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Table 2. Expected mean price and estimated parameters of each species
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Table 3. The fuzzy comparison matrix of management criteria
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Table 4. The fuzzy comparison matrix of species criteria
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Figure 5. Relative weights of the criteria with fuzzy-AHP method

5ol esls olastl set a1y O3y ot S 65 8l ol St S ml

Slaobre gl 5 Co e Gl b 00 e VR PP VS PR W FYVPC S VEIPVCI
ol ‘)‘.} M}f )‘ o.MTgLMJ‘L.s @l:.s L’,.»L.d\ » W sl ob)jT
)|Jﬁ|¢f )‘ oaleiul L: LS-{L@ Jv\ﬂ Ja— GL’Q ‘6>L..223‘ 4&.).:5}.: 6L§JL_:3A o )‘ 0 J.g.\;

el ol 013 QLIS Y J s 55 LINGO (sslasd) NPV jlas ( slol 5 awecons

g0



S s Sz ;5 631 (Slealadu Ll g Syl (550,800 1 sbas Sy, 5l oslinal b i o o (6505 o
LINGO i3l 51 fol= GP Jute sl =Y 5
Table 7. Result of GP mode
e 33 oy el
Variable Value Reduced Cost

Dvr 1099464  0:000000
Ds 0000000 185468

Dw 0.000000 1142278

Do 1.994640 0.000000

Da 0.000000 505.2847

Dos 0000000 1644962
Dc 0.000000 0.5317411

De 9237415  0-000000

D 7826730 O 000000

Dy 81893.96 0.000000
%1 o5p2000  0-000000

%2 eL20000  0-000000

X3 3880536 0000000

X4 2040000 0000000

0.000000

X5 20.40000

o Lol 5 K e e Sblsul b 5Da Do Du D JS e sts I3l Dyt
5 1/44 c)lb/uh BLISE AYY/VE VAY/AV AYALY /AT K..«)E LL}Lg O pon ‘ui:\) > d’“"‘ QL%\J»J Dos
sl )L:ﬁm BE g_,.s&.aj'.‘.n V /49 u‘""" Q\.é\ja?\ Dnpv E) Do ‘DG ‘Dc .Lamijg Ji.lj K
.NPV}/K}S‘U;L_:JJ ‘U"Js“"'?‘"}’

»

=
Lo slas Sy 5 S Sl ol i
gj:'.’.ﬂ‘)“ le.mﬁ 4.;.:0)').5 cﬁ.j‘)}bﬁéw‘ FERTEY
Jﬁﬁjb)bbw‘)j L.J'i‘-)b ..})‘.} .)f‘)LsJia}
E) uja.:zﬂd.w._{) (sslassl ‘6"\2‘5}’ @KJ.&; blaal

4y el o LS Koy Ky e ()
LBl s Bus 4 YlS T a5 el me ol
oSl e Bl BB S ren
NPV wile placussdome ) Sde ol
03,8 LSl L IS a5 bl e sy SUS

LS S5l S gly e = Dlee ( elend
Sl x5 byKal, L ol U ad acilse



VO)LA.»s?M}‘Li.}/AMyju«&BJJ >_o.l£3AL~Laﬁ :

5 L Slel Gpoasl sy sl eslizad L (2014)
o 5 R S e Sl B S
£00/70 |, Jlak gla K 3 S g o 1l
b mr ool @B L5 25500 S e e
Sl g g b Jy ol bl 0l S5 G
53l Sl e Splite s 3 dilate
Dt s S dm s e OLSG ML s
Srotbn Jl SVl ol 5 iyt
Sk s s wsline G s ol s Sl
A eslizal Olaal asaisy gl asbkia,
o3litl (3 AHP 3 51 o (p) 53 &S S5 se 03
2,1 Wesls s 53 6 VL g sl &S U
O3l 13 e b oS a Ol 5 ae Gl opl o3
A s s plarl 5 o (salatl Gl
Sleslizal b aS 5 oS Olaal oo glaslas o S
S5 3 AHP iy 5 Sl (5l Jus
Cwdts Iy S8k Glaal L oo pde 6l Slang
larl oolasl Plaw 4 e g Loy 3y
5 b ) el 5 S Jled gle K
s BLa S Caeal 5 G LSl o as s
PV O LS B et s 5 e s S
b s Oleind CS,Lie b Lids Sy e & Sl
LS b ool b Dl og el sl a8
5 bl ‘LS).}""’JUT Je=d b ales s ;.J Ol S
Lol Jled S pa s K 5 s les
S slgdy ool B S e LAg
wf ate glwly 5 odetds Gl
=k lr s Slaxl ) b K ol sl o
bly opl 3 A3l Sl Olblbie ol L
Sl b oablie gy b K Sl oo e

AL lis 40 S L5 e el

st

il o8 UK Il S e (slinly 3 el
dbe 51 Jool s .(Moslehi et al., 2018)
Slr 36 Sl abde Jow 5 SlsT 5l
Sl g o ot 5 okl x4 b
Slaal Oles Gisd 4 ar g b cilie glas S
slas s NPV (o S o 5 sy ola cilisea
xS e YOUY L sl 48 S sls olis LIS (65,0
3ol polantl st a4 |y e Oy S s
a8 Kos 5 Kag byl e a8 0151w
03 S ze Yo/t 5 Yo/t FAAY VY L e S
dagr S ge ol el pl s S 15 LSs
53 oSy YAV 200 ) 3550wk Sl IS
S s e me 1448 WSl sl s
Gldal ol by g sl fwbe ldie 31 S
K55 Gpon il S S g 25750 4 Ls e
53 GP Jue J= nl b Gises S s
5Ol Slaie cldly 58 bl 45 o g
LS jasiely il
Ja 31 (2013) ol ,K» s Diaz-Balteiro
P L S e Sonte sl Sl sponb
ey Slaal 53 S sslisl S i 85
wm NPV 0380 Sl ot ol Jie s a,
SOl 5y Calises i 3 addaie J S 5 Cudls
oop) 3L S eslinal Je > gl sl Cia
sy Ol e 5 Gl opl s o placals
Jde ) L (2004) O, Ken 5 Samghabadi s 515
Sl (K g o e gl bl (g5saeb
2 NPV o S 5 038 S O szmen
S ale s oxley Blas- & 5 Jbesl e
(G ol b 0T e ol 4 Lsls,l 3 i

OLKea s Mohammadi Limaei .coul suan



S s Sz ;5 631 (Slealadu Ll g Syl (550,800 1 sbas Sy, 5l oslinal b i o o (6505 o

- Mohammadi Limaei, S., 2006. Economically
Optimal Values and Decisions in lranian
Forest Management. PhD thesis. Department
of Forest Economics, Swedish University of
Agricultural ~ Sciences  (SLU), Umea,
Sweden, 110 p.

- Mohammadi Limaei, S., 2011. Economics
Optimization of Forest Management. LAP
LAMBERT Academic Publication,
Germany, 140 p.

References

- Aldea, J., F. Martinez-Pena, C. Romero & L.
Diaz-Balteiro, 2014. Participatory Goal
Programming in Forest Management: An
Application Integrating Several Ecosystem
Services, Forests, 5(12): 3352-3371.

- Alizadeh, S. H., A. Salehi & M. R. Mirzaei,
2019. The efficiency of geostatistical
methods in zoning the probability of
presence of Persian Oak regeneration,
Journal of Forest Research and - Mohammadi Limaei, S., M. Seddigh Kouhi &
Development, 5(1): 137-151. (In Persian) T. Rostami  Shahraji, 2014. Goal

- Amiri, T., A. Banj Shafiei, M. Erfanian, O. programming approach for sustainable forest
Hosseinzadeh, H. Beygi Heidarlou, 2017. management, Journal of Forestry Research,
Determining of effective criteria in locating 25(2): 429-435.

firefighting station in  forest. Forest - Mohammadi, Z., S. Mohammadi Limaei, P.
Research and Development, 2(4): 379-393. Lohmander & L. Olsson, 2018. Estimation
(In Persian) of a basal area growth model for individual

trees in uneven-aged Caspian mixed species
forests, Journal of Forestry Research, 29(5):
1205-1214.

- Moslehi, M., H. Habashi, M. R. Rahmani &
K. H. Saghebtalebi, 2018. Relationship
between soil organic carbon pool and some
site variables in the mixed beechhornbeam
stand, Journal of Forestry Research and
Development, 3(4): 329-345. (In Persian)

- Niknejad, M., A. Fallah & S. Mohammadi
Limaei, 2018. Sustainable Development of
Forest Plantation using Goal Programing
and Fuzzy-AHP, Iranian journal of Forests
and Poplar Research, 26(2): 252-263. (In
Persian)

- Ostadhashemi, R., T. Rostami Shahraji, S.
Mohammadi Limaei & H. Roehle, 2013.

- Asgharpour, M., 2008. Multi Criteria Decision
Making, sixth edition. University of Tehran
Press, 232 p. (In Persian)

- Bilbao-Terol, A., M. Jimenez & M. Arenas-
Parra, 2016. A group decision making model
based on goal programming with fuzzy
hierarchy: an application to regional forest
planning, Annals of Operations Research,
245(1): 137-162.

- Buongiorno, J. & J. K. Gilless, 2003. Decision
Methods for Forest Resource Management,
Academic Press, San Diegao, USA, 439 p.

- Chang S. J. & J. A. Buongiorno, 1981.
Programming Model for Multiple Use
Forestry, Journal of Environmental
Management, 13(1): 45-58.

- Charnes, A. & W. W. Cooper, 1971. Studies

in mathematical and managerial economics.
North Holand press, 234 p.

- Diaz-Balteiro, L., J. Gonzalez-Pachon & C.

Romero, 2013. Goal programming in forest
management: customizing models for the

Goal programming and analytical hierarchy
process  approaches  for  sustainable
plantation, Caspian Journal of
Environmental Sciences, 12(2): 233-244. (In
Persian)

- Pohekar, S. D. & M. Ramachandran, 2004.
Application of Multi-criteria  Decision
Making to Sustainable Energy Planning- A
Review, Renewable and Sustainable Energy
Reviews, 8(4): 365-381.

- Saaty, T. L., 1980. The analytic hierarchy
process, McGraw-Hill, New York, NY,
USA.

- Samghabadi, A. S., A. Memariani & A.
Amani, 2004. Forest planning with use
mathematical model,  Pajouhesh &
Sazandegi, 63: 23-34. (In Persian)

- Snowdon, P., J. Raison, H. Keith, P. Ritson, P.
F. Grierson, M. Adams, K. Montagu, H. Bi.
W. Burrows & D. Eamus, 2002. Protocol for

decision-maker's preferences, Scandinavian
Journal of Forest Research, 28(2): 166-173.

- Gharagozlou, A. & M. Barzegar, 2008.
Utopian planning using AHP approach for
the optimization of the composition,
bimonthly of trade, 29(5): 64-75. (In
Persian)

- Kabiri Koupaei, K., 2009. Comparison of
Carbon Sequestration and its Spatial Pattern
in the Above Ground Woody Compartment
of a Pure and Mixed Beech Forest (A case
study of Gorazbon Forest North of Iran).
PhD Thesis. Faculty of Natural Resources,
University of Tehran, Karaj, Iran, 102 p. (In
Persian)

{04



VO)LA.»s?b‘Li.}/AMyju«&sf >_¢LC3ALAL43 :

Sampling Tree and Stand Biomass. National selection using AHP and its derivatives,
Carbon accounting System Technical, Journal of Environmental Management,
Australian Greenhouse Office. Report 90(10): 3048-3056.
Number: 31, 66 p. - Yuste, J. C., B. Konopka, I. A. Janssens, K.
- Sporcic, M., M. Landekic, M. Lovric, S. Coenen, C. W. Xiao & R. Ceulemans, 2005.
Bogdan & K. Segotic, 2010. Multiple Contrasting net primary productivity and
criteria  decision making in forestry - carbon distribution between neighboring
Methods and experiences, Sumarski List, stands of Quercusrobur and pinussylvestris,
134(5-6): 275-286. Tree Physiology, 25(6): 701-712.

- Vahidnia, M. H., A. A. Alesheika & A.
Alimohammadi, 2009. Hospital site

£



Journal of Forest Research and Development, Vol. 6, No. 3, 2020

Optimal forest management decision making using goal programming and fuzzy
analytic hierarchy process approaches in Hyrcanian mixed forests

S. S. Etemad™, S. Mohammadi Limaei? and R. Yousefpour?

1- Ph.D. student of Forestry, Faculty of Natural Resources, University of Guilan, Sowmeh Sara, I. R. Iran.
(s.etemad7@gmail.com)

2- Professor, Department of Forestry, Faculty of Natural Resources, University of Guilan, Sowmeh Sara, I. R.
Iran. (limaei@guilan.ac.ir)

3- Assistant Professor, Department of Forestry Economics and Forest Planning, University of Freiburg, Freiburg,
Germany. (rasoul.yousefpour@ife.uni-freiburg.de)

Received: 09.03.2019 Accepted: 14.09.2019

Abstract

The aim of this research is to determine the optimal stock level in Hyrcanian forest of Iran. In this
study, a goal programming techniques was used in order to estimate the optimal stock level of
different tree species considering economics, environmental and social issues. Multiple objectives in
the process of decision making were considered to maximize the net present value, carbon
sequestration and labor. Regression analysis was used to develop a forest growth model. In addition,
an allometric function was used to determine the amount of carbon sequestration. Expected mean price
is estimated using wood price and variable harvesting costs to determine the net present value of forest
harvesting. The fuzzy analytic hierarchy process is applied to determine the weights of goals using
guestionnaires filled by experts in order to determine the optimal stock level. Results showed that the
optimal volumes were 256.2 m*-ha?, 61.2 m3-ha?, 38.8 m®ha?, 20.4 m3-ha? for, and 20.4 m3-ha! for
beech, hornbeam, oak, alder and the other species, respectively. Furthermore, the results indicated that
the total optimal volume is 397.005 m3-ha.

Keywords: Optimization, Carbon sequestration, Shafaroud forests, Multipurpose forest management.
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