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Objective: In recent years, many environmental economic valuation studies have been conducted without
considering the spatial distribution of ecological goods and services, focusing instead on the existence of
natural assets. Consequently, the estimated economic value is extended to the entire study area, which is
not quite accurate, as different locations possess a diverse range of assets, goods, and services that should
be categorized separately. Hence, in many cases, environmental assessments lack the necessary
effectiveness in decision-making processes. The present study aims to estimate the economic value of
multiple ecosystem goods and services in Semnan Province, Iran, with particular attention to their spatial
distribution, offering a more accurate representation of ecological contributions across the region.
Method: In this study, eight ecosystem services, namely food supply, forage production, aquaculture, water
production, soil conservation, carbon sequestration, and habitat preservation, were quantified using GIS-
INVEST-ROS models. Each service was then valued using appropriate methods, including the market price
method, replacement cost method, social cost of carbon method, and benefit transfer method, based on the
modeling outputs. Ultimately, to ensure the relevance of these estimates in current economic terms,
adjustments were made using national inflation indicators, primarily the GDP deflator and domestic price
indices.

Results: The results indicated that the total value of production services in Semnan Province amounted to
USD 521,973,155.17, while the total value of other services, including regulatory, supporting, and cultural,
was USD 8,677,364,627.58. In fact, 94.3 % of the total ecosystem service value in this province was
attributed to non-production services. Habitat quality and carbon sequestration services had the highest and
lowest economic values in the region, with USD 8,679,933,224.14 and USD -1,146,837.93, respectively.
Additionally, the total annual economic value of selected ecosystem services in Semnan Province was
estimated at USD 9,199,337,093.10.

Conclusions: The concept of ecosystem services can provide a useful tool for more integrated and
sustainable planning, management, and restoration of degraded ecosystems. The application of an integrated
economic-ecological valuation system, emphasizing the ecosystem services approach and incorporating the
economic valuation of relevant services into the development and environmental protection decision-
making processes, can outline a comprehensive framework for integrating valuation outcomes into
decision-making. This integrative approach can lead to informed decision-making and a balance between
development and environmental conservation. Based on the results, it is recommended that planners and
policymakers pay attention to the value of ecosystem services in economic development programs and
integrate ecosystem service valuation approaches into spatial planning within Semnan Province. This would
ensure that ecological values are systematically considered in land use and development planning.
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Introduction

The growing emphasis on environmental considerations has heightened recognition of the societal benefits
derived from natural resources, termed natural capital, which were historically underestimated (Mirici and
Berberoglu, 2024). Although these ecological functions are essential for collective welfare, quantifying their
economic impact through financial metrics presents significant difficulties. Since they are not traded in
commercial markets, they are often underrepresented or considered insignificant in policymaking (Ma et al.,
2020). Given that existing policies and economic decisions frequently do not consider the values of ecosystem
services, planners and decision-makers increasingly need to manage ecosystem services as a means to
understand and manage human interactions with ecosystems (Posner et al., 2016). Underestimating the
economic value of ecosystem services leads society to misunderstand the true cost-benefit analysis of depleting
natural resources (Pavanelli et al., 2025). A key factor in achieving favorable economic outcomes and the
likelihood of sustainable economic benefits is economic analysis. Economic valuation is an attempt to
determine the quantitative economic values of ecosystem services, which includes both market and non-market
services. Some provisioning services and certain cultural services are traded in markets, but regulating services
such as coastal protection and erosion control are not assigned explicit values in trading venues. Thus,
economic valuation can draw attention to the monetary value of these services that may be overlooked in
managerial decisions. Evidently, considering quantitative and monetary amounts when expressing the value
of each resource is a useful and effective tool for justifying sustainable development and environmental
protection goals. The main aim of valuation is to provide a comprehensive estimate of the return on investment
for conservation, mitigation, or restoration efforts. In other words, this approach can inform ecosystem
managers and decision-makers whether the benefits of ecosystem restoration outweigh the costs. Four
commonly used techniques for ecosystem valuation include market-based methods (which include market
price and productivity methods), revealed preferences (which include avoided cost, replacement/substitute
cost, travel cost, and hedonic pricing methods), stated preferences (which include contingent valuation and
conjoint analysis), and benefit transfer approaches. The necessity of this study lies in implementing the
economic valuation process by employing the ecosystem goods and services mapping approach to effectively
address the spatial distribution problem of ecosystem goods and services.

Method

Semnan province, with an area of 68,971.92 square kilometers, is located north of the Dasht-e Kavir and south
of the Alborz Mountain range in Iran. This province enjoys unique geographical diversity due to its location
between the humid Caspian climate and the hot desert climate. Moreover, its considerable expanse and suitable
natural conditions make it an ideal habitat for various wildlife and plant species. Over 23% of Semnan province
consists of protected areas and wildlife refuges, accounting for about 25% of the total protected areas in Iran.
Overall, this province comprises valuable ecosystems in the country, providing numerous ecological goods
and services. In this study, eight ecosystem services, namely food provision, fodder production, aquaculture,
water production, soil conservation, carbon sequestration, and habitat preservation, were quantified using GIS-
INVEST-ROS models. Subsequently, based on the modeling outputs, each service was valued using
appropriate methods, including market price-based methods, replacement cost methods, social cost of carbon
methods, and benefit transfer methods. Finally, to account for current policy decisions and adjust values,
inflation was calculated using existing domestic price indices or the GDP deflator, which measures the annual
rate of price changes in the economy.

Results

The total value of agricultural products in the province in 2021 was estimated at USD 140,546,441.38, with a
value of USD 1,608.41 per hectare. Additionally, the total value of horticultural products in the province in
2021 was calculated at USD 315,288,707.00, with a value of USD 4,612.93 per hectare. The total value of
warm and cold-water aquaculture production in the province in 2021 was, on average, USD 2,621,724.13, with
a value of USD 58,796.24 per hectare. The value of rangeland fodder production in Semnan province was
USD 59,379,310.34, indicating an average value of USD145.58 per hectare of rangelands. Moreover,
according to the modeling results of the water production service and based on the average price of one cubic
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meter of water, the economic value of water production was calculated at USD 4,137,320.69. Additionally,
based on information provided in World Bank reports and the US Environmental Protection Agency, the
average global carbon price with a 3% discount rate is USD 51 per ton of CO2 equivalent, and according to
the EPA report, the average global carbon price with a 2.5% discount rate is USD 120. By averaging these two
values, the social cost of carbon was considered to be USD 86. Accordingly, the economic value of carbon
sequestration was estimated at USD -41,595,620.69. The economic value of soil conservation service was also
estimated at USD 10,245,734.48. Based on the results, the economic value of recreation and tourism in the
province in 2021 was USD 20,443,397.20. Additionally, the total habitat value within the study area was
estimated at USD 8,679,933,224.14. Overall, the annual total value of multiple ecosystem services in Semnan
province was calculated. According to the results, the total value of the province's provisioning (market)
services was USD 521,973,155.17 (approximately 5.7%) and the total value of non-provisioning services,
including regulatory, cultural, and life support services, was USD 8,677,364,627.58 (approximately 94.3% of
the total value).

Conclusions

The concept of ecosystem services serves as a useful tool for more integrated and sustainable planning,
management, and restoration of degraded ecosystems. Despite increasing discussions on the relationship
between ecological and socio-economic systems, there is still a need for research on how to operationalize and
use the concept of ecosystem services in planning and decision-making. Based on the results of the present
research, the total annual economic value of selected ecosystem services in Semnan province, covering an area
of 9,749,081 hectares, was estimated at USD 9,199,337,782.76. Moreover, the average value per hectare of
multiple ecosystem services in Semnan province was estimated at USD 1117.24. The gross domestic product
at market prices in Semnan province in 2019, based on the latest published statistical yearbook, was USD
1,282,617,110.34. By updating this figure considering inflation rates (using the Iranian Statistics Center's
inflation calculator), the province's GDP in 2021 was estimated at USD 2,440,942,458.62. Given the final
valuation figure of ecosystem services in the province with the updated GDP of the province in 2021, the
significant difference indicates that the value of ecosystem services is approximately 3.76 times the GDP of
the province each year. The value of market services was estimated at USD 521,973,155.17, and the value of
non-market services at USD 8,677,364,627.58. Thus, the value of non-market services was about 16.7 times
that of market services. Considering the provincial environmental conservation budget in the fiscal year 2022
(219,269 million Iranian rials), the value of ecosystem services is approximately 8.2 times the annual
conservation costs in the province. The application of an integrated economic-ecological evaluation system,
emphasizing the ecosystem services approach and integrating the economic valuation of services into
development and environmental protection decision-making processes, can provide a general framework for
incorporating the conducted valuations into decision-making processes. This integrated approach can lead to
informed decision-making and a balance between development and environmental protection by incorporating
valuation into the assessment of development impacts on the environment, and conducting cost-benefit
analysis based on actual costs imposed on ecosystem services, and analyzing the input-output between various
development and conservation options. Many previous global studies have shown significant differences in
perspectives among stakeholders and influencers regarding the priority and value assigned to ecosystem
services. For instance, while local individuals typically place higher value on provisioning ecosystem services
that directly affect their livelihoods, experts and scientific authorities prioritize regulatory ecosystem services
as fundamental functions of nature. According to the definition, an ecosystem service is only a service if it has
a human beneficiary. Therefore, any factor causing human distress is recognized as an anti-service. Relevant
parties span from private citizens and organized entities to broader societal groups. One major weakness in
environmental assessments in Iran is the lack of attention to these key elements, and many assessments stop at
the first step, merely describing ecosystem features. The failure to pursue other elements makes the results of
the assessments less comprehensible to stakeholders and decision-makers. Hence, in many cases,
environmental assessments lack the necessary effectiveness in decision-making processes. In this study, we
aimed to quantify ecosystem services and estimate their role in the Gross Domestic Product of the province,
leading to a clarification of the conflicts and synergies between various developmental decisions and
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ecosystem services, and the interests of local stakeholders and influencers. This objective can significantly
prevent conflicts between developmental goals and environmental conservation in the province. Based on the
results, it is recommended that provincial policymakers and planners prioritize environmental values and
ecosystem services in their economic development processes and integrate ecosystem services-based
valuations into the spatial planning of the province.
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