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by functional species

Yield increase from 40 -> 400 -> 4000 kg food\ha
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beauty, recreational, educational
cultural identity

agri- disease regulation

fish, meat, pollination

food, fiber, fuelwood, freshwater
C-seq, soil formation, flood control

A .. Scil fertility, Corg, waterretentior
original detensinadasbe  ; iyrification Hutrient recyclin
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Climate Climate

Lnatural  reauiaton 2 extensive reguiation
Food Energy Food Energy
Soil
Soil protection
protection Freshwater Climate Freshwater
regulation
Food
Energy
Soil Freshwater 3 Intensive

protection




Human demands double
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Demands 2000-> 2050:

= 1.5 x global population
= 3 X income per person

= 2.0 x food demand
= 1.6 x fish demand
= 1.4 x wood demand
= 2.5 x energy use

Sources: OECD, IEA, FAO,

Cork et al,
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Biodiversity 2010: 70% s fsiasy

S

Biodiversity in 2010 (MSA)

MSA (%)
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Biodiversity in 2050 (MSA)

MSA (%)
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Pieces of one puzzle

win - lose

win - win
D
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biodiv lose -> production win ==
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Poverty conc in 3 production
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stages

Hunting & gathering

Low productive agriculture (grazing, forestry, fisheries, ..)

0% |- Degrading ecosystems

_| . @j < —
| | |
0 >0/4oo > Kg food/ha/y 4000

0%\ 7




Systems vulnerable for
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degradation & poverty -

Vulnerable ecosystems
* Dry

+ Cold/hot

* Poor soils

+ Sloops

* Mineral/biotic assets

Vulnerable societies

* High pop dens & growth
* High poverty

* No skills

* No technics&inputs

* No institutions

* No enforcement

* No owners

+ Low cost land

- Conflict

Societies in transition
* Hunters gatherers

- Extensive production
+ Intensive production

0% - Degrading ecosystems

0%\ T o> ——
| | |
v 400 " Kg food/ha/y 4000




Key dilemma:
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ex or intensification? = “iifregFation or segregation?

Area required to produce 40 kg food, and remaining biodiversity

Hunting & gathering Extensive agriculture  Intensive agriculture

Sy

Biodiv loss inside production area,
But gain outside production area

dilemma
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1. Biodiversity loss unavoidable for eradicating poverty
2. If converted, do it the most productive way (eco-efficiently)

3. Avoid degradation, safeguard capability o produce biomass (soil orgc)

biodiversity

1stinterval Win-lose




Mainstream requires a

clear direction
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Do's and dont's:

1. Increase productivity (agri, grazing forestry, aquacult.) — ------="7""""""77777=-~ -.

2. Decrease input per output (water, P, N, energy, ..) .

5. Change diet (less meat)

6. Protect remaining natural area

Relationship Biodiversity - Poverty S

S S . GDP per capita ———»

S

Current agri area: 40 mIin km2 (20 mIn km2 reserve)
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"Fishing down the foodweb

(Pauly, 2001)"
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We also convert, plough, burn, log, hunt and pollute down
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Species

i Species
Species P m abundance

abundance abundance
M M A
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ange Range in intact ecosystem

intact intact ecosystem

abcdefgh , Xyz abcdefgh Xyz wefgh / Xyz

original species of ecosystem original species of ecosystem Red |_| St original species of ecosystem

Mean Species Abundance (MSA)




Lose - lose:
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degrading systems

130 mIn km2
Global terrestrial surface

Remaining natural area (130)
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Degradation a serious threat
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Global terrestrial surface
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Degradation a serious threat
130 min km2

Global terrestrial surface

Remaining natural area (50)

Potential agri (20)
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130 mIn km2
Global terrestrial surface

Remaining natural area (45?)

! !

Potential agri (20)
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Biodiversity in 2030 (MSA)

MSA (%)
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Vulnerable ecosystems
- Dry

* Cold/hot

* Poor soils

- Sloops

ineral/biotic assets

win - lose

Vulnergble societies . .
win - win

win - neutral

- No owners

* Low cost
lose - lose * Con win - lose
Societies in transition e
. l—lnﬁEr;s_gaj_he_cerc
° ExtenSive pf‘OdUC'ﬁon GDP per Capita —_>

- Intensive production
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win - lose

win - win

Biodiversity ——

win - neutral
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GDP per capita ———»
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Degradation 10-20 min km?2
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Mainstreaming sectors
A




Historical human induced
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alleviation

African re-greening initiatives (siides chris Rreij)

Draft Land Use / Land Covér of West A'frica
Occupation / Utilisation des Terres en Afrique de I'Ouest

Land Use / Land Cover for the year 2000 / Situation de I'Occupation des Terres de I'Année 2000
Resolution / Résolution 2 km

Land Use - Land Cover Classes / Classes de I'Occupation - Utilisation des Terres /

[ Steppe (4) D Agricutsire / Zone do Cutture (2)
_ Savannas / Savanes @) ,
o s A [ imomtos Agricumure  Zone o Cuture imgue (14)
Tre Savannss  Savanes Arbosben [ oo 5o 50k Drtin 1)
Wooded Savanass and Woodlands |
Savanes Bosées et Foréts Claves [ ancy Avoa sertaces Satieuses (10)

- Forest/ Fordt (1) - Rocky Terrain / Torrains Rocheus (11)

IR 0c5ro:c1 Forost 1 Foret degrade 21) (I o - ocspisn £ Praino maeocageuse - Valéo inondatie )

B oo Fomst ot gubwiatoanation ricote (1) [ Vester Bodves 1 Plans oo )

RE-GREENING SUCCE i —
[ — [ S
NIGER MARADI AND ZINDER |
MALI SENO PLAINS
BURKINA FASO  YATENGA REGION el T

ETHIOPIA TIGRAY REGION T s




Until the 70ies massive degrading ecosystems
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1. Revive underground forest & seeds
2. Plant frees

3. Create water & wind barriers

4. No free goat and sheep grazing

5. Safeguard & manage trees
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Re-greening

s Half milllom a of farmer managed re-greening
i = DT e AT, e
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1.
2.
3.
4.
D.
6.
7.
8.
9.

Trees fertilize 150 N/ha/y

Higher Soil org C

Less wind exposure

Less sun exposure

Lower temperatures (- 6 C)

Higher soil furbation & aeration (termites)
Higher soil moisture

Higher groundwater tables

Higher water retention

Higher food production ( >100 -800 kg/ha/y)
Higher food & water security (no deficits)
Higher (fuel)wood production (2.5 hr -> 0.5 hr)
Higher societal organisation & cohesion

1.
2.
3.
4.

-> Restarting the ecosystem
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= 5 million ha re-greened in 20 years (size Netherlands)_
= Only labour for protection, no investment costs
= 200 million new trees

Arrange exclusive users rights

: Adlelonally
—2.5 million people fed




Who did it? Indmdual mnova’rors mouth ’ro mouth
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African re- greenlng Initiatives

Draft Land Use l Land Cover of West Africa
/ . Occupation / Utilisation des Terres en Afrique de I'Ouest

Land Use / Land Cover for the year 2000 / Situation de I'Occupation des Terres de I'Année 2000
Resolution / Résolution 2 km

Land Use - Land Cover Classes / Classes de I'Occupation - Utilisation des Terres

/

[ stempe E Agricuiure / Zone do Cuture (8)
Savannas / Savanes (2) e
e L s [ imomos Agricunure 1 Zone o Cuture Imuée (14)
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‘Wooded Savannss and Woodlands /
Savanes Basées ot Forbts Clares [ ancy Avoa surtaces Satieuses (10)
- Forest/ Fordt (1) - Rocky Terrain / Terrains Rochews (11)
I 0c5r201 Formst 1 Foret degrasee 21) I 0o - ocspisn { Prairo macscageuse - Valéo inondatie )
I oo Fomst Forte gatwiatoamation ricote (15 [ Vester Bodes 1 Pians deau )
| X I sotemecss Havtaton (13)
- Mangrove (7) :l Open Mine / Carsére (78)
B roeson ) I v Cloud Shacow / Nusge-Orrtre de nusge (99.56)
—
N
i
- \
+
Scale / Echelle 1 : 4 250 000 1 \
N — h ! A
Draft 0 50 100 200 300 400 e =1
ap rodced s Noventar 2087 Kilometers / Kilométres == ]
Carte Elatiobe a0 Harvarmbcs 2007 . \,y/







Planting pits

Stone contoure bunds
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biodiversity

I1stinterval Win-lose
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/. Scaling up: Challenge
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1. forest use rights

2. favorable agri policies
3. build a movement

4. expand in:

5. Multiple win:




/. Scaling up: re-greening partners
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Competing landclaims & degradation

2050 Land use per ecosystem type  Million km?

forest A

¢ Temporate

17 baseline

Sub-tropical
- Tropical 17
+6
\ Boreal 21
Grassland 19
steppe
:
o
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Shrub : 2 6;
savannah +
i
Ice tundra 32
Desert ;
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Bl Akkerbouw 1 Inpotentie geschikt voor akkerbouw en begrazing +
D Veeteelt D Wereldlandopperviak

. Niet geconverteerd gebied (bosbouw) 2
;‘ Beschermd gebied } Verschillende ecosysteemtype 1 3 2 km

Bl stedelijk gebled en infrastructuur




2050 Land use per ecosystem type

¢ Temporate
Sub-tropical

forest { Tropical

\ Boreal

Grassland
steppe

Shrub
savannah

Ice tundra
Desert

- Akkerbouw

[ veeteelt

Bl viet geconverteerd gebied (bosbouw)

0%

;‘ Beschermd gebied

Bl stedelik gebled en infrastructuur

bm s == s

Competing landclaims & degradation

Million km?2

I-plan’ra‘rion +1

25%

S0%

D Wereldlandopperviak

! } Verschillende ecosysteemtype

75%

100%

':___: In potentie geschikt voor akkerbouw en begrazing +
I

132 km?

5 min km? Degraded 10-20?
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Historical population estimates over the Holocene (10,000 B.C - 2,000 A.D.)

million
. — North America
6000 — . | atin America
: —— Europe
2000 Africa
4000 — — (IS
Midde East
3000 ; e
2000 — - Qceania
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1000 —
0 | | | e
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Findings of biodiversity - poverty connection from literature

Biodiversity
High — 1.Win-lose
= 2.Lose-lose
= 3. Shift from win - lose
to lose - lose
4. Shift from win - lose
4 to win - win
2 5. Win - win neglecting
\ footprint
7 = 6. Win - win by
policies
6 = 7. Win more - lose less

Low

High Low
Poverty
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Hypothetical courses of biodiversity and poverty

Biodiversity

High| A

Low

High Low
Poverty

Win - neutral / lose less

Marking points of
development paths

Determinants:
Brittleness ecosystem

* Fertility

* Ecosystem extent

* Population dens & growth

* Skills

* Migration

* Income re-distribution

» Access to capital

* Access to land

» Market integration

* Productivity land & labour

* Paolicies (expansion, intensification)
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Various hypothetical biodiversity - poverty pathways

Biodiversity
High Vulnerability Brittleness
socio economic ecosystem
system

- High High

-  Low High

— High Low

4 w— Low Low

Low

High Low
Poverty
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1. Further improve insights -> quantitative model
2. Relevant spatial & temporal scales

3. Add services next to goods (optimisation)

4. More policy-theory (options)

5. Resilience and collapse, vulnerability/probability
6. Take urban poverty into account

7. Limit determinants & standardize indicators and evaluation
framework

Method:
« Donotsetupowncases - too time and means consuming

I « Cooperate in 6 on-going cases or finalised cases for 3 archetypes .
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- independent nbh

O cities

° small settlements
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Hunter & gathers  Self-subsistence  Modern

natural extensive intensive
_/_\ ]
Anpoor N A consumption 5
3 : \\ l )(
. \
commodoties 4

2 major mechanisms:

T — 1. Poverty driven
consenion A\ migaon A inensification 2. Capital driven
¥ = _ - and 2 major boosters:
Y biodiversity 1 Conflict
2. Bad governance
R cities
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Promote migration to the cities

Increase and guarantee farmer's income

Pay for environmental services (goods vs services)
Establish social security acts and income redistribution
Increase cost of raising child

Intensify, intensify, intensify

Technology transfer, education

NoOOhwn e

Solve western consumers and growth paradigm

1. Limit consumption growth or

2. Limit economic growth -> biodiversity utilisation space?
3. Change consumption pattern or ‘redefine succesfullness'’

Stop unsustainable use

1. PES

2. Nationalise?

3. Forbid or punish depletion

4. Set a minimum natural capital level
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biodiversity
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Baseline 1970 Biodiversity in 1970 (MSA)

MSA (%)
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[ <0- 100
Source: MNP/OECD 2008
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BGSZI ine 2000 Biodiversity in 2000 (MSA)

MSA (%)
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Baseline 2050 Biodiversity in 2050 (MSA)

MSA (%)
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Baseline: 10% loss MSA 2000 - 2050

Global MSA in baseline scenario

MSA (%)
= Biomes
1 | Boreal forest
80 I Temperate forest
1 - Tropical forest
Eo=] Grassland and steppe
- Scrubland and savannah
— ﬁ Ice and tundra
B , - Desert
s \ Species-rich
ecosystems

0
I Potential 1700 1800 1900 2000 2050 =15 x USA ]
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/ options

1. Increase agri-productivity (closing yield gap + 40%)

2. Reducing food loss (farm to fork -33%)

3. Change diet (healthy meat diet, no meat) d+

4. Mitigate climate change to + 2°C (with 25% & without biofuels) > compare 9
BAU scenario

B. Improve forest management (wood plantations 40% + RIL)

6. Reduce deforestation (ho loss C-rich forest)

7. Expand protected areas (20%-50% per biome))

+ Option combination (ambitious but feasible)
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option: 5% loss MSA 2000 - 2050

Global MSA in baseline scenario

MSA (%)
= Biomes
| | Boreal forest
80 I Temperate forest
1 - Tropical forest
Eo=] L] Grassland and steppe
- Scrubland and savannah
— ﬁ Ice and tundra
B - Desert
20

0
I Potential 1700 1800 1900 2000 2050 = 0,7 x USA ]
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Pressures driving global biodiversity loss, 2000 - 2050

MSA (%)

Pressures

- Crops, energy crops
and pasture

- Forestry

- Infrastructure,
encroachment and
fragmentation

|:\ Climate change and
nitrogen deposition

NN

-10 —

42—
Baseline scenario Combination of options







2050 baseline




2050 option combination:
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Key questions:
1. what could 15% restoration contribute?
2. 15% FROM WHAT ?

........ How much is degraded?

Not known..??!
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How do biodiversity
and poverty relate?
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Competing landclaims & degradation

2050 Land use per ecosystem type  Million km?
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2050 Land use per ecosystem type
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Key questions:
1. what could 15% restoration contribute?

-> Global potential maps: (a quick look) M
Biodiversity

NPP Soil related
Org C store (climate) >
Water retention, floods & droughts
Temperature fluctuation

Food & fiber productivity D
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=mic. Global Greenness Pattern by Annual Sum NDVI (1981-2006
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IS‘“C Global Changes in Greenness by Annual Sum NDVI (1981-200¢
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Change in river discharge % &
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LPJ model, Rost et al 2008
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Absolute change in living Carbon o,
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Living Carbon

B 729315000 [ 93 10n
P 1499910000 [ 101 - 2,500
] -9999-5000 [ 2501 - 5,000
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Flooded area Affected GDP per year Affected people per year
reference 2010 reference 2010 reference 2010
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1:30 return period

water depth in meter [l -6 affected GDP affected people

<1 s [ ] <s75000 \ [Jes

-2 | k&) [T $75.000 - 150,000 e [ e3-127 7
-3 | ER [ $150,000 - $300,000 B 127 -255

B s-4 | BB I $300,000 - $1,000,000 total GDP : $19.6 billion B 255575 total population 163,553,700
s | Bl I > 1,000,000 ::'m“;:"mgf:, P I 575 - 100295 affotod population: 1007639

percentage of population affected: 1.1%

Once in 30-year flood Affected GDP per year  Affected people per year




Flood risk 2050
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Flooded area
echam 2050
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Change in affected GDP 2010
echam 2050

affected GDP
Jo

I -3.086.749 - -1,500
[ -1,490.999999 - 0
[ Jo-7963837402
[ | 7.963.837403 - 59,743 26563
[ ] 59.743.26564 - 246,628.125
I 246 628.1251 - 832,899.25
I 32,899.2501 - 500,433,024

Change in affected people reference 2010
echam 2050

affected people
o

[ -5.825.780762 - -385.2879653
[7] -385.2879652 - -83.0383655
[ ] -83.02836549- 0

[ Jo-200

[ 200.0000001 - 1,125.960034
[ 1,125.960035 - 2,637.208033
I 2637208034 - 71,247.86719

Once in 30-year flood

Results: change in ECHAM

Affected GDP per year

2050 scenario

Affected people per year




Absolute change in NPP

with & without agriculture
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Netto Primary Production . =
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~40 million km2 productive land in use (giobal total 132 million km2)

~20 million km2 productive land in reserve (forest & savannah)

Additional claims at productive land by 2050:
~2-10 million km2 expansion of agriculture
~5-10 million km2 expansion of forestry & fuel crops
~3- 6 million km2 protected area
~2- 4 million km2 degraded (?) +
~12-30 million km2 = potential demand

~15-20 million km2 already degraded in the past (?)
~9-12 million km2 restored and productive by 2050 (?)
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