ELECTRONIC APPENDIX

Linear programming  (LP) problem for testing the FAOSTAT data consistency.

Sets, variables, parameters, and equations 

	SET
	Definition
	Elements in the set

	Region
	Country or region in FAOSTAT
	Countries

	xT
	Year
	Years from 1992 to 2016

	xwood
	Wood category
	C sawlogs, C pulpwood, 
NC sawlogs, NC pulpwood,
C other industrial roundwood,
NC other industrial roundwood ,
Wood residues, 
C wood residues, 
NC wood residues, 
Chips and particles, 
C chips and particles, 
NC chips and particles

	rwood
	Roundwood going to industrial production 
	C sawlogs, C pulpwood, 
NC sawlogs, NC pulpwood,
C other industrial roundwood, NC other industrial roundwood 

	Plywood 
	Plywood including veneer

	Softwood plywood,
Hardwood plywood
Softwood veneer, Hardwood veneer 

	Pulp 
	Sulphate pulp: hardwood and softwood
	SoftwoodKraftbl        HardwoodKraftBl   

	Activity
	Production, import, export
	Production, import, export

	Variables and their domain
	Quantities found by the LP model for 
	Unit

	Produce_var(Region,rwood,xT)  
	Roundwood production 
	millions cubic meters

	Export_var(Region, xwood,xT)
	Wood exports 
	millions cubic meters

	Import_var(Region, xwood, xT)
	Wood imports 
	millions cubic meters

	Consume_var(Region,xwood,XT)
	Use of wood 
	millions cubic meters

	Produce_varPlyw(Region,Plywood,XT)
	Production of hardwood and softwood plywood and veneer 
	millions cubic meters

	
	
	

	WoodInput(Region,xwood,xlist, XT)
	Coefficients of wood input for products 
	m3/m3 or m3/t

	Variables showing violations from the assumptions or statistical data
	
	Unit

	InputBelowRef(region,xlist,xt); InputAboveRef(region,xlist,xt);
	Deviations of the wood input downwards or upwards from given reference coefficient
	m3/m3 or m3/t


	InputTooLow(Region,xlist,XT) InputTooHigh(Region,xlist,XT)
	Deviations of the wood input  downwards or upwards from given range around the reference coefficient
	m3/m3 or m3/t


	MaxABSPenalty(Region,inputed,XT); MinABSPenalty(Region,inputed,XT);
	Deviation of the wood input downwards or upwards from default very robust minimum and maximum values
	m3/m3 or m3/t


	
	
	

	InputChangeUp(Region,inputCh,XT2) 
	Difference in input coefficient between adjacent years when input t+1 higher than input t
	m3/m3 or m3/t


	ViolationResid (Region,xwood, xT)
	Deviation in residues production from apparent availability (Sawlog use – solidwood outputs)
	millions cubic meters


	ViolationHarveUP(Region, rwood,xT),
ViolationHarveDN(Region, rwood,xT)
	Deviation of roundwood production from FAO-statistics up or down
	millions cubic meters


	TooMuchExport(region,rwood,xt)
	Exports or roundwood exceeding the production
	millions cubic meters


	NCplywTooMuch(Region, XT) , NCplywTooLittle(Region, XT), CplywTooMuch(Region, XT) , CplywTooLittle(Region, XT) ,
SoftPulpTooLittle(Region, XT)  SoftPulpTooLittle(Region, XT)  hardPulpTooLittle(Region, XT)  hardPulpTooMuch(Region, XT) 

	Deviations of softwood and hardwood plywood and sulfate pulp coefficients from the reference values (upwards and downwards).
	m3/m3



m3/t



	(Most important) parameters and their domains
	Definition
	Unit

	Maksifibre(Region,xlist,XT)
	Assumed typical maximum value for a coefficient of wood inputs for products 
	m3/m3 or m3/t

	Minimifibre(Region,xlist,XT)
	Assumed typical minimum value for a coefficient of wood inputs for products 
	m3/m3 or m3/t

	MaksimiABSO(Region,xlist,XT)
	Assumed maximum coefficient of wood inputs for products 
	m3/m3 or m3/t

	MinimiABSO(Region,xlist,XT)
	Assumed minimum coefficient of wood inputs for products
	m3/m3 or m3/t

	WoodOK(xlist,wood)
	Indicator if certain wood type (xwood) can be used as rawmaterial for a certain product (xlist)
	1 if yes, else 0

	FaoData(region,activity, xlist, xt, "Value")
	FAO data on volumes of activities production, exports, and imports.
	millions cubic meters, millions tonnes



CONSTRAINTS AND THE OBJECTIVE FUNCTION

Note the following notations of GAMS language related to the constraints used:
=E=    is equal to
=L=    is less or equal to 
=G=  is more or equal to
..       marks the end of the constraint name and domain
$    means “if” or “on the condition that” 
So for instance,  PlywProd(region,plyw,xt)$(NOT FaoData(region,"Production","plywood", xt, "Value"))..  defines a constraint named PlywProd(region,plyw,xt) for the units in the domain combining sets (region,plyw,xt) . Yet, the constraint is not applied if parameter   FaoData(region,"Production","plywood", xt, "Value")  has a non-zero value.

CONSTRAINTS SET ON HARVESTS
Inequations DeviateLogRwoodUP(Region,rwood,xT) and DeviateLogRwoodDN(Region,rwood,xT)  define the regional harvest levels for different roundwood categories to equal the quantity given in the statistics plus/minus a possible deviation from it due to e.g., illegal loggings, statistical errors, or other non-reported harvest that do not show in the wood production statistics. The deviations are given by penalty variables ViolationHarveUP(Region, rwood,xT) and ViolationHarveDN(Region, rwood,xT). 
DeviateLogRwoodUP(Region,rwood,xT)..   Produce_var(Region,rwood,xT) =L=FaoData(region,"Production",rwood, xt,"Value")  + ViolationHarveUP(Region, rwood,xT);
DeviateLogRwoodDN(Region,rwood,xT)..  Produce_var(Region,rwood,xT) =G=FaoData(region,"Production",rwood, xt,"Value")  - ViolationHarveDN(Region, rwood,xT);

CONSTRAINTS SET ON TRADED QUANTITIES OF WOOD 
Exportcond(region,rwood,xt) imposes that no country should export more of certain roundwood category than it produce. Yet, a possibility of deviating from this condition is given subject to a non-negative penalty variable  TooMuchExport(region,rwood,xt)
Exportcond(region,rwood,xt)..      Export_var(Region, rwood,xT)   =L=  Produce_var(Region,rwood,xT) + TooMuchExport(region,rwood,xt);
Equations ConifImports(Region,xt),  ConifExports(Region,xt),   NConifImports(Region,xt), NConifImports(Region,xt) allocate the imports and exports  of industrial coniferous and non-coniferous roundwood in FAOSTAT to pulpwood, sawlogs and other industrial roundwood.  
ConifImports(Region,xt)..       
Import_var(Region, "PulpwoodC",xT) + Import_var(Region, "SawlogsC",xT) + Import_var(Region, "OtherIndustRoundwdC",xT)    =e=  FaoData(region,"Imports", "IndRwdWirC", xt, "Value")  ;
ConifExports(Region,xt)..         
Export_var(Region, "PulpwoodC",xT)  + Export_var(Region, "SawlogsC",xT) + Export_var(Region, "OtherIndustRoundwdC",xT)    =e= FaoData(region,"exports", "IndRwdWirC", xt, "Value") ;
NConifImports(Region,xt)..        
Import_var(Region, "PulpwoodNC",xT) + Import_var(Region, "SawlogsNC",xT) + Import_var(Region, "OtherIndustRoundwdNC",xT)     =e= FaoData(region,"Imports", "IndRwdWirNCOther",    xt, "Value") + FaoData(region,"Imports", "IndRwdWirNCTropica ", xt, "Value");
NConifExports(Region,xt)..         
Export_var(Region, "PulpwoodNC",xT) + export_var(Region, "SawlogsNC",xT) + Export_var(Region, "OtherIndustRoundwdNC",xT)      =e=
FaoData(region,"exports", "IndRwdWirNCOther", xt, "Value") +FaoData(region,"exports", "IndRwdWirNCTropica ", xt, "Value");
Equations ChipsImportBala(Region,xt) and  ChipsExportBala(Region,xt) provide an allocation of imports and exports of chips and particles given in FAOSTAT to coniferous and non-coniferous chips and particles.
ChipsImportBala(Region,xt)..       
Import_var(Region, "ChipsandParticlesC",xT) + Import_var(Region, "ChipsandParticlesNC",xT) =E= FaoData(region,"Imports", "ChipsandParticles", xt, "Value")    ;
ChipsExportBala(Region,xt)..      
 Export_var(Region, "ChipsandParticlesC",xT)+ Export_var(Region, "ChipsandParticlesNC",xT)   =E= FaoData(region,"Exports", "ChipsandParticles", xt, "Value"); 

CONSTRAINTS SET FOR MATERIAL BALANCE 
SlogsConsumption(Region,xt), PwodCConsumption(Region,xt),  NlogsConsumption(Region,xt), and PwodNCConsumption(Region,xt) impose that consumption of coniferous and non-coniferous sawlogs and pulpwood must balance to what is available in terms of production and net imports. 
SlogsConsumption(Region,xt)..   
Consume_var(Region,"SawlogsC",XT) =E=  Produce_var(Region,"SawlogsC",xT)+ Import_var(Region, "SawlogsC",xT)  -   Export_var(Region, "SawlogsC",xT) 
PwodCConsumption(Region,xt)..   
Consume_var(Region,"PulpwoodC",XT)  =E=  Produce_var(Region,"PulpwoodC",xT) + Import_var(Region, "PulpwoodC",xT)  -   Export_var(Region, "PulpwoodC",xT) 
NlogsConsumption(Region,xt)..   
Consume_var(Region,"SawlogsNC",XT) =E=  Produce_var(Region,"SawlogsNC",xT)+ Import_var(Region, "SawlogsNC",xT) -   Export_var(Region, "SawlogsNC",xT)  
PwodNCConsumption(Region,xt).. 
Consume_var(Region,"PulpwoodNC",XT) =E= Produce_var(Region,"PulpwoodnC",xT)+ Import_var(Region, "PulpwoodNC",xT) -  Export_var(Region, "PulpwoodNC",xT) 
For chips and particles and wood residues we do not impose equality in the material balance, but assume that part of their supply may go to other uses than the forest industry products in the statistics. Therefore the material balance equations for these wood categories EqWoodresConsBala(Region,xt),  CChipsConsumption(Region,xt), NCChipsConsumption(Region,xt),  are imposed as inequalities requiring that consumption is at most the production plus net imports. 
EqWoodresConsBala(Region,xt).. 
 Consume_var(Region, "Woodresidues",xT)  =L=  FaoData(region,"Production", "Woodresidues", xt, "Value")+FaoData(region,"Imports", "Woodresidues", xt, "Value") - FaoData(region,"exports", "Woodresidues", xt, "Value")
CChipsConsumption(Region,xt)..  
Consume_var(Region,"ChipsandParticlesC",XT)  =L= Produce_var(Region, "ChipsandParticlesC",xT)+ Import_var(Region,  "ChipsandParticlesC",xT) -   Export_var(Region,  "ChipsandParticlesC",xT) ;
NCChipsConsumption(Region,xt).. 
Consume_var(Region,"ChipsandParticlesNC",XT) =L= Produce_var(Region,"ChipsandParticlesNC",xT) +Import_var(Region, "ChipsandParticlesNC",xT) -   Export_var(Region, "ChipsandParticlesNC",xT) ;

EqWoodresProdBala(Region,xt) and EqChipsProdBala(Region,xt) impose the amount of residues divided to coniferous and non-coniferous to match with the FAOSTAT data (for chips only for years with data for that).
EqChipsProdBala(Region,xt)$(number(xt) ge 2000)..
Produce_var(Region, "ChipsandParticlesC",xT) + Produce_var(Region, "ChipsandParticlesNC",xT)=E=FaoData(region,"Production", "ChipsandParticles", xt, "Value") ;
EqWoodresProdBala(Region,xt)..    
Produce_var(Region, "WoodresiduesC",xT) + Produce_var(Region, "WoodresiduesNC",xT) =E=FaoData(region,"Production", "Woodresidues", xt, "Value")  ;
CWoodForByproducts(Region,xt) and NCWoodForByproducts(Region,xt) require that the amount of coniferous and non-coniferous sawlogs used in the forest industry is adequate to cover not only the production of solidwood products but also wood reported to be obtained as by-products from the production processes.  Positive deviations ViolationResid(Region,"*",xT)  (subject to penalty in the objective functions are allowed
CWoodForByproducts(Region,xt)..  
Consume_var(Region,"SawlogsC",XT)     - Produce_varPlyw(Region,"PlywoodC",XT)- FaoData(region,"Production","sawnwoodC", xt, "Value")  =G= Produce_var(Region,"ChipsandParticlesC",xT)  +  Produce_var(Region,"WoodresiduesC",xT)- ViolationResid(Region,"ChipsandParticlesC",xT);
NCWoodForByproducts(Region,xt)..  
Consume_var(Region,"SawlogsNC",XT) - Produce_varPlyw(Region,"PlywoodNC",XT) - FaoData(region,"Production","sawnwoodNC", xt, "Value")  =G= Produce_var(Region,"ChipsandParticlesNC",xT)+Produce_var(Region,"WoodresiduesNC",xT) - ViolationResid(Region,"ChipsandParticlesNC",xT);


CONDITIONS RELATED TO THE USE OF WOOD AS INPUT IN PRODUCTION OF FOREST INDUSTRY PRODUCTS
Equation WoodBalance(Region,xwood,XT) states that the consumption of wood grade xwood equals its use (input coefficients times the production) in the various products inputed 
WoodBalance(Region,xwood,XT)$sum(inputed, WoodOK(inputed,xwood))..  Consume_var(Region,xwood,XT) =e=sum(inputed$WoodOK(inputed,xwood),     WoodInput(Region,xwood,inputed, XT) *FaoData(region,"Production", inputed, xt, "Value"));
Equations UneceCoeffUsedMax(region,inputed,xt)  and UneceCoeffUsedMin(region,inputed,xt) aim to find wood inputs that are close to the reference values UneceCoef(region,inputed). Going above or below that reference values is subject to penalties InputAboveRef(region,inputed,xt) and InputBelowRef(region,inputed,xt). 
UneceCoeffUsedMax(region,inputed,xt)$UneceCoef(region,inputed).. Sum(xwood$WoodOK(inputed,xwood), WoodInput(Region,xwood,inputed, XT)) =L= UneceCoef(region,inputed) + InputAboveRef(region,inputed,xt);
UneceCoeffUsedMin(region,inputed,xt)$UneceCoef(region,inputed).. Sum(xwood$WoodOK(inputed,xwood), WoodInput(Region,xwood,inputed, XT)) =G= UneceCoef(region,inputed) - InputBelowRef(region,inputed,xt);
WoodInputOver(Region,inputed,XT), WoodInputUnder (Region, inputed,XT), WoodInputMAX(Region,inputed,XT),  WoodinputMIN(Region,inputed,XT) impose the similar conditions with looser range of reference values. In the objective function,  penalties are given for deviations InputTooHigh(*), InputTooSmall(*), MaxABSpenalty(*), MinABSpenalty(*).
WoodInputOver(Region,inputed,XT)$FaoData(region,"Production", inputed, xt, "Value").. Sum(xwood$WoodOK(inputed,xwood), WoodInput(Region,xwood,inputed, XT)) =L= Maksimifibre(Region,inputed,XT) + InputTooHigh(Region,inputed,XT);
WoodInputUnder (Region, inputed,XT)$FaoData(region,"Production", inputed, xt, "Value").. Sum(xwood$WoodOK(inputed,xwood), WoodInput(Region,xwood,inputed, XT)) =G= Minimifibre(Region,inputed,XT) - InputTooSmall(Region,inputed,XT);
WoodInputMAX(Region,inputed,XT)$(MaksimiABSO(Region,inputed,XT) and FaoData(region,"Production", inputed, xt, "Value"))..  Sum(xwood$WoodOK(inputed,xwood), WoodInput(Region,xwood,inputed, XT)) =L= MaksimiABSO(Region,inputed,XT) + MaxABSPenalty(Region,inputed,XT);
WoodinputMIN(Region,inputed,XT)$FaoData(region,"Production", inputed, xt, "Value").. Sum(xwood$WoodOK(inputed,xwood), WoodInput(Region,xwood,inputed, XT)) =G= MinimiABSO(Region,inputed,XT) - MinABSPenalty(Region,inputed,XT) ;
Constraint InputDiff(Region,inputCh,XT2,XT) tries to minimize the difference of the input quantities in two consequtive years by adding a penalty to the difference. 
InputDiffUp(Region,inputCh,XT2,XT)$OK_InputDiff(Region,inputCh,XT2,XT).. Sum(xwood$WoodOK(inputCh,xwood), WoodInput(Region,XWood,inputCh,XT2)) =L= Sum(xwood$WoodOK(inputCh,xwood), WoodInput(Region,XWood,inputCh,XT)) + InputChangeUp(Region,inputCh,XT2) ;
                        
CONSTRAINTS ON PLYWOOD AND PULP INPUTS AND DIVISION OF SULFATE PULP TO SOFTWOOD AND HARDWOOD PULP AND PLYWOOD TO CONIFEROUS AND NON-CONIFEROUS GRADES IN NON-UNECE REGIONS 
Production of plywood from non-coniferous and coniferous wood must equal the FAOstat (Eq xx) or when the UNECE timber committee data is available that is used instead (Eq xx and Eq xx)
PlywoodDiv(Region,xt)$FaoData(region,"Production","plywood", xt, "Value").. Produce_varPlyw(Region,"PlywoodNC",XT) + Produce_varPlyw(Region,"PlywoodC",XT) =e= FaoData(region,"Production", "Plywood", xt, "Value");
For regions in UNECE, we have set the FAOSTAT plywood production to zero and replaced the values by UNECE data for hardwood and softwood plywood. 
PlywProd(region,plyw,xt)$(NOT FaoData(region,"Production","plywood", xt, "Value")).. Produce_varPlyw(region,plyw,XT)  =E=FaoData(region,"Production",plyw, xt, "Value");
Inequation PlywChange(region,plyw,xt2,xt)  tells that the share of a plywood grade plyw (coniferous or non-coniferous) can only change 20% in a period. (The constraint is only applied if there is data for both periods). This gives consistency of allocation of plywood to soft and hard.
PlywChange(region,plyw,xt2,xt)$((number(xt) ge 1996) and ((ord(xt2) - ord(xt)) eq 1) and  FaoData(region,"Production", "Plywood", xt2, "Value")  and FaoData(region,"Production", "Plywood", xt, "Value"))..                             Produce_varPlyw(region,plyw,XT2)/FaoData(region,"Production", "plywood", xt2, "Value")=g=0.80*Produce_varPlyw(region,plyw,XT)/FaoData(region,"Production", "plywood", xt, "Value");
The quantities of coniferous or non-coniferous sawlog inputs per one unit of plywood produced should be close to the reference coefficient for these plywood grades. The inequations hardplywINputMin , hardplywINputMin , softplywINputMin , softlywINputMin aim to enforce this and are provided for countries where UNECE plywood division to hard and soft are not available. (FaoData(region,"Production","Plywood", xt, "Value”) not set to zero before solving the LP).
hardplywINputMin(Region,xt)$FaoData(region,"Production","Plywood", xt, "Value").. Produce_varplyw(Region,"plywoodNC",XT)*UneceCoef(region,"plywoodNC")/FaoData(region,"Production","Plywood", xt, "Value") =L= Sum(xwood$WoodOK("plywoodNC",xwood), WoodInput(Region,xwood,"Plywood", XT)) + NCplywTooMuch(Region, XT) ;
hardplywInputMax(Region,xt)$FaoData(region,"Production","Plywood", xt, "Value").. Produce_varplyw(Region,"plywoodNC",XT)*UneceCoef(region,"plywoodNC")/FaoData(region,"Production","Plywood", xt, "Value")=G=Sum(xwood$WoodOK("plywoodNC",xwood), WoodInput(Region,xwood,"Plywood", XT)) -  NCplywTooLittle(Region, XT) ;
softplywInputMin (Region,xt)$FaoData(region,"Production","Plywood", xt, "Value").. Produce_varplyw(Region,"plywoodC",XT)*UneceCoef(region,"plywoodC")/FaoData(region,"Production","Plywood", xt, "Value")=L=Sum(xwood$WoodOK("plywoodC",xwood), WoodInput(Region,xwood,"Plywood", XT)) + CplywTooMuch(Region, XT) ;
softplywInputMax(Region,xt)$FaoData(region,"Production","Plywood", xt, "Value").. Produce_varplyw(Region,"plywoodC",XT)*UneceCoef(region,"plywoodC")/FaoData(region,"Production","Plywood", xt, "Value")=G=Sum(xwood$WoodOK("plywoodC",xwood), WoodInput(Region,xwood,"Plywood", XT)) - CplywTooLittle(Region, XT) ;

Like plywood and veneer, bleached sulfate pulp is divided to softwood and hardwood grades when solving the LP problem. Here, we use the corresponding rules as for plywood. Hence, they are listed below, while the explanations should be apparent based on the plywood rules.  If the parameter NoThisPulp has defined a non-zero value for softwood or hardwood, production of that pulp is not allowed when the pulp is divided between the grades. Pulp may also have capacity constraints PulpcapaCond(region,pulp,xt) that guide the division of the production to softwood and hardwood. 
KraftpulpDiv(Region,xt)$FaoData(region,"Production", "ChemicalSaBl", xt, "Value")..
Produce_varPulp(Region,"SoftwoodKraftBl",XT)$(NoThisPulp("SoftwoodKraftBl",region,xt) = 0)  +Produce_varPulp(Region,"HardwoodKraftBl",XT)$(NoThisPulp("HardwoodKraftBl",region,xt) = 0)  =e=FaoData(region,"Production", "ChemicalSaBl", xt, "Value");
PulpcapaCond(region,pulp,xt)$pulpcapa(region,pulp,xt) .. Produce_varPulp(Region,pulp,XT)=l=pulpcapa(region,pulp,xt);
PulpChange(region,pulp,xt2,xt)$((number(xt) ge 1996) and ((ord(xt2) - ord(xt)) eq 1) and  FaoData(region,"Production", "ChemicalSaBl", xt2, "Value") and FaoData(region,"Production", "ChemicalSaBl", xt, "Value"))..
Produce_varPulp(region,pulp,XT2)/FaoData(region,"Production", "ChemicalSaBl", xt2, "Value")=g= 0.90*Produce_varPulp(region,pulp,XT)/FaoData(region,"Production", "ChemicalSaBl", xt, "Value");
SoftPulpProd2Min(Region,xt)$FaoData(region,"Production","ChemicalSaBl", xt, "Value").. Produce_varPulp(Region,"SoftwoodKraftBl",XT)*UneceCoef(region,"SoftwoodKraftBl")/FaoData(region,"Production","ChemicalSaBl", xt, "Value")=L= Sum(xwood$WoodOK("SoftwoodKraftBl",xwood), WoodInput(Region,xwood,"ChemicalSaBl", XT)) + SoftPulpTooMuch(Region, XT) ;
SoftPulpProd2Max(Region,xt)$FaoData(region,"Production","ChemicalSaBl", xt, "Value")..
Produce_varPulp(Region,"SoftwoodKraftBl",XT)*UneceCoef(region,"SoftwoodKraftBl")/FaoData(region,"Production","ChemicalSaBl", xt, "Value") =G= Sum(xwood$WoodOK("SoftwoodKraftBl",xwood), WoodInput(Region,xwood,"ChemicalSaBl", XT)) - SoftPulpTooLittle(Region, XT) ;
HardPulpProd2Min(Region,xt)$FaoData(region,"Production","ChemicalSaBl", xt, "Value")..
Produce_varPulp(Region,"hardwoodKraftBl",XT)*UneceCoef(region,"hardwoodKraftBl")/FaoData(region,"Production","ChemicalSaBl", xt, "Value")=L=  Sum(xwood$WoodOK("hardwoodKraftBl",xwood), WoodInput(Region,xwood,"ChemicalSaBl", XT)) + hardPulpTooMuch(Region, XT) ;
hardPulpProd2Max(Region,xt)$FaoData(region,"Production","ChemicalSaBl", xt, "Value")..
Produce_varPulp(Region,"hardwoodKraftBl",XT)*UneceCoef(region,"hardwoodKraftBl")/FaoData(region,"Production","ChemicalSaBl", xt, "Value")=G= Sum(xwood$WoodOK("hardwoodKraftBl",xwood), WoodInput(Region,xwood,"ChemicalSaBl", XT)) - hardPulpTooLittle(Region, XT) ;


OBJECTIVE FUNCTION
LP minimizes the sum of all the penalty variables, which may have different weights (costs).
OBJFCN..     ov =e=   -1* (
50000*sum((region,rwood,xt),   ViolationHarveUP(Region,rWood,XT) +  ViolationHarveDN(Region,rWood,XT) +  TooMuchExport(region,rwood,xt)     )
+ 100000*sum((Region,inputch,XT), InputChangeUp(Region,inputch,XT))
  +   1000*sum((region,inputed,xt),(InputBelowRef(region,inputed,xt) + InputAboveRef(region,inputed,xt))* FaoData(region,"Production", inputed, xt, "Value"))
+  10000*sum((region,inputed,xt), (InputTooHigh(Region,inputed,XT)  + InputTooSmall(Region,inputed,XT))* FaoData(region,"Production", inputed, xt, "Value"))
+ 5000000*sum((region,inputed,xt)$MaksimiABSO(Region,inputed,XT),  MaxABSPenalty(Region,inputed,XT)*FaoData(region,"Production", inputed, xt, "Value"))
+ 5000000*sum((region,inputed,xt)$MinimiABSO(Region,inputed,XT),   MinABSPenalty(Region,inputed,XT)*FaoData(region,"Production", inputed, xt, "Value"))
+  5000 * sum((region,xt),      (SoftPulpTooMuch(Region, XT) + SoftPulpTooLittle(Region, XT) +   HardPulpTooMuch(Region, XT) + HardPulpTooLittle(Region, XT))* FaoData(region,"Production", "chemicalSaBl", xt, "Value")  +  (hardplywTooMuch(Region, XT) +  hardplywTooLittle(Region, XT) +softplywTooMuch(Region, XT) +  softplywTooLittle(Region, XT))* FaoData(region,"Production", "plywood", xt, "Value")         )
  + 10000*sum((region,xt),      ViolationResid(Region,"ChipsandParticlesNC",xT) + ViolationResid(Region,"ChipsandParticlesC",xT))
     );

[bookmark: _GoBack]Note that there is no specific rule for defining the costs (weights) for the penalty variables, but for instance giving very high weight to parameter “ViolationResid” would exaggerate the input coefficients for solidwood products. Most weight was given to keeping between the absolute minimum and maximum input coefficients, while trying to keeping close to the FAOSTAT harvest levels controlled by the penalties “ViolationHarveDN” and “ViolationHarveUP”.
