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Abstract: Problem statement: A valuable Source of plant and animal various sl the west of
Iran is Zagros forests that, misuses by forestetslacal societies has caused severe degradation. |
this study, forest areas ecological assessmentaraigd out with a (GIS)-based MCDM approach for
multiple-use planning in order to reduce degraaatiod improving sustainabilitApproach: All of
possible land uses were evaluated separately. He was used to defining weight of criteria and
sub-criteria. Sub-criteria were mapped at GIS emvitent using available data, fieldwork and IRSp6
data. A priority map for each land use was creatsidg GIS-based WLC model. The final priority
map was produced of overlying all priority maps.olegical capability map were generated with
editing priority map using present land use mafgdR data, forest laws and fieldwoRResults: The
Weights of criteria and sub- criteria was defined dll land uses with CR<0.10. The most important
criteria and sub-criteria for each land use wemlted, too. The final priority map was indicated
preference of suitable land uses for each aredogically. The suitability map was showed areag tha
are enforceable land use together. Also, the dreaah suitable land use was distinct. In more tfan
70% study area, current use is not based on ecalogjiteria, which were caused severe degradation.
Conclusion: The results of this study showed that various lases meaning multiple-use can be exist
in area study that executing of those will be cadmsereasing of foresters dependence to forest, trees
decreasing of degradation and forest sustainabilibus, this integrated approach could be benefit
forest planners and decision makers. Recommendattmough this study, we aimed at suggesting to
forest management and other stakeholders an apptioaicis scientifically sound and practical.
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INTRODUCTION traditional use of forests is multi-objective soatth
forests have been used for hunting, as a source of
An area about of 5-milion hectares, from firewood and construction materials, for collection
northwest to southwest, has covered by Zagros toresvarious non-wood products, protecting soil from
that are one of the most important floristic zomes erosion and regulate water resources. Some foasis
Iran. The main and dominant tree and shrub specees have cultural and religious significafite All of this
Persian oak (Qeurcus brantti), Qeurcus infectorid a uses there are in Zagros forests but regardles$ lan
Qeurcus libani. In this forests, so far away frame t capability. Recently, ecologically sustainable &ire
past, many of the incorrect use has caused sevehms gained acceptafté If the importance of the
degradatioR” currently considered as degraded forestsnultiple-use of forests is not continuously recagui
with firewood production and livestock feeding in forest management, there is a risk that thesterwill
recognized as the main cau$&sAlthough, this forests lose many of the recreational and near-natural
are national but foresters use incorrectly becatiey, ecosystem characteristiés Nowadays, forests are
are unemployment and very poor. Current uses sf thioften managed for multiple uses. Forest planning is
forests area are firewood production, livestockdieg  very complex activity because there are many goals,
and agriculture. It is explicit that continuationf o which should be achieved simultaneously, and afot
degradations and regardless to land suitabilityseau components and elements, which must be consitlered
plenty multilateral damage for all beings. The In planning forest ecosystem management, evalugtion
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of alternative plans with respect to ecologicalrealare conservation plannififf. On the other hand, although
usually based on a set of variables describingdtesst ~ with the fieldwork could be generated very predséa
and the relationships between the variables andut often are difficult, time and cost consunfiflgOn
ecological values is assessed on the grounds afrexp the other hands, remote sensing data can apply as
judgment8”.. Forest management policy decisions arepreparing tool some of ecological data and maps. Fo
complex due to the multiple-use nature of goods ané&xample spatial information and data estimation and
services from forests, difficulty in monetary vaioa  mapping®, quantitative and qualitative assessment of
of ecological services and the involvement of aydar ground resourc&8?® suitability and change detection
number of stakeholddfs In addition, other evaluatiof?***? criteria and indexes assessment in
characteristics make natural resources decisioringak combination with GIS and fieldwof®3?. Thus, it is
situations complex. For example, group decisionmnecessary to assessing ecological capability and la
making and public participation are often requiréd. suitability using a GIS-based MCDM approach, in
help decision makers make good choices, informatiomrder to reduce of degradation, decreasing forester
and analyses are needed on the decision situation, dependence and Zagros forests sustainability agplyi
alternative of action, and on consequences ofmultiple uses.

alternatives as well as on the preferences amoeggeth

consequences. Because, decision results are very MATERIAL AND METHODS

critical, thus choice of appropriate decision tdéghe is )
necessafi?!. The MCDM is an umbrella approach that Study area: The study area is about 10000 ha of Bane
ity forests, which is located in Iran, north parft

has been applied to a wide range of natural reeouréagros mountainous forests (Fig. 1). The main
management situations. From the overview and atitic species of these forests age brantii .Q i.nfectoria

reylews of MQDM' It is c!egr that _MCDM offers a and Q. libani that dominant species Q. brranti.
suitable planning and decision-making framework forAIthough, this forests are national but, long term
natural resources management and regional foreghisuses from the past by foresters such as firewood
planning, because it is inherently robust and carproduction, livestock feeding and agriculture has
accommodate conflicting, multidimensional, caused severe degradation. At present, about 2@k of
incommensurable and incomparable objecti?ds forest areas are forestland, 25% agriculture and
Multiple Criteria Decision Support (MCDS) methods residential and 55% forest with crown cover lesanth
are decision analyses tools that have been dewkfope ©f 50 % (Fig. 2).

dealing with all that information in order to suppo
complex decision making with multiple objectit/és
As application of multi-criteria methods in natura
resources and forestry studies with various abditi
such as accommodating conflicting, multidimensipna
incommensurable, incomparable objectives
formalizing public Participation in decision-makjng
increase the transparency and the credibility e th

Process has been confirteti Thus, group decision- properties in the whole study were not interfereitce

making and participation planning about multiple gn5yysis. Sub-criteria classified to indicators ahen
objective and multi-criteria evaluation and for st  g-gre of each class added to the attribute fileraiiog
planning and landscape ecological analyzes quatat 1o expert's judgment and reviewing relevant
improvement is need&d***!! Potentiality integration  information from the literature. The scores wenegexd
of MCDM methods with GIS showed in various from 0-9 where a score of 0 and 1 meant consteaidt
researchd$?2426:33:3437.3943 The GlS-based multi- equal importance, and where as 9 indicated extreme
criteria decision-making approach is so simple andmportance. All of criteria and sub-criteria forobdand
flexible that any number of criteria and indicatean  use were weighted using pairwise comparison by expe
be employed. Also GIS-based multi-criteria decision judgments within the analytical hierarchy procesd a
making approach allows incorporation of decisionthe most important of criteria and sub-criteria &t
makers, experts or other stakeholders into thesforeland uses were determined. A set of questionnaires
715

Executing methods. The possible land uses were
| distinguished. Criteria and sub-criteria influengithe
suitability of land uses were selected by expert's
Ijudgment within  AHP and reviewing relevant
information from the
‘literaturd®911:17:18:30,32.35,36.38.405053] g y_criteria  were
mapped using available maps and data, fieldwork, RS
GIS and various methods. The maps with the same
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within the AHP framework was developed. In the RESULTS
guestionnaire, respondents were determined relative
importance of each criterion with respect to otHer, The distinguished possible land uses were forestry

example, importance of soil with respect to wal@nd  range management, nature tourism, apiculture,
cover and land unit. A priority map for each lareeu pisciculture, dry farming, irrigated farming, hauilture
was created using GIS-based Weighted Lineaand intensive husbandry. Table 1 shows the critaté
Combination (WLC) model by MCE analyzes. The sub-criteria influencing the ecological suitabildfland
thresholds were generated by cluster analyze andses, too. Sub-criteria, indicators and their scoep
resulted maps were classified. Then final prioritap  were created for all land uses. For example, Fig. 3
were produced of overlying all priority maps. shows indicators (classified sub-criteria) mapslope,
Ecological suitability map were generated with iegjt forest density and their scored maps for dry fagmin
priority map using current land use, water, density@nd use.

maps, satellite data and fieldwork. The weights of criteria and sub- criteria were
defined for all land use. The consistency ratio
coefficients for final weights were fall in the agptable
range. For example, Fig. 4 and 5 show sub-criteria
weight with CR<0.10 for horticulture and forestant
uses. The most important criteria and sub-critéoia
each land use were resulted, too (Table 2).

The suitability map that was created shows areas
that are enforceable land use together. The priorédp
was created for all land use, separately.

For example Fig. 6 shows priority map of
apiculture, nature tourism, forestry and dry fargin
The resulted final priority map indicates preferemt
suitable land uses for each area, ecologically.(Fjg
However, in three cases (Fig. 7), land uses coold n
be executed with together. Also, the area of each
: suitable land use was distinct (Table 3). So tteild 3
(B) (A shows, in more than of 70% study area, currentisise
not based on ecological criteria, which were caused
Fig. 1: (A) Study area location in Bane city, Kigtdin ~ severe degradation. The finally, suitability mapswa

state, northwest of Iran. (B) IRSp6 image of generated that show areas that are enforceableukend
study area (RGB) together (Fig. 8).
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Table 1: Source, mapping methods, scale and uiilizaf criteria and sub-criteria

Source and mapping

Criteria Sub-criteria methods Scale and utilization
Land cover Type Sampling + visual interpretatiofRBp6 + current land use 1:25000, all land uses
Forest density Sampling + classification and IRBpérpretation + current land use
Water Quantity Current land use + interpretatioBpR + Water quantity of 1:50000, all land usesepkéorestry
Resources springs and wells (L 3gc and dry farming
Quality existing data Same in whole study
Soil Texture sampling + Geology map + land 150@i0and uses, except pisciculture,
type map + land cover apiculture, intensive husbandry
Fertility map + lab work 1:50000, all land uses, except pisciculture,
Ph apiculture, intensive husbandry and nature
tourism
Erosion Fieldwork + IRSp6 + existing data + crdateaps using FAO method  1:50000, all land uses
Landscape Landscape Fieldwork + hill shade + vistiedpretation of IRSp6 + roads 1:50000, natueism, only
Climate Precipitation Determining of equation using 1:50000, all land uses
Temperature  neighbor meteorology stations + génatian using DEM
Land unit  Slope Using DEM 1:50000, all land uses
Elevation
Aspect
Geology Slide Geology map 1:100000, Non-existence in whole study
Fault

Necessary maps other
Current land use

Scaleand utilization
1:25000, suitability mapping

Sour ce and mapping methods
Ground truth with GPS + visuarimtetation of IRSp6

Land type Visual interpretation of IRSp6 + hiigle + slope and elevation map  1:25000, soil paeas@apping
Constrantl Ground truth with GPS + sampling tiafsnterpretation of IRSp6 1:25000, all land usssept Nature tourism
Constrant2 Ground truth with GPS + sampling +alisoterpretation of IRSp6 1:25000, pisciculturgensive husbandry,

irrigated farming and horticulture

Table 2: Most important criteria, sub-criteria ahdir weight for each land use resulted from AHP

Nature Range API Dry Irrigated Intensive
Land use tourism Forestry management culture faymin farming  Pisciculture Horticulture  husbandry
The most  Water source Climate + Water source + tPlanClimate Water Water Water Water
criteria + landscape plant cover plant cover cover source source source source
important
Weight 0.279+0.217 0.427+0.310  0.302+0.285 0.342 513. 0.393 0.517 0.362+0.315 0.448
The most  Water quantity Density Water quantity ~ QovePrecipitation Water Water Water Water
sub-criteria + landscape + cover type type gtyant quantity quantity guantity
important
Weight 0.206+0.160 0.198 0.188+0.178 0.24 0.298 3D.2 0.394 0.2 0.31
Table 3: area comparison of current land use aaolbgical suitable land use
Suitable land use d-n-a f-n-a r-n-a n i-n-a p-n rHa- Ho-p-hu-n-a Ho-p-i-hu-n-a Ho-p-n-a
Area (%) 125 57 1425 25 3 05 1 1.75 7 0.5
Current land use d-i-hu-ho-r f-r fl-r res-hu - - - - - -
Area (%) 23 54.7 20.5 18 - - - - - -
Cwerall inconsistency = 0.02 Crverall mconsistency =0.00

Slope 0037 Slope 0.033 [

Aspect. 0030 N Aspect 0.053

Elevation c.03¢ [N Elevation 0045

Precipitation  0.185 | Precipitation 0 326 [

Temperature 0121 _ Temperature 0101 _

Cover type 0.043 _ Cover type o112

Forest density  0.033 | N Forest dencity  0.192 [

wreter quantity  0.214 [ N

e 011 ey o -_

I
giijllrtlyenten51ty ggi? ] Rosion entensity 0.026 [
pE 0.035 | pH 0.025 [

Fig. 4: Sub-criteria weight and overall inconsistefor
horticulture land use
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DISCUSSION

The AHP*#54lis a known and common multi-
attribute weighting method for decisftnt®1651:52
AHP is a comprehensive, logical

and structural

of complex decisions by decomposing the problem in
hierarchical structure. AHP allows the consistent
comparison of both qualitative and quantitativeecia

or alternatives, since different scales of input
information are transformed to uni-dimensional
prioritied®?. Use of AHP for assigning the weights of
relative importance to the objectives is relatively
new®?. The use of AHP insures that the suitability
maps are comparable for all land ($&sIn this
research, using AHP, consistent weight of all decia
and sub- criteria for all land use, through paiewis
comparison was evaluated, properly and confirmed
result of previous studies in related with AHP. In
addition, within AHP the criteria and sub-criteria
influencing the ecological suitability of land usesre
defined, properly and perfectly (Table 1). Althouibie
AHP“! method is widely accepted in solving multi-
criterion problems, the accuracy of the resultsedels
on accuracy of spatial data. Moreover, the seleatib
land suitability assessment parameters, prioritighte
within the AHP framework are greatly influenced by
objectives, location, maps, people involved in
discussions and key informants. In this researdiP A
in combination with RS and GIS were three majotgoo
in a manner that reached the correct solution sistas
the decision maker in determining appropriate \v@&lue
for the ecological suitability criteria. A CR<0.10
indicates a reasonable level of consistency among
pairwise comparisofd.. In this study, consistency ratio
coefficients for the final weightings were fall ihe
acceptable range (Fig. 3 and 4).

In similar with various studi€s?? GIS
provided valuable information for spatial forest-
management planning in adjacency, proximity and
juxtaposition of patches. In addition to the refirent
of compartment maps, GIS was also applied in
managing and visualization of ecological data in
different stages. Remote sensing techniques askesse
the land use information cost effectiély Remote
sensing now a day has become a modern tool for
mapping of land use/land cover for micro, meso and
macro level plannifd. In this research, the role of RS
is much more apparent by setting out some of tlve ne
opportunities for RS data sources, analysis and
applications to forest resource assessment (FigAS3)
sub-criteria, indicators and their score map ccbatith
high precious at GIS environment using IRSp6 dath a
fieldwork for all land uses is showing of this reld-or
example, Fig. 3 shows indicators (classified sub-
criteria) maps of slope, forest density and theorsd
maps for dry farming land use.

In addition to, so that Fig. 3 and 4 and Table 2

framework, which allows improving the understandingshows, similar to previous researches, weights of
718
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criteria and sub-criteria for each land use wesalted,
properly. That shows efficiency of AHP for paramste

preference determining in the same researches. The

priority map that was generated indicates prefexanfc

suitable land use for each area, ecologically. The.
suitability map that was created shows areas ttat a
enforceable land use together. However, in thresesca

(Fig. 7), land uses could not be executed with ttuere
thus; the best land use must be identified by ewdicad
studies in combination with the results of thisdgtuSo
that table 3 shows, in more area of study areaectuse
of these forest areas is not based on ecologidatiar

which were caused severe degradation. For example,
although ecologically, in 14% of study area, range
management and extensive husbandry is allowed b
there is in more than of 95% study area. Thus, this

integrated approach could be benefit forest planaad
decision makers. If, the importance of the multipée of

Zagros forests is not recognized in forest managgme

the forests will lose many of the recreational,ureilt
ecosystem characteristics and countless values.

CONCLUSION

This study demonstrates the ecological assessment
potentiality of multiple-use for forest planning,
comprehensive sight of integrating quality of MCDM -+
and GIS in the suitability assessment process,
characteristics and tools. If, the importance oé th
multiple-use of Zagros forests is not recognized in
forest management, the forests will lose many ef th
recreational, natural ecosystem characteristics ana'
countless values. Thus, integration of GIS and MCDM

could benefit forest planners and decision makehngs

method also provides a cost effective, rapid land

evaluation framework, which help policy makers,

regional planners, forest manager and researchers
working in developing countries. The results ofsthi
study show that various land uses can be existéa a
study that executing of those will be cause deangas
of foresters dependence to forest trees, decreading

degradation and forest sustainability. Consolidatid

local people knowledge and expert's views with
modern geographic techniques to evaluate the laad u
was caused this research results more empirical and

original. The results of this study are suggestinog
forest managers and other stakeholders so apptoat
is scientifically complete, sound and practical.
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