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[IASA: International Institute for Applied Systems Analysis

I1ASA vision for 2021 to 2030 is to “be the primary
destination for integrated systems solutions and policy
Insights to current, emerging and

novel global sustainability challenges, threats, and
opportunities”.

History

> 1967 initiative of US President Johnson and
Prime Minister Kosygin, Soviet Union

> Established as a research center to act as
“neutral bridge between east and west”

> Original Charter signed in 1972 by 12 countries
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Global Biosphere Management Model (GLOBIOM)

« Partial equilibrium model
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Bridging geographical and temporal scales

Indonesia/
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Spatial resolution

Homogeneous response units (HRU) — clusters of 5 arcmin pixels

HRU = Altitude & Slope & Soil |

Simulation Units (SimU) = HRU & PX30 & Country zone

Altitude class, Slope class,

Soil Class | > 200 000 SimU LC&LUstat

HRU*PX30 |

[smnn
T
| smmn)

Altitude class (m): 0 — 300, 300 — 600, 600 — 1200, 1200 — 2500 and > 2500;

Slope class (deg): 0— 3, 3—6, 6— 10, 10— 15, 15— 30, 30 — 50 and > 50; . . -
SimU delineation related < S

statistics on L.C classes and
Cropland management systems

Soil texture class: coarse, medium, fine, stony and peat;

Source: Skalsky et al. (2008)

|| PX5 |

E reference for geo-coded data on crop management;

input statistical data for LC/LU economic optimization;
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Crops: EPIC

 Spatially explicit production functions  Climate change impacts
irrigation intensity >
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Climate change impacts, adaptation and extremes

Impacts and adaptation Extreme events
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Livestock Production Systems: RUMINANT

Animal Production and Health Division

Global production system map (FAC/ILRI]
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CO,eq

[ =

Ton peol par o

Heterogeneity of farm systems

Large efficiency gaps prevail between
production systems and regions

GHG efficiency of beef production
by system and regions

0015
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0,005 -

0.000 -
EUR OCE HAM LAM EAS SEA SAS Rkt SEA WLD

Mitigation potential [MICO2eq/yr]

Herrero et al. PNAS 2013

matters

Reallocation of production across systems and
regions would reduce GHG emissions, nitrogen
pollution, and water scarcity

Annual non-CO, abatement potential by 2050
Water & nitrogen

3,000

Consumption
change

2,500
2,000
1,500
1,000

5{:‘[] . .
Technical options

0

0 20 30 40 5 &0 70 80 S50 100 110 120 130 140 150
Carbon price [51C02eg]

Frank et al. NCOMM 2018
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Flexible production systems definition: Smallholder farmers

IFAD project: Assess the impact of policies & F9 In moisture-reliable zone
Ll Ll v
on smallholders’ income and food security, JUIFAD L] mirouanoronezone

‘:l In arid zone

Breeders

and especially the potential for scaling-up
IFAD experience
* Main tasks:
1. Establish a new typology of farming systems
=>» based on experts consultation and
household survey
Implement them in GLOBIOM

Simulate different policy scenarios in
GLOBIOM

.y Investing in rural people

remote
.connected to markets
integrated to markets
Farmers with some livestock
With millet-sorghum as main crops
remote
connected to markets
With maize as main crops
remote

connected to markets
With wheat-barley-teff as main crops

- - remote
Case study: Ethiopia New typology built on 3 criteria: lconnected to markets
integrated to markets
? > AEZ With perennial crops as main crops
: > Main production .remote
> Market integration connected to markets

Source: Boere et al. 2019
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Fisheries & Aquaculture

Food Balance Sheets FishSTAT Literature GLOBIOM
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Forestry

» GLOBIOM covers the main primary feedstocks, by-products, and semi-finished HWP products.
» Wood flows as of 2010 is calibrated according to FAOSTAT.

GLOBIOM woody biomass use in 2010

Primary feedstocks Material production Final productsin

technologies the model

P
Oth d 3 Recovered
pronzr;'v:zgn Other wood products, 152 Mm3 wood for

material,

P : V 82 Mm3
Plywood
\ Sawnwood, 378 Mm3 \

l Fiberboard, 163 Mm3 |
‘ Mechanical pulp, 30 Mt
—_ggparticleboard ’ ]

Other wood products, 152 Mm3 u.b.

Harvested
Total wood
forest
removal production Brogucss

Chemical pulp, 139 Mt

Sawdust and
‘ Black liquor,

| Pulp mills
(mechanical)

Industrial
use of wood
forenergy

Recovered
wood for
energy, 100 Mm3

Fuelwood, 18056 Mm3 u.b.

Legging residues, 67 Mm3

25 Mm3

Household
fuelwood

Source: Lauri et al., 2017
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Land cover change

%

Model gridcell
land use
composition

» Land cover change endogenous depending on

relative profitability

Land transition matrix

Unmanaged Managed  Other natural
forest forest vegetation

Grasslan Cropland  Short rotation

plantations

Other agri- Not relevant
cultural land

Wetlands

Mt CO;—eq per year

2500

2000

1500 4

1000

500

Full AFOLU GHG accounting

Other LUC CO»
Deforestation CO»

Rice CHy4

Synthetic fertilizer NoO
Organic fertilizer NoO
Manure grassland N2O
Manure management NoO
Manure management CHy
Enteric fermentation CH4

Source: Valin et al., 2013
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Water balance

b

climate change impacts

on irrigation water

requirements

and water availability
= El ¢ T
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-g _iﬁﬂ«"’o F & F qﬁ’r -aﬁ & 2 F F g

climate change impacts «
and protections

for environmental flow
requirements

0

Area (x10° ha)

Pastor et al. (2019). The global nexus of food-trade—water
sustaining environmental flows by 2050. Nature

Area (x10% ha)

Sustainability. DOI: https //doi.0r0/10.1038/541893-019- et LFEFSITFS s s
0287-1
-2,100 300 -5 -1 1 5 300 2,100 —-2,100 300 -5 —1 1 5 300 2,100
Absolute difference in irrigated areas Absolute difference in rainfed areas
in 2050 (x10° ha) in 2050 (x10° ha)
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https://doi.org/10.1038/s41893-019-0287-1

Interlinkages with other sectors and feedback effects

Land-Water-Energy Nexus

BY SECTOR AND SOURCE
& GROUNDWATER DEPLETION
@ WATER SUPPLY TECHNOLOGIES
@ NUTRIENT LOADING

SCENARIOS MODELS NEXUS INDICATORS
il 4 v
WATER . « @ RIVER FLOW
MANAGEMENT o’ »{ ECHO )3
@ WATER WITHDRAWALS

hydroeconomic

ENERGY

AGRICULTURE 4. HYDROPOWER PRODUCTION

AND LAND 4. HYDROPOWER BENEFITS
AND COSTS

hydrological & FOOD SECURITY

CLIMATE ¥ LAND USE CHANGE

% GHG EMISSION
& AGRICULTURAL PRODUCTION
TRADE

e Crop process AND
i % |RRIGATED AREA
s BY CROP AND SYSTEM
g pL L% -4 % IRRIGATION INVESTMENT
SOCIOECONOMIC »| GLOBIOM COSTS AND BENEFITS
land use - A

Palazzo et al., (under consideration) “Examining transboundary water-energy-land trade-
offs and solutions to achieve sustainable regional development”

Integrated Assessment Modeling (IAM)

Narratives of the Shared Socio-economic Pathways

*  Pollutionlegistation 1
+ Alr pollution control

Lol ) Pollution

GAINS

o | Energy&
Economy

GLOBIOM
emulator

MESSAGE

* Cultivated area
* Land prices

optimization & iteration

* Economic feedbacks

Database
P

Constraints on climate drivers

Climate MAGICC e e

*  Temperature

I

Source: Fricko et al., 2017

SUPREMA GLOBIOM-MAGNET Training, December 4, 2020



Scenario analysis at the global and local scale

Global Local
To assess potential futures and their consequences for To work together with stakeholders map-out different,
the agriculture and forestry sectors plausible futures

Industrious Ants
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. . . . Palazzo et al. (2017). Linking regional stakeholder scenarios and shared
ricko et al. (2017). The marker quantification of the Shared Socioeconomic Pathway 2: A socioeconomic(: patthayS' Q%an?ifie d West-African food and climate futures in a
e-road scenario for the 21st century. Global Environmental Change 42: 251-267. )

' global context. Global Environmenta&?I 45: -242. .
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https://doi.org/10.1016/j.gloenvcha.2016.12.002
https://doi.org/10.1016/j.gloenvcha.2016.06.004

Climate change mitigation
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Climate change impacts, international trade policies,

and food security

nature
sustainability ARTICLES

https://doi.org/10.1038/541893-019-0287-1

The global nexus of food-trade-water sustaining
environmental flows by 2050

A. V. Pastor©"23* A Palazzo', P. Havlik', H. Biemans?®, Y. Wada©', M. Obersteiner’, P. Kabat?*
and F. Ludwig?

Population at risk of hunger {million)

200

15

o

10

(=]

o
[=]

0

GCM = None

nature ARTICLES
climate Chﬂﬂg@ https://doi.org/10.1038,/s41558-020-0847-4

M) Check for updates

Global hunger and climate change adaptation
through international trade

Charlotte Janssens@"2%, Petr Havlik? Tamas Krisztin?, Justin Baker ©?, Stefan Frank?,
Tomoko Hasegawa ©2# David Leclére©2, Sara Ohrel ©5, Shaun Ragnauth©®, Erwin Schmid ©¢,
Hugo Valin©?, Nicole Van Lipzig' and Miet Maertens®’

Tariff elimination Facilitation +
Tariff eliminaticn

Baseline trade Fixed imports  pre-Doha tariff level  Facilitation

GFDL-ESMZM IFSL-CM34A-LR 7 MIROC-ESM-CHEM ® NorESM1-M & HadGEMZ-ES

Climate scenaric ® NoCC M RCP26 ® RCP45 ® RCP6.0 M RCP8.5 M RCPS.5 without CO2 effect
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Biodiversity and the need for wholistic strategies

gtejcll:ding the curve of terrestrial biodiversity nature

needs anintegrated strategy
Leclere et al. 2020

Feasible only if
e transforming our food systems from farm to fork

e adopting an ambitious conservation &
restoration plan

e addressing other threats to biodiversity (climate
change, biological invasion, ...)
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Connecting social and environmental sustainability

ARTICLES nawre ﬁs
https://doi.org /10.1038/541893-019-0371-6 Sustal n abl ] 1 t y

NIES JAPAN
Tackling food consumption inequality to fight
hunger without pressuring the environment
Tomoko Hasegawa ®'23*, Petr Havlik?, Stefan Frank ©2, Amanda Palazzo®? and Hugo Valin®? “ MO re FO 0 d fOI’ Al | ”
Food availability distribution
across the individuals in the population
Forest GHG
loss emissions

“Food for Poor
& No Overconsumption’;

Minimum requirement

o Ignoring the heterogeneity

> 20% more food production ot Nitrogen
: . land use
o Focusing on undernourished ioss
- 3% more food S
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