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1 APPENDICESOF CHAPTER 2: Identification and Overview of Available M odels

1.1 General description of all selected models

111 Integrated Assessment Models

M odel name AIM

Full model name Asian Pacific Integrated Model
Model type integrated assessment model
Subtype

Thematic coverage

effects of policies on climate change and resosoply

Input (key drivers
and pressures)

socio-economic trends and governmental policies

Output (key | energy consumption, land use change affecting watgply, vegetation changes

variables) (agriculture, forestry production), human healttalania spread)

Geogr aphical 9 regions : USA, Western Europe OECD and Canadafie®®ECD, Eastern Europe ard

coverage and | Former Soviet Union, China and Central Planned /Stath and East Asia, Middle East,

resolution Africa, Middle and South America (focussed on Asiacific region, but linked to a
global model), resultion: 5° by 5°

Temporal from 1990 to 2100, 5 year time steps until 203006€2 2075, 2100)

coverage and

resolution

Analytical Dynamic systems model

technique

Model developers
and/or owners

National Institute for Environmental Studies, Japan

M odel

1st version in 1994, latest update website: fet8200

w

U

development

history

Target AIM was selected as reference model in the SpeRigbort on Emission Scenarips

Group/users (SRES) and in Third Assessment Report (TAR) bothntérgovernmental Panel gn
Climate Change (IPCC) and also in the Global Emvitent Outlook (GEO) of United
Nations Environmental Program (UNEP). AIM simulatioesults were used by many
other international organizations including OECISEP, ADB, UNU, and WWF. AIM
can also be applied to other issues, such as &icabllution issues, acid rain problen
forest management policies and other energy, dgriall and water resource
management problems. AIM was also used in the G&@ssments.

Calibration Not available

Validation Not available

Uncertainty Not available

analysis

Key reference Kainuma et al, (2004), Kainuma et al., (2002;  pww-
iam.nies.go.jp/aim/book/clim_pol_assess.htm)

Level of | Submodels are: the greenhouse gas emission motdlgmission), the global climat

integration change model (AlM/climate), and the climate changgact model (AIM/impact).
Estimates greenhouse gas emissions and assessgsoptions to reduce them, predicts
changes in global temperatures and effects on alat¢avironments and socio-economy;
integrates bottom-up national modules with top-dglabal modules, feedbacks between
the three modules; country level models are lintike'dest of the world’

Scenarios used SRES, GEO-scenarios

Links to other | AIM has been used together with IMAGE, WaterGAP|eBt@ar and EwE/EcoOcean |n

models the IPCC and GEO-4 assessment.

Ease of | Not available for download

use/accessibility

Website http://www-iam.nies.go.jp/aim/index.htm
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Model structure
- AIM/Emission Model
Reduction Asian-Pacific Regional Model Global and Regional
Scenarios | s Country Model F.— Assumptions
Change demands . Evergy anduse Land use \dalt - | Global economic frends
Tech. changes l - v | Populafion
Wew fechnologies | Global Con51stency & ROW Model | Eeonomic assumpfions
Eeow sfriments * ' | Resource supplies
N AIM/Climate Model :
2 | Global GHG Cyele Model | : *
=] .
& [ Global Meen Climate Change Model e o
i :
7 32 E; t
Adaptation Y 5 .
Scenarios AIM/Impact Model |/ i§—-——
detection — Global to Regional Scale Down . Asyan—Paaﬁc _
and Regional Climate Impacts | | __. s Econmlc
reduction af | Water resources 00 o
vidnerabiity Agricuificre r-- GIS
Forest resources, ete. H
Higher Order Impacts on | g ... H
Regional Economies
M odel name GUMBO
Full model name global unified metamodel of the biosphere
M odel type integrated assessment model
Subtype

Thematic coverage

complex, dynamic interlinkages between social, eatin and biophysical systems ¢n
a global scale, focusing on ecosystem goods andcesrand their contribution tp
sustaining human welfare

Input (key drivers | Human population and GWP (economic goods and ssyichanges (economjc

and pressues) investments, consumption)

Output (key | global temperature, atmospheric carbon, sealevaierwfossil and alternative energy

variables) consumption, area of different land covers, knogtechuman, built and social capital,
physical and monetary values for 11 ecosystem@esyper capita food and welfare

Geogr aphical global, 11 biomes globally aggregated, not spgteiplicit

coverage and

resolution

Temporal coverage | Base year: 2000, projections until 2100, annuattiteps, historical data since 1900

and resolution

Analytical technique

dynamic systems model, meta-model (GUMBO relatigpsslare base don outputs of
more complex and computational intense models)

M odel developers
and/or owners

R. Costanza & R. Boumans, National Center for Egicll Analysis and Synthesis
(NCEAS) in Santa Barbara, CA

Model development
history

first published: 2002, integrated into MIMES, madglsoftware: STELLA

Target Group/users

1

Main objective in creating the GUMBO model was tmaccurately predict the future,
but to provide simulation capabilities and a knalge base to facilitate integrated
participation in modeling. There are many (>10@ination collaborators.

Calibration Historical callibration with time series from 192950 to 2000 for 14 key variables
(out of 930, of which: global temperatures and api@ric carbon content) for whigh
guantitative time-series data was available prodaceaverage R2 of 0.922.

Validation Not available

Uncertainty analysis | Not available

Key reference Boumans et al., 2002, Werners et al., 2004, Coatanhal., 2007

Level of integration

Both ecological and socioeconomic changes are eamng to the model, with ja
pronounced emphasis on interactions and feedbatisebn the two. Dyamic feedback
between human technology, economic production, amelfand ecosystem services.
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Lithosphere, Hydrosphere, and Biosphere of the allslystem. Social and econom
dynamics are simulated within the Anthropospherd MBO links these five sphere
across eleven biomes, which together encompassertiee surface of the plane

Linksto other models

GUMBO is a metamodel which uses output from compiéobal models as inpu
(which models are used, was not specified).

Scenarios used MIMES/GUMBO, SRES

Ease of | The model can be downloaded and run on the avdé?@gm allow users to explore for

use/accessibility themselves the complex dynamics of the system ded full range of policy
assumptions and scenarios. Commerical and consyltases have to be coordinated
with developers/University of Vermont.

Website http://ecoinformatics.uvm.edu/projects/the-gumbadeiditml

Comments/remarks The current version of the model contains 234 statéables, 930 variables in tota

and 1715 parameters (Boumans et al., 2002)

M odel structure

Solar
Energy

GUMBO (Global Unified Model of the BiOsphei

Atmosphere
Hydrosphere MifiiBiosphere

Lithosphere

'

From: Boumans, R., R. Costanza, J. Farley, M. A. Wilson, R. Portela. J. Rotmans, F. Villa, and M
Grasso. 2002. Modeling the Dynamics of the Integrated Earth System and the Value of Global
Ecosystem Services Using the GUMBO Model. Ecological Economics 41: 529-560

Model name IFs

Full model name International Futures simulator
Model type integrated assessment model
Subtype

Thematic coverage

climate change, energy, agriculture, demographgne@ay, political and others, possib
to add: education, human well-being including poyer

Input (key drivers
and pressures)

Current situation describing demography, economamgicultural, energy, socio-politica

Modules to simulate carbon, water, and nutrienkeflu through the Atmospherg,

= 0

Limited degree of substitutablility between natuaat social, human and built capital.

—

ic

le

international political, environmental situationhdl relationship functions between and

within modules can be altered, depending on scemesumption

Output (key | Future situation describing demography, economicicaltural, energy, socio-political
variables) international political, environmental situation.

Geogr aphical Global (with details for 182 regions/countries)t apatially explicit

coverage and

resolution

Temporal coverage
and resolution

Base year: 2000, projections until 2100 with antimaé steps

Analytical
technique

dynamic systems model (partial equilibrium modglliand multiple agent approache
economic model: CGE
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Model developers
and/or owners

Barry Hughes, Graduate school of international issudJniversity of Denver. Model

development is supported by a range of differenhflations and funding sources.

Model development
history

1st version: 1980, current version: 2006

Target Group/users

Ifs began as an educational tool and is mainly dee@ducational purposes. The model

is increasingly being used in policy analysis amérinational assessments (e.g. UNEP).

fa

ne

Calibration Initialized with data primarily from the 1995-200%riod and a very large da
associated data base (nearly 1000 series) frond@nainge of sources

Validation runs of the model from 1960 through 2000 have lmeanpared with data series from t
same sources for key model variables

Uncertainty Not available

analysis

Key reference Hughes & Hillebrand, 2006

Level of integration

The overall model incorporates different sub-modéeluding the Population sul
model, the Economic sub-model, the Agricultural-suidel, the Educational sub-mod
the Energy sub-model, the Socio-Political sub-mode¢ International Political sub
model, the Environmental sub-model, the Technolsegly-model, and the Health su
model.

1%

Links to other | unkown

models

Scenarios used Includes own scenario-building tool

Ease of | Ease-of-use is high. No special permission is ndeddodel is available online
use/accessibility www.ifs.du.edu

Website http://lwww.ifs.du.edu/

Comments/remarks | Description copied from EEA, 2008

Modd structure

Socio-Political International Political

A
Y

'Y [ [
Government Conflict/Cooperation
Expenditures Stability/Instability

Education - - Health
1 Mortalitiy ry
Fertility Income
Y Y Y Y
Population + * Economic
Labor
A
Food
Demand ngand, Supply,
Prices, Investment
r
Agriculture Energy

Land Use, Effici ) Resource Use,
Water Iciencies Carbon Production

Links shown
are examples Environmental
from much Technology Resources and )
Quality April
larger set 2008

Figure 2 The modules of International Futures (IFs)

M odel name

IGSM

Full model name

integrated global system model
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M odel type

integrated assessment model

Subtype

Thematic coverage

economics, climate change and ecosystems

Input (key drivers

capital, labour, land, fossil energy reserves

pr essur es)

Output (key | emission greenhouse gases, temperature, pre@pitaga level rise

variables)

Geographical global, 16 regions with special studies on Europeamtries, 0.5° by 0.5° to 4° by
coverage and | grid, depending on submodel used for the biogeoate part

resolution

Temporal coverage
and resolution

time steps: 10 minutes (atmosphere) to 5 yearscfpahalysis)

Analytical
technigue

dynamic system model (economy: general equilibrium)

Model developers
and/or owners

Massachusetts Institute of Technology

Model development
history

1st version: 1999, current version: IGSM 2.3 (2005)

Target Group/users

IGSM is used to study causes of global climate gkaand potential social an
environmental consequences, and the effects omréiff policies (carbon tax, biofu
programm; US, EU).

o

Calibration Unknown

Validation unknown

Uncertainty Prinn et al., 1999, Paltsev et al., 2005
analysis

Key reference Prinn et al, 1999, Sokolov et al., 2005

http://globalchange.mit.edu/pubs/abstract.php?patitin_id=696,
http://web.mit.edu/globalchange/www/MITIPSPGC Rpgtpaf

Level of integration

Different submodels, including TEM (carbon cycl€§lLM (land use, energy), NEN
(emissions), EPPA(economics, energy): emission madeoupled atmosphere-oces
land surface model with feedbacks of climate chamgluman activities

Links to other | economic model built on GTAP dataset
models

Scenarios used

Ease of | Model not available

use/accessibility

Website http://globalchange.mit.edu/igsm/

Modd structure

HUMAN ACTIVITY (EPPA)
national and/or regional economic
development, emissions, land use

sea
level

[l change
'

land use |
change M
f

"

i

agriculture &
ecosystems:
net carbon
exchange, net
primary
productivity

EXAMPLES OF
MODEL OUTPUTS

GDP growth,
energy use,
policy costs,
agriculture and
health impacts...

global mean
and latitudinal

€02, CH4, €O, N2O, NOy, 50y, NH3,
CFCs, HFCs, PFCs, SFs, VOCs, BC, etc.

EARTH SYSTEM
coupled ocean, atmosphere, and land

URBAN
Air Pollution
Processes

temperature and
precipitation,
sea levelrise,
sea-ice cover,
greenhouse gas
concentrations,
air pollution levels...
soil and vegetative
carbon, net primary
productivity,

trace gas emissions,
from ecosystems,
permafrostarea...

-water cycles, energy & momentum transfers,
ea temperatures, CO; CHy, N;0, nutrients,

tants, soil properties, surface albedo,
sea-ice coverage, ocean CO; uptake,
land CO, uptake, vegetation change...

LAND
Water & Energy Budgets
(CLm)
Biogeochemical Processes
(TEM & NEM)

forcing 3-Dimensional Dynamics,

Biological, Chemical &
Ice Processes
(MITgem)

Figure 1. Schematic of the MIT Integrated Global System Model Version 2 (IGSM2).
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M odel name

ITASA Integrated Assessment Modeling Framework
Including Il ASA-ECS modelling and 11ASA/FOR modelling cluster

Full model name

Model type

integrated assessment model

Subtype

Thematic coverage

energy system planning, energy policy analysis, aocénario development, economi
climate change, agriculture

Input (key drivers
and pressures)

population development, economic development, telcigical change, environmenta

policies, energy intensity

Output (key | greenhouse gas emission, temperature change, gevaid of least-cost mitigatio
variables) scenarios, water supply and demand (water scancigx), crop production

Geogr aphical

coverage and | global, 0.5’ grid

resolution

Temporal coverage
and resolution

10 year time steps

Analytical
technigue

dynamic system modelling

Model developers
and/or owners

IIASA (International Institute for Applied Systemsalysis)

Model development
history

UNIX based system , new models and modules aretamuths developed and integrated in
the existing framework

Target Group/users

In 1998, IIASA-ECS completed a five-year joint sgudith the World Energy Counci
(WEC). The study analyzed six alternative globadrgy scenarios extending to 2100. T|
MESSAGE model is a systems engineering optimizatimuel used for medium- to long
term energy system planning, energy policy analyai scenario development [24]. T
model provides a framework to represent an eneygtem with all its interdependencig
from resource extraction, imports and exports, eosien, transport, and distribution to t
provision of energy end-use services, such as, |gpace conditioning, industrial producti
processes, and transportation.

The IIASA/FOR modelling cluster focusses on fongsitarbon sequetration and biofy
production.

CS,

=

to

I
he
)_
he
S,

he
N

el

Calibration Global statistics (FAO) were used for calibratidrdifferent model components.

Validation Different (sub-) models have been validated andiegin many studies on national, regional
and global scales.

Uncertainty Bottcher et al., 2008

analysis

Key reference Riahi & Rohrl, 2000, Keppo et al., 2007, Fischeaky 2005, Fischer et al., 2007

Level of integration | The IIASA integrated modeling approach consistsseferal models that represent two
different model suites: First the ECS-model clustéth scenario-generator, MESSAGE-
MACRO (macro-economy, energy supply and environadenimpact), AEZ-BLS
(agricultural-economic), DIMA (Dynamic Integratedolllel of Forestry and Alternative Land
Use) and MAGICC (climate change indusced by greesb@as emissions), those models

are linked (including some feedback loops). Theosdcgroup with CHARM (runoff),

RAINS (air pollution), EPIC (agriculture), FORMIC/egional forest management), G4M

(forestry), GLOBIOM (trade and competiton), BEWHERg@®ptimal land allocation
constitutes the FOR modelling cluster.

N

PRI

t

Links to other | Different sub-models have links to other IIASA mtzmeThe agro-ecologic model AE

models (agro-ecological zone) is used by FAO to analyssgmt and future land resources. CAR
is used for the estimation of agricultural demand.

Scenarios used SRES, climate scenarios (HADCM3, ECHAM, CSIRO, CGENNCAR-PCM) Fischer e
al., 2005

Ease of | Models not available online

use/accessibility

Website http://www.iiasa.ac.at/Research/ECS/docs/models$.htm

Modd structure

The IIASA-ECS modelling cluster:
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“Storyline”

- Economic Development
- Demographic Projections
- Technological Change
- Environmental Policies
- Energy Intensity

\d

Scenario Generator

-Economic and Energy Development

Regional Air Pollution |«
Impacts Model

RAINS

Y T ¢
| MacRO

Soft = y

tink -+ [messace]

Basic Linked System of
National Agricultural

ELS

'

MAGICC

Models

Model for the Assessment of
GHG-Induced Climate Change

Other
Models
used at

ECS:

- ERIS

- GASCOM
- ISPA

- MERGE

Geagraphically explicit data sources (maps)
[Biomass may, potential lorest area, land prices, costs,

i

infrastructure, cii=ale, plant grow's,

The IIASA/FOR modelling cluster:

The IIASA Model Tree

GGl scenarios

[FOR GOF, Enengy demand, GHE emissions, .. |

GAM: fgeoyr. explicit forest hiomass
grawth, Afforestation, Defarestation,
harvest, supply curves]

ﬁ“ﬂp-’y CUVES GLOBIOM: [Trade and competition

between regions, competition
optima between sectors]

EPIC: [Agricuiture, crop
production, environmental
factors. biogeochemistry]

chemistry L

Bio Tech Model: [Praduct
chains of hioenergy amd
biomaterials. GHG balance of =
optfons]

technology and
costs

FORMICA: Regional farest
management, GHG budget at
/ farestry sector level, case studies ]

f Disturbances

biomass production types]

BEWHERE: foptinnai focation of plants according | |

| ‘ / CC feedback

tasupply and demand, competition hetween ‘ ‘ | |

Mitigation

CBEHDUEAUT JEBIDY (BULNE N =]
SesRgEIED palpbaidbe 200

{
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LuT 1 1

CLIMATE 1

DESCRIPTION CLIMATE ! H

DATABASE SCENMNARIOS X :

(Stations) | |

i 1

I 1

R LT ST PEE 1/ LAND GOVER !

' MAX. TEMP. 3 | GIS |

Varr Al

CROP : ACO,, ARL

CATALOG 1
1
1

PRECIPITATION
N T TR
______________ THERMAL &

MOISTURE
10 PROFILE

1
CLIMATIC CLIMATE

REQIREMENTS RULES

13

BIOMASS
AND YIELD 8 soL
COMPOSITION
ATTRIBUTES
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CLIMATIC
CONSTRAINTS
\-.__i__/

EDAPHIC

SOIL-TERRAIN
REQIUREMENTS
15

LAND
RESOURCES
INVENTORY
S—

' 3

RULES

17

LUT
SUITABILITY

e T

19 LaND
PRODUCT-
VITY

8
MULTI-
CROPPING

AEZ
GRID-CELL
DATABASE

21

'OPTIMAL'
LAND USE

APPLICATION
REPORT
22 WRITER

Fig. 1. Information flow and integration in the agro-ecological zone modeling.

M odel name IMAGE

Full model name Integrated model to assess the global environment
M odel type integrated assessment model

Subtype

Thematic coverage

Demography, world economy, agriculture, energy sugmd demand, emission
land allocation, carbon, nitrogen and water cydieate change, land degradation

Input (key drivers
and pressures)

Population projections (from UN, IIASA, or from PHEDIIX), economic drivers
technological development, policy options

Output (key | concentrations, emissions, energy, climate, effadtsclimate, land use, food
variables) production and demand

Geogr aphical Global (with details for 24 world regions (energsade emissions)) or 0.5° x 0.p°
coverage and | grid (land cover, land use)

10
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resolution

Temporal coverage
and resolution

time period covered: 1970-2100 (historical datamfrd900), time steps: from
monthly to 5 years

Analytical technique

dynamic systems model with different sub-modules

M odel developers
and/or owners

Netherlands Environmental Assessment Agency

Model development
history

1st version: 1990, latest version: 2.4, softwa@RFRAN/UNIX

Target Group/users

Designed to support science-policy dialoges, fanacio-development (for IPCC,
OECD, MA).

Calibration IMAGE is calibrated against historical data fron6%72000 for carbon and climate
and data from 1970-2000 for energy and agricultlifeese data were derived from
large international databasesy FAO).

Validation Submodels have been validated.

Uncertainty analysis

To date, no comprehensive and systematic explordtas been performed of key
uncertainties and how they are propagated througtheuentire IMAGE model tg
influence the final results. What has been donemany instances is to look at
uncertainties in underlying data and model formotet in sub-systems of the
overall framework, thus providing partial sensityvianalyses for IMAGE 2.4
framework. Sensitivity analysis: Rotmans 1990.

Furthemore IMAGE has been reviewed by an expertisady board:
http://www.rivm.nl/bibliotheek/rapporten/5001100p8f

Key reference

http://www.pbl.nl/en/publications/2006/Integratedmediingofglobalenvironmentalc
hange.AnoverviewofIMAGE?2.4.html

Level of integration

Same drivers are used for energy, industry and lase, consistency between
scenarios, feedback between different submodels

Linksto other models

IMAGE uses input from Phoenix (demography) and been linked to several other
socio-economic models in global assessments, e.§APG Env-Linkages
WaterGAP, IMPACT. GLOBIO uses IMAGE output for thealculation of a
biodiversity index.

Scenarios used SRES, MA, GEO, OECD, IAASTD, EURuralis
Ease of | not available

use/accessibility

Website http://www.mnp.nl/en/themasites/image/index.html

11
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Modd structure

IMAGE 2.4 Framework

Demography World Economy
Agricultural
Energy supply
Economy and demand
and Trade

@ Soch ic system
<
e
3 T 1
o
L
a Land allocation Emissions
©
o
Managed Atmosphere-
Land Ocean
System

Carbon
Nitrogen
Water

Natural Atmospheric

Vegetation Chemistry
Earth system

Climate :‘:gfs_ Water Bio- ;Vit:r

impacts dation stress diversity pollution
Impacts

M odel name IMPACT -WATER

Full model name International Model for Policy Analysis of Agricultal Commodities and Trade
Model type Integrated model (partical equilibrium + hydrolaglienodel)

Subtype agriculture

Thematic coverage agriculture, fishery, water (related to agriculjure

Input (key drivers | Income, and population growth (to determine food awon-agricultural wate

and pressures)

demand), Crop productivity (depends on various egy incl. agricultura
research), change in available agricultural area tikne, climate parameters, pl
irrigation and water supply information, trade pas

[

US

]

=8

Output (key | Crop area, yield, production, demand for food, feedl other uses, price

variables) Livestock numbers, yield, production, demand, wjiddet trade in 32 agricultural
commodities (virtually all global food trade), Pentage and number of
malnourished preschool children, Per-capita calaviailability from foods

Geogr aphical global: 115 regions and countries, intersected WRB river basins (281 spati

coverage and | units), including EU-15 and eastern Europe

resolution

Temporal coverage | base: 2000 until 2020/2025/2050, annual time steps

and resolution

Analytical technique

partial equilibrium model (sectoral agricultural ded)

M odel developers
and/or owners

International Food Policy Research Institute (IFPd&tlthe CGIAR Network

Model development
history

1st version of IMPACT (1990-2000), latest versiaf05

The partial equilibrium model IMPACT was coupledtt® hydrological mode
WSM to create IMPACT-WATER to be able to includev@te change effects o
agriculture production.

S

Target Group/users

Aim was to help achieve long-term vision and cosssnamong policy make
and researchers about the actions that are negaésgaed the world in the future
reduce poverty, and protect the natural resourse . idMPACT has been used

%]

D

in
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numerous international environmental assessmeunt$ @s World Water Vision,
Millennium Ecosystem Assessment). Currently beirsgduin UNEP's Global
Environmental Outlook (GEO-4) and the InternatioAatessment of Agriculturg
Science and Technology for Development (IAASTD).

D

Calibration Model uses the UN Medium Variant Population growtbjections, and follows
the global hydrology patterns embodied from thenatie data provided by th
Climate Research Unit of the University of East BmgThe streamflow and
runoff data have been calibrated to WaterGAP otthiversity of Kassel.

Validation IMPACT has been used in a historical counterfactuadlysis that accurate

S <

produced the historical record of agricultural proiion and consumption fror
1970 to 2000.

Uncertainty analysis

Climate uncertainty is explored with the use oéaiative GCM scenarios, whigh
are downscaled to the spatial units of IMPACT.

Key reference

Rosegrant et al. (2005)

Level of integration

Water is the key environmental component whichiieally integrated into the
model structure. Response to water availabilitjnéasured in terms of yield loss
(relative to full potential). IMPACT-WATER is thenty model that takes into
account water availability for food production (ethmodels assume that water for
irrigation is available).

Linksto other models

The IMPACT model has been linked to a range of rwde international
assessments, such as GTEM (AustraliaBARE), IMAGEIBVINetherlands), AIM
(Nat'l Inst for Env Studies, Japan) and WaterGARiyUof Kassel).

Scenarios used

MA, IAASD scenarios

Ease of
use/accessibility

Ease-of-use is very limited (i.e. referring to fiod version of IMPACT). IFPRI
has developed a distributional version (IMPACT-battcan be downloaded free
of charge (www.IFPRI.org/themes/impact/impactd.asp)

Website

http://www.ifpri.org/themes/impact.htm

Commentsremarks

Description hase been taken from EEA, 2008

M odel structure

Climate scenarios:

- Rainfall - Potential
- Runoff evapotranspiration
Water Demand 7 Water ™ Water Supply
+ Irrigation «» Simulation «— ° Renewable water
+ Domestic '“\ Model ./ + Effective water
- Livestock T supply for
+ Industry irrigated and
+ Environment IMPACT- rainfed crops
1 WATER
/IMPACT- ™,
"\\‘VFOODV/'
kX

Food Supply and Demand
Crop area, yield, production, demand, trade and prices
and livestock production, demand, trade and prices

M odel name MIMES

Full name M ultiscale integrated model of ecosystem services
Model type integrated assessment model

Subtype

Thematic coverage

dynamics and tradeoffs among natural, human, bauit social capital, joint econom
and social valuation of ecosystem services, basgzhgsical ecosystem models

Input (key drivers
and pressures)

climate, land use, socio-economic drivers

Output (key

global temperature, atmospheric carbon, sealevaerwfossil and alternative ener

13
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variables) consumption, area of different land covers, knogéedchuman, built and social capital
physical and monetary values for 11 ecosystemaEsyper capita food and welfare

Geographical global, 1° by 1° resolution

coverage and

resolution

Temporal coverage | unknown

and resolution

Analytical technique

meta-model, dynamic system model

M odel developers
and/or owners

=

The Gund Institute for Ecological Economics, Unsmyr of Vermont, USA, togethe
with University of Sao Paulo, Helmholtz CER, Wageygn University, Palawan State
University, Boston University, Florida Institute dfechnology, Kansas University,
Michigan State University, Stanford University, Maisity of Denver, USDA Forest
Service, National Center for Atmospheric Research

Model development
history

1st version: 2007, MIMES builds on the GUMBO modi allow for spatial explicit
modeling at various scales, software: simile

Target Group/users

o

The MIMES project aims to integrate participatorgdel building, data collection an
valuation, to advance the study of ecosystem ses\ior use in integrated assessments.
(http://www.uvm.edu/giee/mimes/media.htm)

Calibration Not available
Validation Not available
Uncertainty analysis | Not available
Key reference http://www.uvm.edu/giee/publications/Boumans_CoztaiisWSP%20Chapter_2007.p

df

Level of integration

Both ecological and socioeconomic changes are emtag to the model, with @
pronounced emphasis on interactions and feedbakgebn the two. Dyamic feedbagck
between human technology, economic production,areldnd ecosystem services.

Linksto other models

MIMES is a metamodel that used output from sevgiabal models (IFs, IMAGE
CLUE, Phoenix, AIM, CLIMBER, EcoSim, IMPACT, WateAR, CENTURY,
BIOME) to derive relationships between variables.

Scenarios used MIMES/GUMBO scenarios.

Ease of | MIMES can be dowloaded at: http://www.uvm.edu/gietes2/downloads.htm
use/accessibility requires simile software

Website http://www.uvm.edu/giee/mimes2/

Comments/remarks Global maps of ecosystem services from the MIMESdehocan be found af:

http://www.gulfofmaine.org/EBMWorkGroups/docs/RoeRoumans-presentation-at-
Oct2007-WorkGroup1-2-meeting.pdf

M odel structure

Figure 1. General outline of the MIMES model: The multiscale integrated Earth Systems model

Locations

Ecosystem
Services

Cultures
Social Capital

Earth Surfaces
Nutrient Bio-
Cyecling diversity

Water

I
Human Capital ]

Economy ]

Exchanges
Between
P |ocations

1

Geological
Carbon

Earth Energy

by
Reservoir
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Based on the Millennlum Assessment
Framework; GEQO Models; IMAGE 2.2; GLOBIO |

international Futures; 10 Models

| GuMBO Muider
) ) Price.
J Mamifactxing Sectors (o
Built Capital | :
| [ | Economic Production
I \ | Phosnix |
| \ e
Anthrophosphere Cultures | \
[ i  Population
| | Enowledge
Human Capital | NETWORK.

1 _Hundgi?s_m:\al Capital (e NORMS
Social Netwark.

Civil Sodiety

Concepts based on Putnam

B Aiged Sl Capral

CENTURY { BIOME BGM

; Minerals . Mutrient GPP imitation

—= Biosphere _Earth Surfaces |~
1l Location [—- L n

GLOBE

| Light Limitation

Lithosphere ok

Global Climate Models, |
CLIMBER Model )

PLM; EcoSim: WaterGAP
IMPACT; IMAGE |
)
Aquifer
Hydrology | Saturated Water
| Snow Water

| Unsaturated Water
| Surface Water

1.1.2 Scenario-building tools

M odel name PoleStar

Full model name

M odel type scenario building and planing tools
Subtype

Thematic coverage

Accounting model that combines exogenous economsispurce and environmental

information on a global and regional level

Input (key drivers
and pressur es)

GDP and population development, more specifiedoseconomic drivers, environment|
drivers (resources, pollution)

Output (key | water and energy use, oil reserves left, ,G&nissions, agricultural requiremen
variables) pollution, poverty

Geogr aphical PoleStar is applied at community, national, regi@ama global level.

coverage and

resolution

Temporal coverage | Base: 1996

and resolution

Analytical Meta-model

technique

Model developers
and/or owners

PoleStar was conceived in 1991 by Gordon Goodmaimecidr of Stockholm

Environment Institute (SEI) and Paul Raskin, Presicdf Tellus Institute and Director mf

SEl's Boston Center. Dr. Raskin has superviseddémsign and development of t
software and its national, regional and local aggions.

e

Model development
history

1st version 1991

Target Group/users

Scenarios were quantified using the PoleStar soétvend used in numerous gloh
studies including UNEP’s Global Environment Resaties, the U.S. National Acaden
of Sciences’ Board on Sustainable Development t&por Common Journey, the Wor
Water Vision and the OECD Environmental Outlook.

al
ny

Calibration unknown
Validation unknown
Uncertainty unknown
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analysis

Key reference

http://www.sei.se/mediamanager/documents/Publioatieuture/polestar v2000.pdf

Level of integration

Links to other | PoleStar has been used in the GEO-4 assessméet] hvith AIM, IMAGE, WaterGAP
models and EwE/EcoOcean.

Scenarios used GSG scenarios were quantified using PoleStar.

Ease of | Easy to use software tool for sustainability stadiboth scenario-building tool ar

use/accessibility

database of current indicators, flexible and usenflly framework for building and

assessing alternative development scenarios, usenah(http://www.seib.org/polestar)

Website

http://www.polestarproject.org/, http://www.seilgfpolestar

Modd structure

PoleStar Module Linkages in the Basic Structure

E{ Pué and GDP i T 1
ﬁEnergy Resnurl Air |<~
s | [ Tovies | <
— [ Land Solid Waste |
\_)‘ Water H—i Water |
P —

‘ Energy Conv | T
M odel name Threshold 21
Full model name
M odel type Integrated scenario building and planing tools
Subtype

d

Thematic coverage

national development, policies

Input (key drivers)

policy options, socio-economic factors, resourtashnology

Output (key | GDP

variables)

Geogr aphical focussed on the national level, globally applicahls spatially explicit
coverage and

resolution

Temporal coverage
and resolution

50-100 years

Analytical
technique

dynamic simulation tool (uses Montecarlo optimiaattechniques)

Model developers
and/or owners

Millennium Institute

Model development
history

1st version 1994, programming software: Vensim

Target Group/users

First version was a country-level model for natictecision makers focussed on natio
development. It is a user-friendly, systems thigk&oftware program that permits usg
to organize, access and analyze necessary infammédi making prudent decisions ¢
sustainable development strategy. It is the fioshputer analysis tool to integrate hum
economic and environmental concerns into one medel is uniquely designed fg
national applicationThreshold 21 (T21) is a dynamic simulation tooligesd to suppor
comprehensive, integrated long-term national dearalent planning. T21 suppor
comparative analysis of different policy optionsdahelps users to identify the set
policies that tend to lead towards a desired goOEhis insight into how differen
indicators of development interact with one anotbgrroduce an outcome deepens us
understanding of development challenges.

hal
Brs
n

an,

s

of
[
sers

Calibration

Country level data are used to calibrate the natianodels, if possible, otherwis

e

international data sources (World Development latdics, FAOSTAT, World Populatio

N

16



SCENARIOS AND MODELS - FINAL REPORT APPENDICES

Prospects, Energy Statistics and Internationalrieiad Statistics) are used.

f

Validation T21 has been validated through a variety of teistsuding effective simulation o
historical periods.
(http://www.threshold21.com/integrated planninglséb21/validationstudy.html)
Uncertainty Not available
analysis
Key reference http://www.systemdynamics.org/conferences/1995ed{papersvoll/barne022.pdf

Level of integration

High level of integration: 800 variables in diffetesector modules (demographics,
agricultural production, health care, food and itiotr, international trade, national
accounts, social services, energy, energy effigiegoods production, education and
environment) are dynamically linked. Individual s#s can modelled in a more elaborate
2sh,

or simple version, several countr-specific versibage been developed (e.g. Banglade
USA, Italy, China, Ghana)
Links to other | unknown
models
Ease of | PC-based, user-friendly tool, open source, libfarydownload, requires active role pf
use/accessibility user in the definition of the model structure.
Website http://www.millenniuminstitute.net/integrated_ plang/tools/T21/

Modd structure

Overview of Model Structure

—T-exm.\

Land

economic

productmn
HReR0e exchange
energy balance of  Late
goods capital payments
capital
agricultural Iivesment resenres
Labor
' capital - environment rts
capltal lmpo
quality of
education -q__,___ social service
ca ital pollutmn consumptmn
materlal
quality of life
populatlon ___odeaths

Figure 1: Overview of Threshold 21

1.1.3 Economic modes

M odel name Env-Linkages

Full model name

M odel type general economic model
Subtype

Thematic coverage

macro-economy and climate (carbon emissions)

Input (key drivers)

socio-economic factors, policy instruments (carliares, tradable emissiq
permits, regulatory policies), labour, capital, gye technology

Output (key | GDP/capita, production of food (crops, livestodiQusehold consumption
variables)

Geogr aphical global, aggregated in 34 countries/regions

coverage and

resolution

Temporal coverage | Base year: 2001, annual time steps

and resolution

Analytical technique

general equilibrium model

17
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M odel developers
and/or owners

Environment Directorate of the OECD Secretariat

Model development
history

Env-Linkages is based on the GREEN model ans wdhkeiudeveloped intg
JOBS. Software: GAMS

Target Group/users

This model has been developed to assess the eaoriomact of abating
Greenhouse Gases using several different econarsiruments. It is used b
the World Bank for research on global economics.

Calibration unknown

Validation Not available

Uncertainty analysis | Not available

Key reference http://lysander.sourceoecd.org/vi=2821760/cl=15/hirpsv/workingpapers/18]

51973/wp_5kz7wcbr719n.htm, van Mensbrugghe (200HNKAGE technical
reference document version 6.0

Level of integration

The different modules are well-integrated.

Linksto other models

Within the OECD environmental outlook, Env-Linkagkas been linked t
IMAGE, TIMER and LEITAP (version of GTAP).

Ease of | Model is not available
use/accessibility
Website http://www.olis.oecd.org/olis/2008doc.nsf/linktofewkp(2008)61

M odel structure

Figure 1. Structure of production in ENV-Linkages

‘ Gross Output of sector 1 ‘

| Substitution between GHGs Bundle and output (%)

‘ Net-of-GHGs Output ‘ | Non-CO2 GHGs Bundie |

N
Substitution between material inpute and VA plus energy (=) ‘ | Sub. between GHGs (g™ |
/ |
Demand for Intermediate Value-added «D d»  f
goods and services plus energy ¢ Dermand » or
Emussions of non-

"o
Sulstitution between material inputs (5™ ‘
T

CO2 GHG gases

Substitution between VA and Energy (%) |

Demand for
Labour

Comestic goods
and services

Imported goods
and services

Demand for Capital
and Energy

Substitution between Capital and Energy (5°) |
."I | ‘.I —
/ | \ Demand for
[ Energy (fig 2)
[

| “amington” specification (o)

Demand for Capital
and Specific factor

Substitution between Capital
and Specific Factor {577

Demand for each input by regien of ongin ‘ \

| Capital ‘ | Specific factor |

Mate: see Table 1 for parameter values

M odel name GTAP

Full model name Global Trade Analysis Project
M odel type general economic model
Subtype

Thematic coverage

Agro-economy

Input (key drivers)

production functions including capital, labour dadd prices

Output (key | calculates consumption and trade of agriculturatipcts
variables)

Geogr aphical Country-level, not spatially explicit

coverage and

resolution

Temporal coverage | Base: 1995-2005

and resolution

Analytical technique

general equilibrium model

M odel developers
and/or owners

Purdue University, together with collaborators weride

Model development

current version: GTAP 7, a dynamic version of GTAPalso available
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history

(GDyn)

Target Group/users

The underlying GTAP database combined with the malesed by most

individuals and agencies exploring the effects dferent policies on
aricultural trade.

Calibration

GTAP was calibrated against the GTAP-database.

Validation

Global Trade Analysis: Modeling and Applications,WI. Hertel (ed.),
Cambridge University Press, 1997, chapter
https://lwww.gtap.agecon.purdue.edu/resources/d@ail®13.pdf

Uncertainty analysis

https://lwww.gtap.agecon.purdue.edu/resources/d@id®.pdf

Key reference

Global Trade Analysis: Modeling and Applications,WI. Hertel (ed.),
Cambridge University Press, 1997;
https://lwww.gtap.agecon.purdue.edu/resources/d@eiild 36.pdf

Level of integration

The different modules are well-integrated.

Linksto other models

GTAP has been linked to IMAGE (van Meijl et al.,0&): IMAGE provides
land-supply curves, yields and yield changes

Ease of | GTAP6.2a can be downloaded at:
use/accessibility https://www.gtap.agecon.purdue.edu/models/currgmt.a

Website https://www.gtap.agecon.purdue.edu/

Comments/remarks Like all models, general equilibrium models haveitthimitations. By their

very size, they may lack the detail of sector-dfjieenodels. Many of the
parameters have not been estimated specificallytHer model, and such
models are difficult to validate in the traditiorsnse. The static framework
limits treatments of savings, capital accumulatm stockholding, and the
dynamic gains from trade cannot be calculated. mhero side is also rather
limited, precluding some of the effects of changesinterest rates and
exchange rate that may follow liberalisation. Ndwedgss, for the purpose of
analysing world trade issues such as agricultiibaralisation and regional
integration, the GTAP model and database remairs ainthe best tools
available. (Frandsen et al., 2000)

M odel structure

not available

1.1.4 Land-use models

M odel name CLUE

Full model name conversion of land use and its effects

M odel type land use model

Subtype

Thematic coverage land use, agriculture, urbanization

Input (key drivers | land use maps, remote sensing of land cover orusedata on land use

and pressur es)

demographic change, land use requirements (basddends, scenarios @
macro-economic modelling), spatial policies, (assdpiocation factors

Output (key | land cover/ land use change

variables)

Geogr aphical Europe (EU-27), also case studies in a.o. Costa, Bicuador, Honduras, the
coverage and | Netherlands, China, Java, Phillippines, Malaysigethvam, Kenya, USA
resolution 1x1km, case studies between 30m and 32km

Temporal coverage | 20-40 years, time steps: monthly to annual

and resolution

Analytical technique

hybrid model (systems dynamic and empirical siatift alternatively:
cellular automata mechanism)

M odel developers
and/or owners

Department of Environmental sciences Landscape r€ekltageningen
University.

Model development
history

1st version: mid 1990s, ongoing

Target Group/users

The CLUE model has been used by a large numbeotbf iniversities ang
governmental research institutes from all overvtioeld. Case study version
for a variety of regions exists.

"

Calibration

Calibration is based on observed land use patemds if possible, based gn
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historic data. For some case studies calibratidmelped by interviews with
land managers.

Validation

Validation is based on historic land use changesvésious case studie
Pontius, R.G. et al., 2007. Comparing the inputpot) and validation map
for several models of land change. Annals of Regji@tience. In press.

Uncertainty analysis

Has been performed for some parameters in a nuroberase studie
including the use of monte-carlo techniques.

Key reference

Verburg, P.H., Soepboer, W., Veldkamp, A. Limpiadd, Espaldon, V.
Sharifah Mastura S.A. 2002. Modeling the Spatian&yics of Regiona
Land Use: the CLUE-S Model. Environmental Managen3&(3): 391—-405.

Level of integration

High level of integration among land use sectorsl apatial-tempora

environmental indicators can be addressed by tighipling of the mode
with indicator models. Regional biophysical modulegional land usé
objectives module and local land use allocation mednteractions betwee
neighbouring grid-cells.

A wide range of scientific publications (full lisit www.cluemodel.nl): e.g|

dynamics including path-dependence and spatialaatiens. Feedbacks with

D

n

Linksto other models

In many projects, including EURURALIS and SENSORe tHand
requirements are based on macro-economic modaiéiaglts from models
such as GTAP, NEMESIS or IMAGE.

D

=

Ease of | Full version with technical support of the model asly available for,

use/accessibility collaborative projects. Others may use the modglisg a memorandum @
understanding excluding the commercial use of tbdehand requirement @
proper referencing.

Website www.cluemodel.nl

Comments/remarks Description taken from EEA, 2008

M odel structure

Land use type specific
conversion settings

Spatial policies
and restrictions
Natural parks Conversion elasticity

Restricted areas

Agricultural development zones Land use transition sequences

CLUE-s

Land use change
allocation procedure

Land use requirements

(demand) Location characteristics
Trends [ Location
Aggregate Fl % Land use Logistc fact
Scenarios = land use e A P specific egressor Scnﬁrs
demand — — location S
Advanced models » suitability accessibility

eic.

CLUE-s allocation procedure

Land use type specific settings

Conversion Comperative

e Allowed
elasticity : strengh  =——_
ELAS, CONVEersions ITER, .
- ~
- ] " Is the total \ .,
Land use (£) Calculation of |, " jand use area equal <" ufLand use (t+1)
change ~._tothedemand? -~ ™~
] -
Grid call specific settings
Local ;
Spatial ;
suitabilit ici Regional
Piu ¥ policies demand

1.1.5 Biogeochemical models

M odel name

Agro-1BIS

Full model name

20



SCENARIOS AND MODELS - FINAL REPORT APPENDICES

M odel type

biogeochemistry model

Subtype

agriculture

Thematic coverage

Natural terrestrial vegetation plus agriculture

Input (key drivers
and pressur es)

climate, soil texture, farm management (fertiliaatiirrigation)

~

Output (key | Vegetation cover, crop yield, LAl, N mimeralizatio€0O, flux, N leaching,
variables) water cycling, energy balance (crops: maize, saypeater and spring whealf
Geogr aphical currently only run for North America, global apgi®on planned, 0.5° grid,
coverage and | model implementation also desired on field and igiec agriculture scale
resolution (100nf respectively 25A).

Temporal coverage
and resolution

time steps for calculations: hourly;
for output: annual

Analytical Dynamic systems model (process-based model)
technigue
Model developers | SAGE- Center for Sustainability and the Global Eoniment, University of

and/or owners

Wisconsin-Madison

Model development
history

IBIS is a dynamic global vegetation model (DGVMhelcoupled crop-climat
model also examines the impact that agriculturatl lase has directly on th
climate system through changes in biogeochemicainy and the associate
changes to land surface properties. Codes arewiittFORTRAN.

D

o o

Target Group/users

Primarily a research model, Agro-IBIS has been wesddnsively in the North
American Carbon Program (NACP).

Calibration

Agricultural module was calibrated to the maizddjief the Upper Mississippi
basin during the late 1990s (Kucharik & Brye, 2003)

Validation

Kucharik & Brye, 2003: all processes were modelleith reasonable
accurancy (within 20% error), except for soil N; dbarik, 2003 (Earth
Interactions 7): simulation of US maize yields awnparison with national
yield databas for regional scale (1958-1994); sligherestimation of high
yields and underestimation of low yields, Kuchark Twine (2007):
comparision with AmeriFlux site at the Mead, NelieggsTwine & Kucharik
(2008): comparison of LAl and absorped photosymthéy active ratiation
with remote-sensing data; LAl of conifers was uedémated and LAl of
grasslands overestimated.

Uncertainty
analysis

not available

Key reference

Donner & Kucharik, 2003, Kucharik & Brye, 2003; fil3IS: Foley et al., 1996
and Kuchrik et al., 2000

Level of integration

feedbacks between vegetation, crop and soil module

Links to other | Agro-IBIS has not been linked to other models.
models

Ease of | IBIS can be downloaded, Agro-IBIS is not available
use/accessibility

Website none
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Modd structure

. Agro-IBIS Structure

ATMOSPHERE
(prescribed atmospheric datasets
| of site-specific micromet data) VEGETATION DYNAMICS
N 'L MODULE
gross primary total

= o net primary
canopy physics production | respiration | production ‘
vy

energy | water aero
balarice | balance | dynamics

¢ B LAND
allocation
SURFACE
soil physics MODULE of C&N
Balante | batance
stress litter nitrogen
plant physiology canopy fall supply
c:z]\_at_::sy-igwwe;<.; ‘ tomatal | 3 ;rliv;[c%?fonn
&leaf respiration | conductance BELOWGROUND CARBON &
NITROGEN CYCLING MODULE
s T dally LAI carbon cycling
decomposition of litter soll J
NATURAL VEGETATION & & soil organic matter I respiration

CROP PHENOLOGY MODULE

budburst | senescence | dormancy

+1

nitrogen cycling

planting date |

emergence | grain fill | senescence | grain drying
: J 3 deposition | fixation

| plant uptake | leaching

CROP MANAGEMENT MODULE
planting date | crop type | hybrid | irrigation | rotation | fertilizer | 'l, T

SOLUTE TRANSPORT
MODULE

J

movement - soll profile

leaching loss

$S:

M odel name CENTURY

Full model name

Model type biogeochemistry models

Subtype Agriculture, grasslands, forests

Thematic coverage carbon, nutrient, and water dynamics

Input (key drivers | climate, site conditions, land use/management (idiog fire, grazing,
and pressur es) fertilization, irrigation, crop rotations, tillaggractices)

Output (key | soil water, decomposition, SOC, grass, tree ang production, Ceflux, C, N,

variables) P and S balance

Geogr aphical not spatially explicit, aggegation on the basisdamid management (submodulé
coverage and | cropland and grassland, forest, savanna)

resolution

Temporal coverage | CENTURY simulates C, N, P, and S dynamics throughaanual cycle ove

and resolution

time scales of centuries and millennia.
time steps: monthly (there is also a version d#iy time steps: DayCent)

Analytical technique

equilibrium model

M odel developers
and/or owners

Colorado State University

Model development
history

1st version: 1987, current version: CENTURY 5
software: the code has been rewritten in C++ fosio@ 5, and modified to us
platform-independent configuration and output files

e

Target Group/users

CENTURY has been used extensively for global chaagearch. The model has

been executed in over 22 different areas in thddwiircan be used to assess the
impacts of regional climate change on a variety imiportant grassland
ecosystems.

Calibration http://www.iemss.org/iemss2006/papers/w2/333_LipdP.

Validation Parton et al., 1993, Gilmanov et al., 1997, Kansiral., 2007

Uncertainty analysis | Not available

Key reference Parton et al., 1988, Parton et al., 1994, a compist of references is given at

http://www.nrel.colostate.edu/projects/century5/

Level of integration

soil, water, grassland and forest sub-models, aotems via C and N cycle
shading and competition

Linksto other models

CENTURY has been coupled to vegetation growth nodeaurenroth et al.
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1993) such as STEPPE.

Ease of | Century 5 is a research version of the model, iit loa obtained upon request,
use/accessibility Century 4 is freely available at: http://www.nrelastate.edu/projects/century/
Website http://www.nrel.colostate.edu/projects/century5/

Comments/remarks CENTURY was especially developed to deal with aewrdnge of cropping
system rotations and tillage practices for systemalyasis of the effects of
management and global change on productivity andtamability of
agroecosystems.

M odel structure

CENTURY MODEL

rten coz Tt A
Chal SOIL HO
LEAVES i +
| tenves | FoTenTAL renpeiaTuRe
PLANT soIL
H
PRODUCTION : ORGANIC
\ MATTER
DEFAC (5tely)
AVAILABLE SLOW
NUTRIENTS (1050 y)
NP, S
DEAD PASSIVE
PLANT (10005000 y)
MATERIAL

STRUCTURAL

[P X- T A —
METABOLIC DEFAC

M odel name IBIS

Full model name integrated biosphere simulator model

M odel type biogeochemistry model

Subtype Dynamic global vegetation model

Thematic coverage terrestrial ecosystems (vegetation with energy,ewand carbon exchangg,
nutrient cycling)

Input (key drivers | climate, soil texture

and pressures)

Output (key | energy, water and G@xchange between plants and atmosphere, plant lyjowt

variables) and competition, nutrient cycling and soil physics

Geogr aphical Global, 0.5 - 4°

coverage and

resolution

Temporal coverage | time steps: day/month, aggregation: annual
and resolution

Analytical technique | Dynamic system model (process-based)

M odel developers | SAGE- Center for Sustainability and the Global Eomment, University of
and/or owners Wisconsin-Madison

Model development | 1st version described: 1996, current version: |IB$ (2008). IBIS was
history designed to explicitly link land surface and hydgital processes, terrestrial
biogeochemical cycles, and vegetation dynamics imvith single physically
consistent framework

=

Target Group/users IBIS was developed as a first step toward gainmgrproved understanding ¢
global biospheric processes and studying their niaie response to huma
activity.

=

Calibration IBIS has been calibrated for several to field datergy and carbon flux, Delire
& Foley, 1999) and biome averages (e.g. NPP, SQ&, Kucharik et al.,
2000).

Validation Kucharik et al., 2000: Comparision of model reswlth historical data from
1965 to 1994, for several ecosystems all over bleeg
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Uncertainty analysis

unknown

Key reference

Kucharik et al., 2000, Foley et al., 1996

Level of integration

IBIS was constructed to link explicitly land suréaand hydrological processe
terrestrial biogeochemical cycles, and vegetatignadiics within a single
physically consistent framework. An agriculturabswodule has been include
Agro-IBIS

Linksto other models

unknown

Ease of
use/accessibility

http://www.sage.wisc.edu/download/IBIS/ibis.html utbno help is provided
listserve and user discussions ex
http://daac.ornl.gov/MODELS/guides/IBIS_Guide.html

Website

http://www.sage.wisc.edu/download/IBIS/ibis.html

M odel structure

Not available

M odel name LPImL

Full model name Lund-Potsdam-Jena dynamic global vegetation meoadliding managed land
M odel type biogeochemistry models

Subtype Dynamic general vegetation model

Thematic coverage

Dynamic global vegetation model, including agrioudt

Input (key drivers
and pressures)

monthly climate, soil type and atmospheric Q©Oncentration, land manageme
land use change

IBIS 2.6 and input files can be downloaded inclasiuser guide at

n

st,

Output (key | vegetation cover (fraction of different plant fuioctal types per grid cell), CQO
variables) exchange, seasonal water balance (runoff voluraesyal NPP, crop production
Geogr aphical global, 10’ or 0.5° grid cells

coverage and

resolution

Temporal coverage
and resolution

time steps: day/month

Analytical
technique

Dynamic systems model

Model developers
and/or owners

Potsdam Institute for Climate Impact Research. TRd model was originally
developed by a consortium led by I. Colin Prenfitben Max-Planck-Institute fo
Biogeochemistry, Jena; now at Bristol UniversitWolfgang Cramer (PIK), an
Martin Sykes (Lund University). The name derivesnirthe three locations Lung
Potsdam-Jena but is no longer to be interpretedwhg. Managed by a sma

steering committee, the consortium conducted reguketings and consultations

with key users of LPJ.

!
)

d
s

nt

n

M odel Originally a model to predict natural vegetationveo (based on the BIOME

development family), there is also a version including an agitiere module (LPJIJmL (manage

history lands)); current version LPJ3 (with and without ged lands). LPJ wa
originally written in FORTRAN, for LPJ version 2 @+has been used, the curre
version LPJ 3 was programmed in C.

Target LPJ has been used in numerous studies on respamsedeedbacks of th

Group/users biosphere in the Earth System (e.g., Brovkin et 2004; Lucht et al., 2002;
Schaphoff et al., 2006; Sitch et al., 2005).

Calibration NPP, biomass, NEP and seasonal carbon cycle havedadibrated against static
measurements.

Validation LPJ has been validated from the stand to the glsbale (Hickler et al., 2004
Cramer et al., 2001: Comparison of 6 global vegmtamodels, Bondeau et a|.
2007: comparison with historical data

Uncertainty Jung et al., 2007a, Jung et al., 2007b, Wolf e2808 (for LPJ-Guess)

analysis

Key references Sitch et al., 2003, Bondeau et al., 2007

Level of | The different modules are well-integrated.

integration

Links to other
models

LPJ has been included in the ATEAM vulnerabilitys@ssment tool. Currentl
work is ongoing to link LPJ to IMAGE.

Ease of
use/accessibility

open and unrestricted access, LPJ can be downloddpdn request) 4

—

http://www.pik-potsdam.de/research/cooperationa#/Ipj-Ipjml-versions

24



SCENARIOS AND MODELS - FINAL REPORT APPENDICES

Website http://www.pik-potsdam.de/research/cooperationgsi
Commentsremark | Decline in stand productivity in mature forestsi@ simulated as age structure] is
S not modelled. Nitrogen cycling and uptake is notdelted, nitrogen limitation ig
therefore not included in vegetation growth.
Mod€d structure Latitude, climate,
soil texturs, GO,
MNaxt year ——»
Insalation, daylength,
________ potential evapotranspiration
e e snowmalt and accumulation
..’ soi| temperature
J: v
H Summergrasn —}
H phenology
¥ Fraction of PAR interceptad
' - foliar projective cover ¥
E Phatosynthesis
Y | ‘ ¢ Raingrasn
/,_— \‘ v | - phenclogy
\Su—ilwm_e—r/ rrarrrans Pl Water balance
i GPP
: v
y Maintenance
. respiration
‘ Nip
.: Allocation to
' C-compartments,
.: allometry and growth
! v PFTs
: Sapwood-heartwood leaf ., fine root C, \
i PPN convarsion, | sapwood C, heartwood C
| '- loaf and fine root tumaver population density,
i Maan Crown arsa,
: ¥ v faliar projective cover
', // \ Litter and soll
' Litter and sail © ;‘ - organic matter
\ / decomposition
— v
.. =R > Mortality
s .- ifire, stress, cimate) & REEEE
v
Establishment I
M odel name PICUS
Full model name
M odel type biogeochemistry models
Subtype forestry
Thematic coverage stand-level foresty model (dynamic succession) @ged plantations and natural
forest, multi- and single species)
Input (key drivers | climate, forestry management, disturbances, N dépos
and pressures)
Output (key | timber yield, vegetation composition, carbon, rg&n cycle
variables)
Geogr aphical temperate forests, Europe, 100patches
coverage and
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resolution

Temporal coverage
and resolution

monthly time steps with annual integration

Analytical technique

Dynamic systems model (process-based); individealbased model

M odel developers
and/or owners

University of Natural Resources and Apllied Life&Stes, Vienna

Model development
history

published: 2001, current version: PICUS 2.0. PICU3 was a gap model f{
capture competition and canopy structre, PICUS idcBuded an physiologica
growth function. PICUS 1.4 included soil C and layg.

Target Group/users

PICUS was originally developed as a decision supiat for forest managers.

simulates forest succession in the complex topdgragf the Eastern Alps in

central Europe. The original gap-model was compleet with the 3-PG mode
in version 1.3. Current version PICUS v1.4

Calibration

PICUS was calibrated against data from nationadbinventory.

Validation

Testing against independent long-term growth areldyidata revealed goo
correspondence between observed and predictedsvalumlume production an
stand structure (Seidl et al., 2005, Badeck epaD]1)

Uncertainty analysis

Not available

Key reference

Lexer & Honniger, 2001, Seidl et al., 2005, Seidhle, 2007, Seidl et al., 2008

Level of integration

The different modules are well-integrated.

Linksto other models

PICUS has been used together with EURO-FOR, OSCregignal models)
ForAG/FASOM (global), AROPA]j (regional agricultureand EFEM-DNDC
(agriculture at farm level) in the ENFA/INSEA asseent. It has been combing
with the wood products model (WPM) to evaluate oarlstorage in woo(q
products (Seidl et al., 2007).

o
I

—

2o

ed
]

Ease of | Model is not available

use/accessibility

Website http://wwwt3.boku.ac.at/picus.html?&L=1

Comments/remarks The hybridization of PICUS with 3-PG in version lains at combining thg

abilities of gap models with regard to interandarépecific competition, multi

species and multi-layered stand structure and géregoplicability with the
benefits of a widely applied, robust stand-levéinesate of forest production basg
on the concept of radiation use efficiency.

2d

M odel structure

structure {yearly timestep)

[alma‘suham. cogj ] Ealeclfllahon] [g\nhal raﬂlamn] [temnera:ure]
daity meteorological data direct diffus VPD (Folansehits)

, LI.E—ng;E A K

JL
production (daily timestep) J’
- CZ‘ o de
ractionol | ‘;;ﬁjf:}::J:‘;‘arga fraction of 3 height growth
shaded leaves 1G04 in leaves +— [sunlit leaves 'E#LB
; GPP
ai _\ fohage maze

hotosynthetic rate
. L i‘v /wspiramn} E soluble C-peool

Ingutdata

ark respiration rate,
dabe =
'\ mairien ance- _[ finetoots mass

rovth:
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1 =
e :D
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vaporation evapo.
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trae
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M odel name SAVANNA

Full model name

Model type biogeochemistry models
Subtype biome model

Thematic coverage

vegetation, animal population model and manageniengirassland, shrubland

savanna and forested ecosystems

Input (key drivers | climate, vegetation type, topology, human managersocking densities), fire
and pressures)

Output (key | plant and animal distribution (for functional gra)pwater and nutrient cycling
variables) livestock production, sustainability of systemse#iholds, habitat suitability

Geogr aphical regional, resolution depending on input data andistl ecosystem (100-1000 gr
coverage and | cells)

resolution

Temporal coverage | time period: depending on climate input, time honiz 5-50 years, time step

and resolution

weekly

Analytical technique

Process-based model (dynamic systems model)

M odel developers
and/or owners

Mike Coughenour, National
University

Model development
history

first published 1985, model has modified for vasquurposes. Originally developed

for pastoralism in African savannas it has beenliggppto other ecosysten

(Mongolian steppe, North American prairie, Rockywitain National Park) as well.

Target Group/users

Originally developed for African savannas (pasisma), but has been appli
extensively to North American national parks assgstem management tod
Includes forests and shrublands, too.

Calibration

Model was calibrated to plant growth data.

Validation

SAVANNA has been validated by comparing predictéthactual vegetation cove
and NPP (e.g. Christensen et al., 2003)

Uncertainty analysis

Not available

Key reference

Coughenour & Chen, 1997, Ludwig et al., 2001

Level of integration

High level of integration of plant and animal sgrss with abiotic (water) an
management factors.

Linksto other models

Linked to PHEWS to model Household economics.

Ease of
use/accessibility

available at
http://www.nrel.colostate.edu/ftp/coughenour/pubsklindex.php?Directory=Mant
al_1993

Website

Mod€ structure

http://www.nrel.colostate.edu/projects/savanna/
Pastoralism
Submodel Submodel

Ungulate Submodels
Ungulate || Ungulate Herbivory
Distribution Population

| ] 1

[ Vegetation, Soil Submodels

r N
Plant Primary . Light
Population ,| Production ,|Interception

Water
- dget
A v

Figure 1

Predation

Energy
Balance

~

(b

Resource Ecology LabayatoColorado State

id

%

%)

=

|®N
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1.1.6 Hydrological models

Model name (E-) SWAT

Full model name (Enhanced) Soil and Water Assessment Tool
Model type Hydrological models

Subtype

Thematic coverage

physically based, semi-distributed, continuous timatershed model

Input (key drivers
and pressures)

land use (including details on management), togaigrasoil and climate

Output (key | runoff, sediment yield, deep aquifier recharge
variables)

Geogr aphical calculations are done on the scale of sub-watesshed
coverage and

resolution

Temporal coverage
and resolution

daily time steps

Analytical
technique

empirical-statistical

Model developers
and/or owners

public domain model, actively supported by the USBA4ricultural Research
Service at the Grassland, Soil and Water Reseaabloratory in Temple, Texa
USA

Model development
history

1st  version: 1998, current  version SWAT seelso: a

http://www.card.iastate.edu/environment/items/asabat. pdf

2005,

Target Group/users

SWAT was developed to assess the impact of landageament and climat
patterns on water supply and nonpoint source potutin large, complex
watersheds with varying soil, landcover, and mansge conditions over lon
periods.

Calibration SWAT has beeen calibrated for application to maiffergnt watersheds, e.g.
http://www.mssanz.org.au/MODSIMO7/papers/49_s1lubriceOfScales1l_Heat
hman_.pdf; http://www.card.iastate.edu/publicati®iS/PDFFiles/05wp396.pdf

Validation SWAT has been validated for many single watersheds,g.
http://www.card.iastate.edu/publications/DBS/PDE&/i05wp396.pdf

Uncertainty Yang et al., 2008

analysis

Key reference http://www.card.iastate.edu/environment/items/asabat.pdf

Level of integration

The different modules are well-integrated.

Links to other | unknown

models

Ease of | SWAT can be downloaded at: http://www.brc.tamussaat/

use/accessibility

Website http://www.brc.tamus.edu/swat/

M odel structure Not available

M odel name Water GAP

Full model name Water — Global Assessment and Prognosis

Model type hydrological model

Subtype

Thematic coverage Water availability, water use, water quality (inthysagriculture and domestig)
Input (key drivers | climate, land cover (livestock density, area i@y, population size and
and pressur es) electricity production

Output (key | Water withdawals and water availability (dischargaenual renewable water
variables) resources)

Geogr aphical global, country, river basin (1162 basins includeplid cells 0.5° by 0.5°
coverage and

resolution
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Temporal coverage
and resolution

Base: 1995, Climate base 1961-1990, daily timesst@pwater balance, annu
time steps for industrial and livestock water ussults for 1995, 2025 an
2075

[SHEN

Analytical technique

Empirical-statistical

M odel developers
and/or owners

Developed by the Centre for Environmental SystenmseBrch of thg
University of Kassel, Germany, in cooperation witie National Institute o
Public Health and the Environment of The Netherta(i®lIVM). Development
since 2003 by the Universities of Kassel and Frarkf

f

Model development
history

1st version 1996, current version: WaterGAP 2

Target Group/users

Developed as a tool for global analysis of watesoteces. Used in varioy

global and continental resource assessment (Worldansition, World Water

Vision, World Water Developement Report (UNSECOAM

Calibration

Hydrological model was calibrated to 30 years dfitan 724 dischargg
measurement stations; where data are availableip-eoonomic mode
parameters are calibrated for countries.

Validation

For validation, the predicted annual discharge eslwere compared f
measured values at the 724 calibration stationsadttiddata from other basin
(Alcamo et al., 2003a). Validation for socio-econorastimates was done
well (Doll & Siebert, 2002).

n O

AS

Uncertainty analysis

a first estimate of the geographical variation icertainty of calculations i
made, based on the “goodness of-fit” of the modeliserved historical data

1°

Key reference

www.usf.uni-kassel.de/usf/forschung/projekte/wadgrgn.htm Alcamo et al.

(2003); Alcamo et al., (2003b)

Level of integration

feedbacks between water cycle and water use subhmode

Linksto other models

WaterGAP has been used in several assessments (OBED, MA) in
combination with IMAGE, IMPACT and EcoSim and AlMBased on
WaterGAP, a global model of terrestrial nitrogenaf&fGAP-N) has bee
developed.

Ease of | Model is not available for download.
use/accessibility
Website http://www.geo.uni-frankfurt.de/ipg/ag/dl/forschuigaterGAP/index.html
Model structure
* Population Water withdrawals
* Income and consumption
+ Technology Gfg’; Wa' t:er' T . Domestic
» Qimate »Industrial
= Agriculture
River basin
water stress
+ Land Cover Global S Water availability
» Qimate Hydrol Modlel » Runoff
oy * Recharge
Fig. 1 Block diagram of the WaterGAP model.
Model name WBM (+)
Full model name Water Balance Model
M odel type Hydrological models
Subtype
Thematic coverage water cycle
Input (key drivers | climate and surface cover, population, irrigateshar
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and pressur es)

Output (key | sustainable water use: water use/withdrawl (agrice] domestic, industry
variables) versus water discharge

Geogr aphical 0.5° by 0.5° grid

coverage and

resolution

Temporal coverage | daily time steps, output on annual basis

and resolution

Analytical technique

empirical-statistical

M odel developers

M. Voérésmarty, Water System Analysis Group, Uniitgod New

and/or owners Hampshire

Model development | unknown

history

Target Group/users unknown

Calibration unknown

Validation unknown

Uncertainty analysis | unknown

Key reference Vorosmarty et al., 1989, Vorosmarty et al., 2000

Level of integration unknown

Linksto other models | unknown

Ease of | A detailed description of the model is available :
use/accessibility http://www.asb.cgiar.org/BNPP/phase2/ifpri/desdoipt water_

balance_model_10jul2003.doc

at

Website

Not available

M odel structure

Not available

1.1.7 Biodiversity models

M odel name Bl

Full model name Biodiver sity intactnessindex

M odel type Biodiversity model

Subtype Indicator model

Thematic coverage biodiversity loss due to land use change

Input (key drivers | land use (also needed: reference conditions fativaosity)

and pressures)

land use types: protected, moderately used, degyandtivated, plantation
and urban

—

Output (key | relative measure of biodiversity intactness (pet@g® of original population

variables) Bll is a richness-and-area weighted average optplation impact of a se
of land use activities, on a given groups of orgarg, in a given area.

Geographical Regional (Southern Africa), scale of aggregatiaf’ to 16 km’

coverage and

resolution

Temporal coverage | dependent on input (land use maps/predictions)

and resolution

Analytical technique

empirical-statistical: expert opinion

M odel developers
and/or owners

The biodiversity intactness index was first develbpy R. J. Scholes and
Biggs for the Southern African Millennium Ecosysteissessment (cas
study for MA).

® D

Model development
history

Different approaches have been proposed by sewrtdiors (including
species occurence versus abundance)

Target Group/users

The BBI is an assessment tool designed to givandisation of current stat
and past changes in biodiversity. The Bll is anraggte index, intended t
provide an intuitive, high-level synthetic overvidar the public and policy
makers. It can be disaggregated in several waysi@et the informatior
needs of particular users: by ecosystem or pdliticits, taxonomic group
functional type, or land use activity.

D

[=]

Calibration

The BBI has been calibrated on data for Southeric#f
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Validation

Valuation in biodiversity monitoring programmes:nhla et al., 2009

Uncertainty analysis

Hui et al., 2008: biodiversity intactness variange formal measure qf

uncertainty (case study: South Africa)

Key reference

Scholes & Biggs, 2004, Buckland et al., 2005, Niplst al., 2007

Level of integration

Not applicable (only land use as driver)

Linksto other models

Not available (potential links to land use models)

Ease of | Calculation algorithm is given in Scholes & Bigg$04. Species richnes
use/accessibility information is needed for calculation.
Website Not available
Model structure The Bll is calculated as:

BIl = (ZZj Zk: R A,-k'uk)/(ZZ,- 2 RiAW)

I

whereRi = richness (number of species) of taviam ecosystenj,

andAj = area of land usk in ecosysteny
M odel name EUROMOVE
Full model name
Model type Biodiversity model
Subtype Bioclimatic envelope model
Thematic coverage biodiversity in relation to climate change
Input (key drivers | climate change, current plant distributions
and pressures)
Output (key | changes in plant species number and distributiadles, increase, decrease
variables)
Geogr aphical Europe, 2500kmgrid cells (dependent on input data)
coverage and
resolution
Temporal coverage | baseline: 1990/1995, results reported for 20250283 2100, annual tim

and resolution

steps

Analytical technique

empirical bioclimatic envelope modelling based enlized niches, specie

based logistic regression model by which occurremaebabilities can be

calculated for almost 1400 European vascular [gpaties

U
1

M odel developers
and/or owners

Netherlands Environmental Assessment Agency

Model development
history

published: 2002

Target Group/users

Used to support climate change impact researchutpgan level; including
applications for the European Environment Agenesgl@ation of policies tq
halt biodiversity loss

in

Calibration Calibrated on 1990 data — all multiple logisticneggion analyses resulted
statistically significant modelsa( = 0.01). On average, the devian
explained (D) was 42%, indicating a relatively hjgjledictive power.

Validation Not available

Uncertainty analysis | Not available

Key reference Bakkenes et al., 2002, Bakkenes et al., 2006

Level of integration

Not applicable

Linksto other models

EUROMOVE uses climate data from IMAGE model.

Ease of | Model not available online.
use/accessibility

Website Not available

Comments/remarks Description copied from EEA, 2008

M odel structure

Not available

M odel name GARP-based speciesdistribution models

Full model name GARP=Genetic Algorithm for Rule-set Production
M odel type Biodiversity model

Subtype Bioclimatic envelope model

Thematic coverage

biodiversity in relation to climate change
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t

Input (key drivers | climate change, also required: plant species Higion

and pressur es)

Output (key | number of species, species distribution maps

variables)

Geogr aphical GlS-based, spatial explicit approach, local/rediomepending on inpu
coverage and | (species presence data)

resolution

Temporal coverage | Depending on climate change input

and resolution

Analytical technique

ecological niche modelling, based on genetic alors

M odel developers
and/or owners

D. Stockwell and A. Boston (University of Califoepi San Diego
Environmental Resources Information Network (ERIN))

Model development
history

The GARP was first implemented at the EnvironmenRésources
Information Network (ERIN) (Boston and Stockwell9y).

Target Group/users

Calibration Model is calibrated based on presence data of aperi relation to
environmental variables
Validation Stockman et al. (2006) tested the performance oRBAo predict spide

distribution in California based on a limited numloé museum specimen
Conclusion: simple bioclimatic envelope models peréd better tha
GARP.

Uncertainty analysis

unknown

Key reference

Boston & Stockwell, 1995, Stockwell, 2006

Level of integration

Not applicable

Linksto other models

Not applicable

Ease of | methodology is available online: www.lifemapper /desktopgarp

use/accessibility

Website Not available

Comments/remarks The GARP models are a model family, not a singled@hawith different
equations.

M odel structure Not available

M odel name GLOBIO

Full model name Global Methodology for Mapping Human Impacts on Biesphere

Model type Biodiversity model

Subtype Indicator model

Thematic coverage

effects of climate change, land use change, imfrestre development an
nitrogen deposition on biodiversity

Input (key drivers | Land cover, land use and land use intensity, itringure, atmospheric N

and pressur es) deposition, climate (precipitation and temperature)

Output (key | Mean Species Abundance (MSA)

variables)

Geogr aphical global, (0.5° by 0.5° for climatic data, 1km by 1kwnland use data)

coverage and

resolution

Temporal coverage | Depending on input data

and resolution

Analytical technique | empirical-statistical ~model:  Dose-response relaps  between
fragmentation, infrastructural development

M odel developers | UNEP-DEWA, UNEP-WCMC, UNEP-GRID-Arendal, Netherland

and/or owners

Environmental Assessment Agency

Model development
history

1st version: 2001, current version GLOBIO3

Target Group/users

GLOBIO is aimed at providing information for undensding ongoing trend
and depicting future trends in regional and gladmsdessments. GLOBIO3
a quantitative model used in the assessment ofypolptions for reducing
global biodiversity loss. The model is used in globtudies, such as th
OECD Environmental Outlook, GEO4 and COPI/TEEB.

oy

is

Calibration

Not applicable
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Validation Not available
Uncertainty analysis | Not available
Key reference Alkemade et al. (2009)

Level of integration

Different pressures (land use change and fragetm@mt@ollution) are well-
integrated, double-counting is avoided (pollutidfeets biodiversity only in
natural areas while it is included in land use @fdor managed land).

Linksto other models

Uses land use and N emission output from IMAGE ianithereby linked tag
land use/land cover and economics

Ease of | not available, however description of the paransetesed can be found

use/accessibility Alkemade et al. (in press) and Alkemade et al. 6200

Website http://www.globio.info/

Model structure Not available

M odel name MIRABEL

Full model name Models for Integrated Review and Assessment of Bardity in Europear
Landscapes

M odel type Biodiversity model

Subtype Indicator model

Thematic coverage biodiversity

Input (key drivers | pollution (eutrophication, nitrogen deposition, dification, climate change

and pressures) and land use (urbanization trasnport, farming isifezation, drainage
irrigation, land abandonment, afforestation, habigmentation)

Output (key | trends in pressures, status of threatened habitats

variables)

Geogr aphical 28 European countries, 13 ecological regions, uUSIBRINE land cover maj

coverage and

resolution

Temporal coverage | Impact forecasts for 2010 and 2050 (climate)

and resolution

Analytical technique

empirical-statistical model: based on expert opinio

M odel developers
and/or owners

Centre for Ecology and Hydrology Merlewood Rese&tdtion, UK,

Model development
history

Model was developed for the European Environmergnsyg (EEA)

Target Group/users

MIRABEL was initially developed in response to ajueéement to predic
habitat change in the context of a 1998 assesswiehe state of the
environment in Europe.

t

Calibration Not available
Validation Not available
Uncertainty analysis | Not available
Key reference Petit et al., 2001

Level of integration

unknown (effects based on expert opinion)

Linksto other models

uses input from CARMEN, RAINS, IMAGE, EUTREND andARCH for
pressures/drivers

Ease of | Model is not available

use/accessibility

Website Not available

M odel structure Not available

M odel name SAR

Full model name Species area relationship

M odel type Biodiversity model

Subtype Indicator model

Thematic coverage Biodiversity loss due to habitat loss

Input (key drivers | habitat loss (climate change via IMAGE, van Vuurenal., 2006), N

and pressur es)

deposition
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Output (key | number of species

variables)

Geogr aphical global, calculated for different biogeographicaltsinbiomes, ecoregions),
coverage and | not spatially explicit

resolution

Temporal coverage | For the MA projections were done until 2050.

and resolution

Analytical technique

empirical-statistical (based on species area oeisliip S = cA), where S=
number of species, A= area, z and = constants

M odel developers
and/or owners

Relationship is based on ecological theory disalisby for example
Arrhenius, 1921, McArthur & Wilson, 1967 aibsenzweig, 1995.

Model development
history

The species area relationship was applied as dcaibod of biodiversity in
the Millennium Ecosystem Assessment (MA, 2005a).

Target Group/users

The SAR has not been applied for large-scale bédity assessments aft
the MA.

er

Calibration Not available

Validation Not available

Uncertainty analysis | uncertainty analysis was done by van Vuuren eR@bDg
Key reference Pimm et al., 1995, Pimm et al., 2006, van Vuureal €2006

Level of integration

Next to the species-area relationship, in the MAhodology also nitrogen
deposition was incorporated as pressure on bicgltydiMA, 2005e).

Linksto other models

During the MA the changes in the species areaioaktip was based o
land use changes calcualted by the IMAGE model.

Ease of | Equations have been published and calculationgasity by done.
use/accessibility

Website none

M odel structure Not available

1.1.8 Ocean Models

M odel name ASSETS

Full model name Assessment of Estuarine Trophic Status
Model type Biogeochemistry models

Subtype Hydrology

Thematic coverage

Water quality, Trophic status, Human influence

Input (key drivers
and pressures)

Comparison of anthropogenic land-based and oceauticent loading with natural

background concentrations, estimates of suscaptjbiNitrogen and Phosphorod

levels, Chlorophyll a and macroalgae growth, alimiinance changes, loss of SAV,

dissolved oxygen, harmful algae coverage; susdéptibcapacity of the system t
dilute and/or flush nutrients, predictions of neii loading based on expect

population increase, planned management actiomsgegpected change sin watershed
uses.
Output (key | Indicator of Overall Human Influence on the systén;assessment of the current state
variables) of the system, and the future Response of the mysteler different scenarios.
Geogr aphical Estuarine/Watershed level. Currently, there ar@ aSsessed estuarine systemg
coverage and | ASSETS primarily based in the U.S. But there amumber of international records.
resolution Resolution of output is based the the bathymetiy gsed, however the details are not
specified in the peer-reviewed methodology.
Temporal coverage | Provides an assessment of current state (setemefeiconditions) and forecasts futyre

and resolution

outlook based on the susceptibilty of the systewh anme of three options: 1) Futu

re

nutrient pressures decrease; Future nutrient messare unchanged; and Futire

nutrient pressures are increase. Temporal resolugicnot specifically defined and
referred to as 'Future Outlook' based on data asademographic projections.

Analytical technique

A screening model that uses a Pressure-State-Resframework

Model  developers
and/or owners

ASSETS was devloped from the National Estuarinerdpliication Assessment

(NEEA) methodology originally developed by a teampeople from NOAA, other
federal and state agencies, private organisatamiigges and universities. ASSETS w

as
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developed by a team of NOAA scientists and reseascfiom the EU, working at th
Institute for Marine Research (IMAR).

e

Model development
history

ASSETS was developed from the National Estuarindrophication Assessme

(NEEA) that was lauched in 1990. 1990 - 1998: [atd information of 138 estuaries
and coastal waters was collected from approximad€l§ scientists using an expert

knowledge engineering approach. Five regional tspmetailed conditions and trends

nt

of

16 indicator variables within US estuarine and talasystems. 1998 - 1999: Data and

information from the Estuarine Eutrophication Syrv8&ynthesis to NEAA and

development of eutrophication assessment methdail: 2hprovement of NEAA an(
development into ASSETS. 2002: NEEA Update workshod guidance documer
2003 - 2005: Application of NEAAJASSETS methodolagyupdate 13 North and Mid

]

t.
Atlantic systems and development of a human useatat to complement the ASSETS
eutrophication indicators through a partnershignwitviD, UNH, UMASS, Maine State

Planning Office, and EPA (funding through CICEET).2003: Application of thd

NEEA/ASSETS methodology to 10 estuarine and coasgatems in the European

Union (Portugal); Research into the addition ofotggy criteria for eutrophicatio

symptom range definitions. 2004: Development of Hitg://www.eutro.org website,
listing ASSETS scores for systems from the US, Bdr(nhany, Ireland, Portugal), and

China. COMPASS initiative, bringing together ad lypoup from the EU and the US

order to examine a possibel harmonization betwe&PAR-COMPP and ASSETS.

154

2005: Application of ASSETS methodology to NorthsENational Estuarine Research

Reserve(NERR) systems using the System Wide Mangobata (SWMP) (funding
through CICEET - Cooperative Institute for Coastald Estuarine Environment

Technology). Preparation of a University of MardaBenter for Environmental Studies

— NOAA partnership in order to apply the NEEA/ASSEmethodology via an onlin
survey and National Workshop to update the NatioRatuarine Eutrophicatio

Assessment for 138 US estuaries and coastal walkiedd’reparation of a joint US-EU-
China initiative (NOAA-IMAR-SOA) in order to apphlASSETS to Chinese coastal

systems, and further develop and test the methodogy

Target Group/users

Managers and Policy-makers: NEEA's aim was to deffre United States nation
resource base and develop a national assessmettiiltgand the aim of the ASSET
project was to provide an update and improve NEs#ng real data that was consistg
with the philosophy of the original work but mobust in methodology.

Calibration The ASSETS approach has been intercalibrated vhigh driginal NEEA work is
demonstrated for 82 U.S. Estuaries in the key egfeg paper.
Validation Conclusions are validated against a more exterssvef data from the original NEE

survey.

Uncertainty analysis

Not Specified

Key reference

Bricker et al. (2003).

Level of integration

Limited - based on assessment of eutrophicatioefnpiality only.

Links to other
models

No links with other models are specified. Relatesegsments and programmes inclu
Comparison and Assessment of Eutrophication (COMBAEPA National Coastg
Assessment (NCA); CICEET Gulf of Maine Project:datauisition and developme
of metrics and indices to describe the status ek ttrends of nutrient related wat
quality in estuaries and coastal waters; NOAA Nadloestuarine Eutrophicatio
Assessment Update Program.

Ease of

use/accessibility

Good - use of clear, colour-coded system. ASSET8icgtion is freely available fo
download at: http://www.eutro.org/register/. Itasailable in four languages includin
Chinese. Results for the applications of ASSETS au@lable through the websit
http://www.eutro.org/syslist.aspx. User manual & available however the ASSET
programme includes a tutorial.

Website

http://www.eutro.org/

Commentsremarks

By focusing on commonalities and differences betwééS. And E.U. estuarin
systems and coastal zones, ASSETs may provideppiste stone towards a unifie
system or systems which may accomodate the diyexkjiressure, state, and respon
of both regions.
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Modd structure

System divison in
Homogenous salinity

Zones

l

RESPONSE

A
l Data Completness

and Reliability
PRESSURE

Flushing
potential

Dilution
potential

Dilution
potential

Susceptibility Susceptibility

Overall Eutrophic

Conditions
OEC

| Secondary symptoms |
r

’D'ﬁs.
SAV NTB
C)2

Fig. 1. Flow chart of the ASSETS methodology.

Dretermining Future
Outlook

Owerall Human
Influence

OHI

M odel name Atlantis

Full model name

M odel type Biogeochemical

Subtype

Thematic coverage Ecosystem modelling, fisheries management

Input (key drivers | Biogeochemical ecosystem model (consumption, pri@luc waste

and pressur es)

production, migration, predaqtion, recruitment, itetb dependency, and

natural andd fishing mortality); Hydrographic trpogt model; Fisheries fleg

statistics (target, byproduct and bycatch grougsar dype (and associated

selectivity curve and habitat impacts), habitat edefency, discarding, an
effort allocation submodels).

Marine ecosystem dynamics are represented by Bpatiplicit submodels
that simulate hydrographic processes, biogeochéniaators driving
primary production, food web relations among fumeél groups, crudg
habitat interactions, and fishing fleet behaviour.

Atlantis has been applied at a fine scale (spebiigs/current systems) in
number of locations, initially around Australia batso the Californian

Current. The spatial geometry of the model is orsdenup of polygons

which correspond to the geographical form of thelgtarea. The area ar
shape of the polygons reflect the speed with whpitysical variables chang
with particular parts of the study area. This mbdgl approach is
advantageous as it can be modified to nest finke-snadels within a coarse
scale resolution.

—

o

D

D

=

Output (key
variables)

Geogr aphical
coverage and
resolution

Temporal coverage

and resolution

For computational efficiency, a daily time stepuised wherever possibl

W

Within the biological modules however, a daily tstep may make th
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variables with fast dynamics become unstable. Tasrewhile some group
(e.g. Fish) work on a daily time step other gro(gag. phytoplankton) use &
adaptive timestep, which is repeated until a fulkh2 period has bee
completed. In the orginal Bay Model 2 (BM2), fromhich Atlantis was

derived, the model runs span a 20-yr time pericehifiming after a 10 yr
burn-in period) with output recorded every 14 de&Bsnulations lasting 100
yrs were also undertaken to check for long peripdes and to verify that

the models had reached a representative state ahthof the 30 yr period.

Analytical technique

Deterministic, spatially explicit model.

M odel developers
and/or owners

Elizabeth A. Fulton, Commonwealth Scientific anddustrial Researcl
Organization (CSIRO), Division of Marine Researglustralia. Funding for
Atlantis is provided by NOAA NMFS, NOAA Fisheriesnd the
Environment (FATE), NOAA NMFS Economic Program, Meq
Foundation, and the Packard Foundation.

Model development
history

Atlantis was developed from a series of models thgplored optimal
ecosystem model complexity. A precursor to Atlaritie integrated Generi
Bay Ecosystem Model (IGBEM) (Fulton et al. 2004@3s a combination o
the biological modules of the European RegionalsSEaosystem Mode
(ERSEM) and the physical processes and spatialitayfathe Port Philip Bay
Integrated Model. Efforts to simplify the physiologl processes in IGBEN
resulted in the Bay Model 2 (BM2), a more parsimoaisi framework tha
still effectively captures system dynamics. Atlang a modified version g
BM2, established to improve upon ecosystem basstkefy managemer
tools (text taken from Brand et al. 2007).

Target Group/users

Atlantis is targetted at those involved in ecosysfisheries Managemer
Strategy Evaluation (MSE), in which managementgied and assessme
methods are tested against simulations that repraseal ecosystem and |
complexities. For example, the model can identifgdé offs betweer
species, fleets and management goals, and to fideiffiécts of managemen
policies. It is not intended for tactical managemédor instance setting
quotas for target stocks. Atlantis has been appbedmore than 14
ecosystems, primarily in the temperate waters daftalia and the US, an
has been rated in high regard by the United Natfeosd and Agriculture
Organisation (FAO).

S5 5 U
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Calibration

Atlantis is calibrated to a wide range of data delieg upon the area t
which it is being applied. Tuning needs to be earrout until all groups
persist and numerical stability is acheived. Modelibration currently]
involves trial and error and some users have cblirthe model manuall
due to long model run times that prevent the séagobf the parameter spag
with automated procedures (Brand et al. 2007). fliming procedure ca
use, as a reference point, values from the liteeatu outputs of other mode
such as Ecopath.

Validation

Model outputs are referenced against actual enwiemtal data available fg
the area. This does potentially restrict the madeise in areas where a gre
deal of information is already available.

pat

Uncertainty analysis

As Atlantis incorporates a great many parameteesite being originally
scaled down from the IGBEM model) a systematic isigitg analysis is
impractical. However, Fulton et al. (2004) recomderihe use of facto
screening to identify the most sensitive partdhefiodel and the exploratig
of the effects of the resulting restricted set afgmeters.

Key reference

Fulton et al., 2004a; Fulton et al., 2004b; Fulanal., 2005; Brand et a
2007

Level of integration

Good - links biological, chemical, ecological, digheries data.

Linksto other models

The model has not yet been integrated into a walsessment proces

Atlantis is built from a number of biological, phgal, and fisheries sub-

models.

12

Ease of

use/accessibility

Modelling process is complex and would need to heried out by 4
specialist. Background publications are readilyilabte in the scientific
literature, however technical papers are relativiedccessible and the mod

developers would need to be contacted for furthésrimation. The mode
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cannot be downloaded.

Website

http://www.csiro.au/science/ps3i4.html

Modd structure

Fisheries
submodel
Ecology
submodel
Biogeochemistry
Hydrographic L |
submodel Climate and oceanography
Figure 1. Schematic of Atlantis modules for oceanography. ecology. and fishing. This paper discusses

the ecology and hydrographic submodels.

Model name Aus-Connle

Full model name Australian Connectivity Interface

M odel type Biogeochemistry models

Subtype Oceanography, Connectivity

Thematic coverage Ocean circulation, larval dispersal, larvel reangnt, contaminant dispersal.

Input (key drivers | Sea level (Altimeter and Tide gauges); Wind fiel®sarticle trajectories

and pressures) Geostrophic currents; Wind forced components; Esiggof ocean currents;

Output (key | Maps showing land masses, the 200m depth contodrspatial connectivity

variables) statistics for the user specified source or sink.

Geogr aphical Australia; 0.5 degree geographical grid; All stitis were based on currents

coverage and | and trajectories computed at a fixed depth of Dm2which was taken to be

resolution representative of surface waters where larval aunagons tend to be
highest.

Temporal coverage | Monthly and quarterly statistics are available,caldted as T (dispersion

and resolution period = 10 and 20 days for monthly, and 30, 4Q,&@ 80 days for the
quarterly. Probailities were calculated from day of the calende
month/quarter to day T, then from day 2 to day Tuitjl reaching the last
day of the month/quarter. The probabilities werenttavergaed to give ja
probability distribution representative of that ntioiquarter.

Analytical technique | Statistical model which analyzes of the partictgectory information to give
the following for each grid cell: 1) The probabliithat particles beginning
within any user specified region willl be insidesthrid cell at the end of the
dispersion period (i.e. lifetime); 2) The probatyilthat particles beginning
within any user specified region will reach thedgeelll before the end of the
dispersion period; 3) The probability that partickriving within any user
specified region were inside the grid cell exaatiye dispersion period
previously; and 4) The probability that particlesang within any specified
region were inside the grid cell anytime within firevios dispersion period

M odel developers | Aus-Connie was developed as part of the Strategicimm Fund for the

and/or owners Marine Environment (SRFME), a joint venture betwe@8IRO and the
Western Australian State Government. Team: Scotid@o(Project leader),
Jim Mansbridge (Statistical Programming), Jason idgar(Senior Web
Interface/Designer), Irshad Nainar (Web Interfaggébase), and Madeleine

Cahill (Altimetry Analysis).

Model development
history

Aus-Connie was developed in 2003 and is based dWSJEonnie, a
connectivity tool developed by CSIRO Marine Reskas part of the Nortf
West Shelf Joint Environmental Management Study NWMS). JEMS-

n
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Connie differs in that the domain is restrictedthe North West Shelf of
Western Australia, and the statistics were deripadicle trajectories using
hydrodynamic current fields. Access to JEMS-Commiestricted.

Target Group/users

Aus-Connle has been developed as a web-tool foinmascientists and
managers to investigate the large-scale patterapaifal connectivity around
Australia associated with ocean currents.

Calibration

Ocean current data are calibrated from: sea levaialies (Topex/Poseido
satellite altimeter (9.9 day global cycle); ERSe#aée altimeter (35 day
global cycle); and tide-gauges from the Austral@astline); Temperatur
and Salinity measurements (a range of sourcesdimguhe NODC World
Ocean Atlas 1994 hydrographic data; CSIRO RV FiankRV Southern
Surveyor; and SRV Aurora Australis); and Wind feelNCEP-NCAR 40+
year Reanalysis data set).

>

D

Validation

The model has been validated through comparisotisallithe World Ocea
Circulation Experiment (WOCE) satellite trackedfaoe drogued drifters in
the region from January 1994 to December 1999.

Uncertainty analysis

Not Specified

Key reference

Condie et al., 2005

Level of integration

Limited - based on oceanographic variables of ocearents.

Linksto other models

No links with other models are specified. Aus-Canmlas developed fron
the JEMS-Connie model.

=)

ir

Ease of | Relatively simple, the user must select: 1) A ragid interest on the map
use/accessibility (0.5 degree resolution); 2) Whether the selectgtbrerepresents a source [or
a sink; 3) The year and month(s) on which the cotiviey statistics will be
based; 4) The dispersion period (10, Or 20 daysroathly or 30, 40, 60 or
80 days for quarterly); and 5) Whether the conwégtiprobabilities are
based only on particle distribution at the endhef dispersion period (after
lifetime), or on all the particle distributions thaccur over the dispersion
period (within lifetime).
Website http://www.per.marine.csiro.au/aus-connie/indexlhtm
Model structure Not available
Model name Cumulative Threat M odéd for the global ocean
Full model name
Model type Biodiversity model
Subtype Indicator model
Thematic coverage Human influence, ecological change, threat indices
Input (key drivers | Expert survey; 17 anthropogenic drivers of ecosgsthange - weighted by the
and pressures) estimated ecological impact; maps of 14 marine ystesns; models of 6 marin
ecosystems.
Output (key | A single comparable estimate of cumulative humapaich on 20 ecosystem types.
variables)
Geogr aphical Global but can be applied at the local- and redisnale; 1kmresolution grid.
coverage and
resolution
Temporal coverage | Datasets used are from a number of different yaages and so no specific outy

and resolution

time is specified. The model implies that is itnegenting a reference level for curre
(2008) cumulative human impact, however this is spécifically discussed in th
published paper or the supplementary materials.

ut
2Nt
e

Analytical technique

Ecosystem-specific, multi-scale, spatial, additivedel

M odel developers
and/or owners

Benjamin S. Halpern and team at UCSB. The work faeaded by the National Cente

for Ecological analysis and Synthesis (NCEAS) amgpsrted by the National Scien
Foundation and a grant from the David and Lucilekded Foundation to evalua
ecosystem based management in coastal areas.

D

=

Le
e

Model development
history

Model published in 2008.

Target Group/users

The model is aimed at managers, conservation graumgspolicymakers, and has be

[7)

widely used by many organisations since its pubboa(Web of Knowledge record
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33 citations for this paper since February 2008)e Thodel has been as a layer| i

documents designed to inform policy makers on teread protection priorities fg
marine systems.

Calibration

Weighting of the different datasets was calibratbrtbugh an expert survey th
assessed the vulnerability of each ecosystem to dracer on the basis of 5 ecologic
traits.

Validation

Impact scores were 'ground-truthed’ using globtihnases of the condition of marin
ecosystems from previous studies; Results with ktagig values from the expe
survey (which assessed the vulnerability of eadsygstem to each driver on the ba
of 5 ecological traits) were very similar to simield values, with values slightly b
significantly different from null expectations ftine categories of very low, mediun
medium high, and very high impact. Also, testedadternative cumulative impag
model based on the average driver-by-ecosystemcingures rather than the su
There was a very high correlation between outptith®summed vs. average mod
showing that the spatial pattern of relative impactery similar under either mode
There was also a positive correlation between therage cumulative impact scor
and ocean condition in the ground truth regionsngyshe new regression equati
from this groundtruth correlation led to very sianilpercents of the ocean in eq
impact category compared to the summed model.

m.
pls
l.
S
DN
ch

Uncertainty analysis

Good - Model considers a broad range of anthropogeérivers including climate
change, pollution, invasive species, and fisheries.

Key reference

Halpern et al., 2008

Level of integration

Good - Model considers a broad range of anthropogeérivers including climate
change, pollution, invasive species, and fisheries.

Linksto other models

The model has not yet been integrated into a wésessment process. Previou
published models were used to develop data layetsiatribution models of 6 marin
ecosystems were created through this process.

sly
e

Ease of

use/accessibility

Modelling process is relatively complex, howeves fial outputs and data layers 8
available for download through the internet and themulative index is easil
understandable with the following categories: Vieoy impact, Low impact, Mediun
impact, Medium High impact, High impact, and Verighlimpact.

\re
y

Website

http://www.nceas.ucsb.edu/GlobalMarine

Modd structure

Transformed
Driver Data (Ti

Original
Driver Data

Ecosystem
Data (Ej)

Cumulative Impacts

Human Impact Categories

Weights

HardfSoft g

Dem, dest fish

<
|

v

A Cal Summed Drivers
Org. pollutant Org. pollutant
Dem, low fish Dem, low fish
M odel name ERSEM II
Full model name European Regional Seas Ecosystem Model
M odel type Biogeochemical model
Subtype ocean

Thematic coverage

Annual nutrient cycling, Regional Seas, physicaftapseters, biological
parameters, benthic and pelagic coupling.
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Input (key drivers
and pressures)

Pelagic model: Phytoplankton (regulating factorsarbon dynamics
phosphorous dynamics; nitrogen dynamics; silicagaachics; sinking of
phytoplankton); Pelagic bacteria (Environmentalutating factors; Carbon
dynamics; Nutrient Dynamics); Microzooplankton (B@an dynamics;
Nutrient dynamics); Mesozooplankton (Carbon dynamidutrient dynamics
The assimilation balance); Pelagic nutrients; Dismh oxygen and reduction
equivalents (Oxgen re-aeration); and Dissolved gadticulate organig
matter. Benthic model: Benthic organisms (Environtakregulating factorsj;
Carbon dynamics; Filter feeders; Nutrient dynamigssimilation balance)
Benthic decomposers (Environmental regulating fact@€arbon dynamics;
Nutrient dynamics; Assimilation balance); The oligammatter in the
sediments; Benthic nutrients and other dissolvetipmments (Inputs to th
benthic nutrients model; Ammonium; Nitrate; Phodph&ilicate; Reductior
equivalents; Dissolved organic matter); Oxygenritigtion in the sediments;
Shifting of the layers.

D

Simulations of the annual cycles of carbon, nitrggehosphorus and silicon
in the pelagic and benthic components of the maraosystem.

Dependent on resolution of the model that it ispted to. ERSEM's upper
boxes extend from the surface to 30 m, the lowetebdrom 30 m to the
bottom. When coupled to high resolution hydrodyrambdels, ERSEM can
be applied over large geographical scales. ERSENtdme adapted for other
regions as it is essentially a generic model whikhhen coupled to ap
appropriate physical model for a region, such as eneral Ocean
Turbulence Model (GOTM). ERSEM has been shown to dupially
applicable in tropical and warm temperate systeuth @s the Arabian Seag,
Mediterranean and Irish Seas (Allen, Blackford datford, 1998; Allen
Sommerfield and Siddorn, 2002; Crise et al., 198udies of land-ocean
interaction have ranged from shallow coastal lagot;m an assessment pf
riverine influence on the North Sea basin. Basialescand open ocean
applications in 1, 2 and 3 dimensions

Output (key
variables)

Geogr aphical
coverage and
resolution

Temporal coverage

and resolution

Dependent on resolution of the model that it ispted to. When coupled tp
high resolution hydrodynamic models, ERSEM can ppliad over large
temporal scales. ERSEM also provides a model meso@nvironment that
can be expected to react in a qualitatively comezihner to seasonal, regional
and inter-annual variations. ERSEM model can repcedliong term inter
annual variations in mesozooplankton biomass seémei CPR dataset.

Analytical technique

Statistical analysis of ecosystem dynamics.

M odel developers
and/or owners

ERSEM 1l was developed by a consortium of orgamsat namely:
Netherlands Institute for Sea Research (NIOZ); Plyth Marine Laboratory
(PML); Institut fur Meereskunde, University of Hamiy; Scottish Office
Agriculture and Fisheries Department Marine Labumgt Culterty Field
Station, University of Aberdeen; Department of Stats and Modelling
Science, University of Strathclyde; Ecological Mbitdg Centre, Joinf
Department of DHI/VKI; Carl von Ossietzky UnivessitERSEM Il was an
EU Project in the Marine Science and Technologgmmme (MAST).

Model development
history

ERSEM | was developed from 1990-1993. ERSEM Il waseloped from
1993-1996 with the objective of developing a gemeniodel system of the
cycling of carbon and the macro-nutrients nitrat@monium, phosphate and
silicate in the temperate shelf seas of Europe. B\R3l has since been
applied to a range of other environments. Detdilthe versions of ERSEM
are as follows: the 15-box version ERSEM I, basedacsubdivision of the
North Sea simulation area into 10 upper and 5 lob@res; the 130-box
version ERSEM I, based on a subdivision of thethNi@ea into 85 upper and
45 lower boxes; the 138-box version of ERSEM, chll€OCOA
(COntinental COastal Application), based on a suibitin of the North Sea
into 93 upper and 45 lower boxes with refined boixethe southern North
Sea and along the British and Danish coasts. Pmognag language
FORTRAN

Target Group/users

Scientists, policy-makers and managers. One ofmhé objectives of the
ERSEM Il project was to develop a model system wathprognostic
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capability in order for it to be useful as a demissupport tool.

Calibration

The major data sources that were used to calitihat&ERSEM datasets wefte
a) datasets of original observations compiled mECOMOD database of the
Institut fir Meereskunde (IfM) of the University bfamburg and b) a dataset
of monthly mean values of phosphate, nitrate, aniumon silicate and
chlorophyll, provided by the International Counailthe Sea (ICES) for IfM
The dataset from ICES was based on data of thes i385-1994 from th¢
north-west European shelf, using a 1° x 1° resohytas for ERSEM II. ICES
provided climatological arithmetic means, mediastandard deviations an
guantiles for the five parameters mentioned.

o v

Validation

The ERSEM model's range of processes providesdmmde in its predictive
capabilities. For example, recent work has dematedr that the ERSEN
model can reproduce long term inter-annual vaniation mesozooplankto
biomass seen in the Continuous Plankton RecordeR)Glataset. ERSEM’
prognostic capability has been tested by makin@-gear-long hindcast witf
realistic physical forcing and realistic river iripu

= o =@

Uncertainty analysis

Not specified

Key reference

ERSEM-II European Regional Seas Ecosystem Model1893-1996),
Journal of Sea Research (special issue), 1997,88(3

Level of integration

Limited - focuses on lower trophic levels of petagind benthic systems.
However this model is deemed generic when couplétd & qualitatively
accurate physical model and so exhibits high imterability with other types
of data.

ERSEM was conceived as a generic model, which, wt@upled to a
qualitatively correct physical model, such as then&al Ocean Turbulenge
Model (GOTM), should be capable of correctly sintimig the spatial patter
of ecological fluxes throughout the seasonal cyule across eutrophic {
oligotrophic gradients of the North Sea.

o =

Links to other
models
Ease of

use/accessibility

Modelling process is complex and would need to beri@d out by 4
specialist. All methods are fully and transparemptljplished and discussed fin
the scientific literature and ftp site
(http://web.pml.ac.uk/ecomodels/ersem.htm). The ehods not yet
downloadable from the PML website although thera iénk to it meaning
that it possibly may be available in the futurer further information on this
contact modelling@pml.ac.uk.

Website

http://web.pml.ac.uk/ecomodels/index.html

Modd structure

Rivers and boundaries

Plymouth Marine

Laboratory ERSEM model schematic

42



SCENARIOS AND MODELS - FINAL REPORT APPENDICES

Model name EwE, Ecospace & EcoOcean

Full model name Ecopath with Ecosim, Ecospace & EcoOcean
Model type Biogeochemical model

Subtype Ecosystem model

Thematic coverage

Trophic interactions, population dynamics, ecosystaluation, simulations.

Input (key drivers
and pressures)

Ecopath requires input of three of the followingurfoparameters: Biomass;
Production/Biomass ratio (or total mortality); Cangption/Biomass ratio; ang
Ecotrophic efficiency for each of the functionabgps in the model. Ecosim inherits

ts
initial key parameters from the base Ecopath maatad, can incorporate (and benefits

from) time series data, e.g. those available frongls species stock assessments. This
can include fishing effort or fishing mortality datEcospace also relies on the Ecopath

mass-balance approach for most of its parametiensatAdditional inputs are
movement rates used to compute exchanges betwegncgts, estimates of the
importance of trophic interactions (top-down vs.ttbm-up control), and habitat

preferences for each of the functional groups ihetlin the model. EcoOcean builds

on EwE by incorporating 43 functional groupinggldl datasets of catches, ex-vessel

prices, biomass and distant water fleets from te& Sround Us project and the fleet

statistics from FAO.

Ecopath creates a static mass-balanced snapshim¢ oésources in an ecosystem and
their interactions, represented by trophically édkbiomass 'pools'. The biomass pagols

consist of single species, or species groups reptieg ecological guilds. Pools may
then be further split into ontogentic (juvenile/ajligroups that can then be linked
together in Ecosim. Ecosim provides a dynamic sathoh capability at the ecosystem

level. Biomass flux rates among pools are expressead function of time varying
biomass and harvest rates. Ecosim allows varighdeds splitting to enable efficient

modelling of the dynamics of both 'fast' (phytogam) and 'slow' groups (whales). |It
rates: top-down \s.
bottom-up control incorporated explicitly. Ecosins@ includes biomass and size

computes the effects of micro-scale behaviours @eroiscale

structure dynamics for key ecosystem groups (imm@tng: multi-stanza life stage
structure by monthly cohorts, density- and risketegent growth; adult numbers,
biomass, mean size accounting via delay-differerg@ations; stock-recruitment
relationship as an 'emergent’ property of competitiredation interactions of juvenile|
Predator prey interactions are moderated by preyaweur to limit exposure to
predation, such that biomass flux patterns can shither bottom-up or top-dow
control. This is a critical concept in Ecosim -ttikansumption rates or flows may

=)

2

pe

limited by 'risk management' behaviours of prey pretlators at very small space-time

scales. Through repeated simulations Ecosim alléovsthe fitting of predicted

biomasses to time series data. Together, EWE builthe traditional stock assessment

using much more of the information available fronege, while integrating to the
ecosystem level. Ecospace represents biomass dysmarer two-dimensional space

thus providing the opportunity to look at the figuof marine biodiversity using fa

as
well as time, i.e. biomasses are represented bgtieqs and as varying with spatigal
coordinates as well as with time. EcoOcean provadgkbal database of fishing effgrt

depletion index as a proxy for changes in spectesposition and abundance under

different scenarios.

Multi-scale, ecosystem models. Ecospace is the ooigponent that provides spatial

representation and uses user-defined grid cellsOEean uses the 19 FAO statistical
areas of the world as its finest geographical sceiese areas can then be aggregated

to a global total.

Output (key
variables)

Geogr aphical
coverage and
resolution

Temporal coverage

and resolution

Ecopath does not have a temporal component. Ecgsovides data in monthly
intervals in order to allow for seasonality and rstife-spans. Ecospace time interva

scales (2yrs). EcoOcean is run from monthly tinepstrom the year 1950.

Analytical technique

Ecopath = mass-balance model; Ecosim = time-dynanodel; Ecospace = spatial
simulation model; EcoOcean = stratified global mode

M odel developers
and/or owners

Fisheries Centre, University of British ColumbizeyKdevelopers include Daniel Pauly,

Carl Walters and Villy Christensen. EWE is spondoog the Sea Around Us Proje¢
the UBC Fisheries Centre, and Lenfest Ocean Futures

Model development

1992: Ecopath methodology published; 1997: Ecosiathodology published; 1999:

43
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history

Ecospace methodology published; 2000: Ecosim Ilhodtlogy published; 2007:

EcoOcean methodology published.

Target Group/users

EwE is aimed at policy-makers, scientists, and mara EwE has been used
fisheries policy exploration exercises with the FA®a workshop at University g

British Columbia in 2000. EwWE has also been a camepb of global environmental

in
f

assessments, in particular the Millennium EcosysAagessment and the GEO-3 and -

4. EcoOcean has been included in the scenario extjgo for GEO-4.

Calibration

The core routine of Ecopath is calibrated from theopath program of Polovina
(1984a; 1984b) modified to render superfluous figinal assumption of steady state.

Ecopath no longer assumes steady state but inbtesebs the parameterization on
assumption of mass balance over an arbitrary petisdally a year. Ecosim an
Ecospace are both calibrated to the outputs of &bofEcopath is in turn recalibrate
based upon the outputs of Ecosim and Ecospaceesind until exernal validation i
achieved EcoOcean is parameterised using an array of ghidtabases, most of whig
are developed/made available through the Sea Aroubhid Project
(www.seaaroundus.org).

Validation

Models are fitted to time series refernece dat& witong a reference period, with
many different disturbance patterns, as it is pussito assemble. Develope
recommend an iterative, stepwise procedure forahfiiing: Set up an Ecosim mod
and reference time series (of forcing inputs lilghihg rates, and indices of tempo
system response like relative biomasses and estihtatal mortality rates). Examir
the simulated and observed time patterns of regpimiaiices, look for groups that shq
large discrepancies in time pattern (trend), wilhtipular emphasis on groups that hg
high biomass and are important prey or predatorother groups. As an exampl
sardines and anchovy in a Benguela model (Shannain 004) showed upward tre

an
d
2d

D

h

d

in data but not in initial simulation results. Fecin turn on each such group, and

examine alternative hypotheses for the discrepéogyarying appropriate paramete
to see if the model fit is improved). EcoOcean ntiedefisheries effort for 1950-200
were validated against the reported totals for gasod and fell within 10% of th
reported total.

rs
3

D

Uncertainty analysis

Semi-Bayesian sampling routine is employed to expli consider the numericg
uncertainty associated with the inputs.

Key reference

Ecopath: Christensen & Pauly (1992),Ecosim: Waltetrsal. (1997)72; Ecosim Il
Walters et al., (2000); Ecospace: Walters et &#99); EwWE overview: Pauly et al,.

(2000), —Christensen et al. (2000), Christenseal.e{2005); EcoOcean: Alder et a
(2007)

Level of integration

Good - links traditional stock assessment data \aittual population dynamics {
provide a realistic system model that is integratethe ecosystem level. This can th
be combined with management regimes in Ecospage N&rine protected areas) a
fisheries data in EcoOcean. The models in thiseseare linked in a hierarchic
manner (i.e. outputs of Ecopath feed into Ecosintpuats of EWE feed into Ecospag
and these outputs feed into Ecoval).

0
en
hd

al
e,

EwWE has also been soft linked with a number of othmdels to develop th

Millennium Ecosystem Assessment scenarios and #@-G and -4 projections. In the

MA, these models were IMPACT, WaterGAP, IMAGE, ae$hiwater Biodiversity
Model, a Terrestrial Biodiversity Model, and AlMp@in the GEO analyses the mod
were International Futures, IMAGE, IMPACT, WaterGABLOBIO, LandSHIFT,

CLUE-S, and AIM. EcoOcean was also used to infdmm IAASTD (AgAssessment).

EcoOcean is also being developed as a marine dgoivaf the MSA produced by th
GLOBIO assessment.

D

pls

e

Links to other
models
Ease of

use/accessibility

Modelling process is complex and would need to beied out by a specialis

However, all methods are fully and transparenthblished and discussed in the
scientific literature. All data sets and the moaled freely available to download online

at: http://www.nceas.ucsb.edu/GlobalMarine

"

Website

http://www.ecopath.org/

Modd structure

Ecopath:
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Figure 1. Process for EcoOcean model

M odel name GEEM

Full model name General Equilibrium Ecosystem Model
Model type Biogeochemical model

Subtype Ecosystem model

Thematic coverage

Trophic interactions, population dynamics, fisherieanagement, resource
valuation, simulations.

Input (key drivers
and pressures)

For each species in the food web being studied ftlewing energy
parameters are used: embodied energy; energy ssppériable respiration);
fixed respiration; and growth rates.

Output (key | For each species in the food web being studied ftlewing energy

variables) parameters are calculated for period t: populatiengrgy demands; energy
prices; and net energies.

Geogr aphical Multi-scale, ecosystem model based around food wRbsolution measurgs

coverage and | are not applicable as spatial representation gfutstis not available.

resolution

Temporal coverage | For the individual organism the model is non-staticaand time is omitted.

and resolution

Omitting time eliminates dynamic aspects such as sigucture issues,
however it is necessary for tractability and to dmmsistent with applied
general equilibrium (AGE) models. The model has temponents: short-
run and long-run equilibrium. The short run is defi as that time over
which the populations of all species are constarthe long-run, populations
of species are variable; they adjust to move toveal@hg-run equilibrium in
which all organisms have zero net energy and thetstun equilibrium
conditions hold. In long-run outputs, time steps defined by period t.

Analytical technique

Statistical model which captures salient biologi@ahctions and provides
numerical simulations of marine food webs, whicm d& then integrated
with extant economic models.

U,

M odel developers
and/or owners

The model was originally developed by John Tschiraaithe Department of
Economics and Finance, University of Wyoming. Thissearch was
supported by a U.S. Environmental Protection Agegrat and by the State
of Wyoming.

Model development
history

The GEEM methodology was originally published ine tllournal of
Theoretical Biology in 2000. It has since beentboil and applied by many
members of the scientific community.

Target Group/users

The model is recognised as being primarily aimegdiicy-makers as it i$
assumed that improved policies will follow from nadsl that incorporate
both economies and ecosystems. As models of ecesaoafieady exist, th
aim of this approach was develop an ecosystem mibd¢lis compatible
with these economic models and which also captsad®nt biological
features. Besides these benifits, the GEEM is iaentified as being usefy
for addressing purely biological issues and sdsis targetted at the scientif
community. GEEM has been recognised by FAO as goroaph for

m oV

O =
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integrating ecosystem considerations into theleiies models.

Calibration

Parameters within the boundaries defined by thielatbn methodology can
be calibrated through statistical estimation amptie sample data from wel
defined populations. E.g. To estimate a supply tiondor an organism, dat
would include calories of energy and grams of bissnexchenged between
predator and prey under varying climatic conditiomsd abiotic
surroundings.

[ —

Validation

The bounds on parameters can be set through vahdby the following
data: observations about the relationships betvgegrulation densities an
predation; necessary and sufficient conditions domaximum to the ne
energy problem; and estimates of ecological efficés. In the simulations,
parameter values were chosen so that the compuetdgécal efficiences
were within an order of magnitude of efficienceseatved in field work.

—~ O

Uncertainty analysis

Not specified

Key reference

Tschirhart, 2008

Level of integration

Limited - model only considers energy interactiansl the trophic dynamic
of an ecosystem. However, when linked with an eognanodel, economiq
valuation of these relationships under change cargumntified and thu
provide an end result with a much higher levelnbégration.

2]
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Linksto other models

The model has not yet been integrated into a wadsessment process. The
model is designed to be linked with a general dguilm economic mode
by identifying key variables that influence bothsgms and determinin
where to incorporate them. Humans interact withsgstems in a myriad g
ways that can be addressed by augmenting the regjyeexpression in th
GEEM. Species populations are the most likely cdeudis for ecosyste
variables that can be included in economic models.

= D —+~Q

Ease of
use/accessibility

Modelling process is complex and would need to beried out by 4
specialist. However, all methods and results ailéy fand transparently
published and discussed in the scientific litemtuFhe model cannot be
downloaded.

Website

Not applicable

Commentsremarks

The overall goal is to develop a general equilitriscosystem model that
yields organisms' demands for and supplied of bgsmand to design the
model in a way that allows it to be integrated withgeneral equilibriun
model of an economy. Numerical simulations in they keference use @
marine food web in Alaska to illustrate the modedao show severgl
simultaneeous predator/prey relationships, preycsivig of the top predator,
and energy flows through the web.

M odel structure

Not available

M odel name ICTHYOP

Full model name

M odel type Biogeochemistry model

Subtype Biodiversity, population dynamics and connectivity

Thematic coverage Icthyoplankton dynamics, connectivity, species $paort

Input (key drivers | Individuals are characterised by state variablgs:(day), length (mm), stagd

and pressur es)

=)

(eqg, yolk-sac larva, or feeding larva), locatimgitude/latitude) and dept]
(m), and status (alive or dead). The physical @mirent is characterised by
ocean state variables: current velocities (m stémperature (*C), and
salinity. The physical inputs are archived from ate simulations of the
"Regional Oceanic Modelling System" (ROMS) or thé&lotel for
Applications at Regional Scale" (MARS).

T

Output (key | Icthyop offers two functioning modes. The firstoalls a visualisation of th

variables) transport of virtual eggs and larvae in a usemnfiig graphic interface. Th
second mode enables the running of a series ofldadimns based on pre
defined sets of parameters, with a minimalist fiaiee.

Geogr aphical The environmental state variables are provided ordiscrete three

coverage and | dimensional grid by archived simulations of the R®Mr MARS oceanig
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resolution

models. An example of a typical spatial scale usgdcharacterise th
environment is the ROMS southern Benguela conftgpmagrid. It extend
from 28 - 40*S and from 10 - 24*E. The horizontabolution ranges fro
9km at the coast to 16km offshore. The verticabligion ranges from 1 t
4.7m at the surface and from 3.1 to 1030m at thtoiyoof the ocean. Th
Icthyop model sees the Eulerian velocity fieldret same spatial scale as the
Eulerian primitive equation models. Subgridscaleap®eterisations can be
added in the IBM to address scales unresolved byptimitive equation
models. The fields of salinity, current velocitieand temperature are
interpolated in space to provide values at anwiddal location in Icthyop.

Temporal coverage
and resolution

In ROMS, the current velocities, temperature, aatingy are typically
averaged over time and stored every day or so.cthydp, they are
interpolated in time to feed the Icthyop IBM tintefs. Simulations consist of
tracking the locations and properties of the indlisls (typically during 3
few weeks or months). 'Daytime’ in Icthyop is definas from 7am to 7pm.
All temporal variables can be adjusted in Icthygphie user.

Analytical technique

individual-based model (IBM) designed to study #ffects of physical and
biological factors on the dynamics of fish eggs kmdae.

M odel developers
and/or owners

This Java piece of software is a collaborative wbetween Institut de
Recherche pour le Developpement (IRD, teams RO7QHES and R097
ECO-UP) from France, University of Cape Town (UCand Marine &
Coastal Management (MCM) from South Africa, andtito® del Mar del
Peru (IMARPE) from Peru. The main contact for thizrk is Christophe Let
(IRD) and can be contacted at christophe.lett@ir®REVIMER provided
financial support for this project.

Model development
history

The program is written in Java and requires the JRamtime Environmen
(JRE). The tool is distributed as a package thatains the program codg
libraries and a basic example of ROMS output filke Ichthyop project als
includes the Public javadoc. Icthyop was most ridgarpdated/redevelope
in 2008. Previous/modified versions of this methwl/e been used sing
2002 and 10 peer-reviewed publications concernicthybp have bee
released in this 6 year period. All references cha found at
http://www.ur097.ird.fr/projects/ichthyop/index.php

(D
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Target Group/users

The aim of Icthyop is to provide an easily avaighlser-friendly model for
icthyoplankton dynamics. Through providing this ltdethyop aims to helg
structure the community (assumed to be primaribdamic and government
scientists) that uses such tools. Previous (pd@008)/modified versions gf
this tool have been used to investigate the effetfshysical and biological
factors on the dynamics of anchovy (Engraulis esicadus, Engraulis
ringens) and sardine (Sardinops sagax) ichthyopd@nkn the souther
Benguela and in the northern Humboldt upwellingtesys. These work
associated Institut de Recherche pour le DéveloppeIfiRD, teams R0O7
GEODES and R097 ECO-UP) from France, UniversitZape Town (UCT)
and Marine & Coastal Management (MCM) from Southics, and Institutg
del Mar del Pert (IMARPE) from Peru. All referencean be found at
http://www.ur097.ird.fr/projects/ichthyop/index.php

OO0

Calibration Icthyop is calibrated to user defined variablesiahyoplankton and to the
ROMS/MAR physical variables on temperature, saliaitd current velocity
Validation The advection part of the movement submodel has tested by recording

trajectories of individuals and comparing themrajectories obtained using
two other Langrarian tools ("Roff" and "Ariane").

Uncertainty analysis

Not specified

Key reference

Lett et al., 2008

Level of integration

Limited - focuses primarily on the biological asfgeof icthyoplankton andl
the physical parameters that affect their dynamics.

Linksto other models

The model has not yet been integrated into a watesessment process.
Icthyop is designed to be linked to either the ROMSVIARS models tq
supply physical parameters, and can also be linkedodels that have been
integrated with ROMS or MARS. For example, planktmmcentrations can
be provided if a NPZD biogeochemical model is cedpio ROMS. Icthyop
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itself is a product of five integrated sub-models.

Ease of
use/accessibility

Good - Icthyop is designed to be accessible ang teagse. The software i
freely available for download and a user manual agailable at
http://www.ur097.ird.fr/projects/icthyop/. Outpuilels are in netcdf format
and can be post-processed easily. Routines in Beaent upon request fp
plotting trajectories or computing the numbers oflividuals transported
from pre-defined release (spawning) areas to pfieete destination
(recruitment) areas. Ichthyop is a tool designedo¢oshared within the
community using models coupling physics with icltplankton dynamics|
Though it has been historically developed to sttliy dynamics of small
pelagic fish ichthyoplankton in upwelling systertehthyop is a generic tog!
in the sense that it incorporates the most imponeiacesses involved in
ichthyoplankton dynamics. Using Ichthyop for otipecies in other systems
may imply a few changes in the source code (elianging the growth
function, implementing a specific larval verticaligration scheme, etc.).
This code is organized simply, commented and doatede which shoulg
make it easy to modify by a user with basic prograng skills.

[7)
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Website

http://www.ur097.ird.fr/projects/ichthyop/index.php

Modd structure

Not available. Icthyop consists of five sub-mode$gawning, Movement,
Growth, Mortality, and Recruitment.

Model name Impact of Climate Change on Global Biodiversity
Full model name

M odel type Biodiversity model

Subtype Bioclimatic Envelope Model

Thematic coverage

Climate change, global marine biodiversity, spedigmover, niche-basef
model

Input (key drivers
and pressures)

Current species distribution (latitudinal rangepttherange; affinity to certain
habitats; known distribution boundaries from puldid literature or expert
knowledge); Environmnetal preferences of speciea (sater temperature;
bathymetry; habitats; and distance from sea ice)puRtion dynamicy
(Larval and adult dispersals; immigration; intr;y@opulation growth and
extirpation; carrying capacity of area); Climateaonbe projections to 2050
(NOAA/GFDL Coupled Model amd SRES Scenarios); Logipopulation
growth model.

=

Output (key | Predicted changes in species distributions (changesbundance pe

variables) time/cell/species) - results for summer and winlistributions are provided
seperately; Average frequency of invasion and laedlnction events tg
identify hotspots of climate induced impacts; Medipolward shift in
distribution centroids.

Geogr aphical Global; 30" X 30" grid cell size. Can be scaletbtal and regional levels.

coverage and

resolution

Temporal coverage | Species preferences are calculated from envirorahelatta from 1980 tq

and resolution

2000. Model provides current species richness émeefrom 2001 to 2005
then future predictions for 2050 (average from 2@12060).

Analytical technique

Bioclimatic Envelope Modelling

M odel developers
and/or owners

The model was developed by William Cheung, Vickyn,and Daniel Pauly
at the Sea Around Us Project, Fisheries Centre, abguEcosystems
Research Laboratory University of British Columbidhe model
development was funded partially by the UniversityVestern Australia and
is a contribution of the Sea Around Us Project,clhwas initiated and is
funded by the Pew Charitable Trusts. The applicatid the model tg
assessing the impact of climate change on marwdiarsity was funded by
the Pew Charitable trusts through the Sea ArounBidgect.

Model development
history

Model published in 2008. This publication will Heetfirst of several planned
articles on global warming effects on marine comities and fisheries, with
the model at its core being gradually modified angroved as application

2]
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are completed.

Target Group/users

The model currently gives policy-makers, the séf@en€ommunity, and the
public a quantitative picture of the scale of thsue. The authors consid

that the global analysis presented in the papea ifirst step towards$

developing marine conservation policy in the fadeclonate change. Thi
global picture is also effective in building conses and initiating action
among nations, societies and stakeholders to agldnés problem. As thg
model is developed to be accurate at finer scthestesults can help desig
management systems and develop indicators and enagitprogrammes.

o7 O
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Calibration

Species distributions were initially calibratedttee Sea Around Us Proje
(http://www.seaaroundus.org) data and were therthdur refined by
incorporating habitat preference data from FishB
(http://www.fishbase.org) for fish and SealifeBader other taxa
(http://www.sealifebase.org). Climate scenariosenalibrated to the NOAA
Geophysical Fluid Dynamics Laboratory (GFDL).

Ct

ase

Validation

The model was validated in the following ways: Siated changes if
distributions of four commercially exploited spexim 30 years under tw
scenarios of global sea temperature change frorhiféBase and FishBas
datasets as well as from Phillips et al. (1992)tler Western Australian rog
Lobster; the possible effects of climate-changeioed shifting of coral reef
on associated species was evaluated using the UWMEMC coral reef
dataset; key aggregate features of the results Aeugual rate of latitudina
shift) correspond to the available field estimafaslly the effect of changg
in sea ice coverage on polar species was testestl mas information from
perr-reviewed literature. Future results from logadl regional studies can |

used to validate the model, and past climate ardisp distribution data can

be used to assess the accuracy of predictionstfrermodel.

ux® O —
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Uncertainty analysis

The model is suitable for undertaking uncertaintyalgses. Sensitivity
analyis of major parameters showed that the dorabif the projections ar
robust to the uncertainty of those parameters.

1)

Key reference

For Model Background: Cheung et al., 2008
For Model Application: Cheung et al., (in press)

Level of integration

Good - Biodiversity data (bioclimate model is comdd with population
dynamics making it more robust) is integrated veitianographic measure
and climate change scenarios.

Linksto other models

The model has not yet been integrated into a wadsessment process. T
overall model described is formed through the lgkbf a range of model
and scenarios: NOAA/GFDL Coupled Models; SRES Clam&cenarios
Logistic population growth model; Population-dynanmodel; Advection-
diffusion reaction model for larval dispersal; EGRXSCE (Eulerian spatig
ecosystem simulation model)

Ease of

use/accessibility

Complex modelling process, however the outputithistion maps are simpl
to understand. All distribution maps are availablarough the
http://www.seaaroundus.org website. All methodsfallg and transparently
published and discussed in the scientific literatinowever, output maps a
not yet freely available online.

11°

re

Website

Not applicable
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Modd structure

Taxon Bst o —
SAUP Taxon
- distibition
i __ ___ -
Temperatuse
data
Smocthing ———
Population  Habts
pararmeters mags
- ;u:heclin;
data
i Porfubabion
— o=
Grewth
Dizpersal
s | Mortalty |
Chmate-
induced
changes in
distribution

M odel name RamCo

Full model name

Model type Integrated dynamic model
Subtype Decision Support System

Thematic coverage

Coastal zone, assessment, decision support, maeagem

Input (key drivers
and pressures)

Spatial information from GIS and static and/or diggiveGIS operations. Thi
occurs on two scales: Micro-scale drivers incluea sse functions (seagrass; caral
reef); Land Use functions (Agriculture; Rice cu#ipyrShrimp culture; Industry;
Tourism; Urban residential; Rural residential; Menge; Nature/forest); and Lan
use features (Sea; Inland water; Airport; Harb@each); and Macro-scale drivers
based around land use, water, ecology and the agono

°Z

o~

Output (key | An almost complete integrated model of the coamtak, from which the user can
variables) specify which variables are most relevant to therds.

Geogr aphical Version 1.0 and 2.0 are applied to the Coastal n®W Sulawesi (Indonesia).
coverage and | RAMCO can handle cellular models with dimensionga 00 by 500 cells. In it
resolution actual form, it is most useful for modelling profie on grids which resolutiop

o

varies from 50 to 500 meters. RamCo has the capald deal with spatia
dynamics at different levels within the same in&égnodels. More in particular
RAMCO models will generally have two strongly coegblcomponents: one fg
macro-level, long range and large scale processgsaasecond one for processes
operating on the micro-level, short range and msmale. Sub-models will i
general operate at one level, but may exchangenmafiton with sub-models at the
other level.

=

Temporal coverage
and resolution

Model allows for a multi-temporal dynamic modellifgamework. The time
horizon is 25 years.

Analytical technique

Integrated spatial models in which natural, soaia economic processes are fully
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linked on an appropriate detailed scale. A RAMCOdsioconsists of Mode
Building Blocks (MBB'’s) that contains the code r@ed to calculate and execu
mathematical operations varying from a single ofg@na(such as the sum of tw

numbers) to a list of operations (set of matherahtiequations). MBB’'s are

connected to one another by means of MBB Connectors

te

M odel developers
and/or owners

RamCo was financed by and is a product of the Natitnstitute for Coastal an
Marine Management (RIKZ) and the associated Co&siak Management cent
(CZM), the Hague, the Netherlands. It was develdpethe consortium consistin
of INFRAM BV (Zeewolde, the Netherlands), RIKS, Tnte University (Enschede
and Maastricht University. RamCo 1.0 - was devetbas part of the projec
“RAMCO: Generic Decision Support System for the Rapssessment phase
Sustainable Coastal Zone Management” financed Iy Nhational Institute fo
Coastal and Marine Management (RIKZ), Rijkswatestaand the associatg
Coastal Zone Management Centre (CZMc), Contract BB& and carried out b
the consortium consisting of INFRAM bv (Zeewoldeaimcontractor), and RIKS
bv (Maastricht). RamCo 2.0 - 2.0 of RAMCO is thesui¢ of the Land Wate

Environment Information technology (LWI) - Projetntegral Systems Analysis”,

in the “LWI - Estuaria and Coasts” project groupeTdevelopers group consists
INFRAM bv, RIKS bv, and WL|Delft Hydraulics (Delft'he Technical University
of Twente, Department of Civil Engineering Techrgylo & Management
(Enschede) participated as a sub-contractor of INARVv.

L_Jh:—!'vLQ(-DQ.

—~ O<<a

Model development
history

RAMCO was originally developed in October 1996 the National Institute fo
Coastal and Marine Management (RIKZ) and the aassiti Coastal Zon
Management Centre (CZMc). The version 2.0 of RAMISGhe result of the Lan
Water Environment Information technology (LWI) -dict “Integral System
Analysis”, in the “LWI - Estuaria and Coasts” projegroup (user manual is date
1999). The SW Sulawesi model makes extensive usenoivledge gathered i
project W01.60 of the Netherlands Organizationtf@ Advancement of Tropicag
Research (WOTRO). This scientific material remahesfull property of WOTRO.

D— D

>
o

Target Group/users

RamCo is aimed primarily at policy makers workimgcoastal zone manageme

The end-users of RamCo 2.0 are: National Institiate Coastal and Maring

Management (RIKZ) and the associated Coastal Zomealglement Centre (CZMc|
and the Netherlands Organization for the AdvancenwnTropical Researc
(WOTRO). RamCo has been applied to a coastal zeee bjung Pandang i
south-west Sulawesi (Indonesia). It shows how than next 25 years - the coas
zone strongly urbanizes under the influence ofcavgrg population (annual growt|
+ 3%) and the external economic growth. RamCo alpwlicy-makers to test the
policy choices under the influence of climate chesygdemographic growth, ¢
changing economic demand.

Calibration

Not specified

Validation

The model has a validity interval incorporated wittvhich the parameters must
kept.

Uncertainty analysis

Not Specified

Key reference

Uljee et al., 1999, available at:
http://www.riks.nl/RiksGeo/projects/ramco/RamCaff.p

For the Sulu Sulawesi Case study: de Kok & Wind96L8nd de Kok & Wind
1999

Level of integration

Excellent - physical, environmental, economic awodia processes that typic
coastal zone dynamics generally, and those of Sdiaim particular. To achiev
this, use is made as much as possible of existrentfic knowledge, methods
models and databases.

=

Linksto other models

The model has not yet been integrated into a widsessment process. Ram
integrates existing models dealing with physicalplegical and socio-econom
impacts of coastal zones have been reviewed angtedlan view of their
integration into a multi-scale, multi-temporal dyma modelling framework

Co

o

Ease of

use/accessibility

Demos of the model and the user's guide are alaitaAbough the RIKS websit
(http://www.riks.nl/projects/RamCo). Appears relaty easy to use, but presen

(1]

<

the tools provided in the RAMCO package nor theliapfion of the RAMCO

is only applicable for the SW Sulawesi region. Reitsoftware development wi]:

package to a case study is permitted. Softwarepptication development an
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further usage or marketing of the RAMCO packagé avily be accepted following
the purchase of a full version of the package.

Website http://lwww.riks.nl/projects/ramco
Model structure
MACRO-SCALE SYSTEMS MODEL
LAND USE WATER MANAGEMENT
FAocidential [ "
4P opulstion f£ I
» 4 [E.] Drinking water
& hydro-snergy | |
| pstraarm o 4 —
catchment T Storage lake E:J’H:Iﬂnrer dl*s:harail_
area Eg:l - Wifgste —
7 T lrrigation | =- water |
= ) R—
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- allocation 28 Industry d
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he—
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M odel name Reefsat Risk

Full model name

Model type Biodiversity model

Subtype Indicator model

Thematic coverage Coral reefs, marine biodiversity, human influertbeeat indices

Input (key drivers | Coastal development threat factors (Cities; Setles) Airports and Military

and pressures)

bases; Mines; Tourist resorts; Embayments); Mapased Pollution threg
factor (Ports; Oil-related threats; Shipping-retatareats); Overexploitatio

threat factor (Overfishing; Destructive fishinghjdnd Pollution and Erosion

threat factor (Hydrological modelling and geograpbwerlays).

Output (key | A map based indicator of problem areas around thddwwhere in the

variables) absence of good management, coral reef degradaiigint be expected, g
predicted to occur shortly, given ongoing levelfioman activity.

Geographical Global coral reefs; 4km resolution

coverage and

resolution

Temporal coverage | Assessment of current state (1998) - does not declikely future threats

and resolution

posed by population growth or climate change.

Analytical technique

Results are based on a series of distance relatmsorrelating mappeg

locations of human activity such as ports and tQwiisvells, coastal mining
activities, and shipping lanes, with predicted dskes of likely environmen

degradation. Detailed subnational statistics onufaijpn density, size of
urban areas, and land cover type were also incatgwrinto the analysis.

Data on rainfall and topography was also used lp éstimate potential run

off within watersheds. Distance rules defining #ireones were established
for each component indicator using information ba known locations of

more than 800 reef sites documented as degradédirbgn activity by ong
of the four factors. Minimum distances were eslggthrough expert reviey

and input, and by determining the most conservatateof rules that, when

taken in aggregation for any one of the four thoedégories, encompassed

least two-thirds of all known degraded sites affdcby activities related tp

that category. Reefs are graded as under "low"dlune" or "high" threat.

M odel developers
and/or owners

The initial Reefs at Risklobal Analysis was published as a joint venture
the World Resources Institute (WRI), InternatioBehnter for Aquatic Living
Resources Management (ICLARM), World Conservatiomnibring Centre
(WCMC), and the United Nations Environment ProgranfdNEP). Lead
authors: Dirk Bryant, Lauretta Burke, John McMaramsl Mark Spalding
The report received funding from UNEP, The Bay Fdation, The David &
Lucile Packard Foundation, The Henry Foundation,e TBwedish
International Development Cooperation Agency, ahé tJnited State
Environment Protection Agency.

Model development
history

1998: "Reefs at Risk: A Map-Based Indicator of Htseto the World's Corg

Reefs" published; 2002: "Reefs at Risk in SouthtRasa" regional analysis

was released; 2003: Methodology was used for al lasglysis on
"Highlighting coral reefs in Coastal Planning ancaMgement in Saba
Malaysia"; 2004: "Reefs at Risk in the Caribbeaafjional analysis wa
released; 2005: methodology was used to producéBibieze Coastal Threq
Atlas". The Reefs at Risk model is still being het developed for a Reefs
Risk Revisited analysis to provide an update of dhiginal Reefs at Rish
analysis a decade on. The update will use impraowedeling methods an
higher-resolution data to provide a detailed exatim of human pressurg
on coral reefs, implications for reef conditiondaprojections of associatg
economic impacts in coastal communities. This aialyill be 20 timeg
more detailed than the original Reefs at Risk aitlalso include climate-
related threats, such as coral bleaching and caediiication.

Target Group/users

The model was calibrated to a standard four kiloene¢solution consister
with the dataset of shallow coral reefs from the ri/oConservation
Monitoring Centre. This was carried out to mitigagatial accuracy issue
associated with using a range of different datasets

-

—

—

<

at

D

¢S

o

Calibration

The model was calibrated to a standard four kiloenegsolution consister

—
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with the dataset of shallow coral reefs from the rioConservation
Monitoring Centre. This was carried out to mitigapatial accuracy issues
associated with using a range of different datasets

Validation

Draft risk maps were revised and vetted at a gletmkshop attended b
coral reef experts from around the world. Finalfdraaps underwent

second series of review by these and other expg@visxall, the Reefs at Rig
indicator accurately classifies over 80 percensitds known to be degrade

by humans as "at risk". This was based on a cosgpaetween Reefs
Risk results and 800 sites documented in ICLARM&efBase (v.2) a
having been degraded by human activity.

o~ v =<

172}

Uncertainty analysis

Not specified, however, uncertainties are recoghidgased on the
inconsistencies, age, and lack of availability afaets. A number of regions
are identified in the Technical Notes of the repahiere actual threats may
not be accurately represented by the Reefs atiRis&ator based on expert

review.

Key reference

Bryant et al., 1998 Available online: http://pdfiwrg/reefs.pdf

Level of integration

Good - uses a variety of datesets to representagabenic threat includin

data on population, resources, tourism, pollutiommf fuel and transport,

fisheries including destructive fishing practicesnd hydrological models t
represent inland pollution and erosion.

}

Linksto other models

The model has not yet been integrated into a wakexessment process.

Hydrological modelling was used in the developmanthe inland pollution
and erosion threat factor and then integrated tiwooverall Reefs at Ris
model.

Ease
use/accessibility

of

Modelling process is clear and well described ia ¢imline report. Output

are easy to understand as spatial maps with theatthindices being
categorised as low, medium, or high risk. The mation is free to access at:

http://www.wri.org/publication/reefs-risk-map-basiedicator-potential-
threats-worlds-coral-reefs and some of the datartagnd GIS models a
available to download for free from the WRI websi@DRom with all the
data layers and GIS models used in the analysiaaiable from WRI fon
request. Contact Lauretta Burke for more informatlauretta@wri.org .

[

Website

http://www.wri.org/publication/reefs-risk-map-basiedicator-potential-
threats-worlds-coral-reefs

Modd structure

Not available

1.1.9 Regional models/assessments
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M odel name ATEAM

Full model name Advanced Terrestrial Ecosystem Analysis and Modelin
Model type regional assessment

Subtype

Thematic coverage

vulnerability of ecosystem services: agriculturerestry, carbon storage and
energy, water, biodiversity and tourism

Input (key drivers
and pressur es)

17

socioeconomic factors, atmospheric greenhouse gaseotrations, climate
factors, and land use

Output (key | vulnerability maps for different ecosystem servicéagriculture, wood
variables) production, carbon storage, soil fertility, biodisigy, natural beauty)

Geogr aphical Europe 15 + Norway and Switzerland, 10" by 10’ grid

coverage and

resolution

Temporal coverage
and resolution

1990, 2020, 2050, 2080

Analytical
technique

link between ecosystem service provision and lars@ socio-economic
indicators extrapolated via regression models ajgtemated via fuzzy models
meta-model

~—

Model developers
and/or owners

Potsdam Institute for climate impact research (PliQentre d'Ecologie
Fonctionelle et Evolutive (CEFE), ETH Zirich, Wagegen University, Max
Planck Institute fur Biogeochemie, Lund Universityniversité Catholique d
Louvain, Centre de Recerca Ecolbégica i Aplicaciorgrestals (CREAF)
Institute for arable crops research (RES), Unitersi Southamption (SOTON),
Universidad de Castilla-La Mancha (UCLM), Europé&amest Institute (EFI),

U

Model development
history

first results published: 2005

Target Group/users

D

The goal of the ATEAM project was to develop climaicenarios for Europé
employed a suite of ecosystem and hydrological tsadeorder to test estimat
the sensitivity of systems to these changes, dpedldndicators of adaptiv
capacity for the potential risks, engaged in aremsive, projectlong dialogu
with stakeholders about methods and results, aitidtéd a high-level training
component for its methods, leading to five inteioral summer schools

D

D

Calibration Not available

Validation Not available

Uncertainty Not available

analysis

Key reference Metzger et al., 2005 (Int J Appl Earth Observ Gé@in253-267), Metzger et all,

2006 (Agric Ecosyst Environ 114, 69-85), Metzgerakt 2008 (Reg Envirom
Change 8, 91-107),

Level of integration

Different models were included in this work, therdk of integration between
thos is unknown.

Links to other | IMAGE outputs were used for land use change andndrforces for different
models scenarios, LPJ was used for water and carbon
Ease of | The ATEAM vulnerability-mapping tool can be downttel from:
use/accessibility http://www.pik-potsdam.de/ateam/.
Website http://www.pik-potsdam.de/ateam/
M Odel structure Fig. 1 The structure of the — T
ATEAM project with the multiple e changes in Vulnerability maps
T v | Josntcact | PP ecosysiem
(from Schriter etal, 2004) ERe s e services
clima;e‘
5"“:”:"‘;""““ S | changesin
Nirogendesoston | [aspeee - 2daptive
capacity

T S

dialogue between stakeholders and scientists
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M odel name INVEST

Full model name integrated valuation of ecosystem services anctfisl
Model type regional assessment

Subtype

Thematic coverage

ecosystem services, biodiversity conservation, codity production and tradeoffs

Input (key drivers
and pressures)

drivers: market conditions and incentive-based enraion payments (policies), input
land use maps; basic information about the landscdgnd quality, manageme
practices, infrastructure and governance (simpleasnplex model, depending on d3
availability)

S:
nt
ita

Output (key | future land use, potential water yield, carbon sestration, agricultural production,

variables) biodiversity, balance sheets for trade-offs betweensystem services, optimal lapd
allocation for different services

Geogr aphical regional, resolution flexible; case studies: Wilktte Basin, Oregon, USA (30 m x 30 |m

coverage and | grid, for results: 500 ha units); Amazon basin.r€ntly a global assessment of ecosystem

resolution services is done with INVEST. Results have not lpdlished yet.

Temporal coverage
and resolution

Calibration depending on land use maps availalfleyear projections, results on annual

basis

Analytical
technique

empirical-statistical models

Model developers | Natural Capital Project (Stanford University), Thature Conservancy, and World

and/or owners Wildlife Fund

Model development | published: 2008

history

Target Group/users | Local managers and stakeholders. The aim of therBlaCapital Project is to align
economic forces with conservation.

Calibration Model was calibrated based on historical data od lsse change, calibration data needed
for each regional application.

Validation Not available

Uncertainty Not available

analysis

Key reference Nelson et al. 2009 (Frontiers in Ecology and Evioluf7, 4-11) Nelson et al. 2008 (PNAS
105, 9471-9476)

Level of integration | Low integration between different submodels: lasd model predicts land use based| on
economic considerations and policies, after thaingks in ecosystem services and
biodiversity are calculated; no feedback betwearsgstem services and land use chahge
incorporated yet

Links to other | unknown

models

Ease of | Available at: http://www.naturalcapitalproject.drg/EST.html, Model equations are

use/accessibility given in Nelson et al., 2009 (supplemeRt)nning INVEST effectively does not require
knowledge of Python programming, but it does rezjbasic to intermediate skills in

ArcGIS.

Website

http://www.naturalcapitalproject.org/InVEST.html

Commentsremarks

Global assessment with INVEST is forthcoming.
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Modd structure

Scenarios

(A Land Managemeni, Climate. Population)

“ngagement
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=
=
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Curves

Figure 1 The InVEST Process

M odel name Naidoo et al., 2008

Full model name

Model type global assessment (mapping)
Subtype

Thematic coverage

mapping of ecosystem services, partly based on hgmpal models
synergies with biodiversity conservation

Input (key drivers | land cover, climate, soil

and pressur es)

Output (key | carbon sequestration, carbon storage livestock yatamh, water supply
variables) species distribution

Geogr aphical global, maximum resolution 0.5°

coverage and

resolution

Temporal coverage | No future predictions, current situation only

and resolution

Analytical technique

linear optimalization approach for habitat protewti

M odel developers
and/or owners

see reference

Model development
history

Target Group/users

For exploratory purposes only, scientists

Calibration Not applicable
Validation Not applicable
Uncertainty analysis | Not applicable
Key reference Naidoo et al., 2008 (PNAS 105, 9495-9500)

Level of integration

The different models/methods used are not intedrafbey were used fa
mapping of present situation only and not for pcédns.

Linksto other models

TEM (terrestrial ecosystem model) was used to ed@mannual carbo
exchange rates, water provision was estimated WiaigrGAP.

Ease of
use/accessibility

The approach and input data have been describedd®Nat al, 2008) ang
could be repeated
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Website Not applicable

M odel structure Not available

M odel name PLM

Full model name Patuxent landscape model
Model type Integrated assessment model
Subtype regional assessment

Thematic coverage

land use effects on ecosystem services (linkedggaml economic model)

Input (key drivers
and pressur es)

human land use policies (socio-economic), land mameent (N input), climate

Output (key | land use pattern, water quality, NPP, water cystél, nutrients, land prices based
variables) on surroundings

Geogr aphical Patuxent River watershed, Maryland, USA; variablesotution, maximunm
coverage and | resolution: 200 by 200m

resolution

Temporal coverage
and resolution

baseline: 1990, historial data (from 1650) and rieitprojections, time steps differ
between model components: daily (hydrology) to ah@conomics)

Analytical
technique

Model developers
and/or owners

R. Costanza

Model development
history

software: STELLA

Target Group/users

Local managers

Calibration A modular, multiscale approach was used to cakbeatd test the model. Modgl
results showed good agreement with data for seweraponents of the model at
several scales. Calibration was done against fielid sets for forest growth and
hydrological parameters and against results fronCE® crop yields.

Validation Historical validation (time series data).

Uncertainty sensitivity analysis done for different modules

analysis

Key reference Costanza et al., 2002 (Ecol. Monogr. 72, 203-231)

Level of integration

Socio-economic component and general ecosystem Imwidle modules for
hydrology, nutrient, plant, consumers and humanidatad systems

Links to other | Unknown (PLM formed the basis for GUMBO)
models

Ease of | Not available online

use/accessibility

Website http://www.uvm.edu/giee/PLM/home.html
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Modd structure

Ecological Monographs

210 RORBERT COSTANZA ET AL. R

Derived coverage

Derived spatially
explicit parameter

Pop. density

Infittration
Conductivity
Evapotranspiration

Percolation
Porosity

Field capacity
Interception
Fertilizer application
Photesynthaesis Rate
ete.

Geology

Fig. 4 Patuxent landscape model (FLM) spatial coverages. There are six basic coverages: land use, climate, digital
elevation model (DEM). soils. and geology. The arrows connect basic coverages with derived coverages. Additional maps
are created during preprocessing and model initialization. Orher sparial parameters and variables are calculated and updared
during model rvns.

M odel name Swallow et al., 2009

Full model name

M odel type regional assessment

Subtype

Thematic coverage tradeoffs and synergies among ecosystem services
Input (key drivers | land use change, agricultural production

and pressur es)

Output (key | water yield and reguation, erosion control
variables)

Geogr aphical Lake Victory basin; multiple spatial scales, smsitleskm by 2.5km (aria
coverage and | photograph), sub-basin, country division, riveribas
resolution

Temporal coverage | no predictive modeling, current and past situatioly

and resolution

Analytical technique

empirical-statistical

M odel developers
and/or owners

See reference

Model development
history

Not applicable

Target Group/users

Results from the study are meant for agencies, ktdte and non-stat¢
concerned with rural development and environmentaiservation in the
Kenya portion of the Lake Victoria basin

Calibration SWAT-model was calibrated for the Vicotria basin.
Validation Not available

Uncertainty analysis | Not available

Key reference Swallowet al., 2009

Level of integration

The SWAT model and the agricultural data were ntegrated.

Linksto other models

SWAT was used to model water and sediment yield

Ease of | Methodology has been described and could be raheate
use/accessibility
Website Not applicable

M odel structure

Not applicable
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1.2 Canthemode resultsbeinterpreted in terms of ecosystem goods and services?

1.2.1 Integrated assessment models
Model name | AIM GUMBO IFs IGSM [TASA IMAGE MIMES
models
Provisioning | water supply,| harvested Agricultural | agricultural | timber Agricultural Food
services food and| organic matter, production, | production | production, production, production,
timber water  supply,| including (can be| agricultural including production of
production mined ores, and marine separated | food grass/fodder | raw materials
extracted fossil fishing and| into crops,| production, production and
fuel aquaculture| livestock renewable livestock/milk
and water production,
forestry) resources demand for
wood
products,
timber,
fuelwood
Supporting | Not available| Soil formation Not SOC (soil| Not available | Soil fertility Soil formation
services (decomposition), available organic nutrient
nutrient (N) carbon) cycling
cycling,
disturbance
regulation
Q Regulating greenhouse | gas regulation Human human carbon Carbon flux,| climate
g services gas (C flux), climate| health, CQ | health sequestration | carbon regulation,
B emissions, ail regulation emissions | impacts, plantations, waste
pollution, (temperature), sea level, ocean carbon assimilation
é carbon waste air model, water-| disturbance
@ sequestration| assimilation, pollution, erosion regulation
3 human health disturbance carbon sensitivity, air
w (malaria regulation emissions pollution, soil
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Model name | AIM GUMBO IFs IGSM [IASA IMAGE MIMES
models
distribution), | (variation in and stocks moisture
flood damage| total biomass)
Cultural Not available | recreation, Not Not Not available | Not available recreation,
services cultural available available cultural
(positively
related to tota
biomass and
density of social
network,
negatively
related to humar
population size)
Species Not Not applicable Not Not Not applicable; MSA via Not applicable
diversity applicable applicable | applicable GLOBIO
>
'g Genetic Not Not applicable Not Not Not applicablel] Not applicable  Not applicable
= diversity applicable applicable | applicable
B Ecosystem Vegetation Not applicable Not Not Not applicable| Not applicable  Not applicable
< diversity distribution applicable | applicable

1.2.2 Economic models, scenario-building tools, IMPACT-WATER and CLUE

Model name | PoleStar Treshold 21 GTAP ENV-Linkages IMPACT- CLUE
WATER
Provisioning | water resources, agriculture, agricultural  food| timber production, agricultural food| None (but land
services raw materials and consumption off production agricultural production (crops used for
agriculture natural resources production (cropsg and livestock),| agriculture,
é @ (renewable and and livestock,| water supply grazing, forestry)
&S nonrenewable), intensive and
8 % resource depletion extensive
w (e.g. forests) production)
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Supporting Not available land degradation Not available Natikble Not available Not available
services
Regulating solid waste| soil erosion,| Not available Not available Not available Not azhle
services management, greenhouse gas
environmental emissions, air and
loadings water quality
(pollution)
Cultural Not available Not available Not available Not agble Not available Not available
services
Species Not available Not available Not available Not agble Not available Not available
el diversity
g Genetic Not available Not available Not available Not agble Not available Not available
= diversity
8 Ecosystem Not available Not available Not available Not azble Not available Land cover
< diversity diversity explicit
1.2.3 Biogeochemical models
Model name | IBIS Agro-I1BIS CENTURY LPImL PICUS SAVANNA
Provisioning | water runoff water supply, cropgrass, tree and croprunoff volumes, crog timber production livestock production,
services production production, water production grass and timber
supply (stream production, watel
discharge) supply (runoff, deefp
@ drainage)
e Supporting NPP, SOC, N balance NPP, SOC, N balance N, P anbal&nce,| annual NPP nitrogen cycling inNPP, nutrient cycling
; Services SOC forests
Regulating carbon balance (carbgncarbon flux, N| Water balance] CO, exchange, watercarbon sequestration,water balance
5 services fluxes, SOC), water leaching, water decomposition, C@®| balance soil moisture (wate
g, regulation regulation flux, erosion cycling)
3 Cultural Not available Not available Not available Not agble Not available Not available
W Services
< — | Species Vegetation Vegetation Not available vegetation covéorest species Species distributipn
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diversity composition composition (fraction of different| composition (diversity, and abundanc
(functional types) (functional types) plant functional types naturalness indicators) (plants + animals)
per grid cell),
Genetic Not available Not available Not available Not aghble Not available Not available
diversity
Ecosystem Vegetation Vegetation Not available Vegetation forest species community
diversity composition composition composition composition composition
1.2.4 Hydrological models
Model name | WaterGAP E-SWAT WBM
Provisioning | water supply water supply water supply,
0 services livestock
s production
% Supporting Not available Not available Not available
Services
é Regulating Not available erosion control soil water content
@ services
8 Cultural Not available Not available Not available
W services
Species not applicable not applicable not applicable
2 diversity
4 Genetic not applicable not applicable not applicable
= diversity
B Ecosystem not applicable not applicable not applicable
< diversity
1.2.5 Biodiversity models
model name GLOBIO MIRABEL Biodiversity SAR gpecies GARP-type EUROMOVE
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provisioning
supporting
regulating
cultural
spiritual

Ecosystem

A~

species diversity

ecosystem
diversity

biodiversity

and

genetic diversity

not applicable
not applicable
not applicable
not applicable

mean
abundance
(MSA)

Not available
Not available

7.1.6 Ocean models |

not applicable
not applicable
not applicable

intactness index

not applicable
not applicable
not applicable

not applicable

species Not available

Not available
habitats at risk

biod

not applicable

iversity

intactness index

Not available
Not available

area models
relationship
ngtl@pble  not applicable not applicable
ngiligable  not applicable not applicable
ngiligable  not applicable not applicable
ngiligable  not applicable not applicable
number of number of species number of species
species
Not asble Not available Not available
Noditable Vegetation Vegetation

composition/species composition/species

distribution

distribution

Model name | ASSETS Atlantis Aus-Connie - | Cumulative Threat | EWE, EcoSpace | GEEM
Australian Model  for  the | & EcoOcean
Connectivity global ocean
Interface
Provisioning | Estuarine Fisheries (inc. theif Ecosystem Impacts on| Fisheries (inc| Fisheries (inc,
services fisheries/aquaculture ecosystem effects). connectivity fisheries/aquaculture; their ecosysten) their ecosysten
@ through genetig ability of ecosystems effects). effects).
S diversification to provide non-living
E (partial match to resources.
provisioning
& services)
g\ Supporting Primary production] Population Nutrient cycling;| Reduction in nutrient Population Population
S services nutrient cycling dynamics (Trophid Larval recruitment cycling ability (e.g.| dynamics dynamics
w controls); changes to fisheries through dead (Trophic (trophic
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Model name | ASSETS Atlantis Aus-Connie Cumulative Threat | EWE, EcoSpace | GEEM
Australian Model  for  the | & EcoOcean
Connectivity global ocean
Interface
to ecosystemn zones/pollution); controls); controls);
community Impacts on habitats Biomass and biological
structure may/ and their services. | Fluxes. maintenance o
impact on other resilience;
ecosystem changes tq
services; ecosystem
Ecological fluxes community
(biomass and structure  may
nutrient impact on othel
limitations) ecosystem
services;
Regulating water quality Not applicable Not applicable Impacability of | Not applicable Not applicable
services ecosystem to provide
regulating services
generally.
Cultural Recreation Economic Not applicable Impacts ohEconomic Not applicable
services valuation of recreation, aestheticvaluation of
resources values and resources
experience, spiritual
enrichment etc.
Species dominance by most Population larval dispersal and Not applicable Population Population
diversity prolific algal species dynamics and recruitment dynamics and dynamics and
out-competes all trophic structure. trophic trophic structure
others leading to a structure.
loss of species
el diversity  overall.
- Also, localised deadl
= zones.
_8 Genetic dominance by most Not applicable genetic Not applicable Not applicable Not applicable
< diversity prolific algal connectivity
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Model name | ASSETS Atlantis Aus-Connie - | Cumulative Threat | EWE, EcoSpace | GEEM
Australian Model  for  the | & EcoOcean
Connectivity global ocean
Interface
species, reducing between
genetic diversity of ecosystems
system.
Ecosystem eutrophication 'within ecosystem| ecosystem Cumulative  human ‘within ‘within
diversity leading to dead diversity based connectivity, impact scores for 20 ecosystem' ecosystem’
zones primarily around| dispersion off marine ecosystems. | diversity based diversity based
trophic links and| contaminants primarily around| primarily around
potential fisherieg between trophic links | trophic links and
impacts on these. | ecosystems (EwE) and| potential human
movement  of] impacts on
species these.
(Ecospace).

1.2.7 Ocean models||

Model name | Impact of | RamCo Reefs at Risk ERSEM II ICTHYOP
Climate
Change on
Global
Biodiversity
Provisioning | Fisheries Food security of Coral reef| Fisheries Ecosystem
services (commercial coastal  systemg;fisheries; Raw (understanding | connectivity i.e.
é @ and artisanal). | Water materials for| environmental | Genetic
&S provisioning/water | medicines; drivers and| diversification
8 % quality; Other raw| bottom-up (partial match tg
w commercial materials processes provisioning

67



SCENARIOS AND MODELS - FINAL REPORT APPENDICES

Model name | Impact of | RamCo Reefs at Risk ERSEM II ICTHYOP
Climate
Change on
Global
Biodiversity
products provided (seaweed andimpacting fish| services)
by coastal zones. | algae for agar| populations;
manure etc.)] impacts of
Curio and| fisheries).
jewellry;  Live
fish and coral
collected for
aquarium trade.
Supporting Changes tq Supporting Maintenance of Ecological Larval dispersa
services ecosystem services related to habitats; fluxes (biomasg and recruitment
community coastal zones maintenance of and nutrient| to fisheries;
structure  may| generally, e.g| biodiversity and| limitations); Nutrient cycling;
impact on other Primary genetic library;| Lower trophic| Bottom-up
ecosystem production, biological level habitat| support of food
services. nutrient  cycling,| maintenance of modelling  for| webs.
maintenance of resilience; pelagic and
habitats, mobile links | benthic systems
population between
dynamics etc. ecosystems;
export of
organic
production
between
ecosystems;
protection of
adjacent
shorelines - in
doing o)
supporting
wetlands,

6
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M odel name

I mpact of
Climate
Change
Global

Biodiversity

on

RamCo

Reefs at Risk

ERSEM II

ICTHYOP

seagrass bed
mangrove
fisheries,
population
centres etc.
generation  of
coral sand; build
up of land,
Nitrogen
fixation;
CO2/Ca budge
control

Regulating
services

Not applicable

Ability of coastal
to provide
regulating services
Water

zone

generally;
provisioning/water
quality;

Waste
assimilation.

Not applicable

Not applicable

Cultural
services

Artisanal fishing
practices

Ability of coastal
zone
cultural
spiritual
generally.

to provide
and
servicesg

Recreational
Value;
ecotourism;
sustaining
livelihoods
local
communities;
aesthetic value
support of
cultural,
religious and

of

spiritual values.

Not applicable

Not applicable

6
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Model name | Impact of | RamCo Reefs at Risk ERSEM II ICTHYOP
Climate
Change on
Global
Biodiversity
Species shifts in species impacts of| Threats to| lower  trophic| larval dispersa
diversity distributions, socioeconomic species diversity] species and recruitment
invasions  and drivers on species (phytoplankton,
extinctions. diversity in the zooplankton
coastal zone. etc.) of pelagic
and benthic
systems.
Genetic Not applicable Not applicable Threats tdNot applicable genetic
diversity genetic diversity connectivity
between
ecosystems
Ecosystem community impacts of| Threats to| Ecological ecosystem
2 diversity shifts in | socioeconomic ecosystem (the fluxes within | connectivity
g ecosystems. drivers on| coral reef)| ecosystems,
= ecosystem diversity dynamics of
38 diversity in the viruses, maring
< coastal zone. trophodynamics.

1.2.8 Regional models/assessments

Model name | ATEAM INVEST Naidoo et al. Swallow et al. Costanza et al.
" Provisioning | food production, drinking water,| grassland food production,| water  supply,
3 % services wood irrigation  water,| production  of| (water supply) | primary
w > production, food production,| livestock, water production  of
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vertebrate species

Py

dispersal ability)

Model name | ATEAM INVEST Naidoo et al. Swallow et al. Costanza et al.
energy timber production, supply natural
production, non-timber forest vegetation,
water supply products plantations,

grasslands,
agriculture

Supporting soil fertility | pollination Not available Not available soil nutrients

services maintenance (contribution to
(soil organic| yield)
carbon),
pollination

Regulating carbon storage flood mitigation,| carbon erosion control, water quality

services (LPJ model),| carbon sequestration (flood
drought and sequestration, and carbon mitigation,
flood erosion  control, storage water quality)
prevention, water quality
water quality

Cultural recreation, sensgrecreation and Not available Not available land prices

services of place, beauty| tourism, cultural based on

and aethetig surroundings
values, real estate
prices as indicatof
of valuation of
nature
Species statistical niche species  richnessmammal, bird,| Not available Not available
diversity modelling (feeding and reptile, and
2 breeding  habitat amphibian
g regquirements  of species
% 37 terrestrial| distribution
2
o]
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Model name | ATEAM INVEST Naidoo €t al. Swallow et al. Costanza et al.
Genetic Not available Not available Not available Not azhle Not available
diversity
Ecosystem Not available Not available Not available Not agble Not available
diversity
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1.3 Usability of selected modelsfor TEEB

1.3.1 Integrated assessment models
M odel name AIM GUMBO IFs IGSM ITASA IMAGE MIMES
Integrated
Assessment
Modeling
Framework
I nter national Has been usedOne peer-{ widely accepted| widely  accepted| Widely widely accepted| not  published
acknowledgeme | in many | reviewed article| broad range of many publications | accepted, usedpublications: 2| yet, large
nt assessments widely cited, | users, many in IIASA | books, > 100 number of
(IPCC, GEO),| large number of assessments assessments papers, used in collaborators,
widely accepted collaborators MA, IPCC, | high level of
(esp. in Asia), OECD outlook,| publicity,
little  scientific GEO, GBO including
literature. politics (see
website)
width of | broad range of Key drivers are broad range of broad range of broad range of broad range of Key drivers are
spectrum of | socio-economic | human population socio-economic | socio-economic socio-economic | socio-economic | human
drivers drivers development and drivers, drivers drivers drivers population
investment including socio- development
political and investment
width of | Provisioning The dynamics of Only agriculture, climate provisioning, provisioning very large, all
spectrum of | (water, timber,| eleven major| provisioning regulation , air| climate (crop + livestock| areas covered
goods and | food), and| ecosystem goodsservices quality, human| regualation production),
servicescovered | regulating and services for including health, sea level regulating
(climate each  of thel fisheries, carbon (carbon)
regulation, air| biomes are emissions, watef supporting
quality, human| simulated and use, human (nitrogen cycling)
health, flood| evaluated: health
damage) provisioning,
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D

M odel name AIM GUMBO IFs IGSM ITASA IMAGE MIMES
Integrated
Assessment
Modeling
Framework
supporting,
regulating,
cultural,
biodiversity.
richness of detail | high high number of High, six | High amount of| high high very high: large
including parameters  and economic sectoral detail number of
sectoral detail variables in the sectors: especially in the variables  and
socio-economic | (agriculture, energy secto parameters
as well as the materials, (different  energy|
biophysical subq energy, sources),
models industry, agriculture,
(economic sectors services, and transport, plus
are  aggregated information/co | biogeochemical
into one, diverse@ mmunications | modelling
energy resources,technology or
simple food| ICT), eduction,
demand and lang healt, S0Cio-
use sub-model) | political,
Possibility of | 5° by 5°| Not spatially| Not spatially| 0.5° by 0.59 5 by 5 105° by 0.59 The MIMES at
upscaling/ resolution, explicit, 11 biome| explicit, not | resolution, resolution, resolution, this stage
downscaling application on| types below country-| application on| application on| application on| represented ¢
scale close tq level scale close to this scale close to scale close to this general mode
this or lower or lower does not this or lower| or lower does not scalable in time
does not provide provide useful| does not provide provide usefull and space to b
useful results results useful results results applied in
global, regional
and local
models
effects of | Yes Not known Yes- Model isYes Yes Yes — severalNot known
European focussed on studies already on
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M odel name AIM GUMBO IFs IGSM ITASA IMAGE MIMES
Integrated
Assessment
Modeling
Framework
policies on estimating direct effects of nationa
global level? and indirect and multinational
effects of policies
different
policies,
interactions
between
different
policies.
oper ational Model not| The model can bé Model is | Model not| Models not| model not| Model is
accessfor TEEB | available online | downloaded and available online:| available online available online | available, available for
run on the| www.ifs.du.edu requires a well{ download:
average PC tq trained http://www.uvm
allow users to multidisciplinary | .
explore for team edu/giee/mimes
themselves  the 2/downloads.ht
complex mi

dynamics of the

system and the

full range of
policy
assumptions and
scenarios.
Commercial and

consultancy use
have to be
coordinated with
developers/Unive
rsity of Vermont.

known plans for

Improvement of

calculate th

e

Enhancement]

Improvesnam

Various

2010 th

by

e

The different
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M odel name AIM GUMBO IFs IGSM ITASA IMAGE MIMES
Integrated
Assessment
Modeling
Framework
maintenance carbon cycle ‘shadow prices’| aiming at better the resolution of activities are incorporation of a submodels for
and module; of ecological| scenario-testing| the climate ongoing related | biophysical waten the ecosystem
development estimate the resources basedand policy| submodel to bio-energy and  vegetation services are
impacts of on ‘optimal’ | analysis production, module (LPJ) ig constantly
climate change | (rather than REDD-related | planned improved by the
on water ‘actual’) levels of carbon trade users, including

resources, flood
risks, forests,
agriculture,
coastal zones,
human health
(vector-born
diseases)
(especially in
Asia); further
developments
concern water
demand and
trade modelling
and a detailed
crop production
model with
fertilizer and
pesticide loads
and NO
emissions; fruit
production

resource use.

options, analysis
of organic and
precision
farming and
natural hazard
mitigation
strategies

marine
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1.3.2 Economic models, scenario building tools and others

D

Model nhame PoleStar Treshold 21 GTAP ENV-Linkages IMPACT-WATER | CLUE
I nter national Widely  accepted| Used for national widely  accepted| Specially developed for widely used widely used, man
acknowledgement used in  GEQ application mainly | many publications| assessments, used by peer-reviewed
assessment used in several World bank publications
assessments
width of spectrum of | high: socio-| broad range of range of economi¢ broad range of socio-broad range of covers a wide rang
drivers economic as well as socio-economic drivers economic drivers socio-economic of biophysical and
environmental, drivers drivers human drivers a
users may defing different  temporal
extra drivers and spatial scales
width of spectrum of | Provisioning Provisioning Provisioning Provisioning services Provisioning none
goods and  services | services (water, raw services services (crops, livestock timber) | services (crops},
covered materials, (agriculture) (agriculture) livestock, water)
agriculture)
richness of detail | high, data can beg high high 26  economic  sectofdMPACT covers 32 limited consideration
including sectoral detail | disaggregated into considered, different typescommodities, of economic
regions, subsectors of agriculture (intensive} including all | variables
and processes extensive) cereals, soybeans,
roots and tubers,
meats, milk, eggs,
oils, meals,
vegetables, fruits
sugar and
sweeteners, and fish
in a partial
equilibrium
framework. It is

specified as a set @
country-level supply
and demand
equations where
each country mode|

is linked to the rest

=
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Model nhame PoleStar Treshold 21 GTAP ENV-Linkages IMPACT-WATER | CLUE

of the world through

trade.
Possibility of | applicable af National and| Global or country] Global or country level 281 spatial units CLUE ae bcaled
upscaling/downscaling national, regional global level only | level up or down, CLUE-S

and global scales;

own data source
can be incorporate
into basic mode
structure

’

5
d

for regional

modelling purposes

f

=

effects of European | Via drivers, can be Via drivers, can be yes, diverse policy yes, diverse policy optiong yes, diverse policyes
policies on global level? | specified explicitly | specified explicitly| options options
operational access for | easy to use softwarePC-based, user-GTAP6.2a can be Model not available online. Ease-of-use is veffyull version with
TEEB tool for | friendly tool , open| downloaded at limited (i.e. | technical support o
sustainability source, library for https://www.gtap.ag referring to the full the model is only
studies, both download, requires econ.purdue.edu/mg version of| available for
scenario-building | active role of user dels/current.asp IMPACT). IFPRI| collaborative
tool and database gfin the definition of has developed aprojects. Others ma
current indicators| the model distributional use the model signin
flexible and user{ structure. version (IMPACT-| a memorandum 0
friendly framework D) that can beg understanding
for building and downloaded free of excluding the
assessing charge commercial use o
alternative (www.IFPRI.org/th | the model and
development emes/impact/impact requirement of prope
scenarios, usefr d.asp). referencing.
manual
(http://www.seib.or
g/polestar)
known plans for | unknown unknown There is a project t&Carbon sequestration andOngoing Future developments
maintenance and extend the GTAR storage will be included, asdevelopments aim of the model include
development Model  for the as greenhouse gasat integrating| a crop
analysis of poverty emissions due to changewarious models of (management)-
issues, inclusion of in land use. The energyfood supply and specific approach an

bio-fuel as energy

cdemand at the the application of
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D

Model nhame PoleStar Treshold 21 GTAP ENV-Linkages IMPACT-WATER | CLUE
source (production, disaggregated into nuclegrmacro- and microt spatially specific
consumption  and fossil fuel, hydro-energy level, both from the attainable yields.
trade) and various renewablesocio-economic as Other planned
energy sources. well as the| developments are the
biophysical modelling of
modelling side.| biophysical landscap
Interaction between processes, further
both  components implementation of
will be | socio-economic
incorporated. processes, and the
Interfaces with| use of remote sensin
national and global images.
level general
equilibrium models
are developed.
1.3.3 Biogeochemical models
M odel name IBIS Agro-IBIS CENTURY LPImL PICUS SAVANNA
I nter national widely used, many widely used, many widely used,| widely used, many several peer-reviewedwidely used, many peel-
acknowledgement peer-reviewed peer-reviewed many peer- peer-reviewed publications reviewed publications
publications publications reviewed publications
publications
width of spectrum | environmental environmental environmental environmental drivers climate and human Climate, disturbance and

of drivers drivers drivers and land use drivers and land and land use management (flexible human management
use at individual tree

level)
width of spectrum | water, plant| water, plant| water, plant| Water balance, plantgood coverage of all plant production, animal
of goods and | production, carbon production, carbon production, production, carbon forest-related services: production, water supply
services covered flux, N balance flux, N balance carbon flux flux timber production,

nutrient, water

cycling, carbon
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M odel name IBIS Agro-IBIS CENTURY LPImL PICUS SAVANNA
sequestration
richness of detail | no economics| no economics| no economics| no economics| limited to forestry| plant and anima
including  sectoral | detailed detailed but| detailed detailed sector, detailed dynamics are modelled
detail biogeochemical biogeochemical biogeochemical | biogeochemical mode| biological processes | based on nutrient supply
model model model
Possibility of | unknown Precision Not applicable:l GUESS for regional Upscaling possible Scale-independent
upscaling/ agricultural version not spatially| modeling (dependent on input),
downscaling PALMS for 5nf explicit limited number of grid-
cells
effects of European | No policy options No policy optionsNo policy | No policy options,| Not specified, but Yes, via land
policies on global (via land use maps options, but| only via land usg possible via forest management options,
level? only) possible via| change management economics
different land
management
practices
operational access | can be downloadegdmodel and input Century 5 is & open and unrestrictedcan be acquired from available at
for TEEB but not modified,| files can be| research version access, LPJ can hethe authors http://www.nrel.colostate
http://www.sage.wi | downloaded, but no of the model, it| downloaded (upor .edu/ftp/coughenour/pubs
sc.edu/download/IB| help is provided, can be obtained request) at _lock/index.php?Directo
IS/ibis.html listserve and userupon request| http://www.pik- y=Manual_1993
discussions  exist, Century 4 is| potsdam.de/research/c
http://daac.ornl.gov/ freely available| ooperations/Ipjweb/Ipj
MODELS/guides/I | at: -lpjml-versions
BIS_Guide.html http://www.nrel.c
olostate.edu/proje
cts/century/
known plans for | unknown Smaller scale Develop a| Inclusion of forestry, | unknown unknown
maintenance  and resolution, more spatially explicit| furthermore LPJImL is
development detailed version, improve linked with MAgPIE
management model details (land use model) and

REMIND (macro-
economic model) to
model food
production, land use
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M odel name IBIS Agro-IBIS CENTURY LPImL PICUS SAVANNA
change and water
constraints.
1.3.4 Hydrological models
Model hame Water GAP (E-) SWAT WBM
I nter national high, several peer reviewedwvidely used, many peer-reviewedvidely used, many peer-reviewed
acknowledgement publications, used in many global apgublications publications

national assessments

width of spectrum of
drivers

WaterGAP simulates the impact

demographic, socioeconomic a
technological change on water use
well as the impact of climate chan
and variability on water availability
and irrigation water use

ofenvironmental drivers only
nd

as

je

environmental drivers

width of spectrum of

focussed on water (quantity)

water-related

watkated, livestock production

goods and  services
covered
richness of detail | high, the only comprehensive globaho economics, detailed biophysical model no econsymietailed biophysical model

including sectoral detail

water use model which comput
sectoral water uses in grid cells

£S

Possibility of

upscaling/downscaling

Basic level is river basin, so it
rather-small-scaled and results can
integrated to global-level. It is ng
advisable to use model results f
developing a water management p
for a particular river basin. By
different basins can be compared.

sLarge amount of data necessary

bmalibration, high
tuse/management
or

an

t

detail of lan

fdd.5° by 0.5° resolution, can not be used
 smaller scales

for

effects of European
policies on global level?

Via socio-economic drivers or clima
input

eVia climate input or land use input

Via socio-ecomodrivers or climate input

operational access for
TEEB

Not available

SWAT can

http://www.brc.tamus.edu/swat/

be downloaded

aDetailed descirption available
http://www.asb.cgiar.org/BNPP/phase2/ifpr

at
/
D3.

description_water_balance_model_10jul20
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Model nhame Water GAP (E-) SWAT WBM
doc
known plans for | water quality module is currently undeunknown unknown
maintenance and | development; for WaterGAP3:
development increase of spatial resolution
1.3.5 Biodiversity models
Model name GLOBIO MIRABEL Biodiversity SAR speciesarea | GARP EUROMOVE
intactnessindex | relationship
I nter national recently one publication several peerwidely accepted| application still| two peer-reviewed
acknowledgement published, used in reviewed many peer- discussed in scientifi¢c publications, widely
global publications reviewed literature cited
assessments publications,
widely cited, used
for MA
width of spectrum of | land use,| land use,| land use climate change climate change climate dmixer, via
drivers pollution, pollution IMAGE policy options
infrastructure and on climate can be use
fragmentation, as impact, no effects @
other drivers via land use
IMAGE
width of spectrum of | biodiversity only | biodiversity only | biodiversity 6n | biodiversity only | biodiversity only biodiversitynly
goods and  services
covered
richness  of detail | limited limited limited limited limited limited
including sectoral detail
Possibility of | Can be applied t¢ Can be applied to0 The Biodiversity| scale-independent Scale-independent presence atal@r de
upscaling/downscaling smaller areas smaller areas Intactness Inde number of specie
(Bll) can be needed as input

applied at scale
at least down tg
500 knf (i.e. to

the level of local

Ur
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Model name GLOBIO MIRABEL Biodiversity SAR speciesarea | GARP EUROMOVE
intactnessindex | relationship
government)
while retaining its
intuitive meaning.
effects of European | yes, via IMAGE Via driverg Via land use input Via land use input Via climate hange| yes, via effects o
policieson global level? (pollution,  land inputs global climate change
use) (IMAGE) (Europe
only)
operational access for | not available Not available Methodology | Methodology methodology is available Model not available
TEEB described in described in online: online.
Scholes & Biggs, Pimm et al., 1995| www.lifemapper.org/des
2004 ktopgarp
known plans for | Improvement of| No further | unknown unknown unknown Unknown!?!/none
maintenance and | infrastructure development
development module,
refinement  and
inclusion of other
pressures
1.3.6 Ocean models|
Model name ASSETS Atlantis Aus- Connie Cumulative Threat | EWE, EcoSpace & | GEEM
Model for the global | EcoOcean
ocean
I nter national International Methodology hag Methodology hag Published paper has beedhe software has moreMethodology has bee
acknowledgeme | collaborations are been accepted been accepted widely cited and used bythan 2000 registered useraccepted through
nt being/have beenthrough the peer; through the peert many organisations representing 120 peer-review process an
forged in: 13 North| review process. The review process. including UNEP-WCMC. | countries, more than jphas since been applig
and Mid-Atlantic| model has been hundred ecosystemand built upon by the
systems through aapplied to upwards models  applying the scientific community.
partnership with the of 15 ecosystems and software  have beep
UMD, UNH, UMASS, | the UN Food and published, see
Maine State Planning Agriculture www.ecopath.org.  The

oo @2
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Model name ASSETS Atlantis Aus- Connie Cumulative Threat | EWE, EcoSpace & | GEEM
Model for the global | EcoOcean
ocean
Office, and EPA| Organisation (FAO approach is thoroughly
(funding through| has rated the model documented in the
CICEET); 'best in the world'. scientific literature.
NEEA/ASSETS  hag
been applied to 10
estuarine and coastal
systems in the
European Union
ASSETS scores have
been developed for
systems from the US,
EU, and China;
Possible harmonization
is being investigated
between OSPAR
COMPP and ASSETS$
(COMPASS
Initiative); A joint US-
EU-China Initiative is
being prepared.
width of | Good - ASSETS takesExcellent - takes intg Limited -  Aus-| Good - 17 differenf Good - The models takeLimited - GEEM takes
spectrum of | into account humamaccount chemical, Connle takes intg drivers are used that fallinto account biological into  account  energy
drivers pressures and biological, ecological account only those into categories such asinformation from stock (biomass) transfef
biological parameters.| and physical data asdrivers based ondemersal and pelagicassessment databetween trophic levels in
well as| ocean circulation and fisheries, climate change,including time series the food web and how
socioeconomic data connectivity. pollution, and invasive data. They build irf these can be altered
in the form of species. dynamic population datathrough human impacts.
fisheries fleet linking to the ecosystem
statistics. level, management
regimes such as MPAs
can be incorporated in
Ecospace, and economic
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Model name ASSETS Atlantis Aus- Connie Cumulative Threat | EWE, EcoSpace & | GEEM
Model for the global | EcoOcean
ocean
and fisheries data for
resource valuation are
considered through
EcoOcean.
width of | Provisioning (estuarine Provisioning Provisioning (larval| All types of goods and Provisioning (fisherieg Provisioning (fisheries)
spectrum of | fisheries/aquaculture),| (Fisheries (inc. their recruitment for| services provided by theand their effects on Regulating (biomass and
goods and | Regulating (Water ecosystem effects); fisheries); Regulating marine environment capecosystems); Supportingfluxes); and Supporting
servicescovered | quality),  Supporting Supporting (ecossytem be related to this model. | (population  dynamics)} (Population dynamic$
(Nutrient cycling,| (Population connectivity (inc. Cultural and Spiritual (trophic controls);
Primary Production)| dynamics (Trophig Genetic and Nutrient (valuation of ecosystem biological maintenance o
Cultural and Spiritual controls); changes tp flows); Larval resources). resilience; changes t
(Recreation). ecosystem dispersal and ecosystem communit

community structure
may impact on othe
ecosystem  services

recruitment);
I Supporting (nutrient
5;cycling).

structure may impact o
other ecosystem serviceg

Ecological fluxes
(biomass and nutrient
limitations));
Cultural (Economic
valuation of
resources).
richness of | Not applicable Good level gfLimited detail - a| Although not described in Although a suite of Limited detail - some
detail including ecosystem detail. number of| depth, this model is$ ecosystem models, theapplications are described
sectoral detail Sectoral aspect isapplications are applicable multiple| models are most briefly which include the
currently limited to| mentioned but not sectors and it provides [aapplicable to commercidl agricultural and
fisheries discussed. framework that can befisheries whereas otherfishing/hunting sectors.
applications. developed and adapted fpsectors have only limited
use by other sectors, e.gdetail.
by adding biodiversity
information.
Possibility of | Applicable to any scale An advantage of theé Aus-Connle is for use A global model which can The models are GEEM is applicable a
upscaling/downs | of estuary. Atlantis modelling| in the Australian| be applied at the local-applicable at multiple multiple, ecosystenﬁ
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Model name ASSETS Atlantis Aus- Connie Cumulative Threat | EWE, EcoSpace & | GEEM
Model for the global | EcoOcean
ocean
caling approach is that it region. Due to it§ and regional-scale scales. scales as it is based on
can easily bg fairly coarse food webs.
modified to nest fine{ resolution it s
scale models within @ advised not to be
coarser coast-wideused at too fine &
model. scale.
effects of | Categories are colour-Unknown. Not applicable. Unknown. Application to ©A Application to FAO
European coded following the fisheries policies. fisheries policies.
policies on | convention of the EU
global level? Water Framework
Directive
(2000/60/EC), ang
aims to contribute tg
the classification
systems which are p
requirement of the
E.U. Water
Framework Directive
providing a scale fo
setting eutrophication
related reference
conditions for different
types of transitiona
waters.
operational ASSETS application i$ Model descriptiong Aus-Connie is freely All data sets and theModel descriptions aréModelling process s
accessfor TEEB | available for download are available in peen-available through the¢ model are freely available available in peeri complex and would neefd
at: reviewed published website at: to download online atf reviewed published to be carried out by a
http://www.eutro.org/r | papers that can behttp://www.per.marin| http://www.nceas.ucsb.ed papers that can bespecialist. However, all
egister/. It is free and accessed onling. e.csiro.au/aus- u/GlobalMarine accessed online. EwWE |smethods and results are
is available in four Technical documents connie/interface. freely available for use fully and transparently
languages including are less easily Model is available and downloadable from published and discussed
Chinese. available and the through either an www.ecopath.org in the scientific literature
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Model name ASSETS Atlantis Aus- Connie Cumulative Threat | EWE, EcoSpace & | GEEM
Model for the global | EcoOcean
ocean
model is not freely anonymous log-in The model cannot b
available for use| with restricted access downloaded.
Contact Beth Fulton or through a
at registered users
Beth.Fulton@csiro.a| portal.
u for more
information.
known plans for | NEEA/ASSETS Not specified.| Not specified,| Next key research stepFaciliies are currently Not specified.
maintenance Update Program is in Developments may although the websitewill be to compile| being implemented in
and operation. Typg vary depending on does have a feedbackegional and  global EWE6 for using spatial
development specific indicator| the study area toform for the websitg databases of empiricaldrivers and reference
variables and which the model ig itself and the mode| measurements gf data, e.g. Primary
thresholds are beingapplied. which indicates| ecosystem condition tp production, Salinity,
considered to improve future development further  validate  th@ Temperature, Nutrients,
the accuracy and will take place. efficiency of the| Advection, Fish
management approach. distributions, and Survey
implications of the) data. EcoOcean is
model. planned to be developgd
to a 0.5km grid cel
resolution. The Depletion
Index provided by
EcoOcean is also being
developed to represent|a
marine equivalent of the
MSA used in the
GLOBIO project.

1.3.7 Ocean models||
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Model name Impact of Climate | RamCo Reefs at Risk ERSEM 11 ICTHYOP

Change on Global

Biodiversity
I nter national Model recentlyl RamCo has been appliedThe Reefs at Risk seriesThe ERSEM II| Methodology has bee
acknowledgement (2008/2009) published to the south-west Suly-created high impact in themethodologies and accepted through the peq

in peer-reviewed Sulawesi region and thisglobal media and argapplications were publishedreview process.
journals by an methodology has beenconsidered high profile in a special edition of the
internationally published in two peerr documents internationally. Journal of Sea Research - an
recognised team dfreviewed scientifici The methodology has begrinternationally  renowned,
scientists and haspapers. applied internationally tg peer-reviewed publication.
recieved wide media help inform  decision The fact that ERSEM waf
interest. making regarding the an EU funded project alsp
management of coral reefsemphasises the international
buy-in of the product.
width of spectrum | Good - Takes intg Excellent - Integrated Good - takes into accountGood - takes into accoumtLimited - Icthyop takes intdg
of drivers account 1066 model taking into| four component indicators both biological data on theaccount biological propoertigs
commercial fish| account socioeconomic(Coastal development;lower trophic levels of of icthyoplankton and the key
species and includgsdata as  well as Marine Pollution;| pelagic and benthic systemghysical variable that influence
habitat  preferences,environmental and Overexploitation and and the physical parametersheir dynamics.
dynamic  populatior] physical components. destructive fishing; Inland that are affected by these
measures, climate pollution and erosion)| communities, e.g. Carbon
scenarios, and However the model doesand nutrient dynamics df
oceanographic not take into accountMicrozooplankton. The data
variables. future threats of climate in this model can then be
change or populationlinked to physical models
growth, nor does it thus increasing the range pf
consider threats resultingdrivers.
from coral disease,
bleaching, and other
factors considered largely
natural in origin.
width of spectrum | Provisioning All types of goods and All types of goods and Provisioning (fisheries Provisioning (larval
of goods and | (commercial and services provided by theservices provided by coralthrough bottom up controlsrecruitment  for  fisheries);
services covered artisanal); Supporting coastal zone can bereefs can be related to thiof fisheries populations; Regulating (ecosystem
(changes to ecosysteprelated to this model. model. impacts of  fisheries)| connectivity; Larval dispersal
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Model name Impact of Climate | RamCo Reefs at Risk ERSEM 11 ICTHYOP
Change on Global
Biodiversity
community structure) Regulating (ecological and recruitment); Supportin
and Cultural and fluxes; nutrient limitations)] (bottom-up support of foo

Spiritual (impacts o

Supporting (Lower trophig

webs).

artisanal fishing level habitat modelling fo
practices. pelagic and benthic
systems).
richness of detail | Limited detail - main| Good richness of detajl Good richness of detail gfLimited detail - a number Not applicable

i (@]

including sectoral | application described regarding the economicdata used in technicalof previous applications to
detail is to fisheries and only impacts  on  coastdl notes, a number of sectorsectors are briefly describef,
commercial fish| systems. This is basedare considered in thehowever the majority of
species are used in theprimarily around| model including fisheries, information is provided
model. agriculture and direct usefuel, transport, and through the  ecosystem
of resources, howevertourism. modelling  of  regional
also considers the examples.
tourism and transport
sectors.
Possibility of | The global model can RamCo is the first The Reefs at Risk model [sSeveral studies have showhough it has been historically
upscaling/downscal | be downscaled t¢ prototype of an relevant, and has beerthat the model is equallydeveloped to study the
ing regional and local information system| applied at, global, regionalapplicable in warn] dynamics of small pelagic fish
scales with the aim of which is to evolve| and national scales. temperate (e.g. ichthyoplankton in upwelling
improving eventually into a Generic Mediterranean) systems anaystems, Ichthyop is a genefic
understanding of Decision Support System tropical situations (such gstool in the sense that |t
potential climate| for the Integrated the Arabian Sea). Theincorporates the most
change impactsat fingr Assessment of versatility of ERSEM is| important processes involvgd
spatial and temporgl Sustainable Coastal Zone demonstrated by the rangen ichthyoplankton dynamicg.
scales. The next stgpManagement problems. of subjects to which it hasUsing Ichthyop for othe

would be to obtain
physical and
biological data in finer
resolution for regiona
scale studies

The ultimate aim is tg
develop a system thg
will be applicable for the
purpose of (1) rapid
., assessment, to (2) a wig

At

le

particularly in climate

range of coastal zon

been applied. Studies
land-ocean interaction hay
ranged from shallow coast
lagoons to an assessment
riverine influence on the

nfspecies in other systems m
emply a few changes in th
alsource code (e.g., changing t
ajrowth function, implementing
> a specific larval vertica

North Sea basin. Basin scd

lenigration scheme, etc.).
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M odel name

Impact of Climate
Change on Global
Biodiversity

RamCo

Reefs at Risk

ERSEM 11

ICTHYOP

sensitive areas.

management proble
in (3) most of the coasta
zones of the world.

ms,

and open ocean applicatio
in 1, 2 and 3 dimension
have addressed issu
varying from the dynamic
of viruses to the influence g
weather and climate o
marine
ERSEM also provides
model mesocosn
environment that can b
expected to react in
qualitatively correct manne
to seasonal, regional ar
inter-annual variations.

trophodynamics.

NS

effects of European
policies on global
level?

Unknown.

Not applicable.

Unknown.

Unknown.

Unknown.

operational access
for TEEB

Model descriptions arg

available in peer;
reviewed  published
papers that can b

accessed online. Th
model is not availablg
for use, however, Se
Around Us have ar
excellent collaborative
history, making
products availablg
from their models fo
use by other
organisations.

2 Demos of the model an

the wuser's guide an
available through thg
eRIKS website

e(http://www.riks.nl/proje
> cts/RamCo). Neithe
asoftware  developmen
1 with the tools provided in
> the RAMCO package no
the application of the
» RAMCO package to 4

dDetails of the model an
emethodology are availabl
>in the Reefs at Ris
publications availablg
through the WRI website
r CDROMs containing al
tthe GIS data and mode
used in the analysis al
ravailable upon reques)
> Contact Lauretta Burke fg
A more information:

case study is permitted.lauretta@wri.org .

Software or applicatior
development and furthg

usage or marketing of th

-

D

0 Details of the model an
emethodology are availabl
through the ERSEM PML
» website

. (http://web.pml.ac.uk/ecom
odels/ersem.htm). Th
snodel is not available fo
edownload and some of th
t.website is still unde
rdevelopment therefore the
is instruction to contac
modelling@pml.ac.uk  fo
more information.

d The software is freely availabl
efor download and a use
. manual is available 3
http://www.ur097.ird.fr/project
sficthyop/. Output files are i
enetcdf format and can be pos
r processed easily. This code
eorganized simply, commente
and documented, which shou
remake it easy to modify by

t user with basic programmin
skills.

= O

pt-
is

Id
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M odel name

Impact of Climate
Change on Global
Biodiversity

RamCo

Reefs at Risk

ERSEM 11

ICTHYOP

RAMCO package will
only be accepteq
following the purchase o
a full version of the
package.

known plans for

maintenance
development

and

Plans are in place tg
include the effects o
salinity on specieg
distribution in the
model; to incorporate
coastal upwelling as
factor to determine
present and futurg
distributions of marine
species; to predig
global maps of kelg
forests and simulat
how climate changg
may affect the
distribution of kelp
forests and thei
associated fauna; t
use the model tq
investigate  climate
induced changes i
physiology and
population dynamics
to account for the
affects of ocean
chemistry.

:Building of the MBB
f building blocks into
5 MBB-libraries, adding ta
and developing these &
> necessary; developme
aof  scenarios, policy
options and  policy
e impacts through inpu
from policy makers;
tanalysts will  further|
develop and refine th
e model through
> calibration and
parameterisation  base
on knowledge of coastd
zone processes. Throug
othis process, RAMCO
could evolve into g
storage tank of coasts
nmanagement knowledgs
from this specfic
Libraries  could be
developed which will
group the MBBs require
for specific coasts.

WRI and ICRAN are
leading a update of th

adRisk + 10), which will
niprovide a detailed
examination of humar
pressures on coral reef
t implication for reef
condition, and projection
of associated econom
e impacts in
communities. WRI ang
ICRAN, in collaboration
dwith a number of othe
lpartners, aim to rais
jtpublic awareness to th
location and severity o0
threats to coral reefs, arn
alcatalyse targeted
2 responsible, and informe
decisions that protect cor
reefs and the broad ran
of benefits they provide
] for people.

coastal

is
datg

Ongoing work

einvestigating

1998 analysis (Reefs atassimilation as a techniqy

for producing robus
forecasts of ecosyste
nresponse to short ter

sclimatic influences.

o7

C

o o D

S on

je

D

|

Not specified

e

m
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1.3.8 Regional models/assessments

Model nhame ATEAM INVEST Naidoo et al., 2008 Swallow et al., 2009 Costanza et al. 2002
I nter national several peer; recent project, first peer-reviewed article peer-reviewed  article peer-reviewed article
acknowledgement reviewed articles| publications recently published recently published widely cited
widely cited
width of spectrum of | policy scenarios| only land use change basedpecies conservationonly land use change land use effects
drivers climate change| on scenarios (others will bestrategies ecosystem service
socio-economic | incorporated) (linked ecological
development economic model)
width of spectrum of | provisioning all areas of services coveredprovisioning (livestock, Provisioning (food and Provisioning (water)
goods and  services | (agriculture, provisioning (food, timer| water), regulating (carbopwater), regulating supporting (soil
covered forestry, water), non-timer forest products,storage and sequestration)(water quality, erosion nutrients, NPP)
regulating (water, water supply), regulating biodiversity control) regulating (water
carbon), (water, erosion, carbop quality), cultural
supporting  (soil| sequestration),  supporting (house prices)
fertility, (pollination), cultural
pollination), (recreation) and biodiversity
cultural
(recreation),
biodiversity
richness of detail | limited, detailed| limited no economics, only Detailed water mode|l Combined ecological
including sectoral detail | biogechemical ecosystem processes (SWAT), and| and economig
models agicultural production | modelling
Possibility of possible, input: land coverused on global scale as well Resolution variable
upscaling/downscaling maps; model has both [aas regional (California
simple and a complex (moreecoregion)
data needed) version
effects of European | Yes  (European if speficied within scenarios| Not applicable (magpino| Not applicable Not applicable
policies on global level? | level only) modelling)
operational access for | yes model is available af:no no No
TEEB http://www.naturalcapitalpro
ject.org/INVEST .html
known plans for | Unknown/none Ongoing development on thenknown unknown unknown
maintenance and different submodels (tiers {1
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M odel name ATEAM InVEST Naidoo et al., 2008 Swallow et al., 2009 Costanza et al. 2002

development to 3)
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1.4 Description of selected scenarios

Scenario name

GSG: conventional worlds: mar ket for ces

Description

gradual convergence in incomes and culture towandigant market
model, market-driven globalization, trade liberatian, institutional
modernization

Correspondence with other
scenarios

SRES A1, OECD baseline, MA global orchestration,GGiaarkets
first, WWV business as usual, WBSCD FROG!

Type of scenario

normative

Palicies specified

none, economical development shapes future

Purpose

A central theme the scenarios the identificationpaflicies, actions
and human choices required for a transition tocaensustainable
and equitable future. The diversity and continaifythe GSG offerg
a unique resource to researchers, decision-makefsttee general
public.

Authorizing environment

GSG- global scenario group: Convened in 1995 bySteckholm
Environment Institute, the Global Scenario Groupnsindependent,
international, interdisciplinary body that has bee®eveloping
integrated global and regional scenarios (Raskial.e1998, 2002
Gallopi'n et al. 1997). The GSG scenario narrataes quantified
with the use of the PoleStar System, a transpateat for
synthesizing global data sets, organizing sectdirdages, and
introducing assumptions (Raskin et al. 1999). Mgk has beer
used by a number of international assessmentstsRa@ aimed at a
global citizens movement.

Stakeholders involved in the

no stakeholders involved

development

Time horizon and resolution | 1995-2050

Spatial coverage and | global

resolution

Domains mainly consider ed population development, economics, government, viddal

lifestyle, sustainability

Main actors

economy, markets

comments

The normative GSG scenarios stood at the basigntmy other,
explorative scenarios (SRES, MA, GEO 4).

Scenario name

GSG: Barbarization: breakdown

Description social and environmental problems overwhelm magad policy
response, unbridled conflict, institutional disigttation, and
economic collapse

Correspondence with other | none

scenarios

Type of scenario normative

Palicies specified

None, no stable political regime

Purpose

A central theme the scenarios the identificationpaflicies, actions
and human choices required for a transition tocaensustainable
and equitable future. The diversity and continagifythe GSG offerg
a unigue resource to researchers, decision-makersthe general
public.

Authorizing environment

GSG- global scenario group: Convened in 1995 bySteckholm
Environment Institute, the Global Scenario Groupnsindependent,
international, interdisciplinary body that has bee®eveloping
integrated global and regional scenarios (Raskial.e1998, 2002
Gallopi'n et al. 1997). The GSG scenario narrataes quantified
with the use of the PoleStar System, a transpateat for
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synthesizing global data sets, organizing secttirdages, and
introducing assumptions (Raskin et al. 1999). ™aigk has beern
used by a number of international assessmentstsRa@ aimed at
global citizens movement.

Stakeholders involved in the

no stakeholders involved

development

Timehorizon and resolution | 1995-2050

Spatial coverage and | global

resolution

Domains mainly consider ed population development, economics, government, viddal

lifestyle, sustainability

Main actors

economy, individuals

comments

Scenario name

GSG: great transitions. eco-communalism

Description

fundamental changes in values, lifestyles, anditinistns, local
focus and a bio-regional perspective

Correspondence with other | SRES B2

scenarios

Type of scenario normative

Palicies specified retreat into localism

Purpose A central theme the scenarios the identificationpiflicies, actiong

and human choices required for a transition tocaensustainable

and equitable future. The diversity and continagifythe GSG offerg

a unique resource to researchers, decision-makefsttee general

public.

D

Authorizing environment

GSG- global scenario group: Convened in 1995 bySteckholm
Environment Institute, the Global Scenario Groupnsindependent
international, interdisciplinary body that has beeéeveloping
integrated global and regional scenarios (Raskial.e1998, 2002
Gallopi'n et al. 1997). The GSG scenario narrataes quantified
with the use of the PoleStar System, a transpateat for
synthesizing global data sets, organizing secttirdages, and
introducing assumptions (Raskin et al. 1999). ™aigk has beern
used by a number of international assessmentstsRa@ aimed at
global citizens movement.

Stakeholders involved in the

no stakeholders involved

development

Time horizon and resolution | 1995-2050

Spatial coverage and | global

resolution

Domains mainly consider ed population development, economics, government, viddal

lifestyle, sustainability

Main actors

lifestyle change, individuals

comments

Scenario name

GSG: conventional worlds: policy reform

Description

gradual convergence in incomes and culture towandigant market
model, strong policy focus on meeting social andirenmental
sustainability goals

Correspondence with other
scenarios

MA techno garden, GEO policy first, OECD policy ieants, WWV
technology, WBSCD GEOpolity,

Type of scenario

normative

Palicies specified strong policies towards sustainability, social éguiand
environmental protection
Purpose A central theme the scenarios the identificationpulicies, actiong
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and equitable future. The diversity and continagifythe GSG offer
a unigue resource to researchers, decision-maketsttee genera
public.

and human choices required for a transition tomemsustainabl%

Authorizing environment

GSG- global scenario group: Convened in 1995 bySteckholm
Environment Institute, the Global Scenario Groupnsindependent,
international, interdisciplinary body that has beeéeveloping
integrated global and regional scenarios (Raskial.e1998, 2002
Gallopi'n et al. 1997). The GSG scenario narrataes quantified
with the use of the PoleStar System, a transpateat for
synthesizing global data sets, organizing secttirdages, and
introducing assumptions (Raskin et al. 1999). ™aigk has beern
used by a number of international assessmentstsRa@ aimed at a
global citizens movement.

Stakeholders involved in the

no stakeholders involved

development

Time horizon and resolution | 1995-2050

Spatial coverage and | global

resolution

Domains mainly consider ed population development, economics, government, viddal

lifestyle, sustainability

Main actors

global policies

comments

Scenario name

GSG: Barbarization: fortressworld

Description

social and environmental problems overwhelm magd policy
response, authoritarian rule with elites in "fosges", poverty and
repression outside

Correspondence with other
scenarios

SRES A2, MA order from strength, GEO security first

Type of scenario normative
Palicies specified strong policies towards regional security, tradeibes
Purpose A central theme the scenarios the identificatiorpolicies, actiong

and human choices required for a transition tocaensustainable
and equitable future. The diversity and continagifythe GSG offerg
a unique resource to researchers, decision-makefsttee general
public.

Authorizing environment

GSG- global scenario group: Convened in 1995 bySteckholm
Environment Institute, the Global Scenario Groupnsindependent,
international, interdisciplinary body that has bee®eveloping
integrated global and regional scenarios (Raskial.e1998, 2002
Gallopin et al. 1997). The GSG scenario narratiges quantified
with the use of the PoleStar System, a transpateat for
synthesizing global data sets, organizing sectdirdages, and
introducing assumptions (Raskin et al. 1999). Mgk has beern
used by a number of international assessmentstsRa@ aimed at a
global citizens movement.

Stakeholders involved in the

no stakeholders involved

development

Time horizon and resolution | 1995-2050

Spatial coverage and | global

resolution

Domains mainly consider ed population development, economics, government, viddal

lifestyle, sustainability

Main actors

national policies, economy

comments

Scenario name

GSG: great transitions: new sustainability
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Description

fundamental changes in values, lifestyles, andtinigtns, new form
of globalization that changes the character of $twiial society

Correspondence with other
scenarios

SRES B1, MA adapting mosaic, GEO sustainabilitytfilWvwy
values and lifestyles, WBCSD Jazz

Type of scenario

normative

Palicies specified

policies towards sustainability and equility

Purpose

A central theme the scenarios the identificationpaflicies, actions
and human choices required for a transition tocaensustainable
and equitable future. The diversity and contingifythe GSG offerg
a unigue resource to researchers, decision-makersthe general
public.

Authorizing environment

GSG- global scenario group: Convened in 1995 bySteckholm
Environment Institute, the Global Scenario Groupnsindependent,
international, interdisciplinary body that has bee®eveloping
integrated global and regional scenarios (Raskial.e1998, 2002
Gallopi'n et al. 1997). The GSG scenario narrataes quantified
with the use of the PoleStar System, a transpateat for
synthesizing global data sets, organizing secttirdages, and
introducing assumptions (Raskin et al. 1999). gk has beern
used by a number of international assessmentstsRa@ aimed at a
global citizens movement.

Stakeholders involved in the

no stakeholders involved

development

Timehorizon and resolution | 1995-2050

Spatial coverage and | global

resolution

Domains mainly consider ed population development, economics, government, viddal

lifestyle, sustainability

Main actors

lifestyle change, individuals, governments

comments

Scenario name

SRESAl

Description

rapid economic growth, market-based solutions witleak
governments, free trade, high technological devakm

Correspondence with other
scenarios

GSG market forces, OECD baseline, MA global oratagisin, GEO
markets first, WWYV business as usual, WBSCD FROG!

Type of scenario

explorative

Palicies specified

open markets, no policies for greenhouse gas emssi

Purpose

climate change predictions, assessment of mitigattrategies
provide input for negotiations of possible meastag®ements

Authorizing environment

IPCC: 6 modelling groups for development from niwea to
guantitative model inputs, however, there has besicism that
macro-economists were not involved in scenario lbgveent

Stakeholders involved in the

none, scientists only

development

Timehorizon and resolution | 2100
Spatial coverage and | global
resolution

Domains mainly consider ed

trade, transport, manufacturing, agriculture, ctina

Main actors

global economy

comments

SRES scenarios have been criticised for their megaattitude
towards market-based solutions

Scenario name

SRES A2

Description

moderate economic growth, intermediate technoldgieaelopment,
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self-reliance of regions

Correspondence with other
scenarios

GSG fortress world, MA order from strength, GEOuséy first,

S

Type of scenario explorative

Palicies specified trade barriers, strong national policies, no peBdor greenhouse g
emissions

Purpose climate change predictions, assessment of mitigatitrategies

provide input for negotiations of possible meastag®ements

Authorizing environment

IPCC: 6 modelling groups for development from ntwea to
guantitative model inputs, however, there has besticism that
macro-economists were not involved in scenario lbgveent

Stakeholders involved in the

none, scientists only

development

Time horizon and resolution | 2100
Spatial coverage and | Global
resolution

Domains mainly consider ed

trade, transport, manufacturing, agriculture, ctina

Main actors

global policies

comments

SRES scenarios have been criticised for their megaattitude
towards market-based solutions

Scenario name

SRESB1

Description

rapid technological change, central strong govemimerestrictive
policies, convergent world towards global solutidnseconomic,
social and environmental sustainability, moderatmemic growth

Correspondence with other
scenarios

GSG new sustainability, MA adapting mosaic, GEOtanability
first, WWV values and lifestyles, WBCSD Jazz

Type of scenario

explorative

Palicies specified

strong global management, no policies for greenfhigas emissionsg

Purpose

climate change predictions, assessment of mitigastrategies
provide input for negotiations of possible meastag®ements

Authorizing environment

IPCC: 6 modelling groups for development from ntwea to
guantitative model inputs, however, there has besticism that
macro-economists were not involved in scenario lbgveent

Stakeholders involved in the

none, scientists only

development

Timehorizon and resolution | 2100
Spatial coverage and | global
resolution

Domains mainly consider ed

trade, transport, manufacturing, agriculture, ctena

Main actors

local communities, "wellfare networks"

comments

SRES scenarios have been criticised for their negaattitude

towards market-based solutions

Table 4: General information on scenarios

Scenario name

SRESB2

Description

technological change globally unevenly distributedal solutions to
economic, social and environmental sustainabillpw economic
growth, decision-making on local/regional level akegovernment

Correspondence with other
scenarios

GSG eco-communalism

Type of scenario

explorative

Palicies specified

trade barriers, local management, no policies f@eghouse ga
emissions

[
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Purpose

climate change predictions, assessment of mitigatrategies
provide input for negotiations of possible meastag®ements

Authorizing environment

IPCC: 6 modelling groups for development from niwea to
guantitative model inputs, however, there has besticism that
macro-economists were not involved in scenario lbgveent

Stakeholders involved in the

none, scientists only

development

Timehorizon and resolution | 2100
Spatial coverage and | global
resolution

Domains mainly consider ed

trade, transport, manufacturing, agriculture, ctina

Main actors

local communities

comments

SRES scenarios have been criticised for their megaattitude

towards market-based solutions

Scenario name

M A: Global Orchestration

Description

global economic policies are the primary approacsuistainability

Correspondence with other
scenarios

GSG market forces, SRES Al, OECD baseline, GEO emsrfirst,
WWYV business as usual, WBSCD FROG!

Type of scenario

mostly explorative

Palicies specified

global economic policies towards sustainability

Purpose

primary aim was to draw out the consequences déraéyplausible]
future worlds for ecosystem services, we needgutdeide plausible
explanations that considered social and economierdrof change.

Authorizing environment

Scenario guidance teams

Stakeholders involved in the
development

The scenario guidance team conducted a seriestefiews with
potential users of the scenarios to obtain theyutrfor developing
the goals and focus of the scenarios. This efioctuded directly
asking various users what questions they wanted/itheo address
Users who responded included representatives frmrConvention
on Biological Diversity, the Convention to Combag¢d@rtification,
Ramsar, and other national government represeesatindividuals
from the private sector; and members of internatig

nongovernmental organizations, civil society, amtigenous groups.

This effort led to a greater understanding of wila¢ active
stakeholders hoped to gain from the MA scenariasalFscenariog
were developed with interviews of 59 leaders in NG
governments, and business from five continents.

Time horizon and resolution

2050, for some variables 2100

Spatial coverage and
resolution

global

Domains mainly consider ed

focus on social policy, policy reforms focus on lgdb trade and
economic liberalization

Main actors

global policies, transnational NGOs, timatgral

organisations

companies,

comments

Scenario name

MA: Order From Strength

Description

Correspondence with other
scenarios

GSG fortress world, SRES A2, GEO security first,

Type of scenario

mostly explorative

D

Palicies specified national policies for nature conservation (parkd aeserves), trad
barriers
Purpose primary aim was to draw out the consequences déraéyplausible]
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future worlds for ecosystem services, we needgutdeide plausible
explanations that considered social and economierdrof change.

Authorizing environment

Scenario guidance teams

Stakeholders involved in the
development

The scenario guidance team conducted a seriestefiews with
potential users of the scenarios to obtain theutrfor developing
the goals and focus of the scenarios. This efioctuded directly
asking various users what questions they wanted/itheo address
Users who responded included representatives frmrConvention
on Biological Diversity, the Convention to Combag¢d@rtification,
Ramsar, and other national government represeesatindividuals
from the private sector; and members of internatig
nongovernmental organizations, civil society, amdigenous groups.
This effort led to a greater understanding of wila¢ active
stakeholders hoped to gain from the MA scenariasalFscenariog
were developed with interviews of 59 leaders in NG
governments, and business from five continents.

Time horizon and resolution

2050, for some variables 2100

Spatial coverage and
resolution

global

Domains mainly consider ed

focus on self interest, regionalized and fragmemtedd, concerned
with security and protection

Main actors

national policies, multinational companies

comments

Scenario name

MA: Adapting Mosaic

Description

Correspondence with other
scenarios

GSG new sustainability, SRES B1, GEO sustainabifiist, WWV
values and lifestyles, WBCSD Jazz

Type of scenario

mostly explorative

Palicies specified

local policies

Purpose

primary aim was to draw out the consequences ddraéplausible
future worlds for ecosystem services, we needgutduide plausible
explanations that considered social and economierdrof change.

Authorizing environment

Scenario guidance teams

Stakeholders involved in the
development

The scenario guidance team conducted a seriestefiews with
potential users of the scenarios to obtain theyutrfor developing
the goals and focus of the scenarios. This efioctuded directly
asking various users what questions they wanted/itheo address
Users who responded included representatives frmrConvention
on Biological Diversity, the Convention to Combagd@rtification,
Ramsar, and other national government represeesatindividuals
from the private sector; and members of internatig
nongovernmental organizations, civil society, amdigenous groups.
This effort led to a greater understanding of wila¢ active
stakeholders hoped to gain from the MA scenari@salFscenariog
were developed with interviews of 59 leaders in NG
governments, and business from five continents.

Time horizon and resolution

2050, for some variables 2100

Spatial coverage and
resolution

global

Domains mainly consider ed

focus on active learning, political and economidivéy, local
management

Main actors

local management, cooperatives, global organisstion

comments
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Scenario name

M A: TechnoGarden

Description

Correspondence with other
scenarios

GSG policy reform, GEO policy first, OECD policy nents, WWV
technology, WBSCD GEOpolity,

Type of scenario

mostly explorative

Palicies specified

proactive, global management

Purpose

primary aim was to draw out the consequences déraéyplausible]
future worlds for ecosystem services, we needgatduide plausible
explanations that considered social and economverdrof change.

Authorizing environment

Scenario guidance teams

Stakeholders involved in the
development

The scenario guidance team conducted a seriestatiews with
potential users of the scenarios to obtain theutrfor developing
the goals and focus of the scenarios. This efioctuded directly
asking various users what questions they wanted/itheo address
Users who responded included representatives frmrConvention
on Biological Diversity, the Convention to Combagd@rtification,
Ramsar, and other national government represeasatindividuals
from the private sector; and members of

This effort led to a greater understanding of wila¢ active
stakeholders hoped to gain from the MA scenariasalFscenariog
were developed with interviews of 59 leaders in NG
governments, and business from five continents.

internation
nongovernmental organizations, civil society, amdigenous groups.

Time horizon and resolution

2050, for some variables 2100

Spatial coverage and
resolution

global

Domains mainly consider ed

focus on environmental technology, multifunctionadjriculture,
reduction of trade barriers and subsidies

Main actors

technological development, NGOs, professional aasons

comments

Multi-functional aspects of agriculture and a glbbaduction of
agricultural subsidies and trade barriers.

Scenario name

GEO4: Markets First

Description

Markets First pays lip service to sustainable dgwelent in terms o
the ideals of the Brundtland Commission, Agendaa?il other
major policy decisions. There is a narrow focughn sustainability
of markets rather than in the context of the broabdaman-
environment system

Correspondence with other
scenarios

GSG market forces, SRES Al, OECD baseline, MA dlqg
orchestration, WWYV business as usual, WBSCD FROG!

ba

Type of scenario

explorative

Palicies specified open markets, environmental policies of nationalegoments (ain
pollution), ideals of the Brundtland Commission, eihga 21 ang
other major policy decisions

Purpose UNEP GEO-4: Environment for Development shows howthh

current and possible future deterioration of theiremment can limit
people’s development options and reduce their

quality of life. This assessment emphasises theoitapce of a
healthy environment, both for development and fambating
poverty.

Authorizing environment

UNEP: The scenarios were developed through a Ign
collaborative process that began with four of th8§GGscenarios
which were then refined through a series of rediaaral global
meetings (Raskin and Kemp-Benedict 2002), with infram the
IPCC's Special Report on Emissions Scenarios. Tinghasis of the
process was on refining the narratives and givingnt regional
texture. A consortium of modelling teams elaborated different

gth
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aspects of the scenarios (Potting and Bakkes 2004).

Stakeholders involved in the

Expert Group Meeting (Governments and relevant rirational

development organisations)
Time horizon and resolution | 2050

Spatial coverage and | global
resolution

Domains mainly consider ed

population, economic activity, government (energyces, taxes
environmental policies), lifestyle, technology, damse limitations

Main actors

economic sector

comments

Scenario name

GEO-4: Palicy First

Description

Policy First introduces some measures aimed at giom
sustainable development, but the tensions betweeinobement and
economic policies are biased towards social andnao@
considerations

Correspondence with other
scenarios

GSG policy reforms, MA techno garden, OECD policgriants,
WWYV technology, WBSCD GEOpolity,

Type of scenario

explorative

Palicies specified policy limits market failure, climate change mitigpn, air pollution,
protect species diversity and ecosystem services
Purpose UNEP GEO-4: Environment for Development shows howthh

current and possible future deterioration of theiremment can limit
people’s development options and reduce their

quality of life. This assessment emphasises theoitapce of a
healthy environment, both for development and fembating
poverty.

Authorizing environment

UNEP: The scenarios were developed through a Ign
collaborative process that began with four of th8GGscenarios
which were then refined through a series of rediara global
meetings (Raskin and Kemp-Benedict 2002), with infram the
IPCC'’s Special Report on Emissions Scenarios. Tingghasis of the
process was on refining the narratives and givimgnt regional
texture. A consortium of modelling teams elaborated different
aspects of the scenarios (Potting and Bakkes 2004).

gth

Stakeholders involved in the

Expert Group Meeting (Governments and relevant rirational

development organisations)
Time horizon and resolution | 2050

Spatial coverage and | global
resolution

Domains mainly consider ed

population, economic activity, government (energycgs, taxes
environmental policies), lifestyle, technology, damse limitations

Main actors

governmental policies

comments

Scenario name

GEO-4: Security First

Description

Security First focuses on the interests of a migorich, national
and regional. It emphasizes sustainable developroaht in the
context of maximizing access to and use of therenment by the
powerful

Correspondence with other
scenarios

GSG fortress world, SRES A2, MA order from strength

Type of scenario

explorative

Palicies specified

trade barrier, strong national policy, no environta¢ policies

except for air pollution
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Purpose

UNEP GEO-4: Environment for Development shows hoethh
current and possible future deterioration of theiremment can limit
people’s development options and reduce their

quality of life. This assessment emphasises theoitapce of a
healthy environment, both for development and fembating
poverty.

Authorizing environment

UNEP: The scenarios were developed through a Ign
collaborative process that began with four of th8GGscenarios
which were then refined through a series of rediara global
meetings (Raskin and Kemp-Benedict 2002), with infram the
IPCC's Special Report on Emissions Scenarios. Tinghasis of the
process was on refining the narratives and givimgnt regional
texture. A consortium of modelling teams elaborated different
aspects of the scenarios (Potting and Bakkes 2004).

gth

Stakeholders involved in the

Expert Group Meeting (Governments and relevant rirational

development organisations)
Time horizon and resolution | 2050

Spatial coverage and | global
resolution

Domains mainly consider ed

population, economic activity, governemtn (energyces, taxes
environmental policies), lifestyle, technology, damse limitations

Main actors

governmental policies, partly economic

comments

Scenario name

GEO-4: Sustainability First

Description

Sustainability First gives equal weight to envir@antal and socio
economic policies, accountability, and it stresgassparency an
legitimacy across all actors. It emphasizes theeli@ment of
effective public-private sector partnerships ndiyan the context of

projects but in the area of governance, ensurirg stakeholders

across the environment-development discourse specprovide
strategic input to policy making and implementation

d

Correspondence with other
scenarios

GSG new sustainability, SRES B1, MA adapting mqs&ienVV
values and lifestyles, WBCSD Jazz

Type of scenario

explorative

Palicies specified strong global management, climate mitigation, allytion, protect
species diversity and ecosystem services
Purpose UNEP GEO-4: Environment for Development shows howthh

current and possible future deterioration of theiremment can limit
people’s development options and reduce their

quality of life. This assessment emphasises theoitapce of a
healthy environment, both for development and fembating
poverty.

Authorizing environment

UNEP: The scenarios were developed through a Ign
collaborative process that began with four of th8§GGscenarios
which were then refined through a series of rediaral global
meetings (Raskin and Kemp-Benedict 2002), with infram the
IPCC's Special Report on Emissions Scenarios. Tinghasis of the
process was on refining the narratives and givimgnt regional
texture. A consortium of modeling teams elaborated different
aspects of the scenarios (Potting and Bakkes 2004).

gth

Stakeholders involved in the

Expert Group Meeting (Governments and relevant rivational

development organisations)
Time horizon and resolution | 2050

Spatial coverage and | global
resolution

Domains mainly consider ed

population, economic activity, government (energyces, taxes
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environmental policies), lifestyle, technology, damse limitations

Main actors

economy, government and individual behaviour

comments

Scenario name

OECD baseline scenario

Description

Correspondence with other
scenarios

GSG market forces, SRES Al, MA global orchestrati@EO
markets first, WWV business as usual, WBSCD FROG!

Type of scenario

trend

Palicies specified

business-as-usual: no new policies

Purpose

The focus of the Outlook is the critical environrtsnconcerns
facing OECD countries, but the study is global ¢ope, aim is the
exploration of options to reduce climate change qrednhouse gal
emissions

(7]

Authorizing environment

OECD

Stakeholders involved in the

development

Time horizon and resolution | 2005 to 2030 (policies) respectively 2050 (impacts)

Spatial coverage and | global, for policies: OECD, BRIC and the rest oé tworld, spatial
resolution resolution of effects: 0.5° grid

Domains mainly consider ed

agricultural production and trade, energy sectoitigation of
climate change, control of urban air pollution)vage treatment

Main actors

comments

The Outlook examined drivers of environmental clengpecific
sectors that put the greatest pressure on the cemuent, and
resulting environmental impacts. The focus of thetl@k is the
critical environmental concerns facing OECD cowadyi but the
study is global in scope. Global economic pattemese modelled
using the OECD’s JOBS model. These drivers were tiieed as
inputs to the PoleStar System to assess potemigrommental
impacts in the scenarios.

Scenario name

OECD- ppOECD

Description

This policy variant implies a broad range of pagifor a reduction
of greenhouse gas emissions, including a carbon d@ax only
implemented in the OECD countries starting in 2012.

Correspondence with other
scenarios

GSG policy reform, MA techno garden, GEO policystirWwWwV
technology, WBSCD GEOpolity,

Type of scenario

trend (explorative)

Palicies specified broad policy package, including phased carbon taxOECD
countries (starting 2012 with US$ 25/tC), developtnéowards
maximum feasible reductions of air pollution, ikt and
updrading sewage treatment systems

Purpose The focus of the Outlook is the critical environrt@nconcerng

facing OECD countries, but the study is global ¢ope, aim is the

exploration of options to reduce climate changegreénhouse gas

emissions

Authorizing environment

OECD

Stakeholders involved in the

development

Time horizon and resolution | 2005 to 2030 (policies) respectively 2050 (impacts)

Spatial coverage and | global, for policies: OECD, BRIC and the rest oé tworld, spatial
resolution resolution of effects: 0.5° grid

Domains mainly consider ed

agricultural production and trade, energy sectoitigation of
climate change, control of urban air pollution)vage treatment
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Main actors

OECD policies

comments

The Outlook examined drivers of environmental clengpecific
sectors that put the greatest pressure on the cemwent, and
resulting environmental impacts. The focus of thetlak is the
critical environmental concerns facing OECD cowdyi but the
study is global in scope. Global economic pattemese modeled
using the OECD’s JOBS model. These drivers were tiieed as
inputs to the PoleStar System to assess potemigrommental
impacts in the scenarios.

Scenario name

OECD- 450ppm multigas

Description

A policy variant with carbon taxes. The price farlzon is not fixed
but dependent on the greenhouse gas emissionsthéttgoal to
stabilize the C@equivalentoncentration at 450 ppm.

Correspondence with other
scenarios

GSG policy reform, MA techno garden, GEO policysfjrWwV
technology, WBSCD GEOpolity,

Type of scenario

trend (normative)

Palicies specified Climate policy aimed at stabilizing the concentmtiof the six
Kyoto gases at 450 ppm carbon dioxide equivalents
Purpose The focus of the Outlook is the critical environrtenconcerns

facing OECD countries, but the study is global ¢ope, aim is the
exploration of options to reduce climate changegratnhouse gal
emissions

[%2)

Authorizing environment

OECD

Stakeholders involved in the

development

Time horizon and resolution | 2005 to 2030 (policies) respectively 2050 (impacts)

Spatial coverage and | global, for policies: OECD, BRIC and the rest oé tworld, spatial
resolution resolution of effects: 0.5° grid

Domains mainly consider ed

agricultural production and trade, energy sectoitigation of
climate change, control of urban air pollution\vage treatment

Main actors

global policies

comments

The Outlook examined drivers of environmental clengpecific
sectors that put the greatest pressure on the cemwent, and
resulting environmental impacts. The focus of thetl@k is the
critical environmental concerns facing OECD cowadyi but the
study is global in scope. Global economic pattemgse modeled
using the OECD’s JOBS model. These drivers were tiiged as
inputs to the PoleStar System to assess potemigrommental
impacts in the scenarios.

Scenario name

OECD-ccglobal 2008

Description

This policy variant implies an immediate implemeiata of carbon
taxes worldwide.

Correspondence with other
scenarios

GSG policy reform, MA techno garden, GEO policysfjirWwV
technology, WBSCD GEOpolity,

Type of scenario

trend (explorative)

Palicies specified

uniform global carbon tax, starting in 2008

Purpose

The focus of the Outlook is the critical environrt@nconcerng
facing OECD countries, but the study is global ¢ope, aim is the
exploration of options to reduce climate changegreknhouse ga
emissions

2
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Authorizing environment

OECD

Stakeholders involved in the

development

Timehorizon and resolution | 2005 to 2030 (policies) respectively 2050 (impacts)

Spatial coverage and | global, for policies: OECD, BRIC and the rest oé tworld, spatial
resolution resolution of effects: 0.5° grid

Domains mainly consider ed

agricultural production and trade, energy sectoitigation of
climate change, control of urban air pollution)vage treatment

Main actors

global policies

comments

The Outlook examined drivers of environmental clengpecific
sectors that put the greatest pressure on the cemment, and
resulting environmental impacts. The focus of thetlak is the
critical environmental concerns facing OECD cowdyi but the
study is global in scope. Global economic pattemese modeled
using the OECD’s JOBS model. These drivers wera tiiged as
inputs to the PoleStar System to assess potemirommental
impacts in the scenarios.

Scenario name

IAASTD baseline scenario

Description

Correspondence with other
scenarios

Type of scenario trend
Palicies specified no new policies (national and international agtial policy)
Purpose

Authorizing environment

IAASTD

Stakeholders involved in the

Private and public sector participation in writitgg@ms

development

Time horizon and resolution | 50 years backward and forward
Spatial coverage and | global

resolution

Domains mainly consider ed

food production, water supply, energy productiod ase, land usg
change, climate, trade policies and markets

Main actors

economy

comments

Scenario name

MIMES/GUMBO: baseline

Description

Correspondence with other
scenarios

OECD baseline

Type of scenario trend
Palicies specified no new policies
Purpose

Authorizing environment

Stakeholders involved in the

development

Time horizon and resolution

Spatial coverage and | global
resolution

Domains mainly consider ed

Main actors

comments
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Scenario name

MIMESGUMBO: star trek

Description

higher rates of consumption and investment in beabpital, lower
investment in human, social and natural capital thiedreal state o
the world corresponds to the optimistic parametsumption se
(new alternative energy comes on line, etc.)

f

Correspondence with other
scenarios

Type of scenario explorative

Palicies specified higher rates of consumption and investment in bealpital, lower
investment in human, social and natural capital

Purpose

Authorizing environment

Stakeholders involved in the

development

Time horizon and resolution

Spatial coverage and | global
resolution

Domains mainly consider ed

Main actors

comments

Scenario name

MIMES/GUMBO: big government

Description

set of technologically sceptical policies (lowetesaof consumption
and investment in built capital, higher rates afeistment in human
social and natural capital) and the real statdefwtorld correspond
to the optimistic parameter assumption set

[

Correspondence with other
scenarios

Type of scenario

explorative

Palicies specified technologically sceptical policies (lower rates ainsumption and
investment in built capital, higher rates of invesht in human
social and natural capital)

Purpose

Authorizing environment

Stakeholders involved in the

development

Time horizon and resolution

Spatial coverage and | global
resolution

Domains mainly consider ed

Main actors

comments

Scenario name

MIMESGUMBO: mad max

Description

higher rates of consumption and investment in bealpital, lower
investment in human, social and natural capitad) e real state g
the world corresponds to the sceptical parametarnagtion set (ng
new energy forms come on line, etc.)

=

Correspondence with other
scenarios

Type of scenario

explorative

107



SCENARIOS AND MODELS - FINAL REPORT APPENDICES

Palicies specified

higher rates of consumption and investment in bealpital, lower
investment in human, social and natural capital

Purpose

Authorizing environment

Stakeholders involved in the

development

Time horizon and resolution

Spatial coverage and | global
resolution

Domains mainly consider ed

Main actors

comments

Scenario name

MIMES/GUMBO: ecotopia

Description

technologically sceptical policies and the realtestaf the world
corresponds to the sceptical parameter assumpton s

Correspondence with other
scenarios

Type of scenario explorative

Palicies specified technologically sceptical policies (lower rates aminsumption and
investment in built capital, higher rates of invesht in human
social and natural capital)

Purpose

Authorizing environment

Stakeholders involved in the

development

Time horizon and resolution

Spatial coverage and | global
resolution

Domains mainly consider ed

Main actors

comments

Scenario name

WWYV: business as usual

Description

current water policies continue, high inequity

Correspondence with other
scenarios

GSG market forces, SRES Al, OECD baseline, MA dlqg
orchestration, GEO markets first, WBSCD FROG!

Type of scenario

explorative

Palicies specified

no, focus on demographic, technoloigcal and liflestievelopment

Purpose

To increase awareness of a rising global wateiscris

Authorizing environment

Word Water Counsil

Stakeholders involved in the

development

Timehorizon and resolution | 2025
Spatial coverage and | global
resolution

Domains mainly consider ed

lifestyle choice, technology development, demogiegteconomics

Main actors

institution and economy

comments

(focus on water, agricultural use, storage, scarcistribution)

Scenario name

| WWV: technology, economic and the private sector

108

ba



SCENARIOS AND MODELS - FINAL REPORT APPENDICES

Description

market-based mechanisms, better technology

Correspondence with other
scenarios

GSG policy reforms, MA techno garden, GEO poliagtii OECD
policy variants, WBSCD GEOpolity,

Type of scenario

explorative

Palicies specified

no, focus on demographic, technological and lifestievelopment

Purpose

To increase awareness of a rising global wateiscris

Authorizing environment

Word Water Counsil

Stakeholders involved in the

development

Timehorizon and resolution | 2025
Spatial coverage and | global
resolution

Domains mainly consider ed

lifestyle choice, technology development, demogiegteconomics

Main actors

economy (private sector)

comments

(focus on water, agricultural use, storage, scarcistribution)

Scenario name

WWYV: values and lifestyles

Description

less water intensive activities, ecological preaton

Correspondence with other
scenarios

GSG new sustainability, SRES B1, MA adapting mgs&@&EO
sustainability first, WBCSD Jazz

Type of scenario

explorative

Palicies specified

no, focus on demographic, technological and lifestievelopment

Purpose

To increase awareness of a rising global wateiscris

Authorizing environment

Word Water Counsil

Stakeholders involved in the

development

Timehorizon and resolution | 2025
Spatial coverage and | global
resolution

Domains mainly consider ed

lifestyle choice, technology development, demogiegpteconomics

Main actors

lifestyle choices (individual citizens, consumers)

comments

(focus on water, agricultural use, storage, scgrcistribution)

Scenario name

WBCSD: FROG!

Description

market-driven growth, economic globalization

Correspondence with other
scenarios

GSG market forces, SRES Al, OECD baseline, MA dlqg
orchestration, GEO markets first, WWYV businesssasl

Type of scenario

explorative

Palicies specified

open markets

Purpose

to engage the business community in the debate ustaisable
development

Authorizing environment

World Business Council for Sustainable Developm#; scenarios

were developed in an open process involving reptatees from 35
organizations.

n]

Stakeholders involved in the

representatives from 35 organizations

development

Time horizon and resolution | 2000-2050
Spatial coverage and | global
resolution

Domains mainly consider ed

ecosystem sustainability, economy, technology

Main actors

economy

comments
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Scenario name

WBCSD: GEOpality

Description

top-down approach to sustainability

Correspondence with other
scenarios

GSG policy reforms, MA techno garden, GEO poliagtii OECD
policy variants, WWYV technology

Type of scenario

explorative

Palicies specified

global policies aiming at sustainable development

Purpose

to engage the business community in the debate ustaisable
development

Authorizing environment

World Business Council for Sustainable Developmérg; scenarios
were developed in an open process involving reptasees from 35
organizations.

Stakeholders involved in the

representatives from 35 organizations

development

Time horizon and resolution | 2000-2050
Spatial coverage and | global
resolution

Domains mainly consider ed

ecosystem sustainability, economy, technology

Main actors

global policies

comments

Scenario name

WBCSD: JAZZ

Description

bottom-up approach to sustainability, ad hoc atié) innovation

Correspondence with other
scenarios

GSG new sustainability, SRES B1, MA adapting mqs&&EO
sustainability first, WWV values and lifestyles

Type of scenario

explorative

Palicies specified

governmental activity limitd to local level

Purpose

to engage the business community in the debate ustaisable
development

Authorizing environment

World Business Council for Sustainable Developm#érg; scenarios
were developed in an open process involving reptatees from 35
organizations.

Stakeholders involved in the

representatives from 35 organizations

development

Time horizon and resolution | 2000-2050
Spatial coverage and | global
resolution

Domains mainly consider ed

ecosystem sustainability, economy, technology

Main actors

Lifestyle (individual citizens, consumers)

comments

Table 4: General information on scenarios

Scenario name

EURuralis: global economy

Description

Societies in the Global economy scenario are préuamty driven
by market-based solutions. Trade barriers are gibdaliminated;
CAP subsidies are phased out, and so are transfecsipital to
support EU regions lagging behind economically. &ament roleg
are limited to core responsibilities, like basiweation, security and
law enforcement (Westhoek al., 2006)

Correspondence with other
scenarios

SRES Al

Type of scenario

explorative with extra policy options

Palicies specified

agricultural subsidies abolished,
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Purpose

Support European governments on decisions abauwrefut

Authorizing environment

Stakeholders involved in the

Scientific advisory group and policy advisory group

development

Time horizon and resolution | 2030
Spatial coverage and | Europe
resolution

Domains mainly consider ed

macro-economy, demography, agro-technology, borsepport,
income support, LFA, nature policy, spatial polierpsion policy,
energy policy

Main actors

economy, multilateral cooperation, strong technpldgvelopment

comments

Scenario name

EURuralis: global cooperation

Description

The Global co-operation scenario assumes intensiudtilateral
international co-operation on many issues. Tardfriers restricting
market access are gradually removed but interratifood safety
standards are raised and new mechanisms are ingddo ensure
high social and environmental production standafdsaded goods
(Westhoelet al., 2006).

A

Correspondence with other
scenarios

SRES A2

Type of scenario

explorative with extra policy options

Palicies specified

some agricultural subsidies,

Purpose

Support European governments on decisions abauwrefut

Authorizing environment

Stakeholders involved in the

Scientific advisory group and policy advisory group

development

Time horizon and resolution | 2030
Spatial coverage and | Europe
resolution

Domains mainly consider ed

macro-economy, demography, agro-technology, borsepport,
income support, LFA, nature policy, spatial polierpsion policy,
energy policy

Main actors

economy, multilateral cooperation for sustainagpilit nature
conservation and equity, strong technology devekmm

comments

Scenario name

EURuralis: continental markets

Description

The Continental markets scenario assumes a vietvstigal and
cultural values can best be preserved in regionlliqal alliances,
within which nation states should keep as much reigety as
possible.Agricultural protection measures to shighds market
remain in place to safeguard food security (Wedthabal., 2006).

Correspondence with other
scenarios

SRES B1

Type of scenario

explorative with extra policy options

Palicies specified

agricultural subsidies abolished,

Purpose

Support European governments on decisions abawrefut

Authorizing environment

Stakeholders involved in the
development

Scientific advisory group and policy advisory group

Time horizon and resolution

2030
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and

Spatial

resolution

coverage

Europe

Domains mainly consider ed

macro-economy, demography, agro-technology, borsepport,
income support, LFA, nature policy, spatial poligrpsion policy,
energy policy

Main actors

economy, regional cooperation for sustainabiligtune conservation

and equity

comments

Scenario name

EURuralis: regional communities

Description

In the Regional communities scenario, a high vasuattributed to
the subsidiarity principle and, in fact, many issaee addressed at|
level below that of the nation-state. Few benedits attributed tg
market-based solutions; shielded markets are pesfeso as tg
address the strong environmental and socio-cultcoakcerns thag
typify this scenario (Westhoed al., 2006).

Correspondence with other
scenarios

SRES B2

Type of scenario

explorative with extra policy options

Palicies specified

only agri-environmental payments,

Purpose

Support European governments on decisions abawrefut

Authorizing environment

Stakeholders involved in the

Scientific advisory group and policy advisory group

development

Time horizon and resolution | 2030
Spatial coverage and | Europe
resolution

Domains mainly consider ed

macro-economy, demography, agro-technology, borsepport,
income support, LFA, nature policy, spatial poligypsion policy,
energy policy

Main actors

government, regional for

conservation and equity

cooperation sustainabilitpature

comments

Scenario name

EURuralis. CAP market support variants |

Description

These variants are implemented on top of one ofstimarios and
related to market price supports in the EU which ba maintaineg
or abolished.

Correspondence with other
scenarios

Type of scenario

policy variants

Palicies specified full market liberalization for agricultural prodwscto constant price
support
Purpose Support European governments on decisions abawrefut

Authorizing environment

Stakeholders involved in the

Scientific advisory group and policy advisory group

development

Time horizon and resolution | 2030
Spatial coverage and | Europe
resolution

Domains mainly consider ed

macro-economy, demography, agro-technology, borsepport,
income support, LFA, nature policy, spatial poligrpsion policy,
energy policy
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Main actors

comments

Scenario name

EURuralis. CAP income support variants

Description

In these policy variants income support can beisghed, maintaineg
or increased.

Correspondence with other
scenarios

Type of scenario

policy variants

Palicies specified abolishment of income support to increasing incosuport for
farmers
Purpose Support European governments on decisions abawrefut

Authorizing environment

Stakeholders involved in the

Scientific advisory group and policy advisory group

development

Timehorizon and resolution | 2030
Spatial coverage and | Europe
resolution

Domains mainly consider ed

macro-economy, demography, agro-technology, borsepport,
income support, LFA, nature policy, spatial poli@rpsion policy,
energy policy

Main actors

comments

Scenario name

EURuralis: biofuel variants

Description

Different biofuel variants exist from no or low ddstions for
biofuels to 11.5% share of biofuels in the enereptar.

Correspondence with other
scenarios

Type of scenario

policy variants

Palicies specified

no targets (no taxes and subsidies) to 11.5% dhdigain 2010

Purpose

Support European governments on decisions abawrefut

Authorizing environment

Stakeholders involved in the

Scientific advisory group and policy advisory group

development

Time horizon and resolution | 2030
Spatial coverage and | Europe
resolution

Domains mainly consider ed

macro-economy, demography, agro-technology, borsepport,
income support, LFA, nature policy, spatial polieypsion policy,
energy policy

Main actors

comments

Scenario name

EURuralis: lessfavoured area policy variants

Description

Policy variants with abolishment of support forddavourite area
to increase/shift of areas.

Correspondence with other
scenarios

Type of scenario

policy variants
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Palicies specified no special policy, current policy or new policiessbd on slope and
altitude of land
Purpose Support European governments on decisions abawefut

Authorizing environment

Stakeholders involved in the

Scientific advisory group and policy advisory group

development

Time horizon and resolution | 2030
Spatial coverage and | Europe
resolution

Domains mainly consider ed

macro-economy, demography, agro-technology, borsepport,
income support, LFA, nature policy, spatial polieypsion policy,
energy policy

Main actors

comments

Table 4: General information on scenarios

Scenario name

ATEAM Al

Description Rapid economic growth, little concern about envinemt, increase
in mass-tourism

Correspondence with other | SRES Al

scenarios

Type of scenario explorative

Palicies specified

recreation focus in protected areas

Purpose

Main objective is to assess the vulnerability ofrtan sectors relying
on ecosystem services with respect to global change

Authorizing environment

ATEAM is a consortium consisting of 18 scientifitstitutes

Stakeholders involved in the

Scenarios were developed in intensive cooperatitinstakeholders

development primarily ecosystem managers and policy advisors.
Time horizon and resolution | baseline: 2000; 2020, 2050, 2080

Spatial coverage and | Europe

resolution

Domains mainly consider ed

land use change based on economy (GDP),
development, citizen participation, governmentaligies, tourism,
rural development, spatial planning

Main actors

global economy

comments

Scenario name

ATEAM A2

Description

Moderate economic growth, strong EU, little conceabout
environment, decrease in tourism in general buiegse in regional
tourism

Correspondence with other | SRES A2
scenarios
Type of scenario explorative

Palicies specified

weak nature conservation policies, protection desli

Purpose

Main objective is to assess the vulnerability ofrtan sectors relying
on ecosystem services with respect to global change

Authorizing environment

ATEAM is a consortium consisting of 18 scientifitstitutes

Stakeholders involved in the

Scenarios were developed in intensive cooperatitinstakeholders

development primarily ecosystem managers and policy advisors.
Time horizon and resolution | baseline: 2000; 2020, 2050, 2080

Spatial coverage and | Europe

resolution
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Domains mainly consider ed

land use change based on economy (GDP),
development, citizen participation, governmentalighes, tourism,
rural development, spatial planning

Main actors

regional economy

comments

Scenario name

ATEAM B1

Description

Moderate economic growth, great concern about enmient,
styrong central government, increase in regionaleaion, decreasge
in tourism

Correspondence with other | SRES B1

scenarios

Type of scenario explorative

Palicies specified strict protection and expansion of selected areas

Purpose Main objective is to assess the vulnerability ofrfaun sectors relying

on ecosystem services with respect to global change

Authorizing environment

ATEAM is a consortium consisting of 18 scientifitstitutes

Stakeholders involved in the

Scenarios were developed in intensive cooperatitinstakeholders

development primarily ecosystem managers and policy advisors.
Time horizon and resolution | baseline: 2000; 2020, 2050, 2080

Spatial coverage and | Europe

resolution

Domains mainly consider ed

land use change based on economy (GDP),
development, citizen participation, governmentalighes, tourism,
rural development, spatial planning

Main actors

global government

comments

Scenario name

ATEAM B2

Description

Low economic growth, great concern about envirortmaecrease ir
tourism, increase in eco-recreation, strong redigagernments

Correspondence with other
scenarios

SRES B2

Type of scenario explorative
Palicies specified local policies for nature conservation
Purpose Main objective is to assess the vulnerability ofrfaun sectors relying

on ecosystem services with respect to global change

Authorizing environment

ATEAM is a consortium consisting of 18 scientifitstitutes

Stakeholders involved in the

Scenarios were developed in intensive cooperatitinstakeholders

development primarily ecosystem managers and policy advisors.
Time horizon and resolution | baseline: 2000; 2020, 2050, 2080

Spatial coverage and | Europe

resolution

Domains mainly consider ed

land use change based on economy (GDP),
development, citizen participation, governmentaligdes, tourism,
rural development, spatial planning

Main actors

regional government

comments
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1.5 Scenario summary with information relevant for TEEB

Scenario name type I nter national Width of Richness | Modelsthat
acknowledgement spectrum of detalil have been
of drivers including | used with
sectoral scenario
detail
IPCC-SRES explorativel  very high wide set gf Limited AlM,
guantitative IMAGE
indicators
MA explorative | high wide set of | High IMPACT,
guantitative IMAGE,
indicators WaterGAP,
EwE, SAR
GEO-4 explorative| high wide set of| High AlM,
guantitative IMAGE,
indicators PoleStar,
WaterGAP,
EcoOcean
(EwE)
GSG normative high, SRES, MA and narrative limited PoleStar
GEO-scenarios are
based on GSG
scenarios, however,
GSG scenarios are
normative instead of
explorative
OECD baseline trend with | high wide set of | High WaterGAP,
policy guantitative IMAGE,
options indicators GLOBIO
IAASTD baseline| trend with | moderate wide set of | High IMAGE,
policy guantitative IMPACT-
options indicators WATER,
GLOBIO,
EcoOcean
(EwE)
MIMES/GUMBO | explorative | limited wide set of| Moderate MIMES,
guantitative GUMBO
indicators
EURuralis explorative| Moderate (high within| moderate Moderate| GTAP,
with policy | Europe) IMAGE,
options CLUE
wWwv explorative | Limited to water moderate Moderate
management
community
WBCSD explorative | limited moderate Moderat
ATEAM explorative | moderate moderate Moderate
with policy
options
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1.6 Summary of modelswith respect to drivers, pressuresand impacts

D

1.6.1 Integrated Assessment Models
M odel name AIM GUMBO IFs IGSM IIASA IMAGE MIMES
natural drivers and | Climate changg climate climate Climate Climate change Climate change climate
environmental pressures | (as affected by change (as (as affected by (as affected by
emissions  and affected by| emissions and emissions  ang
policy) emissions and policy) policy)
policy)
human drivers and | energy demand Human demograph | capital, labour | demography, Demography, Human  population
pressures (land use| population, Y, economy, energy macro- knowledge and socig
change) knowledge and economic, demand ecomomy, institutions (rules ang
social agricultural, agricultural norms) drive the ratg
institutions energy, demand and of the material and
(rules and| socio- trade (from| energy flux.
norms) drive the political, GTAP)
rate  of the| internationa
material and| | political
energy flux.
policies scenario-inputs scenario inputs internatignscenario-inputy  scenario-inputs Policy decisi@atenario inputs
| politics support mode
FAIR, scenario
inputs
land use land use change11l biomes| not spatially| spatially spatially explicit | geographically | spatially explicit,
model included, globally explicit explicit explicit different types: forest
spatially explicit | aggregated modelling of | wetland, grass, urbar
(open ocean land use/cover | desert
coastal ocean
forests,
grasslands,
wetlands,
lakes/rivers,
deserts, tundra
ice/rock,

N,
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M odel name AIM GUMBO IFs IGSM IIASA IMAGE MIMES
croplands,
urban): areal
land use, not
spacially
explicit
biodiversity Vegetation Not available Not Not available Not available MSA viaNot available
distribution available GLOBIO
ecosystem function Water balance carbon,  water water and| carbon cyclel C, N cycle, LAI, | Soil formation,
and nutrient carbon (MAGICC, vegetation nutrient cycling
cycles, cycling, NPP | DIMA) distribution
decomposition
ecosystem services water supply,| soil formation,| Agricultural | agriculture, air| timber food production,| Food production
food and timben gas regulation| production, | pollution, seal production, forestry module,| production of raw,
production, climate including level, carbon| agricultural food| water materials, climats
greenhouse gasregulation, marine sequestration, | production, (forthcoming), | regulation, waste
emissions, aif nutrient cycling,| fishing and| human healthh renewable water Carbon flux,| assimilation ,
pollution, carbon| disturbance aquaculture| impacts,  air| resources carbon disturbance
sequestration, regulation, Human pollution, plantations, regulation, cultural
human health recreation and health, CQ | carbon stocks ocean carbon and recreational
(malaria culture, and| emissions model, water-
distribution), waste erosion
flood damage/sea assimilation, sensitivity, air
level rise water, harvested pollution
organic matter
mined ores, and
extracted fossi
fuel
economic value/lhuman | human health valuation: Human Health valuation:  marginal
well-being marginal health impacts, policy product of ecosysten
product of costs services in both the
ecosystem model’'s  production
services in both and welfare functions
the model's
production and

-

D
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M odel name AIM GUMBO IFs IGSM IIASA IMAGE MIMES
welfare
functions (food,
energy, GWP
and welfare pe
capita)
1.6.2 Economic models, scenario-building tools, IMPACT-WATER and CLUE
Model name PoleStar Threshold 21 GTAP ENV-Linkages IMPACT- CLUE
WATER
natural drivers and | resources, pollution Not available Not available im@te change water climate, land
environmental pressures (as affected by availability, soil| suitability for
emissions and conditions, crops, effects o
policy) climate past land use
impact of pests
weeds and
diseases
human drivers and | GDP and population socio-economic | production socio-economic | population population  size
pressures development, more factors, functions factors, policy| development, and density,
specified sSocioq resources, including capital,| instruments economy, technology level,
economic  drivers| technology labour and land (carbon taxes, technology political
pollution prices tradable emission development structure,
permits, economy
regulatory
policies)
policies policy options policy options policy options polioptions policy options Scenario inputs
land use yes spatially explicit | explicit different spatially explicit | spatially explicit] geographically
land use types river basin scale | explicit modeling
(land price and of land use/cover
suitability for
crops)
biodiversity Not available Not available Not available Not ashle Not available Not available
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Model name PoleStar Threshold 21 GTAP ENV-Linkages IMPACT- CLUE
WATER
ecosystem function Not available Not available Not available Not ashle N, P and $ Notavailable
balance, wate
cycle
ecosystem services water resources, rayagriculture, agricultural food| timber agricultural food| not available,
materials and consumption off production production production (crops except for land
agriculture, solid| natural resources and livestock), sused for,
waste management,(renewable and water supply agriculture,
environmental non-renewable), forestry and
loadings resource grazing
depletion  (e.g|
forests), soil
erosion, land
degradation,
greenhouse gas
emissions, aif
and water quality
(pollution)
economic value/lhuman | income distribution| GDP Percentage and
well-being and poverty number of
malnourished
preschool
children, Per-
capita calorie
availability from
Foods, prices
1.6.3 Biogeochemical models
M odel name PICUS LPImL CENTURY Agro-IBIS IBIS SAVANNA
Natural drivers | climate climate climate climate climate Climategefi
and environmental
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M odel name PICUS LPImL CENTURY Agro-IBIS IBIS SAVANNA
pressures
human driversand | forestry land use change land use land Uskand use land manageme
pressures management agricultural (stocking density
management fire)
practices
(fertilization,
irrigation)
policies Via management Not directly, via| Not directly, via| Not directly, via| Not possible Yes, via lan
input land use only land use only land use only management, SOCid
economic factors
land use spatially explicit | spatially explicit | not spatiallyspatially explicit | spatially explicit | spatially ekpit
explicit, detailed (fractional cover of
land management grid cells by different
options (new ones$ plant types)
can be defined)
biodiversity forest species Vegetation No included Vegetation Vegetation flora and fauna
composition composition composition composition abundance (fo
(diversity, (functional types) (functional types)| (functional types)| defined  functional
naturalness groups)
indicators)
ecosystem function | carbon CO, exchange, C, N, P, S and Water cycling,| NPP, LAI, | primary production,
sequestration, water  balance| water balance| energy balance, phenology, water plant competition for
soil moisture| annual NPP, decomposition carbon flux, N| cycle, energyl water, light and
(water cycling), balance, NPP} balance nutrients, herbivory
N cycling, NPP LAI, phenology predation,  nutrien
cycling
ecosystem services | timber Annual NPP, grass, tree angwater balance| NPP, water| livestock production
production crop production | crop  production, crop production | runoff water budget (runoff)
water supply
economic Costs and Not available Not available Not available Not aghble Costs and benefits
valuelhuman well- | benefits of management
being management practices
practices
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1.6.4 Hydrological models

M odel name

Water GAP

(E-) SWAT

WBM

natural drivers and
environmental pressures

Climate, including
climate change
disturbances (fire)

climate, topology

climate, topolog

human drivers and | Socio-economic Land demography
pressures factors (populatior] use/management
growth, GDP):| (pollution)
energy production
livestock numbers
area irrigated
population size
policies Via scenario input Via land use Not available
land use Geographically spatially explicit | spatially explicit
explicit modeling of
land use/cover
biodiversity no no no
ecosystem function water cycle (runoff,| water cycle water cycle
discharge)
ecosystem services Water supply water supply, water supply,

erision control

livestock
production

economic value/lhuman
well-being

Water scarcity

Not available

Not available
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1.6.5 Biodiversity models

Model name GLOBIO MIRABEL Biodiversity Species area | GARP-based EUROMOVE
intactnessindex | relationship species
(SAR) distribution
models
natural drivers and | climate change, N climate change}| none climate change climate change climate change
environmental pressures | deposition N deposition
human drivers and | land use change, Nland use change,land use habitat loss and\one (via| Land use
pressures deposition, N deposition, fragmentation greenhouse gans
infrastructure, infrastructure, (land use|l emissions)
fragmentation fragmentation change), N
deposition
policies Via IMAGE Via land use,| Vialand use Via land use Via climatevia climate
pollution change change and land
use
land use spacially explicit| EUNIS land use spatially explicit,| not spatially| spatially explicit | spatially explicit
(input variable) classification classification: explicit
from protected tq (aggregated  at
moderate use|, biogeographical
degraded, units)
cultivated, urban
and plantation
biodiversity MSA (mean species habitats at risk biodiversity number of| number of| number of
abundance (o] intactness index | species species, speciesspecies, species
original species) distribution distribution
ecosystem function Not available habitats at risk Not available Notidable Not available Not available
ecosystem services Not available Not available Not available Not aghle Not available Not available
economic valuehuman | Not available Not available Not available Not azhle Not available Not available

well-being
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1.6.6 Ocean models|

Model name ASSETS Atlantis Aus-Connle Cumulative  Threat | EWE, EcoSpace & | GEEM - General
Mode for the global | EcoOcean Equilibrium
ocean Ecosystem M odel
natural drivers and | Capacity of a system Biological, Sea level; Wind Vulnerability/sensitivity| Population dynamics Population dynamics;
environmental to flush/dilute | chemical, fields; Particle| of ecosystems Habitat  preferenceg;trophic interactions
pressures nutrient loads ecological and trajectories; Trophic interactions. | biomass fluxes.
physical drivers| Geostrophic
related to the currents; Wind
ecosystem forced
components;
Ocean currents;
human drivers and | Input of Nitrogen| Fisheries Not applicable 17 differenfisheries Human impacts an
pressures and Phosphorous; anthropogenic  drivers the energy/biomass
Poor management of covering pelagic and flows within a food
watersheds. demersal,fishing, web, e.g. culling fish
climate change species through
pollution, transport, and fisheries or habitat
invasive species. modification.
policies Related policies are: Relating most] None specified None considered huRelating most closely Aim nof model is to
Clean Water Act of closely to fisheries this model could be to fisheries and influence more
1972 (US); Air| and environmental used to advise on @environmental effective policy-
Pollution Prevention protection policies. wide range of marine protection policies. making through
and Control Act of protection/use policies. providing a link
1977 (US); Coastal between the
Zone Management of ecosystem and its

1972 (US); Harmful
Algal Bloom and
Hypoxia
and Control Act of
1998 (US); EU
Water  Framework

Research

economic valuation.
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Model name ASSETS Atlantis Aus-Connle Cumulative  Threat | EWE, EcoSpace & | GEEM - General
Model for the global | EcoOcean Equilibrium
ocean Ecosystem M odel
Directive (EV);
Urban Wastewatey
Treatment Directive
(EVL); Nitrates
Directive (EV);
Shellfish  Directive
(EVL); Bivalve
Transport Directive
(EV); OSPAR
Convention;
HELCOM
Convention; and
Barcelona
Convention.
land use Land-based nutrient Not applicable Not applicable Land-based pollution Not applicable. Model can be used |to
run-off assess the impacts pf
land modification/use
on the energy
relationships in food
webs.
biodiversity Macroalgae, Dynamics of| Larvae (dispersal Implicit through the| Biodiversity impacts Impacts of human
diatoms, flagellates, functional groups and recruitment)] focus on ecosystems. | of fisheries,e.g. direct | interactions on the
pelagic and benthi¢ within a given food| other specieg loss of biodiversity| trophic dynamics of
alage, harmful algae| web (with Nitrogen| influenced by through Depeletion species  food-webs
as the common ocean currents Index. within an ecosystem
currency between connectivity — of with the view to
these groups) genetic resources. linking economic

valuation information|
to this.

ecosystem function

Loss of  SAvV;
Dissolved Oxygen

Fisheries
on

Nuisance and Toxi

function

impacts
ecosysten

and

5 Connectivity  of
ecosystems  inG
Larval and

Implication that
increased

threat index would lea

cumulative ecosystem

i e.g. Loss of functional

Fisheries impacts o
function

N Negative impacts of
, food webs can lead t

N

[®)

loss of functional

125



SCENARIOS AND MODELS - FINAL REPORT APPENDICES

Model name ASSETS Atlantis Aus-Connle Cumulative  Threat | EWE, EcoSpace & | GEEM - General
Model for the global | EcoOcean Equilibrium
ocean Ecosystem M odel
Algal Blooms; | structure. contaminant to loss of ecosystemgroups, disaggregationgroups, trophic
Eutrophication dispersal. function. of communities,| cascades, and |a
leading to dead change in community reduction of
zones, thus loss af controls (i.e. Bottomq ecosystem
ecosystem function. up/top-down). functionality in
general.
ecosystem services Negative impact on Unsustainable useConnectivity Approach provides & Unsustainable use afTrophic controls of]
water quality, thug of provisioning| affects larval| structured framework provisioning services| fisheries; carbon and
affecting services; Disruption recruitment  for| for quantifying the| Destruction of| nutrient cycling;
fisheries/aquaculturej; to trophic structure] fisheries; ecological tradeoffg supporting  habitats; ecosystem reactions
ecosystem  health; Loss of | increases geneticassociated with Loss of | to impacts including
and human uses. connectivity/genetiq diversity leading| different human uses gfconnectivity/genetic | loss of functionality
resources. to increased marine ecosystems andesources; leads to potential
redundancy and for identifying locations impact on ecosystem
higher ecosystem and strategies to services;
resilience and minimize ecological
functioning; impact and maintain
Dispersal of| sustainable use
contaminants and
understanding
their  potentially
negative effects
on ecosysten
services.
economic value/human | Negatively  impact Food security;] Understanding Model implies that] Bioaccumulation Negatively  impact
well-being fisheries/aquaculture; economic/fisheries | sustainability of| areas that are moreeffects; food security| fisheries; possiblg
revenue from| resource value of fisheries, highly impacted will| economic value of threats to food
recreation; Toxic| ecosystem  goodsunderstanding not be able to provide ecosystem goods arjdsecurity; negative
algal blooms can bgand services underdispersal of| the quality and range afservices undef impacts on
harmful to human different contaminants ecosystem services adifferent managementlivelihoods if
health. management possibly harmful less impacted areas.scenarios; ecosystem
scenarios. to marine| Reduced goods and functionaility/services|
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Model name ASSETS Atlantis Aus-Connle Cumulative  Threat | EWE, EcoSpace & | GEEM - General
Model for the global | EcoOcean Equilibrium
ocean Ecosystem M odel
resources and services will have a are lost potentially
humans thus general negative impagt impacting vulnerable
reducing on human health. coastal communities.
ecosystem

services, generd
understanding of
the sustaiability]
and connectivity

of ecosystem
services.
1.6.7 Ocean modd I1
Model name Impact of Climate | RamCo Reefs at Risk ERSEM 11 ICTHYOP
Change on Global | (Versons 1.0
Biodiversity and 2.0)
natural drivers and | Population Micro-scale Relative  slope| Carbon Biological: age
environmental pressures | dynamics; Speciesdrivers of Sed land cover class|, dynamics; (day), length
habitat preferences;Use  Functiong and precipitation nutrient (mm), stage (egg|
Oceanographic (seagrass angdare used for the dynamics; yolk-sac larva, of
variables (e.g| coral reefs); Land Inland pollution| trophodynamics; | feeding larva),
Bathymetry). Use functions| and erosion physical drivers location
(Mangrove; model. such as climate (longitude/latitude)
Nature/forest); Otherwise, and weather and depth (m), and
Land use features natural  drivers| when linked with| status (alive of
(Sea; Inland| such as diseasephysical models).| dead). Physical
water); and| and  bleaching current velocitieg
Macro-scale are not (m s-1),
drivers based considered. temperature (*C)
around water and and salinity. The
ecology. physical inputs are
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Model name Impact of Climate | RamCo Reefs at Risk ERSEM 11 ICTHYOP
Change on Global | (Versons 1.0
Biodiversity and 2.0)
archived from
oceanic
simulations of the
"Regional Oceanig
Modelling
System" (ROMS)
or the "Model for
Applications at
Regional  Scale'
(MARS).
human drivers and | Anthropogenic Micro-scale Coastal Not available Not available
pressures climate change functions of Land| development;
Use functions| Marine pollution;
(Agriculture; Overexploitation
Rice culture;| and Destructive
Shrimp  culture;| fishing;  Inland
Industry; Pollution and
Tourism; Urban| Erosion.
residential; Rural
residential); and
Land use features
(Airport;
Harbour; Beach)
and Macro-scalg
drivers baseg
around land use
and the economy|
policies Not specified,| Future policy| Outputs can be Production of| None specified
however, model choices under th¢ and have beenaccurate
outputs are relevantinfluence of| used to inform| scenarios by the
to fisheries policieg climate changes| policy  making| ERSEM can be

marine

and

and have bee

demographic

nused to

inform
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Model name Impact of Climate | RamCo Reefs at Risk ERSEM 11 ICTHYOP
Change on Global | (Versons 1.0
Biodiversity and 2.0)
protection  policie§ growth orf used to  set policy-makers on
(through changing regional and local decisions relating
identification of | economic priorities - such| to sectors such &
hotspots). demand can beas in Sabah fisheries
tested. where the Reefs management an
at Risk analysis climate change.
aided the
development of
legislation
restricting coasta
development
land use Not applicable Land Use Land cover type Not applicable Not applicable
functions and inland
(Agriculture; sources of
Rice culture;| pollution.
Shrimp  culture;
Industry;
Tourism; Urban
residential; Rural
residential;
Mangrove;
Nature/forest);
and Land use
features (Sea;
Inland water;
Airport; Harbour;
Beach).
biodiversity Current and future Impacts of| Coral reef| Lower  trophic| Larvae (dispersal
distributions of 1066 policies and| degradation ig levels of pelagig and recruitment)
commercial fish| future considered in and benthic| connectivity of
species are demographic and terms of major marine systems. | genetic resources.
modelled. socio-economic | changes in
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Model name Impact of Climate | RamCo Reefs at Risk ERSEM 11 ICTHYOP
Change on Global | (Versons 1.0
Biodiversity and 2.0)
change on coastalspecies
zone biodiversity, composition and
in particular,| relative  specieg
pollution impacts| abundance.
on rivers and the
coast, destruction
of habitats for
food production
increasing
erosion and
sedimentation.
ecosystem function Disassociation of Pollution and| Coral reef| Carbon and Connectivity  of
communities within| sedimentation degradation ig nutrient cycling;| ecosystems  ind|.
an ecosystem lead to species considered in lower Larval dispersal.
leading to functional die-offs and| terms of major| trophodynamic
loss or change. alteration of| change sto the influences
current productivity  of | regarding
ecosystem coral reef| bottom-up
function. communities. control.
Destruction  of
land-based
habitats
negatively effect
ecosystem
buffering
functionality,
increasing
flooding.
ecosystem services Impacts on fisheries$ Increased Considers Bottom-up Connectivity
(commercial and pressures on theimpacts on all| control of | affects larval
artisanal); Potential coastal zone will ecosystem fisheries; carbon recruitment for
services loss throughnegatively impact services provided and nutrient| fisheries; increase

130



SCENARIOS AND MODELS - FINAL REPORT APPENDICES

Model name Impact of Climate | RamCo Reefs at Risk ERSEM 11 ICTHYOP
Change on Global | (Versons 1.0
Biodiversity and 2.0)
teh diassociation of biodiversity and| by coral reefs. cycling; genetic  diversity|
functioning ecosystem ecosystem leading to
ecosystem function, thus reactions to| increased
communities. generally impacts and thus redundancy ang
degarding teh potential impact higher ecosysten
wide variety of to ecosystem resilience and
ecosystem services; functioning.
services provided Regulation of
by coastal zone marine bacteria
systems. and viruses.
economic value/lhuman | Negatively impact Polluted  water| Negatively Bottom-up Understanding
well-being fisheries economicg, has negative impact economig control of | sustainability  of
particularly the| impacts on| benefits of coral fisheries; Marine| fisheries; general
vulnerable  coastal human health| reefs (fisheries| bacteria and virus understanding o
communities that potential for risks| medicinal dynamics; the  sustaiability,
rely on small,| to food security if| products, Influence of| and connectivity of
artisanal fisheries coastal  system curio/jewellry, weather and ecosystem
functionality is| aquarium trade); climate on| services.
lost, increased oy Increase marine
modified flood | vulnerability of | ecosystem
patterns can coastal services (e.g
cause direct risks communities and Food security).
to coastal| habitats to natura

communities.

hazards; Reduc
food availability

impacted on
human health
Negatively

impact livelihood
associated  with
coral reefs;
negatively impact

D
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Model name Impact of Climate | RamCo Reefs at Risk ERSEM 11 ICTHYOP
Change on Global | (Versons 1.0
Biodiversity and 2.0)
spiritural,
cultural, and
aesthetic values
associated  with
coral reefs.
1.6.8 Regional models/asssessments
Model name ATEAM INVEST Naidoo et al., | Swallow et al., | Patuxent
2008 2009 landscape model
(PLM) Costanza
et al. 2002
natural drivers and | climate not yet (possiblg: none  (mappind None (mapping Climate
environmental pressures climate change) | only) only)
human drivers and | socioeconomic management none (mapping land use change land use
pressures factors and land use| practices, only, potentially:
infrastructure, land use)
governance
policies Via scenario inputs governance, examined: habitat Via land use| Via economics
stakeholder- conservation change
defined scenarios policies:
synergies  with
ecosystem
services
land use 14 land use types,spatially explicit | spatially explicit | spatially ekgit | spatially explicit,

spatially explicit

land use types
water, forest,
agricultural, rural
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Model name ATEAM INVEST Naidoo et al., | Swallow et al., | Patuxent
2008 2009 landscape model
(PLM) Costanza
et al. 2002
residential, urban
biodiversity yes (species richnessyes (Species yes (species Not available Not available
and turnover of richness (speciesdistribution for
plants, mammals|, area mammals, birds
birds, reptiles and realtionship), reptiles and
amphibians), shifts habitat area and amphibians)
in suitable habitats | quality)
ecosystem function Water and carbon carbon and water carbon and water Not available primary
cycling, soil fertility | cycling cycling production, soll

nutrient cycling

ecosystem services

food and
production,
and
regulation,
fertility, recreation

wat

timber

el

carbon
soil

water quality,
supply and
regulation, timber
and food
production,
carbon stocks an
sequestration,
recreation,
species richness

carbon
sequestration an
storage, wate
supply, livestock
production

Food and water

erosion
water

d supply,
[ control,
quality

water supply,
aesthetic  value
(house prices)

economic value/lhuman

well-being

Not available

economic
valuation
ecosystem
services
hectare

of

(pet
marke

values)

Not available

t

Not available

aesthetic  val

(house prices)
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2 APPENDICES OF CHAPTER 3: OVERVIEW OF RESULTS FROM MODELS FOR THE LOSS OF BIODIVERSITY AND

ECOSYSTEMSAND THEIR SERVICES

2.1 List of relevant projections and model results madein the assessment

Biodiversity / ecosystem Details
service Assessment Scenarios Indicator M odel examined?
OECD
Environmental Mean Species
Terrestrial biodiversity Outlook to 2030 1 Abundance IMAGE Yes
Terrestrial Biodiversity GEO 4 4 Forest cover IMAGE Yes
Terrestrial biodiversity MA 4 Forest cover IMAGE22. Yes
Global loss of
Terrestrial biodiversity MA 4 vascular plant species IMAGE 2.2 Yes
Mean Species
Terrestrial biodiversity GEO 4 1 Abundance GLOBIO Yes
Mean Species IMAGE GLOBIO
Terrestrial biodiversity CBD 2006 7 Abundance 2 Yes
Global loss of
vascular plant species
through nitrogen
Terrestrial Biodiversity MA 4 deposition IMAGE 2.2 No
Global loss of
vascular plant species
Terrestrial biodiversity MA 4 through habitat loss IMAGE 2.2 No
Food availability IAASTD 1| kilocalories/day IRPRVIPACT Yes
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Biodiversity / ecosystem Details

service Assessment Scenarios Indicator M odel examined?

Food availability GEO 4 4 kilocalories/day IMAGE Ye
Cereal yield

Food production MA 4 (megatonnes/year) IMPACT Yes

Food production IAASTD 2 Fish landings ECO-OCEAN sYe

Food production IAASTD 1 cereal yield IFPRI IMPACT | Yes
Biomass Diversity Ecopath with

Marine biodiversity MA 4| Index Ecosim Yes
Change in total
biomass of select fish

Marine biodiversity GEO 4 4 groups EwE Yes

Ecosystem based
global fishing MTI (Marine Trophic

Marine biodiversity policy scenarios 4 Index) EcoOcean Yes

Marine: Biomass Diversity Biomass Diversity

Index IAASTD 2| Index EcoOcean Yes
Mean Species

Terrestrial biodiversity Ag Assessment RAbundance GLoBio3 Yes

Erosion control MA 4| million km2 IMAGE 2.2 Yes

Erosion control GEO 4 4 million km2 IMAGE No

Food production MEA 4 fish landings Ecopath/Ecosim| No
cereal yield

Food production GEO 4 1 (tonnes/ha) IMAGE No
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Biodiversity / ecosystem Details
service Assessment Scenarios Indicator M odel examined?
Total landings from
marine fisheries EcoPath with
Food production GEO 4 4 (billion tonnes) EcoSim No
Ecosystem based Total landings from
global fishing marine fisheries
Food production policy scenarios (billion tonnes) EcoOcean No
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2.2 Projections of biodiversity and ecosystems services under different assessment scenarios.
All projections from 2000 to 2050 unless stated

Biodiversity /
Scenario ecosystem service M odel Proj ections Pressures and trends
Infrastructure, increasing climate change, agricelt
Terrestrial Mean IMAGE Global losses of 7.5%. Sub-Saharan Africa, increasing climate change development and settlemen
Baseline Species Abundance | GLOBIO 3 Europe show declines of greater than 11%. also become increasingly important.
Full trade Shift of agricultural production to Southern Afriaad
liberalisation in Terrestrial Mean IMAGE Latin America. Agricultural areas no longer reqdiie
agriculture Species Abundance | GLOBIO 3 Global losses of 8.8%; 1.3% below the base developed countries potentially restored for biedsity.
Increased food consumption in Africa, produced
Alleviation of Global losses of 9.2%; 1.7% below the baseling. predominately in the region. Potential long tereméfits
S | extreme poverty in Terrestrial Mean IMAGE Reduces by 5.7% from the baseline in Sub- from reductions in demographic pressure and ecanon
8 | Sub-Saharan Africa | Species Abundance | GLOBIO 3 Saharan Africa. improvements.
>
g, Biodiversity gain (+1%) from avoiding climate chang
‘% | Climate Change Terrestrial Mean IMAGE and reduced nitrogen deposition. Loss (-2%) from
.g mitigation policy Species Abundance | GLOBIO 3 Global losses 8.5%; 1% below the baseline. additional land use for biofuels.
©
-QC—D’ Initial biodiversity loss through landuse. Latexduced
< | Sustainable wood Terrestrial Mean IMAGE climate change and pressure on natural forestsi Sem
8 | production Species Abundance | GLOBIO 3 Global loss of 7.4%; +0.1% above the hasel natural forests previously exploited left to recove
o
ol Increase in the cost of meat means lower demandeaad
@ | Sustainable meat Terrestrial Mean IMAGE area being needed for agriculture and lower nitnoge
© production Species Abundance | GLOBIO 3 Global loss of 7.2%. +0.3% above the basel deposition.
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Biodiversity /
Scenario ecosystem service M odel Proj ections Pressures and trends
Doubling terrestrial Nitrogen deposition, fragmentation and climate dsan
biomes under Terrestrial Mean IMAGE Global loss of 6.4%. +1.1% above baseline. Latjnand increased pressure on adjacent land. Pardgtds/
protection Species Abundance | GLOBIO 3 America and Africa see smallest improvements, reduced land conversion and greater connectivity.
8
g | OECD baseline Terrestrial: Mean IMAGE Global loss of 11%. Deterioration faster than 20tHnfrastructure, climate change, expansion of adical
o [ scenario Species Abundance | GLOBIO 3 century. land.
§ Infrastructure becomes an increasing source ofpres
= on MSA between now and 2050, from -6% to -11%.
9 Climate change also becomes more significant. The
& | OECD policy Terrestrial: Mean IMAGE Global loss of 11%. Deterioration faster than 20thexpansion of crops and pasture accounts for thgebig
é package Species Abundance | GLOBIO 3 century. loss of MSA.
c
= Terrestrial: Mean IMAGE Global loss of 10%. Biggest improvement from | Infrastructure, climate change, woody fuel, crapettly
2 | OECD 450ppm Species Abundance | GLOBIO 3 baseline. offset by reduced impacts of climate change.
L
®
w | OECD global policy | Terrestrial: Mean IMAGE Global loss of 11%.Deterioration faster than 20th
O | package Species Abundance | GLOBIO 3 century. Infrastructure, climate change, crops.
a)
&0
ji( Terrestrial: Mean Global loss of 10%. The rate of loss is faster than
— | Baseline Species Abundance GLoBio3 between 1970 - 2000. Infrastructure, climate chagkagricultural expansior).
; Infrastructure to access natural resources, cliclkaage.
w Terrestrial: Mean IMAGE Global loss of 12%. 16% and 15% loss in Africa] Agriculture exerts negative pressure in Africa aatin
O | Marketsfirst Species Abundance | GLOBIO 3 and Latin American & the Caribbean respectivelyAmerica & the Caribbean. Positive impact elsewhere.
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Biodiversity /
Scenario ecosystem service M odel Proj ections Pressures and trends
Terrestrial: Mean IMAGE Global loss of 7%. 10% and 8% loss in Africa andClimate change, agriculture expansion. Protectedsar
Policy first Species Abundance | GLOBIO 3 Latin American & the Caribbean respectively. | protect some of the most endangered species.
Terrestrial: Mean IMAGE Global loss of 10%. 16% and 12% loss in Africa] Infrastructure and climate change, exacerbateaige!
Security first Species Abundance | GLOBIO 3 and Latin American & the Caribbean respective|lypopulation growth and increased conflict.
Climate change and expanded demand of agricultural
Terrestrial: Mean IMAGE Global loss of 7.5%. 10.5% and 9% loss in Africaland for biofuels. Protected areas protect sonthef
Sustainability first Species Abundance | GLOBIO 3 and Latin American & the Caribbean respectivelymost endangered species.
Global forest cover projected to reduce from circa
45 million knfin the year 2000 to circa 40 million
km?by 2050. N. America and Europe projected toLoss of forest cover is not as pronounced as uthger
see a slight growth in forest cover whereas AfrigaRolicy First and Sustainability First scenariossithe
IMAGE Latin America and the Caribbean are all projectedhcreasing demand for land is partly compensated by
Marketsfirst Forest cover GLOBIO 3 to have a decrease. developments in technology under this scenario.
Global forest cover projected to reduce from cir¢cd?opulation growth, strong targets for mitigating th
45 million kn in the year 2000 to circa 35 million effects of GHG emissions under this scenario léads
IMAGE km? by 2050. Africa is projected to lose nearly thedded pressure to increase the area of land used fo
Policy first Forest cover GLOBIO 3 entirety of its forest cover. biofuel crop production.
Global forest cover projected to reduce to circa #2
million km?by 2050 (from 45 million krfin Under this scenario, low economic growth means
2000). From 2030, an increase in forest cover is agricultural land expansion is smallest out otlad
projected in Asia and the Pacific, Europe and N| scenarios. In Latin America and the Caribbean where
America. In Latin America and the Caribbean | forest is a key natural resource, key forest aaeakept
IMAGE forest cover is projected to stabilise at circa 8 | well protected due to the interests of the elitthia
Security first Forest cover GLOBIO 3 million km?between 2020 and 2050. region.
Strong targets for mitigating the effects of GHG
Global forest cover projected to decrease by circ@&missions under this scenario, added pressuretease
7 million kn? (from the year 2000) to circa 38 the area of land used for biofuel crop production.
; million km? in 2050. Slight increase in forest covetmprovements in technology made under this scenarig
L IMAGE in Latin America and the Caribbean projected | counterbalanced by an increased concern for food
O | qudtai nability first Forest cover GLOBIO 3 between 2030 and 2050. availability. In Latin America and the Caribbean,
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Biodiversity /
Scenario ecosystem service M odel Proj ections Pressures and trends
mechanisms put in place in order to rehabilitatectéd
forest ecosystems.
Rate of loss of "original forest"* unchanged. Rapid income growth and preference for meat. Partly
Cover increases in Industrial regions and declingsffset by increased crop yields due to technoldgica
Global Orchestration | Forest cover IMAGE 2.2 | in Developing regions innovation. Circa 50% of Sub-Saharan forest disappe
Rate of loss of "original forest™ globally incress| Increasing population and slow improvements in crop
from 0.4% to 0.6%. Significant reductions in yield in low-income countries. Two thirds of Cemtra
Order from Srength Forest cover IMAGE 2.2 | Developing regions. African forest in 1995 gone.
Locally successful experiments mitigate expansion o
Rate of loss of "original forest"* unchanged. agricultural land after 2040. Lowest deforestatiates in
Cover increases in Industrial regions and declingéfrica but virtual depletion of forest areas in Hosia
Adapting Mosaic Forest cover IMAGE 2.2 | in Developing regions by 2100 due to low crop yields.

Net increase in forest cover. Rate of loss of Assumed lower meat consumption reducing pasturela
< "original forest"* slightly below current rate. Partly offset by increase in crops and land fofumts to
= | Techno Garden Forest cover IMAGE 2.2 | Significant depletion in Africa and Southeast Asjacombat climate change.

Climate change main driver on savanna and cool
Global loss of conifers. Agricultural expansion, particularly in
vascular plant temperate, tropical and warm mixed forests. N digipos
Global Orchestration | species IMAGE 2.2 16.5% loss between 1970 and 2050. important driver on temperate deciduous forest.
Global loss of
vascular plant Climate change, agricultural expansion, N depasitio
Order from Srength | species IMAGE 2.2 18.5% loss between 1970 and 2050. Expanding population and slow crop yields main eiriv
Global loss of Climate change, agricultural expansion. Slower
< vascular plant development rates in developing countries slowigg t
= Adapting Mosaic species IMAGE 2.2 15% loss between 1970 and 2050. increases in food demand.
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Biodiversity /
Scenario ecosystem service M odel Proj ections Pressures and trends
Global loss of
vascular plant Agricultural expansion, climate change. Higher gsel
Techno Garden species IMAGE 2.2 13.5% loss between 1970 and 2050. and stabilising population reduce land expansiquaich
Food availability IMAGE Large increases in all regions. Consistent gaps
Marketsfirst (kilocalories/day) GLOBIO 3 between rich and poor. Increased demand, greatestiments in technology.
Food availability IMAGE Large increases in all regions. Consistent gaps | Increased demand, greater investments in technology
Policy first (kilocalories/day) GLOBIO 3 between rich and poor. environmental stewardship.
Food production barely keeps up with population
Food availability IMAGE increase after 2020 and there is a small decline
Security first (kilocalories/day) GLOBIO 3 after 2040. Growing population, lack of investment in techngtog
<
8 Food availability IMAGE Largest increases in all regions. Significant Lower overall population growth, reduced land
O | qudtai nability first (kilocalories/day) GLOBIO 3 reduction in gap between rich and poor countrigsdegradation, regional integration.
Slow improvement. Lowest in Sub-Saharan Africa
and South Asia at circa 2, 7400 compared to over
Food availability IFPRI 3,000 elsewhere. Child malnutrition grows 11% |ifincreasing food prices, inability of poor countrtes
Reference scenario (kilocalories/day) IMPACT Sub-Saharan Africa. increase production to match population growth.
a Grows at a slower annual rate than 1980-2000 of
i 1.96% to 1.02%. Latin America and Caribbean and
:E( Food production IFPRI Sub-Saharan Africa grow 1.61% and 1.68% Moderate technological investment. Slowed by insirea
— | Reference scenario (cereal yield) IMPACT respectively. water scarcity, drought from climate change.
< Food production World output increases 72% , almost four-fold in Large investments in agricultural research and sripy
= | Global Orchestration (cereal yield) IMPACT Sub-Saharan Africa. infrastructure. Land under irrigation increasesdigp
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Biodiversity /
Scenario ecosystem service M odel Proj ections Pressures and trends
Significant crop area expansion as investments
Food production insufficient to match demand. Subsidies and barier
Order from Srength | (cereal yield) IMPACT World output increases 55%. increase cost of procuring food, particularly floe poor.
Food produced locally on expanded crop areas
Food production insufficient for demand. Results in pressures aufo
Adapting Mosaic (cereal yield) IMPACT World output increases 53%. prices and increase in demand for imports.
Substantial improvements in crop yields and loweatn
Food production consumption diet reducing demand for crop area
Techno Garden (cereal yield) IMPACT World output increases 57%. expansion. Medium population growth.

Change in total
biomass of select fisl

n Ecopath with

Large demersals decrease by circa 6% and larg

elncrease in global income and improved technology.

Global Orchestration

Diversity Index

Ecosim

Marketsfirst groups Ecosim pelagics decrease by circa 14%. Increased fishing effort.
Change in total
biomass of select fish Ecopath with | Large demersals increase to circa 8% while large
Policy first groups Ecosim pelagics decrease by circa 7%. Increased fishiiogtef
Change in total
biomass of select fish Ecopath with | Large demersals increase by circa 4% while large
Security first groups Ecosim pelagics decrease by circa 11%. Large projectedlptipn
; Change in total
L biomass of select fislh Ecopath with | Large demersals increase to 30% while large | Attempt to fish lower on the food chain, shiftinigis and
O | qudtai nability first groups Ecosim pelagics decrease by circa 8%. smaller increases in population.
Gulf of Thailand responds well to ecosystem
rebuilding, but drops dramatically when focus
changes to provide fishmeal for aquaculti@ay
<§( Marine: Biomass Ecopath with | of Benguella responds to ecosystem recovery aftddecline in fisheries addressed once economic irapo#

2030.Central North Pacific is not much affected| becomes apparent. High global coordination a p@siti
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Biodiversity /
Scenario ecosystem service M odel Proj ections Pressures and trends
Risk of fisheries collapse high worldwidgulf of
Thailand decreases consistentBay of
Benguella initially does well as focus on jobs
Marine: Biomass Ecopath with | results in ecosystem managemé&entral North
Order from Srength | Diversity Index Ecosim Pacific loses biomass diversity. Unchecked exploitatioe lack of co-ordination.
Gulf of Thailand decreases consistentBay of
Benguella increased due to management policy to
maintain jobsCentral North Pacific increases
Marine: Biomass Ecopath with | slightly in response to protection but decreases |innformed local management does well but is hampbye
Adapting Mosaic Diversity Index Ecosim 2030 when focus returns to high-value fisheries| lack of co-ordination at the global level.

Marine: Biomass

Ecopath with

Gulf of Thailand responds very well to ecosyste
rebuilding, but drops dramatically when focus
changes to provide fishmeal for aquacultiday
of Benguella drops initially but increases after
2030 when managed to provide fishmeal due to
favourable mix of species prese@entral North
Pacific decreases as technology improves catch

m

the

Decline in fisheries is addressed through enviramale

o | Techno Garden Diversity Index Ecosim rate. Not affected by development of aquaculturetechnologies and rapid development of aquaculture.

e

= ©

=

Q2 O

o w

D >

3 % As most large bodied demersal fish already overstqa

2o General decrease in Marine Trophic Index in allj in 2003, landings were increased by augmenting

2 MTI (Marine oceans studied. Increased landings usually at loveercondary demersal fish groups and invertebratgs (e

g Markets first Trophic Index) EcoOcean trophic levels. lobster, crab, shrimp).

%)

@ As most large bodied demersal fish already ovemstqu

3 General decrease in Marine Trophic Index in all| in 2003, landings were increased by augmenting

L MTI (Marine oceans studied. Increased landings usually at loveercondary demersal fish groups and invertebratgs (e
Policy first Trophic Index) EcoOcean trophic levels. lobster, crab, shrimp).
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Biodiversity /
Scenario ecosystem service M odel Proj ections Pressures and trends
As most large bodied demersal fish already overstqa
General decrease in Marine Trophic Index in allj in 2003, landings were increased by augmenting
MTI (Marine oceans studied. Increased landings usually at loveercondary demersal fish groups and invertebratgs (e
Security first Trophic Index) EcoOcean trophic levels. lobster, crab, shrimp).
Least increase in landings. Slightly higher MTl|in
most oceans studied than the other scenarios but a
general decrease still projected in all ocep’s most large bodied demersal fish already ovemtqul
studied. Increased landings usually at lowén 2003, landings were increased by augmen
MTI (Marine trophic levels. In some areas under this scenafisecondary demersal fish groups and invertebrates
Sustainability first Trophic Index) EcoOcean decreased demersal fleet effort is projected. lobster, crab, shrimp).

Kl
(

Marine Trophic

Ecopath with

Marketsfirst Index of catch Ecosim General decrease in MTI Increased fishifytednd improved technology
Marine Trophic Ecopath with

Policy first Index of catch Ecosim General decrease in MTI
Marine Trophic Ecopath with | General decrease in MTI. Highest MTI of catch ps

Security first Index of catch Ecosim effort is maintained on more valuable species. Lrovedches but efforts maintain on higher value.fisl

Attempt to fish lower on the food chain to mainta

A

<

8 Marine Trophic Ecopath with marine ecosystems. Lower overall catch increasestal

o | Sustainability first Index of catch Ecosim Biggest decrease in MTI smaller population increases and changing diets.
Atlantic Ocean: decreased trophic level of catches

E by 2-2.5%. Pacific Ocean: Unchangedlndian Value of landings optimised with fishing effort the

2 Marine Trophic Ocean: UnchangedM editerranean: 3% decline. | driver, until 2010, after which only small peladjieet

< | Reference Scenario | Index of catch EcoOcean All between 2003-2048. allowed to change.
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Biodiversity /
Scenario ecosystem service M odel Proj ections Pressures and trends
2% increase in pelagic fishing effort per year a2@10.
Atlantic Ocean: decreased trophic level of catcheSustainability of Indian Ocean & Mediterranean
of 2-2.5%. Pacific Ocean: declines 1.3%lndian | uncertain due to constant fall in trophic levellaftic
Increase in  small Marine Trophic Ocean: Consistent declinéV editerranean: observes declines in large demersal and benthajipela
pelagic fleet Index of catch EcoOcean consistent decline. Abetween 2003-2048. fish.
Atlantic Ocean: decrease 5.4%acific Ocean:
declines 5%l ndian Ocean: initial decline, Value of landings optimised with fishing effort the
Food Production eventual 1% increas®l editerranean: 7% driver, until 2010, after which only small peladiieet
Reference Scenario | (fish landings) EcoOcean increase. All between 2003-2048. allowed to change.
Atlantic Ocean: increase 7%Pacific Ocean:
large increasdndian Ocean: less than 5%
Increase in  small Food Production increaseM editerranean: 50% increase, then 2% increase in pelagic fishing effort per year a2@10.
pelagic fleet (fish landings) EcoOcean level. All between 2003-2048. Increases in small pelagic.
Significant increasing pressure, global area df spi
Global Orchestration | Water induced Soil with high water erosion risk increases from circa Large pressure as a result of precipitation in&easd to
Erosion IMAGE 2.2 22 Mknfin 2000 to circa 28 Mk#Ain 2050. a lesser extent from land use change.
Significant increasing pressure, most of all the
scenarios. Approximately 50% increase in the
global area of soil with high water erosion risk by Large pressure as a result of land use changé&tser
Water induced Soil 2100 (from circa 22 Mkrin 2000 to 32 Mkrhin | extent from increased precipitation and agricultura
Order from Srength | Erosion IMAGE 2.2 2050 and 40 Mkrhin 2100). practices.
Pressure due to increased precipitation and laad us
Agricultural practices have a positive impact owing
Significant increasing pressure, global area df spiocalised objectives to prevent soil erosion whstdws
Water induced Soil with high water erosion risk increases from circa the degradation of active agricultural land and
Adapting Mosaic Erosion IMAGE 2.2 22 Mknfin 2000 to circa 28 Mk#in 2050. significantly restores previously degraded land.
Significant increasing pressure but less than other
scenarios. Global area of soil with high water
erosion risk increases from circa 22 Mkm2000 | Pressure due to increased precipitation and laad us
< Water induced Soil to circa 28 Mknin 2050 and increases to circa 31Agricultural practices have a positive impact sittoey
= | Techno-Garden Erosion IMAGE 2.2 Mkm? by 2100 (lowest of all scenarios). are more ecologically proactive.
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NOTES
All projections from 2000 to 2050 unless stated
* "Original forests" here means forests that werespnt in 1970 and have not changed their attsbilmeugh agricultural expansion, timber

production or climate change. Historic rate refersgate between 1970 - 2000 rate.
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2.3 Themost important assumptions and examples of different categories of scenarios used in the assessments

Population | Overall GDP Energy Use | Agricultural Primary Environmental Trade Technology
Increase production & Goals protection development
consumption
OECD 9.1 bnin Annual global 280 EJ to 470| Consumption Not defined Both reactive and Weak Average
Baseline 2050 (40% | GDP increase of | between 2000| increases 50% proactive globalisation
increase); 2.8%. and 2030. globally by 2030;
70% in
8.2 bnin Overall world developing
2030 (27% | GDP increases countries. stable
increase) 87%:; India and in OECD
China increase countries.
over 300%. (2005
- 2030)
IAASTD 8.2bnin Developed regiong 280 EJ (year | Number of Not defined Both reactive and Current
Baseline 2050 will see relatively | 2000) malnourished proactive trade
low and stable to | increases to | children will conditions
declining growth | 500 EJ by decline from150 continue to
rates between 1 | 2030 and to | million (2000) to 2050 — no
and 4% per year | over 700 EJ in 130 million in trade
out to 2050. 2050. Biggest| 2025 and to 100 liberalisation
= rises in million in 2050. or reduction
7 East and SE Asia | developing in sectoral
3 growth rate of countries; but| Total area of protection.
@ between 4-7% per| higher energy| agricultural land
7 year to 2050. consumption | worldwide
_Gg’ LAC region 3.5- | per capita in | increased by 10%
2 4.5% growth per | developed in 2050.
o year to 2050 countries.
= | GEO4 9.2 bn by Approximately Increases Maximum Reactive Significant | Rapid
Q _| MarketsFirst | 2050 500% increase in | from 400 EJ economic increase in
5 8 global GDP by in 2000 to growth global trade
O .8 2050. over 1000EJ (from
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Population | Overall GDP Energy Use | Agricultural Primary Environmental Trade Technology
Increase production & Goals protection development
consumption
in 2050 approx 10
trillion US$
in 2000 to
approx 75
trillion US$
in 2050)
MEA-MA 7.2 bn by Annual growth Increases Globally Reactive Trade Rapid
Global 2020 rates of GDP per | from 400 EJ connected liberalisation
Orchestration | increasing to, capita (% per year) in 2000 to society with a
8.1 bnin is 3% between 1200 EJ by focus on
2050. 2020 and 2050 and 2050 global trade
Population | 2.3% between and economic
projected to | 2050 and 2100. liberalisation
be 6.8 bnin
2100.
GEO 4Policy | 8.6 bn by Approximately 400 EJ in Centralised | Both reactive and| Increase in | Rapid
First 2050 500% increase in | 2000 to 600- approach in | proactive global trade
global GDP by 700 EJin order to (from
%) 2050 2030 and balance strong approx 10
2 around 800- economic trillion US$
S 900 EJ in growth with in 2000 to
E 2050 reduced approx 60
g potential trilion US$
N environmental in 2050)
‘o and social
x impacts
GEO 4 9.7 bn by Nearly 300% 400 EJ in Security Reactive Trade Slow
S | Security First | 2050 increase in global | 2000 to 600- increases
= GDP by 2050 700 EJin from approx
g- g 2030 and 10 trillion
o g around 800- US$ in 2000
oo 900 EJ in to 20 trillion
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Population | Overall GDP Energy Use | Agricultural Primary Environmental Trade Technology
Increase production & Goals protection development
consumption
2050 US$ in
2050, the
smallest
increase of
all four
GEO4
scenarios
MEA-MA 7.7 bn by Annual growth 400 EJ in Security and | Reactive Trade Overall
Order from 2020 rates of GDP per | 2000 to 800 protection, barriers, technological
Strength increasing to| capita (% per year) EJ in 2050 emphasis on regional development
9.5 bnin is 1.0% between regional markets is low
2050, 2020 and 2050 an markets (medium in
reaching 1.3% between industrial
10.5bnin 2050 and 2100. countries)
2100.
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3 APPENDICESFOR CHAPTER 4: ASSESSMENT OF IMPACT OF KEY ASSUMPTIONS

3.1 Terestrial Modes

(Score# indicates number of criteria (columns) for which the model does not provide information)

M odel Ecosystem Service Provision Biodiversity Economic Scale of Output Earlier Sco
name Value of applications | re
Output in
assessments
Provisioning | Supporting Cultural Regulating
services services services services

Integrated assessment

models

GUMBO | Harvested Soil formation| recreation, gas regualtion] x valuation: global, 11 biomes | X 2
organic matter] (decompositio | cultural (C flux), marginal globally aggregated,
water supply,| n), nutrient| (positively climate product of| not spatially explicit
mined  ores, (N) cycling related to total regulation ecosystem
and extracted biomass and (temperature), services in
fossil fuel density of social waste both the

network, assimilation, model’s
negatively disturbance production
related to| regulation and welfare
human (variation in functions
population size)| total biomass)

IMAGE Agricultural Soil fertility X Carbon flux,| MSA X Global (with detailsf SRES, MA,| 2
production, carbon through link for 24 world regiong GEO, OECD,
including plantations, with (energy, tradg IAASTD,
grass/fodder ocean carbon GLOBIO emissions) or or 0.5 EURURALI
production and model, water- x 0.5° grid (land| S
livestock/milk erosion cover, land use)
production, sensitivity, air
demand  for pollution, soil
wood moisture
products,
timber,
fuelwood
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M odel Ecosystem Service Provision Biodiversity Economic Scale of Output Earlier Sco
name Value of applications | re
Output in
assessments
Provisioning | Supporting Cultural Regulating
Services Services services services
MIMES Food Soil formation,| recreation, climate X valuation: global, 1° by 1° x 2
production, nutrient cultural regulation, marginal resolution
production of| cycling waste product of
raw materials assimilation ecosystem
disturbance services  in
regulation both the
model’s
production
and welfare
functions
AIM Water supply,| X X greenhouse Vegetation X Focused on Asianr SRES 3
food and gas emissions, distribution Pacific region, but
timber air  pollution, linked to a global
production carbon model representing 9
sequestration, regions; 8x 5°
human health
(malaria
distribution),
flood damage
IGSM Agricultural SOC X human health x GDP growth global, 16 region x 3
production impacts, seg with special studies
(can be level, air on Europear
separated intg pollution, countries, 0.5° tq
crops, carbon 4°hy5° grid,
livestock and emissions and depending or
forestry) stocks submodel for thg
biogeochemical part
IIASA timber X X carbon X X global, 0.5° grid SRES 4
production, sequestration
agricultural
food
production,
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M odel Ecosystem Service Provision Biodiversity Economic Scale of Output Earlier Sco
name Value of applications | re
Output in
assessments
Provisioning | Supporting Cultural Regulating
services services services services
renewable
water
resources
Ifs Agricultural X X Human health| x X Global (with details| x 5
production, COo2 for 182
including emissions regions/countries),
marine fishing not spatially explicit
and
aquaculture
Scenario building tools
PoleStar | water X X solid waste| x income X SRES 4
resources, rav management, distribution
materials and environmental and poverty
agriculture loadings
Threshol | agriculture, land X soil  erosion,| x X focussed on thq x 4
d21 consumption | degradation greenhouse national level,
of natural gas emissiong globally applicable
resources air and water
(renewable quality
and (pollution)
nonrenewable)
, resource
depletion (e.g
forests)
Economic models
ENV- timber X X X X X Global, aggregateq x 6
Linkages | production, in 34
agricultural countries/regions
production
(crops and
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M odel Ecosystem Service Provision Biodiversity Economic Scale of Output Earlier Sco
name Value of applications | re
Output in
assessments

Provisioning | Supporting Cultural Regulating

services services services services

livestock,

intensive and

extensive

production)

GTAP agricultural X X X X Country level, nof Used in| 5
food spatially explicit combination
production with IMAGE

in a number
of
assessments

Land-use models

CLUE None (but land x X X Land cover Europe (EU-27)| EURURALI | 4
used for diversity also case studies InS
agriculture, explicit a.0. Costa Rica|
grazing, Ecuador, Hondurag,
forestry) the Netherlands

China, Java
Phillippines,
Malaysia, Vietnam,
Kenya, USA,
1x1km, case studies
between 30m and
32km

Biogeochemical models

IBIS water runoff NPP, SOC, N x carbon Vegetation 0.5-4° X 3

balance balance, watef composition
regulation (functional
types)
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M odel Ecosystem Service Provision Biodiversity Economic Scale of Output Earlier Sco
name Value of applications | re
Output in
assessments
Provisioning | Supporting Cultural Regulating
services services services services
LPJImL runoff annual NPP X CO2 vegetation X global, 0.5° grid celld x 3
volumes, crop| exchange, cover
production water balance | (fraction of
different
plant
functional
types per grid
cell);
Vegetation
composition
SAVAN | livestock NPP, nutrient| X water balance | Species X regional, resolution x 3
A production, cycling distribution depending on inpu
grass and and data and studie
timber abundance ecosystem
production, (plants +
water supply animals);
(runoff, deep community
drainage) composition
Agro- water supply,| NPP, SOC, N x carbon flux, N| Vegetation X currently only runf x 3
IBIS crop balance leaching, composition for North America,
production water (functional global  application
regulation types) planned, 0.5° grid
PICUS timber nitrogen X carbon forest specieq x temperate forests, | X 3
production cycling in sequestration, | compaosition Europe, 100m?
forests soil moisture| (diversity, patches
(water naturalness
cycling) indicators)
CENTUR | grass, tree angdN, P and § x Water balance| x X any resolution | X 4
Y crop balance, SOC decomposition (depending on
production, , CO2 flux, input?)
water supply erosion
(stream
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M odel Ecosystem Service Provision Biodiversity Economic Scale of Output Earlier Sco
name Value of applications | re
Output in
assessments
Provisioning | Supporting Cultural Regulating
Services Services Services services
discharge)
IMPACT | Agricultural X X X X global: 115 regiong x 6
-WATER | food and countries
production intersected with 126
(crops and river basins (281
livestock) spatial units),
uncluding EU-15
and eastern Europe
Hydrological models
(E)- water supply | X X erosion control| x calculations are don| x 5
SWAT on the scale of sub
watersheds
WaterGA | water supply | X X X X global, country, rivef OECD, GEO,| 5
P basin, grid cells 0.5f MA, in
by 0.5° combination
with IMAGE,
IMPACT,
EcoSim and
AIM
WBM (+) | water supply,| x X soil water| x 0.5° by 0.5° gridf x 5
livestock content (30'grid)
production

Biodiversity models
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M odel Ecosystem Service Provision Biodiversity Economic Scale of Output Earlier Sco
name Value of applications | re
Output in
assessments
Provisioning | Supporting Cultural Regulating
services services services services
GLOBIO | FROM link| FROM  link | x FROM link | mean specie global, (0.5° by 0.5 OECD, GBO | 2
with IMAGE: | with IMAGE: with IMAGE: | abundance for climatic data,
Agricultural Soil fertility Carbon flux,| (MSA) 1km by 1km for land
production, carbon use data)
including plantations,
grass/fodder ocean carbor
production and model, water-
livestock/milk erosion
production, sensitivity, air
demand  for pollution, soil
wood moisture
products,
timber,
fuelwood
Bl X X X X biodiversity global, scale of x 6
intactness aggregation: 104 t
index 106 km2
EUROM | x X X X number  of Europe, 2500kmZg X 6
OVE species grid cells
MIRABE | X X X X habitats  af 28 Europear] x 6
L risk Not countries, 13
available ecological regions
SAR X X X X number  of global, calculated fo[ x 6
species; different
Vegetation biogeographical
composition/ units (biomes,
species ecoregions), no
distribution spatially explicit
GARP X X X X Vegetation X X 7
composition/
species
distribution
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M odel Ecosystem Service Provision Biodiversity Economic Scale of Output Earlier Sco
name Value of applications | re
Output in
assessments
Provisioning | Supporting Cultural Regulating
Services Services services services
Regional models/ Assessments
ATEAM | food soil  fertility | recreation, carbon storage statistical Europe 15 + Norway X 2
production, maintenance | sense of place, (LPJ model),| niche and Switzerland, 10
wood (soil  organic| beauty drought  and| modelling by 10' grid
production, carbon), flood
energy pollination prevention,
production, water quality
water supply
INVEST | drinking pollination recreation and flood species regional, resolution x 2
water, (contribution | tourism, cultural| mitigation, richness flexible; case study
irrigation to yield) and aethetig carbon (feeding and Willamette  Basin,
water, food values, real sequestration, | breeding Oregon, USA (30 nj
production, estate prices aserosion habitat x 30 m grid, for
timber indicator of | control, water| regquirement results: 500 ha units
production, valuation of| quality s of 37
non-timber nature terrestrial
forest products vertebrate
species,
dispersal
ability)
PLM, water supply,| soil nutrients land prices water quality | x Patuxent River x 3
Costanza | primary based on watershed,
et al 2002| production of surroundings Maryland, USA;
natural variable resolution
vegetation, maximum
plantations, resolution: 200 by
grasslands, 200m
agriculture
Naidoo et| grassland X X carbon mammal, global, maximumf X 4
al 2008 production of sequestration | bird, reptile, resolution 0.5°
livestock, and carbon and
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M odel Ecosystem Service Provision Biodiversity Economic Scale of Output Earlier Sco
name Value of applications | re
Output in
assessments
Provisioning | Supporting Cultural Regulating
Services services Services services
water supply storage amphibian
species
distribution
Swallow | food X X erosion X Lake Victory basin;| X 5
et al, | production, control, (flood multiple spatial
2009 (water supply) mitigation, scales, smallest: 5k
water quality) by 2.5km (arial
photograph), sub
basin, country

division, river basin
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3.2 MarineModels
(Score#indicates number of criteria (columns) for which the model does not provide information)

M odel Ecosystem Service Provision Economic Value | Scale of Output
name of Output
Provisioning Regulating Supporting Cultural
Services Services services services
ASSETS Estuarine Primary Recreation Negatively Estuarine/Watershed  lev
fisheries/aquac production, impact Currently, there are 15
lture; water nutrient fisheries/aquacul{ assessed estuarine system
quality cycling ure; revenue fron] ASSETS primarily based i
recreation; Toxic the U.S. But there are
algal blooms carnf number of internation
be harmful to| records. Resolution of outp
human health. is based the the bathyme
grid used, however the deta
are not specified in the pe
reviewed methodology.
Aus-Connie | Larval Ecosystem Nutrient Understanding | Australia; 0.5 degre
recruitment  to[ connectivity (inc.| cycling sustainability of| geographical grid; All
fisheries genetic and fisheries, statistics were based
nutrient  flows), dispersal ofl currents and trajectori
larval  dispersa contaminants computed at a fixed depth

and recruitment

159

possibly harmful

to marine
resources an
humans thus

reducing

ecosystem
services, generg
understanding o
the sustainability
and connectivity
of ecosysten

services.

Z = 20m, which was taken t|
be representative of surfa
waters where larv
concentrations tend to
highest.

Earlier

application in
assessments

Score
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M odel Ecosystem Service Provision Economic Value | Scale of Output
name of Output
Provisioning Regulating Supporting Cultural
services services Services Services
Cumulative | Impacts on| Impact ability of| Reduction in| Impacts on| Model implies| Global but can be applied
Threat fisheries/aquacy ecosystem tq nutrient recreation, that areas that arethe local- and regional-scal
Model for | Iture; abiility of [ provide cycling ability | aesthetic more highly| 1km2 resolution grid.
the global| ecosystems to regulating (e.g. through| values and impacted will not
ocean provide  non-| services dead experience, be able to
living resources] generally. zones/pollutio | spiritual provide the
n); Impacts on enrichment quality and rangs
habitats and etc. of ecosysten
their services. services as less
impacted
areas.Reduced
goods and
services will have
a general
negative impac
on human health,
EwWE, Fisheries (inc| Biomass and Population Economic Bioaccumulation | Multi-scale, ecosysten
EcoSpace & their ecosystem fluxes dynamics valuation  of| effects; food| models. Ecospace is the or
EcoVval effects). (Top-down vs.| resources security; component that provide
Bottom-up (Ecoval). economic valug spatial representation an
controls) of ecosysten| uses user-defined grid cells.
goods and
services  undef
different
management
scenarios;

Earlier
in

application
assessments

n Millennium
[fEcosystem
sAssessment
dscenarios
the GEO-3 andg
-4 projections.

and
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Model
name

Ecosystem Service Provision

Provisioning
Services

Regulating
Services

Supporting
services

GEEM

Biomass
fluxes

Fisheries  (inc.
their ecosysten
effects).

Impact  of
Climate

Change on
Global

Biodiversity

Fisheries
(commercial
and artisanal).

and

Population
dynamics
(trophic
controls);
biological
maintenance
of resilience;
changes t
ecosystem
community

ecosystem
services;
Changes tg
ecosystem
community
structure may
impact on
other
ecosystem
services.

Cultural
services

Artisanal
fishing
practices

Economic Value
of Output

Scale of Output

Negatively
impact fisheries
possible threats
to food security;
negative impactg
on livelihoods if
ecosystem
functionaility/ser
vices are lost
potentially
impacting
vulnerable
coastal
communities.

Multi-scale, ecosystem mod
based around food web
5 Resolution measures are
applicable as spati
representation of outputs
not available.

Negatively
impact fisherieg
economics,
particularly
vulnerable
coastal

communities tha
rely on small,

the

Global; 30" X 30" grid cel
size. Can be scaled to lo
and regional levels.

artisanal fisherieg
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application
assessments
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M odel Ecosystem Service Provision Economic Value | Scale of Output
name of Output
Provisioning Regulating Supporting Cultural
Services Services services services
RamCo Food security of Ability of coastal| Supporting Ability of | Polluted waterf RAMCO can handle cellul
coastal systemg zone to providg services coastal zone tq has negativg models with dimensions up
Water regulating related to| provide impacts on| 500 by 500 cells. Useful o
provisioning/wa | services coastal zoneq cultural and| human health] grids which resolution varie
ter quality; | generally. generally, e.g| spiritual potential for risks| from 50 to 500 meter
commercial Primary services to food security iff RamCo can to deal wit
products production, generally. coastal  system spatial dynamics at differe
provided by nutrient functionality is| levels & will generally hav
coastal zones. cycling, lost, increased of two  coupled component
maintenance modified flood| one for macro-level, lon
of habitats, patterns carjrange and large sca
population cause direct risk$ processes and a second

dynamics etc.

to coastal
communities.

for processes operating on t
micro-level, short range an
micro-scale. Sub-models wi
in general operate at o
level, but may exchang
information with sub-model
at the other level.
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application
assessments

in

Score
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M odel Ecosystem Service Provision Economic Value | Scale of Output

name of Output
Provisioning Regulating Supporting Cultural
Services Services services services

Reefs at| Coral reef| Nitrogen Mantainence | Recreational | Negatively

Risk fisheries; Raw| fixation; CO2/Ca| of habitats;| Value; impact economid
materials  fro| budget control maintenance | ecotourism; benefits of cora
medicines; Waste of biodiversity | sustaining reefs (fisheries
Other raw| assimilation. and  genetid livelihoods of| medicinal
materials library; local products,
(seaweed an( biological communities; | curio/jewellry,
algae for agar maintenance | aesthetic aquarium trade)

manure  etc.)
Curio and
jewellry;  Live

fish and coral
collected for
aquarium trade.

of resilience;
mobile  links
between
ecosystems;
export of
organic
production
between
ecosystems;
protection of
adjacent
shorelines - in
doing SO
supporting
wetlands,
seagrass bed
mangrove
fisheries,
population
centres  etc.
generation  of
coral sand;
build up of
land.

value; support
of cultural,
religious and
spiritual
values.

Increase

vulnerability  of
coastal

communities and
habitats to natura
hazards; Reduc
food availability

impacted on
human  health
Negatively

impact livelihood
associated  with

coral reefs;
negatively impact
spiritural,

cultural, and

aesthetic value
associated  with
coral reefs.

D

o
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Earlier

application in
assessments

Score
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M odel Ecosystem Service Provision Economic Value | Scale of Output

name of Output
Provisioning Regulating Supporting Cultural
Services Services services services

ERSEM I Fisheries Ecological Lower trophic Bottom-up Dependent on resolution
(understanding | fluxes; nutrient| level habitat control of | the model that it is couple
environmental | limitations. modelling for fisheries; Maringl to. ERSEM's upper box
drivers and pelagic and bacteria and viru§ extend from the surface to
bottom-up benthic dynamics; m, the lower boxes from 30
processes systems; Influence of| to the bottom. coupled to hig
impacting fish weather and resolution hydrodynami
populations; climate on| models, large geographic
impacts of marine scales. Basin scale and o
fisheries). ecosystem ocean applications in 1, 2 al

services (e.g| 3 dimensions
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Earlier
application
assessments

Food security).

Score

in
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Cultural
services

M odel Ecosystem Service Provision
name
Provisioning Regulating Supporting
Services Services services
ICTHYOP Larval Ecosystem Bottom-up
recruitment  to| connectivity (inc.| support of
fisheries genetic and food webs.
nutrient  flows),
larval dispersa

and recruitment

165

Economic Value | Scale of Output
of Output
Understanding | The environmental stat

sustainability of
fisheries; generad
understanding o
the sustaiability]
and connectivity
of ecosysten
services.

variables are provided on
discrete  three-dimension
grid by archived simulation
of the ROMS or MAR
oceanic models. The Icthy
model sees the Euleri
velocity field at the sam
spatial scale as the Euleri
primitive equation model
Subgridscale
parameterisations  can
added in the IBM to addre
scales unresolved by t
primitive equation model

The fields of salinity, curren

velocities, and temperatu
are interpolated in space
provide values at an
individual location in Icthyop

Earlier
application
assessments

Score
in
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4 APPENDICESTO CHAPTER 5: WORKSHOP

4.1 Workshop Programe

Wednesday, 13 May 2009 — Where we are and where we want to go

10:00

10:15

Session 1:

10:30

10:45
11:45

Session 2:

12: 00

12: 15
13:15

Session 3:

14:00
14:50
15:50

16:00

Opening and Introduction: What this study aims to d 0?

Robin Miége, DG Environment

The role of the scenarios and models project in the TEEB context

Patrick ten Brink, IEEP

Review of available models and scenarios
Chair: Leon Braat, Alterra

Key findings of the project
Tom Kram, PBL

Discussion

Coffee Break

Assessment of key assumptions in the ava
Chair: Matt Walpole, UNEP-WCMC

Key findings of the project
Leon Braat, Alterra

Discussion
Lunch Break

Policy recommendations: How to use the q
TEEB
Chair: Patrick ten Brink, IEEP

: “State of the Art”

ilable quantitative tools

uantitative tools for policy development within

Short presentations (10 minutes) on recommendations for TEEB by five key-experts

Discussion

Closing of the conference
Alexandra Vakrou, DG Environment

End of the Workshop
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4.2 Attendancelist

Name First Name Organisation

Alkemade Rob Wageningen University and Research Centre

Andre Viviane European Commission

Bidoglio Giovanni European Commission, Joint Research Centre

Braat Leon Alterra

Braeuer Ingo Ecologic Institute, Berlin

Christensen Villy University of British Columbia

Eppink Florian Helmholtz Zentrum fur Umweltforschung (UFZ)

Gerdes Holger Ecologic Institute, Berlin

Heuermann Nicol Netherlands Environmental Assessment Agency (PBL)

Kram Tom Netherlands Environmental Assessment Agency (PBL)

McConville Andrew Institute for European Environmental Policy (IEEP)

Miege Robin European Commission

Neuville Aude European Commission

Pereira Henrique Miguel Universidade de Lisboa

Pirc-Velkavrh Anita European Environment Agency (EEA)

Poggi Patrizia European Commission

Richard Dominique European Topic Centre on Nature Protection and
Biodiversity

Romanowicz Agnieszka European Commission

Rosenstock Manfred European Commission

Saether Bent Arne Ministry of the Environment, Norway

Scharlemann Jorn United Nations Environment Programme World

Conservation Monitoring Centre (UNEP-WCMC)

Spangenberg Joachim Sustainable Europe Research Institute (SERI)

Tallis Heather Stanford University

ten Brink Patrick Institute for European Environmental Policy (IEEP)
Torta Giuliana European Commission

Tucker Graham Institute for European Environmental Policy (IEEP)
Vakrou Alexandra European Commission

van Vuuren Detlef Netherlands Environmental Assessment Agency (PBL)
Walpole Matt United Nations Environment Programme World

Conservation Monitoring Centre (UNEP-WCMC)
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