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Motivation

LIVESTOCK

- complex sector itself

- strongly connected to other sectors
and to the environment

An integrated modeling framework needed

- detailed enough to capture local constraints
and environmental effects
- complete in sector and Earth coverage
to capture “linkage and leakage”
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I. GLOBIOM

Global Biosphere Management Model
Basic resolution: 28 regions
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I. GLOBIOM

Partial equilibrium model (endogenous prices)

Agriculture: major agricultural crops and livestock products

Forestry: traditional forests for sawnwood, and pulp and paper production

Bioenergy: conventional crops and dedicated forest plantations

Recursively dynamic (10 year periods)

Maximization of the social welfare (PS + CS)

Supply functions
implicit:
production system 1 (grass based) =  productivity 1 + constant cost 1
production system 2 (mixed) - productivity 2 + constant cost 2

Demand functions y
explicit: linearized non-linear functions P = P~* (q/ Q) °
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I. GLOBIOM

International trade:

Spatial equilibrium model
Trade flows between individual regions (BACI database, CEPII)

Homogeneous goods assumption
- Within a region imported and domestically produced goods are valued equally
- no mutual trade
- Differences in prices between regions are due to external trade costs

Trade costs
Trade barriers (MacMap database, ITC/CEPII)
+  Transport cost (Hummels, 2001)
+  Calibration
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I. GLOBIOM: Supply chains

Forest products:
Sawnwood
Woodpulp

Energy products:
Ethanol (1 st gen.)
Biodiesel (1 st gen.)
Ethanol (2 "d gen)
Methanol

Heat ...

Crops:
Barley

 Corn
Cotton ...

Livestock:

Cattle meat & milk

Sheep & Goat
meat & milk

Pork meat

Poultry meat & egg
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I. GLOBIOM: Land

Homogeneous response units (HRU)

HRU = Altitude & Slope & Soil I

Altitude class, Slope class,

Soil Class l

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;

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

Source: Skalsky et al. (2008)
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I. GLOBIOM: Land

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

> 200 000 SimU

==

Country

LC&LUstat

i

HRU*PX30

SimU dedineation related
statisticson L C classes and

Cropland management systems

reference for geo-coded data on crop management;

input statistical data for LC/LU economic optimizat

Source: Skalsky et al. (2008)

PX5
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[. GLOBIOM: Livestock

Spatially explicit representation

AGRICULTURE AND CONSUMER PROTECTION DEPARTMENT

@% Cattle denSity map matChing FAOSTAT 2005 [modelled] Animal Production and Health Division

Number per square km
1« [ 5-10 I 20-50 I 100-250 [ Water
115 [ 10-20 B 50-100 I ;250 [T~ Unsuitable for ruminat

Source: Gridded Livestock of the World
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[. GLOBIOM: Livestock

Livestock Production System Approach (8 systems)

AGRICULTURE AND CONSUMER PROTECTION DEPARTMENT
Animal Production and Health Division

Rangeland-based Mixed rainfed Mixed irrigated
Hyper arid 1 ey [ 1 MRY T My B Urbanareas
Arid/semi-arid [ ] LGA [ 1 MRA 1 MA 1 other
Humid/subhumid I LoH I MRH . MH [ Nodata
Temperate/tropical highland B LT R VRT I M
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[. GLOBIOM : Livestock

Livestock Production System Parameters

Input parameters Output parameters
Stover
Grains
Bovines
Cut&Carry Sheep & Goat
Pigs
Grazing Poultry

Occasional




s 40200 S

[TASA

I. GLOBIOM : Livestock

The RUMINANT Simulation model

£ 2 DynamiC simulation model of Predlctlon Of |ntake
digestion in ruminants (Herrero et
al 2004) largely based oniPCC == === @ ——v v

methOdS f;; 120 1 A7 O soto pred
1]
#® Predicts intake, production (milk, g 100 [ 5a “a ® fandmpred
. e I "‘ A O shem pred
meat), and excretion (faeces and g s f = B Kaitho pred
. . . 8 O
urine) using a dynamic model of | w% 0o A manyuchi pred
digestion (lllius and Gordon 1991) s .AAQ@D A Kariuki pred
. . 2 40 & E V¥ Euclides pred
# Predicts metabolism end S S o jand hpred
products (METHANE, Volatile fatty 40 60 80 100 120 140 | 4 g preq
. observed intakes (g/kg BW®7®)
acids, etc) v_failpred

- CH4 coefficients have recently been approved by th e IPCC GHG emissions

taskforce (Herrero et al 2008, 2009)
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I. GLOBIOM: Cropland - EPIC

Processes

Weather
Hydrology
Erosion
Carbon sequestration
Crop growth
Crop rotations
Fertilization
Tillage
Irrigation
Drainage
Pesticide
Grazing
Manure

Major outputs:

Rain,
Chemicals

EPIC

Evaporation
and
Transpiration

//jjzgi:;waace

How

Snow,

:;»’/”/

Below Root
Zone

Y

Crop yields, Environmental effects (e.g. soil carbo

20 crops (>75% of harvested area)
4 management systems:

n,)

High input, Low input, Irrigated, Subsistenge




Brazil:
Sugar cane yield,
S ... IFPRI allocated area,
high input system
Legend:
Sugar cane Yield (t/ha)
o
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[. GLOBIOM: Forests — G4M

Step 1: Downscaling FAO country level information on above
ground carbon in forests (FRA 2005) to 30 min grid

C
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[. GLOBIOM: Forests — G4M

Step 2: Forest growth functions estimated from yield tables

Major outputs:
Mean annual increment
Tree size
Sawn wood suitability
Harvesting cost

17
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I. GLOBIOM: Scenario analysis

Main exogenous drivers:

Population

GDP

Technological change

Bio-energy demand (POLES team)
Diets (FAO, 2006)

Output: Production Q
- land use (change)
- water use
- GHG,
- other environment (nutrient cycle, biodiversity,...)

Consumption Q
Prices
Trade flows
18
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II. Preliminary results: Livestock

(Havlik et al, 2009)

Livestock production system development:

STICKY livestock production systems
- min 75% of LPS of 2000 still in the same place in 2020

FLEXIBLE livestock production systems
- min 25% of LPS of 2000 still in the same place in 2020

19
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POLES Macro Scenarios POLES Macro Scenarios
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Calorie Consumption [billion kcal]
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Animal Numbers [1000 TLU]

(CATL, 2020, WRD)
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IF system change possible

-> shift to intensive production systems
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Commodity Price Index
(2020, WORLD)

livestock: Crops

Commodity Group

STICKY x FLEXIBLE

Adjustments in production systems help to keep commo

dity prices low
23
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Deforested Area [Mha/year]
(WORLD)

Year

STICKY x FLEXIBLE

AND to reduce deforestation!
24
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GHG Emissions [MiCO2/year]
(2020, WORLD)
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RED through livestock does not have negative effec  t on non-CO2 emissions.
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X. Special features
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Xa. G4M-GLOBIOM link
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Xb: Regional zooming - CongoBIOM

f’“'?

Drivers of deforestation study “=- <
for World Bank G

1550 Simulation Units -
from10*10km to 50*50 km  _

Spatially explicit aspects:
- population

- Infrastructure

-> market access
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Xb: Regional zooming - CongoBIOM
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Xb: Regional zooming - CongoBIOM

Deforestation after infrastructure improvement
[1000 ha/SimU/10 years]

Green =low  Red = high
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Xc: Scenario exploration tool - GUI

T: SciSoft Lab nViewer - Results - Sensitivity - Minimum livestock (75% wersus 25%) EU-POLES Montpellier / Market / Market Balance (Quantities) E-iistnglami | =
File ‘Export Options Chart I I Pivat
PR i J , 300,000
Variant Base Background Scenario | WRLD_YTRD_YDFR. NCHG - Product Bad -
230,000
) | WRD | ELR. | MAM | LAM | AFR. | MEA
| RED_BAU | Supply 136062.27 | 59017.29 | 20800.22 3616.00 | 936.68 | 1122377 200,000
lREDzs.ﬁ.LI lEXpDrt 4416.74 | 5511.96 | 376,30 |
| RED_BAL | Impart 1675.22 | 1167g.22| 150,000
RED_BP.LI TDtalDemand 13606227 | 54}500.55 | 15288.;5 | 3239.69 | 2613.90 | 22901.99 i
100,000
| RED_BAU | Balance s s
RED_BEaL | Final Demand 34730.33 5895.42 4745.46 245225 241933 5371.14 50000 .
g T 0,001
! Calorie Cansurnption [keal/cap/day] = B 23 194.57 | 17530.86 2 | . i I
Calorie Consumption [kcal/cap/day] 0 e e s e ae T
. H [a] ) 2 0
(animal total, poles_bas_sep10, GHGPrice0, DETAILED) Com 0.8 fe3 20 1.2 Gl 2= 20
v 2ci5oft Lab nViewer - Input Data (Maprr ovestocr 7y onassanmo Frooac vy T BT &= ]
1,100 e ——— - File Expoit Tools Zoom [ Regions l [ Draw | Help
0o i - .
. Ttem |Value |
Q0o -
200 * i
oo
700
600 il
500 .?_/4—,—"’,14
400 /’)
300
200
100
8]
2000 2010 2020 2030 2040 2050
Year 1l
S B EE e | i [ fl 10 ]
- World -8 MidEasthorthAfr - SubSaharanAfr  LatinAmericaCarib = MorthAmerica — SouthAsia > 0.001 0,203 0.323 0.381 0.445 0.540 0711 11183 15% < 2.962
Europe =*=EasternAsia == SouthEastAsia =#=Oceania




Thank you !

WWF LIVING FORESTS REPORT: CHAPTER1

havlikpt@iiasa.ac.at ~ FURESTS FOR
& LIVING PLANET




