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Scenarios - when to use?
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Scenarios - when to use?

Scenarios are (perhaps) the best tool when:
Uncertainty is high, and

Controllability is low, or
Complexity is high, or
Causality is high

Note: climate change is highly uncertain; REDD is highly
complex; (global) implementation is difficult to
control
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Scenarios - types

A Project goal - exploration vs decision support:

I. Inclusion of norms? : descriptive vs normative

IT. Vantage point: forecasting vs backcasting

III. Subject: issue-based, area-based, institution-based
IV. Time scale: long term vs short term

V. Spatial scale: global/supranational vs national/local

B Process design - intuitive vs formal:

VI. Data: qualitative vs quantitative
VII. Method of data collection: participatory vs desk research
VIII. Resources: extensive vs limited

IX. Institutional conditions: open vs constrained

C Scenario content - complex vs simple:

X. Temporal nature: trend vs snapshot

XI. Variables: heterogeneous vs homogenous

XII. Dynamics: peripheral vs trend

XIII. Level of deviation: alternative vs conventional
XIV. Level of integration—highvs low
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Story And Simulation approach
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Scenarios - a toolbox of methods

_ Qualitative Semi-quantitative Quantitative

Present Fuzzy Cognitive Maps Data
Causal Loop Diagrams
Bayesian Belief Networks

Long-term future Storylines (spatial) Models
Collages
Visions

Shillss Clin-ilel1 Sl Backcasting Fuzzy Cognitive Maps Indicators
Strategies
Robust actions
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Example 1: The Millennium Ecosystem Assessment

(multi-scale scenario development)

GLOBAL

{HONAL

HUMAN WELL-BEING AND
POVERTY REDUCTION

| Material minimum for a good life
B Health

B Good social relations

W Security

B Freedom and choice

|

ECOSYSTEM SERVICES

B Provisioning {e.q.,food, water)

B Regulating (e.g., dimate, water,
disease regulation)

W Cultural (e.q., spiritual, aesthetic)

B Supporting (e.g. primary

> duction, soil formation)

LIFE ON EARTH: BIODIVERSITY

<

t / 4

«——» shortterm

INPIRECT DRIVERS OF CHANGE

B Demographic

B Economic (e.g., globalization, trade, market, and
policy framework)

B Sociopolitical (e.g., governance, institutional, and
legal framework)

B Science and technology

B (ultural and religious (e.g., choices about what and
how much to consume)

DIRECT DRIVERS OF CHANGE
B Changesin local land use and land cover
M Species introductions or removals
B Technology adaptation and use
W External inputs (e.g,, fertilizer use, pest control, irrigation)
B Harvest and resource consumption
B (limate change
B Natural physical and biological drivers
(e.g., volcanoes, evolution) uninfluenced by people

«— »
long term —————%

| | strategies and interventions

s
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Millennium Ecosystem Assessment

e Aim: infternational scientific assessment of the consequences of
ecosystem changes for human well-being

® Modeled on the IPCC
e Providing information requested by:

- Convention on Biological Diversity (CBD)

* Convention to Combat Desertification (CCD)

* Ramsar Convention on Wetlands

- Convention on Migratory Species (CMS)

- other partners including the private sector and civil society
e With the goals of:

- stimulating and guiding action

- building capacity
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MA working groups were assessing

global conditions, scenarios and responses
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Scenario anatomy (storylines)

Boundaries
» Spatial

e Thematic
e Temporal

Key Dimensions

e Variables

Current Situation
 Historic context
e Institutional description
e Quantitative accounts

Driving Forces
*Trends
*Processes

Critical Uncertainties
* Resolution alters course of events

Plot
» Captures dynamics

« Communicates effectively
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Four global stories

©  Globally Technogarden Global
. QQ Focus: Orchestration
§ CO”ﬂECtEd Environmental
‘:\'\. technology
&

$ :
Regional

focus

Adaptive Mosaic
Focus:
Active learning

from Strength
Focus:
Self interest

Proactive Reactive

Approach to environmental management
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Approach to quantifying the scenarios

Storylines

Slobal
Orchestration,
Techno-garden,
efc.

Y

ey

Model
Inputs

Demographic
Economic
Technological

L J

Model Outputs

Provisioning Services

- Food {meat, fish, grain
praduction)

- Fiber (timber)

- Freshwater (renewable
water resources &
withdrawals)

- Fuel wood (biofuels)

Regulating

- Climate regulation {C flux)

- Air quality (NOx, S
emissions)

Supporting
primary production
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As).

(17 Approved and 16 Associated SGASs)

Coastal British
Columbia, Canada

Northern Lakes, 4
Wisconsin

Caribbean Sea

Northern
Range,
Trinidad

Chrripo,

Costa RicN

Coffee-growing
region, Colombia

VilcanoV.
region,

@ Sao Paulo,
Brazil
Peru Salar de -
Atacama,
Chile @ Argentine
pampas

. Approved assessments

— | @ Associated assessments

Norway

Paortugal

sStockholm and
Kristianstad,

L Sweden
Altai-Sayan

Central Asia _ Ecoregion
ins "N

[ ASB sitest”

moLintajns
\ Western
Arab regiqg__-!_. @ Laguna Lake Basin,
india Il ® Philippines
local angd Papua
mountains MNew Guinea

small islands

Downstream [ ]
Mekong, Indonesla

ietham

®
MNorthern F|]|

Australia

flovdplains
Arafura and

Timor seas

Q Multi-scale assessments

Southern
Africa
(SAMMA)
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Examples of different multi-scale designs

) Caribbean Sea (CARSEA)
Southern Africa MA (SAfMA) Portugal MA (PtMA) Northern Range Trinidad

Global
storylines

Caribbean Sea

Global
storylines

Global Global

storylines

Portugal Regional/National

Local
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Examples of scenarios

.' L

U d
3y '.:t'
Wisconsin 7
- .
Ecological crisis
B Agricultural land
Extensive grassland
[ Scenario 1 ]
Local growth External growth

[ Scenario 2 ]

[ Scenario 3

Gradual change
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Communicating scenarios

Salar de Atacama,
Chile

Vilcanota, Peru

SAfMA
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Ecosystem services addressed

Ecosystem Service

Biodiversity

Water quality and quantity

Soil protection

Landscape aesthetics

Recreation/ Tourism

Sub-global Assessment

SAfMA, Caribbean Sea, Portugal, Bajo Chirripo, India Local
Goulburn-Broken Catchment, Wisconsin, SAfMA, Portugal,
Portugal

Wisconsin, Portugal, San Pedro de Atacama

San Pedro de Atacama, Caribbean Sea

s
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Conclusions from MA

MA was the first global assessment to explore the SAS
approach in all its detail

MA additionally extensively tackled the multi-scale issue

MA was very successful in developing stories; models; and
multi-scale results

The MA still stands out as one of the best examples
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Further reading

Lebel, L., Thongbai, P., Kok, K. et al. 2006. Sub-global scenarios. Pp. 229-259 in:
Capistrano, D., Samper, C.K., Lee, M.J., Rauseppe-Hearne, C. (Eds.), Ecosystems
and Human Well-being (Volume 4): Multiscale assessments. Findings of the
sub-global assessments working group of the Millennium Ecosystem
Assessment, Island Press, Washington.

Henrichs, T., Zurek, M., Eickhout, B., Kok, K., Raudsepp-Hearne, C., Ribeiro, T., Van
Vuuren, D., Volkerg, A. 2010. Scenario Development and Analysis for
Forward-looking Ecosystem Assessments. Chapter 5 in: UNEP, Ecosystems
and Human Well-being: A Manual for Assessment Practitioners. Island Press,
Washington.

Alcamo, J., D. van Vuuren, C. Ringler, J. Alder, E. Bennett, D. Lodge, T. Masui, T.
Morita, M. Rosegrant, O. Sala, K. Schulze and M. Zurek, 2005: Methodology
for developing the MA scenarios. Ecosystems and Human Well-Being:
Scenarios: Findings of the Scenarios Working Group (Millennium Ecosystem
Assessment Series), S.R. Carpenter, PL. Pin%ali, E.M. Bennett and M.B. Zurek,
Eds., Island Press, Washington, D.C., 145-172.
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Example 2:

SCENES: Envisioning the Future of Water in Europe
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Project set-up

I1A1: Coordination

WP1: Drivers and Management

and Policy Measures

WP2: Scenario
Development

WP5: Support
for Policies

WP3: Tools
and Methods

WP4: Analysis
of Impacts
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Multi-scale scenario development

Pan-European Pan-European stakeholder panel

3

Mediterranean Luwfubu k Sea
(upscalipg of P4 {upscating of PA i ing of PA
reselds by experts) suls yemAS} (\sui by expedS

pldermanels and workshops in 2l Pilot Areas

Regional

/'"‘-\\.

Pilot Area*

x
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Scenario characteristics

Common:
Participatory with stakeholder workshops
Co-production of knowledge

Pan-European (PEP):
Story-And-Simulation
Main products: stories and model results/indicators

Pilot Areas
Conceptual modelling
Main products: FCMs and stories
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PEP - Scenario method

Explorative scenarios:

Based on fast-track scenarios for Europe (GEO-4)

Four storylines 2005-2050 in three periods

Focusing on the socio-economic, institutional and cultural system
Input for WaterGap model

Part of the Story-And-Simulation approach

Backcasting scenarios:

Linked to explorative scenarios

Four backcasts 2050-2005 (timelines)
Focusing on short-term (policy) actions

Combination:
Robust strategies and actions
_Input for policy recommendations
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PEP scenarios - flow of information

PEP meetings Other activities
Selection of
GEO-4

stories + models

PEPO
Agree on method

:

PEP1
First draft stories WaterGAP
Fuzzy Sets model runs
.
2nd draft stories WaterGAP
Fuzzy Sets rev. model runs
PEI1>3 Red Thread
Backcasting Story summaries
short-term actions
Drivers
Indicators
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Resulting scenario families

/A‘N Global Policy//BN

Rules

Markets

Econc}q First

First

Self-interest/Reactive

Sustainabi |i’r2/
Sblidarity/Pro-active
First

Sustainability

AN

ol DVaVal

7 N 1rcC
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Results - Stories
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Results - Stories

"After years of agricultural intensification and
declining extensive agriculture, the population
moves from rural o urban areas causing urban
sprawl. One result is the fragmentation of
agricultural land and natural areas near urban
centres. The impact of these changes is very
diverse across Europe.”

(taken from Markets First; 2025-2050)
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Results - Conceptual models

[_starts in FIRST pariud] (slarts in SECOND pennaj [mns in THIRD prelud]

/

liberalisation (m] a brain drain from
Europe to other regions in hig labour force
reduce —(trade bariers ) Saa e o cault B
security systems leadbo__ P

less people can afford — cause
high level university education

i

globalisation

\ /\eaﬂ to

Lﬂuick diffusion of technological innuvatluﬂsJ

shortages in labour force
leads to =

although lowers
=

steadily increasing immigration
private companies
would offer classes
uld of a: too creates —# _soc al and ethnic tensions

leads to

[ weakening of international ]

ustainable production patterns
established where profitable

|eads to—p| decline of regulatory
abilities of governments

— Governments rely

therefore —p.| mainly on market based
low diffusion of water saving instruments rather
technologies across borders | than regulations
leads to lower
__lead —>

(Iuw water saving cuunsc\ousness)

Multinational companies
dictate environmental

standards and progress

economic growth

[ experiment with re-using ]

_—increase — o
return flows from Irrigated farms [

per capita water use in the Easl]

aimed to boost

ngle | increase lower
((demands to mitigate CC impacts ) persons households - P
per capita water use

higher water prices

in the rest of Europe

increases —g| non-fossil and nuclear

alternatives development

public un ess

ol lows d
to accept cost of CC | Slows down

increase

tolerating chemical
and other pollution

experiences that loosing
ecosystems and their
leads to significant economic

growing no. of tourists

(==

and welfare losses instruments
\ lowers lowers
leads to lowers.
economic interests in tourism positivly affects \ /
_
drives
> implementation

of WFD in all countries

—increses — 3 er quality industry moving out of Europe and
improving ecological impacts.

innovative development
of economic instruments

B / media attention
INFLUENCES/ BLOCKS???
i v il

> causes.
" increase
SroWing. o uas. Camand P can lead in some ——p-(_deforestation
for food commodities | — 4 s ot
/ intensification of agriculture
demand for foed exports T irrigation use in changes spatial distribution of areas
and biofuel production creases — | oet productive areas 9 »| of water scarcity or surplus
—leads to — —umal sprawl
decremsain | lends 1o ——-{(form sbendonment )
agricultural subsidies |
where
— . " / ¢
P — —( CAP |—th
and government intervention @ thus ack of profits

sk A. Dubel

lack of water infertility of soils
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Results - Quantified parameters

Markets First
2005 2025

Region

2025 2050 =

WE Medium Low 2
increase  increase E

CE Medium Low E
increase  increase 9

EE Medium  Medium 2
increase  to high °

increase

1.0

0.8

0.6

0.4

0.2

0.0

Medium increase
4.5

01234567 89101112131415
Change of GDP per capita [% per year]

ross Val = will be the share of manufacturing industry of total GDP

» _
=

‘What is the share?
Please fill In - high = h; medium = m; low =1

Figure 3. Share of manufacturing industry output of GOP 1960-2002 arsd in 2000 in the regions”.

Dt souwce:
Share of manufacturing GVA of GDP Fy model Share of manufacturing GVA of

total GPD in the year 2000

%

Average share for sspon %,
I I
i 7
tht
ERESE
Shave of GOP %]
& a BN

't
H
i
H
]
]

MLOWE M SE EGc E0e WA

| _.r.i_E_|_. S| EEc | EEe | WA

" w F T v
m m m M k] b
" m m ] M m_ | L |

Region
2005-
2025

Markets First

2025
2050

WE
CE
EE

+45
+45
+45

+2.3
+2.3
+23-45

Target year manufacturing GVA per total GDP
What will be the share of manufacturing GVA {Gross Value Added) of total GDP in the

future?

Please give your best estimate,

Manufucturing GVA of total GDP, Please deflne the boundaries for the share for high,

medium and low!

Low Medium High

: -
| |

e [ e [ ]

‘OVERLAPPING OF CLASSES POSSIBLE!

Figure 3, Share of manufacturing industry output of GDP 1960-2002 and in 2000 in the
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Results - Model output

N Average annual water availability - summer
- natural flow: not dam and water use -
S(_EE (climate normal, 1961-90)

mm per season (Jun, Jul, Aug) on basin-scale‘-\; —

(€) Center for Environmental
Systems Research
University of Kassel

0 25 125 25 50 75 125 no data July 2010, WatstGAP 3.1
AN Change in average annual water availability - summer Change in average annual water availability - summer
m - natural flow: not considering dam management and water use - - natural flow: not considering dam management and water use -

—— (IPCM4, A2 scenario, 2050s)

Percentage change to climate normal (1961-1990)

(c) Center for Environmental
Systems Research,
University of Kassel

-30 -15 -5 5 15 30 no data July 2010, WaterGAP 3.1

-15 -5 S

(MIMR, A2 scenario, 2050s)

Percentage change to climate normal (1961-1990)

(e)

no data

Center for Environmental
Systems Research,
University of Kassel
July 2010, WaterGAP 3.1
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Pilot area scenarios

The role of Fuzzy Cognitive Maps

A

Narrative | Quantified ‘ Model
storylines - drivers - Runs
FCMs
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Participatory FCMs - creative process

O L
Crimea - Ukraine

Guadiana - Spain
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Participatory FCMs - structured consensus

Manaus - Brazil

Crimea - Ukraine
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Participatory FCMs - group model building

Lower Tisza - Hungary

Taclaw ko gy Wakr polay

o

Ilsauagm e 1t caqac aky
Aopicrlne
Focimlaspuck Bowazeamess
2 | [x] [n]  [wa] [2 ]
5 ahte of waks
Follntion kad

IR

C Huwte clangs Coopmmtion

Lake Peipsi - Estonia
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Participatory FCMs - dynamic output

15

0.5

|
NIVA,
/J! \é{/ WAWAY A
\4 VW\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
o X ® N O ©
RS OOQN 0oQ ooQ qu’ S ooQ(b K ooQb‘ ooQbP‘ooQb‘

-1.5

-2

—— CO0; population

——C1; awareness
C2; gap demand&supply
C3; water quality

—— C4; agriculture (intensive)

——C5; freq. extreem events

——C6; qual nat. systems

——C7; policies
C8; price of resources
C9; other sectors
C10; industry
C11;inrastructure

Crimea - Ukraine
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Fuzzy Cognitive Maps - summary

Advantages ("QUICK"):

- Easy to develop and apply. The approach is highly intuitive, it can quickly be
explained and applied to any new situation.

« High level of integration.

* Forces users to be explicit and facilitates a concrete discussion.

Disadvantages ("DIRTY"):

* Relationships are only semi-quantified. It is difficult to interpret the output
in absolute terms.

« Time is ill-defined. Factors included in the system do not usually all operate
at the same temporal scale. FCM does not adequately deal with these time-
mismatches.

* Being concrete requires expert opinions. Especially when developing a FCM
from scratch requires a high level of understanding of all participants.
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Conclusions from Scenes

Scenes was an important test-case of the SAS approach

In terms of scenario development, Scenes was successful on
almost all accounts

It showed that it was possible o increase the number of
iterations, and increase consistency between models and
stories

It furthermore showed the importance of additional tools to
strengthen the link between qual and quan: Fuzzy Sets and a
number of Conceptual Modelling techniques
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Example 3:

CLIMSAVE - adaptation to climate change
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Scenario development framework

Adaptation options

Climate change

. p Socio-economic
impacts

Story-And-Simulation stories
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Scenario development framework

Similar to SCENES:
Participatory with stakeholder workshops
SAS approach with stories and models

Novel aspects:
Development of online Integrated Assessment Platform
More focus on normative (adaptation) options and robust strategies

WAGENINGEN UNIVERSITY
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The CLIMSAVE IA Platform

Crop - Pests &
yields diseases
\

Flooding

Rural land
{ s <

Water
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The IAP development process

Initial design of IAP
Construction of metamodels

Workshop 1: Quantification of

scenarios

Workshop 2: Assess -
C ) futures/impacts
Workshop 2: Quantify adaptation

options -

Workshop 3: Explore adaptation
responses

gwAggNlN Final CLIMSAVE IAP



Climate Change Integrated Assessment Methodology for Cross-Sectoral

e The CLIMSAVE pI'OjEGt Adaptation and Vulnerability in Europe

Map Inputs l ISH\I‘E sCEnano l I Load scenario l

@ Impact Indicators O Ecosystem service Indicators I Export l I Help l @ Map O Chart O Table

Scenario selection

Sector : &gﬁmltum '] Indi[:ator:[an_Pcrtatues 1'] ®
.

Timeslice:

Emission scenario:

YAv_ Potatoes A

‘,] [ 0to 3.74 t/ha

[ 3.74 to 7.47 t/ha

Climate sensitivity:

i ] [ 7.47 to 11.21 t/ha

[
[
Climate medel: [ HadCM3
[
[

Socio-economic Scenario:

s1vedw) jearsAyd

- ] Bl 11.21 to 14.94 t/ha

Socio-economic settings

Land Forest o i Flood/coastal
Biodiversity
management... | management defence .
Demographics | Societal Development | Water . ki iiine
& economics preferences planning management = o e :j . E‘ Iil'
Population change = 100% of current . T ! LTSI A 1] &
= == 1_____..|_'1- [y 4 .-_:EF-_-_r1_r_r|-..-
85 | 125 BBt W ERIV AN
GDP c:ham_;l_el = 180% of current =5
100 300
——————— . FHIET I E
Change in costs = 1
I
0.5 || 2
[ ————— |
Technological effectiveness = 1
I
0.5 | 2
[ e —————— |
Change in labour costs = 1
In
0.5 L 2
[ ————— |
Evaluate -> || YIELDS metamodel » | | setLegend | | Lat: 25.75, Lon: -2.15 Opacity: L 0.5
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o

& The CLIMSAVE project

Adaptation and Vulnerability in Europe

Climate Change Integrated Assessment Methodology for Cross-Sectoral

@Yield change due to technology (15%)

| |

olrrigation efficiency = 0% increase
0

30

b Irrigation price = 280% of current

e—"——"

Change in bioenergy production (560 PJ)

| |

Capital meter

Very Low High
Natural —

Manufactured ——

Human I
Social —

Financial —

i

To

baseline

b | Lat: 49.8

| | Long: +6.8

Value: 49.8%

| Food |

Water |

Biodiversity

Flooding |

Forest

| Aggregated indicators |

‘View el T ‘ ‘Save/ Load scenario ‘ O Impact Indicators . Ecosystem service Indicators | [Export | Help
Scenario settings Sector / Ecosystem service Indicator w
[A2] [Hadcm3 | [Fi8R | Green & happy [ Cultural [ Charismatic species ‘ _g'
R e ey
esponses 5.
Rural | Urban |Biodiversity |Water ?_J
planning | planning |planning  |planning 3
. S
Instructions a

n

uoneidepy
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Conclusions from examples

Scenarios come in many shapes and forms

The Story-And-Similation approach has emerged as the state-of-the-
art and has proven its functionality

The approach has spurred to development and adoption of a growing
number of fools and methods

Testing continues in a number of projects

Focus is shifting from the ‘classic’ SAS to the role of Conceptual
Models, Fuzzy Sets, and online platforms.

In short, SAS has been operationalised
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Scenarios - a toolbox of methods

_ Qualitative Semi-quantitative Quantitative

Present Fuzzy Cognitive Maps Data
Causal Loop Diagrams
Bayesian Belief Networks

Long-term future Stories (spatial) Models
Collages Causal Loop Diagrams Online platforms
Visions

Shillss Clin-ilel1 Sl Backcasting Fuzzy Cognitive Maps Indicators
Strategies
Robust actions
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Scenarios and REDD

1. How could scenarios support the progress of REDD+?

Type of scenario: Existing stories and models

Role:

*Identify links with REDD and mapped uncertainties to steer direction.

Identify feedbacks and connections of REDD with others aspects
(conservation; rural livelihoods; climate)

2. How can scenarios help stakeholders plan a REDD programme?
Type of scenario: qualitative or semi-quantitative; backcasting; national(?)
Role:

*Excellent tool for stakeholder engagement & co-production of knowledge

*Explore socio-economic and institutional steps that are needed for planning
REDD programmes
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Scenarios and REDD

3. How can scenarios help stakeholders analyse/visualise the
benefits and impacts of a REDD program in a country?

Type of scenario: full Story-And-Simulation, preferrably multi-scale,
and perhaps linking exploratory and backcasting scenarios

Roles:
Exploratory scenarios structure fundamental uncertainties

Exploratory scenarios can demonstrate the plausible window of
deforestation etc.

Backcasting can help making robust decisions in the face of these
uncertainties

A mix of qual/quan can help building an integrated picture of future
changes including deforestation, degradation and afforestation and
its socio-economic and institutional drivers.
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Final conclusions

The issues related to REDD are very complex and therefore
inherently and fundamentally uncertain.

Scenarios are an essential tool to structure uncertainties and
facilitate making decision in the light of those uncertainties

The tools and methods (e.g. SAS) are available, operational, and
(partly) tested.

Scenario development should be a essential part of any effort to set
up REDD programmes
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Background information

Example 1: www.millenniumassessment.org
Example 2: www.environment.fi/syke/scenes
Example 3: www.climsave.eu

Further reading:

Kok, K. & van Vliet, M. 2011. Using a participatory scenario development toolbox: Added values and impact on quality of scenarios. Journal
of Water and Climate Change 2 (%—3%: 87-105.

Kok, K., van Vliet, Barlund, I., M., Dubel, A., Sendzimir, J. 2011. Combinirég participative backcas‘ri%gsand explorative scenario development:
Experiences from the SCENES project. Technological Forecasting and Social Change 78(5): 835-851

Kok. K. 2009. The potential of Fuzzy Cognitive Maps for semi-quantitative scenario development, with an example from Brazil. Global
Environmental Change 19: 122-133

Kok, K., Van Delden, H. 2009. Combining two approaches of integrated scenario development to combat desertification in the Guadalentin
watershed, Spain. Environment and Planning B 36: 49-66.

Kok, K., Biggs, R., Zurek, M. 2007. Multi-scale scenario development methodologies. Experiences from Southern Africa and the
Mediterranean. 2007. Ecology and Society. 12 (1): 8. [online] URL: http://www.ecologyandsociety.org/vol12/iss1/art8/

Kok, K., Patel, M., Rothman, D.S., Quaranta, 6. 2006. Multi-scale narratives from an IA perspective: Part II. Participatory local scenario
development. Futures 38(3): 285-311.

Lebel, L., Thongbai, P., Kok, K. et al. 2006. Sub-global scenarios. Pp. 229-259 in: Capistrano, D., Samper, C.K., Lee, M.J., Rauseppe-Hearne, C.
(Eds.), Ecosystems and Human Well-being (Volume 4): Multiscale assessments. Findings of the sub-global assessments working group of the
Millennium Ecosystem Assessment, Island Press, Washington.
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Questions?
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