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Introduction

• Multiples services supplied by wetlands to rural 
communities in Southern Africa (arid to semi-arid
climate)

• Human interventions threaten ecosystem health and its
ability to provide services in the future

• A research project aiming at analysing trade-off among
ES provided by wetlands in Southern Africa and between
these services and ecosystem integrity

• Develop a system dynamic model to
� Integrate existing scientific knowledge on small-scale wetlands
� Support the development of a wetland management plan



LandMod 2010, Montpellier, 5 Feb. 2010

Study site

• 4 villages, 2700 people
• Surrounded by nature 

reserves
• 3 irrigation schemes
• Livelihoods depend on 

natural resources and 
social transfers



LandMod 2010, Montpellier, 5 Feb. 2010

1996 2004

Existing wetland

Uncultivated woodland

Bare soil

Agriculture

Land use change
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Main services provided by Ga-Mampa wetland

Cropping 

Livestock grazing 

Sedge and reed collection

Edible plant 
collection

Water 
collection

Hunting

Fishing

Medicinal
plant 
collection

Hydrological
regulation?
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· Increased cropping 
and grazing 

· Poor management 
practices

Natural Disaster: 
2000 flood

. Impacts on Ecosystem 
Services

(habitat &  biodiversity ; 
reduced livelihoods 
opportunities, reduced 
water supply and 
regulation capacity)

Population 
growth

Wetland 
Ecosystem (area, 
biodiversity, water 
regime, organic 

matter)

Irrigation 
Scheme 

collapsed

Reduced government 
support to irrigation 
and agriculture in 

general

Poverty

Inadequate 
extension officer 
capacity

Farmers’ lack of / poor 
knowledge about wetland 
functioning and impacts of 
livelihood activities

Uncoordinated 
legislation and 

policy

Lack of 
control of 

wetland use

History
Driving forces Pressures State, Changes of State

ImpactCause-effect linkPoor management 
of irrigation 

scheme

Shifting of 
river bed
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Material & methods

• Conceptual
framework
inspired by MEA 
framework

• Modeling = one 
step of the 
research process

• System dynamics
approach

• Interdisciplinarity : 
hydrology, 
agronomy, 
economics

• Various sources of 
data

 

Problem and 
stakeholder 

analysis 

System 
boundaries, 
 time scales, 

issues at stake, 
uses and users 

Ecosystem 
analysis 

and 
modeling 

Socio-
economic 
analysis 

and 
modeling 

& 
institutional 

analysis 

· quantified impacts of uses 
on ecological and 
hydrological functions 

· environmental factors 
affecting livelihoods 

· benefits and costs of 
wetlands direct and indirect 
use values 

· determinants of resource 
use choices and practices 

Scenarios building 
with stakeholders 

Scenarios 
simulation 

Socio-economic-
environmental 

trade-offs 

step of the research process 

research output 
 

Wetland Dynamic 
Modeling 
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Model overview

• Objective: analysing trade-offs among wetland ES by 
simulating scenarios

• Micro-scale: the valley (5km2, 2700 inhabitants)
• 3 landscape entities: irrigation scheme, cultivated

wetland and natural wetland
• Not spatially based :each spatial entity and community

supposed to be homogeneous
• Production technology given
• Land use decision based on logical rules (if …then…, 

else…)
• Monthly time steps with some evaluation at seasonal or 

annual time steps (crop production, food security, well
being index)

• Developed with STELLA
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Community well-being ( Food stock, Cash stock)

Hydrology (groundwater level, soil moisture, river, irrigation)

Wetland 
Natural 

Resources

Crop production

Wetland | Irrigation

Income, food

Labour, inputs

Water supply

Water use

Well-being indicator

Land use areas

Land 
use 

decision

Model sectors
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Inputs & outputs

• Inputs: 
� Climatic & hydrologic data (P, ETP, river inflow),
� Demography (population growth, emigration),
� Economic (food need, basic expenditure, social 

transfers, external income, prices, average plot area)
� Soils and crops characteristics
� Agricultural production technology

• Outputs (indicators)
� Socio-economic: income index, food security, well-

being
� Environmental: percentage wetland area,  

groundwater level, river outflow
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GROUNDWATER

Cultivated wetland
soil water

Natural wetland
soil water

Irrigation
soil water

Seepage

Rainfall
ETa

Capillarity rise
Recharge

Hill slope

Artificial
drainage

Diverted
irrigation 

water

Hydrology sector
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SWC Irrig

GW artificial drainage

Wetland GW level

~

Rainfall valley

Groundwater seepage

ETa W  cultivated

Wetland groundwater 
recharge

SWC Cult Wet

Inc SWC Irrig Dec SWC Irrig

Rechge Nat Wet

River outlow

~

ETP

~

Upper catch rainfall

SWC Nat Wet

Inc SWC Cult Wet Dec SWC Cult Wet

ETa Irrigated

Dec SWC Nat Wet

Ks Irrig

~ Rainfall valley

Ks Cult Wet

Rechge Cult Wet

~
River inflow

~
Rainfall valley

ground level

Wet WP

ETm maize

Inc SWC Nat Wet

crop season

~
Diverted irrigation water

~

ETP

~

Diverted irrigation water

Irrig distrib eff

Pal canal efficiency

~

Diverted irrigation water

pct nat wet

Capillarity

Wet FC

ETm maize

~
Rainfall valley

Ks nat Wet

Wet FC

~

Open water drain evaporation

Irrig percolation

River Stage

E bare soil

Capillarity

Rechge Nat Wet

Fertilis area

Pal canal efficiency

Wet FC

Rechge Cult Wet

~
ETP

Irrig FC

Irrig WP

Wet FC

Wet WP

Annual valley rainfall

store rainfall Empty annual rainfall

~

Rainfall valley annual cycle

Irrig distrib eff

Pal canal efficiency

annual cycle

plot irrig E bare soil IS

Irrig FC

Irrig WP

Irrig percolation

crop season

~
Kc NatWet

annual cycle

Hydrology sector
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irrigation crop 
input costs per ha

irrigated crop area

wetland crop input costs per ha

Irrigation crop net value

Total wetland crop input costsTotal irrigation input costs

ETa Irrig season

Empty ETa W season

ETa W season

empty ETm season

annual cycle

dry season

crop season

empty ETa Irrig

ETm maize

Wetland crop yields

Store ETa Wet Cult

Wetland crop production

Wetland crop net value
Crop output prices

Store ETa irrig

Irrigation crop yields

Irrigation crop production

dry season

wetland cultivated area

Max Irrig yield
Max Wet yield

ETm season

store ETm

ETa Irrigated

Kc

~

ETP

ETa W  cultivated

annual cycle

Crop production sector
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Max harvesters

annual cycle

annual cycle
annual cycle

wetland natural area

Number of households

Reed value

Sedge value
Max harvest per hh

Max harvest per hh

wetland biomass per ha

biomass growth harvest per ha

biomass growth rate

harvesters

new harvesters
harvester drop out

harvest per head
biomass available per head

drop out rate

new harvester rate

nat res income

wet carrying capacity

biomass intrinsic growth rate harvesters

Natural resources
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pct nat wet

wetland natural area

Annual food security

wetland cultivated area

wetland converted cultivation

Total wetland area

wetland area constant

Wetland farming hhlds

new wetland farmers

average wet plot area

wetland abandonment

annual cycle

annual cycle
Annual food security

LAND USE SECTOR
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Food stock

Max Food Purch

Crop output prices

pct nat wet

Population Number

Food consumption

Population Number

Population growth

natural population growth rate

emigration

emigration rate

Community wellbeing

Food Production

nat res income

Empty an food cons

Food needs

Wetland crop production

Irrigation crop production

Food need per hh

Food needs hh size

food security index

Cash

Cash

Number of households

Cash inflowCash outflow

Pension

Child grant

offfarm wage

Non food exp per person

Non Food Exp

Total irrigation input costs

Total wetland crop input costs

income index

poverty line

Crop output prices

income index

food security index

Non Food Exp

Food purch

Food purch

Annual food consumption

Annual food needs

annual cycle

Empty an food needs store food needs

Annual food security

Community well-being
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External drivers and management scenarios

• External drivers scenarios:

� Climate changes (rainfall, ETP)

� Population dynamics (natural growth and emigration rate)

� Alternative sources of livelihoods (external income, 
ecotourism, social transfer)

• Management scenarios:

� Rehabilitation of irrigation schemes (irrigation efficiency)

� Alternative crops and reduced drainage in the wetland
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Results

23:10    jeu 4 fév 2010

Variation of groundwater level and percentage of wetland area

Page 1
1.00 39.75 78.50 117.25 156.00

Months

1:

1:

1:

2:

2:

2:

718

719

720

0

1

1

1: Wetland GW level 2: pct nat wet

1

1

1

1

2

2

2

2

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

food security income index

Simulation of past evolution
1994-2007



LandMod 2010, Montpellier, 5 Feb. 2010

Conclusion

• Modeling was a good way for fostering inter-disciplinary dialogue 
and identify knowledge gaps

• Stakeholder involvement was minimal, but we intend to do better in 
the next phase

• Data availability to calibrate and validate = a challenge
• Difficulty to translate narratives about past land use changes into

quantitative decision rules
• Possible developments of the model:

� Improved land use decision rules
� Feedback from well-being to population dynamics
� Link biomass production to hydrology
� Add organic matter dynamic

• Planned uses of the model

� Trade-off analysis: supporting development of wetland
management plan with stakeholders

� Combined use of WETSYS and a role-playing game
(WetWAG)
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