
Figure A4.1: The merged CLD representing the Lake St. Charles’ SES, based on the stakeholders’ social representation of the system.
This figure is not meant to be used to improve the understanding of the Lake St. Charles SES system but is merely presented here to
showcase the complexity of the merged CLD as a whole, and the benefits brought a bout by the SE-AS framework to simplify the system
representation while improving its comprehensibility.

APPENDIX 4 – THE MERGED CLD OF LAKE ST. CHARLES

Social variable

Ecological variable

Social-ecological
variable

Water quality,
and lake and

water streams
integrity (low

eutrophication)

Road networks

High impact resi
dential develop
ment and urban 

planning

Wasterwater
discharge from

wasterwater
treatment plants

upstream

-

Value of waterside
properties or of

properties close to
natural areas

Costs for
municipalities

Floods

Wastewater
discharge from

septic tanks
-

Municipal
budget/income

Vegetation
cover

Punctual
heavy rains

Erosion /
suspended
sediments

+

Operational 
constraints a
t water treat
ment plant

Impervious surfaces

Acquisition of
natural areas for

conservation
purposes

Recreational activities

Storm water
runo�

Attractivness
of living

environment

Quality of life/citi
zen content

+

+

+

Protection of
natural areas

and lake

Seasonal
water
rise

Water
retention

-

Water avail
ability at wa

ter intake

Water
availability
per capita

+

Population growth

-

+
Presence of ha
zardous areas (
stone pits, sand

 pits, etc)

Need to �nd other water
sources

+

+

Low impact res
idential develo
pment and urba

n planning

+

Sustainable manage
ment of storm water

+

+

Political
will/stewardship/lea

dership to protect
and collaborate

+

+

Maximized
pro�tability for

development
projects

Road salts

Contaminated
runo�

+

Management of
contamination riks

Modernisation or co
nnection of sepctic t
anks to municipal sa

nitary sewers

+

+

+

Sanitary risk for
population

-

Water quali
ty at water 

intake

+

++

+

-

-

+ +

-

+

-

+

-

+

- +

E�ciency of
actions

+

Biodiversity

Quality et
integrity of
ecosystems
and habitats

+ +

+

+

+

+

Obselete septic tanks

+

+

-

Integrated governance f
or protection and manag

ement of watershed

+

Adequate wastewat
er management

+

+

Modernisation or connec
tion of wastewater treat

ment plants downstream 
of water intake -

+

Property tax

Governemnt
�nancial assistance

+

Dialogue/collaboration bet
ween decision makers, mun
icipalities and other actors

Information and
knowledge transfer

Citizen, professional and
political awareness towards the

environment

+

Citizen and professional
mobilization/accountability to

the environment

+

+

Diverging visions and
interests between

di�erent municipalities.
Management in silos.

-

+

Banks restoration

+

+

+

+

Restrictive
regulation

-

Migration out of
urban center +

Tense political
climate

Trust between
actors

Respect of
property rights

-

Social acceptabi
lity of protectio

n measures

+

Short-term
political vision

-

-

+

Invasive plants

-
Contaminated

crafts and
material+

-

+

Accessibility
to the lake,

water streams
and natural

areas

Salt-less roads

Optimal management
of roadways-

-

Water
amount in

lake

+

+

-

+

Cyanobacteria

Heatwaves

+

Climate change

+

+ +

-

+

Establishment and advan
ce of context-based, prio
rity and optimal actions, 
at the level of the waters

hed
Consensual

objective for
lake protection

Leader, visi
on holder

+

Lake resear
ch and moni

toring

+

+

Management based
on context and by

objectives

Normalive framework/hori
zontal legislation

-

Contestations/con�icts

-

+

Framing of recreat
ional activities and
 enhancement of t
he natural environ

ment

+

+

+

Uncontrolled visitors

+ -

Craft cleaning
stations

-

Consensual
regulation

+

-

-

Droughts

+

Filtration by
wetlands

+

-

+
Dialogue/collaboration

between decision makers
and citizens

+

+

+

+

+

+

+

+

+

+

-

Citizen pressure for
defending individual
rights and freedom

-

-

+

+

Available budget for
nature protection

actions

+

+

+

-

Positive image asso
ciated with watersh

ed protection

+

+

-

+

Diversi�ed regional
economic spino�s+

+

+

+

+

+

+

-

-

+

Rights of passa
ge on private pr

operties

+

+

+

+

-

+

Infrastructure
for sediment
retention and

control

+

-

Top-down approach
from metropolitan

community

+
+

+

+

+

+

Power of NGOs+

+

+

Service
provisioning

+

-

+

Stricter standards for
the quality of rejected
treated water

-
-

Water qual
ity in wells

+

-

+

+

-

-

+

-

+

-

+

-

+

+

+

-

+

Long-term econo
mic bene�ts

+

+ +

-

+

+

+

+
-

Modi�cations to
regulation

-

-

-

+

+

+

Interpretation of leg
islation's gray areas

+

+

+

-

-

+

-

Good understanding of
the system

+

+

-

-

+

+

+

+

+

+

-+

-

+

+

-

-

-

-

-

-

+

++ -

-

+

+

-

+

+

+

-

-

+

-

+

+

+

-
+

+

+

+

Social
inclusion

-

+

+

+

+

+

Application for
governement �nancial

assitance

+

+

+

+

+

+

+ +

+

-

-

+

+

-

+

+

+

Adequate regulat
ory framework

Overly strict
regulatory
framework

+

+

-

-

+

+

Imposed regulation

Modular/�exible
regulation

- +

+

-

+

+

+

-

-

+

Upscale
residential

development

-

+

+

Predetermined minimum
water level for

ecosystem needs

Dam opening

+
-

+

Water level a
bove minimu

m required

Water level 
below minim
um required

+

+

+

-

-

+

+

-

-

+

-

Power provided to
basin organizations

and reach of the
Water management

master plan

++

+

+

+
+

-

+

-

Privatisation
des berges-

Ouverture
au

tourisme

+

-

-

+

+

-
-

-

-

+

+

-

+

+

-

+



Water quality,
and lake and

water streams
integrity (low

eutrophication)

Road networks

High impact resi
dential develop
ment and urban 

planning

Wasterwater
discharge from

wasterwater
treatment plants

upstream

-

Value of waterside
properties or of

properties close to
natural areas

Costs for
municipalities

Floods

Wastewater
discharge from

septic tanks
-

Municipal
budget/income

Vegetation
cover

Punctual
heavy rains

Erosion /
suspended
sediments

+

Operational 
constraints a
t water treat
ment plant

Impervious surfaces

Acquisition of
natural areas for

conservation
purposes

Recreational activities

Storm water
runo�

Attractivness
of living

environment

Quality of life/citi
zen content

+

+

+

Protection of
natural areas

and lake

Seasonal
water
rise

Water
retention

-

Water avail
ability at wa

ter intake

Water
availability
per capita

+

Population growth

-

+
Presence of ha
zardous areas (
stone pits, sand

 pits, etc)

Need to �nd other water
sources

+

+

Low impact res
idential develo
pment and urba

n planning

+

Sustainable manage
ment of storm water

+

+

Political
will/stewardship/lea

dership to protect
and collaborate

+

+

Maximized
pro�tability for

development
projects

Road salts

Contaminated
runo�

+

Management of
contamination riks

Modernisation or co
nnection of sepctic t
anks to municipal sa

nitary sewers

+

+

+

Sanitary risk for
population

-

Water quali
ty at water 

intake

+

++

+

-

-

+ +

-

+

-

+

-

+

- +

E�ciency of
actions

+

Biodiversity

Quality et
integrity of
ecosystems
and habitats

+ +

+

+

+

+

Obselete septic tanks

+

+

-

Integrated governance f
or protection and manag

ement of watershed

+

Adequate wastewat
er management

+

+

Modernisation or connec
tion of wastewater treat

ment plants downstream 
of water intake -

+

Property tax

Governemnt
�nancial assistance

+

Dialogue/collaboration bet
ween decision makers, mun
icipalities and other actors

Information and
knowledge transfer

Citizen, professional and
political awareness towards the

environment

+

Citizen and professional
mobilization/accountability to

the environment

+

+

Diverging visions and
interests between

di�erent municipalities.
Management in silos.

-

+

Banks restoration

+

+

+

+

Restrictive
regulation

-

Migration out of
urban center +

Tense political
climate

Trust between
actors

Respect of
property rights

-

Social acceptabi
lity of protectio

n measures

+

Short-term
political vision

-

-

+

Invasive plants

-
Contaminated

crafts and
material+

-

+

Accessibility
to the lake,

water streams
and natural

areas

Salt-less roads

Optimal management
of roadways-

-

Water
amount in

lake

+

+

-

+

Cyanobacteria

Heatwaves

+

Climate change

+

+ +

-

+

Establishment and advan
ce of context-based, prio
rity and optimal actions, 
at the level of the waters

hed
Consensual

objective for
lake protection

Leader, visi
on holder

+

Lake resear
ch and moni

toring

+

+

Management based
on context and by

objectives

Normalive framework/hori
zontal legislation

-

Contestations/con�icts

-

+

Framing of recreat
ional activities and
 enhancement of t
he natural environ

ment

+

+

+

Uncontrolled visitors

+ -

Craft cleaning
stations

-

Consensual
regulation

+

-

-

Droughts

+

Filtration by
wetlands

+

-

+
Dialogue/collaboration

between decision makers
and citizens

+

+

+

+

+

+

+

+

+

+

-

Citizen pressure for
defending individual
rights and freedom

-

-

+

+

Available budget for
nature protection

actions

+

+

+

-

Positive image asso
ciated with watersh

ed protection

+

+

-

+

Diversi�ed regional
economic spino�s+

+

+

+

+

+

+

-

-

+

Rights of passa
ge on private pr

operties

+

+

+

+

-

+

Infrastructure
for sediment
retention and

control

+

-

Top-down approach
from metropolitan

community

+
+

+

+

+

+

Power of NGOs+

+

+

Service
provisioning

+

-

+

Stricter standards for
quality of rejected
treated water

-
-

Water qual
ity in wells

+

-

+

+

-

-

+

-

+

-

+

-

+

+

+

-

+

Long-term econo
mic bene�ts

+

+ +

-

+

+

+

+
-

Modi�cations to
regulation

-

-

-

+

+

+

Interpretation of leg
islation's gray areas

+

+

+

-

-

+

-

Good understanding of
the system

+

+

-

-

+

+

+

+

+

+

-+

-

+

+

-

-

-

-

-

-

+

++ -

-

+

+

-

+

+

+

-

-

+

-

+

+

+

-
+

+

+

+

Social
inclusion

-

+

+

+

+

+

Application for
governement �nancial

assitance

+

+

+

+

+

+

+ +

+

-

-

+

+

-

+

+

+

Adequate regulat
ory framework

Overly strict
regulatory
framework

+

+

-

-

+

+

Imposed regulation

Modular/�exible
regulation

- +

+

-

+

+

+

-

-

+

Upscale
residential

development

-

+

+

Predetermined minimum
water level for

ecosystem needs

Dam opening

+
-

+

Water level a
bove minimu

m required

Water level 
below minim
um required

+

+

+

-

-

+

+

-

-

+

-

Power provided to
basin organizations

and reach of the
Water management

master plan

++

+

+

+
+

-

+

-

Privatisation
des berges-

Ouverture
au

tourisme

+

-

-

+

+

-
-

-

-

+

+

-

+

+

-

+

emergent phenomenon

Competing

Transporting

Reduction

Converting

Polluting

Recreating

Harvesting

Converting

Sparing

Sparing

Sparing

Converting

Ecological
monitoring

Ecological diservice

Ecological
manipulation

Converting

Top down
rule making

Con�icts

Application of
measure

Investing

Networking

Coordination

Consensual (�exible?)
rule making

Application of
measure

Deliberating

Planning

Coordination

Knowledge generation

Lobbying

Information
sharing

Coordination

Application of measure

Application of
measure

Enforcement of measures

Planning

Social AS

Ecological AS

Social-Ecological AS

Outcomes

Emergent phenomenon

External variables

Measures for vision

Figure A4.2: Color coding of Lake St. Charles' merged CLD for the SE-AS framework application. Colored “bubbles” are isolated or
grouped variables that represent action situations (AS) or emergent outcomes. Variables which are not colored are excluded from the
SE-AS framework representation, as are AS that express potential measures to reach the vision. This figure is presented to showcase how
action situations and outcomes were derived from the merged CLD.


