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Identifying and quantifying planetary boundaries that must not be transgressed could help prevent human
snmental chal argueJohan Rockstrim and colleagues.
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Critical transitions or regime

shifts

|

Conditions

Ecosystem state



Valuable Ecosystem Services Loss of ecosystem services

(Desirable) » (Undesirable)
1 4
-«
coral dominance state shift algal dominance
2 3
« overfishing, coastal * disease,
eutrophication hurricane

turbid water

* phosphorous accum- < flooding, warming,
ulation in soiland mud  overexploitation
of predators

« fire prevention  good rains, continu-
ous heavy grazing




Regime shifts in the Earth system; then
humanity’s period of grace —the last 10,000 years

4 glacial cycles reccrded in the Vostok ice core
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Change depletion
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Ocean
acidification

Global
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Climate Change Ozone depletion

< 350 ppm CO, < 1W m? < 5 % of Pre-Industrial 290 DU
(350 — 500 ppm CO, ; (5 - 10%)
1-15Wm?)

Biogeochemical
loading: Global

N & P Cycles
Limit industrial
fixation of N, to 35
Tg N yri(25 % of
natural fixation)
(25%-35%)

P < 10x natural
weathering inflow to

| Atmospheric
) Aerosol Loading

Ocean acidification
Aragonite saturation
ratio > 80 % above pre-
industrial levels
(> 80% - > 70 %)

Oceans
(10x — 100x)
Rate of Global Freshwater Use
. . . 3/ r
Biodiversity Loss <4000 km®/y
<10 E/Mysy (4000 — 6000 km3/yr)
(< 10 - < 1000 Land Syste e
E/MSY) Change Chemical Pollution
<15 % of land Plastics, Endocrine Desruptors,
under crops Nuclear Waste Emitted globally

(15-20%)



| and: a natural resource that will soon becom
scarce

Increasing competition between food, fuel,
fiber, living space, green space

e Asian agricultural companies encouraged to buy
land abroad

 Offshore land acquisition by oil-rich but food-
POOr countries




In 2000:
- Cropland: 1,510 Mha
- Land reserve: <700 Mh@either rainforests, nor protected area

_ > 50% new cropland
By 2030: expansion in natural forests

- Cropland needed: 200 Mha

- Industrial forestry: 25 Mha

- Bioenergy: 300 Mh&250 - 600)

- Land loss to urbanization: 50 Mha
- Land degradation: 150 Mha

Total 725 Mha < 700 Mha
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Causes of tropical deforestation

Infrastructure extension

Transport
(roads, railreads, etc.)

Markets

ipublic & private, e.g. sawmills)
Settlements

{rural & urkban)

Public Service

{water lines, electrical grids,
sanitation, etc.)

Private Company
(hydropower, mining,

oil exploration)

Agricultural expansion

Permanent Cultivation
(large-scale v, smallholder,
subsistence vs.commercial)

Shifting Cultivation
[slash & burm ws.
tradlitional swidden)

Cattle Ranching
I[Iarge- scale vs.smallholder)

Colonization
fincl. transmigration
& resettlement projects)

Wood extraction

Commercial

[State-run, private,

growth coalition, etc.)
Fuelwood

(mainly domestic usage]
Polewood

(mainly domestic usages)
Charcoal production
{domestic & industrial uses)

Other factors

Pre-disposing
environmental factors
{land characteristics, e.q. soil
quality, topography, forest
fragrmentation, etc.)

Biophysical drivers
{triggers, e.g. fires, droughts,
floods, pests)

Social Trigger Events

{e.g, war, revolution, social
disorder, abrupt displacemeants,
economic shocks, abrupt policy

shifts)

Demographic factors

Matural Increment
ifertility, mortality)

Migration

{infout migration)
Population Density
Population Distribution
Life Cycle Features

Economic factors

Market Growth

& Commercialisation
Economic Structures
Urbanization

& Industrialization
Special Variables

l2.g. price increaseas,
camparative cost
advantages)

Technological factors

Agro-technical Change
[e.0. infextensification)
Applications

in the wood sector

[2.0. mainly wastage)
Agricultural
production factors

& Institutional factors

Formal Policies
(2.6.0h econamic
development, credits)

Policy Climate
(2.g. corruption,
mismanagement]

Property Rights

(e.q. land races, titling)

Cultural factors

Public Attitudes,
Values & Beliefs

[eg. unconcearn about
forest, frontier mentality)

Individual

& Household Behavior
[eg. unconcern about
forests, rent-seeking,
imitation)

Underlying causes

Geist & Lambin,Bioscience (2002)




Bad governance: a leading cause
land degradation and tropical
deforestation

» Misguided policies, policy failure

* Poor enforcement of land use regulations and
property rights

 lllegal timber trade

e 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, Vietham, Bhutan, Costa Rica, El

Salvador, Dominican Republic, Panama...




Forest
transition

-~ |cropland

|

transition

|

~__— |forest covel

Time

triggers positive feedbacks negative feedbacks




Borlaug hypothesis

Increasing the productivity of agriculture on thetidasmland
can help control deforestation by reducing the demandéw
farmland

Crop
yields

Time




Evidence for land sparing

e Global scale: 1961-2000: food production increased by 2.3 whi

cropland area increased by only 12%

e National scale: Most countries with greatest yield increase are

notthose with a contraction of croplandiess: increased imports of

grains or conservation set aside programs

» Local scale: Rice cultivation + abandonment of uplangssus

expansion of soybean or oil palm plantations

Rudel et al.PNAS (2009)




Pathways of forest
transition

Economic development pathEconomic development creates
enough non-farm jobs to pull farmers off of thedathereby

Inducing the spontaneous regeneration of foresigdifields

Forest scarcity path: A scarcity of forest products and a
decline in ecosystem services (e.g., floods) prempt

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
(1) integrate marginal social groups
(i) promote tourism or foreign investments

(iv) assert control over remote territories

Globalization path:

(1) Neo-liberal economic reforms: free trade, spézation
(i) Labour out-migration, remittances

(i) Growing tourism, land acquisition by expatea

(iv) Diffusion of nature conservation ideology

Lambin & Meyfroidt,Land Use Policy (2010)




Smallholder, tree-based land use intensification gh:

« Marginal regions with smallholder agriculture: descape
mosaics with “anthropogenic” or “domestic” forests

« Agroforestry systems, fruit orchards, secondancessions,
wood lots, abandoned pastures, gardens, hedgerows

e Conservation value; provide multiple ecosystemnvises
* No decline in rural population or agriculture

« Smallholders decrease their vulnerability & guaeartheir
livelihood throughecological and economic diversification

Lambin & Meyfroidt,Land Use Policy (2010)
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Reforestation In Vietham

Vietnam forest cover

m MARD Estimate

l W Maurand, 1943

W Bernard and De Koninck, 1998; Colling et al., 1991
® FAD 1955

& FAD-FRA 1980

[ # FAD-FRA 1390

FAQ-FRA 2000
» FAC-FRA 2005
| +GDLM

GDLA-GLI 2000
AFIPLNFI
AFIPLFPD

N & FIPI
W'/CF

UM [and cover & GLC-2000
m Tottrup et al., 2007

I
S 2
D D
T T

1T 1
v O O
T

S & &
A e

O
-
D

T

Meyfroidt & Lambin, GCBiol (2008)




. Natural forest regeneration
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Legend
stable non forest

| afforestation / artificial reforestation

| natural regeneration

stable plantation

deforestation
stable natural forest

sea

Elevation (m asl)
High : 3084




Growing timber
Imports

- Increase in processed wood |
Imports

e Increasing imports of illegal
timber
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Displacement of deforestation abroad

Displacement = 40 % of 1987-2006 forest regrowth

About 80% of it exported as value-added products
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Meyfroidt & Lambin,PNAS (2009)




Causes of displacement

Policy-induced leakage = 60 % of displacement

Demand-driven displacement = 40 % of displacemen

Sources of wood used in Vietham

B Demand-driven leakage

O Policy-induced leakage

O Domestic supply - other sources
B Domestic supply - natural forests

1995 2000

Meyfroidt & Lambin,PNAS (2009)




Halting deforestation?

Forest area Theforest transition




... or accelerating a land-use transition

Forest area Theforest transition




transition:

1. Improvinggovernance fighting corruption

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

3. Developingoublic participation in
environmental planninge(g., community forest
management)

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

5. Providing mor off-farm employmen




Motivations to modify
land use practices?

Capacity to adopt new
land use practices?

o —A. j--. 1 -~ -~ - - r“ e
S T = P AT e ey T
||-|. i .-I = |- o - - o ks i e = e LA
A B T ’.-'-... i = TR, A ‘u—ﬂl-' 2t H P ! gt b,
oo, _'l"l_-r.__-jl 'I."l-'.::%- i '. - e J-I":-...\. ! l-lh -._::‘-l oy .|_ e L -' '. i .|TI ..i-lll' = By o] ".
[ “'_....""'hJ'." L'r":'.' . 1;. i ..E-\.'H---'-"'."q- "r‘-‘ 5 _ﬂ.uﬂ} ". b et T e T ! I.,\_wq_* T one’ a
=T, ,h:‘“ i B e M IIl' e, g e e B i b L e e e Lt .':'" " -
r L NN - ﬂl"- ‘ ok aile [ N -E- 1, "'\. o o BELP et
3."' 1 Ny row - ".r\- '.\'.\_!'“' = T -'-;-'.Pf"'u-“"_‘h e LI R o i
e = - .‘ ;i‘l =l i e e L o ol - - L T g llll..
P '_-"\'" '|.!'-" T : T' 5 " = ol T . = T 2 | " o -

x O r .“"l- S  -En = ay K o o, = 1'\-r_.-'“-d l.‘_Il e .=

" 5 g — L - ) h o g~ ¥l g P 1 *h-_r’-
e o el e S = e P

B '\-'\"'\-‘l“' 1 1 b ’ 1o -\jll' - T B .= .

LH_.:|._ x £ - X g F oy g R < I L g fll'l-—r-. .
Lot i ‘I "l"_f -"ﬂ.:- = .- o _'_ﬂ" rl L] T b 3 -



