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Viability of a dynamical system in SES

Axiological definition (value theory)
System’s value, its robustness, durability, resilience, f(utilitarian, ethic, aesthetic values)

Viability (robustness):

Viab¢(K) = {x(0) € K | 3u(.) € Usuch thatvt > 0,x(u(.)) € K}




Difference between

viabllity or adaptation



Adaptation of a dynamical system in SES

Praxeological definition (theory of action)
Planning actions & decisions, nodes, transitions, collective vs indiv., effectiveness, etc ...

z(uz(t7)) € K z(uz(ts)) € K
Set of actions:
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Haasnoot, Marjolijn, et al. 2013.Dynamic adaptive policy pathways (DAPP). Global environmental change 23.2. 485-498



What is a DAPP map?

Definition independent from viability

Conditions {actions, time):

- Set of actions: U = {uy,uz,..., T U }y
- Time sequence: T {F“,M _____ 7 T .f,,}_,

A policy pathway (i.e. DAPP) u(.):

ul.)=uwlto),ulty),..., u(t;)

DAPP map (graph)

DAPP Graph: G = V x E with dim(G) = U'T

e Vertex VU =T 11*1)1 esenting decision nodes at time #;, 6y, ... 1, for every possible action

u, such that V' —U, aUlz(t))

o Edges E — UT possible transition pathways under control w(t) between decision nodes V.
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Formal definition of a DAPP map

Definition that integrates viability

Conditions (actions, time, states):

- Set of actions: U = {uy,ug,..., TR U s
- Time sequence: T = {tp, l,..., biveens tah,
- Set of states: X = {a,09,....: t

A viable policy pathway (i.e. viable DAPP):

() = nltg) (i), ..., witil..., u(ty) such that  w(t;) e (Uglt;) ¥l el (33)

Regulatory Map (Aubin et al., 2011)[Definition 2.9.4 p.73):

Riz)={uelUlz) |z e K, flz,u(z)) € Viaby} (34)

Viable DAPP map (graph):
DAPP Graph: G =V x E with dim(G)=UT

o Vertex VU= T tapnwu’r:n,[_, decision nodes at time tg,¢q, ..., tp for every possible action
u, such that V _U, aUlx(t))

» Edges E'=¢;; €V %V representing possible viable transition pathways between decision
nodes, which correspond to viable state transitions under control w(t), such that:

E={ult)ult+1) | ult) e Riz(t),u(t))ult+1) e Riz(t+1),uit+1))}
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Adaptive policy of few infrastructures for fresh water supply vs safety

Raise level +1.1 m in spring

Decrease level and adapt
infrastructure (-0.8m)

Raise level +0.6 m '

Decrease level within
current infra (-0.6m)

Water supply actions

Raise Ussellake level
within current infra +0.1m

More water through Ussel

dim(&) < 10" viable policy
pathways

Optimising current policy

Current policy

More efficient water use

Change to drought/salt O ﬁ W W———u—

tolerant crops

‘Water demand actions

Change land use O=L—0-0—Dreereerery

Scenario Warm

L
2050 2100
Scenario Crowd Fe

2050 2100

o Transfer station to new action I Adaptation Tipping Point of an action (Terminal) @8 Adaptation Pathways

dim(T) = 11

Haasnoot, M., Kwakkel, J.H., Walker, W.E. and Ter Maat, J., 2013. Dynamic adaptive policy pathways: A method for crafting robust decisions for a deeply uncertain world. Global
environmental change, 23(2), pp.485-498.






Social rules (operational, collective, constitutional)?

Resource actors (exploite, use, conserve, govern)?

Final ecosystem services (Private,
common, Public, Club)?

Infrastructures, e.q. field, forest, river
(private, communal, public, club)?

Supporting & regulating ecosystem services
(common, private, public, club)?

Hedgerow network (~private)?

A e

......................

Private Aomo--- DY

Private Tenant 4 Joint Cadastral rules (private, public, common, club) ?
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Challenge!

and G(u(x), x(t)) for

diverse SES

Define U, Viab
these hyper-

dim(&k) < n™viable policy pathways

Hypothetical DAPP map with n actions




Challenge!

x(0)

b

structural & visual

Define U, Viabk, G(u(x)

Modelling
explosion

dim(&x) < n™viable policy pathways

Hypothetical DAPP map with n actions




We need guidelines for their design



Possible guidelines

Conditions (actions, time, states):

- Set of actions: U = {uy,ug,..., Uiy ooa e b
Time sequence: T = {fy,f,... N T }
Set of states: X = {a,a9,.... 1}

A viable policy pathway (i.e. viable DAPP):

wpe () = wlto)u(ty), .oty ), oo nulty)  such that  w(d;) e (Ug(t;) ¥j)eU (33)

Regulatory Map (Aubin et al.| 2011)[Definition 2.9.4 p.73]:

Rir)={uvellz)|xe K, f(x,u(x)) € Viaby} (34)

Viable DAPP map (graph):

. DAPP Graph: G =V x E with dim(G) = uT

ELI NOR DSTRD M e Vertex V — U % T representing decision nodes at time tg,¢q, ..., 7 for every possible action

2009 Nobe! Laureate 13 u, such that V= U_oU(x(t))

in Economic Sciences v/": o o Edges E=e¢;; ©V « V representing possible viable transition pathways between decision
A4 L -

nodes, which correspond to viable state transitions under control u(t), such that:
E={u(t),u(t+1) | w(t) € Riz(t),u(t)),ult+1) e R{x(t+ 1), u(t+ 1))}
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CIS & Robustness
framework
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What are DAPP maps inside IAD framework?
DAPP = “action situation”

Exogenous Variables

Biophysical/
— Material
Conditions

> Attributes of
community

Action Arena

Rules

W

Action -

—>f | situations

1

Actors

Fast feedback

‘ A

Slow feedback

Ostrom, E. (1990). Governing the commons: The evolution of institutions for collective action. Cambridge University Press.

up O ---------
us @)
s o
Uy O O _________
I T T T T
to t ta t3 tq
Interactions
Evaluation
criteria
Outcome

Conditions (actions, time, states):

- Set of actions: U= {ug,ug,ottsyoo ti }y
- Time sequence: T = {fy,t1,... b5, ... by}
- Set of states: X = {ry,72,....00}

A viable policy pathway (i.e. viable DAPP):

i) = ulte)sulte), o ulty)ufty) such that  u(ty) € (Ugelt;) ¥4) €U (33)

Regulatory Map (Aubin et al.) [2011)[Definition 2.9.4 p.73]:

R(z) = {u e Ulz) |z € K, f(z,u(z)) € Viaby } (34)

Viable DAPP map (graph):
DAPP Graph: G =V x E with dim(G) = U"

o Vertex V — U x T representing decision nodes at time fo,ty, ...ty for every possible action
u, such that V = J{_, U(z(t))

o Edges F'=e;; €V x V representing possible viable transition pathways between decision
nodes, which correspond to viable state transitions under control u(t), such that:
E = {u(t),ult+1) |u(t) € Riz(t),u(t)), ult+ 1) € R{z(t+1),ult+1))}



Feedback (slow / fast) = adaptation at different levels

Slow feedback

Operational-choice level (U°“*)

Collective-choice level (U<“*)

Constitutional-choice level (U“*)

Exogenous Variables
Biophysical/
— Material ]
Conditions Action Arena
L Attributes of | Action ~ .
> community —> | situations ||l Interactions \
Actors Evaluation
Rules criteria
Fast feedback Outcome /

How much ?

How to organize?

Who is eligible?



Nested (slow / fast) DAPP maps

A
Exogenous Variables
Biophysical/ Constitutional DAPP map *
— Material ] _ Who ? What ? Eligible ¢
Conditions Action Arena
D
. S 2020 2030 2040 2050
Attributes of Action S . Al
— community 5| | situations < Interactions i I
B.2 f—
J, ’]‘ \ Collective DAPP map &
Actors Evaluation How to Organize? gi -
Rules criteria 0.1
| | D.2
Fast feedback

Slow feedback

2020 2030 2040 2050
Outcome P oasi

_ Operational DAPP map
Operational (U°“*) How much ?

Collective (UK

Constitutional (U“?)




SES framework

(targets of adaptation) |

DAPP = “action situation”
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SES framework
Goal: describe SES attributes using a multi-tier framework

Version of the SES Framework used to predict the possible targets of

Social, Economic and Political settings (S)

S1  Economic development * f S4  Other governance systems
S2  Demographic trends * t S5 Markets T
S3  Political stability (rate of political change) * + S6 Media organizations t
S7 Technology 1
Resource Systems (RS) Resource units (RU)
RS1 Sector RU1 Resource unit mobility ***
RS2  Clarity of system boundaries RU2 Growth or replacement rate of resource units
RS3  Size of resource system RU3 Interactions among resource units *
RS4 Human constructed facilities * RU4 Economic value
RS5  Productivity of the system RU5 Number of units
RS6  Equilibrium properties RUG Distinctive characteristics
RS7 Predictability of system dynamics RU7 Spatial & temporal distribution

RS8  Storage characteristics
RS9 Location
RS10 Ecosystem history

Governance Systems (GS) Actors (A)

GS1 Policy area Al  Number of relevant actors *

GS2 Geographic scale of governance system * A2 Socio-economic attributes *

GS3 Proportion of participating population ** A3 History of past experience ***

GS4 Regime type (demo/auto-cratic, mono/poly-centric) * A4 Location *

GS5 Rule-making organizations * A5 Leadership / entrepreneurship *

GS6 Rules-in-Use * A6  Norms /(trust-reciprocity) / social capital *
GS7 Property rights systems (relations among people in relation to resource units and infrastructures) * A7  Knowledge of SES / mental models / beliefs *
GS8 Repertoire of cultural knowledge, beliefs, norms, practices (strategies) with no rules and sanctions * A8 Proportion of resource dependent actors *

GS9 Network structure (connections among the rule-making organizations and the population subject to these rules) *** A9 Technologies available *
GS10 Historical continuity of the governance system (recent vs long-lasting, open vs close to internal adaptation) *

Interactions (1) Outcomes (O)

11 Harvesting / using resource units by divers users 01 Social performance measures (e.g. efficiency, equity, accountability, sustainability) ***

12 Information sharing among actors * ** 02 Ecological performance measures (e.g. overharvested, resilience, robustness, biodiversity) **
13 Deliberation process * ** 03 Externalities to other SES T

14 Conflicts among actors * **
15 Investment activities * **

16 Lobbying activities * **t

17 Self-organizing activities * **
18 Networking activities * **

19 Monitoring activities * **

110  Evaluative activities * **




SES framework

Version of the SES Framework used to predict the p

targets of ad: ion

Social, Economic and Political settings (S)

S1  Economic development * 1
S2  Demographic trends * 1

S3  Political stability (rate of political change) * 1

S4
S5
S6
S7

Other governance systems 1
Markets

Media organizations
Technology

Resource Systems (RS)

Resource units (RU)

RS1 Sector

RS2  Clarity of system boundaries
RS3  Size of resource system

RS4 Human constructed facilities *
RS5 Productivity of the system

RS6  Equilibrium properties

RS7 Predictability of system dynamics
RS8 Storage characteristics

RS9 Location

RS10 Ecosystem history

RU1 Resource unit mobility *** §

RU2 Growth or replacement rate of resource units
RU3 Interactions among resource units * t

RU4 Economic value

RU5 Number of units

RUG Distinctive characteristics

RU7 Spatial & temporal distribution

Governance Systems (GS) Actors (A)

GS1 Policy area Al  Number of relevant actors *
GS2 Geographic scale of governance system * A2 Socio-economic attributes *
GS3  Proportion of participating population ** A3 History of past experience ***

GS4 Regime type (demo/auto-cratic, mono/poly-centric) *

GS5 Rule-making organizations *
GS6 Rules-in-Use *

GS7  Property rights systems (relations among people in relation to resource units and infrastructures) *

GS8 Repertoire of cultural knowledge, beliefs, norms, practices (strategies) with no rules and sanctions *

GS9  Network structure (connections among the rule-making organizations and the population subject to these rules) * **
GS10 Historical continuity of the governance system (recent vs long-lasting, open vs close to internal adaptation) *

A4
A5
A6
A7
A8
A9

Location *

Leadership / entrepreneurship *

Norms /(trust-reciprocity) / social capital *
Knowledge of SES / mental models / beliefs *
Proportion of resource dependent actors *
Technologies available *

Interactions (1)

Outcomes (0)

11 Harvesting / using resource units by divers users

12 Information sharing among actors * **
13 Deliberation process * **

14 Conflicts among actors * **

15 Investment activities * **

16 Lobbying activities * **

17 Self-organizing activities * **

18 Networking activities * **

19 Monitoring activities * **

110  Evaluative activities * **

o1
02
03

Social performance measures (e.qg. efficiency, equity, accountability, sustainability) ***
Ecological performance measures (e.g. overharvested, resilience, robustness, biodiversity) **
Externalities to other SES 1

Ostrom, E. (2007). A diagnostic approach for
going beyond panaceas. Proceedings of the
National Academy of Sciences of the United
States of America, 104(39), 15181-15187.

lteration 1

Ostrom, E. (2009). A general framework for
analyzing sustainability of social-ecological
systems. Science, 325, 419-422

lteration 2

McGinnis, M. D., and Ostrom, E. (2014). Social-
ecological system framework: initial changes and
continuing challenges. Ecology and Society, 19

lteration 3

Vogt, J., Epstein, G., Mincey, S.K., Fischer, B.C.,
and McCord, P.F. (2015). Putting the "E" in SES:
unpacking the ecology in the Ostrom social-
ecological system framework. Ecology and

Society, 20. lteration 4



U ={us, Uz, Us, ... Un}

Filtre 1 : SES framework

according to targeted SES attributes

SES framework

Attributs : Tier 1
U = {Us, Urs, Uru, Ucs, Ua, U, Uo}

Version of the SES Framework used to predict the possible targets of

|Social, Economic and Political settings (S)

ST Economic development * 'S4 Other governance systems T
1S2 Demographic trends * S5 Markets
IS3  Political stability (rate of political change) * S6 Media organizations
S7  Technology T

Resource Systems (RS) Resource units (RU)
RS1 Sector RU1 Resource unit mobility ***
RS2 Clarity of system boundaries RU2 Growth or replacement rate of resource units
RS3  Size of resource system RU3 Interactions among resource units *
RS4  Human constructed facilities * RU4 Economic value
RS5  Productivity of the system RUS Number of units
RS6  Equilibrium properties RUS Distinctive characteristics
RS7  Predictability of system dynamics RU7 Spatial & temporal distribution
RS8  Storage characteristics
RS9 Location
RS10 Ecosystem history

Systems (GS) Actors (A)
[GS1  Policy area AL Number of relevant actors *
IGS2  Geographic scale of governance system * A2 Socio-economic attributes *
GS3  Proportion of participating population ** A3 History of past experience **
GS4  Regime type (demofauto-cratic, mono/poly-centric) * A4 Location*
IGS5 Rule-making organizations * A5 Leadership / entrepreneurship *
GS6  Rules-in-Use * A6 Norms /(trust-reciprocity) / social capital *
GS7  Property rights systems (relations among people in relation to resource units and infrastructures) * A7 Knowledge of SES / mental models / beliefs *
(GS8 Repertoire of cultural knowledge, beliefs, norms, practices (strategies) with no rules and sanctions * A8  Proportion of resource dependent actors *
IGS9  Network structure among the rule and the population subject to these rules) *** A9  Technologies available *
GS10 Historical continuity of the governance system (recent vs long-lasting, open vs close to internal adaptation) *

[0) Outcomes (0)
1 Harvesting / using resource units by divers users 01 Social performance measures (e.g. efficiency, equity, accountability, sustainability) ***
12 Information sharing among actors * ** 02 Ecological measures (e.g. , resilience,
13 Deliberation process * ** 03 Externalities to other SES
14 Conflicts among actors * **
I5  Investment activities * **
16 Lobbying activities **+
17 Self-organizing activities * **
18 Networking activities * **
19 Monitoring activities * *
110  Evaluative activities * **

Tier 2
Us = {usi, Usz, ..., Us7}
Urs = {UR81, Urs2, ..., URSlO}
Uru = {Uru1, Uru2, ..., Urs7}

Ucs = {Ucs1, Uss?, ..., Ussio}
Ua = {Ua1, Ua2, ..., Uag}
U = {ull, up, ..., UIlO}

Uo = {Uo1, Uo2, Uos}

Tier 3




Construction the set U of 2" tier actions based on a version of Ostrom’s social-ecological system framework (SESF)

Set of actions related to the social, economic & political Settings (Us)

Usi
USZ
Uss

Economic development * 1
Demographic trends * 1
Political stability (rate of political change) * 1

Usa
USS
Uss
Usy

Other governance systems 1
Markets T

Media organizations t
Technology t

Set of actions related to the Resource Systems (Urs)

Set of actions related to the Resource Units (Uru)

Urs1
URSZ
URS3
Ukrsa
Ukss
Ukss
Ukrs7
Ukrss
Ukrsg
Ukrsio

Sector

Clarity of system boundaries
Size of resource system

Human constructed facilities *
Productivity of the system
Equilibrium properties
Predictability of system dynamics
Storage characteristics

Location

Ecosystem history

Uru1 Resource unit mobility * ** +

Uruz Growth or replacement rate of resource units
Urus Interactions among resource units *

Urus Economic value

Urus Number of units

Urus Distinctive characteristics

Uru7 Spatial & temporal distribution

Set of actions related to the Governance Systems (Ugs)

Set of actions related to the Actors (Ua)

Ucst
Ucs2
Ucss
Ucgsa
Ucss
Ucss
UGS7
Ucss
Ucsy
Ucs1o

Policy area

Geographic scale of governance system *

Proportion of participating population **

Regime type (demo/auto-cratic, mono/poly-centric) *

Rule-making organizations *

Rules-in-Use *

Property rights systems (relations among people in relation to resource units and infrastructures) *

Repertoire of cultural knowledge, beliefs, norms, practices (strategies) with no rules and sanctions *

Network structure (connections among the rule-making organizations and the population subject to these rules) * **
Historical continuity of the governance system (recent vs long-lasting, open vs close to internal adaptation) *

UAI
Ua2
Uas
Uas
Uas
Uas
Uay
Uas
Uas

Number of relevant actors *

Socio-economic attributes *

History of past experience * **

Location *

Leadership / entrepreneurship *

Norms /(trust-reciprocity) / social capital *
Knowledge of SES / mental models / beliefs *
Proportion of resource dependent actors *
Technologies available *

Set of actions related to the Interactions (U))

Set of actions related to the Outcomes (Uo)

UIID

Harvesting / using resource units by divers users
Information sharing among actors * **
Deliberation process * **

Conflicts among actors * **

Investment activities * **

Lobbying activities * **+

Self-organizing activities * **

Networking activities * **

Monitoring activities * **

Evaluative activities * **

Uoi
U02
UO3

Social performance measures (e.qg. efficiency, equity, accountability, sustainability) * **
Ecological performance measures (e.g. overharvested, resilience, robustness, biodiversity) **
Externalities to other SES T
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SES + CIS

argets of action —» Roles that trigger & receive actions

Uob (Usr-, Usz-, Usse, Uss, Uor)

Use (Uow,

7d
(Resource Exploitation Role)

(Usit, Uszt, Ussty Usst,
Action capacity: resource Usst, Usr, User)
management, supply, distribution,

U appropriation & use U Un
» (Ussz, Usss, Usss, Ugsse, Uassr, Ussre, (U, Upey (g, U
Ucssr, Ugssr, Ugsior, Unis, Uper, U, Us, Ui, U, 4
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i e s s e e Usa (R 0 S Ulier, Uges, Uor++, Uoz-) |Action capacity: DAPP planning, Law-] (Usse,
properies RUS Distincie characiersics (Uruzy Action capacity: bio-diversification, s Usses, Usse, making, support, arbitration & Usze,
7 Pty of syt s RUT Sptal & tempoal ctinson Uons) lproductivity, ecosystem (dis)services U&V"v} N Uigrs, Ulges, regulation of E / C roles Usse,
o) NN
Uy, Ussy, Uss, Uns, Ui, Uss| [ N Upe| | Ui, Use |Us Use, Usse, Uss, Uss, Ussr, U, Uor)
e e U, Upir, Do 5 Unr) | 730 N Ul | Unes (Usso U || Uss Uson, Ust, Usser, Usss, Usser,
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U
o o) Us

(Usse, Upaes)

v G2 Eomnis aper 9% s s s S (Resource Conservation Role) Us,

o o 1 oo Upee

e Action capacity: resource provision & g]“ ’UU" ’

b e support, regulate or support E ey Uises,
i Un User, U,
[0 Ermoee vt o (Usis, Usar, Ussny Usa, (Uat+y Unzv, Upse, Upnar, Unsr, Ungr, Unre, Usg+, Untow,

Usse, Unor, Ugsze, Uss+, Ussar, Ugss+ Uop+s, Uozes)
Usst, Usst, Usr, U, o1+, Uoz:
- W Ucsse, Ugsrm, Uose, s, Ussie, Uney
/ U, Ussr, Ui, Upr, Ui, Unor)
79
(Usir, User, Uosr) Uoa (Usr-, Us:», Uss-, Uors)

U = {Us, Urs, Uru, Ucs, Ua, U, Uo}



Filtre 2 : CIS framework

Spread adaptation action by roles’ actors & infrastructures

Tier 1
U = {Us, Urs, Uru, Ucs, Ua, U, Uo}

Tier 2
Us = {usi, Us2, ..., Us7}

Urs = {UR51, URs2y «-+y URSlO}
Uru = {Uru1, Uru2, ..., Urs7}
Uss = {Ucs1, Uss?, ..., Ussio}
Ua = {UA1, Uaz, ..., UA9}

U = {ull, ug, ..., ullO}

Uo = {Uo1, Uoz, Uos}

Tier 3

Principle 8-A: Polycentricity

Uob (Ust+, Uszv, Usse, Uns, Uore)

C 2 U7L(UM/'

Un
(Resource Exploitation Role) / (Usit, Uset, Usst, Usst,
Ust, Usrt, Uist)

Action capacity: resource
management, supply, distribution,
appropriation & use

Uz
(Uss, U,

Lo,
[
Up-, . )
Uaen, - (Policy-Making Role) Use
Usa Upses, Uor+-, Uoz-J |Action capacity: DAPP planning, Law] (Usss,
(Unez, Action capacity: bio-diversification, Ugges, making, support, arbitration & Usz.,
Une) , ecosystem (dis)services Up, regulation of E / C roles A U
(Usst, Usss, Urss, Unss, Unsy, Unss, Unso, U, Uor)
Ugsio, Ugun+y Unuse, Urus, Unus, Unur) fj/ ::::: }
1o

Exploitation (E)

= {UE:S, UE:RS, UE:RU, UE:GS, UE:A, UE:I, UE:O}

= {UE:Ob, UEe:1a, UE:1b, UE:2a, UE:6a, UE:7c, uE:?d}

Up
Up

Arbitration (P)

= {UP:S, UP:RS, UP:RU, UP:GS, UP:A, UP:I, UP:O}

= {UP:OC, Up:2b, Up:3a, Up:7e, uP:?f}

Conservation Role)

source provision &
te port E

Uy,
(Usir, Uszr, Uosy) Uod (Usr-, Uszr, Uss-, Uor)

-

Anderies, J. M., Janssen, M. A., and Ostrom, E. (2004). A
framework to analyze the robustness of social-ecological systems
from an institutional perspective. Ecology and society, 9(1).

Uc
Uc

Conservation (C)

= {Uc:s, Ucrs, Ucrs, Uces, Uca, Uci, Uco}

= {UC:Od, Uc:4a, Uc:4b, Uc:sa, Uc:sh, Uc:eb, Uc:7g, Uc:7h]




U1b (Urui==,

UOb ( Usi, Uszx, Ussx, Uag, Uo1*)

£

U7c ( Uo3“r)

E
(Resource Exploitation Role)

Action capacity: resource
management, supply, distribution,
appropriation & use

UGSS*; UGSQ*) UGSID*; UAl*; UAZ*y UAS*)
UA4*, UAS*, UAS*, UA7*, UAB*, UAQ*, UIZ*,
UB*, UI4*, UIS*, UI7*, UIB*, UIIO*)

(UGSZ*, UGS3*, UGS4*, UGSS*, UGSG*, UGS7*,

U2a

4
Ui, Uns+) Usa: U ‘U
\ \ 6a 6b
NN (UA3**:
\ \ U (UA3**, (UAS**,
\\ \\ RS2%%, U
R NI Ugse+) GS3**, Upss,
\\ \\ GS6* UD** UM**
Uoa (Resource Role) IUJSbT Usa, Uges, U
(Uruz, Action capacity: bio-diversification, g} a3y N N (Upess) Ujser, U,
Uozz) productivity, ecosystem (dis)services 556256:) N . \\\ Upgrs, Ulges,
(Ukrs1, Urss, Urss, Urss, Urs7, Urss, Urso, U \\ \\ g” ] 519**:
Ukrsi0, Urui+, Urus+, Urus, Urus, Urur) 5b’1 NN 18% 110
(Uro) NN Ul Uoi++)
U7b \\ \\\ U”O**),
(Uruzr, X \\\ Uojg+=
Urust, Uz Usa (Unz»+, Ujges, LN
Ukrsst) (Uruit, Urust, Ulig#, Uoz#+) U I

(UA3**, Ugss»~,
Uz, Ugzss,
Ulgss, Upses,
Ulgws, Ulgs,
Ulger, Unig+,

Uoi#, UOZ**)

U3a
(Uasz#+, Upzss,
Ujzes, Upges,
Uls=, Usgrs,
Ulgs+, Upgws,
Ulio++)

Uost) Un

(Uis#=, Uaz==)

U7n
(Usit, Uszt, Ussty Usat,

(Resource Conservation Role)

Action capacity: resource provision &
support, regulate or support E

(UAI*, UAZ*, UAS*, UA4*; UAS*; UAG*, UA7*;
UAB*; UAB*, UGSZ*; UGSS*; UGS4*, UGSS*
UGSG*, UGS7*, UGSB*, UGSQ*, UGSlO*, UIZ*,
UIS*, UM*, UIG*, UI7*, UIS*, UIlD*)

USST, USGT, US7T, UIGT)
‘U/

79
( Us: Ty Usz’r; Uos’r)

\_J

Uod ( Usi+, Usz+, Uss~, U01*)

Uz
(Usit, Uszt, Ussty Usst,
Usst, Usst, Usst)

Uz

U7e
(Unzes, Uppes,

(Usit,

Usger, Uges, U
U U 2t
I5%%, 16%%, UO3T)

Ulges, Ulgw,
Ulo+)

P
(Policy-Making Role)

Action capacity: DAPP planning, Law-
making, support, arbitration &
regulation of E / C roles

(UAI*, UA2*, U/—L’s’*, UA4*, UAS*, UAG*, UA7*,
UAB*, UAB*, UGSl, UGSZ*, UGS3*, UGS4*,
UGSS*) UGSG*, UGS7*, UGSH*, UGSS*, UGSlO*,
UIZ*; UIS*; UI4*) UIG*, UI7*; UHO*)

Usp
(UAS**, U,
U, Upse=,
U, Urgsr,
Utgwr, Unig+,
Uopi», UOZ**)

Uy
(Usit, Usat,
Usst, Usst,
USGT; US7T,
Usst)

UOC
(Us1+,
USZ*,
Uss~,
Uoi)



Transform the CIS into a system of equations

IR Natural ES Growth  Impact of SES Settings  ES Externalities
—~ —~ =
ob 7
A R y’ i UoaR £ Uzp-R — Uwn-R (la)
ing Actore 8. d R Supportby C  ES Access & Flow Regulation  Access & Management Regulation
ot (S1, 821, 531, 851, pp y g
Functions: resource production, | S6', 871,169 / >
disribution, suppl, approprition & + Upe.RC — Upp.RE Us,.C + Uia.E.R Us,.C
x| (652" GS3 GSA*, GSS*, GS6, GST", | Natural Growth/Decay Impact of SES Settings Externalities
- o A e A Ii%;‘sfzudﬁ?eiﬁ?{ 5 | e g dE —~ = ~ —~
e | =% UwE % 7d.E — U .E (1b)
sar s3, 551,
e s ooyt poorsa oy 5" Access R & ES Flow Regulation  C Support & Regulation P Support & Sanctions
S ARSA N\, GS6*) C_Eggw: Infrastructures) —— —N= —— —
pecies
0a T Functions: productivity, Functions: DAPP planning, Law- > + Ul b 'R'E : USb 'C :l: U6b, 'E 'C :l: UZb 'E 'P
unctions: productivity, NN o 1ger. making, funding, arbitration & .
(CF;ngj (} e(cosystem services & disservices -, o, 110 regulation nfsﬁ::t)::auon andlor |_| Natural Growth/Decay Impact of SES Semngs Externalities
RS1, RS3, RS5, RS6, RS7, RS8, RS9, . N [
RS10, RU1*, RU3*, RUS, RU6, RU7) 6 (A%, A2 A%, Ad¥, AS*, AG¥, AT, ABF, AGF, Dslﬂ S2%, dC —~ ~ 1
P (19 N N GS1, GS2*, GS3*, GS4*, GS5*, GS6*, 53*%, 01%) —_— = ﬂ: Uod .C :I: U7h 'C —_ U7g 'C ( C)
\\ ‘\ GS7+, GS8*, GSQI;‘GSé‘O)*‘ 12%,13%, 14%, 16%, dt
®ur, e, - Access & ES Flow Monitoring ~ Access & Management Monitoring
RU3', RS5) P} s, e S —
@ur.RUz. N SAl o - + Up.RE . Usy.C + Uia-R.E . Usy.C
4 (15, (Supporting Actors & Infrastructures) The, 129, 14, 15, o )
e Functions: resource provision, 167, 187 19, 110, E Joining/leaving P Support/Sanction
support, regulate exploitation o1+, 02) P —— " —
7h o A2 ATH AdH ASS AGH AT AY. AGH —
Ousmsn dn | (GRS +(Usa —Up)-ECE Usa.P.C
SW GS8¥, GS9¥, GS10* .
// 121 3%, 141, 167,177, 187, 107 Natural Growth/Decay  Impact of SES Settings  Externalities
79 (ST, o * dP —~ = —~ —~
$21.08) (1%, 52*, 53+, 01%) E =& Up..P + U7fC - U C (1d)
Join/Support/Sanction  Join/Support/Sanction
— —
+ Uy, .E.P + Us,.C.P
3b

Muneepeerakul, R., & Anderies, J. M. (2020). The emergence and
resilience of self-organized governance in coupled infrastructure
systems. Proceedings of the National Academy of Sciences, 117(9),
4617-4622.

Houbbalah M., Mathias J.-D. and T. Cordonnier. (2021). An
infrastructure perspective for enhancing multi-functionality of forests: A
conceptual modeling approach. Earth’s Future.

Viability (robustness):

Viab¢(K) = {x(0) € K | 3u(.) € Usuch thatVvt > 0,x(u(.)) € K}



Step (1) : SES targets

——— S ES F ram eWO rk Attributs : Tier 1

U = {Us, Urs, Ury, Ucs, Un, U;, Uo}

Exogenous Variables

Tier 2

Us = {Usl, Usz, ..., Us7}

Biophysical/
Material

Conditions Action Arena

Urs = {Urs1, Urs2, ..., Ursi0}
Attributes of P—— ER= Uru = {Urut, Uruz, ..., Urs7}
community —_
U = {ui, Uz, Us, ... un}H E U = o, o . es)
Rules Ua = {Ua1, Unz, ..., Uag}
— Ui = {un, Ug, ..., Uno}

Outcome

Uo = {Uoz, Uoe, Uos}

‘ Tier 3

Step (2)

Triggering Roles Step (3)
Nested governance

B | Exploitation (E)
e =
[p——— Sise UE = {UEs, UBgs, UFry, UBes, UFa, US, UFo} Rules Constitutional Collective choice Operational
oo s somopsion &
/ JUE = {Uob, UF1a, UF1b, US2a, UB6a, US7c, US7a}
/)
T N
o Ed " — Levels of
Pl Arbltrage pollthue (P) enalysis: Constitutionel Collective Operational

o C ool gty i, i, s > choice choice choice

&5 _>

‘ Rt - ol e UP = {UPs, UPgrs, UPru, UPas, UPa, UP, UPo}
5.5 2 ‘) P = [P, P P, P P Processes: Formulation Policy-meking Appropriation
@ U7 = o, Wan, W UTre, U7 Governance Management Provision
) Adjudication Adjudication Monitoring
) s ] - Modification Enforcement
S Conservation (C)
s e :M.: ,;. o 0, Figure 2.2. Linkages among rules and levels of analysis.
e o UC = {US, UCrs, UCrs, Us, U%, US, U}
[N U€ = {UCd, UC4a, UCab, UCsa, Ush, U6n, US7g, US7n}




CIS & Robustness

framework

Nested governance

BC

aoc| = ask]

[
t

T
5

T T T
ta ts ty

-p
RIUH
lFasr Feedbacks
o Slow Féedbacks ----------------

IAD Framework

N

" DAPP = “action situation” -

Social, Economic, and Political

Senirfs 5)

"
"

G

y Exogenous drivers affecting
- human and social infrastructure

[

*.-

{—

Related Ecosystems (ECQO)

b

Diagnostic/SES Framework

Exogenous drivers affecting
natural and human-made infrastructure

Robustness Framework

C



Filtre 3 : Nested levels of gouvernance

Spread actors per nested levels of governance for adaptation actions
Principe 8-B : “Nested governance”

Exploitation (E)

UE = {UE:S, UE:RS, UE:RU, UE:GS, UE:A, UE:I, UE:O}

UE = {UE:Ob, Ue:1a, UE:1b, UE:2a, UE:6a, UE:7c, UE:?d}

Arbitration (P)

Ur = {Urs, Uprs, Upru, Upcs, Upa, Upi, Up.o}
Upr = {Up.0c, Up:2b, Up:3a, Up:7e, Up:7i}

Conservation (C)

Uc = {Uc:s, Ucrs, Ucrs, Uces, Uca, Uci, Uco}

Rules: Constitutional Collective choice Operational
Levels of ‘ / I / l
analysis: Constitutional Collective Operational
choice choice choice
Processes: Formulation Policy-making Appropriation
Governance Management Provision
Adjudication Adjudication Monitoring
Modification Enforcement
Figure 2.2. Linkages among rules and levels of analysis.

e

Ostrom, E. (1990). Governing the commons: The
evolution of institutions for collective action.
Cambridge University Press.

Constitutional (CCA)
UE = {Ueob, Ue:1a, Ueiab, Ue:2a, Uesa, Ue7c, Ue7d}?
Ur = {Up.0c, Up:2b, Up:3a, Up:7e, Up:7i}?

Uc = {UC:Od, Uc:4a, Uc:4b, Uc:sa, Uc:sb, Uc:eb, Uc:7g, Uc:7h}?

Who ? What ?

Collective (KCA)

Composition de rbles & d’actions (chaines)
UKCAL = Ug.1a(X) © (Uceb + Ucsa) ?

UKCA2 = Ug.1a(X) + Ucan?

UKCA3 = Ug.1a(X) © (Uceb + Ucsa) + Ucap? ...

How ?

Operational (OCA)
Ue1a(X) =[0.1-0.5] 2, =[0.5-0.9] ?
Ucp(X) =[0.2-0.3] 2, =[0.7-0.8] ?

How much ?



What constitutional choice or who can join ?
Adapt roles of actors & infra. that belong to U ={...}

Ui
U

DAPP body
3
R_/
CCA:12,3,4
Us.
%D

\\
O cca:3

o, USs

\\ ~,
\\ \‘
S\ ~,

yceAs s N

2a ~

Uss P
DAPP body

cca:3 \:

U,, Rl Ro_/
e CCA:351,2,4

L cca:3 Uy,

[aitnd 3b

08

N,
\,
Uz “ U

Uy

CCA:4
2b

(5




What constitutional choice or who can join ?
Private arrangement around the resource

E —
UE = {Ue.ob, Uei1a, Ueab, Ue:2a, Uesa, Ue7c, Ue7a} y E
N
v,/ b N
U
/b N
R P R P
DAPP body + Local DAPP body

=
e — } )
RS Uoe Koo

CCA192,3,4 CCA:231,3,4
Uy, Uoe




What constitutional choice or who can join ?
Private-Public arrangement

'~
CCA:1+2,3,4
Us. oc

Ul]b () ﬁ)
E E . UE = {UEzob, UEg:1a, UE:1b, UE:2a, Ue:6a, UE:7c, UE:7d}
RS U "N
U, \:\ peea 1 |
a '~ \\ 2b
RN /o T
R DAPEMV R +L0ca\E§PPbody Upr = {Up:0c, Up:2b, Up:3a, Up:7e, Up:7i}
e — | ‘\\

C)‘ x_/ C)‘ U K )
UCCA.Z-”JA




What constitutional choice or who can join ?
Private-Community Arrangement

DAPP body + Local DAPP body
=,
U — } )
C)‘ x__/ C)‘ Uoe Koo
pecaia23.e pecAza13,4

0c 0c

UE = {Ue:ob, Ue:1a, Ue:an, Ue:2a, Uessa, Uei7c, Ue:7d}

Usq, Usy
R 6a | | Usp P

C)‘ N
Ui N i
ceasie

Us U

N
_ N S
Uc = {Uc:od, Uc:4a, Ucub, Uc:sa, Uc:sb, Uc:eb, Uc:7g, Uc:7h} k
X




What constitutional choice or who can join ?
Private-Public-Community arrangement

+ Local DAPP body

]
y,

P
U Koz

DAPP body
o G
A}
1
CCA:251,3,4
UO(‘

G——
petraa
UE = {Ue.ob, Ue:1a, Ue:ib, Ue:2a, Uessa, Uei7e, Ue7d}

Up = {Up:oc, Up:2b, Up:3a, Up:7e, Up.7i}

! ! CCA:421,2,3
I 2,
! USI;// Use
#7 1 7CCA:4
U

.(_ g 3b
Uc = {Uc:0d, Uca, Ucab, Uc:sa, Ucsb, Uceb, Uc:7g, Uc:7h}




What constitutional choice or who can join ?

UCCA-l - {UCCA-l -1 UCCA-l -2
1 ]
UCCA-l -3 UCCA-l - 4}
)

UCCA-3 — {UCCA-3 -1 UCCA-3 -2
1 )
UCCA-3 =8 UCCA-3 - 4}
’

U: {UCCA—l UCCA—2 UCCA—3 UCCA-4}

s ) e )
E E N CCA:2
U J U
) N
U 4 \ %
- 5 Uz \
O T, CCA: T
2 U:u = \ > 3
+ Local DAPP body

UN'G")

CCA:2-1,3,4

Us

S

UCCA-Z — {UCCA-Z -1 UCCA-Z -2
) 1)
UCCA-Z -3 UCCA-Z = 4}
’

UCCA-4 - {UCCA-4-. 1 UCCA-4 -2
) 1
UCCA-4 -3 UCCA-4 = 4}
’



What constitutional choice or who can join ?
Private-Community Arrangement

DAPP body + Local DAPP body

C)‘ R\:," C)‘ U % )

CCA192,3,4 CCA231,3,4
Uy, Us

UCCA-S — {UCCA-3 -1 UCCA-3 -2
L) 7
UCCA-3 =8 UCCA-S - 4}
1

P




What collective choice or how to join?
Adapt composition (chains | network) of roles & actions (u.(x) o u>)

Collective-choice KCA-1

)

UKCA — {UKCA:l, UKCA:Z, UKCA:S} (= UCCA:3 % (E)

<
\ ‘\
A
AN
AN
AN
(R) 3 Usa

\
X Us
“

©

UKCAT  11,(R) 0 (uep + Usa)

UKCA:1: {UKCA:I—»l UKCA:l—»Z UKCA:1—>3}
’ ’

Ugs adapt E QCA & OCA

<)

Uia Individual R
Maintenance

(planting, hedge-
cutting)

Exploitation Role (E) Collective-choice KCA-2

D

\ Usa Regulate R
N\ access, block (E)
v\ spread of / CAD
\ \ environmental KCA:2 .
\ \hazards [g;;tih;rst;g:iapt U . u1a R + u4b O l,l4a
Resource (R) \), (costs, ial), R
\\\\ Suggest range of E (R)
W, Usa Join, | | QCA OCAand KCA:2 — { KCA:2-1 KCA:2-2 KCA:2 - 3}
\ 6a , =
CJ\ \\t\ Grant, Lobby lobby for some. Ui U U 9 U ) U
. - range of U
g‘;;\:l:nnor % QCAand (©)
\ OCAfor C

U.pb Support &

Adapt R state Collective-choice KCA-3

E

Conservation Role (C)

=)

URCAS 114(R) © (ueb + Usa) + Uap O Usa

Uoga Adapt QCA & OCA of C, ‘
Vote to lobby for adapting range of E R®) "\ Us Usv
actions by E actors - N UKCA:3 — {UKCA:B -1 UKCA:3 -2 UKCA:3 - 3}
b b
Usa \
U




What collective choice or how to join?
Adapt composition (chains | network) of roles & actions (ui(x) o u>)

UKCA — {UKCA:l’ UKCA:Z, UKCA:S} € UCCA:3

Uob adapt E QCA & OCA

Uia Individual R
Maintenance

(planting, hedge-
cutting)

50

Exploitation Role (E)

SN

=

\ Usa Regulate R
N\ v access, block

\ '\ spread of

\ %, environmental

Usa Monitor % QCAand

Usp Share & Adapt

N \hazards -
S\ (costs, material),
Resource (R) \\\\ Suggest range of E

\ Ue. Join QCA, OCA and
£\ Y 6a ,

\\. Grant, Lobby lobby for some.
W% rangeof S

OCA

Uup Support &
Adapt R state

Stewardship Role (S)

<)

Uoga Adapt S QCA & OCA,
Vote to lobby for adapting range of E
actions by E actors

Collective-choice KCA-1

JKCA:L . Ula(R) O (UGb + llsa)

UKCA:1: {UKCA:l-»l UKCA:1—>2 UKCA:1—>3}
5 5

UKCA2 2 113,(R) + U4p © Usa
UKCA2 = [[JKCA2-1 [JKCA2-2 [JKCA2-3}

(E)
Uy,
(R) \\\‘\\:t\I-JSa U
\
® )
Collective-choice KCA-2
/ (E)
(R)
Usa
Uw
® =)
Collective-choice KCA-3
E
RN (U
AY
Ui >
U N

(s

UKCAS : uia(R) © (ueb + Usa) + Uap O Usa
KCA:3 — [[JKCA:3-1 TJKCA:3-2 [JKCA3-3
U {u , U , U }




What operational choice or which level of action ?
Adapt intensity, frequency of actions

UOCA — {UOCA:I UOCA:Z} € UKCA:3

UOCA.‘l — { UOCA.‘l - 1’ UOCA.‘l —»2}
UOCA:2 — { UOCA.‘Z - 1’ UOCA:2 - 2}

Collective-choice KCA-3

5D

E
UL (E)
R | N |Ue
& %
Usa ‘\
Un N\
(C)

U 1. : Exploit — » Upn=

lezzzaza
Us. : Regulate Us, =
access [

Uy : Replant
for conservation

4a - Monitor
for conservation

OCA-1 OCA-2
{=[0.1-0.5], =[0.5-0.9]}
{<-0.05, <-0.4}
{=0.2, =[0.3-0.4]}
{=0.1, > 0.5}




U ={us, uz, ..., Un}



SES framework

St acions i o e
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Setof actions reated to the
T Econome deelopment = [
UL Demogte veds 1 U ke
s poticl sy ot f potcl change) [ —
U Tty 1
Serofact St of actions efated ot
Tu e U Restce it mobiy <o
U Clsty ot systom boundars o o o eplacemet e o s s
e See o fesace syt Uiy metactons amon esorce s 1
Prodctuty ot ysem U e .

u.
i

U
u.

i

Storage crarcione

U St  omgora o

Serof actions reated 1o e Governance Systems (Ui

eogapic s of goermnce sysem -

o Proprion of parcpsing placon =

. Roometyp (sl ool <eni] -
Rl matng rganztons

Ui Rl se

Setof actions rlated to the Actors (U]
U Mo of v scors -

U Sacio-economic s+

Us sty of pst xpence -

U Leadershoerceprncusio

Ui o s ecpoc sl caps

Serofactions s relaied (o the Quicomes |
Harvotng v il peromanco messes (03 ooy . ST USRI
U . u
Us Coiber Ui Etemtes o b SES
Ui ot among ot
UL iesmentachis
iy —
Ur Setoganang s <
Ul Newong s
U Montagaeoess -

CIS framework

Ush (Usr, Us, Usr, Uss, Usi)

(U, Uosr, Usse, Uss,
Vo, U

(Resource Exploitation Role)

Vs, Uss
Vs, U, Us, Une,
. U,

Us (Resource Role)
we C cton oty i,

(U, Uss, U, Uss, U, Urs U
Uiy, Unir, Unr, Uns, Ui, Unr)

[
Usy

v w5
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(1)




Nested conditions (actions, time, states):

- Set of actions: U = {UTEA UKCA (yoOCAL

- Set of constitutional actions; USCA = (€€ peCA: | peC€Aa | rECAm Y
- Set of collective actions; UKCA = (yKCA KCAy — prKCAR UK CA g

- Set of operational actions: YoCcA _ {U”{"h reeAr O O Amsl

- Time sequence: T = {tg,dy, .. .4, ]

- Set of states: X = {1 FE.C, P}

- Set of Resource states: B ={f. Re,...,Hn}

- Set of exploftation role states: £ = {Ey, Fa... ., Ez)

- Set of conservation role states; & = {0, Ca,..., 02}

- Set of policy-making vole states: P ={P, Fa,..., Py}

A nested viable DAPP (nested viable control pathway):

wl.) =uopralugoalucoalto)) L vocalugoalucoalti))). ...,
upcalugocalucoalti))),. . uocalugcalucoaltnl)) [38)
such that  wid;) e (Uglt;) ¥ile U

Nested regulatory Map {Aubin et al.| 2011)[Definition 2.9.4 p.73]:

Rix) = {u ePCA e pRCA c pCCA c () |z € K, fla,ulx)) € vmn,,—} (39)

Mested viable DAPP map (nested graph):

- General DAPP Graph: G =V = E with dim(G) = T

- CCA level: GOCA = VOCA 5 ECCA with dim(gCCA) = (UCC4)T N
- KCA level; GREA = VECA 5 pRCA with dim({GHY4) = (IFE8A » praed !

- OCA level: gUCA = yOCA y pOCA gwith dim(GUCA) = (CCA x TREA rocayT

s Vertex Vo= U = T representing decision nodes ab time £y, dp for every possible action
w, sueh that V= U::u Uiwit))

o Fdges F=e;; ©V =V representing possible viable transition pathways between decision
nodes, which correspond to viable state transitions under control w(t), such that;
Eo=Julthult 4+ 1) ult) € Rt wlfoalt + 1) € Rt + D ul(t+ 1001

Formal definition of DAPP
maps deriving from Ostrom &
viability theories

(1) Nested governance (IAD framework)
(2) Polycentric (CIS framework)

(3) Multi-tier (SES framework)

(4) Viable



Nested DAPP maps

Viable DAPP map
Constitutional level

A
. Viable DAPP map
Collective level
C
L4 . Al
4 B.1
D B.2
C.1l .
2020 2030 2040 2050 s Vlable DAPP map
Ucca = {Uccaa, Uccas, Uccac, Uccan} C.3 R Opel‘a’[iona| level
C.q’ .
D.1 * Uoca = {Uoca1, Uocaz} € Ukeas
D.2 I . ’

2020 2030 2040 2050

Ukca = {Ukca1, Ukcaz, Ukca-s} € Uccas



Daily
constraints,
costs,
benefits

Nested
institutional
level of
adaptation

SES
targets of
adaptation

Roles:
who ?
How ? how

much ?

DAPP Control Map (T'x)

2020

2030

2040

2050



Practice
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Application example
Rural & Peri-urban SES in France

tros do hautjt s - hlo résicuot
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with low
diversity Environmental risk (disservice)

1

0.98
2
Tall hedges
with high
diversity 0.87
fsmall hedges

with high
diversity

Hedgerow diversity

Péri-urbain




Constitutional-Choice arrangements (CCA)

Associated Collective-Choice Arrangements (KCA)

Consequences on the operational choice arrangement (OCA)
for the EAL: proportion of every type of action for link 1a

Relative cost reduction
provided by the KCA to

Effect of the OCA on the compensate the disservice

- Minimal _— Method (chain of collective ' Hedge-cutting Integrative soft resource infrastructure (0a) [0 "¢ o - sement
Name Description duration # objectives actions) to achieve the objective No maintenance (tractor mounted) management 9
(hedgerows).
Individualistic social organization
(current dominant practice):no
incentives or collective actions to
support the hedgerow network or Collective-choice arrangement for . el .
(A) Private arrangement  regulate actions. Most common no Al baseline monitoring and range of #NA 0.2 0.6 0.2 (B#L’l\‘SIAn)eSS as-usual dynamics 0%
practice is trimming. We assume that operational actions
this action is included in the SES that
was observed during the 1989-2019
period.
Ve planing ofspcie-i
Social organization and B1 & common-good ES 2b-1la-0a--1b 0.2 0.6 0.2 hedgerows: -10%
infrastructures around state- Tall +5%, Short +5%
controlled scheme for the
(B) Joint Private-Public payments for ecosystem services 5 years i i
arrangement (PES): The state pay farmers who y Compulsory planting of species-
enter a PES scheme, under the rich hedgerows under integrated
condition that they maintain B2 soft management (constrainthe on 5 1. . S1p 0.2 0.4 0.4 HNA 0%
hedgerows and associated ES tractor hedge-cutting use) to ’
protect public & common-good ES
Incentives to share material and
reduce costs in order to reduce o
c1 constrains on tractor hedge-cutting 6a->1a+1b 01 08 01 #NA -10%
Social organization and
infrastructures around the support Regulate the planting to increase More planting of productive
and regulation of the hedgerow poor-species hedgerows in order S 18508 species in species-poor 0
network, ecosystem services and c2 to increase biomass production 5a->1a->0a->1b 02 06 02 hedgerows: 0%
exploiting actors: Neighboring Tall: +5%, Short+5%
farmers enter joint private-community
. " arrangement by forming an auxiliary
(€) Joint Private- association (AIA) to set auxiliary no Regulate the use of tractor hedge-
Community arrangement ., iices regarding monitoring, the cutting + Incentives on the planting More planting of species-rich
sharing of material/costs/knowledge, of species-rich hedgerows + h . o
N 5 C3 5a-la-0a-1b 0.2 0.4 04 edgerows: 0%
and set operational constrains on integrated soft management Tall +5%. Short +5%
PIA appropriation practices (e.g. on practices on these hedgerows ’
planting new hedgerows, tractor
hedge-cutting, integrated soft
management).
Strongly regulate maintenance
activities for reducing costs and o
c4 increase nature conservation 5a->1a->0a->1b 04 04 02 #NA 0%
Social organisation and Regulate th_e use of tractor hedge-
infrastructure for governing, cutling, set incentives to plant More planting of species-rich
arbitrating between exploiting and D1 more species-rich hedgerows that g, 15 ga_1p 02 04 04 hedgeprows: gersp -20%
supporting actors and require integrated soft Tall +5%, Short +5%
infrastructures: Farmers join management practices
. . organic farming NGO Terre-de-liens
D) Joint-Private-
((:o)mmunity-Puinc (TdL) and the EU-CAP sponsored 10 years
arrangement PES scheme. Farmers lease land to
9 TdL with extra individual regulations .
and benefits for the management of Strongly regulate maintenance
their own hedgerows. Farmers can activities & set cost sharing
D2 incentives to increase nature 5a+6b - la-0a-1b 04 04 0.2 #NA -20%

join the TdL SAI group that receive
funds from TdL to collectively protect
the hedgerow network

conservation




Ecosystem (dis)services (ES)  Weighted limits of satisfaction for Relative production of ES by type of hedgerow, on a [0-1] scale, Impact of maintenance operational action on ES, on a [0-1] Quantitative indicator of ecosystem services
(i.e. link 1b in the CIS model  every ES deduced from the actors with 1 corresponding to the observed maximal production or effect scale, with O corresponding to a total degradation of the ES,  (and origin of indicator and measurement)

from figure 1) surveyed in the two SES [0-1] of the ES whereas 1 meaning a perfect conservation of the ES.
Rural SES (La Peri-urban SES No Short hedgerow (SH) Tall hedgerow (TH) No maintenance Hedge-cutting Integrative soft
Sauvetat) (Veyre-Monton)  hedgerow  Species-poor Species-rich Species-poor Species-rich (tractor maintenance
(PH) (RH) (PH) (RH) mounted)
Fruit production 0.9 0.95 0 0.553 1 0.3169 0.9859 0.5 0.25 0.75 Mean number of edible fruits species (based
on ecological survey)
Pollination 0.9 0.95 0 0.5204 0.9959  0.2353 1 0.5 0.25 0.75 Mean number of species attracting
pollinators (based on ecological survey)
Biomass Production 0.95 0.5 0 0.25 0.25 1 0.75 1 0.5 0.75 Aerial carbon (Open data from Carbocage
Sunlight Protection 0.95 0.5 0 0.3231 0.3508 0.938 1 0.75 0.25 0.5 Mean height (based on ecological survey)
Shannon index (calculated from the relative
Landscape aesthetics 0.5 0.95 Aesthetic opinion of actors changes with the diversity of hedgerow 05 0.25 0.75 proportion of the four hedgerow types

present in the landscape. present in the landscape, and confronted to
opinions of actors based on social survey)

Maintenance cost (social-

. 0.1 0.1 0 0.25 0.25 0.75 1 0 0.5 0.75 Mean annual maintenance cost
economic cost)
Environmental hazards: fire,
lateral encumbrance, snag fall, 0.15 0.2 0 0.25 0.25 0.75 1 1 0.5 0.5 Based on expert knowledge

etc...

Pollination | [ periurban S€5
== Rural SES

1;0

L0

Environmental risk (disservice)

Redgerow aversty



Nested DAPP maps

Viable DAPP map
Constitutional level

A
° Viable DAPP map
Collective level
- 24 Al
Ye B:l
’ B.2
2020 2030 2040 2050 C.1
C.2
Ucca = {UCCAA |JCCAB |JCCAC | JCCAD) C.3
c.4
D.1
0 .

2020 2030 2040 2050

UKCA — {UKCA-l, UKCA-Z, UKCA-3} e UCCA-3



Secured DAPP maps

No climatic stress Climatic stress level 1 Climatic stress level 2
(a) (b) (c)

Al Al Al

B.1 B.1 B.1

B.2 B.2 B.2
Periurban C.1 C1 C.1
SES C.2 C.2 C.2
C.3 C.3 C.3

C.4 C.4 c.4

D.1 D.1 D.1

D.2 D.2 D.2

2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050
(d) (e) (f)

Al Al Al

B.1 B.1 B.1

B.2 B.2 B.2

C.1 C.1 C.1

Rural C.2 C.2 Cc.2
SES 3 C.3 C.3
C.4 C.4 Cc.4

D.1 D.1 D.1

D.2 D.2 D.2

2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050

Years Years Years



Risk DAPP maps
Pathways that minimize risks of becoming non-viable

No climatic stress Climatic stress level 1 Climatic stress level 2
(a) (b) (c)

% of viable trajectories =26.8 % of viable trajectories =35.3 % of viable trajectories =13.2

Al & A.l Al
B.1 5 B.1 B.1
B.2 B.2 B.2
Periurban C.1 Ccl Cc.1
SES (. C.2 C.2
Cc.3 C3 Cc3
c4 c4 c4
D.1 D.1 D.1
D.2 D.2 D.2

2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050

(d) (e) (f)

% of viable trajectories =13.1 % of viable trajectories =19.2 % of viable trajectories =5.03
Al Al Al
B.1 I I B.1 B.1
B.2 B.2 B.2
C.1 C.1 C.1
RS“E;" c.2 c.2 c.2
Cc3 C3 Cc3
c4 c4 c4

D.1 D.1 - D.1 C e

D.2 D.2 D.2

2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050

Years Years Years

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1



Switching optimization between distinct ecosystem services

Periurban
SES

Rural
SES

Al
B.1
B.2
C1
C.2
C3
c4
D.1
D.2

2020

Al
B.1
B.2
C.1
C.2
Cc3
c4
D.1
D.2

2020

Optimal DAPP maps

No climatic stress

(a)

j

2030 2040 2050

(d)

2030
Years

2040 2050

Climatic stress level 1

(b)

Al
B.1
B.2
C1
C.2
C3
c4
D.1
D.2

2020 2030 2040 2050

(e}

A.l-

B.1
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Problem 3

Transform this method
Into a decision support tool ?
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Problem 4

Extend to other case studies
Test universality of this method
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Thank you
Questions ?
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D Constraining domaine of satisfaction K, for two ecosystem services (ES: and ES:). Outside K, the
state of the SES is un-viable.

I’ Vector field showing the direction of controlled trajectories of the state at time t of the two ES for the
SES. The sequence of controls involve a nested set OCA and/or KCA actions for every CCA.

—

Viability kernel Viab(K) where at least one trajectory (controlled by nested OCA/KCA actions) will
never leave K. Outside this sub-domain, controlled trajectories can either leave to permanently
become non-viable or go back and be considered resilient.

Uncontrolled transition and regime shift leading to a change in the size of Viab(K) for the same
constitutional change arrangement (CCA)

- Controlled transitions through adaptation of CCA-A into CCA-B (and vice versa), each possessing
unique regime and (null) Viab(K), but leading sequentially to a globally non-null or larger Viab(K)

Decision node as represented in the DAPP framework, representing the event when actors need to
collectively decide whether they want to keep or adapt their CCA in order to stay viable



Résultats supplémentaires
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halyse de viabilité
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Evaluer les gains en securisation des SE quand
on adapte 'action opérationnelle
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Resilience (viability) & Adaptation
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Parametetres du modele
(terrain + entretients)
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Typologie biens & services ecosystémiques
(théorie economique)



Adaptation depends on type of actors organization
around goods and services

Competition Rules
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Strawberry fields forever !
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Biological Carbon Sequestration
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Choix opérationnels ou quel niveau d’action ?
Adapter l'intensité, la fréequence des actions
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Re-situer DAPP dans le cadre IAD
DAPP = représentation de la “situation d’action”

Exogenous Variables

Biophysical/
— Material
Conditions

> Attributes of
community

Action Arena

Vv

Rules

Action -

situations

1
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us @)
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I T T T T
to ty ta t3 tq
Interactions
Evaluation
criteria
Outcome

Ostrom, E. (1990). Governing the commons: The evolution of institutions for collective action. Cambridge University Press.

Conditions (actions, time, states):

- set of actions: U = {u1,u2,us, ..., um},
- time sequence: T = {to,t1,...,t},
- set of states:

X = {z1,22,23,..., 11}

A viable dynamic policy pathway (control pathway):

uk(-) = ulto)u(tr),...,u(tn) such that u(t;) € (Uk(t;) Vi) €U

Viable control map (viable DAPP map):

T (uyt) = {5 € Uk (2(t)) | 3ui —u; such that  f(x(t),uy) € T(K,z(1))}

Tangent Cone:

T(K,z(t) = {&(t) = f(z(t),u;) | uj € Uk (z(t)), f(z(t),u;) € K}
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