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Overview of GLOBIOM equations

» Different types of equations
» Objective equation: producer + consumer surplus
» Linearisation and convexity equation
» Non linear variable <= weighted sum of closest fixed points
» Balance equations:

» supply >= demand

» new land use >= previous land use + land expansion
» Flexibity constraint equations

» crop new >=50% crop previous
» Resource constraints:

» water available >= water use
» Accounting equations

» GHG Emissions = Activity Level * GHG Emissions Coefficient
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Key model equations

* Objective function
OBJECTIVE_EQU

* Separable programming equations
DEMAND_IDENTITY
DEMAND_CONVEXITY
RESOURCE_IDENTITY
RESOURCE_CONVEXITY
LUCDET_IDENTITY
LUCDET_CONVEXITY
TRADECOST_IDENTITY
TRADECOST_CONVEXITY
TRANSPORT_IDENTITY
TRANSPORT_CONVEXITY
* Market balance

Maximization of the sum of producer and consumer surplus [mio USD]

Separable Demand Variable Identities
Separable Demand Variable Convexities
Separable Resource Variable Convexities
Separable Resource Variable Identities
Separable Land Use Variable Identities
Separable Land Use Variable Convexities
Separable Trade Cost Variable Identities
Separable Trade Cost Variable Convexities
Separable Local Trade Cost Variable Identies
Separable Local Trade Cost Variable Convexities

A GG v1arket balances [1000 tonnes or 1000 m3]
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Crop production

» 18 crops in 4 management systems

» Variables

» crop area [1000 ha]
» Parameters

» Base area, yield, cost, N/P requirements, GHG coefficients
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Crop production

» Equations

SUBSFARMING_EQU

Fixes the subsistence farming area to the observed levels in the base year
[1000 ha]

CROPLANDUSE_EQU

Keeps low input and high input management systems proportional to each
other as observed in the base year at the regional level [1000 ha]

CROPLANDUSE2_EQU

Keeps low input and high input management systems proportional to each
other as observed in the base year at the Simulation Unit and crop level
[1000 ha]

MINCROP_EQU

Limits the relative decrease in crop area by crop and management system
compared to the previous period [1000 ha]

MAXCROP_EQU

Limits the realtive increase in individual crops compared to the previous
period [1000 ha]

MAXCROPSYS_EQU

Limits the realtive increase in management system compared to the
previous period [1000 ha]

D
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Livestock production — Herd dynamics

» 10 livestock types in 8 production systems

» Variables

» Livestock numbers [1000 TLU]
» Parameters

» Feed requirements, Milk and meat yield, GHG coefficients
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Livestock production — Herd dynamics

DAIRYHERD EQU

Controls the proportion of replacement females in dairy ruminant herds
[1000 TLUs]

NOSUCKLERHERD_EQU

Keeps the proportions of dairy and non-dairy ruminants at the base year
level in regions where mixed purpose herds assumed [1000 TLUs]

HERDFIXED_EQU

Keeps the proportion of dairy and non-dairy small ruminants at the base
year level [1000 TLU]

MINLIVESTOCK _EQU

Limits the relative decrease in livestock numbers by animal type and
production system compared to the previous period [1000 TLUs]

MAXLIVESTOCK_EQU

Limits the relative increase in livestock numbers by animal type and
production system compared to the previous period [1000 TLUs]

TRANSFORM_EQU

Auxiliary calculation of LIVE_VAR2 based on LIVE_VAR for more efficient
computation in some constraints

MINLIVESTOCK2_EQU

Limits the relative decrease in livestock numbers by animal type compared
to the previous period [1000 TLUs]

MAXLIVESTOCK2_EQU

Limits the relative increase in livestock numbers by animal type compared
to the previous period [1000 TLUs]

MNGASTOTHER_EQU

Keeps by assumption the number of pigs and poultry in backyard systems
at the base year levels - all growth comes from industrial systems [1000
TLU]

RUMURBAN_EQU

Keeps by assumption the number of ruminants in urban and "other"
systems at the base year levels [1000 TLU]

LIVEFIXED_EQU

Keeps the relative distribution of ruminants across production systems
within a country at the level from previous period - scenario constraint
[1000 TLU]

LIVEFIXEDSIMU_EQU

Keeps the relative distribution of ruminants across production systems
within a "SimU" at the level from previous period - scenario constraint
[1000]
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Livestock production — Feed

» Feed aggregates: Grains, Grass, Stover and Occasional
» Feed grains: All 18 crops

» Variables
» Total feed demand for crops [1000 ton]

» Utilized grassland area [1000 ha]
» Parameters

» Base area and yield
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Livestock production - Feed

» Equations

FEED_BALANCE_EQU

Balances grain feed requirements at the feed aggregates level [1000 tonnes
DM]

FEED_BALANCE_FIXEDCROPS_EQU

Keeps the proportion of individual crops in the feed aggregates level at the
base year level [1000 tonnes DM]

STOVER_BALANCE_EQU

Stover demand-supply balance [1000 tonnes DM]

GRAS_BALANCE_EQU

Grass demand-supply balance [1000 tonnes DM]

GRAS_BALANCE2_EQU

Grass & occasional demand supply balance [1000 tonnes DM]
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Forest production — Biomass

» Biomass types: Sawn wood, Other wood, Branches & Stumps,

Harvest losses
» Biomass uses: Saw logs, Pulp logs, Other industrial round wood, Fuel

wood

» Variables
Area of forest harvested during the rotation time [1000 ha]

» Harvested quantity of a particular biomass grade[1000 ha]
» Parameters

» Mean annual increment, proportion of different types of
biomass, carbon balance
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Forest production - Biomass

» Equations

MAXSAWLOG_EQU

Limits amount of harvested sawlogs [1000 m3]

MAXLOG_EQU

Limits amount of harvested sawlogs, pulplogs and other industrial round
wood [1000 m3]'

MAXWOODBIOMASS_EQU

Matches the sum of all biomass grades with total harvested woody
biomass [1000 m3]

MAXHARVESTLOSS_EQU

Calculates share of harvest losses proportional to sawlogs, pulplogs and
other industrial round wood [1000 m3]

MAXBRANCHES_EQU

Limits amount of branches and stumps [1000 m3]

MAXLOGGINGRESIDUES_EQU

Limits amount of logging residues [1000 m3]

DEFORLOGS_EQU

Accounts for fuel wood supply from deforestationbalance of logs from
deforestation [1000 m3]

WOODPELLETS _EQU

Allows to impose depending on scenario minimum wood pellets
production

MAXRECYCLEDWOOD_EQU

Accounts for logging residues availability as sum of harvet losses and
stumps and branches [1000 m3]

”
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Forest production — Industry

» Industry products: Sawnwood, Mechanical and Chemical Pulp,
Plywood, Fiberboard, Woodpellets, Sawdust, Woodchips, Black
liquor

» Variables

Quantity of processed primary product [1000 m3]

Processing capacity of main final products [1000 m3 or 1000 t]
» Parameters

» Input-output relationships between primary and final
products and processing cost
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Forest production - Industry

» Equations

CAPACITY_EQU

Accounts for forest product processing capacity availabiliy [1000 m3]

CAPACITYACCUM_EQU

Accounts for forest product processing capacity dynamics [1000 m3]

CAPACITYREPLAC_EQU

Accounts for forest product processing capacity replacement needs [1000
m3]

MINTRADE1_EQU

Limits trade in forest products to levels from base period [1000 m3]

MINTRADE2_EQU

Requires trade in forest products equal or larger than base period levels
[1000 m3]

TRANSPORT _ZERO_EQU

Prevents production to appear during simulation when no data for the base
year [1000 m3]

7’
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Natural resources — Land

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

vegetation
» Variables

Short rotation plantations area [1000 ha]

Land cover/use area [1000 ha]

Land use change [1000 ha]

Cultivated land — cropland, grassland, SRP [1000 ha]
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Natural resources - Land

» Equations

Matches physical crop areas with total cropland [1000 ha]

Matches grassland use with available grassland [1000 ha]

Matches short rotation plantations area with available land [1000 ha]

Matches harvested forest area with the managed forest area [1000 ha]

Accounts for land use change from one type to the other [1000 ha])

Limits area that can be converted to short rotation plantations according to
suitability [1000 ha]

Accounts for overall resource land use as sum of cropland incl. perrenial
crops, grassland, and short rotation plantations [1000 ha]
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Land cover change

» Land cover change endogenous depending on relative profitability

\

Model gridcell
land use
composition

Land transition matrix

Unmanaged Managed  Other natural
forest forest vegetation

Grasslan Cropland  Short rotation

plantations

Wetlands Other agri- Not relevant
cultural land

» Conversion implies a conversion cost

» Max conversion rates can be capped to mimic policy/social constraints

16
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Land cover change: Equation

* Acconnts for land use change from one type to the other
LUCDET EQU (COUNTEY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, ARZCLASS, L.C TYPE)

5 LCLAND TUFPLE (COUNTRY,ALLCOLROW, RLTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, LC TYPE)|. .

LAWD LTM DET (COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS, SOTLCLASS, ARZCLASS,

SUM (LC INIT SLUCDET TUFLE (COUNTRY,ALLCCLRCOW,ALTICLASS, SLPCLASS, SOILCL
LUCDET VAR (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AFZCLAS

+ SUM (LC_CENT £ (LUCDET TUFPLE (COUNIRY, ALLCOLROW, ALTICLASS, SLECLASS, SOILC
LUCDET VAR (COUNTRY, AT.L.COLROW, ALTICLASS, SLPCLASS, SOTLCLASS, AFRZCLAS

+ LANDAWVATL. VAR (COUNTRY,ALLCOLROW,ALTICLASS, SLPCLASS, SOTLCLASS, AREACLASS

£ ((SUM(LC INIT £ ((LUCDET DATAZ (COUNTRY,LC INIT,LC TYPE, 'MAXIMUM') AND

.C TYPE})

BS5,AEZCLASS, LC_INIT,LC TYPE),
S,LC_INIT,LC_TYPE))

LASS,AEZCLASS,LC_TYPE,LC CRNT)),
S,LC_TYPE,LC CRNT))

, LC_TYPE)

LC_TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, LC_INIT))),1) OR

LAWND LTM DET (COUNTEY, ALLOOLRCW,ALTICLASS, SLPCLASS, SOILCLASS, ARZCLASS, L,
LC TOPLEZ (COUNTEY, ALLCOLROW, ALTICLASS, SLPCLASS, SOTLCLASS, ARZCLASS, LC T

C TYPE)) AND
YPE) )
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Natural resources - Water

» Variables

Irrigation water use [km3]

» Equations

WATERTACCOUNTEQUI T Accounts for rrigation water use [km3)
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Bioenergy demand

» Bioenergy types: Biomass for 15t and 2" generation biofuels, power

& heat cogeneration, direct biomass use for energy
» Variables

15t generation biofuel feedstock processing [1000 tonnes]

Demand for bioenergy products [TJ]
» Parameters

15t gen biofuel feedstock processing target [1000 tonnes]

Target for bioenergy demand [TJ]

» Equations

EIGENBENANREC T 555¢ processed quantity of feedstoc [1000] tonnes
_Bioenergy Production as defined in NRG scenarios [1000 GJ]
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GHG emissions - Accounting

Crops Fertilizer use Requirements from EPIC/IFA, emission
coefficients from IPCC

Rice production H, IPCC Tier 1 approach

- 20 13/3/2018
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GHG emissions - Accounting

» Variables

AFOLU GHG emissions [Million tonnes CO2 equivalent]

» Equations

RSSO HG emission accounting equation [MtCO2eq]
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Key model equations

* Objective function
OBJECTIVE_EQU

* Separable programming equations
DEMAND_IDENTITY
DEMAND_CONVEXITY
RESOURCE_IDENTITY
RESOURCE_CONVEXITY
LUCDET_IDENTITY
LUCDET_CONVEXITY
TRADECOST_IDENTITY
TRADECOST_CONVEXITY
TRANSPORT_IDENTITY
TRANSPORT_CONVEXITY
* Market balance

Maximization of the sum of producer and consumer surplus [mio USD]

Separable Demand Variable Identities
Separable Demand Variable Convexities
Separable Resource Variable Convexities
Separable Resource Variable Identities
Separable Land Use Variable Identities
Separable Land Use Variable Convexities
Separable Trade Cost Variable Identities
Separable Trade Cost Variable Convexities
Separable Local Trade Cost Variable Identies
Separable Local Trade Cost Variable Convexities

A GG v1arket balances [1000 tonnes or 1000 m3]

22
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Market equilibrium / partial equilibrium

Equilibrium price:

Price, which
reconciles supply and
demand

Partial equilibrium:

Only one market or
selected markets
(sector) of an
economy

\

Qd=Qs=Q*
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Supply

» Producers (enterprises) maximize profits, taking into account
» Product prices, prices of other products
Factor (input) prices

Subsidies and other policies
Weather, ...

Producer A Producer B Market supply

b
» Technology/ technological progress
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PE as optimization problem (MccCarl and Spreen, 1980)

= Maximizing social welfare (under constraints)
= Prices are represented as dual variables

P S p In GLOBIOM: S

Social welfare = /s yd
Integral of demand
Producer surplus + _
function — cost of

consumer surplus _
production

e p* g

>,
rd

Consumer surplus

p [ f(Q) da

Producer surplus

Cost of
production

Cost of
production

I Ty N Ay By

I I [ [ [N |
1

GLOBIOM Equations, Variables, and Calibration - FABLE 04/06/2018

=)



Objective function

» Demand function integral = Consumer surplus

e R
w OBJECTIVE FUNCTION 4
I o i T o N O e T

OBJECTIVE EQU.. CSP3 =E=

* Areas under Demand Functions for Final Prodncts

SUM [ (REGICOH, FINALFE)

$ (Demand Tuple (REGICH, FINALF) AND
DData (REGION, FINALP, "PriceEla™) 1t -0.05 AND
NOT Price Exo (REGION, FINARLF)),

SUM (STEF S (DData (REGION, FINALF, "TFRC") GE 1/Q INCREMENT (STEP)),
(Q_INCREMENT (STEF) ** (1./DData (REGION, FINALP, "PriceEla™))
*DData (REGION, FINALP, "Quantity™) *Q INCREMENT (STEP)

* DData (REGICH, FINALP, "Price™)
* DDhata (REGION, FINALF, "PriceEla™) /
(1.+DData (REGION, FINALP, "PriceEla™) )

+ DData (REGION, FINALP, "Constantl™)
+ DData (REGION, FINALP, "Constant2"™) ) *DEMAND STEP (REGION, FINALP, STEF)) )

+ SUM{(REGICHN, FINALF)
$ (Demand Tuple (REGION, FINALP) AND
DData (REGION, FINALE, "PriceEla™) ge -0.05 AND
NOT Price Exo(REGION, FINALF)),
DQuantity (REGION, FINALF) *DData (REGION, FINALE, 'Price'))
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Objective function

» Resource cost - Resource supply function integral

* Area nunder all price endogenons, constant elasticity resonrce supply CoOurves

- SUM( (REGICN, RESOURCE)
$ (RESOURCE_DATA (REGICN, RESOURCE, "PRICE") GT O AND
RESCURCE_DATA (REGION, RESOURCE, "QUANTITY") GT O AND
RESOURCE DATA (REGICN,RESQURCE, "PriceEla") GT 0.05  AND
RESCURCE_TUPLE (REGICN, RESOURCE) ),

(RESOURCE_DATA (REGION, RESOURCE, "PriceEla") /

(1+RESOURCE_DATA (REGION, RESOURCE, "PriceEla™))) *
RESOURCE_DATZ (REGION,RESOURCE, "FRICE™) *
SUM (STEE,
Q_INCREMENT (STEP) **
(1/RESOURCE DATA (REGICN, RESOURCE, "PriceEla")) *

Q INCEEMENT (STEP) *

RESCURCE_DATA (REGION, RESOURCE, "QUANTITY™) *
RESOURCE_STEP (REGICN, RESOURCE, STEP) ) )

- SUM( (REGICN, RESCURCE)
$ (RESOURCE DATA (REGICN, RESOURCE, "PRICE") GT O AND
RESOURCE_DATA (REGION, RESOURCE, "PriceEla") LE 0.05 ),
RESCURCE_VAR (REGION, RESOURCE) *
RESOURCE DATA (REGION, RESOURCE, "FRICE™) )
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Objective function

» Processing and forest industry investment cost

* Processing cost
— 5TM | (REGICH, Process)
SProcessData (REGION, Process, "ProductionCost'),
ProcessDhata (REGICH, Process, "ProductionCost') #
POuantity (REGICH, Process) )

o

Investment cost
SUM ( (REGION, CAPACITY PRCDUCT),
InvestCost DATA (region, CAPACITY PRODUCT)
* INVESTMENT VAR (region,CAPACITY PRODUCT) )

SUM ( (REGION, CAPACITY PRODUCT),
ReplacelnvestCost data(region, CAPACITY PRODUCT)
* REPLACE INVEST VAR (region,CAPACITY PRODUCT))
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Objective function

» Trade cost

Constant elasticity
cost function

Quadratic
cost function

* Trade cost - Non-linear with trade in the base year
— SUM { (ExpREGICH, ImpREGICH, Product)
£( (NOT BICENERGY (PRODUCT) )

TRADECOST DATA (ExpREGION, ImpREGION, Product, "PRICE™) GT O
TRADECOST DATA (ExpREGION, ImpREGION, Product, "QUANTITY") GT O
TRADECOST DATA (ExpREGION, ImpREGION, Product, "PriceEla”) GT 0.05

(TRADECCOST DATA (ExpREGION, ImpREGION, Product, "PriceEla™) /

(1+TRADECOST DATA (EXpREGION, ImpREGION, Product, "PriceEla"))) *

TRADECOST DATA (ExpREGION, ImpREGION, Product, "PRICE") *
SUM (STEE,
Q_INCREMENT (STEP) **

(1/TRADECOST DATA (ExpREGION, ImpREGICN, Product,"PriceEla")) *

Q_INCREMENT (STEP) *
TRADECOST DATA (ExpREGION, ImpREGION, Product, "QUANTITY") *
TRADECOST STEP (ExpREGION, ImpREGICN, Product,STEP)))

* Trade cost - Non-linear withont trade in the base year
- SUM { (ExpREGICH, ImpREGICH, Product)
£ ((NOT BICENERGY (PRODUCT))
TRADECOST DATL (ExpREGICH, ImpREGICH, Product, "QUANTITY")
TRADECOST DATL (ExpREGION, ImpREGION, Product, "MAXTIMIM")
TRADECCST DATA (ExpREGICH, ImpREGICH, Product, "INTERCEFT"™)
TRADECCST DATA (ExpREGICH, ImpREGICH, Product, "SLOFE"™)

SUM [STEF,
( TRADECOST DATA (ExpREGICN, ImpREGICN, Product, "INTERCEPT")
TRADECOST DATA (ExpREGION, ImpREGION, Product, "MAXIMUM") *
{ORD (STEF) /CARD (STEF) )
+ 0.5 *
TRADECOST DATA (ExpREGION, ImpREGION, Product, "SLOPE") *
( (TRADECOST DATA (EXpREGION, ImpREGION, Product, "MAXIMUM")
{ORD (STEP) /CARD (STEP} ) ) #*2)) *
TRADECOST STEP (ExpREGION, ImpREGION, Product, STEP)) )

GLOBIOM Equations, Variables, and Calibration - FABLE
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Objective function

» Crop and plantations cost

* Variable prodoction and maintenance cost

- SUM|( (COUNTRY,ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, CROP, CROPTECH)
$ (CROP_TUPLE ({COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, CROP, CROPTECH) AND
LCLAND TUPLE {COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, 'Crplnd' ) ),
CROP_DATA (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, CROP, C

FTECH, "COS5T")
*CROP VAR (COUNTRY, ALLCCLROW, ALTICLASS, SLPCLASS, SOILCLASS, ARZCLASS, CROP, CR

TECH) )

* Tndnstrial plantation cost

— SUM ( (COUNTEY, ALLCCLEROW, RLTICLASS, SLPCLASS, SOILCLASS , REZCLASS)
5 (SUM (REGICN, REGICH MAF (REGICN, COUNTRY)) AND

(SEP _TUPLE (COUNTEY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS) AND
LCLAND TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, ARZCLASS, 'PltFor|') )} ),
SREP DATA (COUNTEY, ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, 'TotglCost")

*SRP_DATA (COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, 'IP Biomass')
ASRP_‘.FAR|:C{}UNTRY,P.LLCDLR{}W,P.LTICLESS,SLPI:LASS,SGILCLESS,EEECLRSS]:||

& I 30 GLOBIOM Equations, Variables, and Calibration - FABLE 04/06/2018
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Objective function

» Forest harvesting cost

* Forest harvesting cost
* HARVCOST SHAREFIXED serves to split the harvesting cost to half per area (tree
* per CIM really pmlled ont of the forest

- SUM( (REGICN, COUNTRY) $REGION_HAP(REGION,COUNTRY],

+ SUM((ALLCCOLROW,ALTICLASS,SLPCLASS, SOILCLASS,AEZCLASS, ForMngType)
$ (FOREST_TUPLE (COUNTRY, ALLCOLROW, RLTICLASS, SLECLASS, SOILCLASS, AEZCLASS, ForMngTy|
LCLAND TUPLE {COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, 'MngFox !
HARVEST VAR (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, ForM
*FOREST DATA (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, ForM
*FOREST DATA (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, ForM
*HARVCOST SHAREFIXED

SUM ( (ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, REZCLASS, ForMngType)

$ (FOREST TUPLE (COUNTRY,ALLCOLROW, ALTICLASS, SLECLASS, SOILCLASS, AEZCLASS, ForMngT
LCLAND TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, 'MngFox
{SQuantity FOREST (COUNTRY,ALLCOLROW,BLTICLASS, SLPCLASS, SO0ILCLASS,AEZCLASS, Fo
SQuantity FOREST (COUNTRY,ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, Fo
SQuantity FOREST (COUNTRY,ALLCOLROW,ALTICLASS, SLPCLASS,SOILCLASS, AEZCLASS, Fo
SQuantity FOREST [COUNTRY, ALLCCLROW,ALTICLASS, SLPCLASS, SOILCLASS,AEZCLASS, Fo
SQuantity FOREST (COUNTRY,ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, Fo
SQuantity FOREST (COUNTRY,ALLCOLROW,ALTICLASS, SLPCLASS,SOILCLASS, AEZCLASS, Fo

*FOREST DATA (COUNTREY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, ForMng
) * (1-HARVCOST_SHAREFIXED)
)

- SUM( (REGION MAP (DEFORLOG REGION, COUNIRY) , ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLA

5 (LUCDET_TUPLE (COUNTRY, ALLCOLRCW, ALTICLASS, SLPCLASS, SCILCLASS, AEZCLASS, ' Pri

LCLAND TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, REZCLASS, 'DEr

LANDAVAIL VAR (COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, REZCLASS, "

*# FOREST DATA (COUNTRY, ALLCOLROW, ALTICLASS, SLECLASS, SOILCLASS, AEZCLASS, 'Cul

* (FOREST DATAR (COUNTRY, ALLCOLROW, RLTICLASS, SLPCLASS, SOILCLASS, REZCLASS, 'Cu
fPeriodLength * DeforHarvELffic

} and half

pe) AND

I

ngType)

ngType, "Increment ')
ngType, "HarvCost') )

vpe) AND

"1

rMngType, "S5W_biomass') *2 +
rMngType, "PW_biomass") +
EMngType, "OW _biomass') +
EMngType, "FW_biomass') +
rMngType, "HarvLoss'") +
rHMngType, "BranchStump ') )

Tvpe, "HarvCost'))

55, REZCLASS)

For', "DfrLnd') AND
Lod"') ),

DEfrLnd™)

rH*®, 'Deforest_Logs")
', '"HarvCost ")+ 0.030))
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Objective function

» Land use change cost

* Land unse change with rising marginal costs
- SUM( (REGION,LC INIT,LC CRNT,STEF)

5 (LUCDET DATA (REGION,LC INIT,LC CRNT, 'MAXIMUM') AND

SUM ( (REGICN MAP (REGICN, CCUNTRY) , ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZ
LUCDET TUPLE (COUNTRY, ALLCOLRCW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, LC
SUM ( (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS)
$ REGICN MAP (REGION, COUNTRY),
LC_TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS
LC_TUPLE (COUNTRY, ALLCCLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS
( LUCDET DATAZ (REGION,LC INIT,LC CRNT,"INTERCEPT") *
LUCDET DATA (REGICN,LC INIT,LC CRNT, "MAXIMUM") *
(ORD (STEP) /CARD (STEP) )
+ 0.5 *
LUCDET DATA (REGION,LC INIT,LC CRNT,"SLOPE") *
( (LUCDET DATA (REGICN,LC INIT,LC CRNT, "MAXIMUM") *
(ORD (STEP) /CARD (STEP) ) ) *%2)) *
LUCDET STEP (REGION,LC INIT,LC CRNT,STEP))
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Objective function

» Crop and livestock calibration cost

* Calibration of cropland use
- 5UM (| (COUNTEY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS , CROP, InputSys, CR
% (TECH MAP (InputS5ys,CROPTECH) AND

CROFP TUPLE (COUNTRY, ALLCOLRCOW, ATTICLASS, SLPCLASS, SOTLCLASS, AEZCT.ASS, CRO
LCLAND TUFPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, '

SHERICE LAWD (COUNTEY,ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, CH
SWITCH SIGH(SIGHN) *
CROF VAR (COUNTEY, ALLCCLRCW,ALTICLASS, SLPCLASS, SOILCLASS , ARZCLASS , CROFP, C

OPTECH, SIGN)

P, CROPTECH) AND
CrplLnd') AND
BROP, InputSvs, STGH
OF, InputSys, SIGH)

L

ROPTECH) )

b Calibration of livestock

- S5UM ( (COUNTRY, ALLCOLEROW, ALTICLASS, SLPCLASS, SOTLCLASS, AEZCTASS, LIVE SYSTEM, ANTMAT., STGH)

£ (LIVE TUPLE (COUNTRY,ALLCOLRCW,RLTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, LIVE

| SYSTEM, ANIMAL) AND

SHEFRICE LIVESTOCE (COUNTRY ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZC
SHERICE LIVESTOCK (COUNTEY,ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, REZC

L

SWITCH SIGN(SIGH)
LIVE VAR (COUNTRY, ALILCOLROW,ATLTICLASS, SLPCLASS, SOTLCLASS, AFZCLASS, LIVE 5

5,LIVE SYSTEM, ANIMAL, SIGN
S,LIVE_SYSTEM, ANIMAL, SIGN)

STEM, BNIMAL) )

GLOBIOM Equations, Variables, and Calibration - FABLE
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Linearization

» Convexity constraints

* Convexity Constraints force the sum of all =step variables
* to be less or egqunal thanm 1

* Demand Convexity Constraints
DEMAND CONVEXITY (REGICN, FINALP)
E(Demand_TaplE(REGIGH,FinalP] and
DData (REGICH, FinalP, "PriceEla™) 1t -0.05)..

SUM (STEFP % (DData (REGICN,FinalP, "TFAC") GE 1/Q INCREMENT (STEF)),
DEMAND STEP (REGION, FINALP, STEF) )

=E= 1:
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Linearization

» ldentity constraints

* Tdentity Constraints compnte total demand or supply by summing over

* all step variables the gnantity associated with each =step

* Demand Identity Constraints
DEMAND IDENTITY (REGION, FINALF)
5iDemand_TuplEiREGIDN,FinalP] and
PRODUCT TUPLE (REGION,FinalP) and
Dhata (REGICH, FinalP,"PriceEla™) 1t -0.05)..

SUM (STEP £ (DData (REGION, FinalP, "TFLAC™) GE lfQ_INCREHENT(ETEP]],
Q INCREMENT (STEP) *

Dhata (EEGICH, FinalP, "Quantity™) *

DEMAND STEP (REGION, FINALP, STEF))

— DQuantity (REGION, FINALP)
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* gropland nse
- SUM | (COUNTEY,ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, CROP, CROPTECH)

* gshort rotation plantations
- SUM | (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, S0ILCLASS, AEZCLASS)

(SRP_TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS) AND

Market balance

» Crop and plantation biomass supply

$ (REGION MAP (REGICON, COUNTRY) AND
CROP_ TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS,, CROP, CROPTECH)
LCLAND TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SCILCLASS, REZCLASS, 'Crplnd') ),

CROF DATA (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, ARZCLASS, CROP, CROPTECH, PRODUCT)

*CROP_VAR (COUNTEY, ALLCOLROW, ATLTICLASS, SLPCLASS, SOTLCLASS, ARZCTL.ASS, CROP, CROPTECH) )
*WASTEREDUCTION COEF (REGICH, PRODUCT)

5 (REGICN MAP (REGICN, COUNTRY) AND

LCLAND TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, "P1tFor'f) ) )

SRP DATA (COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, PRODUCT)
#*SRP_ VAR (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS) )
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Market balance

» Livestock production

livestock production
- EUM { (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, LIVE SYSTEM, ANIMAL, LIVEPRODS)

5 (REGION MAP (REGICN, COUNTRY) AND
(LIVE DATA (COUNTRY,LIVE SYSTEM,ANIMAL,LIVEPRODS) gt 0O) AND

LIVE TUPLE (COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, REZCLASS, LIVE SYSTEM, ANTHMAL) AND

DEMPROD MAP (FRODUCT, LIVEFRODS) ),

LIVE VAR (COUNTEY,ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, LIVE SYSTEM, ANTMAL)

* LIVE DATL (COUNTRY,LIVE SYSTEM, ANTMAT., LIVEPRODS)
* WASTEREDUCTION COEF (REGION, LIVEPRODS) )
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Market balance

» Forest biomass supply

DS BALANCE EQU(REGICN,Product) $PRODUCT TUPLE (REGICN, Product) ..

* recycled wood and loggingresidoes
- SQuantity (REGIOHN, PRODUCT) $5AMEAS (PRODUCT, 'recycledwood')
— SQuantity (REGICH, PRODUCT) £54AMELS (PRODUCT, "loggingresidusszs")

* forest snstalnable harvest
- S5UM{ (COUNTERY, ALLCOLROW, ALTICLASS, SLPCLASS, SCILCLASS , AEZCLASS, ForMngType , tTWOOD
g (FCREST TUPLE (COUNTRY, ALLCOLRCW, RLTICLASS, SLPCLASS, SOILCLASS, REZCLASS, ForMn
LCLAWND TUPLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, REZCLASS, 'MngF]
FOREST DATA (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, ForMng
SAMERS (rWOOD PRIMA, FRODUCT) AND
(Hot SRMEAS (rWOOD PRIMA, "EW _biomass')) AND
REGICH MAP (REGION,COUNTEY) ),
SQuanticy FOREST (COUNTREY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AREZCLASS, For

- SUM( (COUNTRY, ALLCOLROW,ALTICLASS, SLECLASS, SOILCLASS, AEZCLASS, ForMngType)
$ (FOREST TUPLE (COUNTRY,ALLCOLROW,ALTICLASS, SLPCLASS,SOILCLASS, AEZCLASS, ForMn)
LCLAND TUPLE (COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, 'MngF
FOREST DATA (COUNTRY, ALLCCLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, ForMng
SAMEAS (PRODUCT, 'SW_Biomass') AND
REGION MAP (REGION,COUNTRY) ),
SQuantity FOREST (COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS,SOILCLASS, AEZCLASS, For

* deforestation
- 5UM{ (DEFORLOG COUNTRY, RALLCOLROW,ALTICLRSS, SLPCLASS, SOILCLASS, ARZCLASS, ForMngT
g (SAMEARS (PRODUCT, "FW_Bicmass")
REGICH MAFP (REGION, DEFORLOG COUNTRY)
LCLAWND TUPLE (DEFORLOG COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCT.
LUCDET TUPLE (DEFORLOG COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCT.

| PRIMA)
ogType) AND
or') AND

Type, "Increment') AND

MngType, TWOOD PRIMA))

oTvpe) AND
oxr') AND
Type, "Increment') AND

MngType, PRODUCT) )

Ve )
AND
AND
BS5, 'DfrLnd") AND
BS5, '"PriFor', 'DfxrLnd') ),
LASS, ForMngType, Product) )

- I SQuantity DEFCR (DEFCRLOG COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZC
11AS - -



Market balance

» Processing supply and demand

* Prooessing
— Sum | (Process)
2 (ProcessData (REGION, Process, "'Productioncost')

[ (SUM (EEGICH= $((Demand_Tuple(REGIGNS,PIDduct] OR

5UM (CROPS SFeedReg Tuple (REGICH, CROFS),

DisplacementRatio (CROPS, PRODUCT) ) )
AND
{ProcessData (REGICHs, Process, PRCDUOCT) gt 0O)),1)
OR

SUM ( (FINALF, BEGICHs) 2 ((Demand Tuple (REGICHs, FINALF) OR

5UM (CROPS SFeedReg Tuple (REGICH, CROFS),

DisplacementRatio (CROPS, FINALP) ) ) AND

(ProcessData (REGICHN=, Process, FINALP) gt 0) AND

(ProcessData (REGICH=, Process, PRODOCT) 1t 0)),

ProcessData (REGICHs, Process, FINALP) )

OR
[ (SMIN | (EEGICHNS, Process2) ,ProcessData (REGICOHs, Process2, PRODUCT) )
[SMAY (REGICHS, ProcessData (REGICHs, Frocess, PRCDIOCT) ) gt Q) ))
OR

SUM (F_PROCESS £ (SRMERS (Process,F PROCESS)), 1) AND
SUM (REEGICH= $iiPIDduct_TuplEiREGIGNs,PIDductJ AND
[ (ProcessData (REGICHs, Process, PRODUCT) 1t Q) OR
(ProcessData (REGICHs, Process, PRCDUCT) gt 0))) ), 1)
1
I 39 | PQuantity (REGION, Process) *
ProcezssData (REGICH, Process, Product) )

eq -1
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Market balance

» Imports and Export

* imports
- 51M (ExpRegion
5(iiTRADECDST_DATA(ExpEEGIDH,REGIGH,PIDduct,"PRICE"J T O
TRADECOST DATA (EXpREGION, REGION, Product, "QUANTITY") GT O
TRADECOST DATA (ExpREGION, REGION, Product, "PriceEla™) GT 0.035)
(TRADECOST DATA (ExpREGION, REGION, Product, "MAXTMUM™) GT O
TRADECOST DATZA (ExpREGICN, REGION, Product, "INTERCEPT") GT O
TRADECOST DATA (ExpREGION, REGION, Product, "SLOFPE") GT O 1]
CALIE TRADE AND
(NOT BICEWNERGY (PRODUCT)) ),
Shipments (ExpRegion, REGICON, Product) )
* gxports
+ SUM ( ImpREGICH
$EiiTRRDECDST_DRTAiREGIDN,ImpREGIGN,PIDduct,"PRICE"J GT O
TRADECOST DATA (REGION, ImpREGION, Product, "QUANTITY") GT O
TRADECOST DATA (REGION, ImpREGION, Product, "PriceEla™) GT 0.035)
(TRADECOST DATA (REGION, ImpREGION, Product, "MAXTMUM" ) GT O
TRADECOST DATA (REGION, ImpREGION, Product, "INTERCEFT™) GI O
TRADECOST DATA (REGION, ImpREGION, Product, "SLOPE") GT O |

CLLIE TRADE AND
(HOT BICEMEEGY (PRODUCT)) ),
Shipments (REGICH, ImpREGICH, Product) )

GLOBIOM Equations, Variables, and Calibration - FABLE

AND

DR

DR

04/06/2018



~d
-

Market balance

» Feed and human demand

* FEED DEMAND
+ FeedQuantity (REGICHN, PRODUCT) 3 ((FeedReg Tuple (REGICON, PRCDUCT) OR
SUM (CROPS SFEEdReg_Tuple(REGIDH,CRDFE],
DisplacementRatio (CROPS, PRODUCT) ) ) )

* DEMAND

+ DOumantity (REGION, Product)
s (Demand Tuple (REGICH, Product) )
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Market balance

» Artificial variables
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Exercise 1: Run GLOBIOM!

» In0_executebatch.gms run 4 model .gms

SzetlLocal X fsystem.dirSep:

Szet env ide=%gams.ide3® lo=%gams.lo% errorlog=%gams.errorlog:® errmsg=1

pw=130 cerr=5

execute "gams 1 loaddata.gms $envi -5 .3X%t%X%al v2 "
execnte "gams 2 _activesets.gms tenvi -r .3X3tiX3al w2 -8 .3X%c3X3aZl v2 gdx=.3XIgdxiX%aZz v2 ";
execnte "gams 3 _precompute.gms tenvi -r .3X3t3X3al vl -8 .3X%c3X3a3| v2 gdx=.3XIgdxiX%a3 v2 ";
execnte "gams 3b calibtrade.gms tenvi -r L 3XICEX%aA3_wva -3 .%X%E%X%EEF_VZ gd==. %X %gd=x¥X%a3kb_va";
I execnte "gams 4 model.gms tenvi -r . 3X3tEN%Fadb w2 -3 .%X%t%X%a&va_free gdx=.%X%gdx%x%aﬂ_vz_free";l

» First, without calibration
» In4_model .gms

HTASA

- activate

- comment off

GLOBIOM Equations, Variables, and Calibration - FABLE 04/06/2018



Exercise 1: Run GLOBIOM!

» Check the base year solution

» Parameters -

compared to data

ﬁ I 44 GLOBIOM Equations, Variables, and Calibration - FABLE
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Exercise 1: Run GLOBIOM!

» Check crop areas | )

Crop area EU_MidWest [1000 ha]

12000
10000
8000
6000

4000

B I | . _ L

Barl BeaD Corn Mill Pota Rape Rice Soya Srgh Sunf Whea

o
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Exercise 1: Run GLOBIOM!

» Check livestock numbers ( )

25000

20000

15000

10000

5000

o

Livestock numbers EU_MidWest [1000 TLU]

BOVD BOVF BOVO SGTD SGTF SGTO PIGS PTRB PTRH PTRX
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Exercise 1: Run GLOBIOM!

» Check commodity prices ( )

3000

2500

2000

1500

1000

50

o

Commodity prices EU_MidWest [USD/tonne]

-I II 1 |
‘\.

e > A
S\ & P
R (o) *(\ ‘§\ & & (:> ;
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Calibration

Price/ MC=MR

Cost

Demand
curve

Supply curve - Calibrated

Supply curve - Observed

Pobs
Pinit
MC

obs

Qobs Qinit Quantlty

Principle: Not all costs captured in data = add subsidies/costs to
objective function to reproduce observed base year quantities

-
TTASA
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Calibration equations

FORCE CROPLAND (COUNTEY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS , ARZCLASS, CROF, rInp
£ (SUM(TECH MRP (rInputSys,rxCROPTECH),

CRCP TUFLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, CROF, rC

LCLAWND TUPLE (COUNTEY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, ' Crplnd

SWITCH SIGN(SIGH)* sSUM(TECH MAP (rInputSys,rCRCPTECH),
CRCP VAR (COUNTEY, ALLCOLEOW,ALTICLASS, SLPCLASS, SOILCLAS
=L=
SWITCH SIGN(SIGN)*® CROF DATA (COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, AEZ

o

FORCE LIVESTOCEK (COUNTRY, ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS, ARZCLASS, LIVE S5Y3
5 (SUM (REGICH, EREGICN MAP (REGICH, COCUNTEY)) AND
LIVE TUFLE (COUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, ARZCLASS, LIVE SYSTE

SWITCH SIGN(SIGN)*® LIVE VAR [COUNTEY,ALLCOLROW,ALTICLASS,SLPCLASS,SOILCLASS,ARZC
=L=
SWITCH SIGN(SIGN)*® LIVENUMBER (COUNTRY,ALLCOLROW,ALTICLASS, SLPCLASS, SOILCLASS,AE

o

MODEL GLOBIOM FORCED Model setup used for calibration
!

GLOBICM

FORCE CROPLAND

FORCE LIVESTOCK

utSy=s, SIGH)

ROPTECH) ) AND

SR

S, AEZCLASS, CROP, rCROPTECH) )
CLASS, CROP, rInputSys, "Basehrea')
1 + EPS001 STIGH(SIGH)):

TEM, forcedaNIMAL, STGHN)

M, forcedANIMAL) ) ..

L.AS5, LIVE SYSTEM, forcedANTMATL)

ECLASS, LIVE SYSTEM, forcedANTMAL)
1 + EPS001 STIGH (SIGH)):
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Calibration equations

» Calibration cost

SHPRICE - ,ALTICLASS, SLPCLASS, SOILCLASS, AEZCLASS, CROP, Inputs
=|FCRCE_CROPLAND.M (JOUNTRY, ALLCOLROW, ALTICLASS, SLPCLASS, SOILCLASS, AEZCL

e, SIGH)
BS55, CROP, InputSys, SIGH) ;

YSTEM, ANIMAL, SIGN)

SHPREICE LI T COLECW, ALTICLASS, SLPCLASS, SOILCLASS, ARZCTLASS, LIVE S
= FORCE LIVESTOCE.MQCOUNTRY, ALLCCOLEOW, ALTICLASS, SLPCLASS, SOILCLASS, AEZC

= I 50 GLOBIOM Equations, Variables, and Calibration - FABLE
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Exercise 2: CALIBRATE and run GLOBIOM!

» In0_executebatch.gms run 4 model .gms

Szet env ide=%gams.ide% lo=%gams.lo% errorlog=%gams.errorlog:® errmsg=1 pw=130 cegrr=5

Szetlocal ¥ Tsyvstem.dirSepd

execute "gams 1 loaddata.gms Fenvi -= .EXErEX%al| v2 "
execute "gams 2 activesets.gms fenvi -r .EXIciX%Ial w2 -= LEXECEN%aZ| v  gdx=.3X3IgdxiX%az v2 ";
execute "gams 3 precompute.gms fenvi -r .:XIciX%Ial w2 -= LEXECEN%ER3| v gdx=. 3X3IgdxiX%a3 v2 ";
execnte "gams 3k calibtrade.gms tenv: -r (FX3L3E%a3_va -3 .%H%E%H%ESF_vE gdx=. FXFgdx¥X%alkb _va";
execnte "gams 4 model.gms tenv: -r (FX3c3X%adbh _va -5 .3X%cEX%ad v2_calib gdx=.%H%gdx%x%a&_vz_calib";I

» Now, with calibration
» In4_model .gms
- comment off
- activate
» Check the base year solution compared to data

& I 51 GLOBIOM Equations, Variables, and Calibration - FABLE 04/06/2018



Exercise 2: CALIBRATE and run GLOBIOM!

» Check crop areas |

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

)

Crop area EU_MidWest [1000 ha]

Barl BeaD Corn Mill Pota Rape Rice Soya Srgh Sunf Whea
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Exercise 2: CALIBRATE and run GLOBIOM!|!

» Check livestock numbers ( )

25000

20000

15000

10000

5000

0

Livestock numbers EU_MidWest [1000 TLU]

BOVD BOVF BOVO SGTD SGTF SGTO PIGS PTRB PTRH PTRX
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Exercise 2: CALIBRATE and run GLOBIOM!

» Check commodity prices ( )

Commodity prices EU_MidWest [USD/tonne]

3000
2500
2000
1500
m OBS

1000 CALIB

500

o EHm HE =N O I
& & & & 5 & @%‘\\& &“’é &v <<5°(° Q@("é
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