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Appendix A 1	  

 2	  

Definition of model inputs 3	  

Index sets 4	  

i is the index of a stand; i=1…l 5	  

j is the index of scenario chosen: T is the scenario in which silviculture is oriented towards 6	  

timber production in all stands, PN is the scenario with a silviculture oriented towards pine 7	  

nut production and MX is the scenario where the best silviculture (timber or pine nuts) is 8	  

chosen in each stand. 9	  

k is the index of the prescription applied in each stand; k=1…m 10	  

 11	  

Variables 12	  

 is the area harvested in a stand i, under a silviculture j, in time period(s) defined by 13	  

prescription k. 14	  

 are binary auxiliary variables to force variables 	  to be greater than or equal to amin. 15	  

 and  are the negative and positive deviation variables for the goal net present value. 16	  

 and  are the negative and positive deviation variables for the goal volume of timber 17	  

harvested. 18	  

and  are the negative and positive deviation variables for the goal yield of pine nuts. 19	  

and  are the negative and positive deviation variables for the goal volume control. 20	  

and  are the negative and positive deviation variables for the goal area control. 21	  

and  are the negative and positive deviation variables for the goal ending forest 22	  

inventory 23	  

D represents the maximum deviation between a goal and its aspiration level. 24	  
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λ indicates the goal programming model chosen, or an intermediate solution 25	  

 26	  

Coefficients 27	  

	  is the net present value per hectare harvested in stand i, under a silviculture j and 28	  

prescription k. 29	  

	  is the net present value of timber harvests per hectare harvested in stand i, under a 30	  

silviculture j and prescription k. 31	  

	  is the net present value of pine nut yield per hectare in stand i, under a silviculture j 32	  

and prescription k. 33	  

: is the volume per hectare harvested in stand i, under a silviculture j and prescription k. 34	  

 is the sum of annual yields of pine nuts in a stand i, under a silviculture j, in the periods 35	  

of the planning horizon defined by prescription k. 36	  

 is the yield of pine nuts in a stand i, under a silviculture j, in the periods of the 37	  

planning horizon defined by prescription k in a year d. 38	  

 39	  

Accounting variables 40	  

NPV: is the total net present value of timber harvests and pine nut yield during the planning 41	  

horizon 42	  

: is the net present value of timber harvests during the planning horizon 43	  

: is the net present value of pine nuts yield during the planning horizon 44	  

TH: is the timber harvested during the planning horizon 45	  

YPN: is the yield of pine nuts harvested during the planning horizon 46	  

Hq: is the timber harvested during the period q 47	  

Ar: area by each age class r 48	  
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: ending forest inventory for all the stands belonging to site index s 49	  

 50	  

Constants 51	  

TA: total forest area 52	  

ai: is the area existing initially in stand i 53	  

q: time period into which the planning horizon is divided 54	  

Q: number of time periods in the planning horizon (1,…q,…Q) 55	  

r: age class (comprised at least two time periods) 56	  

:	  initial forest inventory for all the stands belonging to site index s 57	  

d: each year of the planning horizon 58	  

amin: is the minimum harvest area (3ha in this case study). 59	  

Z: is the total area (TA) divided by the number of age classes (6). 60	  

 61	  

LP MODEL 62	  

Objective functions 63	  

Maximize net present value associated with timber: Max : 64	  

 (1) 65	  

Maximize net present value associated with pine nuts: Max : 66	  

  (2) 67	  

Maximize total net present value : 68	  

  (3) 69	  

Max volume of timber harvested : 70	  
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  (4) 71	  

Max yield of pine nuts : 72	  

  (5) 73	  

 74	  

Endogenous constraints 75	  

Area availability constraints: 76	  

  (6) 77	  

 78	  

Exogenous constraints 79	  

Volume control: 80	  

  (7) 81	  

 (8) 82	  

 83	  

Area control: 84	  

For age classes lesser than or equal to 100 years 85	  

  (9) 86	  

For age class greater than 100 years (no final cuttings in the planning horizon) 87	  

  (10) 88	  

	  	   (11) 89	  

 90	  
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Ending forest inventory: 91	  

  (12) 

92	  

 93	  

Minimum harvest area: 94	  

  (13) 
95	  

 96	  

Minimum pine nut yield in each year: 97	  

  (14) 98	  

 99	  

GP MODEL 100	  

Goals (for each scenario) 101	  

Total net present value NPV: 102	  

   (15) 103	  

Volume of timber harvested : 104	  

  (16) 105	  

Yield of pine nuts : 106	  

  (17) 107	  

Volume control: 108	  

  (18) 109	  
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 110	  

Area control  111	  

  (19) 112	  

Ending forest inventory: 113	  

  (20) 114	  

where NPV*, THV*, YPN* are the ideal values of the objectives NPV, THV, YPN 115	  

 116	  

Achievement function 117	  

	   (21) 	  118	  

	  119	  

 Hq+1 + nqH − pqH = Hq q = 1,…,Q −1

Vs
f + nsI − psI =Vs

i ∀s

Min(1− λ)D + λ
(nNPV + pNPV )+ (nTHV + pTHV )+ (nYPN + pYPN )+

(nqH + pqH )+ (nra + pra)+ (nsI + psI )
∀s
∑

∀r
∑

q=1

q=Q−1

∑
⎧

⎨
⎪

⎩
⎪

⎫

⎬
⎪

⎭
⎪


