Reality → model → math. form.

t A 1 = x A 1 v A t A 2 = x A 2 v A t B = x B v B t A 2 ⩽t B ⩽t A 1 ⇒ crash
Models can be "wrong" in both the translation of elements that matter in the modelling idea (assumptions) or in their formalisations (e.g. 

Spatial representation

Decoupling the spatial scale of the market module (country and regional) from those of the resource and management modules (pixel level)

• regional scale reasonably adequate for the market module 

Forest resources -types

Primary forest A primary forest is a forest that has never been logged and has developed following natural disturbances and under natural processes, regardless of its age.

Secondary forest

A secondary forest is a forest that has been logged and has recovered naturally or artificially. Not all secondary forests provide the same value to sustaining biological diversity, or goods and services, as did primary forest in the same location.

Plantation forest

A plantation forest may be afforested land or a secondary forest established by planting or direct seeding.A gradient exists among plantation forests from even-aged, single species monocultures of exotic species with a fibre production objective to mixed species, native to the site with both fibre and biodiversity objectives. Using multipliers sc,px,ft,t key input biological variables can change from the regional average along the spatial and temporal dimensions according to the CC scenario under study:

P.S.: Classification may vary
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• time of passage: 

HWP markets

Supply

It depends from own price and availability of the resource:

Demand

It depends uniquely from the own price (recently a cross-price elasticity has been added):

International trade

While products in different regions are assumed perfectly homogeneous (and hence regional price depends diverge only by transport costs), national vs international products are assumed partially heterogeneous. A parameter (the Armington elasticity) defines how local prices are more or less dependant by local market condition vs external international prices: 

Net Present Value

The Net Present Value (NPV) is the sum of all the benefits and costs involved during the investment, each discounted at the indicated interest rate from the planned time to the starting time of the investment.

It is therefore computed as:

where T is the total length of the forest investment (its rotation period), B t are the total benefits coming from the activities planned at time t in current prices, and C t are the total costs arising from such activities and i is the interest rate.

A NPV value greater than zero means that the investment is profitably at the given interest rate. However it is not directly comparable between investment of different length. Where NPV it the Net Present Value of a single rotation (the production cycle), T is the rotation length (typically the number of years) and i is the market interest rate.

NPV = ∑ t=0 T ( B t
Differently from the NPV, it allows to compare forest investments of different duration. Forest investment decisions -CBA analysis to retrieve NPV, SEV and IRR

The computation of the NPV or SEV (and the closely related Internal Rate of Return -IRR, that is the value of interest rate that lead the NPV to zero) is often done numerically and in discrete form: following "guidelines" for the specific forest investment, each year are reported the expected operations that will generate revenues or costs and then the NPV is the actualised present value of both of them. This easily allows to include in the analysis also externalities and compute a separate profitability for the forest owner ("Financial Analysis") or for the society as a whole ("Economic Analysis") and to include risk analysis. -As (a) forest investments involve a certain risk, (b) this risk is different for the different investments, and (c) the aversion for the risk is different for the various managers, the comparison is carried on over a certain equivalent SEV of the investment, computed as:

where CESEV i,j is the certain equivalent SEV of forest investment i for the forest manager j, SEV i is the original SEV, ra j is the risk aversion coefficient for forest manager j and cumMort i is the average cumulative mortality expected for forest investment i before maturation.

-Future mortality and growth rates needed to compute the SEV can be those forecasted by the specific scenario or those prevailing at time to make the investment, depending from forest manager expectations Climate change -introduction

CESEV i , j =SEV i * (1-ra j * cumMort i )
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Simulation of carbon stocks in the French forests

There is large scientific evidence that the pool is becoming saturated -hence it will be less able in the future to absorb additional CO2 from the atmosphere 

Filière

  

Filière

  effect on forest resources CC effects on the forest dynamics are exogenous to FFSM. Conversely, consequences on the management of the forest are explicitly accounted for.

Filière•

  Area allocation module: agent based micro-economic model; area allocation endogenised; regeneration = f (π(prices, growth, mortality )); forest managers heterogeneous for (a) managed forest resources, (b) degree of risk-aversion (prices and growth vs. mortality), (c) level of expectations (observed vs. future prices, growth, mortality); • Forest investments are chosen based (comparing) on the SEV. • Two corrections are made before the comparison: -Transaction costs are subtracted from the SEV. These transaction costs are defined for each couple of current forest type, compared forest type.

FilièreFilière

  (area allocation module) Heterogeneous expectations are important as.. we don't all have the same opinion about climate change !

FilièreFilière

  Storing carbon in the terrestrial biosphere, within the fast domain sinks is a bit like sweeping the dirt under the carpet

Filière•

  Carbon module: "registers and accounts" forest and forest sector carbon emitted/sequestrered/substituted; Squares: carbon pools; ellipses: processes. The clock icon denotes multi-period flows. Elements accounted for in the module are drawn using wider contours.

  photosynthesis (primary growth)for. operations emissions

  

  

  

  

  

  

, Bois et Commercialisation (Ing2A-SCD1) A.A. 2016/2017

  Ok, we developed a model.. but what is a model ??Modellisation of the French forest SectorRecursive bio-economic model with coupled biological forest growth model and partial equilibrium market of forest products.

	int main (){ float xa1, xa2, yb, va; float vb, ta1, ta2, tb; cin >> xa1; cin >> xa2; cin >> yb; cin >> va; cin >> vb; ta1 = xa1/va; ta2 = xa2/va; tb = yb/vb; if (tb >= ta2 && tb <= ta1){ cout << "Crash..." << endl; } else { cout << "No crash.." << endl; } } Antonello Lobianco 2 -available volumes 4 -harvesting volumes 5 -local prices Forest Forest Dynamics 6 -harvested area A modular approach 1 -growth, mortality (share 2) 9 -regeneration area Dynamics Module Module Forest resource s Area Area Allocation Allocation Module Module Forest manager s Marke Marke t t Modul Modul e e Wood product s market s Climate scenari o 3 -international prices 7 -future growth and mortality expectations Carbon Carbon module module Carbon emission s Carbo n stock s volumes, death biomass harvesting, transportation, wood products supply 8 -harvested area (share 1) Four interconnected modules: Forest dynamics module: model forest resources Market module: HWP markets (supply, demand, trade..) Area allocation module: forest investment choises Carbon module: mitigation potentials of the forest sector Filièrediapo 10 sur 33 Pathogen module: simulation of a spatially explicit pathogen

Mariner 1, 1962 

satellite, Mars Climate Orbiter 1998) A.A. 2016/2017 Modellisation of the French forest Sector diapo 11 sur 33 Antonello Lobianco

Filière, Bois et Commercialisation (Ing2A-SCD1) A.A. 2016/2017 Modellisation of the French forest Sector

  

	Forest resources -how, which and where							
	Africa Africa	Forest 1000ha 2000 624,103 Wooded land Primary 2005 2010 Type % Nat. reg. Plantation 2015 2000 21.6 71.5 2.6 -4.9	Oth. wooded land Forest 1000ha 2005 2010 367,041 2015 % land area Other wooded land Wooded land 2000 2005 2010 ha cap. % world 33.2 0.86	2015 19.0
	-east & south	274,886	2.1	96.3	1.7	171,344	44.6	1.04	8.6
	-north	36,217	3.7	53.3	23.3	60,091	10.1	0.40	1.9
	-west & central	313,000	40.9	51.9	1.0	135,606	43.4	0.92	8.6
	Asia	593,362	19.8	58.1	21.7	234,729	26.6	0.19	15.9
	-east	257,047	12.9	51.3	35.7	108,762	31.6	0.23	7.0
	-south & south-easth	292,804	27.6	62.1	10.2	60,673	42.2	0.15	6.8
	-west & central	43,511	7.1	70.5	15.6	65,294	9.7	0.25	2.1
	Europe	1,015,482	27.3	64.0	8.1	100,014	50.4	1.51	21.4
	-Italy	9,297	1.0	92.1	6.9	1,813	37.8	0.18	0.2
	-France	16,989	0.0	88.4	11.6	590	32.1	0.27	0.3
	-Germany	11,419	0.0	53.6	46.4	0	32.8	0.14	0.2
	-Sweden	28,073	8.6	42.5	48.9	2,432	74.3	3.17	0.6
	North and central Am.	750,653	42.6	51.6	5.8	89,049	39.3	1.48	16.1
	-central	20,250	26.9	71.4	1.7	6,116	51.9	0.57	0.5
	-caribbeans	7,195	3.2	85.4	10.2	1,066	36.7	0.19	0.2
	-north	723,207	43.5	50.7	5.8	81,868	39.1	1.68	15.5
	Oceania	173,524	15.5	81.7	2.5	257,208	50.7	10.96	8.3
	South America	842,011	47.6	43.7	1.8	156,429	57.2	2.42	19.2
	World	3,999,134	31.9	58.5	7.2	1,204,471	39.9	0.72	100.0
				Source: FAO FRA 2015			
					diapo 14 sur 33			Antonello Lobianco

Filière, Bois et Commercialisation (Ing2A-SCD1) A.A. 2016/2017 Modellisation of the French forest Sector diapo 15 sur 33 Antonello Lobianco

Forest resources -trends (1)

Filière, Bois et Commercialisation (Ing2A-SCD1)

  

		Exports		Imports
		Supply	Transformation	Demand
		(harvesting)	
				Hardwood Sawnwood
	Socioeconomic development Broadleaved dc15, dc25, dc35.... Coniferous dc15, dc25, dc35....	CC models Hardwood model scenarios.. Vegetational Roundwood Softwood Roundwood Industrial Paper wood Pannels Plywoods Softwood Sawnwood Forest managers adaptations Pulp	National consumers
	Forest resources	Uncertainty Primary products	?? Transformed products

• mortality rate:

An exogenous parameter allows the model to consider (again, exogenously) land use changes with reference to the forest (forestChangeAreaIncrementsRel sc,r,t or forestChangeAreaIncrementsHa sc,r,t ) Scenario based analysis:

tP sc , px , ft ,dc ,t = tP r ,

ft , dc , t =0 * tpMultiplier sc , px , ft , t mort sc , px , ft , dc , t = mort r , ft ,dc ,t =0 * mort sc , px , ft ,t Filière, Bois et Commercialisation (Ing2A-SCD1) A.A. 2016/2017 Modellisation of the French forest Sector diapo 19 sur 33 Antonello Lobianco

HWP markets

• Market module: 3 primary products and 6 transformed products (Leontief transformation), imperfect substitutability national vs international products, regional trade A.A. 2016/2017 Modellisation of the French forest Sector diapo 21 sur 33 Antonello Lobianco

  The Soil Expectation Value (SEV) is the maximum amount that you would pay for the bare land holding the forest, given the expected flow of incomes and costs of the project under analysis. It is effectively the Net Present Value of an infinite series of identical forest rotation for the project under analysis It is computed as:

	Forest investment decisions	
	-Soil Expected Value	
	Soil Expected Value	
	diapo 23 sur 33	Antonello Lobianco

-C t 1+i ) t Filière, Bois et Commercialisation (Ing2A-SCD1) A.A. 2016/2017 Modellisation of the French forest Sector

Bois et Commercialisation (Ing2A-SCD1) A.A. 2016/2017

  Modellisation of the French forest Sector

	Climate change -forest mitigation potential	
	12 1751 -2012 global fossil fuels and cement production CO 2 emissions ATMOSPHERE 829 PgC TERRESTRIAL BIOSPHERE 123.3
		10		119.7 + 1.1	4,200 PgC
		8	78.4	0.1 + 7.8
	PgCy-1	6	80		0.2
		4		0.9
		2 OCEANS	0.2	LITOSPHERE
		38,703 PgC		(fossil fuels)
		0			1,471 (~6,000) PgC
		Source: Carbon Dioxide Information Analysis Center (CDIAC) fast domain (few years to millenia)	slow domain ( > 10,000 years)
				diapo 30 sur 33	Antonello Lobianco

Filière, Bois et Commercialisation (Ing2A-SCD1) A.A. 2016/2017 Modellisation of the French forest Sector diapo 29 sur 33 Antonello Lobianco Climate change -introduction Filière, Source: Lobianco et al. (2016), adapted from Ciais and Sabine (2013)