
Flagship	Project	5:	Model	integra6on	and	mul6-scale	
modeling	in	Socio-Ecological	Systems	(SES):		
from	concepts	to	evolvable	coupling	tools	

	
Ini%al	Objec%ves:	
	
This	Flagship	Project	had	two	objec%ves	related	to	resolving	outstanding	issues	in	
developing	and	applying	complex	models	of	Socio-ecological	Systems	(SES):	
	
•  The	first	objec%ve	was	to	integrate	models	across	disciplines	by	construc%ng	a	

conceptual	framework	for	interdisciplinary	SES	models	and	developing	tools	
for	coupling	exis%ng	models.		

•  The	second	objec%ve	was	to	use	novel	conceptual,	mathema%cal	and	
computa%onal	tools	to	tackle	the	challenges	of	mul%-scale	modelling	and	
study	propaga%on	of	uncertainty	in	these	models.		

NB:	Par6cularly	strong	interac6ons	with	Flagship	Project	1	
Post-docs	/	IR	–	Marc	Stéfanon	&	JulieMe	Adrian	



BASC	Workshops	on	coupled	modeling	
	

April	2013	-	Réunion	BASC	sur	la	modélisa6on	couplée		
First	encounter	of	modelers	in	BASC	interested	in	coupled	models	of	
socio-ecological	systems	at	i)	landscape	and	ii)	regional	scales.	
	
November	2013	–	Atelier	“ClimEcol”	:	Du	climat	à	l'écologie,	un	dialogue	
entre	communautés		
IPSL,	BASC	and	na%onal	aMendees.	Strong	focus	on	regionaliza%on	of	
climate	for	impact	studies	and	on	land	surface-regional	climate	
feedbacks.	NB:	Sponsored	by	GIS	“Climat,	Env.,	Société”,	but	heavy	
overlap	in	organiza@onal	team	and	aAendance	with	BASC	
	
Stéfanon	et	al.	(2015).	"Tes@ng	climate	models	using	an	impact	model:	what	are	
the	advantages?"	Clima@c	Change	131:	649-661.	
	



A	strategy	for	landscape,	regional	&	global	scale	coupled	models	
	

Labex	BASC:	Biodiversité,	Agroécosystèmes,	Société	&	Climat	
SC	BASC	–	27	May	2014	
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BASC	Workshops	on	coupled	modeling	
	

Oct	2014	–	BASC	regional	model	development	workshop	
	
	
	
	
	
	
	
	
	
	
	
	
Jan	2015	–	BASC	Land	use	scenarios,	modeling	and	data	workshop	
Solidified	contacts	within	BASC	and	between	BASC	and	CIRED		
	
+	Several	subsequent	discussions	leading	up	to	to	BASC	STIMUL	proposal	

Outlined	ambi%ous	strategy	for	
a	regional	scale	Earth	System	
Model	based	on	the	Model	of	
Regional	Coupled	Earth	System	
(MORCE)	plaYorm	with	BASC,	
IPSL	and	other	partners.		
NB:	only	a	small	number	of	the	
couplings	were	achieved		
	



Dynamically	coupled	regional	climate-land	system	modeling	
using	the	MORCE	pladorm	

	

•  Con%nued	work	with	the	MORCE	Model	of	Regional	Coupled	Earth	System	
plaYorm.	BASC	Postdoc	Marc	Stéfanon	used	the	MORCE	plaYorm	to	
con%nue	to	explore	land-use	impacts	on	regional	climate.		

	
Lemordant	et	al.	(2016).	"Modifica@on	of	land-atmosphere	interac@ons	by	CO2	effects:	

Implica@ons	for	summer	dryness	and	heat	wave	amplitude."	Geophysical	Research	LeAers	
43:	10240-10248.	

Stefanon	et	al.	(2014).	"Simula@ng	the	effect	of	anthropogenic	vegeta@on	land	cover	on	
heatwave	temperatures	over	central	France."	Climate	Research	60:	133-146.	

	
•  AMempted	to	dynamically	couple	the	forest	ecosystem	model	"CASTANEA"	

with	the	MORCE	plaYorm.	Work	was	ini%ated	to	close	the	energy	budget	of	
CASTANEA	to	make	this	possible	(Postdoc	Rainer	Krug),	but	dynamic	
coupling	not	achieved.	



BASC	2nd	Phase	project			
STIMUL:	Scenarios	Towards	Integra6ng	Mul6-scale	Land-use	tools		



“Ins6tut	de	Convergence”	CLAND	
Climate	change	and	land-management	systems		

	The	challenge	of	CLAND	is	to	integrate	research	in	modelling	climate	change,	food	
and	fibre	produc@on,	biodiversity	dynamics,	ecosystem	func@oning	and	land-use	
socio-economics…	to	provide	integrated	assessment	of	a	wide	range	of	land-based	
solu@ons	for	managing	the	ecological	and	energy	transi@ons	of	the	21st	century.		



Linking	Climate	&	Biodiversity	Scenarios	&	Models	
UNESCO	–	Paris,	April	2016	

Supported	by	the	CBD,	UNESCO	&	bioDISCOVERY		-	and	in	support	of	IPBES	and	IPCC		

There	is	a	collec6ve,	
concrete	plan	for	“SSP-
Biodiversity”	scenarios	
and	models	
	
•  Evalua)ng	

biodiversity	impacts	
of	the	latest	SSPs	
with	several	new	
global	biodiversity	
models	

•  Injec)ng	selected	
biodiversity	targets	
and	policies	into	the	
SSP	scenarios	

Contribu@ons	to	thesis	of	
Remy	Prudhomme		



There	is	a	collec6ve	plan	
for	“IPBES	scenarios	&	
models”	development	

•	Short-term	plan	(now	to	end	
2017)	for	new	scenarios	&	
modeling	relies	primarily	on	the	
SSPs	and	selected	addi%ons	to	
the	SSPs.		
	
•	Medium-term	plan	(now	to	
2022)	includes:	
-  Development	of	new	“Nature	

scenarios”	at	mul%ple	scales	
designed	with	nature	and	
nature’s	benefits	to	people	as	
a	principal	focus	

-  Further	development	of	SSPs	
to	account	for	biodiversity	
targets	&	policies	
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COUPLAGE	AROPAj-STICS	:	METHODE	GENERALE	
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COUPLAGE	AROPAj-STICS	:	METHODE	GENERALE	



DEFINITION	D’UN	GROUPE	TYPE	:	UNITE	DE	CALCUL	D’AROPAj		

3	

Pour	des	raisons	techniques	et	propres	à	la	confiden6alité	des	données	
RICA,	 un	 regroupement	 des	 exploita6ons	 agricoles	 est	 nécessaire	 en	
unité	appelée	«	groupe	type	»	

TYPE	D’EXPLOITATION	
(OTEX	RICA)	

TAILLE	ECONOMIQUE	
(variable	discrète	de	1	à	9)	

PART	SURFACES	IRRIGUEES	
(en	%	de	la	surface	totale)	

ALTITUDE	
(variable	discrète	de	1	à	3)	

Instaura6on	d’une	typologie	selon	4	critères	:	



En	raison	des	règles	de	confiden%alité	du	RICA,	l’accès	à	une	localisa%on	
précise	des	groupes	types	(GT)	au	sein	d’une	région	est	impossible	
OR,	informa6on	indispensable	à	la	spa6alisa6on	des	résultats	

PB	

A	par%r	des	caractéris%ques	des	GT	
⇒  Obten6on	d’une	localisa6on	probabiliste		
⇒  Es6ma6on	 de	 la	 contribu6on	 de	 chaque	 GT	 à	 l’ac6vité	

agricole	à	l’échelle	du	pixel		
(Lungarska	et	al.	2016,	Cantelaube	et	al.	2012,	Chakir	et	al.	2009)		

OBJ	

4	

DESAGREGATION	DES	SORTIES	D’AROPAj	A	UNE	ECHELLE	FINE	
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DESAGREGATION	DES	SORTIES	D’AROPAj	A	UNE	ECHELLE	FINE	
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DESAGREGATION	DES	SORTIES	D’AROPAj	A	UNE	ECHELLE	FINE	

EXEMPLE	ILLUSTRATIF	:	CARTES	DE	LOCALISATION	PROBABILISTE	DES	GT	

Région	RICA	833	:	Severoiztochen		
Pays	:	Bulgarie		
Groupe	type	22		

Région	RICA	182	:	Aquitaine		
Pays	:	France	
Groupe	type	15		

Région	RICA	222	:	Piemonte	
Pays	:	Italie		
Groupe	type	19		
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EXEMPLE	ILLUSTRATIF	:	FOCUS	«	DEMANDE	D’IRRIGATION	»	

Les	 différents	 résultats	 du	 modèle	 d'offre	 sont	 pondérés	 par	 les	
probabilités	obtenues	lors	de	l'étape	précédente.		



8	

EXEMPLE	ILLUSTRATIF	:	FOCUS	«	MARGE	BRUTE	AGRICOLE	»	

Les	 différents	 résultats	 du	 modèle	 d'offre	 sont	 pondérés	 par	 les	
probabilités	obtenues	lors	de	l'étape	précédente.		



ANNEXE	:	INTEGRATION	«	EAU	»	-	FONCTION	DOSE-REPONSE	

Rendement	
poten6el		

Rôle	de	l’intrant	«	eau	»	 Rôle	de	l’intrant	«	azote	»	

Equa6on	de	la	fonc6on	de	
Mitscherlich-Baule	:	

Y,	Ymax,	W,	N	:	quan@tés	par	ha		Ymax	:	poten@el	agronomique	(T)	

W	:	eau	ajoutée	(m3)	 W0	:	eau	ini@ale	/	précipita@on	(m3)	 σ	:	efficacité	(m-3)	
N	:	azote	ajouté	(T)	 N0	:	azote	ini@al	/	sol	(T)	 τ	:	efficacité	(T-1)	
Y	:	rendement	(T)	

Plusieurs	
millions	de	
simula6ons	

STICS	

Es6ma6on	des	paramètres	à	par6r	d’une	
régression	sur	résultats	issus	de	STICS	

Réponse	du	rendement	aux	intrants	eau	et	azote	:	
		

représenta%on	 graphique	 du	 vecteur	 de	 prix	 et	 du	
vecteur	«gradient	»	perpendiculaire	au	plan	tangent	à	la	
surface	 de	 produc%on,	 pour	 un	 niveau	 de	 rendement	
observé	
Courbe	rouge	:	isoquante	
1	point	sur	la	figure	=	1	simula%on	STICS		
	

(d’après	Pierre	Humblot	2016)	



ANNEXE	:	INTEGRATION	«	EAU	»	-	FOCUS	STICS	

OBTENTION	 DES	 RENDEMENTS	 POUR	 DIFFERENTES	 APPLICATIONS	 D’EAU	
D’IRRIGATION	

- 1ère simula-on : quan-tés d’eau et 
dates d’applica-ons fixées par STICS

-   Autres simula-ons : mêmes dates 
mais quan-té décroissante d’eau 
d’irriga-on  

METHODOLOGIE:	

Méthodologie	u6lisée	pour	simuler	l'impact	des	différents	
montants	totaux	d'irriga6on	sur	les	rendements	

(d’après	Pierre	Humblot,	2016)	



Linking	economics,	land	use	and	tree	distribu6on	models	
	
Ay	et	al.	(2017).	“The	economics	of	land	use	reveals	a	selec@on	bias	in	tree	
species	distribu@on	models.”	Global	Ecology	and	Biogeography	26:65-77	

Predicted	probability	of	presence	of	beech	

Model	based	on	observed	presence	 Model	based	on	presence-absence		Coupled	land	use/pres.-abs.	model	

0	 1.0	



Novel	methods	for	modeling	of	complex	socio-ecological	systems	
	

•	Hierarchical	
approaches	to	modeling	
insect	species	
distribu6ons	in	complex	
landscapes:	
	
InSPRED	/		
Flagship	Project	2	/	
Idex	thesis	s%pend	
		
S.	Dupas	et	al.	
	



BASC	–	On-line	catalog	of	scenario	and	modeling	tools	
	



BASC	–	On-line	catalog	of	scenario	and	modeling	tools	
	



BASC	–	On-line	catalog	of	scenario	and	modeling	tools	
	



•	A	wide	range	of	BASC	ac%vi%es	have	greatly	increased	the	knowledge	of	models	and	
model	coupling	in	a	wide	variety	of	disciplines	for	researchers	in	BASC	and	the	IPSL.	
However,	progress	in	developing	coupled	models	of	socio-ecological	systems	has	been	
slower	than	hoped.	
	
•	At	landscape	scales,	several	BASC	teams	are	developing	and	using	coupled	models	of	
socio-ecological	systems,	some	of	this	is	with	funding	support	from	BASC	e.g;,	(InSpred	
although	not	FP5),	or	outside	of	BASC	funded	projects	(e.g.,	NitroScape).	
	
•	At	con6nental	scales,	ac%vi%es	in	BASC’s	first	phase	have	made	substan%al	
contribu%ons	to	coupled	Earth	System	modeling	efforts	within	BASC	(e.g.,	STIMUL,	
AROPAj-STICS),	and	in	collabora%on	between	BASC	and	IPSL,	in	par%cular	in	CLAND.	
Considerable	work	remains,	however,	to	make	these	projects	opera%onal.	
	
•	At	regional	scales,	efforts	to	create	a	regional	earth	system	model	have	not.		Serious	
considera%on	should	be	given	to	how	to	move	this	forward,	given	the	importance	of	
models	at	this	scale	for	ques%ons	addressed	in	BASC	at	the	“territorial”	level.	
	
•	Interac%ons	with	interna%onal	programs	have	helped	raise	the	profile	of	work	done	
by	BASC	laboratories	and	reinforced	interna%onal	co-opera%on.	

Summary	
	


