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Global Development: Science and Policies for the Future

'a Food and Agriculture Outlook

o] 1. Cereal production,
3500 1 scenario AZr,

] 2000 to 2080

% 2000

1500
1000

500

0
2000 2010 2020 2030 2040 2050 2060 2070 2080

60

w
o
1

million tons protein

2. Pork & poultry production,
scenario AZr,
2000 to 2080

N
o

[ERN
o

0
2000 2010 2020 2030 2040 2050 2060 2070 2080

Source: LUC World food system simulations of GGI scenarios, IIASA (2005).



Food and Agriculture Outlook

Growth of: 2000-2050
Arable land 12%
Cereal production 69%
Ruminant meat 73%
Other meat 85%
Agriculture 86%

Index of agricultural production, IIASA A2r scenario, 2000-2080
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Ecological-Economic Analysis




¢ Food and Agriculture Outlook

3. Total agricultural S
production, revised 2 .-
A2r scenario, 2
2000 to 2080 i

0 T T T T T
2000 2010 2020 2030 2040 2050 2060 2070 2080

1800

1750 -

1700 A

o —o—A2r .

< 1650 2| 4. Cultivated land,
1600 =]  projected for different
1550 -

socioeconomic path-
1500 +————————————————— ways, 1990 to 2080

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080

Source: LUC World food system simulations of GGI scenarios, IIASA (2005).



Growth 2000-2050 | Scenario B1 | Scenario A2r
Arable land 7% 12%
Cereal production 62% 69%
Ruminant meat 68% 73%
Other meat 74% 85%
Agriculture 81% 86%
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Source:

World Food System
simulations of IASA
GGl scenarios,
Fischer et al. (2005).
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Nomalized difference index, suitability of rain-fed cereals, HadCM3-A1FI, 2080s.
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South America
Sub-Saharan Africa
Southeast Asia
South Asia

East Asia

Developed
Developing

World

Note: Results include CO2 fertilization and assume rational adaptation and transfer of crop types and selection

Current climate
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HadCM3 A2 2080s
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"Bio -enerqy Production & Food Security &

Land Competition:

* The role of bio-energy has been strongly enhanced by
Its consideration in the climate change debate, as well
as opportunities it may create for rural development and
Improved energy security.

e Land use competition with food and feed production is
considered a potential key barrier to exploiting the bio-
energy production potential.

Current LUC projects:

Global Assessment of Bio-energy Potentials

Renewable Fuels for a Sustainable Europe (REFUEL)
Effective and Low-disturbing Bio-fuel Policies (ELOBIO)
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BIO-FUEL DEVELOPMENT
=AY EUROPE

» Feedstock potential

» Food/feed consumption
* Land use change °
* Production costs ;

« Stakeholder needs/barriers |

« Road map X
* Policy recommendations

refuel

Intelligent Energy



Bio-fuel
Feedstocks

Feedstock groups:

Oil crops
Rapeseed; Sunflower; Soybean; Oilpalm,;
Jatropha

Sugar crops
Sugarcane; Sugar beet; Sweet sorghum

Starch crops
Wheat; Rye; Triticale; Maize; Sorghum;
Cassava

Herbaceous lignocellulosic plants
Miscanthus; Switchgrass; Reed canary grass

Woody lignocellulosic plants
Poplar; Willow; Eucalyptus



Land Resources & Agro -ecological Zoning:

* FAO and IIASA have developed a spatial analysis system that
enables rational land-use planning on the basis of an inventory
of land resources and evaluation of biophysical limitations and
production potentials of land.

* The AEZ methodology follows an environmental approach; it
provides a standardized framework for analyzing synergies and
trade-offs of alternative uses of agro-resources (land, water,
technology) for producing food and energy, while preserving
environmental quality.

Current LUC projects:

Global Agricultural Zones Assessment (GAEZ 2007)
Harmonized World Soil Database (HWSD)

Exploiting Information on Global Environmental Risks —
Agriculture (EIGER-Agn)




Global Agro -ecological Zones Methodology

Environmental
resources database
iIncluding climate,
soll, terrain, and land
cover, comprising
2.2 million grid cells,

assessing the
agricultural potential
of 28 crops
at three levels of
farming technology.




Suitability for rain -fed sugarcane
production, high input level

|:| Undefined
B s> Very high
- Sl > 63 : High
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- Water

Source: GAEZ 2007, IIASA-LUC/FAO



Spatial Distribution and Intensity (percent)
of Cultivated Land, year 2000
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Note: calibration of GLC2000 class weights starts from estimated reference weights and is
based on an iterative scheme to match national / sub-national statistics of year 2000 (FAO
AT2015/2030 adjusted cultivated land).



Spatial Distribution and Intensity (percent)
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Note: calibration of GLC2000 class weights starts from estimated reference weights and is
based on an iterative scheme to match national / sub-national statistics of year 2000
(FRA2000 and FRA2005).



Where Is the Land Suitable for Sugarcane?

Land cower Total of which ————— VS+S -
in 2000 Cultivated VS+S Forest Wood/Grass Other LC
Land min ha min ha min ha min ha
World 1563 66 160 75 3
Developed 591 1 1 0 0
Developing 972 65 159 74 3
Centr. Amer&Carrib. 43 9 8 4 1
South America 129 22 67 37 1
Sub-Saharan Africa 225 17 77 29 1
Southeast Asia 98 11 4 2 0
South Asia 229 3 1 0 0)
Other Developing 247 2 2 1 0

Source: GAEZ 2007, IIASA-LUC/FAO
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Suitability for rain -fed palm oll
production, high input level

Source: GAEZ 2007, IASA-LUC/FAO A 8 #HC



Where Is the Land Suitable for Oilpalm?

Land cower Total of which - -VS+S -
in 2000 Cultivated VS+S Forest Wood/Grass Other LC
Land min ha min ha min ha min ha
World 1563 50 337 56 3
Developed 591 0 0 0 0
Developing 972 50 337 56 3
Centr.Amer&Carrib. 43 4 5 2 0
South America 129 5 227 22 1
Sub-Saharan Africa 225 8 68 17 0
Southeast Asia 98 31 28 12 1
South Asia 229 1 0) 0) 0
Other Developing 247 1 8 3 0
Source: GAEZ 2007, IASA-LUC/FAO
A 8 24
2 4 12 4 B B 1 24 7
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Comparative Land Productivity of Biofuel Options

402
400
o Long-term
CEU 3507 _ productivity
T Cellulosic
2 300~ Ethanol
I_>
O 2507
=)
E 200_ Near-term
p productivity
g 1507 134
‘h - -
.0%9 100— g9 Biodiesel
(soy)
50 16
0 — .
Crop Yields (U.S.) Fuel Yields
Biomass yield: 5 dry ton/acre Cellulosibanol from RBAEF
Corn yield: 160 bushel/acre Corn ethad& gal/bushel
Soy yield: 42 bushel/acre Soy oil: 18% of bean (olagis)
Biodiesel yield: 0.95 kg/kg soy ol




Bio-fuel Feedstock Yield Potential

(a) Attainable energy yields of (15t generation) (b) Attainable energy yields of (2"d generation)
starch crops, sugar crops and oil crops woody and herbaceous lignocellulosic

(GJ/ha, biofuel equiv.) feedstocks (GJ/ha, biofuel equiv.)

-

Source: Land Use Change and Agriculture Program, 2007



GHG
Avoidance



GHG Reduction and Environmental Impacts
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Estimated Use of Land (excl. Antarctica)

In 2000
12%
26%
B Cropland
B Forests
28% O Grass/Woodland
O Other
34%

Cropland 1562 min ha
Forests 3744 min ha
Grass/woodland 4560 min ha
Other land 3443 min ha

TOTAL 13309 min ha



Global Use of
Arable Land,
year 2000

Land in consumption

Crops (excl feed)
Cereals
Other crops

Feed use
Cereals
Other crops
Fodder crops

of which
Ruminants
Other livestock

World
min ha
1005.4
536.9
468.5

514.1
214.2

94.4
205.5

307.7
206.4

O Cereals
48% B Other crops
O Fodder crops

MDCs:
619 min ha

46%

3%

O Cereals
51% B Other crops

O Fodder crops

LDCs:
900 min ha




Total land ...

I:l Not present
< 10%
1 10% - 30%
[ 1 30% -50%
50% - 70%
B 70% - 90%
Bl - o0

Water

Note: The map indicates the share of each grid-cell that is available for use.

Source: GAEZ 2007, IIASA-LUC/FAO



. Subtracting built-up areas

I:l Not present
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Water

Note: The map indicates the share of each grid-cell that is available for use.

Source: GAEZ 2007, IIASA-LUC/FAO



... Subtracting cultivated land

I:l Not present
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Water

Note: The map indicates the share of each grid-cell that is available for use.

Source: GAEZ 2007, IIASA-LUC/FAO



. Subtracting forest areas
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Note: The map indicates the share of each grid-cell that is available for use.

Source: GAEZ 2007, IIASA-LUC/FAO



... excluding non-vegetated
areas

I:l Not present
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Water

Note: The map indicates the share of each grid-cell that is available for use.

Source: GAEZ 2007, IIASA-LUC/FAO



... excluding protected areas

[ undefined
|:| <10%
1 10% -30%
30% - 50%
50% - 70%
B 0% - 90%
[ BN
- Water
- Protected

Note: The map indicates the share of each grid-cell that is available for use.

Source: GAEZ 2007, IIASA-LUC/FAO



... Subtracting land with steep
slopes

[ undefined
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Note: The map indicates the share of each grid-cell that is available for use.

Source: GAEZ 2007, IIASA-LUC/FAO



... excluding climatically
unsuitable or very marginal areas

[ 1 undefined
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[ very marginal Note: The map indicates the share of each grid-cell thatis available for use.

Source: GAEZ 2007, IIASA-LUC/FAO
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Climatic suitability for herbaceous
and woody lignocellulosic plants

Marginal
|:| Moderately suitable
- Suitable
- Very suitable
- Water

Source: GAEZ 2007, IIASA-LUC/FAO



million he ctares

of land in bioproductivity class
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Climatic suitability for herbaceous
and woody lignocellulosic plants

Reference climate, 1970 - 2000

... on avallable grass -
Source: GAEZ 2007, IASA-LUC/FAO ScrUb -WOOd Iand




Distribution of ruminant livestock,
year 2000 (cattle equiv. per km ?2)

Source: FAO, 2005, modified by IIASA-LUC, 2007.
Note: Ruminants include cattle, sheep and goat. To calculate ruminant density, a weight of 1.0 was used for cattle and
of 0.2 for aggregating sheep and goat.
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Source: GAEZ 2007, IASA-LUC/FAO and FAO, 2005.
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http://www.llasa.ac.at/Research/LUC



