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Abstract

Background and objective: When evaluating the sustainability of any subject, appropriate
indicators must be selected and utilized. The functions and services of forest ecosystems serve as
indicators of their capacity and effectiveness. Therefore, to align with fundamental policies
regarding forest resources and to facilitate planning, decision-making, and success in this field, it
is crucial to fully understand these capacities and effective indicators. This research aims to
identify, weight, and prioritize the functions of Hyrcanian forests in Iran based on the Common
International Classification of Ecosystem Services (CICES) method.

Methodology: In this study, the functions, goods, and services of forest ecosystems were first
extracted using the CICES method, which is recognized as one of the most comprehensive
classification systems for ecosystem functions and services. Subsequently, the functions, goods,
and services of Hyrcanian forests were identified through the Delphi method, incorporating
insights from experts and specialists. Data were collected via field surveys, random sampling,
questionnaires, and face-to-face interviews. The Delphi group comprised 50 experts in forest
sciences with a minimum of five years of relevant experience who provided their opinions on the
identification of functions, goods, and services related to Hyrcanian forest ecosystems. After
preparing the questionnaire, respondents rated their answers using a five-point Likert scale. The
reliability of the questionnaire was assessed using Cronbach's alpha coefficient, which yielded a
value of o = 0.97, confirming its reliability. Following the completion of the questionnaires by
experts, multi-criteria decision-making methods were employed to determine the weight of the
functions, goods, and services of Hyrcanian forests. These methods included Step-Wise Weight
Assessment Ratio Analysis (SWARA) for calculating function weights and Simple Additive
Weighting (SAW), Additive Ratio Assessment (ARAS), and the Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS) for prioritization.

Results: Analysis of the questionnaire findings using the CICES method identified three
functions and twenty services for the Hyrcanian forest ecosystem. Weighting results from the
SWARA technique indicated that climate regulation, biodiversity, and genetic resources received
the highest weights among the evaluated services. Additionally, the final weights derived from
implementing gradual weighting evaluation techniques revealed that the regulating function
(0.505) had the highest weight among all functions, followed by provisioning (0.248) and cultural
(0.246) functions in subsequent priority order. Comparisons of prioritization among ARAS,
TOPSIS, and SAW models showed similar results regarding function prioritization; however, the
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ARAS model exhibited a steeper slope in relative closeness to one compared to the other two
models from various perspectives. Based on this finding and expert consensus, prioritization using
the ARAS model was deemed more reflective of reality. Thus, the ARAS model is proposed as a
suitable approach for prioritizing the functions, services, and goods of the Hyrcanian forest
ecosystem.

Conclusion: According to results from the ARAS model, climate regulation, biodiversity, genetic
resources, habitat services, and water cycle services rank as the first through fifth priority services
within Hyrcanian forest ecosystems. Given the significance of regulating functions in these
ecosystems and their beneficiaries, it is recommended that relevant organizations engage in more
effective planning and management to ensure their protection and sustainability for present and
future generations. Furthermore, maintaining ecosystem integrity is essential for promoting
sustainable development while safeguarding environmental health.

Keywords: Cultural function, forest economic, prioritization, provisioning function, regulating
function
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Table 1. Grouping of Delphi members to identify the functions, goods and services of Hyrcanian forest ecosystem
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Table 2. Functions, goods, and services of the Hyrcanian forests

Goods and services

Function

Wood products (harvesting all kinds of wood from the Hyrcanian forests for uses such as wooden boards, chipboard, paper,

firewood, etc.)

Non-timber products (NTFPs): including food and beverages (including fruit and berries, juices, honey, mushrooms, meat from
wild and domesticated forest animals, etc.), raw materials (plant sap and gums, fodder harvesting, silk obtained from silkworms,

Provision leather and wool obtained from animals, etc.), decorative and cosmetic resources (handicrafts, etc.), medicinal plants, etc.
rovisioning

Water supply (storage and supply of fresh water through the absorption of rain, snow, fog, which is then transferred to the soil,

waterways and underground water)

Genetic resources (Native trees of Hyrcanian forests are suitable genetic resources for producing well-formed maternal genes with

rare and good genotypes and phenotypes)

Habitat (Hyrcanian forests provide habitats for living, multiplying and reproducing all kinds of plant and animal species)

Aesthetic and mental health (mental revitalization, creating physical relaxation, creating opportunities to perform a variety of

physical activities such as running and walking, cycling, etc.)

Education, learning and social development (Hyrcanian forests provide opportunities for people to connect with nature. It also
provides opportunities for education, learning and social development through universities and schools, volunteer activities,

internship projects, recreational programs or scientific studies)

Cultural Perservation value: (Inherent value: the value that the existence of Hyrcanian forests has for people without even using it),
ultura
(Heritage value: the value of the benefits that Hyrcanian forests can have for future generations) and choice value: the value of

Hyrcanian forests to people for use it in the future)

Tourism and ecotourism: (Hyrcanian forests can provide great potential for tourism, especially ecotourism, in the region)

Cultural, spiritual, artistic and historical importance (use and non-use values through religious, cultural or historical associations
such as mountains, waterfalls, springs and religious places, as well as the "shepherd" or "Galshi" way of life found in many levels

of the Hyrcanian forests is an important traditional culture that is in danger of disappearing)

Climate regulation (by carbon sequestration and storage: protecting or modulating the extreme effects of temperature, wind, UV

light, precipitation, etc.)

Risk adjustment: (Hyrcanian forests and its tree cover prevent soil erosion and landslides; rain absorption by them causes flood

adjustment by delaying and weakening river flows)

Detoxification and purification of soil, air and water (Hyrcanian forests can absorb pollution caused by soil, water and atmosphere
and improve the quality of each of them. Also, tree belts can act as noise insulation to reduce noise pollution and provide benefits.

to bring for health)

Regulation of pests and diseases (Mixed tree stands of Hyrcanian forests reduce the harmful effects of some pests and biological

diseases of trees through natural biological control compared to coniferous tree stands)

) Pollination (trees, groves, and forests provide habitat for many pollinator species)
Regulating

Primary production (carbon dioxide through photosynthesis causes the production of organic matter, which in turn leads to plant

growth and oxygen production)

Soil formation (decomposition of the lower geological layers by roots and microbes, weathering of minerals and the accumulation
of excellent materials from litter in the soil layers, as well as the erosion of rocks and the fertilization of the soil by the

accumulation of organic materials and the release of minerals)

Nutrient cycle (the role of soil organisms of Hyrcanian forests in the storage and recycling of carbon, oxygen, hydrogen, nitrogen,

sulfur, phosphorus, iron, zinc and other elements)

Water cycle (the forest plays an important role in the hydrological cycle through the absorption and transfer of water, the
regulation of water flow and the discharge of rivers and the effect on the regulation of hydrological flows on the earth's surface in

addition to the supply services that it provides to the society through the absorption and supply of water)

Biodiversity (biological and genetic diversity in locally adapted species can support plant and animal communities)
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Table 3. Calculating the weight of goods and services of the Hyrcanian forest ecosystem using the SWARA

technique
Provisioning services W;j
Wood products 0.04762
Non-wood products 0.04649
Water supply 0.0495
Genetic resources 0.0524
Habitat 0.05235
Cultural services Wi
Aesthetic and mental hygiene 0.04971
Tourism and ecotourism 0.05132
Education, learning and social development 0.04907
Perservation value 0.05003
Cultural, spiritual, artistic and historical importance 0.046
Regulating services Wi
Climate regulation 0.05278
Risk adjustment 0.05165
Detoxification and purification of soil, air and water 0.04504
Regulation of pests and diseases 0.0474
Pollination 0.05036
Primary production 0.05073
Soil formation 0.05197
Nutrient cycle 0.05079
Water cycle 0.05229
Biodiversity 0.05251

SWARA (S5 5l eolanal by S GK“"’ Q\f}\.ﬂrj s S5 05 amle —F Joos
Table 4. Calculating the weight of Hyrcanian forest ecosystem functions using SWARA technique

Function W Rank
Regulating 0.50551 1
Provisioning 0.24835 2
Cultural 0.24614 3
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Table 5. The final weight of goods and services of Hyrcanian forest ecosystem with ARAS, TOPSIS and SAW models

Provisioning services ARAS SAW TOPSIS

Wood products 0.04762 1.95228 0.63661

Non-wood products 0.04649 1.84092 0.60536

Water supply 0.0495 2.12839 0.59352

Genetic resources 0.0524 2.49422 0.77495

Habitat 0.05235 2.4812 0.62785

Cultural services ARAS SAW TOPSIS

Aesthetic and mental hygiene 0.04971 2.15752 0.71252
Tourism and ecotourism 0.05132 2.34041 0.70418
Education, learning and social development 0.04907 2.09028 0.6852
Perservation value 0.05003 220154 0.72383

Cultural, spiritual, artistic and historical importance 0.046 1.81257 0.59441
Regulating services ARAS SAW TOPSIS

Climate regulation 0.05278 2.5438 0.68096

Risk adjustment 0.05165 2.40676 0.70817
Detoxification and purification of soil, air and water 0.04504 1.74743 0.66208
Regulation of pests and diseases 0.0474 1.88658 0.49383
Pollination 0.05036 2.24594 0.73506

Primary production 0.05073 2.28301 0.75573

Soil formation 0.05197 2.44258 0.73467

Nutrient cycle 0.05079 2.3159 0.74948

Water cycle 0.05229 2.49956 0.8216

Biodiversity 0.05251 2.50984 0.78287

SAW  TOPSIS ARAS b Jie b S o K o8 5lee 5 Closs 5 LIS saney Jol -5 Jsin

Table 6. Prioritization of goods and services of Hyrcanian forest ecosystem with ARAS, TOPSIS and SAW models

TOPSIS SAW ARAS
Water cycle Climate regulation Climate regulation
Biodiversity Biodiversity Biodiversity

Genetic resources Water cycle Genetic resources
Primary production Genetic resources Habitat
Nutrient cycle Habitat Water cycle

Pollination
Soil formation
Perservation value
Aesthetic and mental hygiene
Risk adjustment
Tourism and ecotourism
Education, learning and social development
Climate regulation
Detoxification and purification of soil, air and water
Wood products
Habitat
Non-wood products
Cultural, spiritual, artistic and historical importance

Water supply

Regulation of pests and diseases

Soil formation
Risk adjustment
Tourism and ecotourism
Nutrient cycle
Primary production
Pollination
Perservation value
Aesthetic and mental hygiene
Water supply
Education, learning and social development
Wood products
Regulation of pests and diseases
Non-wood products

Cultural, spiritual, artistic and historical importance

Detoxification and purification of soil, air and water

Soil formation
Risk adjustment
Tourism and ecotourism
Nutrient cycle
Primary production
Pollination
Perservation value
Aesthetic and mental hygiene
Water supply
Education, learning and social development
Wood products
Regulation of pests and diseases
Non-wood products

Cultural, spiritual, artistic and historical importance

Detoxification and purification of soil, air and water
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Table 7. The final weight of Hyrcanian forest ecosystem functions and their priority with ARAS, TOPSIS, and

SAW models
Priorities Final weight
Function TOPSIS SAW ARAS TOPSIS SAW ARAS
Regulating 1 1 1 7.12 22.88 0.51
Provisioning 3 2 2 3.24 10.9 0.25
Cultural 2 3 3 3.42 10.6 0.24
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Table 8. Curve slope (R?) in ARAS, TOPSIS and SAW models
SAW TOPSIS ARAS

R2

0.89

0.8 0.93
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