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Extended Abstract

Background and Objective: Sustainable forest management is a dynamic and evolving concept
focused on enhancing the economic, social, and environmental values of forests for the benefit of
both present and future generations. To effectively implement sustainable management principles,
practical tools are essential for defining and assessing sustainability mechanisms. Among these,
criteria and indicators play a crucial role in defining, monitoring, implementing, and evaluating
sustainable forest management. Given the goals of sustainable development and the rise of global
challenges, the importance of these criteria and indicators in tracking forest conditions has grown
significantly. Various international initiatives—such as the Asia Dry Forest Process, Africa Dry
Zone Process, International Tropical Timber Organization (ITTO), Montreal Process, Near East
Process, Helsinki Process (Europe), Tehran Process for Low Forest Cover Countries, and CIFOR
indicators—have developed criteria and indicators tailored to sustainable forest management.
However, due to climatic and socio-economic variations across regions, it’s necessary to develop
frameworks that are adapted to the specific ecological conditions of each area. With this in mind,
and considering the critical importance of conserving the Zagros forests, this study aimed to
identify, localize, and prioritize sustainable management criteria and indicators specific to these
forests, in collaboration with experts.

Material and Methods: This study applied the Delphi method along with a top-down approach to
identify and adapt criteria and indicators for sustainable forest management in the Zemkan
watershed, a part of the Zagros mid-region in Kermanshah province. An initial questionnaire,
containing proposed criteria and indicators, was distributed to a targeted group of experts, including
faculty members and natural resource specialists. Using purposive and snowball sampling, 25
participants took part. The initial list consisted of 12 criteria and 68 indicators, which were reviewed
and refined by the expert panel. The Delphi process was conducted over three rounds, with experts
rating each item on a five-point Likert scale ranging from 1 (not important) to 5 (very important).
Criteria and indicators scoring an average of 3 or higher were accepted and subsequently prioritized
based on their mean scores.
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Results: The final outcome of the study included nine criteria and 55 indicators. The experts
identified the economic and social functions of forests (mean score 4.48), legal, organizational, and
customary frameworks (4.18), and protective and supportive functions (4.15) as the most significant
criteria. Conversely, productive functions (3.19) were rated as the least important. Among the
indicators, those with the highest scores included the forest’s contribution to sustainable
employment in rural and forest communities (4.54), mechanisms for resolving conflicts between
resource users concerning grazing and non-timber forest products (4.73), livestock management
and damage mitigation (4.42), forest area affected by natural fires, pests, drought, invasive species,
dust storms, and grazing pressure (4.25), expansion of economic and participatory afforestation
(4.21), training in alternative livelihoods based on local community input (4.65), ecosystem
diversity at ecological, species, and genetic levels (4.45), forest area categorized by canopy density
(dense, semi-dense, sparse) (4.14), and forest ecosystem services such as water production, soil
erosion control, and carbon sequestration (4.05).

Conclusion: Drawing on international criteria and indicators for sustainable forest management, a
review of existing literature, and expert input, this study identified, localized, and prioritized nine
criteria and 55 indicators tailored for sustainable management of the Zagros mid-region forests
(Zemkan watershed). This framework offers valuable guidance for decision-making by Iran’s
Natural Resources and Watershed Management Organization.
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DS e bl (oLl 6500) U8 2 L s
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Table 1. Scoring and prioritizing sustainable forest management criteria in central Zagros forests

O bl Sl Slre Gl !
The average of specialists Standard S o STy adkie 53 b K Sl o e slaslas
Scores deviation Sustainable forest management criteria in central Zagros
£~ p3° £ £9° forests
Third Second Third  Second
K elaxxl = (galasl slas S8
4.48 432 108 132 T el slaBl sl 55
Economic - social functions of forest
E el ¢ o 6B (gla
4.18 4.12 L2 124 P s il SB sl
Legal, organizational and customary frameworks
}i.;-/' Ll = bl glas S,
4.15 4.11 098 112 T e m Bl sl S
Conservative and protective functions of forest
1K 08 5L - LS Isls oD
3.98 3.95 0.94 1.10 P Sl S s L e
Health, vitality and integrity of the forest ecosystem
S glres 5 (5ol Bix 5 Aol sl
3.92 3.83 1.19 1.36 Restoration, improvement and maintaining the stability of
forest stands
Sl ke dpol s 5 5 o il 2550
3.65 3.63 0.92 1.18 Educating local communities and promoting sustainable
management principles
3.35 3.27 105 114 ey
Forest biodiversity
/. LA -
331 3.28 1.14 118 e ?
Extent of forest resources
UL b s 5 slas SIS
3.19 3.12 118 1.28 T S sl

Production functions of forest resources

S S L;LAJ{:;.- 33 Ji.;— Sl = (slabl glas S8 gla et ls asslael =Y Jgds
Table 2. Scoring of indicators of economic - social functions of forest in central Zagros forests

sl Sl
s Sl

J.<;:; sl = (gsladl glas S, 8=V Hlxe

O Criterion 1 - economic - social functions of forest
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Standard
deviation

The average of
specialists scores

£

Third

i

Second

£

Third Second

f22

4.54

4.48

0.96

1.02

L5L<:‘>-j L;it“"‘)) u’"}’)\')"il'i dlx.:..;v‘ bl?g.ljbﬁ.? r.@...ui\ -
1-1: The contribution of the forest in creating sustainable
employment in rural and forest areas

4.4

4.40

0.93

0.93

péujzdbu@lﬁ&)wjowb}f;e—@}wL;LAC,SJ...Z:Y—\

JS sl sal s
1-2: Cooperative companies of forest dwellers and the
participation of local communities in the benefits obtained from
the forest

4.38

4.25

1.05

;LL’}:AC)JQM)J<UMJMgJ§JS>)SLSJﬁJéﬂ§)S4{v_\

Ji::,— ol
1-3: Employing labor (workers, technicians and experts) at
different levels of forest management

4.22

4.16

0.97

1.05

A Dy s s 5 Ko i s 8wl it — )
1-4: Investing in the forest sector and industries related to forest
products

4.11

4.03

0.89

0.96

UM\JL.U) <NGOS) JL@.': rJJA LgLAJml ‘L;km ccb} C,S)LJ.A c}am:o— \
1-5: The level of participation of local communities, non-

governmental organizations (NGOs) and the media for the
protection and maintenance of forest resources

4.03

3.96

0.86

0.92

J.f;;.-c,g_ﬁ,u): dw‘}gw}wy ols s A=)
1-6: Application of native and traditional knowledge of forest
dwellers in forest management

3.98

3.98

1.17

1.17

(GDP) s jallob a5 s S i g V — )
1-7: The contribution of the forest sector in the gross domestic
product (GDP)

3.92

3.98

1.21

1-8: General participation of forest dwellers and forest dependent
communities in forest resource management

3.82

3.75

0.86

0.91

63 8p s Slodst (gl 0dd Ly ke K (d)3) Sl 4 =)

(o5 55D
1-9: Area (percent) of forest managed for ecotourism services

3.70

3.65

1.02

1.06

S gt Y pame olal 555000 — )
1-10: Economic value of non-timber forest products

Sl S s s e s Sl (G50 Gl sler sl le asslad Y i
Table 3. Scoring of indicators of legal, organizational and customary frameworks in central Zagros forests
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O bl . Sls Sl Gl il

The average of Standard ; X -
Lo sl ¢ B sla ==V ol
specialistss scores deviation SIS S SRS o
g o5 - 0 Criterion 2: Legal, organizational and customary frameworks

Third Second Third Second

J:N@tﬁjobbﬂaﬁ&ﬁoﬁ)&:}\ C;)M&Jt?v_i‘ N =Y

3 ST Y games il 5 ‘rb Sl ol g5 4
2-1: Creating a mechanism to resolve conflict between users and
natural resources in the following topics: livestock grazing,
harvesting of non-wood products, etc.

4.73 4.67 1.24 1.32

}u;};téJgiljgz)ljz;.ﬂ\L;ijb)\&}su_fx)\;jpw&“l?%l:Y—Y

Sl UK g e 6 el Sl
4.21 4.18 1.02 1.11 . .
2-2: Creating a strong deterrent mechanism through the

establishment of appropriate legal and organizational conditions
for sustainable forestry management

ol sl Ja,ﬂjsdl;mwl;- ey g s acow b= ¥ — Y

aaleis L;L:Ja CL.A 9 L&bu.:.») )\ oalaul DL szﬁ’
2-3: Consideration of traditions, indigenous knowledge and

customs of the local community by government organizations in
the use of land and natural resources of the region

4.05 3.95 0.87 0.96

e palir SOl Ll GBS e Sl smler syt — Y

Sl U e e s
3.91 3.90 0.94 0.96 . .
2-4: Existence of official and legal frameworks to attract the

participation of local communities in sustainable forestry
management

BE wbé)}ué)g)bjé)byf 39,9 6‘}' wb}w)bﬁl 0—Y

3.25 3.22 1.13 1.18 aibie sla Ko

2-5: Creating a suitable platform for the entry, localization and
adaptation of appropriate technology in the forests of the region

Sl S L;qu:e 33 Ji} silerm = bl glas S8 gla ety asslael =8 J g
Table 4. Scoring of indicators of Forest conservative and protective functions in central Zagros forests
O o slajlal Sl lae Sl

The average of Standard e "
> Sl — bl clas SIS —Y s
specialists scores deviation S sl glas 5 BIY

Criterion 3 - Forest conservative and protective functions
for £2° £ £

Third Second Third Second

Of 5l 2t slacs s Sl g els Ly e ) =Y

442 4.33 0.91 1.02 3-1: Livestock management and reduction of damages caused by
it
S Bl S s Lil) K 4 Sl las )l als Y — Y
(S 5555 2 O gammn 50 615 2o e «S303LES &
4.32 4.28 1.10 1.21

3-2: Reducing human damage to the forest (including changing
the use of forest lands to agriculture, excessive exploitation of by-
products, forest fires)

0¢
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Continued table 4.

O o bkl Sl s Gl
The average of Standard ¢ .
b Ll - bl glas SHE—Y jlas
specialists scores deviation S Bl sl 5 oF
Criterion 3 - Forest conservative and protective functions
£ £° o £
Third Second Third  Second
4.02 3.98 0.98 1.06 s
3-3: Development of forest conservation and protection plans
with the participation of local communities
(Ipa sl wlais) ol S jois J 28 5 2als s b JSor 2 it — ¥
3.93 3.91 118 1.23 3-4: The role of forests in reducing and controlling climate
changes (climate regulation)
5 S w5l cbli> (6l e Copde K (Ao y3) Cmlus 0 = Y
3.92 3.75 1.32 1.28 <!
3-5: Area (percentage) of forest managed to protect soil and
water resources
Sk Cblis 5 kol Jilplile 3 J 28 5 Jals A=Y
3.85 3.82 116 1.22 3-6: Reducing and controlling erosion, increasing fertility and
soil protection
}1;-/' bla- o lay Lol V=Y
3.52 3.68 114 119 03 G e Sl S ol

3-7: Creating green and protection belts in the forest

Table 5. Scoring of health, vitality and integrity of the forest ecosystem indicators in central Zagros forests

O bl (Sl Slrs Gl ol
The average of Standard o e .
L. _ K 0850 ~ L sl (oM = £ las

specialists scores deviation RS ST - ’F

Criterion 4 - Health, vitality and integrity of the forest ecosystem
for £o° for £o°

Third Second Third  Second
el slx o 5550, orlgs A s S JLslis das sl

4.25 4.21 0.86 0.91

4-1: Forest area (percentage) affected by natural fire, pests and

diseases, drought, invasive plant species, dust and livestock
grazing
(Sl s Jliie 5 SdosS) 1Kx St w55 ¥ — ¢

416 411 111 1.25 b M S8 o S

4-2: Destruction of forest soil (Soil compaction and erosion rate)

Sl sl 5 sl sbal sluw) Ko ab Slediios ¥ — ¢
4.05 4.02 082 086 Glyels

4-3: Natural regeneration of the forest (the number of seedlings

and number of sprouts in sprout-clumps)
Sl il glac e sboss (Ko s aSass it — ¢

3.92 3.88 1.05 1.13

4-4: Forest fragmentation under the influence of various human
activities

00
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Continued table 5.

O, slaslal Sk e Gl il
The average of Standard S & < .
- av 1d3 K 08 5L LG 5 ol e — £ lre
specialists scores deviation TR SEIN S S = o7
Criterion 4 - Health, vitality and integrity of the forest ecosystem
£ £ = £
Third Second Third  Second
(IS5 S 5 Do b Gl A il R iass 0 — 8
6\44; A§'<:‘>"~"J (e>luw) Loy L&)‘Mb/\..i}
3.85 3.81 0.93 0.98

4-5: The state of the forest based on the percentage of canopy, the
naturalness of the species composition, deadwoods and the

percentage (area) of species mingling

Sl o S b K 53 MK lass 5 ol B s ool bl sl el asslal =1 s
Table 6. Scoring of indicators of Restoration, improvement and maintaining the stability of forest
stands in central Zagros forests

O o slajlaal (Sl

The average of
specialists scores

s Bl il

Standard deviation

Jli.'\.? 6\.&55:): 6)‘.1.:% La> 9 C}Lﬁ‘ u.L:>l— 0 )l:M

Criterion 5 - Restoration, improvement and

£ X P XE maintaining the stability of forest stands
Third Second Third Second
Sl 5 olal sla g, IS CEM aw g ) — 0
421 4.12 110 112 5-1: Development of the area of economic and
cooperative afforestation
s S L Ol 5 oL K ile s Y — 0
(Bl b a5 b ol 5 Salig g S L SLeds
4.14 4.08 1.05 1.08 . . . .
5-2: Forest Enrichment (seeding and planting with
climax species or pioneer and nurse species according
to the conditions)
4.05 3.98 0.98 1.02 5-3: Development of non-timber productive tree
cultivation
o Gl 658 Ly e gla S (g3lsl 5 sllit — 0
3.85 3.81 0.98 1.03 5-4: Rehabilitation and restoration of degraded
Forests with Native Species
b Cl-dss sl — 0
3.65 3.48 1.38 142 TR o
5-5: Increasing natural regeneration
3.42 338 0.94 1.05 s sla i e ax st A= 0
5-6: Development of hand-planted forests
Dlseas ol s > e Ol s CliS anw s V—0
3.25 3.11 1.28 1.38

5-7: Development of cultivation of Rain-fed and
fruitful trees in sloping lands

o1
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Sbe S5 S K 55 Sl S e dpeol s 5 5 e el il g arle asilael =V Jsd
Table 7. Scoring of indicators of Educating local communities and promoting sustainable management
principles in central Zagros forests

O sl Sl e Bl ol
The average of Standard L o e Jsol s 5 o il Sl =l
specialists scores deviation Criterion 6 - Educating local communities and promoting
£ g3 £ £33 sustainable management principles
Third Second Third  Second
S el L Sl Jelie (a5l ) =1
4.65 4.60 0.84 0.96 6-1: Training of alternative jobs with the opinion of local
communities
}(Jﬁj)l54db))§.b).]am_ ))d)‘v\s/‘glﬁfﬂwr:fgﬁ:&;\“—-\
4.29 4.12 098 1.3 Sl Sl s
6-2: Encouraging people to invest in the living environment
(time, work and money) and prevent migration
L;AKT 6‘]: JLN CA\P 6)[.«.,\4.4;.:‘); L;«;)}AT éue)}b 6)b§j.l R
Sl S e
4.11 3.98 1.09 1.19 . . .
6-3: Holding training courses to empowering local
communities to awareness about sustainable forestry
management
dtﬂj }i}/'.ﬁ,ﬂ,@“ lb«b\))buls};wﬂ)ﬂ}w)&)}aiﬁ_-\
3.89 3.71 121 1.28 b
6-4: Formal and informal education of children regarding the
importance of forest and natural resources
oAl ales 4 OUT b 5 5 ol L pa e 03 S Ll 0 =1
3.28 3.17 0.98 0.97 6-5: Acquainting people with the legislations and encouraging
them to comply with the legislations
O ed D CL.A LJ Ve SN 3 o)\.,b' Q)\}: rjjj)‘ r:f g;JSglfT'\—'\
3.11 3.02 1.18 1.24

6-6: Informing people about the need to balance population size
with available resources

Sl o S sl K s K s £95 sla el a5kl A s
Table 8. Scoring of indicators of forest biodiversity in central Zagros forests
ol (Sl

< Shas Gl
"J J?’L
Standard e
The average of deviation SN s g5 TV e
specialists scores Criterion 7 - Forest biodiversity
£ £ e £

Third Second Third Second

S5 55 5 Gl S § 5 OB slee g ) Y

4.45 4.23 1.09 1.18
7-1: Ecosystem diversity, species diversity and genetic diversity
5 A e S 5l cblis gl DLl gzl 5 b Jeadl e 355 Y =V
(L om0 53 5 o 3L e sbaas S) S (6, 5l
4.21 4.18 0.92 0.96

7-2: Existence of procedures and implementation of measures for
the protection of forest plant and animal species (representative,
rare, native and endangered species)

ov
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4.08 3.98 0.96 0.94
7-3: Area (percentage) of different forest types
A Jj.,\;- aalsl
Continued table 8.
Ot slaslael :Sle s Gl
The average of specialists Standard Cor et —V law
scores deviation S &~ o=
Criterion 7 - Forest biodiversity
£ f2° £ £2°
Third Second Third  Second
ks ol JQSIJ;?}J{:;.-‘_;:N)JL%\)\:}-L«:&—V
3.95 3.92 112 1.21 7-4: The horizontal and vertical structure of the forest and the
distribution of diameter classes
I os Cblis ble sliw 5 Cawg 10—V
3.75 3.62 1.06 113 ‘ ol shiad 5 s
7-5: The extent and number of protected forest areas
Ko e Savgm 5 b5l L= V=V
3.25 3.11 1.29 1.32

7-6: Maintaining the connection and continuity of forest
patches

L;L.,a defb' Lgl.aadi;? 53 O,K.} @Lu Coxn 9 éuu&u d“bjlc;‘l -4 Jyd=
Table 9. Scoring of extent of forest resources indicators in central Zagros forests

O ot laslanl ke s Gl

The average of Standard z
1S mlio Conrg = A L
specialists scores deviation - C y o7
Criterion 8 - Extent of forest resources
£ £ = £

Third Second Third Second

oSl S 2l) il slaeST L K (As59) Sl ) — A
j(M)JYO—O' &y\) VS\J,ZA‘LA.:J U’:"":'ﬁ CU g(M)J 0 )\M&y\)
4.14 411 098  1.02 (A3 0 = YO asil) S5 by £l

8-1: Area (percentage) of forest with different densities (dense
canopy (more than 50 percent), semi-dense canopy (25 - 50
percent) and thin canopy (5 — 25 percent)

A sl Kos s sl (b sla K (Ws53) Cxlas Y — A
8-2: Area (percentage) of natural forests, plantations and other
forest lands

4.05 4.01 0.93 0.95

L;ﬂ)tsm;)gu;J,@;g@dz\)l;;,ﬁ;},é&uﬂuw—/\
(K bl 5 ell il [ K

8-3: Changes in forest area and other forest lands over time

(Converting Forest, deforestation, forest restoration and
rehabilitation)

3.71 3.51 0.95 1.18

8-4: Forest area (percentage) under different management plans

3.21 3.21 0.91 0.94
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Sl oS s K s A b S5 ey S8 s jastls asslael =Ve Jgue
Table 10. Scoring of indicators of production functions of forest resources in central Zagros forests

O o leslanl ol lre Gl
The average of Standard . . .
S b g la =194 ;b=
specialists scores deviation T gt S Sl .
Criterion 9 - Production functions of forest resources

£ £ £ fo°
Third Second Third  Second

S Sb albl S e O W) K et STl 1) — 4
4.05 3.92 111 116 (S o

9-1: Forest ecosystem services (water production, soil erosion

prevention and carbon storage)
)\)L‘Ucu\.\; ch)df,\;-d.ﬁﬁc CJYWQJ\}JJJ.L;}I)‘JAA Y —19
(oo malyzr (B paen s> 5
3.65 3.42 0.98 1.06 < . . .
9-2: The amount of production and harvesting of non-timber
forest products (supplied to the market and self-consumption of
local communities)
5 obL ek 4o 0) K @ atly el OV peame A5 Y — 4

3.25 3.20 089 097 (e ol (B raeo

9-3: Production of forest-related livestock products (supplied to

the market and self-consumption of local communities)
I (s 55551 (63 S p s lads gslasl 2550 6 — 4
3.11 3.08 112 116 S SN S5 e ek olaB A
9-4: Economic value of forest ecotourism services

3.05 2.96 094  1.06 S

9-5: Total forest area and effective area for production of non-

timber forest products

5 Sl (G506 ozl (K sl =
e Ko e = Bl shas SIS 5 e
aiae 53 Ko bl Cupde glaslas o e
Sre Gpmen S gLl e
el o S Ghls o e G5 slas SO
aibaio

2090

BE) RG] S)9e BL)

oRIR oRIR
(S5 4z ;5 Zandebasiri and Parvin (2012)
—S56 Caler (MK mle Cans slaslas
A Olgen Ko Bl i3 5 S
d@a—ctﬂw‘j)wu‘W‘ry)rjbqjjﬂ

04

Dl o e laexls s ajlae olull
5ol Cape w815 s, el sl K
bslpl anns 5 Gladhn gpyaby pla &)
a5 p30 )l GBI L5 LS dal
Chlis- glar b a5 ol K Sl cbl-
Sl 5 s g5 B 0T SL ot
ey Ko bl 5lasl 5 Ll S 085l
il dale oo L ae s 4 plaes

.(Salmani et al., 2021; Karami et al., 2022)
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53kl VL B s S50 sl ol Dl
Sl a8 elazrl = (alal slas Shas lns
03 a5 Gl b s a5 0l ol 5w
Ll ol B2 5 Sleslo (558 slac szl Dlne
- olasl las Shes Jlae dad] s =,
o5y 20 adkaie Glaslas 1 Sege e e
iS5 el

Bl wa' el = (eolabl glas S5 jlas
Comdl o i sls a8 OF 1 hagsy 3 se 4
55 1 O 5 5 Slaastie ax s 5550 5 S
o ga0 L;)ﬂcv,-) A bdsam=e Clb WS
(a0 Ob)s 31 he opd Sl 5 Ol
e a3l J.al., <da L (Hosseini, 2024)
Saetls 2335 55l by Sl o il
SL K 5o Ko owe el iens S
Soltani et al., 2011; ) Calises gla w0 55 o ST
4 (Khosravi et al., 2014; Moradi et al., 2024
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