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RDMed project

* Project title: Resilience and Adaptation to Droughts and Extreme Climate
Events in the Mediterranean: Lessons Learnt from Past on a 1.5°Cor more
Warmer World

» Topics: Mediterranean area, water stress, environmental datasets, socio-
ecosystems

* Concerned disciplinary fields: climatology, archaeology, history, ecology,
economics, geography, agronomy, geosciences

 Summary: The goal of the project is to analyze the environmental and
socio-economic factors, which have made past Mediterranean societies
more or less resilient or capable of adapting to the type of water stress that
we are likely to encounter in the 21st century with a world warmer by
%()51‘? or more, i.e.the thresholds of the Paris Agreement of December



Quelles dynamiques de peuplement a I'Age du
Fer en Gaule ?

Gaule du sud (Provence) Gaule du nord
450 :
e Alsace Nord-Pas-de-Calais
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(d’apres Isoardi 2008)



Introduction Climat et dynamiques de peuplement

RECHERCHES ARCHEOLOGIQUES
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Courbes de variations du nombre d’occupations archéologiques comparée a celle
des précipitations et des températures
(d’apres Malrain et al. 2013, source : Blintgen et al. 2011 pour le climat)



Quel impact des changements climatiques sur la

Introduction ; , - ,
production agricole et |la démographie ?

Great Aletsch glacier (Alps of Valais)

* Recours aux méthodes de modélisation :

-> Modélisation agrosystémique

-> Systemes multi-agents

Fluctuations des glaciers alpins
(d’apres Holzhauser et al. 2005)



Inputs

e Températures,
précipitations,
nombre de jours de
pluie, nébulosité

e Concentration en CO2

e Structure des sols

Global Change Biology (2007) 13, 679-706, doi: 10.1111/}.1365-2486.2006.01305.x

Modelling the role of agriculture for the 20th century
global terrestrial carbon balance

ALBERTE BONDEAU®, PASCALLE C. SMITH*', SONKE ZAEHLE",

SIBYLL SCHAPHOFF*, WOLFGANG LUCHT®, WOLFGANG CRAMER®,
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Department of Physical Gevgraphy and Ecosystems Analysis, Geobiosphere Science Centre, Lund University, S-223 62 Lund, Sweden
Sinternational Max Planck Research School on Earth System Mudelling, Bundesstr. 53, 20146 Hamburg, Germany

Abstract

In order to better assess the role of agriculture within the global climate-vegetation system,
we present a model of the managed planetary land surface, Lund-Potsdam-Jena managed
Land (LPJmL), which simulates biophysical and biogeochemical processes as well as
productivity and yield of the most important crops worldwide, using a concept of crop
functional types (CFTs). Based on the LPJ-Dynamic Global Vegetation Model, LPJmL
simulates the transient changes in carbon and water cycles due to land use, the specific
phenology and seasonal CO; fluxes of agricultural-dominated areas, and the production of
crops and grazing land. It uses 13 CFTs (11 arable crops and two managed grass types), with

Modélisation Lund-Pots

Modeling tool: LPJmL

Climate, CO, concentration, soil structure, land use

Irrigated and rainfed
agriculture, grasslands,
natural vegetation

Surface / C, H,0 exchange Photosynthesis
&
runoff

Water
) availability
(e

* River discharge (Gerten et al., 2004;

Phenology ~ Management  Production Biemans et al., 2009)

* Irrigation water requirements (Rost et al.,
-7

2008)

ry —
ST &B

2010)

*  Water consumption of crops (Fader et al.,

dam-Jena managed Lan

Outputs

e Rendements (t/ha,
hl/ha), production,

e Cycle du carbone
e Evapotranspiration




Modeling ancient yields with paleoclimatic data

Pollen sites in the Mediterranean region (EPD)

2500
ORIGINAL RESEARCH article
Front. Earth Sci., 18 June 2015 | https://doi.org/10.3389/feart.2015.00028
2000
The Mediterranean Basin and Southern Europe in
- 1500
a warmer world: what can we learn from the past?
- 1000 A4\ JoélGuiot and  David Kaniewski2:
ICentre Européen de Recherche et d'Enseignement des Géosciences de 'Environnement UMR 7330 and ECCOREV FR 3098, Centre
~ 500 National de la Recherche Scientifique/Aix-Marseille University, Aix-en-Provence, France
= ?|aboratoire d'Ecologie Fonctionnelle et Environnement, Université Paul Sabatier-Toulouse 3, Toulouse, France
0 3Biology, Heath Sciences, Institut Universitaire de France, Paris, France

FIGURE 1 | Map of the 295 sites used for the reconstruction; the color
indicates the elevation of the site.



Using LPJmL for reconstructing agricultural yields |
of the past
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Modélisation Lund-Potsdam-Jena managed
Land (LPJmL) SLOS ONE - o

& orinacciss  PEERREVEWED

RESEARCH ARTICLE =~ .
. n

Regional paleoclimates and local consequences: Integrating
Glganalysis of diachronic settlement patterns and process- .
based agroecosgstem modeling of potential agricultural

productivity in

rovence (France)

Media Coverage Download PDF =

Adaptation of Mediterranean EcoNOmies of Past to
HYdroclimatic changeS
AMENOPHYS project (2015_2016) Contreras, Hiriart, Bondeau, Kirman, Guiot,

Bernard, Suarez, Van Der Leeuw 2018

mean Potential Agricultural Production (Tfm/ha)
Occupation & agricultural sites

Quaternary International
Volume 501, Part B, 20 January 2019, Pages 303-316

ELSEVIER

From paleoclimate variables to prehistoric

: - . .

g i . agriculture: Using a process-based agro-ecosystem
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£ s climate change on potential agricultural

productivity in Provence, France
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John Wiley & Sons.

Mediterranean Farming - estimating pre/proto-historic yields

HALSTEAD, P. 2014. Tiwo oxen ahead. pre-mechanized farming in the Mediterranean.

Crop YIELD ESTIMATE (KG/HA) SOURCE (P #) NOTES
MIN MAX
o i spelt/emmer 1250 2500 239 heavily
(dehusked) manured and
weeded
emmer 1100 1500 239 lightly manured
(dehusked)
s VeI einkhorn 500 1250 240 rotated on poor
rc-IviCCnanlzcd drfiming
in the Mediterranedfi’ land,

- unmanured
free-threshing 400 1600 (as high | 240 depending on
wheat as 7500(!) on fallow, rotation,

freshly-cleared manuring, and
land) field quality
wheat 250 1900 241 depending on
fallow, rotation,
manuring, field
quality, and
weather
barley 410 (rainfed) 1150 242 manuring
(irrigated) varies
winter wheat 630 (rainfed) 1100 242 manuring
(irrigated) varies
cereals generally | 250 2000 242

(estimated range
across good and
bad years and
varying practices)

D. Contreras
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Centennial variations of WHEAT ‘s
potential yields in t/HA
6th c. BC—15tc. BC
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Illus. 1 : Ecarts par rapport Pactuel des moyennes des températures (en C°) et précipitations (en
mm) annuelles par siécle dans le sud de la France (N. Bernigaud a partir des données extraites
de Guiot et Kaniewski 2015, point 55).
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Centennial variations of
WHEAT ‘s potential yields in
t/HA

6t c. BC- 7t c. AD

Increase of yields during Iron Age

Noticeable peak in 3™ c. BC

High yields during Roman period

Decrease during early Middle age

Centennial average of potential yields of WHEAT in tons/HA

108 7 2 :
| \ o
/ \ ‘o 3 5 g
: *— @ T - - - -
1.06 | * \ * o |
 Mean_____f /NS¢ i _Z___ !
5 5 ® 8 g — g
T —
= 1_[]4 ] - = =
1.02 ¢ - | § §
o /lron Age | Roman period || Midd. age 2 ] 2
| | | | | | | | | | |
Iren Age Roman period Eary Middle Age

12



Neetzbased

Modele multi-agents FER-AGRI

medel

Seasonnal Temperatures Seasonnal Precipitations

e — - —r
e —c - —ri

Precipitations Rendements moyens (T/ha)
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0 Years 58.8
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0
Time 58.8
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Neetzbased

medel

Modele multi-agents FER-AGRI

setup
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Seasonnal Precipitations
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Ngetzbased :
- Fonctionnement de FER-AGR]

Patches

» Exploitations disparaissent si les
récoltes et les stocks sont
insuffisants pour nourrir les

Caractéristiques des exploitations

¢ Population : 6-50 habitants/exploitation .
g . P exploitants
e Workforce : 1/3 Population Watch
e Nourriture : 200-300 kg/an/personne - Propertes
* Superficie maximum exploitable/personne : 0,1-2 ha e > Réapparaissent quand le
tete| 20.7445230792929165 |
. Super.f|C|e exploitée : Workforce * Sup. max. il e e potentlel agrlcole redevient plus
exp|0|t./per50n ne pprt| 215 0145780505273
« Production: ficie exploitée * rend mulati e favorable
roduction: Superficie exploitée * rendement (émulation g EET
LPIJm L) t_var| 12.03392527000301
tete var| 23 .505563082995828
e Surplus: Récolte annuelle - consommation -
BN 7 pprt_var| 248 .16473468838905
e Stock : surplus des 3 dernieres années 8 BT
. . \paut_var| 367 . 1843830459476
e Maximum de terres exploitables : rayon de 5 km autour BN
des eXpIOitationS wra| 0. 57405665 38088355
gr_2500_|"
gr_2400_|0
gr_2300_ |0
_F_m ] IIv
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Ngetzbased

medel

onctionnement de FER-AGRI
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sEp g
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(Command Center | Clear
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Agenibased Quelle sensibilité de la démographie
au climat ?

medel

Exploitation

* Variations des rendements et la
production de blé plus sensibles aux
températures qu’aux précipitations

* Baisse des températures saisonnieres
= baisse des rendements et de |la
production Sexcepté pourlesT
automnales

17



Discussion

Ajuster les parametres grace aux données archéologiques
Quel taux d’accroissement naturel ?

Total population Total population Total population
13300 23800 38900
= = =
0 0] 0
-600 Time 0 -600 Time 0 -600 Time
0,1% 0,2% 0,3%
Total population Total population
75700 3.58E7
= =
0 0
-600 Time 0 -600 Time 0
0,5% 2%
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Modélisations archéodémographiques

(d’apres Isoardi 2008)
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Diseussion Quel impact du climat ?

450
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Modélisations archéodémographiques
0,2% (d’aprés Isoardi 2008)
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Discussien
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Nbre de structures de stockage
16

-600 -500

SEFFSTFS SIS SIS FIIIIF IS IS F SIS FSIFI IS SIS ¥
— nombre minimal de structures de stockage sur les oppida de A1
- - pourcentage minimal de structures de stockage sur l'ensemble des cellules des oppida de Al
Données sur les structures de stockage d’un échantillon de 17 oppida de Provence littorale
(d’aprés Isoardi 2008/These)
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-600 0

Dynamique de peuplement en Provence

(d’apres Isoardi 2008)

Dynamique de peuplement dans le nord de la Gaule

(d’aprés Malrain et al. 2013)

15900

-600

Total population

Time 0

w
Tons (mean) &x

o
—
o
5

Surplus

Years

Modele FER-AGRI

= Démographie des populations d’autant
plus impactée par les changements
climatiques que le taux de croissance est
faible

= Réchauffement climatique + croissance

démographique augmente la capacité a

dégager des surplus agricoles a partir du

ll1€'s. av. J.-C.

-> agriculture/démographie moins

vulnérable aux aléas climatique

-> facteur favorable a I'émergence des

agglomérations urbaines
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