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Table(1) ADF test results for variable’s stationary test

] (0 laslore o)Ll L ..
‘%M‘ p-value élculated) T o
stationary statistic state variable
1(0) 0.000%* -5.17 oy g 5l 5l ooe b T e
Timber price
£ B . . )L:-i‘b )'3 ‘\-‘J)—‘b
Cost per hectar
1(0) 0.048* -3.29 e §l Lope b S o clls
Harvest per hectar
LSa o cusls doxo
. i p) 20 SIS 2 599
1(0) 0.058 -3.15 lae 5l 250 b Squared harvest per
hectar
Xgy 9 g loe 3l o,e b . .
1) 0.032% -3.40 9) O9N 9 1o )l 2 ye b HESe jo iag,
S Increment per hectar
el o e . . )L:S.b 39 G090
I(1) 0.000 -6.81 Sloj g, gl 5l o,e b
Stock per hectar
st e o . . )t&‘b )‘b L_S‘)j’}“ )5m
I(1) 0.000 -8.79 Slos gy 9 e 5l 250 b Squared Increment per
hectar
. ) w)s) aJoles AJLMJ ;)'.?
1(0) 0.073 -3.71 ey gy 5l 5l 2ye s Residual of growth
equation
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Table(2) The values of different criteria derived from prediction of models

(P[0
MAPE MAE RMSE criteria
PSRN
models
7.69 27.42 27.79 AR(1)
26.79 95.57 99.19 MA(1)
10.37 37.02 40.56 ARMA(L,1)
13.29 47.36 48.49 ARMA(L,2)
1.77 6.30 6.38 ARMA(2,1)
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Table(3) Result of cost model estimation
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2 2 _ ) J o
R R p-value t-statistic  standard errorS coefficients Jieoe
Independent variables
0030  2.63 7.72 20.28 ben Sl P
Intercept
LS o cusls
0.047 -2.35 0.85 -1.99 J ) »
0.490 0.590 Harvest per hectar
S yo ey jgdome
0.031 2.60 0.022 0.058 Squared harvest per
hectar
Source: Research finding GBS gladisly xie
g (V) alaly &g as |y 841 ool dobee g3 o0 Jl>
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Table(4) results of growth model estimation

R? R? p-value Lol e sl <l yo Jis sl pse
t-statistic Standadrd error coefficient Independent variables

0.000 13.9 0.001879 0.026125 52 5 g9 50

060 o0.62 Stock per hectar

S8 )0 (68479059350
0000  -4.72 0.00000513  -0.000242  squared stock per

hectar
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BB S5 a4y o2 loges j0 a5 Sl ol L pgs 4y gl Jlo 5l cbls i «(3) S5 45 axg
@ pow Jlo 3l 500, LS ;o S e 12.051 o3, 4, 12.05 (3, 5l g 054 ol ot el oumline
33 LS )3 CaSle e 11.856 o8, 4y 45 (g 5 b arils LialS yow oy 390 0490 sl b o



IFAAIY 0 3las/ 1T A/ (6 5 39Las” Slaidl 1A

LSS Ol o5 65 403 (S5 sl )93 S5 50 pet (nl Sl od; 0590 e
Fo 1268, )3 ()i job a4 Sz 5l S p3 sl p Gl )90 Job 50 9l (nl 615,68

3? 560
% 540 4
9
fi 520
\§ 500
480
,)'\
g 460
\;\ 440 T T T T T T T T T T T T T T T T T T T 1

1 2 3 4 5 6 7 8 91011121314151617181920

(L) s

Cld 2 (350 (3955 At O by )0 HUSB 53 (G392 90 (3l iwe Hloged (F) JSi
Figre(4) The graph of stock quantity in the harvest maximizing strategy
2 oply (nl &Sl 4 az g b @) JS Bk s 0 pal) 10 LS 50 (635290 siie 990 50
BB )3 95750 Ol 5 Sbloy liee o Ll 1o o)l 4S5 LS o cdlo (e 39,5 i
by (20l s g a28ls (g5 BB (20l 0)50 ST Lot 51 LS 10 (g097 50 (l5ee i o0 L
39S 0 caSie %o 450 4y 0,90 (shinl o LSe 3 caSe ie 545 liee 5l a5 Sls b s,
] 00y 0590 (sl
S99z 90 Ol 2 (g Oliee 51 IS jo Sl (lie (695 4 a2 g b o5 el (nl s Jlgm
Sort oy Olee 3l Sl p Gliee 4z ST a5 Conl ol Guly Sl adly 2alS jshanl S 5o
2lp 99 399> wpaly (nl 1o g 00 (2 BB IS g, liae g Blop i (Jg S o
S 50 (635290 (lie )0 pSedzr (RalS el Wlgh oo (nl 5 955 (o0 Dygo Sl i ag) Ol
Kz J5 50 g oad ad)S e )0 BSe axly )0 banslxe (nl a5 s az s (s 09 S
Ded 0ols lis v Sasad

Lol (Al Jlo 551 (535 a9y (o) 2 990 3 el ey



1 b0l g Sile 4

7 — T T
1 2 3 45 6 7 8 9 1011121314151617 18

(JLo)o,90
A Jlo (035 (39,5 alian 9yl ) 50 Wby (gl e Hloged (B) S
Figre(5) The graph of growth quantity in the NPV maximizing strategy
SH GRS 0595 Sl 10 5 039 Gy 0598 U550 63992 B g ol B Jloged bl 5
Aol sl (V) USS 13 00 sy loged 53 45 ob law a5 ol ol a3 BB S5 ol sl
Olie Lrig] jo a8 009y LS o CaSe 2 7.051 L ol iog) ()l jee i Do oo oanlive g,
Szl als a5 pw) 9,90 0590 Sbb oo ;o > a) Cewl ooy o3Il et 0 Lo 85 o,
Ty O‘}.:.A (Al J u;'a)')l Qo;%oﬂmb 65,50l 45..\@.36@ QL.;U,Q\ Q.il (3,15 59>
S oo O)lg slask) IS 4y <ol (pl 5l g Wil o (Sb (Jed JB o> o

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
(Jlo)o,90

AL Jlo 05,1 (3955 dasiion Sl ) 50 Clllo  yljme o905 (7) S
Figre(6) The graph of harvest quantity in the NPV maximizing strategy



IFAAIY o o/ ¥ Al (6 539Lis Slaidl ¥

s Jol o aiz )3 Sl (e pgd 9 pal) )3 wed oo csalin (B) K& 50 a5 job ples
Jlo 5o JLSe 0 S 012 4 Jol Jlo jo LS ;0 CaSh e 2 5l aS (5 )eb a canils a8l
o el 29,5 JLio |y Sl s (53395 99 (e b s a0 s Jlo 5 el sy o
6375 4 Sl 3 pealy (nl )3 SR gy Oliee (RIS (it la e o cBls ol (al
ol 4 dlgige dar 4 i Jlo Sl elen Gliee aile Coli el 00im; 395 (line At 4 &5
a8l Ligl3dl g anls Cull s (o090 B s ) pind Jlo 5 LUSD 5o Lhagy Olsee 45 4l s

IS (o0 S92 GRegy Ol Sl EBlo g Olie s em 4 5 (O) JS2) ol

590
570
550 -
530
510
490
470
450 +—7/—V——F+"-7+——"""""TT"T—T—T"—7""—T7
1 2 3 45 6 7(8)8%1011121314151617181920
AL Jlo (55l (58,5 aidan 0 0l )0 ,LSB 0 G392 90 ol o Hloged (V) S
Figre(7) The graph of stock quantity in the NPV maximizing strategy

(S )0 S yie) (5392 g0

10 634790 pria g |y @B s (55,0 50,5 dicion o pl, 3361 5l el s 4y ass (7) JSb
g adls ool e Jol Jlo gy 0 UKz 10 695250 Ol ¢)loged (pl Bubo ams o (jlid (LS
s Jlos jo 5l 50 CaSe ;e 557 a4y JUSe jo S e 562 5l e ol w4y ey JL 5l
30,82 [0 (609290 yo GualS ojlasl 4 malS ol S il soiw ;) 0,90 slpl o LS o CaSe
iz iug) oali8l aig, 4 azei b (Ko (09250 40 Wig,y (pl olas, ol s s o el
3! 52l s 5 Sbeo sl Sl o ol OlS o, ancios alali 4 ouw, g el sl L o
Slime Olee (SO blijl as el (pl axgi Ll aSS .cal musgs BB 690 SLL sl Jle
Shecbloy lie 9590 10 4 (5y9b A 1045 oo cdwlive LS [0 (g392 50 (e 5 LSy Cils
el am @ il Jlo 5l g oS oo samline |y cudils  (liae 10 (G090 o il Jlo U s Jlo
,.A-ﬂ-h-ﬁ (_g‘).: LJJLM 3o JJLO‘SA wl) )LSsQ B UJSA )...a 12 WB) Sgd> 4O g ol ;939...‘0 LSH"‘)S‘ et
Gl a4 ey Jlo 5l g 910 3925 sogme W) 090 (] Jlo gy o JLSe 40 09 se



M2l g Gilw dus
5L 0 (699790 A w4 il JLo jlcldlo e a5 Caline )l gaoge ol ol a8l
ol Al g Sl rels 0590 UL o Las dax g odw; (U Glie 4 el alS >

Sl Iz 0 (695290 Ol (59,5 Alciin (Bad pgw 3 yaly 0 -2

TOI=—— == === === ————0—4-

(S o S yie) o,
O P N W b U1 oy S ©

1 2 3 4 5 6 7 8 91011121314151617181920
(JL»») 0)90
Pz (599750 (im0 (39,5 Al S gl 53 Wy (gl e 0905 (A) S50
Figre(8) The graph of growth quantity in the stock maximizing strategy
0,99 S ;0 (6990 U gl oo odalive (B8) JSi j0 aS aisS Lo (iug, lime piie b adail) o
033 7.051 a5 0 35152 gy &b 55 Glagy Olie (e 4 g 0092 Sl Gl gm0 9590
el alils Jaud BB l5e ol cpl 50 gy ol fgamme (o cplply conl SGo 3

{

()L,S_m" o oS o) A,
O P N W P 01 o I3

1 2 3 4 5 6 7 8 9 1011121314151617 1819 20
(JL“") 0)90
JRm 6392 90 (im0 (9055 a3l 50 Cllilo (e Sl ged (1) S
Figre(9) The graph of harvest quantity in the stock maximizing strategy



IFAAIY o o/ ¥ Ao/ (6 539Lis™ SLaidl YY

2.3 e g anils cioli8l 6w  plaml sl Jlo jo S 5l clils 5 ol «9) S 4y 4o
399> b5 am 4 1 51 g ol ooy o0 Jlo j0 LS ;0 caSe i 7 dg0 4 ,lS 0 cSe yhe

ol 009y s2al38l e Gyl ) 9590 0590 Job )0 e (pl cfgezme jo anl alils GOl s
566

564 W
562

560

558 /

556 /

5%4¢ —/7—+75+-—"7-—"75-"-"-""-""" """ ""T"T"""""""T"—"T—"""
1 2 3 4 5 6 7 8 91011121314151617181920

GSe )0 aSoe ) (539290

(JL..:)o)ﬁo
Jz (699290 ()0 (99,5 dision Syl 5 SIS )0 (6392 90 (5l jmo HI0ged (1) Sl
Figre(10) The graph of stock quantity in the stock maximizing strategy
aiils Saoli8l s sy 0,90 Job yo cll odw! (10) JSo o a8 LS j0 (s95z g0 juiio lie
w20 Jlo ;o LS ;0 CaSh ;16564 4y ol Jlo ;o )LSe jo oS e 554 Hlads laS g9k 4

] o&;‘_;’a‘) wl.) (& o bjﬁmmui)ljem)

e @l o e 0 Gl (ow)p lp JRoe Cu e G paly (2L,

Ile sy oad gilears o pae sl 5l Soje solaidl 5 e ) slo )l laie
S oanled 5 0oz e e shrecens ) Hlas saled Lol ouls &1 (B) Jgoo ;0 GAMS
ol oals ad F b o alls Jad 3] goladl

e o paly 4 axgi b golail g (anmocm  sla)lre ylude (B) Joua
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Extended Abstract

1-Introduction

The issue of forest depletion in the north of Iran has always been a subject of
debate, especially in recent years, and the need for sound planning and proper
management has been increasingly emphasized. In order to determine the
optimal forest management strategy in northern Iran under uncertainty, this
study has attempted to estimate forest growth model, ARIMA model for
predicting wood price, Harvesting Cost Model and a Dynamic Planning
Model, Management Strategies in Three Scenarios, Maximizing Net Present
Value, Maximizing timber harvesting and maximizing growing stock. It is
worth noting that the present study aims at selecting different management
strategies in order to determine optimal harvesting strategy and evaluation of
sustainability of simulated strategies is a new step in choosing appropriate
management policy in northern forests.

2-Materials and Methode

In order to simulate forest management strategies, firstly it needs to estimate
the price equation, the growth equation, the cost equation, and the net present
value equation. ARMA models are a combination of Autoregressive (AR) and
moving average (MA) variables. This model was applied to predict timber
price and estimate price equation. The quadratic cost equation with intercept
is assumed to be the function of the harvest cost and the squared of the harvest
variable. In order to estimate the forest increment equation, we used a logistic
growth model. This model, despite the low observations, shows well the
relationship between growing stock and growth rate, and theoretically and
mathematically describes the model well. Given the equation of price, cost
equation, growth equation and net present value equation, we evaluated the
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defined strategies in the dynamic programming model using GAMS software.
After simulating strategies to maximize timber harvest, maximize net present
value, and maximize forest timber inventory, a hierarchical analysis model
was used to evaluate the sustainability of forest resources in each strategy.

3-Results and discussion

In the strategy of maximizing harvest, there was an almost decreasing trend
for the growth variable, with a slight decrease, and some variations were
observed for the harvest variable. Changes in harvest rate per hectare and
growth rate per hectare follow each other in this strategy, which means that
the harvest rate should be determined by the rate of growth per hectare. In the
strategy of maximizing the net present value, the growth rate is at an
acceptable level and therefore the forest is not damaged. By applying this
strategy, the harvest rate will increase in the early years and then continue to
be somewhat steady until the end of the period. This means that in this case,
the situation of the stakeholders will improve economically, which is one of
the goals of sustainability. In the second strategy Harvest rate follows the
growth rate in this strategy, and there is a correlation between harvest rate per
hectare and stock availability per hectare. In the third strategy of maximizing
forest stock, the amount of growth was acceptable. Harvesting variable during
the period of study has an increasing trend. The stock per hectare increased at
the beginning of the study period and has been somewhat steady since the
first few years. It is remarkable that in this strategy, which aimed to maximize
the amount of growing stock per hectare, the growth rate was almost
acceptable and the harvest rate per hectare followed the pattern of stock
availability per hectare.

4-Suggestion

In general, it is suggested that dynamic planning methods be used in forest
management, especially those of commercial and economic importance in the
northern forests, to achieve appropriate management strategies. As the results
showed, economic and environmental objectives will be achieved
simultaneously with dynamic planning and proper management of forest
resources.
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