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1. The big picture: 10,000 BC up to 2050
2. Global change

3. Approaching local & planetary limits?

4. Questions of ultimate urgence
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human development 10,000 BC to 2000 AD

Historical population estimates over the Holocene (10,000 B.C - 2,000 A.D.)
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Eana use in ’rﬂe past 3000 BC

Grazing &

cropland Igridcell)

~ Jo-01 [ 21-40
~ Jo11-5 [ 41-60
= Us51-20 61 -85




0 AD

Grazing &
cropland

~ Jo-01 [ 21-40
~ Jo11-5 [ 41-60
= Us51-20 61 -85




1000 AD

Grazing &
cropland

~ Jo-01 [ 21-40
~ Jo11-5 [ 41-60
= Us51-20 61 -85




1700 AD

Grazing &
cropland

~ Jo-01 [ 21-40
~ Jo11-5 [ 41-60
= Us51-20 61 -85




1800 AD

Grazing &
cropland

~ Jo-01 [ 21-40
~ Jo11-5 [ 41-60
= Us51-20 61 -85




1950 AD

Grazing &
cropland

~ Jo-01 [ 21-40
~ Jo11-5 [ 41-60
= Us51-20 61 -85




Y
2000 AD

Grazing &
cropland

~ Jo-01 [ 21-40
~ Jo11-5 [ 41-60
= Us51-20 61 -85




Competing claims on land & assets

2010 Land use per ecosystem type  Million km?

r Temporate
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Competing claims on land & assets (baseline scenario)

2050 Land use per ecosystem type  Million km?
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Competing claims on land & assets (baseline scenario)

2050 Land use per ecosystem type  Million km?
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Sub-tropical 17
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Mean species abundance (as % of original) in 1970

n species abundance
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Zooming in:
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Mean speci

es abundance (as % of original) in 2000

n species abundance
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Zooming in:
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Mean species abundance (as % of original) in 2030
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Man transforms lanscape since 8000 BP
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Forest Grassland

Degradation...  or progress?
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Degradation...  or progress?

In general we:
de-vegetate
de-carbonate
de-hydrate
de-speciate

de-moderate

If badly managed:

de-plete

de-teriorate

Forest Grassland
Jorignar zpecies

Secondary vegetation w4 I
Function ;
- |
change | W
Agroforestry I —iLsistence agriculture
it -
5 I Intensive agriculture
Land degradation v
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Bron: PBL. 2009 Concept
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Greenness current/potential (ndvi)

Masked Normalized Difference Vegetation Index (NDVI) ratio

Legend

- <0.5 - 0.5 -0.6 D 0.6 -0.7 D 0.7-0.8 D >0.8 » degraded location
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Soil organic Carbon

Modelled potential soil organic matter

Legend

[] Nnodata [ ] <% [] 1-2% [ 2-3% [ 3-9% [ a-5% I s-0% I >10%
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Soil organic Carbon

Modelled current soil organic matter

Legend

D No data D <1% D 1-2% - 2-3% - 3-4% - 4-5% - 5-10% - >10%
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Soil organic Carbon

Modelled change soil organic matter

Legend

D No data - <0.25% D 0.25-0.5% El 0.05-1% D 1-2% - 2-5% - 5-10% - >10%
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Carbon sequestration & climate

Biosphere C emissions:

— Pre-1850 : 3206t C

— 1850-1998. 136 Gt C ./-55

— Total : 456 Gt C (401-511) 4 Gt C = 1 ppm CO,
Fossil C emissions isso-19s: 270 Gt C  +/-30 (~68 ppm)

Source: Lal (2004, 2008)

24 27-3-2012 | Kees Klein Goldewijk
BEO seminar
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Productivity change 1982-2010 (% npp/yr)

tNPP as percentage of NPP (percentage per year)
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Productivity change 1982-2010 climate corrected (% npp/yr)

nNPP as percentage of NPP (percentage per year)

AN
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Floods

% Q — % [ T B i v % [ o ;::;:::;:;;.
Flooded area Affected GDP per year Affected people per year
reference 2010 reference 2010 reference 2010

1:30 return period
water depth in meter [l 5-6

e I
(Em — i)
- .
X -
s | B

affected GDP

[ ] <s7s5.000

[ 575,000 - $150,000
[ 150,000 - $300,000

I $300,000 - $1,000,000 total GDP : $19.6 bilion

affected GDP: $2.2 billion
I > s1.000,000 percentage of GDP affected: 1.2%

affected people
e

[ e3- 127

I 127 -255

B 25575 total population: 163,553,700
affected population: 1,807,259

[ 575 - 100205 percentage of population affected: 1.1%

Once in 30-year flood

Affected GDP per year

Affected people per year
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Floods

@ — ik s

5

s

Flooded area
echam 2050

water depth in meter [l 5-6

Change in affected GDP 2010
echam 2050

.'%fv e

2

Rajsh¥
St ’\}Xb SN
) fﬂy tt a\) ox ¥
PG
= affected GDP (), affected people
[_Jo [_Jo
1:30 return period I -2.086,749 - -1,500 [ -5.825.780762 - -385.2879653

[ -1.490.099900 - 0

Change in affected people reference 2010
echam 2050

[ -385.2879652 - -83.0383655

<1 | R [ Jo-7s63837402 [ ] -83.03836549-0

1-2 | k& e Y \ [ | 7.963.837403 - 59,743.26563 ' [ Jo-200 =
- | ER X [ ] 59.743.26564 - 246,628.125 [ 2000000001 - 1,125.960034

-4 | EBU I 246.628.1251 - 832,899.25 I 1.125.960035 - 2,637.208033

s | U I ¢32.899.2501 - 500,433,024 I 2537208034 - 71,247.86719

Once in 30-year flood

Affected GDP per year

Affected people per year
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Climate change

Ocean
acidification

Land use

Ozone
depletion

Freshwater use

Phosphorus cycle
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Planetary bounderies?

LEITAP — TIMER — IMAGE — GLOBIO - EcoOcean models

Baseline scenario
» Population
« Economic growth Indirect drivers Pressures Effects
* Technology . Food demand - Land use change Biodiversity
* Lifestyle  Energy demand - Climate change » Ecosystem extent
\ . Ener : - N-deposition « Ecosystem quality
gy mix N
* Forestry >
* Wood demand EGS
. Eood trade * Infrastructure eI
Options: - fragmentation e
1. Closing yield gap C 'Tg e .
2. Post harvest loss . SNOFI>P epth & WHC
3.  Diet change (meat) * o _
4.  Improved forestry y ¥;/at(ejr aval(ljablllt);{quallty
5.  Reduced deforest * floods & droughts
6. CCM, bio-fuels * food & fish
7. Protected areas * timber
8.  Aqua-culture * bio-energy
9.  Liberalisation trade

Ben ten Brink , Belmont vs 21-10-2013
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Planetary bounderies?

Key policy question:
How far can we stretch global ecosystem transformation?

Baseline scenario
» Population
« Economic growth Indirect drivers Pressures Effects
* Technology . Food demand - Land use change Biodiversity
* Lifestyle  Energy demand - Climate change » Ecosystem extent
\ . Ener : - N-deposition « Ecosystem quality
gy mix N
* Forestry >
* Wood demand EGS
. Eood trade * Infrastructure eI
Options: - fragmentation e
1. Closing yield gap C 'Tg e .
2. Post harvest loss . SNOFI>P epth & WHC
3.  Diet change (meat) * o _
4.  Improved forestry ¥;/at(ejr aval(ljablllt;;{quallty
5.  Reduced deforest oods & droughts
6. CCM, bio-fuels * food & fish
7. Protected areas * timber
8.  Aqua-culture * bio-energy
9.  Liberalisation trade

Ben ten Brink , Belmont vs 21-10-2013
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Planetary bounderies?

Baseline scenario
» Population
 Economic growth Indirect drivers Pressures Effects
* Technology . Food demand - Land use change Biodiversity
* Lifestyle « Enerav demand « Climate change « Ecosystem extent

\ 9y : « N-deposition  Ecosystem quality

* Energy mix N N
* Forestry
/ * Wood demand EGS
. Eood trade * Infrastructure SR

Options: - fragmentation EGS h
1. Closing yield gap -Change
2.  Post harvest loss &
3. Diet change (meat) . . .
4.  Improved forestry -I;Ilpg)lr;gd pOL?tS
5.  Reduced deforest 00ds « droughts
6. CCM, bio-fuels * food & fish
7. Protected areas * timber
8.  Aqua-culture * bio-energy
9.  Liberalisation trade

Ben ten Brink , Belmont vs 21-10-2013



Modelling the future
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Planetary bounderies?

Baseline scenario
» Population
« Economic growth Indirect drivers Pressures Effects
* Technology . Food demand « Land use change Biodiversity
* Lifestyle  Energy demand - Climate change » Ecosystem extent

Fﬁ - Energy mix « N-deposition » Ecosystem quality

> .
% » Wood demand Forestry EGS
« Eood trade * Infrastructure N
Options: A - fragmentation EGS chanae
1. Closing yield gap g
2. Post harvest loss \ &
3.  Diet change (meat) - . .
4.  Improved forestry \ ~ Tlppmg pOIﬂtS
5. Reduced deforest * floods & droughts
6. CCM, bio-fuels 1."“Water + food & fish
7.  Protected areas 2. Food™ * imber
8. Agua-culture 3. Livelihoo@ (- - * bio-energy
9. Liberalisation trade 4. Economic developmefit®
5. Poverty alleviation

(o)}

. Migration/conflict
Ben ten Brink , Belmont vs 21-10-2013



Modelling the future
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Planetary bounderies?

Baseline scenario egradation
» Population
« Economic growth Indirect drivers Pressures Effects
* Technology . Food demand « Land use change Biodiversity
* Lifestyle  Energy demand - Climate change  Ecosystem extent

Fi - Energy mix « N-deposition * Ecosystem quality

% « Wood demand | « Forestry M EGS
« Food trade * Infrastructure >
Options: A - fragmentation
1. Closing yield gap EGS change
2.  Post harvest loss \ &
3. Diet change (meat) \ - .
4. Improved%orestry \ Tlppmg pOIﬂtS
5. Reduced deforest ~ * floods & droughts
6. CCM, bio-fuels 1. "Water * food & fish
7.  Protected areas 2. Food™ * timber
8.  Aqua-culture 3. Livelihood&® ~— * bio-energy
9. Liberalisation trade 4. Economic development® -
5. Poverty alleviation

(o)}

. Migration/conflict
Ben ten Brink , Belmont vs 21-10-2013
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Planetary bounderies?

Baseline scenario . : egra _ n
* Population Optimization estoratio
« Economic growth Indirect drivers Pressures Effects
* Technology . Food demand « Land use change Biodiversity
* Lifestyle - Energy demand « Climate change » Ecosystem extent

Fi - Energy mix « N-deposition * Ecosystem quality

> .
% « Wood demand Forestry EGS
« Food trade * Infrastructure >
Options: A - fragmentation EGS chanae
1. Closing yield gap g
2. Post harvest loss \ &
3. Diet change (meat) \ ; .
4.  Improved forestry \ ~ Tlppmg pOIﬂtS
5.  Reduced deforest * floods & droughts
6. CCM, bio-fuels 1."Water +food & fish
7.  Protected areas 2. Food™ * imber
8. Agua-culture 3. Livelihoo@ (- - * bio-energy
9. Liberalisation trade 4. Economic developmeft
5. Poverty alleviation

(o)}

. Migration/conflict
Ben ten Brink , Belmont vs 21-10-2013
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Modelling the future
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Planetary bounderies?

Baseline scenario . : egra _ n
* Population Optimization estoratio
« Economic growth Indirect drivers Pressures Effects
* Technology . Food demand « Land use change Biodiversity
* Lifestyle - Energy demand « Climate change » Ecosystem extent

Fi - Energy mix « N-deposition * Ecosystem quality

> .
% « Wood demand Forestry EGS
« Food trade * Infrastructure >
Options: A - fragmentation EGS chanae
1. Closing yield gap g
2. Post harvest loss \ &
3. Diet change (meat) \ ; .
4.  Improved forestry \ ~ Tlppmg pOIﬂtS
5.  Reduced deforest * floods & droughts
6. CCM, bio-fuels 1."Water +food & fish
7.  Protected areas 2. Food™ * imber
8. Agua-culture 3. Livelihoo@ (- - * bio-energy
9. Liberalisation trade 4. Economic developmeft
5. Poverty alleviation

(o)}

. Migration/conflict
Ben ten Brink , Belmont vs 21-10-2013
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Planetary bounderies?

Human behaviour

Baseline sk,EP.ILt.'.C\l,ans’ compagnies, people ( £ egra _ n
* Population ﬂ ptimization estoratio
« Economic growth 4 Indirect drivers Pressures Effects
* Technology / . Food demand « Land use change Biodiversity
* Lifestyle - Climate change « Ecosystem extent
Energy dqmand « N-deposition * Ecosystem quality
l‘ <. * Energy mix N
* Forestry

* Wood demand EGS

« Food trade * Infrastructure >
Options: A - fragmentation
1. Closing yield gap EGS change
2. Post harvest loss \ &
3. Diet change (meat) \ ; .
4.  Improved forestry \ ~ Tlppmg pOIﬂtS
5.  Reduced deforest * floods & droughts
6. CCM, bio-fuels 1. "Water -fpod & fish
7.  Protected areas 2. Food * timber
8.  Aqua-culture 3. Livelihoc_)ds — * bio-energy
9. Liberalisation trade 4. Economic development

5. Poverty alleviation

(o)}

. Migration/conflict
Ben ten Brink , Belmont vs 21-10-2013
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PBL Netherlands Environmental

Human behaviour

Baseline scciaiic
» Population
« Economic growth ¢

« Technology /

* Lifestyle

Optl ons:
Closing yield gap\

Post harvest loss
Diet change (meat)
Improved forestry
Reduced deforest
CCM, bio-fuels
Protected areas
Aqua-culture

©COo~NOOR~WDNE

Liberalisation trade

politicians, compagnies, people

A

Indirect drivers

Pressures

o egra n
Optimization estoratio

Effects

* Food demand

* Energy mix
* Wood demand
* Food trade

» Energy demand

* N-deposition
> « Forestry
* Infrastructure

« fragmentation

 Land use change
* Climate change

N

Economic v

aluation change

production -> function

1.

CUE B

(@)

Deficits

Desasters

Livelihoods

Economic development
Poverty alleviation

-

Biodiversity
* Ecosystem extent
* Ecosystem quality

EGS

N o a Y o W o Y

EGS -change
&
Tipping points
* floods & droughts

» food & fish

* timber
* bio-energy

. Migration/conflict
Ben ten Brink , Belmont vs 21-10-2013




Modelling the future

&5=3 PBL Netherlands Environmental
22y Assessment Agency

Planetary bounderies?

Human behaviour

Baseline proliticians, compagnies, people egra n
« Population ﬂ Optimization estoratio

« Economic growth ¢ Indirect drivers Pressures Effects
* Technology / . Food demand - Land use change Biodiversity
* Lifestyle . Enerav demand - Climate change - Ecosystem extent
gy . « N-deposition  Ecosystem quality
A l‘ <. * Energy mix N N
* Forestry
% « Wood demand EGS
) « Food trade * Infrastructure e
Options N - fragmentation EGS-ch
1.  Closing yield gap -Change
2. Postharvestloss | &
3.  Diet change (meat) Economic valuation change Tipping points
4. Improyed forestry production -> function P S
5. Reduced deforest N — 'fOOd S&&f_ hFOUQ ts
.*. Minor/major measures é g:gg;tts’ers . tﬁgber 'S
*. Synergies & trade offs 3 Livelihoode - bio-energy
*. Option packages 4. Economic developmérit: ===
» Forecasting scenarios 5. Poverty alleviation
6

« Back casting scenarios . Migration/conflict
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Change in global biodiversity per option compared to baseline scenario

Prevented MSA loss, 2000 — 2050

Expanding protected areas — 20%
Expanding protected areas — 50%
Reducing deforestation

Closing the yield gap

Reducing post-harvest losses
Changing diets — Healthy diet

Changing diets — No meat

Improving forest management —
High ambition
Mitigating climate change —
Without bio-energy
Mitigating climate change —
With bio-energy 25%

I T T I T I T I

-20 (IJ 20 40 60
% of baseline MSA loss

- Basic options
- Sensitivity variants

Change in global biodiversity of options expanding protected areas and reducing deforestation by 2030
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Change in global biodiversity per option compared to baseline scenario

Prevented MSA loss, 2000 — 2050

Expanding protected areas — 20% ( \

Expanding protected areas — 50%

Reducing deforestation

Closing the yield gap

Reducing post-harvest losses

> Options included in
combination

AANAA

Changing diets — Healthy diet

Changing diets — No meat

Improving forest management —
High ambition

Mitigating climate change —
Without bio-energy

A A

Mitigating climate change —
With bio-energy 25%

I T I T I T I T I
-20 0 20 40 60
%

% of baseline MSA loss

- Basic options
- Sensitivity variants

Change in global biodiversity of options expanding protected areas and reducing deforestation by 2030
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Pressures driving global biodiversity loss, 2000 - 2050

MSA (%)
o —
Pressures
1 }QS/ B Crops, energy crops
] and pasture
1 ‘\0( B rorestry
-4 — - Infrastructure,
. ) encroachment and
i fragmentation
! (}\((\ D Climate change and
. nitrogen deposition
- 50%
-10
-12 —

Baseline scenario Combination of options









Consequences
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Natural ecosystem
T

fr |
- . . _ .
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Restoration scenarios R

——

SOC increase over time

Increase of SOC in the 0-10 cm layer (literature),

filtered
30
y = 4.7197In(x) - 3.1264 °
o5 R?2=04986 o
©
< 9
[=)] ®
20
=3 o °
? 15 — ®
© [ ]
210 o . o
O ® ® ¢
& 5 |ahlead o ® _
0 ] T T ]
0 20 40 60
Legend: Years
sequestration > 0.25 Mg/ha
total dSOC > 7.5 Mg/ha

o Category (number)

Agronomic (19)
Management (25)
Structural (3)
Vegetative (3)

Combination (11)

Source: WUR, WOCAT
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Key process
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De-vegetate
De-corbonate
De-hydrate
De-speciate
De-plete
De-teriorate
De-sertificate

-> Ecosystem engine
stops

(b) STRUCTURE  FUNCTION

Healthy ecosystem

Overgrazing

ABIOTIC ABIO

De¢forestation

Cultivatio

Mining e
Prolonged loss of
plant and organic

material on soil :
surface

Y
o
\’

U
@
56
Q.l
W
—

Increased crosion
(decreased nutrient
and water-holding

capacity) '

Decreased infiltration

1 and increased runoff
Deteriorated

soil structure A

Reduced
soil-water for
Deereasedgg plant growth
biotic activis®
in soil
Decreased
Reducen qpom™ plant.
fertility and R production
i i King and Hobbs 2006
sl okl organic inputs g
matter

to soil
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“Fishing down the foodwe
(Pauly, 2001)”

We also convert, plough, burn, log, hunt and pollute down
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- s : Share per cause
Mean abundance original species - World baseline :

[ e TR
------------------------------------------------------------------------------------------- ' Climate

Fragmentation

Infrastructure/settlement
Forestry

Agriculture

60 Failure increase

food productivity

55

50—

[ [ I [ [ [
2000 2010 2020 2030 2040 2050

Datum: 20-dec-2005

Ben ten Brink
COP10 side event 20-10-2010
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Rethinking global biodiversity strategies

Sector-based options to reduce biodiversity loss

as a contribution to TEEB

A cooperation between PBL, LElI and UBC
Ben ten Brink PBL, 20-10-2010
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1. By 2050, global biodiversity
further declines from 70%->60%

2. many sub-systems to lower levels

3. individual options reduce loss a little

4. a combination of options halves the loss, and

5. has positive effects on climate change, water quality, and food
availability

6. more options are possible -> further reduce

Ben ten Brink
COP10 side event 20-10-2010
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Governmental institute
Independent

Contribute to:
~IPCC
-MA ®
-GBO2
-GEO 1, 3,4
~FAO outlook
~OECD outlook 2008
~-TEEB1

—Contribution to TEEB -> Bio-physical effects Cost of Policy
Action

Ben ten Brink
COP10 side event 20-10-2010
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Global Biodiversity Outlook 3 concluded:
1. 2010-target not achieved at any level
2. loss proceeds at unchanged pace

3. risk at passing tipping points

Recommends measures on:

 agricultural efficiency
° for'eSTr'y How much?
. .. . Do they halt loss?
 climate mitigation s
- fisheries
* consumption
C s Y

Ben ten Brink
COP10 side event 20-10-2010
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8 single options:

Closing yield gap (efficiency)
Reducing post harvest loss (s0%)
Diet change (less meat - no meat)

Climate mitigation & biofuels (max + 2:c)
Wood plantations + RIL > Compared to no new polici

Reduced deforestation scenario (BAU)

Protected areas (20%-50% per biome)

SN A

Restoring marine stocks & aquaculture

‘ + Option package (ambitious but feasible) /

Ben ten Brink
COP10 side event 20-10-2010
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Species

i Species
Species P — abundance

abundance| abundance|

Range in

- Rangein Range in intact ecosystem

intact intact ecosystem

~ — MSA

abcdefgh Xyz abcdefgh Xyz wefgh / Xyz

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

Mean Species Abundance (MSA)

Ben ten Brink

COP10 side event 20-10-2010
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Characteristics 2000-> 2050:

Population increase to 2050

1.5 x global population _

1.6 x food productivity el
1.6 x fish demand P
1.4 x wood demand

2.5 x global energy use

3 X income per person

Il ot

Draft

Kyoto implemented
Sources: OECD, IEA, FAO,

Cork et al,

Ben ten Brink
COP10 side event 20-10-2010




& 5 PBL Netherlands Environmental

{@} Assessment Agency

Biodiversity in 1970 (MSA)

MSA (%)

B o- 0

B 0-20 |
[ 20-30 ;-
[ ]30-40

[ J40-50

[ |s0-60

[ ]eo-70

[ ]70-80

[ ]se0-90

[ <0- 100 S
Source: MNP/OECD 2008

Ben ten Brink
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Biodiversity in 2000 (MSA)

MSA (%)

B o- 0

B 0-20 |
[ 20-30 ;-
[ ]30-40

[ J40-50

[ |s0-60

[ ]eo-70

[ ]70-80

[ ]se0-90

[ <0- 100 S
Source: MNP/OECD 2008
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Biodiversity in 2010 (MSA)

MSA (%)

B o- 0

B 0-20 |
[ 20-30 ;-
[ ]30-40

[ J40-50

[ |s0-60

[ ]eo-70

[ ]70-80

[ ]se0-90

[ <0- 100 S
Source: MNP/OECD 2008
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Biodiversity in 2030 (MSA)

MSA (%)

B o- 0

B 0-20 |
[ 20-30 ;-
[ ]30-40

[ J40-50

[ |s0-60

[ ]eo-70

[ ]70-80

[ ]se0-90

[ <0- 100 S
Source: MNP/OECD 2008
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Biodiversity in 2050 (MSA)

MSA (%)

B o- 0

B 0-20 |
[ 20-30 ;-
[ ]30-40

[ J40-50

[ |s0-60

[ ]eo-70

[ ]70-80

[ ]se0-90

[ <0- 100 S
Source: MNP/OECD 2008
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T

Global MSA in baseline scenario

MSA (%)
el Biomes
| Boreal forest
80 - Temperate forest
! - Tropical forest
B | Grassland and steppe
- Scrubland and savannah
1 Ice and tundra
497 . B Desert
\ Species-rich
20 ecosystems
0 —
Potential 1700 1800 1900 2000 2050

]
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We will be synthesizing a wide variety of scenarios and
models as the basis of our analysis. Some of these will
be new analyses undertaken for the GBO4.

Types of models and scenarios used:

e Extrapolations from current trends - statistical

e Extrapolations from current trends - with hypotheses
or probablistic

e Socio-economic storylines - e.g. MA, GEO, IPCC
storylines.

e Storylines + policy options - e.g., Rethinking scenarios
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¥l PBL Netherlands Environmental

The ‘Storyline’ approach to developing plausible ] Assessment Agency

socio-economic scenarios Roads from RiO"'ZO
Pathways to achieve global
sustainability goals by 2050

Sustainable —
e Plausible scenarios primarily
defined by scientists
e Specific policy or
| management objectives
History typically not accounted for
® Environmentally friendly
\ development pathway
Development relatively Expected trend =
unconstrained by environment ‘Business as usual’
concerns
=
Unsustainable — = | I
2010 2050
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Backcasting analysis, working back from a sustainable end
point to determine actions for today

Sustainable —

Unsustainable —

pbl.nl

History

| PBL Netherlands Environmental
3§ Assessment Agency

i —

Roads from Rio+20
Pathways to achieve global
sustainability goals by 2050

Short-term

implications

Goals potentially set on the
basis of science-stakeholder
dialogs

-

Challenge '

o g Transformative
§ action and policy
I
[
Expected trends *
I [
2010 2050
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sustainability goals by 2050
Global biodiversity and options to prevent biodiversity loss

Reduce nature fragmentation

Global biodiversity

I Reduceinfrastructure expansion
_ 7] Reduce nitrogen emmissions
% Mean Species Abundance (MSA)
_ - Mitigate climate change
70 —— Trend scenario - E
. Restore abandoned agricultural lands
® Goal
68 — .- Derivation of 2050 goal ] Reduce consumption and waste
. I Increase agricultural productivity
66 Expand protected areas
6q
bz —
T
6o — =
(=
| i r ' 1 i | ' I|
2010 2020 2030 2040 2050 Global Decentralised Consumption

Technology Solutions Change
pathway pathway pathway
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: ® Australasia
- }HD| ® North America
“ ® Western Europe
Africa
® China
© India
e S. Africa )
~ USA
~ . >
~ SE Asia (China) MSA
=~ Europe
_/
- ~ i £ — ~ Poor Regions
0—' | ' | ' I ' I ' |
1700 1800 1900 2000 2100




&% , PBL Netherlands Environmental

{_@_} Assessment Agency

5 Trophic level beauty, recreation, education

cultural identity

A
3
agri- disease regulation
2 ) . .
fish, meat, pollination
1 od, fiber, fuelwood, freshwater
-seq, soil formation, flood control
% Soil fertility, C-seq, water purification,

nutrient recycling
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beauty, recreation, education
cultural identity

agri- disease regulation

ffébh rmeedt pollination

framd], ffither, fudlweond] freshwater

C-seq, soil formation, flood control

Soii' fertilityy water purification)

original detensinatadse '

nd¥rieat rec'iu:.‘:ni



&%, PBLNetherlands Environmental
Assessment Agency

Global Biodiversity Outlook 3

HABITAT LOSS

Global Forest

Area (km?)
70000000 - . - .
Increased agric. efficiency, limited
biofuels _
Wise et al.
60000000 - N o000
Millennium
50000000 Assessmen
40000000 7 _g pinicam A |
—e— MiniCAM B
—A&—MiniCAM C GEO4
30000000 - +' MQ—S,?S
—A—MA_AM
—0—MA_TG
20000000 SEoiNE [
1 ——GEO4_PF Little improvement in agric. i
A GEO4_Sck efficienc nriassive deplo ?nent of Wise etal
—8-GEO4_SF Yy, mas ploy 2009
—=—GBO2_CC biofuels
10000000 { —e—GBO2_L
——GBO2_PR
—e—-GBO2_SM
——GBO2_SF
O T T T

2000 2010 2020 2030 2040 2050
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Protected areas for preserving biodiversity

- Situation 2000

Expansion to protect key ecosystems

- 20% of each key ecosystem
! 50% of each key ecosystem ‘:] Not included

Ben ten Brink

COP10 side event 20-10-2010
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Species extinction

 Distant pastl Recent past : Future :
Ermsy ! ! i i
100000 -
Plants &
Plants & animals
10000 A i animals -
=]
1000 -
Mammals, _
birds & Birds
100 A amphibians —————
[e—
10 A
Mammals
1 T T T T T 1
I
0.1 -
Background Red list Jetz vanVuuren Malcom Thomas
extinction rate

Ben ten Brink

COP10 side event 20-10-2010
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w
Ln
L

Abundance

Baseline

i
=
i

Lifestyle change
Technology change
—GLOBIO
85 1 — -PREDICTS
T I | T T T
P O B o &
S S F

Year

Species' global status:

C)
100
i an
B
= B0 -
@
= 70 4
5
ﬁ 60 -
2
50 4
]
o —isconti
40 -
T T T T T T
P® P P
S ML ﬁ?@q?

Year

b)

100 +

98 1

of impacts using the Rio+20
SOCio-economic scenarios

96

Number of species

—FREDICTS
T T |

o 0 O
&S @“55 -19@ *P@

Year

100
95

gn i » L..-:::-

85 4

Extinction Risk (RLI)

Note: PREDICTS

—Visconti results provisional!

80

T T T T T

e © O
q‘ig’m“m“@q?@@

Year
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Global éalnrie consumption

OECD

Central and
South America

Middle East and
North Africa

Sub-Saharan
Africa

Russian region
and Central Asia

South Asia
China region
Southeast Asia
pbl.nl
| — 1 T 1 T 1
0 1 2 3 a
1075 keal per year
[ 2010
2050

B Trend scenario

- Global Technology pathway

- Decentralised Solutions pathway
[ | Consumption Change pathway

1 BL Me.relanies Environmental
Assessment Agency

Global decarbonisation rate

Decarbonisation

% per year

| ' T ' | ' T ' 1
1970 1990 2010 2030 2050

— History

—— Trend scenario
- (lobal Technology pathway
—— Decentralised Solutions pathway

Consumption Change pathway
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MSA (%)
oo

Bl | -

B 20-30 ge e
[ 30-40

[ J40-50

[ ]s0-60

[ ]eo0-70

[ 70-80

[ s0-9 Z
B 0 - 100 M- p

Source: MNP/OECD 2007
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MSA (%)
oo

Bl o2 |\ .

B 20- 30 gs w0
[ 30-40

[ ]40-50

[]s0-60

[ ]eo0-70

[ 70-80

=

| 80-90 S
I 90 - 100 = 25N )

Source: MNP/OECD 2007

Ben ten Brink
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Biodiversity of forests 2000 (Mean Species Abundance)

MSA (%)
oo

B o-20 |\
B 20- 30 ;o
[ 30-40

[ J40-50

[ ]50-60

[ Jeo-70

[ 70-80

[ s0-9 73
[ 0 - 100 - = =

Source: MNP/OECD 2007
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Biodiversity of forests 2050 (Mean Species Abundance)

MSA (%)
oo

B o-20 |\
[ 20-30 -
[ 30-40

[ J40-50

[ ]s0-60

[ ]e0-70

[ ]70-80

I 0 - 100 — = )

Source: MNP/OECD 2007
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Global land use and natural area in baseline scenario

Natural area and wilderness (Earth total: 130 million km:
million km®
100 —
8o _\
60 N s~s~~~~~
40
20
0 I | T I T | T |
1970 1990 2010 2030 2050

- Natural area

- \Wilderness
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Closing yield gap (production efficiency) A
Reducing food chain losses

Diet: Less meat (healthy, none)
Climate mitigation & biofuels (max + 2:c)
Improving forest management (wood plantations + RLEffects in Prevented Loss (Pl
Reduced deforestation of baseline loss (10%)

Expanding protected areas (20%-50% per biome)

N0 U A WDNE

Restoring marine fish stocks & aquaculture

+ Option combination (ambitious but feasiple)

Ben ten Brink
COP10 side event 20-10-2010
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Change in global biodiversity per option compared to baseline scenario

Prevented MSA loss, 2000 — 2050

Expanding protected areas — 20%
Expanding protected areas — 50%
Reducing deforestation

Closing the yield gap

Reducing post-harvest losses
Changing diets — Healthy diet

Changing diets — No meat
Improving forest management —
High ambition

Mitigating climate change —
Without bio-energy

Mitigating climate change —
With bio-energy 25%

[ T
-20 (o}

| 2 [ . | ! ]
% of baseline MSA loss

20 40 60

- Basic options
- Sensitivity variants

Change in global biodiversity of options expanding protected areas and reducing deforestation by 2030




¢, PBLNetherlands Environmental

Sprmd
{_@_} Assessment Agency

Change in global biodiversity per option compared to baseline scenario

Prevented MSA loss, 2000 — 2050

Expanding protected areas — 20%

A

Expanding protected areas — 50%

Reducing deforestation

Closing the yield gap

Reducing post-harvest losses

> Options included in
combination

AANAA

Changing diets — Healthy diet

Changing diets — No meat

Improving forest management —
High ambition

Mitigating climate change -
Without bio-energy

Mitigating climate change -

With bio-energy 25%
L L .
-20 0 20 40 60

% of baseline MSA loss

A A

- Basic options
- Sensitivity variants

Change in global biodiversity of options expanding protected areas and reducing deforestation by 2030
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Prevented global MSA loss compared to baseline scenario, 2000 — 2050

Combination of options

Pressures
Prevented - Crops
loss - Energy crops
- Pasture
D Forestry
Increased - Infrastructure,
loss encroachment and
fragmentation
- Climate change
Net D Nitrogen deposition
prevented
loss
- Net prevented loss
| ! | ! I T |
-40 0 40 80

‘ % of baseline MSA loss
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Change in natural area and wilderness compared to baseline scenario, 2050

Combination of options; Combination of options;

+ 10 min km?2 + 11 min km?

Natural area per region Wilderness per biome

Boreal
oo | ]
forest
Ao ] T s ]
South America forest
Middle East and l Tropical _
North Africa forest
Africa and steppe
et et L] P et ]
Central Asia savannah
| d
South Asia . eean .
tundra
China region Desert _
[ [ T [ T | T | T [ T |
-1 o 2 -1 o 1 2 3

million km’

million km’



2010




2050 baseline




2050 option combination
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Global greenhouse gas emissions, concentration and temperature change

Temperature change

Compared to pre-industrial (°C)

o
2- < Less conversion effect
| < Energy change effects

1970 1990 2010 2030 2050

— Baseline scenario

Combination of options

—— Without climate mitigation

= With climate mitigation
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T

Change in land prices and food consumption compared to baseline scenario, 2030

Stepwise introduction of options;
Global land prices

Protected areas

Protected areas
plus agricultural productivity

Protected areas
plus agricultural productivity
plus reduced losses

Protected areas

plus agricultural productivity
plus reduced losses

plus dietary change

Ben ten Brink

COP10 side event 20-10-2010
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1. Ambitious option package can half loss by 2050, but not halt

2. Autonomous socio-economic growth is huge:
« PA alone not sufficient to significantly reduce loss
« Integrated sector-based approach required

3. Productivity increase is key (if not..)

4. Combine land demanding with land relieving options (price

effects)

(PA, plantations, bio fuels, REDD) (productivity, reduce food loss,
diet)

5. Align with climate change, MDGs, food & wood & energy

I policies
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Greenness change Current/Potential method B

Masked Normalized Difference Vegetation Index (NDVI) ratio

NDVlratio
B o-os s -

I 05-05 . =5

[os-07 =t =T el
[Jo7-08

[1-o08

masks:

Altitude < 2000

WWHF biomes ice, tundra, taiga, rock
NDVI natural = 70
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Change in natural area and wilderness in baseline scenario, 2000 - 2050

Natural area per region

OECD

Central and
South America

Middle East and
North Africa

Sub-Saharan
Africa

Russia and
Central Asia

South Asia

China region

[ J | J | ’ : |
-6.0 -4.0 -2.0 0.0 2.0

million km’

Ben ten Brink
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MSA per biome in baseline scenario

MSA (%)
100 Usable biomes
—— Boreal forest
- Temperate forest
—— Tropical forest

—— Grassland and steppe

Scrubland and savannah

Less usable biomes

0 —
4 ~‘~~~_ - |ce and tundra
i — Desert
20 World
T === All biomes
0 | | l l ] l 1 Usable biomes

1700 1750 1800 1850 1900 1950 2000 2050

Ben ten Brink
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MSA of usable biomes per region in baseline scenario

MSA of usable biomes (%)
100 g - — OECD
) \\ —— (Central and South America
80 — —— Middle East and
| North Africa
e\"‘~~. —— Sub-Saharan Africa
oY
60 — ~~f Bl ;
NC ussia and Central Asia
& ~~~ %
« sy — SouthAsia
~
40 S —— Chinaregion
\Q
20 — — \World
0 I | | | | T |

1700 1750 1800 1850 1900 1950 2000 2050

Ben ten Brink
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Regional yields

OECD

Central and South America
Middle East and North Africa
Sub-Saharan Africa

Russia and Central Asia
South Asia

China region

@® 2000

2050
@® Baseline scenario
® Closing the yield gap

Oil crops

© 40 |
@ |
&

s . PBL Netherlands Environmental
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Temperate cereals

o [0 o

®o éo
o [0 o
ogeo

o[ & o

® |

% |
@

®

¢ | o
| ° 9 |
/R T B T

(o} 200 400 600 800 (o} 200 400 600

ton [ km’ per year

[:J Range from OECD, FAO and IAASTD baseline scenarios

800

ton / km’ per year

Ben ten Brink

Rice
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0
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* Global wood demand increase from 2.5 -> 3.5 billion m3/yr

Billion m3

yod

A

Ip
elw & charcoal

1960 1980 2000 2020 2040 2080

—fuelw. & chatcoal pulpw. & patticles

Ben ten Brink
COP10 side event 20-10-2010
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Plantations produce 40% demand by 2050 + RIL

Total Forests and Forestry (>90% cover)

Million km?

45 7
30
15 S
0 l | I | |
1960 1980 2000 2020 2040 2060
Year

Grafieknummer: VIB-Option 4 SFM Forest-areas
- Datum: 09-apr-2010 Concept -
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Biodiversity loss (msa)
3,00

2,50

2,00

1,50

1,00

0,50 T T T T T T T T T
1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060

year

Biodiversity loss in Baseline — Biodiversity loss in Forestry option
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(%) Infrastructure Ecological impact Dutch consumption

Mean species abundance

100 ca. 3.5 x terrestrial @&l?si%mg{lands
- productieve gebieden
80— - Brazilié
~o Afrika
7 S .
, e = Noord-Amerika
60 . —— China
1 Wood A\ S \\' —— \West-Europa
40— s o —— |ndia
§ AgricultdNe N Nederland
\\
20_ \0
[Restant gecultiveerd land WM TTTTTTTT
0 I I | i I I i |

1700 1750 1800 1850 1900 1950 @ 2000 2050 2100
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1. Ambitious but feasible option package can half the rate of loss by
2050

2. But not halt the loss

3. Sector-based policies far more effective then PA alone

4.  Directly effective: diet change, closing yield gap, PA, RIL and lowering
catch

5. Long term effective: forest plantations
6. Biofuels & unguided trade liberalisation would lead to net loss

7. Options in multiple sectors behave in cumulative way
8. Options in one sector behave in a multiplicative way (2 x V2 = V4)

9. Efficiency increase is key
10. Combine land demanding with land relieving options (price effects)
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1. Technical high ambitious potential >
2. Policy oriented package (survey) under development

Ben ten Brink
COP10 side event 20-10-2010
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Combine:

« Carbon-rich area protection (forest, grassland and peat)

« with biofuels on degraded grounds plus waste utilization

« with protection of EGS in brittle ecosystems (sub-humid and mineral soils)

« with effective protection of 25% per eco-region incl. biodiv hot spots

« with eco-efficient production increase in agriculture & forestry &
aquaculture in current under performing production systems

« as a means Yo alleviate poverty

«  With micro-finance, capacity building, law and law inforcement, technology
transfer, better redistribution of food, ......

« strong efficiency increas in energy and water use

« temporary reduction of fisheries

« guided trade libealization

« taxation on land conversion and meat

« Fair distribution of cost and benefits of global public goods (biodiv) by GDM

« Introduction of healthy diet consumpion patterns

Ben ten Brink
COP10 side event 20-10-2010
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T

Biodiversity hot- - Hotspots
\s::;t::nd - Wilderness areas
3 ; X (According to
ness /- ‘ A T e VR g Meyes et al 2000
N . " « and Mittermeler
et al, 2003)

Natural carbon = Il More than 200 ton
storage * ik y . _ : carbon per hectare
. . it (IMAGE-model)

Ben ten Brink
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Potential losses from growing demand of commodities
Growing habitat loss from:

. food, feed, forestry plantations, bio-fuel,

. Carbon plantation, built up area

Growing quality loss from

. climate change, eutrophication,
. exploiting fish and wood in natural ecosystems
. ongoing land degradation

Ben ten Brink
COP10 side event 20-10-2010



&, PBL Netherlands Environmental

{_’-ﬁ%} Assessment Agency

Baseline BAU future development

1. Food production efficiency
1. higher increase than BAU scenario
2. Failure to increase future yields as in BAU scenario
2. Reducing post-harvest loss
3. Diet change
1. Reduction in meat consumption
2. Increase in meat consumption
4. Timber production efficiency
1. Efficiency increase through forest plantation
2. No forest plantation
5. REDD protect high-carbon forest areas & reduced impact techniques
6. Climate objective in alternative 450 ppm scenarios
1. by 2nd generation bio fuels
2. by food crops
7. Expansion of protected areas incl. substitution effects outside PAs
Additional:
1. Liberalization of trade in agricultural products
2. Aquaculture replacing partly marine capture fisheries (needs UBC-
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Wereldlandgebruik per ecosysteemtype, 2000 + 10% p rotecte d area

Ecosysteemtype Wereldlandopperviak Percentage van :
wereldlandopperviak per blome

Gematigd bos en

sub-tropisch bos 12,4%
Tropisch bos 12,8%
Boreaal bos 15,6%
Grasland en steppe 14,4%
Scrubland/Struikgewas 19,7%
en savanne
IJs, toendra en 25,2%
woestijn
| r AN
0% 25% 50% 75% 100%
- Akkerbouw 1____‘. In potentie geschikt voor akkerbouw en begrazing
D Veeteelt D Wereldlandopperviak
- Niet geconverteerd gebied (bosbouw)
!:3 Beschermd gebied } Verschillende ecosysteemtype
- Stedelijk gebied en infrastructuur J
Concept

Ben ten Brink
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Wereldlandgebruik per ecosysteemtype, 2050

1.8 x A production

Ecosysteemtype Wereldlandopperviak Percentage van
wereldlandopperviak

Gematigd bos en

sub-tropisch bos 13%
Tropisch bos 14,6%
Boreaal bos 16,2%
Grasland en steppe 13,9%
Scrubland/Struikgewas 18,3%
en savanne
lJs, toendra en
woestijn 24%
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- Akkerbouw .'_-_; In potentie geschikt voor akkerbouw en begrazing
D Veeteelt D Wereldlandopperviak
- Niet geconverteerd gebied (bosbouw)
n Beschermd gebied Verschillende ecosysteemtype
- Stedelijk gebied en infrastructuur J

Concept

Ben ten Brink

COP10 side event 20-10-2010




2Bl Netherlands Environmental

22y Assessment Agency

Wereldlandgebruik per ecosysteemtype, 2050 I N Mm | I I i O N k m 2

Ecosysteemtype Wereldlandopperviak Percentage van
wereldlandopperviak

Gematigd bos en

sub-tropisch bos 3%

) -
16,2%

Tropisch bos

Boreaal bos

Grasland en steppe 13,9%

Scrubland/Struikgewas

18,3%
en savanne

24%

T

o% 25% 50% 75% 100%

10N
lJs, toendra en
woestijn
Degradatig
- Akkerbouw -
D Veeteelt Wereldlandopperviak
- Niet geconverteerd gebied (bosbouw)
n Beschermd gebied } Verschillende ecosysteemtype Aba n d on
- Stedelijk gebied en infrastructuur J
Concept

Ben ten Brink

-

_; In potentie geschikt voor akkerbouw en begrazing

a

COP10 side event 20-10-2010




&, PBL Netherlands Environmental

{_’ﬁ'} Assessment Agency

Historical development of biodiversity - Europe

Mean species abundance (%)

Biomes
_ D — [ ] Trop. grassland and savannah

80— e [ ] Temp. grassland and steppe
_ \ Mediterranean forest,
woodland and shrub

60—}
\ [] Temperate broadleaved and
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40_ ..............

Il Temperate coniferous forest
- I Boreal forest

00— ......| ] o] ] o o [ ] Desert
) [ ] Tundra
L — [_] Polar

Potential 1700 1800 1900 2000 2050 [ 1 No biome distinction
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Models inform multiple scales & modes of assessment
addressing multiple dimensions & levels of biodiversity

Change observation ' Scenario analysis
(monitoring) (projection)

N7 I

species
Planning &
decision-making

ecosystems

»
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Ya, T,
.....
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.....

N
L}
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State of biodiversity




The challenge of the compositional dimension -
biodiversity really is diverse, and poorly known

7
jf%’%l/./’ﬁiﬂﬂ

<8 2
é’%,///qllllifl W&@: * Bork et al (2006)
Y//;

LIRS
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a
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Two major sources of information on the state of
biodiversity, with complementary strengths

Remote sensing

e complete spatial coverage
* reasonable detection of ecosystem structure & function,
but not of biodiversity composition at species/gene level

\/
/\

* direct detection of structure, function and composition
* but sparse, and uneven, spatial coverage

In situ (field based) observation




Therefore need integration through modelling, laying
the foundation for change observation & projection

Bl'ologlcal collection, Remotely mapped
observation & survey base environmental
data variables

Modelling spatial pattern Remotely observed
in the distribution of change in ecosystem
biodiversity state / intactness
Inferrlng change in the Projected pressures &
status of biodiversity responses: climate,
(past to present) Iand -use change etc

Projecting blodlverS|ty
persistence under
alternative scenarios

Assessment of other environmental — Evaluating potential policy
economic & social values & management interventions

<

In situ (field based) monitoring
Model evaluation & calibration




Spectrum of distributional modelling strategies
Ferrier & Guisan (2006) Journal of Applied Ecology

_ * interested in individual species of particular concern
{a? P * reasonable number of records per species
A
— 2

Individual species distribution
(niche) modelling

“Predict first, assemble later”
techniques

Simultaneous multi-response
modelling of multiple species

“Assemble first, predict later”
techniques

Macroecological modelling of collective
biodiversity properties (richness,
compositional turnover etc)

* interested in biodiversity as a whole
* huge number of species, each with few (or no) records




- e.g. modelling spatial turnover in biodiversity
composition using generalised dissimilarity modelling

Generalised
dissimilarity _ |
modelling (GDM)  Spatial pattern in

compositional turnover

aaaa

mmmmmmmm

Remotely derived environmental variables:
climate, terrain, soils, geographic isolation etc

etc ...

Funded by Aust. Dept of Sustainability, Environment, Water, Population & Communities



Adding the temporal dimension — projecting
blodlver5|ty per5|stence under alternative scenarios

Bl'ologlcal collection, Remotely mapped
observation & survey base environmental
data variables

Modelling spatial pattern Remotely observed
in the distribution of change in ecosystem
biodiversity state / intactness
Inferrlng change in the Projected pressures &
status of biodiversity responses: climate,
(past to present) Iand -use change etc

Projecting blodlverS|ty
persistence under
alternative scenarios

Assessment of other environmental — Evaluating potential policy
economic & social values & management interventions

<

In situ (field based) monitoring
Model evaluation & calibration




A general framework for modelling persistence of
compositional diversity — three broad components

Persistence of overall biodiversity,

ps=fp,...p,)
p?, 'R ‘ nna n

Persistence of eurregete entity J
imeSer-Sam)

Dynamic biological
distributions

Distributions
of surrogate
entities

Fi
F

FPotential
occurrence of

entity / at locations
110 m, V.

Future habitat state at location |,
s5=1(s5.t,.8)

—

Dynamic
threats

Current state at
Iecenem S

Threats at
|OCEUOHJ

Proposed action
at Iecetienj &,

\

Current
habitat state

Prepeeed
management
actions

[=7!

Ferrier, S & Drielsma, M (2010) Diversity & Distributions 16: 386-492

>

>

Modelling overall
hiodiversity persistence
as a function of the
predicted persistence of
all n surrogate entities

Modelling persistence of
each of # surrogate
entities as a function of
the entity's patential
occurrence at, and the
predicted future state of,
all mmlocations

Madelling future
habitat state at each
of mlocations as a
function of current
state, threats &
proposed action

D




Flexibility in implementing these components ...

Flexibility in spatial
data structures

Fine-scale
raster

FPokwgonal
planning units

Flexibility in
surogates

Community
level

Discrete

Species

leve| ;
Continuous

Modelling future
habitat state

Modelling persistence of
individual surrogate
entities

Integrating persistence
across multiple entities

Einary function of inclusion (or
otherwise) in conservation areas

Simple multi-state function of
land use or management options

Complex function of interaction
between current state, threats &
management actions

Linkage to dynamic ecosystem
& socio-economic scenario
modelling

Summation {or count of number

Step-shaped function of total
of targets achieved)

area conserved

Continuous benefit-function of
area conserved (e Q. species-area

relationship) Static weighting of entities (for

richness, distinctiveness etc)

Continuous benefit-function of
effective habitat area (accounting
for spatial configuration etc)

Collective consideration of
relationship betwiesn
surrogates & unmeasured
biodiversity elements

WMetapopulation or metacommunity
modelling assuming static
distribution of entities

Metapopulation or metacommunity
modelling accounting for dynamic
shifts in distribution

Flexibility in refinement and sophistication of model components

Ferrier, S & Drielsma, M (2010) Diversity & Distributions 16: 386-492




... from simple pattern-based approaches ...

Modelling future Modelling persistence of Integrating persistence across

habitat state individual surrogate entities multiple entities
— N N

Proposed
rmanagement actions

% species persisting
in comrmunity x

% effective habitat

retained in community x % of species

- diversity predicted
to persist far
entire region

r

Effactive habitat area
Current state Predicted future {incarporating effects
of habitat state of hahitat of fragmentation)

- L 2 E“ L] 4 :la Y %

i‘,,‘ (L AR

saddl Agunuiuion

|

—

Cornpositional dissimilarity
between types

Ferrier, S & Drielsma, M (2010) Diversity & Distributions 16: 386-492




... to more complex process-based approaches,
e.g. metapopulation-capacity modelling ...

p055|ble extinction likely persistenu'- S, o . - 3 map
o :

1000000

No. sites

Drielsma, M & Ferrier, S

n't 7‘ %
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(2009) Biological Conservation 142: 529-540




... dynamic macroecological modelling of metacommunity

persistence (accounting for climate change)

Composition a
(community i, time 1)

Probability of entering
(community Z, time  to £+1)

\ Species

Time t+1
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Mokany, K et al (2012) Global Change Biology 18: 3149-3159




A common foundation for multiple forms of higher-level

assessment across multiple scales

[ Planning, decision-making and monitoring processes
Action & Sceruario 3 Time 3
| Action B Scenario 2 Al E—
m Aetion Scenatio 1 Time 1 %
=y 7 [g %@ T,
b g Y
=) e § d % g
1 : 3
Ste proposals 1

=

gk

m
[

Optimal Priorit Interactive ( Site-based Conservation
plan Iy scenario status
: mapping : assessment
generation evaluation 9 monltorlng

It I~ I~

Configurations Marginal application Configurations Marginal mcorporatlon Confguratlons of
generated by of a given action to generated by of field estimates of actual changes in
iterations of each and every interactive local change expected land use or

optimisation spatial unit in turn exploration and  from proposed actions management over
algorithms ll negotiation at specific sites time
/_

Assessment of a given configuration of land use and/or management

Whole-landscape
modelling of biodiversity

[ el gy ey L persistence JAssessment of cost(s) }
A\

benefits

e

Ferrier, S & Drielsma, M (2010) Diversity & Distributions 16: 386-492 %



Landscape / regional scale applications — e.g. conservation
planning in north-east NSW forests in the 1990s ...

stablishment of a biological

' _conservation planning in
. north-cast New South-Wales |5/
# Oy

Phase 14
(1991 —.1995)

i 3 ﬂ Modelled species

|§4 s ] distribut_ions& FrrEEREET =
.'Hl ‘ || vegetation |—> prioritisation
i j| communities (irreplaceability NagEifaier
| Protection analysis) & selection of
| targets new reserves
Timber resource
assessment

Ferrier, S, Pressey, R & Barrett, T (2000) Biological Conservation 93: 303-32



... Whole-landscape prioritisation of protective and
restorative management actions ...

Northern Rivers CMA Northern Rivers CMA
Biodiversity Forecasting Tool - Biodiversity Forecasting Tool
December 2005 ooy December 2005 ;

Conservation : upe o Repair
Priorities e W i e ; ‘ y Priorities

Coffs Harbour

Legend L5 B 208 3 Legend

Port Macgusrie

ey ¥ 4 A
" Dsgatrertof R PR osementol
Environmantand Conservtion {NGWI e .\‘:ii& Environment snd Conservalion INSW]




... multi-objective environmental / social / economic
evaluation of alternative land-use scenarios ...

\66
SIS SEFF EF

B Infrastructure costs
20 - @ Social Acceptability

B Agricultural Production
O Visual Quality

O Soil Capability - Urban

Final Scores
1
1O
o
|

-40 B Nutrient load (TN)
O Biodiversity

-60

-80

Options



... Site-based assessment of environmental stewardship
proposals W|th|n a whole Iandscape context

Veg Txge Yellow Box ?Nlake[yas F@d gum
Wl - Iﬂﬁdﬂ

Hegmnal conservation priority of vegetation
communities (and other spatial surrogates of

biodiversity)
o
E 14
o 12
G
¢ Proposal 6 g »
s s
&
Systematic regional Strategic site assessment + 5 j
assessment Landscape S -
assessment (field based site assessment § . I e
(Spatial ahalysis of (e'g' least COS.t with regional and |a|'ldsl:a.pe N 6 7 1 5 18 17 15 14 2 16 10 8 3 13 12 9 4 1
regional priorities) pathway analysis) components) Tl 4275 Proposal
S
=
3
o= ¢ Proposals
ol 427 4 o Proposal 7 Status quo
4 Proposal 5
Proposal 17
‘/ M Pr‘ogosal 10 .
42,65 fone & o /0 N * ¢ Proposal 12 Proposal 3
Proposal 16 propésal 8 Proposal 9
. - - 426 : : : : : : : : : ‘
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Seddon JA et al (2010) Conservation Letters 3: 415-424



National / continental scale applications — e.g. climate
change impact & vulnerability assessment ...

Potential change in plant
community composition

------

The implications of climate |
change for biodiversity e e B
conservation and the National

Reserve System: Final synthesis Representativeness of

Michael Dunlop, David W. Hilbert, Simon Ferrier, Alan House, Adam reserve SySt_em (2070
Liedloff, Suzanne M. Prober, Anita Smyth, Tara G. Martin, Tom Harwood, A1B scenario)
Kristen J. Williams, Cameron Fletcher, and Helen Murphy.

- N
=



... also informing policy & planning at state (provincial)

scale...

CLIMATE ADAPTATION FLAGSHIP

Queensland’s biodiversity
under climate change:

impacts and adaptation — synthesis report

Augt 12

A report prepared for the Queensland Government, Brisbane

g Helen T Murphy, Simon Ferrier, Russell M Wise,
loff, Timothy D Skew Harw i , Richard 1 Williams, K loehnk,
p, Mark Stafford Smith, Craig James and Tre:

Y) Queensland
Government
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... and recently applied at much finer spatial resolution
to identify potential climate refugia for biodiversity ...

: {}J'CICARF = JAMES COOK
AP b * UNIVERSITY

AUSTRALIA

Climate change refugia for terrestrial biodiversity
Final Report

April E. Reside, Jeremy VanDerWal, Ben L. Phillips, Luke P. Shoo,
Dan F. Rosauer, Barbara J. Anderson, Justin A. Welbergen,

Craig Moritz, Simon Ferrier, Thomas D. Harwood,

Kristen J. Williams, Brendan Mackey, Sonia Hugh

and Stephen E. Williams

o
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... employing a new generation of fine-scaled
environmental variables & high-performance computing

0.5° GCM change grids (1990-Future)
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... CSIRO Australian National Outlook project — integrated assessment of

natural-resource use scenarios (land, water, energy, ecosystem services)
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Global scale applications — e.g. proof-of-concept assessment

of protected areas for 5t World Parks Congress (2003) ...

e Articles

Mapping More of Terrestrial
Biodiversity for Global
Conservation Assessment
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... major new opportunities have opened up over past
10 years through various global initiatives & activities ...

THE GLOBAL EARTH OBSERVATION
SYSTEM OF SYSTEMS

GLOBAL Health
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A recent proof-of-concept example — based on modelling
of all GBIF data for ferns (>1.3 million records for >10,000 species)

Fern species records (GBIF) Base environment (WorldClim etc)
e : N — | e
o : . i ; S — g

Climate change (IPCC etc)

| .

4,3“3?’ o =90
2 ¢ >
o
i : ¢ oL

Modelled retention of compositional diversity
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Thereby able to report change in retention of compositional
diversity at any required level of spatial aggregation
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6t" World Parks Congress (Nov 2014) serving as a catalyst
for first full implementation of this approach

i [
[ ]

WORLD PARKS

GROUP ON
CONGRESS CSIRO EARTH OBSERVATIONS
Biological collection, Remotely mapped
observation & survey base environmental
data variables
Modelling spatial pattern Remotely observed
in the distribution of change in ecosystem
biodiversity state / intactness
| |

Inferring change in the rojected pressures &
status of biodiversity responses: climate,
(past to present) land-use change etc
| | |
Projecting biodiversity
persistence under
alternative scenarios I B-

Assessment of other environmental — Evaluating potential policy Modelling human impacts on biodiversity
economic & social values & management interventions

Predifcts

<

In situ (field based) monitoring
Model evaluation & calibration
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6th World Parks Congress (Nov 2014) serving as a catalyst
for first full implementation of this approach

e il €0 srovron

CONGRESS CSIRO EARTH OBSERVATIONS

» How adequately does the world’s protected-area system represent
current patterns of compositional diversity across a wide range of
highly diverse biological groups?

= How is this level of representation expected to change given
projected velocities of climate change?

= Which existing protected areas are most vulnerable to turnover
and/or loss of compositional diversity under climate change?

= Where are the gaps in existing protected-area coverage that could be
most critical to maximising overall whole-landscape retention of
compositional diversity, in the face of ongoing climate and land-use
change?

_



The challenge ahead - integration & harmonisation across
scales, biodiversity dimensions, & assessment modes

species

ecosystems

State of biodiversity

Change observation Scenario analysis
(monitoring) (projection)
A A
e N N

Planning &
decision-making
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The challenge ahead - integration & harmonisation across
scales, biodiversity dimensions, & assessment modes
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Time to model
all life on Earth

To help transform our understanding of the biosphere, ecologists — like climate
scientists — should simulate whole ecosystems, argue Drew Purves and colleagues.
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A contribution to IPBES:

Improving our capacity to predict global changes in
biodiversity and ecosystem services

Anne Larigauderie
Paris, 21-22 October 2013




Outline

e Overall context for the call
— Policy context (IPBES, CBD)
— Scientific context (Future Earth)

* Draft research questions




Policy context: Biodiversity science-policy interface
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The mission of Future Earth

= To provide societies with the knowledge required to
face the risks posed by global environmental change

and

= To seize opportunities in the transition to global
sustainability




Examples of questions Future Earth will
need to answer

= How and why is the global environment changing?
= What are likely future changes?

= What are the implications for human wellbeing
and other species?

= What choices can be made to reduce harmful risks
and vulnerabilities, enhance resilience & create
prosperous and equitable futures?




Need for a new approach

The challenges of global environmental change and sustainable
development require a new approach which is:

* More integrated

 More international

* More collaborative

* Co-designed with users, funders

 More responsive to society’s needs

e And which builds on the success of current international
research programmes




Proposed integrated research themes

" Dynamic Planet
- Understanding how the system works & predicting how it will
change

" Global Development

- Addressing the most pressing needs of human development (food,
water, health, energy); Short term

" Transformation towards Sustainability

- Focusing on long term transformations needed to move to a
sustainable future (Long term)




Proposed cross cutting capabilities

= QObserving systems
= Data systems

= Earth system models
Build the next generation of models that better capture the
dynamics of human environment interactions, feedbacks
and thresholds in the Earth system and that allow for
predictions of risks and change on longer time and more
detailed regional scales.

= Theory development



A Collaborative Research Action

Proposed by: Supported by:
« DFG (Germany) — IHDP
- ANR (France) - 1GBP
« DIVERSITAS - IPBES

— Convention on Biological
Diversity




Overall goal of proposed CRA

Stimulate international collaboration to improve our
capacity to model changes in biodiversity and
ecosystem services as a response to various socio-
economic scenarios




Projecting future changes according to several socio-
economic scenarios & climate models: the IPCC approach

Summary for Policymakers IPCC WGI Fourth Assessment Report

Multi-model Averages and Assessed Ranges for Surface Warming
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Scenarios of
socioeconomic development pathways

Population growth, fossil fuel use, food demand, etc.
e.g., IPCC SRES scenarios, MA scenarios, GEO4 scenarios

~

Projections of direct drivers

Climate change, land-use change, water extraction,
fish harvesting pressure

e.g., Global Climate Models (GCM), IMAGE

Projections of
impacts on biodiversity

Projections of

impacts on ecosystem
services

Habitat or Species-level
ﬂ:::;'l"c':::ngr““p' changes Provisioning, regulating,
9 supporting and cultural
e.g., dynamic e.g., niche models, services
vegetation models, species-area

marine trophic
models

curves, empirical
dose-response
relationships

e.g., marine trophic model
(food provisioning),
dynamic vegetation models
(carbon sequestration)

IPBES Terminology
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Pereira, Leadley et al.
2010. Science.



What needs to be done in terms of knowledge generation for
IPBES? Intensify work on scenarios & models

e Socioeconomic Scenarios

- Create scenarios that explicitly take into account biodiversity

- Generate scenarios based on policy maker & stakeholder input

- Develop a framework for cross-scale consistency between regional & global scenarios

e Models of biodiversity and ecosystem services
- Define common metrics for models and data
(parameterization, validation, policy relevance)
- Intercomparison of models to better understand models & quantify uncertainty
- Couple biodiversity and ecosystem services in models
- Link and harmonize regional and global analyses
- Account for a wide range of drivers
- Include species interactions

® Scenarios + Models - Develop models with dynamic feedbacks between scenarios,
models of drivers, models of biodiversity & models of ecosystem services
- Evaluate tipping points in coupled human-environment systems

Leadley et al. 2010, Pereira et al. 2010, Dawson et al. 2011, Bellard et al. 2012,
EU COST Harmbio, Tokyo IPBES workshop 2011, etc.



Proposed objectives of CRA (initial proposal)

 Making socio-economic scenarios more relevant for decision
making

* Improving confidence in and the usefulness of projections of
biodiversity and ecosystem services and their impacts on human
well-being

* Using scenarios and models of biodiversity and ecosystem services
to help anticipate, avoid, and manage disruptive global
environmental change

* Using scenarios and models to provide insights into the
institutional, economic, and behavioral changes to enhance the
capacity of social—ecological systems to adapt and support
biodiversity and ecosystem services under global change



Complementary objectives (pre-scoping)

* Incorporating community and ecosystem level interactions
into models

 The need to link local, regional and global levels for
ecological, economic and social models

* Being explicit about model uncertainties

* Increase understanding of feedbacks, tradeoffs and co-
oenefits

* |ntegrating marine and terrestrial biodiversity/ecosystem
models

* Incorporating up-to-date observations and monitoring data
into ecological, economic and social models



To conclude

Models & scenarios of BES changes represent a
strategic & timely topic for a Belmont CRA:

— There is a high demand: policy context

— There is a need for collaboration across disciplines,
countries, etc.
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an international programme
of biodiversity science

Thank you!

and Ecosystem Services (IPBES)

on IPBES, 7-11 June 2010
- @ mrv




Contributing to IPBES
Belmont Forum, 21 Oct 2013

Anne Larigauderie



Outline

 What is IPBES?
» Draft programme of work of IPBES




What is IPBES?

IPBES-1 (January 2013)

Intergovernmental Platform
on Biodiversity and
Ecosystem Services

Inspired from IPCC: Provide
policy relevant scientific
knowledge to inform
decision making

Established in April 2012,
Panama City

113 Members (Sept 2013)



A long process

esS

1 Nov. 2008 - Putrajaya, Malaysia

Negotiation 1 Oct. 2009 - NairObi, Kenya
1 June 2010 - Busan, Republic of Korea

Modalities of 1 Oct. 2011- Nairobi, Kenya
operation and

establishment l April 2012 - Panama City, Panama

1 Jan. 2013 - First plenary meeting

Operation-
_alisation l Dec. 2013 - Second plenary meeting




Current status

UNEP, UNESCO, UNDP & FAO
Secretariat hosted by Germany (Bonn)

Governance: Bureau (H Zakri); interim Science Panel (co-
chairs: M Lonsdale, C Joly)

Rules and Procedures for IPBES

Initial work programme (submitted to IPBES-2)

* Draft Conceptual Framework

* Draft Work Programme for 2014-18

* Draft Stakeholder Engagement Strategy (ICSU & |IUCN)
Initial Budget approved (3.1 Million for 2013)



IPBES Draft Work Programme 2014-18

Objective 1: Strengthen the capacity and knowledge foundations
of the science-policy interface to implement key functions of the
Platform

Objective 2: Strengthen the science-policy interface on biodiversity
and ecosystem services at and across sub-regional, regional and
global levels

Objective 3: Strengthen the science-policy interface on biodiversity
and ecosystem services with regard to thematic and
methodological issues

Objective 4: Communicate and evaluate Platform activities,
deliverables and findings




Future Earth recognised as a partner of IPBES

Objective 1 Strengthen the capacity and knowledge foundations
1(d): Catalyse efforts to generate new knowledge

IPBES will catalyse efforts to generate new knowledge in dialogue
with scientific organizations, policymakers and funding
organizations, while not directly undertaking new research.

The generation, access to and management of knowledge and data
will be supported through a thematically widespread network of
institutions and initiatives, including GEO, GBIF, Future Earth and
other relevant initiatives.




Scenarios & models recognised as a priority In
the IPBES Draft Work Programme

Objective 3 (Thematic and methodological assessments):

(a) One fast-track thematic assessment on pollination and food
production (March 2015);

(b) One thematic assessment on land degradation and restoration
and/or one thematic assessment on invasive alien species (March
2016);

(c) Policy support tools and methodologies for scenarios analysis
and modelling of biodiversity and ecosystem services (March 2017)
based on a fast-track assessment (March 2015) and a guide (August
2015);

(d) Policy support tools and methodologies regarding value,
valuation and accounting of biodiversity and ecosystem services
(March 2017) based on a fast-track assessment (March 2015) and a
guide (August 2015).



In summary

The proposed Belmont CRA would generate highly policy relevant
new knowledge for scenario analysis and modelling of biodiversity
and ecosystem services (IPBES Obijective 3).
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Reinforcing research to develop scenarios of
biodiversity, ecosystem services and the
usage of natural resources

BiodivERSA’s view

Dr. Xavier Le Roux
BiodivERsA Coordinator (FRB)
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Scientific and societal challenges:

Human societies and ecological systems interact and
mutually determine each other's trajectories

DES LIMITES PLANETAIRES

In the 21St Cenlargement dépassées pour la biodiversité nges’ SOCIO_
economic de vill have a
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Scenarios of the changes in usages of ecosystems and
natural resources, access to these resources, and fate of
biodiversity are increasingly needed for:

* decision making
* anticipating the consequences of decisions taken
* evaluating the impacts of policies and management
practices on biodiversity and ecosystem services
* evaluating the impacts of governance mechanisms for
biodiversity and services
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Horlzon a few decades

Main gaps identified:
 explore a wider range of possible futures (beyong
enrgy-oriented scenarios)
* integrate humans-environment feedbacks + roles of
adaptation, migration, etc.
e better coupling scenarios of biodiversity and services
 characterise uncertainties
* reinforce the relevance of scenarios
 use and develop indicators that may be used by
policy makers

Need of research programs mobilising a range of
disciplines, in particular social sciences, to tackle
these issues
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Urgent to support this research topic:

Creation of IPBES, with an increasing need of biodiversity scenarios:

I Evaluations périodiques

Evaluations globales, régionales et sous-régionales )
In particular:
Répondre a des questions thématiques _Scenarios of
, biodiversity &
J services

Evaluations examinées par les pairs

| Hiérarchiser les besoins en matiére de création de capacités ;
fournir et susciter des financements ; catalyser le
‘ financement en offrant un cadre pour les donateurs
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An increasingly important research
topic for the scientific community:

Increasing part of biodiversity
research linked to scenarios: Key articles and syntheses

during the last decade:

CBD Sés echniques No. 50

FIEURE 2

EVOLUTION TEMPORELLE DE LA PART DU THEME = SCENARIOS

e Yol DE LA BIODIVERSITE » DANS L'ENSEMBLE DES PUBLICATIONS
CONCERNANT LA BIODIVERSITE
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A research topic that just begins to be
strategically promoted by funders:

At the national scale in France: the FRB flagship ﬁRB
programme « Biodiversity Modelling and Scenarios »,_,, , rowosmon

SUR LA BIODIVERSITE




A research topic that just begins to be
strategically promoted by funders:

At the European scale by BiodivERSA.:

BiodivERSA tos, idantifying tppl int
_ scenarios, identifying tipping points
2011-2012 and improving resilience

A call launched in 2011-2012: Biodiversity | s
scenarios; identifying tipping points;
improving resilience

(€8.8M ; 9 European countries)

Great success

But broad topic makes it harder to
specifically support research on
biodiversity scenarios
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MAIN RESEARCH PRIORITIES

« Analyse & compare different plausible futures
« Evaluate dynamics & interactions of socio-
ecosystems (1 to a few decades)

« Explicit the issue of uncertainty

« Account for all biodiversity dimensions (genes -
ecosystems ; including intra-species diversity)

* Do not forget North-South relations

« Terrestrial ecosystems, fresh water, coastal and marine
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MAIN RESEARCH PRIORITIES

* Develop and use scenarios to analyse the
relationships between global change, biodiversity
and ecosystem services:

- Ultimately, guide management and policies...

e ...as an emergency, support key fondamental
issues to be tackled for improving biodiversity
scenarios
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MAIN RESEARCH PRIORITIES

» Use different socio-economic scenarios to test a range
of management and policy options for mitigating or
adapting to global change (account for main socio-
economic activities!)

« Retroactions of ecosystems on human societies should
be explored

 Priorities in terms of services or ecosystems to be
protected?

Better mobilisation of both natural and social
sciences!
Stronger link with stakeholders!
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Overview of socio-economic scenarios and
models of their impacts on biodiversity and
ecosystem services

Paul Leadley
Univ. Paris-Sud

Future Earth

research for global sustainability
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Scenarios of

socioeconomic development pathways

e.g., IPCC SRES scenarios, MA scenarios, GEO4 scenario

Population growth, fossil fuel use, food demand, etc. * 1
S

-

Projections of direct drivers

Climate change, land-use change, water extraction,

fish harvesting pressure

e.g., Global Climate Models (GCM), IMAGE

Projections of
impacts on biodiversity

Habitat or
functional group-

level changes I

e.g., dynamic e.g., niche models,

Species-level
changes

—) -

vegetation models, species-area
marine trophic curves, empirical
models dose-response

I relationships

Projections of

impacts on ecosystem
services

Provisioning, regulating,
supporting and cultural
services

e.g., marine trophic model
(food provisioning),
dynamic vegetation models
(carbon sequestration)

Global Biodiversity Outlook 3

Scenarios &
Models of Global
Change,
Biodiversity and
Ecosystem
Services

Pereira, Leadley et al.
2010. Science.



Overview of scenarios and models of
biodiversity and ecosystem services

e Making socio-economic scenarios more relevant for decision making.

¢ Improving confidence in and the usefulness of projections of biodiversity
and ecosystem services and their impacts on human well-being.

¢ Using scenarios and models of biodiversity and ecosystem services to
help anticipate, avoid, and manage disruptive global environmental
change.

¢ Using scenarios and models to provide insights into the institutional,
economic, and behavioural changes to enhance the capacity of social-
ecological systems to adapt and support biodiversity and ecosystem
services under global change.



Socio-economic scenarios:

Developing policy relevant scenarios
and
Harmonizing across spatial and
temporal scales



Methods for looking into the future

¢ Qualitative scenarios — e.g., based on case studies and national
commitments

e Extrapolations from current trends — statistical

¢ Extrapolations from current trends — with hypotheses or probablistic
¢ Socio-economic storylines - e.g. MA, GEO, IPCC storylines.

¢ Storylines + policy options - e.g., Rethinking scenarios

¢ Backcasting analyses: working backwards from sustainable endpoints -
e.g., Rio+20 scenarios



Global Biodiversity Outlook 3

Socioeconomic scenarios
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Testing impacts of changes in development pathways
that are ‘Aichi relevant’

Prevented biodiversity loss (MSA)

Expanding protected areas 20% -
XPancing p ° <j Target 11. Protected areas
Expanding protected areas 50% J
Reducing deforestation <: Target 5. Habitat loss

Closing the yield gap
Reducing post harvest losses

Changing diets — Healthy diet

Changing diets — No meat |

Improving forest management <: Target 7. Sustainable mgmt
Mitigating climate change — No
bioenergy
, — — + broadly Target 4: Sustainability
o 20 40 (o)

% of baseline MSA loss by 2050

- Basic options
|~ | Sensitivity variants

From B. ten Brink +
PBL Netherlands Environmental

Assessment Agency




IPCC AR5 RCP land use

os 2050

In scenari

Amazon bas

Scaling and harmonizing socio-economic scenarios
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Models of global change impacts on
biodiversity and ecosystem services



Models of climate change impacts on biodiversity & ecosystems:
a need for better integration of models and data

Direct observations

Paleoecological records Climate-envelope models
Empirical and
observational
) Integrated science of
- climate-change
biodiversity assessment
\; =
b \
Mechanistic < 5} ‘& érvﬁ \é
N
Ecophysiological models Population models

Experimental manipulations

Dawson et al. 2011 Science



Model intercomparison to help quantify uncertainty in climate change
iImpacts on trees: Scots pine in 2055

Scots pine

Current distribution

%

e
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Cheaib et al. 2012 Ecology Letters
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Scots pine mortality in Spain and
Switzerland

:
1,16,_‘r7,21g-14

Evidence of
a global
scale
increase in

tree
mortality

Allen et al.
2010




Ecology Letters, (2008) 11: 588-597 doi: 10.1111/].1461-0248.2008.01172.x

LETTER

Climate warming will reduce growth and survival

of Scots pine except in the far north
P. B. Reich'* and J. Oleksyn'-2
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fraction of global land surface threatened by severe change
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Linking scenarios and models of
biodiversity, ecosystem services and
human well being



Outlook 3

PROJECTED SHIFTS IN THE DISTRIBUTION OF SPECIES, SPECIES
GROUPS AND BIOMES

Projected
shifts in
pelagic fish
distriubtions
end 21st
century

Poleward shift
(km per year)
B <05
Bl -05-05
[]>05-1
Bls>1-2
[ ]>2-4
[ >4-6

| B

Source: Pereira, Leadley et al. 2010 Science. Based on Cheung et al. 2009. IPCC SRES
A1B scenario.
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Climate change impacts on the biophysics and
economics of world fisheries
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Target 10 - Actions to prevent tropical coral reef degradation

Global action (climate mitigation) and
Local action (protection of herbivorous fish) are need

Business as usual GHG Low Greenhouse Gas (GHG)
emissions emissions

Herbivorous
fish protected

W

Time when reef
carbonate budget

- becomes

negative

=1
Models of
-2 =2} Currently
healthy

Net carbonate budget (kg m=2 yr~)
o

Caribbean

. . A0l L1 N | | |
2020 2040 2060 2080 2020 2040 2060 2080 "'
Time (yrS) Tlme (yrS) Kennedy et al. 2013




‘Backcasting’ as an innovative way to explore alternative
pathways for reaching agreed upon objectives

Snd. PBL Netherlands Environmental
f‘ﬁf‘i Assessment Agency

Roads from Rio+20

Pathways to achieve global
sustainability goals by 2050

The ‘Storyline’ approach to developing plausible
SOCi0o-economic scenarios

Sustainable —
¢ Plausible scenarios primarily defined by

scientists
¢ Specific policy or management objectives
typically not accounted for

History
o \ Environmentally friendly
development pathway
Development relatively Expected trend =
unconstrained by ‘Business as usual’

environmental concerns

Unsustainable — T I
2010 2050

pbl.nl




‘Backcasting’ as an innovative way to explore alternative
pathways for reaching agreed upon objectives

Snd. PBL Netherlands Environmental
{‘ﬁf} Assessment Agency

Backcasting analysis, working back from a sustainable end Roads from Rio+20

point to determine actions for today Pathways to achieve global
sustainability goals by 2050

Sustainable -
Short-term .
implications _ Goals potentially set on the
o”" " @ basis of science-stakeholder
‘ [
R dialogs
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Y > Challenge "‘
® g Transformative
¥ action and policy
I
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PBL Netherlands Environmental Roads from Rio+20

Assessment Agency Pathways to achieve global
sustainability goals by 2050

Global biodiversity and options to prevent biodiversity loss

Global biodiversity Reduce nature fragmentation

I Reduceinfrastructure expansion
_ 7] Reduce nitrogen emmissions
% Mean Species Abundance (MSA)
_ - Mitigate climate change
70 —— Trend scenario - E
. Restore abandoned agricultural lands
® Goal
68 — .- Derivation of 2050 goal ] Reduce consumption and waste
. I Increase agricultural productivity
66 Expand protected areas
6q
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T
6o — =
(=
| i r ' 1 i | ' I|
2010 2020 2030 2040 2050 Global Decentralised Consumption

Technology Solutions Change
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Abundance
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Overview of scenarios and models of
biodiversity and ecosystem services

* Scenarios and models of biodiversity and ecosystem services
are a rapidly expanding field of research.

* There are several international networks focusing on these
issues, for example DIVERSITAS, EU-COST Action Harmbio,
SESYNC themes (US Socio-Environmental Synthesis Center),
etc.

* There is a great need for international research projects
especially in developing integrated scenarios and models at
regional to global scales. This includes research in support of
national, regional and global assessments.



Modeling and governing feed-backs between
ecological and economic dynamics

Martin F. Quaas

Department of Economics
Christian-Albrechts-Universitat zu Kiel

October 2013
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Environmental and Resource Economics; Ecological

Economics

Sustainability economics

Subject focus: relationships between humans and nature.

Orientation towards (uncertain) future.
Normative foundation of sustainability: justice in the

relationships between

m presently living humans (intragenerational justice)
m future generations of humans (intergenerational justice)

m non-human nature

Concern for efficiency:

non-wastefulness

mgéalsustalg:lraupm!l!m y

abate

economics..
sustam?hleenwronment sclence ustléanés societ Y =,

sustainability econormics

bt
resources NAture d ) etaction I understanding _ cooom

Ieponsiity ment
man m,memn model

agevmnn \

Baumgartner and Quaas (2010). What is sustainability economics? Ecological Economics

69:445-450.
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Environmental- and Resource Economics; Ecological
Economics

General Approach

Descriptive model: Ecological and economic dynamics
Normative criteria to evaluate outcomes

Policy recommendations: Which institutions and instruments
achieve the desired outcome?

~smsustainability

A normative

economics.. generations™:
sustaln?Meenverﬂment science UStIE"éS SOCle y

hical sustainabilit; ecanomlcs
resources Natur g s

b d SatsfaClDI’\I understandi n
responsibity p e t

i ‘ IMAN tree Colim-moce!

Baumgartner/Becker/Frank/Miiller/Quaas (2008). Relating the Phllosophy and Practice
of Ecological Economics. The Role of Concepts, Models and Case Studies in Inter- and
Transdisciplinary Sustainability Research. Ecological Economics, 67(3):384—393. 3/32



Questions and lssues

m Improve models: Take into account
® uncertainties
m feed-backs between ecological and economic dynamics
(example: demand-side interactions in fisheries)

m How to meet multiple objectives?
(example: stochastic viability analysis)

m ldentifying trade-offs: Who gains, who loses?
(example: workers in fishing industry)

m Develop innovative policy recommendations
(example: fishing quotas in terms of numbers vs. biomass)

Martin F. Quaas
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Viability

Luc Doyen (2013). Mathematics on Planet Earth Trimester Mathematical Bioeconomics,
IHP (Institut Henri Poincaré), Paris 5/32



Viability

Econo
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A
v

Alim
Doyen/Cissé/Gourguet/Mouysset/Hardy/Béné/Blanchard/Jiguet/Pereau/Thébaud

(2013). Ecological-economic modelling for the sustainable management of biodiver-
sity, Comput Manag Sci DOI 10.1007/s10287-013-0194-2 6/32



Viability analysis

Economy

Blimm = d = =

Z -

Ecology

Alim

Doyen/Cissé/Gourguet/Mouysset /Hardy/Béné/Blanchard/Jiguet /Pereau/Thébaud

(2013). Ecological-economic modelling for the sustainable management of biodiver-
sity, Comput Manag Sci DOI 10.1007/s10287-013-0194-2 7/32




Stochastic Viability: Multi-Species Fisheries

2.0

0.0 1.0 2.0
u Nephrops

100% 50% 0%

probability of ecological viability

Doyen/Thébaud/Béné/Martinet/Gourguet/Bertignac/Fifas (2012). A stochastic viability
approach to ecosystem-based fisheries management, Ecological Economics 75:32—42. 8/32



Stochastic Viability: Multi-Species Fisheries

2.0

u Hake

1.0

0.0 1.0 2.0
u Nephrops

100% 50% 0%

probability of economic viability

Doyen/Thébaud/Béné/Martinet/Gourguet/Bertignac/Fifas (2012). A stochastic viability
approach to ecosystem-based fisheries management, Ecological Economics 75:32—42. 8/32



Stochastic Viability: Multi-Species Fisheries

2.0

100% 50% 0%

probability of ecological and economic co-viability

Doyen/Thébaud/Béné/Martinet/Gourguet/Bertignac/Fifas (2012). A stochastic viability
approach to ecosystem-based fisheries management, Ecological Economics 75:32—42. 8/32
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Stochastic Viability: Rangelands
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Baumgartner/Quaas (2009). Ecological-economic Viability as a Criterion of Strong Sus-
tainability under Uncertainty. Ecological Economics, 68:2008—2020. 10/32



Stochastic Viability: Global Climate
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Steinacher/Joos/Stocker (2013). Allowable carbon emissions lowered by multiple climate
targets, Nature 499:197-201. 11/32



Questions and lssues

m Improve models: Take into account
® uncertainties
m feed-backs between ecological and economic dynamics
(example: demand-side interactions in fisheries)

m How to meet multiple objectives?
(example: stochastic viability analysis)

m Ildentifying trade-offs: Who gains, who loses?
(example: workers in fishing industry)

m Develop innovative policy recommendations
(example: fishing quotas in terms of numbers vs. biomass)

Martin F. Quaas
Modeling and governing feed-backs between ecological and economic dynamics 12/32



Maximizing expected present value of utility

max E Z St U(m(se, xt))
bad 150

m s;: stock size; x;: harvest
m § < 1: discount factor
m method: stochastic dynamic programming

m solution: optimal feedback policy
(in fisheries often termed harvest-control rule; HCR)

McGough /Plantinga/Costello (2009). Optimally Managing a Stochastic Renewable Re-
source under General Economic Conditions, B.E. J Econ Analysis & Policy, 9(1), 56.

van Dijk/Haijema/Hendrix/Groeneveld/van lerland (2013). Fluctuating quota and man-
agement costs under multiannual adjustment of fish quota. Ecol Modelling 265:230-238. 13/3:



Maximizing expected present value of utility

Example: Eastern Baltic cod fishery

0.45
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0.25
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0.1

0.05

Kapaun/Quaas (2013). Does the optimal size of a fish stock increase with environmental

optimal HCR, risk-neutral stakeholders =:=:=
optimal HCR, 0 = 0.74, € = 0.23 ==

Management plan 2007— =====5 d
’
7
A%
o'/

0.2 0.4 0.6 0.8 1 1.2
stock size [million tons]

uncertainties? Environmental and Resource Economics 54(2):293-310.
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Questions and lssues

m Improve models: Take into account
B uncertainties
m feed-backs between ecological and economic dynamics
(example: demand-side interactions in fisheries)

m How to meet multiple objectives?
(example: stochastic viability analysis)

m ldentifying trade-offs: Who gains, who loses?
(example: workers in fishing industry)

m Develop innovative policy recommendations
(example: fishing quotas in terms of numbers vs. biomass)

Martin F. Quaas
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Eastern Baltic cod fishery

maximum sustainable yield (MSY) management vs. business as usual (BAU)

,..ICES (2012) stock assessment data @
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Quaas/Stoeven (submitted). Public and private management of renewable resources:
Who gains, who loses? 16/32



Sustainable fishery management: Who gains, who loses?

labor

pro-
cessing

harvesting

capital

fish stock

Quaas/Stoeven (submitted). Public and private management of renewable resources:
Who gains, who loses? 17/3:



Sustainable fishery management: Who gains, who loses?
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Quaas/Stoeven (submitted). Public and private management of renewable resources:
Who gains, who loses? 17/3:



Sustainable fishery management: Who gains, who loses?

Comparing present value of benefits under maximum sustainable yield (MSY)
management vs. business as usual (BAU)
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Questions and lssues

m Improve models: Take into account
B uncertainties
m feed-backs between ecological and economic dynamics
(example: demand-side interactions in fisheries)

m How to meet multiple objectives?
(example: stochastic viability analysis)

m Ildentifying trade-offs: Who gains, who loses?
(example: workers in fishing industry)

m Develop innovative policy recommendations
(example: fishing quotas in terms of numbers vs. biomass)

Martin F. Quaas ;
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Interactions in multi-species fisheries

m ecological interactions: predator-prey, competition, symbiosis

Quaas/Requate (2013). Sushi or fish fingers? Seafood diversity, collapsing fish stocks, and
multi-species fishery management, Scandinavian Journal of Economics 115(2):381-422. 20/3:



Interactions in multi-species fisheries

m ecological interactions: predator-prey, competition, symbiosis
m economic interactions: technical (bycatch),

Quaas/Requate (2013). Sushi or fish fingers? Seafood diversity, collapsing fish stocks, and
multi-species fishery management, Scandinavian Journal of Economics 115(2):381-422. 20/3:



Interactions in multi-species fisheries

m ecological interactions: predator-prey, competition, symbiosis
m economic interactions: technical (bycatch), demand-side

30438

3919.9

4 156.5

266.3

trade in fishery products, million US $, FAO SOFIA 2012

Quaas/Requate (2013). Sushi or fish fingers? Seafood diversity, collapsing fish stocks, and
multi-species fishery management, Scandinavian Journal of Economics 115(2):381-422. 20/3:



Demand-side interactions between fisheries
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Quaas/Requate (2013). Sushi or fish fingers? Seafood diversity, collapsing fish stocks, and
multi-species fishery management, Scandinavian Journal of Economics 115(2):381-422. 21/3:



TWO ASPECTS OF OVERFISHING

consumer value seafood diversity: ‘love of variety’

m collapse of fish stocks is economic problem on top of
inefficiently low stocks and yields

Quaas/Requate (2013). Sushi or fish fingers? Seafood diversity, collapsing fish stocks, and
multi-species fishery management, Scandinavian Journal of Economics 115(2):381-422. 22/3:



TWO ASPECTS OF OVERFISHING

inefficiently low stocks and yields

m extensively studied
m fundamental principles well
understood 0

e.g. Clark (1990)

collapse of stocks at world-wide scale

m recognized more recently
m has become focus of scientific interest
and public concern in the last years
Costello et al. (Science, 2008) 20
Heal and Schlenker (Nature, 2008) 1980 1980 2000

Worm et al. ((Science, 2006) Year
Costello et al. (2008)

% Collapsed

Quaas/Requate (2013). Sushi or fish fingers? Seafood diversity, collapsing fish stocks, and
multi-species fishery management, Scandinavian Journal of Economics 115(2):381-422. 23/3:



Coupled ecological-economic system may have multiple
equilibria even if the natural system has not

substitutes, low discount rate complements, high discount rate
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Quaas/van Soest/Baumgartner (2013). Complementarity, impatience, and the resilience

stock of resource 1, x;

of natural-resource-dependent economies. J Env Econ Management 66(1):15—32.

24/32



Questions and lssues

m Improve models: Take into account
B uncertainties
m feed-backs between ecological and economic dynamics
(example: demand-side interactions in fisheries)

m How to meet multiple objectives?
(example: stochastic viability analysis)

m Ildentifying trade-offs: Who gains, who loses?
(example: workers in fishing industry)

m Develop innovative policy recommendations
(example: fishing quotas in terms of numbers vs. biomass)

Martin F. Quaas ;
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GROWTH OVERFISHING: EXAMPLE OF BALTIC COD

Baltic Sea, early 1980s




GROWTH OVERFISHING: EXAMPLE OF BALTIC COD

Baltic Sea 2007




Fishing Quotas in Terms of Numbers vs. Biomass

Proposal for new design of regulation

m Total allowable catch (TAC) in number of individual fish

m System of tradable quotas (TQ) in numbers of individual fish
and appropriate exchange rates

Conventional biomass management

TAC in tons of biomass

New individual-based management
TAC in number of individual fish

TQs in tons of biomass save fishing
cost but have no positive effect on
stock

TQs in numbers save fishing cost and
set incentives that prevent growth
overfishing

Gear restrictions are necessary to pre-
vent growth overfishing

Fisherman decides on fishing gear

Quaas/Requate/Ruckes/Skonhoft/Vestergaard /Voss (2013). Incentives for Optimal Man-
agement of Age-Structured Fish Populations. Res Energy Econ 35(2):113-134.

Diekert (2012). Growth Overfishing: The Race to Fish Extends to the Dimension of Size,
Environ Resource Econ DOI 10.1007/s10640-012-9542- 28/3:



Fishing Quotas in Terms of Numbers vs. Biomass
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Quaas/Requate/Ruckes/Skonhoft/Vestergaard /Voss (2013). Incentives for Optimal Man-
agement of Age-Structured Fish Populations. Res Energy Econ 35(2):113-134. 29/32



Fishing Quotas in Terms of Numbers vs. Biomass
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Quaas/Requate/Ruckes/Skonhoft/Vestergaard /Voss (2013). Incentives for Optimal Man-
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Questions and lssues

m Improve models: Take into account
B uncertainties
m feed-backs between ecological and economic dynamics
(example: demand-side interactions in fisheries)

m How to meet multiple objectives?
(example: stochastic viability analysis)

m ldentifying trade-offs: Who gains, who loses?
(example: workers in fishing industry)

m Develop innovative policy recommendations
(example: fishing quotas in terms of numbers vs. biomass)

Martin F. Quaas
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Ecological-economic models: Scale and Scope

Whole of socio- 4r
economic

systems )
Reachable space given
Otheruses of questions asked, purpose,
ecosystems context, ...

Decision Groups
(fishing fims,
households, ..) &
social networks

Multiple fleets /
Agents
Single Fleet/
Agent
ﬂFr /r"l
s
' —
Single Mu Iti- Species/ Habitat Species Whole of
species species interactions interactions ecosystems

Thébaud/Doyen/Innes/Lample/Macher/Mahévas/Mullon/Planque/Quaas/Smith /Vermard
(2014). Building ecological-economic models and scenarios of marine resource systems:
Workshop report. Marine Policy 43:382—-386. 32/32



BELMs=NT

F O R U M

World’s major and emerging funders of global environmental
change research, and international science councils

Acting as Council of Principals for IGFA, a larger group of funding
agencies

Belmont Forum Membership

e Australia/CSIRO

* Austria/BMWF

* Brazil/FAPESP

* Canada/NSERC

* China/NSFC

* European Commission/DG R&l
* France/CNRS&ANR « International Social Sciences Council
* Germany/DFG&BMBF (1SSC)

* India/MoES

e Japan/MEXT&JST

* Norway/RCN

* South Africa/NRF

* United Kingdom/NERC
* United States/NSF

International Council for Science (ICSU)

Belmont Forum Scoping Workshop on Biodiversity and Ecosystem Services - October 21-23, 2013
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F O R U M

 Initiated in 2009, by NSF (US) and NERC (UK)
* Belmont Challenge:

to accelerate delivery of the environmental research needed
to remove critical barriers to sustainability
by aligning and mobilizing international resources

* Convergence with other processes of collective thinking
within the Global Environmental Change community

— S&T Alliance for Global BELMNT <> CSU

Sustainability with Future Earth as 22 sciencea Technology W
. . . ( Alliance for

first major action

Global Sustainability

.

[,

/
SNIGFA  IEy
hod ~ =

— The BF’s International Opportunity Fund—

Belmont Forum Scoping Workshop on Biodiversity and Ecosystem Services - October 21-23, 2013



BELM:=NT

F o R u m Thelnternational Opportunity Fund

. ,(A year)ly call with 2/3 thematic Collaborative Research Actions
CRAs

* Main goals:

— Address the Belmont Challenge priorities - Deliver knowledge needed
for action

— Support Future Earth by promoting innovative types of research

— Lever IGFA/Belmont Forum member’s existing investments through
international added value

— Bring together new partnerships of natural, geo scientists, humanities
and social scientists, and stakeholders

e A flexible tool

— A la carte for a given CRA

— Suitable for various kinds of incentives: networking, clustering,
integration, capacity building...

— Open to any funder (BF, IGFA or not) - Possibility of joint call with other
international initiatives

— Everything is common (scoping, call, selection, scientific follow-up) but
the money (each partner funds its own eligible community)

Belmont Forum Scoping Workshop on Biodiversity and Ecosystem Services - October 21-23, 2013
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IOF 2012

= ,‘M—' ‘ ‘:‘?‘ - e
mT

T

CRAs on Freshwater Security and Coastal Vulnerability, joint with
G8HORC s, aligned with FP7 and NSERC

130 pre-proposals, involving more than 1000 partners from ~ 50
countries (high number of partners from non-BF member countries,
coming on board with their own funding)

53 full proposals
13 funded projects; 2-3-year; ~ 1-2 M€ projects

~

:\ Belmont Forum Scoping Workshop on Biodiversity and Ecosystem Services - October 21-23, 2013
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IOF 2013

e E-infrastructure and Data Management - Foresight

* Food Security and Land Use Change - Joint Belmont Forum

- FACCE JPI call (~ 10 M€) — 2 types of project (community
building and research projects)

Belmont Forum Scoping Workshop on Biodiversity and Ecosystem Services -
October 21-23, 2013



FBEOLMfl.JN-IIV-I 2014 CRA proposals

under scoping process

* Arctic : Data Observing System and Sustainability
Science

* Biodiversity and Ecosystem Services: Improving our
capacity to predict global changes in biodiversity and
ecosystem services

e Climate Services : Seasonal to Decadal Predictability
of Regional Climate (incl. monsoons and polar areas)

Belmont Forum Scoping Workshop on Biodiversity and Ecosystem Services - October 21-23, 2013



PELINT

CRA lifecycle

Schematic for emergence of new BF IOF/CRA

Via Internationa
Program( B Future Earth
High Impact

Scientific C
community CRAs

Via Funder&a '""IfS_Ff\""’ Timeline

Annual IGFA-BF meeting in December2013:

o0 2014 CRAs: Decision on launching calls

Belmont
Forum

!

Call opening for selected 2014 CRAs : February 2014

Belmont Forum Scoping Workshop on Biodiversity and Ecosystem Services - October 21-23, 2013



Thank you for your attention ...

and for
your contribution to this

scoping workshop !

Belmont Forum Scoping Workshop on
biodiversity and Ecosystem Services -
October 21-23, 2013



DIVERSITAS

an international programme

of biodiversity science

Scoping Workshop on
Biodiversity and Ecosystem

Services

Anne-Hélene Prieur-Richard

Belmont Forum, 21-22 Oct 2013
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i
Goals D'IVERSITHS
nternational programme

f b odiversity science

* Develop models & scenarios to predict future
Interactions between socio-economic dynamics,
global environmental change, biodiversity and
ecosystem services

Support of decision making processes




=

Eco-Evolutionary framework for gl

DIVERSITAS
an int

biodiversity change sy s

* Predict species range shifts in response to
GEC by integrating
— Species capacity to adapt (migration, plasticity)
— Species interactions (e.g. mutualism, predation) &
their evolution

Yukon squirrel
1154
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—
/
/
/
4
e
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1104

+~{  Bradshaw & Holzapfel, 2007, PNAS
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year of birth
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TRY B rsiras

an international programme

of biodiversity science

« To compile information about ecological traits
of plant species at world scale

Biodiversity Earth system science
Species richness Few fixed model parameters
Plant traits

!

Functional diversity

* Redefinition of plant functional types
* Functional trait analysis
* Development a new generation of vegetation models



Coupling socio-economical & 7
ecological models o ey s

« Mandate from the Convention on Biological
Diversity to develop the modelling and scenario
chapter of the Global Biodiversity Outlook 4

« Technical report on status, trends and futures of
biodiversity

 New ways to explore alternative pathways for
reaching agreed upon objectives (towards global
sustainability)



Roads from Rio+20
Pathways to achieve global
sustainability goals by 2050

PBL Netherlands Environmental
Assessment Agency

Global biodiversity and options to prevent biodiversity loss

Global biodiversity Reduce nature fragmentation

I Reduceinfrastructure expansion

_ 7] Reduce nitrogen emmissions
% Mean Species Abundance (MSA)

70 — B WMitigate climate change

— Trend scenario
. Restore abandoned agricultural lands
® Goal
68 — .- Derivation of 2050 goal ] Reduce consumption and waste
. I Increase agricultural productivity
66 — Expand protected areas
64
bz —
[
6o — =
(=N
| ' [ ' 1 i [ ' 1
2010 2020 2030 2040 2050 Global Decentralised Consumption

Technology Solutions Change
pathway pathway pathway
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Key knowledge gaps d "

1)
2)

3)

4)

nternational programme
f b odiversity science

Inclusion of adaptative capacity

Better representativeness of biodiversity:
Inclusion of more functional diversity

Coupling socio-economical and ecological
models

Better understanding and evaluating
uncertainty: inter-model & inter-dataset
comparison (Harmbio)




Thank you !

www.diversitas-international.org
anne-helene@diversitas-international.org

B icsU TI0HL (Seore Y
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