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Introduction	
  to	
  the	
  AMENOPHYS	
  Project	
  

Focus:	
  	
  
•  adapta+on	
  of	
  past	
  socie+es	
  to	
  clima+c/environmental	
  change	
  in	
  the	
  

Mediterranean	
  

Goals:	
  	
  
•  integrate	
  exper+se	
  of	
  project	
  members	
  from	
  dis+nct	
  disciplines	
  	
  (archaeology,	
  

paleoclimatology,	
  economics,	
  ecology)	
  
•  explore	
  an	
  agent-­‐based	
  modeling	
  approach	
  grounded	
  in	
  empirical	
  

archaeological	
  and	
  paleoclimatological	
  evidence	
  
•  develop	
  arguments	
  about	
  how	
  clima+c	
  changes	
  s+mulate	
  sociopoli+cal	
  change	
  

(or	
  why	
  they	
  don’t)	
  
•  iden+fy	
  characteris+cs	
  that	
  enhance	
  or	
  reduce	
  vulnerability/resilience	
  
	
  

AMENOPHYS	
  –	
  	
  
Adaptation	
  of	
  Mediterranean	
  

Economies	
  of	
  the	
  Past	
  to	
  Hydroclimatic	
  
Changes	
  



modified	
  from	
  Altaweel,	
  Mark	
  R,	
  Lilian	
  N	
  Alessa,	
  Andrew	
  Kliskey,	
  and	
  Chris	
  
Bone.	
  2010.	
  	
  A	
  Framework	
  to	
  Structure	
  Agent-­‐Based	
  Modeling	
  Data	
  for	
  
Social-­‐Ecological	
  Systems.	
  Structure	
  and	
  Dynamics	
  4(1):	
  1–20.	
  

Main	
  tasks	
  so	
  far:	
  
1)  formula+on	
  of	
  

(manageable)	
  problem,	
  
2)  	
  crea+on	
  of	
  testable	
  

hypotheses,	
  and	
  	
  
3)  integra+on	
  of	
  

interdisciplinary	
  
project	
  members	
  

4)  data	
  collec+on	
  
5)  structuring	
  of	
  model	
  	
  
6)  early	
  stages	
  of	
  model	
  

implementa+on	
  

Development	
  of	
  research	
  plan	
  and	
  progress	
  to	
  date	
  



Project	
  hypotheses:	
  
Ø  agricultural	
  produc+on	
  was	
  the	
  chief	
  mechanism	
  rela+ng	
  past	
  human	
  

socie+es	
  to	
  clima+c	
  changes	
  
Ø  climate	
  effects	
  were	
  realized	
  through	
  rather	
  than	
  simply	
  in	
  

geographically	
  variable	
  space	
  
Ø  vulnerability	
  was	
  con+ngent	
  on	
  scale,	
  agricultural	
  prac+ces,	
  inherited	
  

landscape	
  states,	
  and	
  magnitude	
  and	
  dura+on	
  of	
  clima+c	
  shi]s	
  
Ø  prehistoric	
  agricultural	
  produc+on	
  was	
  significantly	
  elas+c	
  but	
  had	
  

limits	
  

Development	
  of	
  research	
  plan	
  and	
  progress	
  to	
  date	
  

not	
  whether	
  climate	
  influenced	
  human	
  communi+es,	
  but	
  
in	
  what	
  ways	
  it	
  did	
  so	
  and	
  which	
  variables	
  were	
  
par+cularly	
  influen+al	
  in	
  media+ng	
  those	
  effects.	
  



Figure	
  5.4	
  Transect	
  through	
  Provence,	
  from	
  the	
  Camargue	
  to	
  Mont-­‐Ventoux,	
  
showing	
  bioclima+c	
  zones…	
  

from Blondel et al 2010:Fig.5.4	



•  study	
  area	
  captures	
  the	
  majority	
  of	
  local	
  bioclima+c	
  zones	
  
•  ±50	
  km2,	
  with	
  resolu+on	
  of	
  30m	
  pixel	
  
•  available	
  database	
  of	
  relevant	
  archaeological	
  informa+on	
  (ArkeoGIS)	
  

Development	
  of	
  research	
  plan	
  and	
  progress	
  to	
  date	
  



•  LPJmL:	
  agricultural	
  produc+vity	
  
•  Landscape	
  (r.landscape.evol):	
  topography	
  +	
  soils	
  +	
  landcover	
  	
  
•  Paleoclimate:	
  temperature	
  and	
  precipita+on	
  
•  Agent-­‐Based	
  Model	
  (NetLogo):	
  food	
  produc+on	
  +	
  social	
  organiza+on	
  

(poten+al)	
  
vegeta+on	
  
&	
  yields	
  

Paleoclimate	
  human	
  ac+vity	
  landscape	
  

poten+al	
  
produc+vity	
  
(foraging)	
  

anthropogenic	
  
impacts	
  

poten+al	
  
produc+vity	
  

(agriculture/pastoralism
)	
  

agricultural	
  
prac+ces	
  

Development	
  of	
  research	
  plan	
  and	
  progress	
  to	
  date	
  



Downscaling	
  and	
  simula+ng	
  paleoclimate	
  data	
  for	
  the	
  study	
  area	
  

Single	
  TAV	
  value	
  for	
  40km	
  
pixel,	
  March	
  3000	
  BP	
  

TAV	
  values	
  at	
  300m	
  pixel	
  
resul+on	
  for	
  each	
  March	
  
from	
  3004	
  BP	
  –	
  2996	
  BP	
  Geographically-­‐weighted	
  

regression	
  based	
  on	
  environmental	
  
variables	
  +	
  modern	
  climate	
  data	
  

+	
  
Monthly	
  simula+on	
  based	
  on	
  
interannual	
  variability	
  and	
  

seasonal	
  amplitude	
  of	
  modern	
  
climate	
  data	
  



LPJmL	
  –	
  agroecosystem	
  model	
  
(fantasy	
  kg/ha	
  data	
  –	
  but	
  spa+ally	
  variable)	
  



GRASS	
  GIS	
  -­‐	
  r.landscape.evol	
  

DEM	
  

Δ	
  eleva+on	
  (m)	
  



Agent-­‐based	
  modeling	
  in	
  Netlogo	
  





Plans	
  for	
  the	
  remainder	
  of	
  Year	
  1	
  and	
  for	
  Year	
  2	
  

With	
  the	
  model	
  architecture	
  designed	
  and	
  the	
  elements	
  defined,	
  the	
  next	
  steps	
  are:	
  
1)  make	
  defensible	
  es+mates	
  for	
  empirically-­‐derived	
  model	
  parameters	
  [E.	
  Hiriart,	
  D.	
  

Contreras]	
  
2)  collate	
  and	
  downsample	
  paleoclimate	
  data	
  [J.	
  Guiot,	
  D.	
  Contreras]	
  
3)  implement	
  all	
  model	
  elements	
  (r.landscape.evol,	
  LPJmL,	
  NetLogo)	
  [D.	
  Contreras,	
  

N.	
  Hanaki,	
  A.	
  Bondeau]	
  
4)  integrate	
  model	
  elements	
  (using	
  R)	
  	
  [D.	
  Contreras	
  w/	
  support	
  from	
  OT-­‐Med	
  

	
  technical	
  staff]	
  
5)  calibrate	
  and	
  run	
  model	
  for	
  periods	
  of	
  marked	
  climate	
  change	
  (e.g.,	
  around	
  8200	
  

	
  and	
  4200	
  BP	
  climate	
  ‘events’);	
  compare	
  results	
  to	
  empirical	
  archaeological	
  
record	
  [D.	
  Contreras,	
  E.	
  Hiriart,	
  L.	
  Bernard]	
  

6)  dissemina+on	
  of	
  results	
  in	
  both	
  conference	
  papers	
  and	
  peer-­‐reviewed	
  
publica+ons,	
  [all	
  project	
  members]	
  focused	
  on:	
  	
  
	
  a)	
  development	
  of	
  a	
  geographically	
  par+cular	
  ABM	
  that	
  can	
  simulate	
  past	
  
	
  agriculture	
  and	
  effects	
  of	
  climate	
  change	
  on	
  it;	
  	
  
	
  b)	
  ABM	
  as	
  a	
  tool	
  for	
  hypothesis-­‐tes+ng	
  in	
  analysing	
  human-­‐environment	
  
	
  interac+ons;	
  	
  
	
  c)	
  iden+fica+on	
  of	
  mechanisms	
  of	
  impact	
  of	
  climate	
  ‘events’	
  in	
  the	
  past;	
  and	
  
	
  d)	
  development	
  of	
  a	
  modeling	
  plaoorm	
  which	
  can	
  be	
  easily	
  adapted	
  to	
  other	
  
	
  spa+al	
  and	
  temporal	
  datasets	
  

7)	
  	
  	
  	
  elabora+on	
  of	
  basic	
  ABM	
  to	
  include	
  more	
  complex	
  sociopoli+cal	
  forma+ons	
  [D.	
  	
  
	
  Contreras,	
  N.	
  Hanaki,	
  A.	
  Kirman,	
  S.	
  Thoron,	
  L.	
  Bernard]	
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