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Model file structure

File Structu re mOdeI fOIder: : GLOEICM EXECUTICN FILE

* Top-level script of the GLOBICHM model. It executes the numbered stages of
* the model in-seqguence, passing the output of a2 stage as input to the

° 1 Ioaddata [ ] Loading data * next stage via the filesystem (" .g00° " files in the ~‘Model/t'" directory).
- =
* Thizs allows the model to be re-run quickly after modifying a stage by
* commenting out the execute statements of prior stages: since these will not
- - * produce modified output, their existing output files can be re-used.
. activesets: Data aggregation :
L ]
— *# Lfter running this script, check that all files compiled and executed
* without error by opening °~°0_executebatch.log’® and searching for occurrences
- - - * of "error"™ and "infeasibkle"™. These should be absent.
« 3_precompute: Final data compilation
I . liatl

Zzet env ide=%gams.ide$ lo=3%gams.lo% errorlog=%gams.errorlog? errmsg=l pw=130 cerr=5

« 3b_calibtrade: Calibration of trad

Ca I ra e- a I ra Ion O ra e execute "gams 1_loaddata.gms tenvy -2 .3XFciINTal_vl "

execute "gams 2_activesets.gms Fenvd —r (EXFCEXEal vl -3 J3XBCBHBaZ_vl gdx=.%3X3gdxi¥XIal_vl ":
execute "gams 3 precompute.gms tenvi -r .EXIcIXIaz_ vl -5 .3X3cEX%a3 vl gdx=.%X3IgdxiIXia3_vl ":
execute "gams 3b_calibtrade.gms tenvi -r .TAICLINZA3 v -2 .3XFcEATa3b vl gdx=.IXIgdxiXIadb vi":

L |:> execute "gams 4_model.gms senv: -r .3X3C3XITasb vl -5 .3X3CEX3as vl gdx=.3X3gdxIX3as vl ":
*execute "gams 5_precompute_scen.gms  fenvi —r ,3IXItiXIad vl -2 .3XFciIHTas_wl gdx=.3XIgdxiXIas_vi":

« 5_precompute_scen: Compilation scenario - =eine oo e e <o

— — " ==t output_name Baseline maylf adj
data execute "gams & scenarios.gms fenvi -r L 3X3cIN%ad vl -2 .EX3t¥X%a6_vl test gdx=.3X3gdxiX3ae vl _test";
*execute "gams 7_output.gms %env® -r .3X%It3X%a6_vl //CSV=1 //lab=%cutput_name";
. R

« 6_scenarios: Scenario implementation e or vt e
= - "*f/C5V=1"" for production of a C5V file using GDXVIEWER.
* Use this command to convert a .g00 into .gdx

[ J

7_Output: Output reporting *execute "gams blank.gms tenvi -r .3XEIciXiae_ vl gdx=.3XIgdxiXiaé vl FW=1"

SUPREMA GLOBIOM-MAGNET Training, December 4, 2020




Overview of key GLOBIOM equations

Objective equation
o Maximizing global producer + consumer surplus for agriculture and forestry

Linearization and convexity equations:
o Stepwise linearization of non-linear functions e.g. demand functions
o Non-linear variable <= weighted sum of closest fixed points

Balance equations:
o Market balance: Supply >= demand
o Land balance: New land use >= previous land use + land expansion
o Resource constraints: Water available >= water use
O ...

Inertia equations:
o Crop new >= crop area previous * maxcrop_coef
o Animal number >= animal number previous * Istick_coef
O ...

Accounting equations:
o GHG Emissions = Activity Level * GHG Emissions Coefficient
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Objective equation

Maximizing global consumer and producer
surplus:

+ Demand function integral P
- Costs crop production \ In GLOBIOM: /
- Costs dedicated energy crops Integral of demand

function — cost of
- Costs forest harvesting production
- Forest industry investment cost p [ f(Q) dQ \,/
- Processing costs
- Land use change costs
- Resource supply costs

Cost of
production

N I [ Y [ [ S ) A N B
1

- Trade costs
-/+ Calibration costs/subsidies Q* Q
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Spatial resolution — Simulation Units

1 Simulation Unit (SimU)
Gridded representation of world land use

::f»?‘ﬁ Austria Global scale
Hh (356 Simulation Units) (> 200 k Simulation
Units)
Climate information Simulation unit
(30’ grid)
X =
- 73 Country boundaries (5
X . Aclusterof 5’ pixels (contained
HRU 1: Altitude1xSlope2xSoil1 within a 30’ pIXG|) belonging to
HRU 2: Altitude1xSlope2xSoil3 the same country and with
HRU 3: Altitude2xslopeaxsoils | similar altitude, slope and soill
HRU 4: Altitude2xSlope2xSoill
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Crop production

18 crops in 4 management systems
o Barl, BeaD, Cass, ChkP, Corn, Cott, Gnut, Mill, OPAL, Pota, Rape, Rice, Soya, Srgh, SugC, Sunf,
SwPo, Whea
o SS - subsistence, LI — low input, HI — high input,
IR — high input & irrigation (4 sub-systems: Basin, Furrow, Sprinkler and Drip)

Variables
o Crop area [1000 ha]

CROP_VAR (COUNTRY , ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS ,AEZCLASS,CROP, CROPTECH)

Parameters

o Base areq, yield, cost, N/P requirements, GHG coefficients
CROP_DATA(COUNTRY,ALLCOLROW,ALTICLASS,SLPCLASS,SOILCLASS,AEZCLASS,CROP,CROPTECH,ALLITEM)

Equations
o Balance equations: matching physical crop areas with total available cropland
o Inertia equations: limiting maximum expansion of production systems or crops at SimU level
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Crop production systems

irrigation intensity > . o . )
. —— g . N Spatially explicit production functions
N SRS W) U SR Rl g

- ~"iv; o, 1 - : aNES ’;""}"g? L e : A5 Dz .
. 9 o BT Gy W, e BT Gy W, S In every SimU:

« Up to 18 possible crops & 4 crop managements

e « Parameters (yield, fertilizer and irrigation input
' requirement) estimated with biophysical
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i models
£ e.g., EPIC model (lzaurralde et al., 2006)
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Livestock production systems

Global production system map (FAO/ILRI) o Animat Production and Heaith Division
ANIMALS: 10 Animal types LIVE_SYSTEM: 8 Production
system
BOVO - Bovine meat herd LGA- Grazing arid
BOVD — Bovine diary herd LGH — Grazing humid
BOVF - Bovine followers LGT — Grazing temperate

SGTO- Sheep and goat meat herd | MRA — Mixed arid
SGTD- Sheep and goatdairy herd | MRH — Mixed humid
SGTF - Sheep and goat followers MRT — Mixed temperate

PIGS - Pigs OTHER — Other system
PTRB — Broilers URBAN — Urban system
PTRH - Laying he nS Hyper arid Range{and-bis(:vd M/Xedram:; M’im,g‘::’: I Urban areas
PTRX _ Mlxed Arid/semi-arid LGA —] MRA ] MA 1 Other
Humid/subhumid I L.GH B MRH . MH [ Nodata
Temperate/tropical highland B .67 I MRT . M7
Variables

o Livestock numbers [1000 TLU]
LIVE_VAR(COUNTRY,ALLCOLROW,ALTICLASS,SLPCLASS,SOILCLASS,AEZCLASS,LIVE_SYSTEM,ANIMALS)

Parameters
o Feed requirements, Milk and meat yield, GHG coefficients by production system and animal

LIVE DATA (COUNTRY,LIVE SYSTEM,ANIMALS,AllITEM)

SUPREMA GLOBIOM-MAGNET Training, December 4, 2020



Livestock production — Feed

Feed aggregates: Feed grains, Grass, Stover and Occasional

Feed grains: All 18 crops (9 different aggregates)

Variables
o Totallivestock feed demand for grains at the regional level [1000 ton]
FEEDQUANTITY (REGION, CROPS)

o Utilized spatially explicit pasture area [1000 ha]
GRAS_VAR(COUNTRY,ALLCOLROW,ALTICLASS,SLPCLASS,SOILCLASS,AEZCLASS)

Parameters
o Base areaand productivities
GRAS_DATA(COUNTRY,ALLCOLROW,ALTICLASS,SLPCLASS,SOILCLASS,AEZCLASS,ALLITEM)

o Feed requirements, Milkand meatyield, GHG coefficients by production system and animal
LIVE DATA (COUNTRY,LIVE SYSTEM,ANIMALS,Al1ITEM)

Equations
o Herd dynamics equations
o Feed equations
o Inertia equations
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Livestock production systems

a) Eupplr per kg feed = Dairy ruminant milk b) Supply per kg feed = Other ruminant meat
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Grassland productivities

EPIC6

C C— O ) ) I [ D e

= 0,000 1,563 2455 3,201 4,059 4,959 6,158 7,824 9,731 < 27,094 Source: EPIC mOdel
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Forest production — Biomass

Primary biomass types:
o Stemwood: sawlogs, pulplogs, other industrial round wood, fuelwood
o Logging residues: branches, stumps, and harvest losses

Variables
o Area of forest harvested during the rotation time [1000 ha]
HARVEST VAR (COUNTRY,ALLCOLROW,ALTICLASS,SLPCLASS, SOILCLASS,AEZCLASS ,ForMngType)

o Harvested quantity of a particular biomass grade [1000 m3]

SQUANTITY FOREST (COUNTRY,ALLCOLROW,ALTICLASS,SLPCLASS, SOILCLASS,AEZCLASS, FORMNGTYPE,
PRODUCT) —

Parameters

o Mean annual increment, proportion of different types of biomass, carbon balance, harvest

cost
FOREST DATA (COUNTRY ,ALLCOLROW,ALTICLASS, SLPCLASS,SOILCLASS,AEZCLASS, FORMNGTYPE,AL
LITEM)
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Forest production — Industry

Industry products:

o 8 final products: sawnwood, plywood, fiberboard, mechanical and chemical pulp, other industrial
roundwood, fuelwood, energy wood

o 5 by-products: sawdust, woodchips, bark, black liquor, recycled wood

Variables
o Quantity of processed primary product [1000 m3]
PQUANTITY (REGION, PROCESS)
o Processing capacity of main final products [1000 m3 or 1000 t]
CAPACITY_VAR(REGION,PRODUCT)

Parameters
o Input-output relationships between primary and final products and processing cost
PROCESSDATA (REGION, PROCESS, PRODUCT)

Equations
o Harvesting equations: extraction of different biomass grades, logging residues, wood recycling etc.
o Forest industry equations: capacity constraints
o Land balance equation
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Forest production and forest industries

GLOBIOM woody biomass use in 2010

Primary feedstocks Material production Final products in
technologies the model
Other wood products, 162 Mm3 ub.

, Recovered
wood for
oo
m 82Mm3
Ptywood
produc Sawnwood, 378 MmJ .

Fiberboard, 163 MmJ

Total Fiber- and

forest
removal

Pulp mills
(mechanical)

Fuelwood, 1805 Mm3 ub.

Laurietal. 2017
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Natural resources — Land

Land cover types:
o Cropland, Grassland, Short rotation plantations, Managed forest, Unmanaged forest,
Other natural vegetation

Variables

o Land cover/use area [1000 ha]
LANDAVAIL VAR (COUNTRY,ALLCOLROW,ALTICLASS, SLPCLASS,SOILCLASS,AEZCLASS,LC TYPE)

o Land use change [1000 ha]

LUCDET VAR (COUNTRY,ALLCOLROW,ALTICLASS,SLPCLASS,SOILCLASS ,AEZCLASS,LC INIT,LC CRNT)
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Land cover change

Land transition matrix

Unmanaged Managed Other natural
forest forest vegetation

» Land cover change endogenous
depending on profitability of
different land use activities

» Conversion implies a conversion

cost Grassland Cropland  Short rotation

plantations

Wetlands Other agri- Notrelevant

» Max conversion rates can be

capped to mimic policy/social \ Frorimgieiof
constraints Model gridcell
land use
composition
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Irrigation water use

/ Climate change \

impacts
from
Global Circulation
Models

A precipitation
A Temperature
A Radiative Forcing

Socio-economic
change
SSPs

A GDP
A Population

A Technical progress for
crops, livestock, and

A Consumer preferences management systems

————— |

- 4

|

Water demand
estimation

iy
I

Global
Hydrological

A Municipal water demand
A Industrial water demand

A Runoff, Discharge
A Groundwater recharge
A Environmental flow

Models

B

—c
S o

-
-

Globally
Gridded Crop

A Crop yield
A Fertilizer requirement

Models

A Irrigation water
requirements

Global

Agroeconomic
Models

Cropland area

Ag. Management
Ag. prices

Trade

Input use
efficiency
Consumption
Water demand by

(=2 >~ > > >

[ >

livestock)

Palazzo and Kahil (in preparation). Assessing global water resources embedded in
agroeconomic systems.
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GHG emissions accounting

Spatially explicit accounting of AFOLU
GHG emissions at the SimU level. Link
to G4M for detailed forest sector
carbon dynamics

Variables

o AFOLU GHG emissions [Million tons
CO2 equivalent]

EMISSION VAR (REGION,GHGACCOUNT)

Sector Source GHG | Reference
Land use Deforestation CO, | Downscaled FRA 2005
change (Kindermann et al. 2008)
Conversion of CO, | Ruesch and Gibbs (2008)
other vegetation
types
Soil carbon CO, | IPCC Tier 1 approach
Crops Fertilizer use N,O | Requirements from EPIC/IFA,
emission coefficients from IPCC
Rice production CH, | IPCC Tier 1 approach
Livestock | Enteric CH, | RUMINANT model (Herrero et
fermentation al. 2008)/1PCC
Manure N,O, | RUMINANT model (Herrero et
management CH, | al. 2008)/IPCC
Manure N,O | RUMINANT model (Herrero et

dropped/applied

al. 2008)/IPCC

SUPREMA GLOBIOM-MAGNET Training, December 4, 2020




Additional GLOBIOM modules

Food security and undernourishment

« Fisheries & aquaculture

* Nitrogen cycle

« Global water demand and link to hydrological models
 Biodiversity and link to ecosystem models

« Bioenergy and link to energy system models
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