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• overfishing, coastal 
eutrophication

• phosphorous accum-
ulation in soil and mud

• fire prevention
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state shift

• disease,
hurricane

• flooding, warming,
overexploitation
of predators

• good rains, continu-
ous heavy grazing

coral dominance

clear water

grassland
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algal dominance

turbid water

shrub-bushland

Valuable Ecosystem Services           Loss of ecosystem services
(Desirable) (Undesirable)



Regime shifts in the Earth system; then

humanity’s period of grace – the last 10,000 years
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Climate Change
< 350 ppm CO2 < 1W m2

(350 – 500 ppm CO2 ; 
1-1.5 W m2)

Ocean acidification
Aragonite saturation 

ratio > 80 % above pre-
industrial levels

(> 80% - > 70 %)

Ozone depletion
< 5 % of Pre-Industrial 290 DU

(5 - 10%)

Global Freshwater Use
<4000 km3/yr

(4000 – 6000 km3/yr)

Rate of 
Biodiversity Loss

< 10 E/MSY
(< 10 - < 1000 

E/MSY)

Biogeochemical 
loading: Global 
N & P Cycles
Limit industrial 

fixation of N2 to 35 
Tg N yr-1(25 % of 
natural fixation)

(25%-35%)
P < 10× natural 

weathering inflow to 
Oceans

(10× – 100×)

Atmospheric 
Aerosol Loading
To be determined

Land System 
Change

≤15 % of land 
under crops

(15-20%)

Chemical Pollution 
Plastics, Endocrine Desruptors, 
Nuclear Waste Emitted globally

To be determined
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Land: a natural resource that will soon become

scarce

Increasing competition between food, fuel, 

fiber, living space, green space

• Asian agricultural companies encouraged to buy 

land abroad

• Offshore land acquisition by oil-rich but food-

poor countries



Land full by ± 2030In 2000:

- Cropland: 1,510 Mha

- Land reserve: <700 Mha(neither rainforests, nor protected areas)

By 2030:

- Cropland needed: 200 Mha

- Industrial forestry: 25 Mha

- Bioenergy: 300 Mha(250 - 600)

- Land loss to urbanization: 50 Mha

- Land degradation: 150 Mha

Total 725 Mha < 700 Mha

> 50% new cropland 
expansion in natural forests



Causes of tropical deforestation

Geist & Lambin, Bioscience (2002)



Bad governance: a leading cause of 
land degradation and tropical 

deforestation

• Misguided policies, policy failure

• Poor enforcement of land use regulations and 

property rights

• Illegal timber trade

• Forest protection/reforestation offset by 

displacement to other countries (leakage)

Geist & Lambin, Bioscience (2002)



Mix of good policies, economic

reforms and cultural changes can

restore forests and spare land

« Forest transition », « forest resurgence »:

China, India, Vietnam, Bhutan, Costa Rica, El 

Salvador, Dominican Republic, Panama...
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Borlaug hypothesis

Increasing the productivity of agriculture on the best farmland

can help control deforestation by reducing the demand for new 

farmland

Time

Crop 
yields

Cultivated
area

Crop 
prices



Evidence for land sparing

• Global scale: 1961-2000: food production increased by 2.3 while 

cropland area increased by only 12%

• National scale: Most countries with greatest yield increase are 

not those with a contraction of cropland Unless: increased imports of 

grains or conservation set aside programs

• Local scale: Rice cultivation + abandonment of uplands versus

expansion of soybean or oil palm plantations 

Rudel et al.,PNAS (2009)



Pathways of forest 
transition

Economic development path:Economic development creates 

enough non-farm jobs to pull farmers off of the land, thereby 

inducing the spontaneous regeneration of forests in old fields

Forest scarcity path:A scarcity of forest products and a 

decline in ecosystem services (e.g., floods) prompts 

governments and landowners to plant trees

Rudel et al., GEC (2005)



State forest policy path:Changes in national forest policies 

modify management practices on forests. Motivations: 

(i) modernize the economy

(ii) integrate marginal social groups

(iii) promote tourism or foreign investments

(iv) assert control over remote territories

Globalization path:

(i) Neo-liberal economic reforms: free trade, specialization 

(ii) Labour out-migration, remittances

(iii) Growing tourism, land acquisition by expatriates

(iv) Diffusion of nature conservation ideology

Lambin & Meyfroidt,Land Use Policy (2010)



Smallholder, tree-based land use intensification path:

• Marginal regions with smallholder agriculture: landscape 
mosaics with “anthropogenic” or “domestic” forests

• Agroforestry systems, fruit orchards, secondary successions, 
wood lots, abandoned pastures, gardens, hedgerows

• Conservation value; provide multiple ecosystem services

• No decline in rural population or agriculture

• Smallholders decrease their vulnerability & guarantee their 
livelihood through ecological and economic diversification

Lambin & Meyfroidt, Land Use Policy (2010)



Reforestation in Vietnam

1991

Meyfroidt & Lambin, GCBiol (2008)



Plantations

Natural forest regeneration



Growing timber 

imports

• Increase in processed wood 

imports

• Increasing imports of illegal 

timber

From EIA / Telapak



Displacement = 40 % of 1987-2006 forest regrowth

About 80% of it exported as value-added products

Displacement of deforestation abroad

Meyfroidt & Lambin,PNAS (2009)



Policy-induced leakage = 60 % of displacement

Demand-driven displacement = 40 % of displacement

Causes of displacement

Meyfroidt & Lambin,PNAS (2009)



Halting deforestation?

Forest area

Time

The forest transition



… or accelerating a land-use transition

Time

Forest area The forest transition



transition:

1. Improving governance, fighting corruption 

2.  Decentralizing forest management with a 
concomitant increase in the local capacity to 
enforce law (e.g., in protected areas)

3.  Developing public participation in 
environmental planning (e.g., community forest 
management)

4.  Designing institutional instruments such as 
payments for ecosystem services to increase 
forest rent (protective & extractive)

5. Providing moreoff-farm employment 



??
Environmental 

information?

Motivations to modify
land use practices?

Capacity to adopt new
land use practices?


