 0 Centuries 14

climate change than wine and
olive production
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Olive growing: model vs

archaeological data

* According archaeological data, roman olive
growing was important in Provence,
especially in the Var region. But some data
indicate also this activity in the
languedocian hinterland (LEVEAu 2003)

* The model displays a map similar than the
repartition of archeological data, but some
differences are noticeable. For the 1% c.
A.D. the potential appears good for olive
groves in several area where archeological
data are lacking: Digne/Riez area,
languedocian coast, etc.

* |Is importance of roman oleiculture still
underrated by archaeological researches in
these areas ?

e Orisit an artifact of the model ?

Archaeological testimonies of roman’
oleiculture

Numerous data

Sporadic data

*‘ 2 (Antib
);"' ntibes

\ | Y S’ f'v 2N )\ ”/"\/.\\‘/ P
“ O, _{:7— i .' ’ i H‘.’-im 6”7. y : : & : '/ (
Béziers\@ |\ [/ e il Y VP N
S ! ey 4 |
\__ﬁ“-f\ R : a4t i s . Moz
arbonne,: / o b < A
“ 574 : R , J
Le Canet >"j;
LJE
ey 5 0 50 100 km
Ve 77 e V Dumas/CCI-CNRS-2002
Valence®@ ® = =
mEEE
EEEEmnm Die &
& AEEEEEESR
EEm EEEEEER .LUC
..lAlba'.‘lllll .'Gap
EEEsmEnEns uStPaylm
| EEEsssmnnsffessnnnm X
EEESE =m0 - - . Sisteron
B Em === Orange * * ..Valson
EEEEEEF==585 = . ...... ".Digne
] EEEEE s UZES e s ... & Carpentras Snmmn
.' BEEEEE S s s o m = Avi non. -------- EE EEE S EE "
""'."""Nimes ..g ..... . .Apt .........
E s EENE |Lodeve HEENENESEEE S S = = = = = o»omom . " Cavaillon " * * ® ® = = = = = .Riez m
s EEEEEE EEEEsfys = 5 8 5 " =00 = = o Arles B "Glanum 0= f = = s = E e wE e e w "R = m »Antibes
s sEEEER BEE S & & & = 8 & & = s &= &® = - - - - . m o= m = = omomoE " I E EEEEEENENSNS
EEER R L | D el L R R R I i m @ @ " s @ @8 ® ® Fréjus.....
ssmsmmEmEmEsdBEZEs L. L. 000000000000 iiaammassassssas . n
B EEEEEEE " o= oo . =+« =« - 9 s s mEmmE s E®E s == @® === %=
«Carcassonne - =+ = . -- NN B2 Marscille® = = 5 = 5 5 5 5 8 = #
. . * * *Narbonne .- o N @ - : « = ® ® ® = % o= o® oE oW o® W

-----------------------

£ 2 Permgnan # - Olives groves’ profits

B Archaeological testimony for olive-oil production



Olive growing: model vs archaeological data
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Viticulture : model vs
archaeological data

Archeological data on roman viticulture are
well represented in Provence, in the middle
Rhone Valley (Nimes, Avignon, Orange) and
the region of Béziers

Results of the model for the 15t c. AD seem
to match with archaeological data which
appear still relatively scarce (bellow)

But some areas with a good potential
present a lack of archaeological data : e.g.
Gard, Antibes area, Riez/Digne area...(red
oval areas)

Artifact of the model, or lack of
archaeological researches ?
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Conclusion

Pot. benefits
584 WA A B wineries
| e o Clives groves

7thc. AD

3rd (i. BC

2 Wheat Farms

=
6th c. BC [
.

._IF

Iron Age| High Empire| Late Antiquity

0 Cenbturies 14

Agent-based model RomClim coupled with
agrosystemic model shows that the Roman Climate
Optimum has had probably a strong and favorable
impact on wine production and olive growing, but not
so much on wheat production

RCO was most beneficial for viticulture than others
crops

The strong economical development of Gallia
Narbonensis in High Empire was supported by the
development of the villa system (agricultural rentier)
largely invested in wine production

But why the takeoff of this economy don’t start more
frankly in the 1st c. BC, where climatic conditions
where already good ?
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Conclusion

The ROMCLIM agent-based model validates the hypothesis of a significant impact of the so-called “Roman Climate Optimum” on
the productivity and profitability of agricultural exploitations and thus on the roman economy in general

According to our model, climatic conditions were already favorable as early as the 2" century BC in Gaul to the development of
commercial agriculture. But historically, it did not develop until the 15 c. BC, after the Roman conquest

The model also shows a negative impact on the profitability of agricultural exploitations during Late Antiquity/early Middle Ages
(4th-7t c. AD), but the decrease appears not particularly strong for wheat production.

The idea of a collapse of agriculture in Late Antiquity due to the cooling of the climate (cf HARPER 2017, BUNTGEN et al. 2012) has
been maybe exaggerated.

One of the interesting results of this model is to show that climate change hasn’t the same effect on the different cultures. We
can see here that olive and wine are more sensitive to these changes than the wheat. In other words, agricultural subsistence is
less impacted by climate than commercial productions. But if the agricultural system is 100% turned toward speculative
agriculture, the change can create a societal collapse indeed.
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