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Aims: The absorption of atmospheric Carbon dioxide for Carbon sequestration plays a vital 
role in regulating the climate. This study aimed to economically evaluate Carbon absorption 
and Oxygen supply  in Kerman Province using ecosystem service modeling.
Materials & Methods: Terrestrial Carbon storage was assessed using InVEST software, 
considering aboveground biomass, belowground biomass, soil, and litter/ dead organic 
matter. Oxygen supply in the ecosystem was also calculated based on Carbon relationships. 
The economic valuation of Carbon and Oxygen supply was determined using the social cost 
of Carbon dioxide and replacement cost, respectively.
Findings: In 2021, Kerman Province was estimated to sequester 6,896,182.89 t.y-1 of Carbon 
and produce 18,481,770.36 t.y-1 of Oxygen. The economic value of Carbon sequestration 
and Oxygen supply in the Province was calculated at 354,325,877 and 1,686,461,545 $.y-1, 
totaling $2,040,787,422 in 2021.
Conclusion: The economic valuation of Carbon sequestration and the Oxygen supply spatially 
demonstrate the multiple roles of vegetation cover in the economy, which help maintain and 
restore it. Economic valuation maps of studied ecosystem services have comprehensive  land 
management and planning applications. Furthermore, they underscore the importance of 
incentives for long-term Carbon storage to encourage sustainable practices. 
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Introduction
Ecosystem Carbon sequestration services 
are vital for mitigating climate change by 
absorbing atmospheric CO2 [1]. Land Carbon 
sequestration, achieved through practices like 
adding biochar and conservation tillage, helps 
decrease CO2 emissions in the atmosphere. In 
essence, ecosystems contribute to regulating 
the Earth's climate by absorbing and 
releasing greenhouse gases (GHGs) such as 
Carbon dioxide (CO2) from the atmosphere 
[2]. Currently, terrestrial ecosystems store four 
times more Carbon than what is present in 
the atmosphere (3,060 versus 760 gigatons) 
[3]. The extended storage of organic Carbon 
on continental shelves also has a vital impact 
on controlling atmospheric CO2 levels, 
substantially contributing to decreasing 
global pCO2 [4]. The Land Use and Land Cover 
(LU/LC) changes resulting from timber 
harvesting, land clearing for agriculture, and 
fires release substantial amounts of stored 
Carbon [2,5]. By storing Carbon in wood, 
biomass, and soil, ecosystems prevent CO2 
from entering the atmosphere. Management 
strategies such as reforestation or alternative 
agricultural practices can also lead to the 
significant storage of CO2. Therefore, diverse 
management approaches for terrestrial 
ecosystems are crucial for climate regulation. 
Terrestrial Carbon storage and sequestration 
are among the most well-known ecosystem 
services.
Ecosystem Carbon sequestration services 
(ECSS) are crucial for advancing sustainable 
land use and management practices as 
they significantly contribute to various 
Sustainable Development Goals (SDGs) [1,6]. 
By comprehensively understanding the 
trade-offs and synergies among multiple 
ecosystem services, tailored strategies 
can be devised to propel the SDGs forward 
and enhance the progress of sustainable 
development [7].
Carbon sequestration can help conserve 

biodiversity by providing expected benefits 
through nature-based water and air solutions 
[8]. Conservation initiatives like preserving 
and restoring natural ecosystems can help 
conserve biodiversity while sequestering 
Carbon reserves and aligning climate actions 
to protect biodiversity [9]. Furthermore, 
assessing Carbon sequestration and storage 
within ecosystems has been underscored 
as a viable approach for addressing and 
controlling climate change, underscoring 
the necessity of enduring Carbon storage 
compensations to encourage sustainable 
methodologies. The recent publication by 
the World Bank delves into the evaluation 
and trajectory of Carbon pricing in the 
same year. Carbon pricing, as delineated in 
this publication, encompasses efforts that 
establish a precise value on emissions of 
greenhouse gases, articulated as a specific 
monetary value per metric ton of Carbon 
dioxide equivalent. These efforts encompass 
mechanisms such as Carbon levies or the 
Emissions Trading System. Carbon pricing 
demonstrates annual fluctuations and a 
consistent upward trend [10].
Throughout 2020, there were positive 
indications, particularly concerning the 
rise in Carbon prices, income growth, and 
the endorsement of new rules for global 
Carbon markets as per Article 6 of the Paris 
Agreement. In 2021, heightened Carbon 
costs, proceeds from novel mechanisms, 
and expanded auctioning within emissions 
trade systems resulted in a historic 
$84 billion worldwide Carbon pricing 
revenue, representing approximately a 60 
percent surge from the previous year. This 
substantial escalation underscores the 
escalating potential of Carbon pricing [10]. An 
alternate approach to assessing the Carbon 
sequestration service involves utilizing the 
social cost of Carbon dioxide, which factors 
in the importance of unpolluted air or the 
absence of emissions for the beneficiaries. 
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In Iran, a specific Carbon price has yet to 
be established, and examinations indicate 
varied methodologies are employed for 
computations in the country, some of which 
are mentioned below.
The economic value derived from 
atmospheric Carbon refining is used in 
some studies [11,12] to evaluate the Carbon 
sequestration of broadleaf forests and semi-
dry rangelands, respectively. Varamesh and 
Abdi studied the effect of afforestation with 
broadleaf species on Carbon sequestration in 
the soil of Chitgar Forest Park. The findings 
indicated that the overall sequestered 
Carbon within a specific area occupied by 
stands of Robinia Pseudoacacia and Fraxinus 
rotundifolia was recorded as 78.19 and 48 
t.ha-1, in that order. In contrast, the amount 
measured in deteriorated rangeland reached 
10.8 t.ha-1. The economic value resulting from 
soil Carbon sequestration by the mentioned 
masses was calculated as $79857143 
and $1919643, respectively, in the entire 
area of ​​Chitgar Forest Park in Tehran [12]. 
Erfanzadeh and Motamedi researched the 
impact of vegetation cover alterations on the 
rangelands' Carbon sequestration in Urmia's 
Khanghah Sorkh region. Their findings 
revealed that the organic Carbon content has 
been sequestered in plant types Pteropyrum 
aucheri- Astragalus microcephulus, 
Astragalus microcephalus-Aanthophyllum 
microcephalum and Pteropyrum aucheri- 
Prangus uloptera 96.10, 73.84 and 52.00 
t.ha-1, respectively. Moreover, the estimated 
economic value of these plant types 
amounted to 19,220, 14,768, and 10,570 
$.ha-1 [11].
The Carbon tax rate and replacement cost 
methods were extensively utilized in assessing 
the function of Carbon sequestration and 
Oxygen supply of ecosystems, respectively. 
Some researchers utilized these methods 
to assess the economic value of Carbon 
sequestration in the rangelands of the 

Taham Watershed. They demonstrated that 
1.9 tons of Carbon dioxide (0.54 Carbon in 
t.ha-1) are absorbed annually, producing an 
average of 1.5 tons of Oxygen. This process 
holds a value of 683941 and 3169823 
$.y-1 [13]. In addition, Nasri et al. used the 
mentioned methods in the Rangelands of the 
Malard District. Their investigation revealed 
that the aggregate Carbon sequestration 
within the experimental zone amounted 
to 2.43 t.ha-1, whereas the provision of 
Oxygen stood at 2 t.ha-1. In general, the 
monetary value attributed to the Carbon 
sequestration function was approximated 
at $255,658,701 billion, while the valuation 
of Oxygen supply was estimated to be 
$13,290,338,850 billion [14]. Rastgar et al., 
Tarnian et al., and Soleimanipour et al. 
estimated the economic value of Carbon 
sequestration using the social cost approach 
via the Carbon tax method [15,16,17]‎. Rastgar et 
al. studied the economic implications of the 
Carbon sequestration capacity of vegetation 
cover within the biological processes 
carried out in the Sarbisheh rangelands 
in South Khorasan Province. As outlined 
in their findings, the rangelands in the 
specified region exhibited a Carbon capture 
rate of 774 tons. Concerning their Carbon 
sequestration function, the monetary 
worth assigned to each hectare of these 
rangelands was approximated at $17.35 [15]. 
Tarnian et al. evaluated the damage caused 
by dams in terms of Carbon sequestration 
resulting from the destruction of forests 
in Kordestan Province. Using a social cost 
approach, they found that it amounts to 
$45,418.89 annually [16]. Soleimanipour et 
al. evaluated the Carbon sequestration of 
Pahnus forest habitat in Zagros oak forests in 
Chaharmahal and Bakhtiari Province. They 
showed that the economic value of Carbon 
sequestration is approximately $44.47 to 
$50.05 [17]. Another method for economic 
evaluation of Carbon sequestration is the 
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replacement cost method used by Janparvar 
et al. to estimate the financial benefits of 
Carbon sequestration in the wheat fields of 
the Sistan Plain. Their results showed that 
the absorption value of each ton of Carbon 
dioxide is $94,897 [18]. Khatoony and Kolahi 
estimated and evaluated gas regulation in 
the Arghavandareh Forest Ecosystem, Razavi 
Khorasan Province. They utilized a literature 
review to calculate Carbon sequestration 
and FAO estimations for Oxygen supply (2.5 
t.ha-1). Subsequently, an economic evaluation 
was conducted using the replacement 
method [19]. Recently, Brander et al. have 
prepared a spatial database of the ecosystem 
services valuation that contains information 
from over 1,300 studies, yielding over 9,400 
value estimates from 23 ecosystem services 
and 15 biomes in monetary units. The map 
results of this study are ecosystem-oriented 
and display the valuation results as point 
locations rather than integrated into the 
land surface. This marks the last attempt at 
creating a global data bank, acknowledging 
that there is still a significant amount of time 
and effort ahead [20].
Few studies in Iran have done the work 
of spatial modeling for the regulation of 
atmospheric gases, among which we can 
mention some studies like Asadollahi and 
SalmanMahiny, Fadaei et al., and Jahandari 
et al. [21,22,23]. In these investigations, the 
process of representing the Carbon 
sequestration service has been conducted 
spatially. However, the economic valuation 
of this particular ecosystem service has yet 
to be undertaken. Asadollahi and Salman 
[21] and Fadaei et al. [22] studies using IPCC 
guidelines for the amount of Carbon stored 
in aboveground biomass, belowground 
biomass, soil, and dead organic matter. In a 
study by Jahandari et al. [23], these amounts 
were extracted from a map of Iran's soil 
and water research institute with five 
classes of LU/LC. Adelisardou et al. [24,25] 

also used the number of Carbon pools of 
the five classes of LU/LC in the InVEST 
user's guide [26]. The studies referenced have 
yielded overall findings by utilizing broad 
categories, which are beneficial for gaining 
a preliminary understanding of these 
ecosystem services. Therefore, in this study 
conducted in Kerman Province, additional 
details and a more significant number of 
specific categories were considered to 
enhance the precision of the estimates for 
valuing atmospheric gas regulation services. 
Another innovation of this study is that, 
unlike earlier studies that focused on limited 
areas and specific plant stands, this research 
considers broader landscape integrity at the 
provincial level. This research establishes a 
valuable database that provides evidence-
based insights and recommendations for the 
sustainable conservation of ecosystems in 
the study area.

Materials & Methods
Study Area
The studied area in this research is Kerman 
Province. Kerman Province covers an area of 
more than 182 thousand square kilometers, 
which is about 11.2% of the entire country. It 
has a population of approximately 3 million 
people, between 25 degrees and 55 minutes to 
32 degrees north latitude and 53 degrees and 
26 minutes to 59 degrees and 29 minutes east 
longitude (Figure 1). This Province boasts rich 
plant diversity due to its unique geographical 
features, including topography, altitude, and 
climate variations [27]. Figure 1 displays various 
types of vegetation found in the forests and 
rangelands of this Province. From Iran's five 
ecological forest zones, two regions in Kerman 
consist of the Iran-Turani and Persian Gulf-
Omani zones, which host more than 53 tree 
species together. The most important tree 
species in the Iran-Turani ecological zone 
include Pistacia atlantica, Pistacia khinjuk, 
Amygdalus scoparia and Juniperus excelca. 
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In contrast, the dominant tree species in 
the Persian Gulf-Omani ecological zone are 
Calotropis procera, Prosopis cineraria, Ziziphus 
spinosa, and Acacia sp. 57 rangeland types have 
been identified in the Province. The primary 
plants in these types include Artemisia in 19 
types, Astragalus in 5, and Calligonum in 6. 
Additionally, Cousinia is present in 3 types, 
Cormulaca in 3 types, Ephedra in 1 type, 
Gaillonia in 1 type, Hammada in 4 types, 
Peganum in 1 type, Rheum in 2 types, Salsaola 
in 5 types, Salvia in 1 type, Seidlitzia in 2 types, 
Stipa in 1 type, and finally, Zygophyllum is the 
main element in the last type.
Ecosystem Service Modeling of Carbon 
Sequestration and Oxygen Supply  
The present study investigated terrestrial Carbon 
sequestration within the InVEST software 
package, utilizing storage sources: 1) aboveground 
biomass, 2) belowground biomass, 3) soil, 4) other 
organic matter (litter/dead organic matter), and 
5) harvested wood products (HWPs). The Carbon 
sequestration model calculates the amount of dry 
Carbon storage based on Eq.(1) [26].

Eq. (1)‎

In Eq.(1), Cxt denotes the quantity of Carbon 
contained in the pixel under examination at 
time t, equivalent to the overall Carbon stored 
in the Carbon storage resources Caj, Cbj, Csj, 
and Coj. These resources encompass deceased 
organic matter, aboveground biomass, 
belowground biomass, soil, and other organic 
matter, contributing to LU/LC composition. 
The symbol J signifies the various types of 
LU/LC within the research area, while Axjt 
stands for the area of the LU/LC in Pixel x at 
the respective time. Cpxt represents the Carbon 
storage in HWPs. Aboveground biomass 
comprises all living plant components above 
the soil surface (leaves, branches, tree bark, 
and tree trunk). The belowground biomass 
encompasses the aboveground biomass 
root system. Carbon storage in the soil is 
associated with the soil's organic Carbon 
(SOC). Another source of Carbon storage is 
the organic matter of plant litter and dead 
wood. HWPs include the Carbon stored in 
products made with wood harvested from 
the ecosystem (furniture, paper, charcoal) 
[26]. Since the information about HWPs is not 
reliable and complete due to unauthorized 
harvesting, only the first four parts were used 
for modeling in this study.

Figure 1) Geographical location of the study area in Iran (left) and distribution of its plant types and LU/LC (right).
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Due to the significance of plant cover 
and type, the LU/LC map (adapted from 
Karra et al. [28]) utilized in this model was 
enhanced with forest and pasture types 
(the corresponding shapefile acquired 
from the Natural Resources and Watershed 
Management Organization in 2013), as 
depicted in Figure 1. LU/LC map was created 
by interpreting Centile 2 satellite images with 
a resolution of ten meters, achieving accuracy 
higher than 85% for the year 2020. The map 
was generated from the Esri website and 
classified using trained deep-learning models 
[28]. Subsequently, it was cross-referenced 
with Google Earth images to ensure high 
accuracy in the study area. The classification 
of forests and rangelands was based on 
the median statistics of the Normalized 
Difference Vegetation Index (NDVI) extracted 
from MODIS images with a resolution of 250 
meters on September 11, 2020 (eModis NDVI 
V6 downloaded from the website https://
earthexplorer.usgs.gov/), dividing them into 
low-density and high-density classes. The 
pixel size of the two-layer was then converted 
to 30 meters, resulting in eight classes: 
playa and water body, low-density forest, 
high-density forest, agriculture, settlement, 
barren land, low-density rangeland, and high-
density rangeland. This map summarized the 
findings and updated the plant types used for 
ECSS modeling. 
Various studies were conducted in regions 
with comparable climates and types to 
acquire the quadruple Carbon values. The 
quantity of Oxygen vegetation generation is 
determined by the Oxygen produced during 
photosynthesis (Eq. 2) minus the Oxygen 
consumed during respiration (Eq. 3).

n(CO2)+ n(H2O)+ light →(CH2O)n + nO2 Eq. (2)‎

(CH2O)n + nO2 → n(CO2)+ n(H2O)+ energy Eq. (3)

Carbon sequestration by vegetation occurs 

when the Carbon sequestered from photo-
synthesis is more than its release through 
respiration. The ecosystem service of Ox-
ygen production through Carbon seques-
tration was estimated based on the atomic 
weights in Eq. (4) [29]:

net O2 release (kg.y-1)= net C sequestration (kg.y-1)× 2.68

Eq. (4)‎

Economic Valuation of the Ecosystem Service 
of Carbon Sequestration and Oxygen Supply
Economic valuation is done through the 
social cost of Carbon dioxide. The frequency 
distribution of the social cost of Carbon 
dioxide for the United States in 2020 is 
shown in Figure 2 [30]. Based on this figure, 
the value of each ton of Carbon is considered 
with a discount rate of 5% [30]. The discount 
rate is the rate of decline that the value of a 
capital experiences over time compared to its 
present value. The rationale behind selecting 
the specified value lies in the resemblance of 
the Carbon emission regulation measures 
in Iran and the United States. According to 
the figure, the price of Carbon is $14 ($.t-1 of 
CO2 equivalent). By multiplying this number 
by the conversion factor for Carbon dioxide 
to Carbon (3.67), the share of Carbon is 
obtained, equal to $51.38. 
The value of Oxygen production has been 
assessed using the replacement cost method. 
This approach considers the relevant costs 
of producing Oxygen for industrial and 
medical purposes. According to an inquiry in 
2021 into the market price of internet‏ ‏stores, 
the cost of charging a 40-liter capsule was 
$4.166. The volume percentage of Oxygen 
is 20%, and the density of liquid Oxygen is 
1141 kg/m³. Each liter (one-thousandth of 
a cubic meter) of liquid Oxygen is 1.141 kg. 
Therefore, each kilogram of liquid Oxygen 
is equivalent to $0.91. After converting 
the Oxygen production layer from tons 
to kilograms, the economic value map of 
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Oxygen production for Kerman Province 
was obtained.

Findings
Carbon Storage, Carbon Sequestration, 
and Oxygen Supply
In the Carbon storage and sequestration 
model, the LU/LC map (Figure 1), categorized 
by plant type, served as the primary 
framework for Carbon sequestration and 
its quadruple values. A range of studies 
conducted in areas with comparable 
climates and characteristics were utilized 
and compiled in Table 1 to derive these 
quadruple Carbon values.
The modeling amount of Carbon storage in 
each pixel of LU/LC (Figure 1) is shown in 
Figure 3. The distribution of annual Carbon 
sequestration (t.pixel-1) is calculated in 
Figure 4. Carbon storage represents the total 
Carbon stored in aboveground biomass, 
belowground biomass, soil, and other organic 
matter. In contrast, Carbon sequestration 
indicates the Carbon accumulation in these 
parts over a specific period. This study 
considers the economic value of ecosystem 

services for one year. Then, the average 
annual growth rate, obtained from a resource 
review, is used to convert the Carbon storage 
layer into Carbon sequestration. This 
conversion involves multiplying the Carbon 
storage layer by 0.155 to represent Carbon 
deposition in one year (Figure 4).

Figure 3) Amount of Carbon storage (t.pixel-1) in 
Kerman Province.

Figure 2) Frequency distribution of the social cost of Carbon dioxide varies with the choice of near-term 
discount rates. Colors correspond to near-term average discount rates of 5.0% (green), 3.0% (blue), and 2.5% 
(red). Dashed vertical lines highlight the mean social cost of Carbon dioxide values [30].
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Table 1) Quadruple Carbon values ​​used in the Carbon storage and sequestration model (t.ha-1).

LU/LC Aboveground 
Biomass

Belowground 
Biomass Soil Other Organic 

Matter References

Water body and playa 0 0 0 0 [26]

Juniperus - Acer forest type 6.11 2.5 13 5.6 [31]

Amygdalus  forest type 86.1 5.5 98.6 1.9 [32]

Pistacia-Lonicera_
Amigdalus forest type 13.3 3.88 158.3 1.9 [33]

Haloxylon forest type 8.4 1 50 0.1 [34]
[35]

Tamarix forest type 2 1 22 0.2 [36] 
[37]

Zygophyllum forest type 2.87 1.4 14.5 0.2 [38]

Ziziphus forest type 17 9.03 65.1 3 [39]

Prosopis forest type 23 9.03 45.75 0.75 [39]
[40]

Agriculture forest type 1 0 23 0 [26]

Settlement forest type 2 1 5 0 [26]

Bare lands forest type 0 0 0 0 [26]

Artemisia sieberi rangeland 
type 3.59 3.92 24.4 1.25 [41]

Hammada rangeland type 0.6 0.24 6.31 0.2 [42]

Seidlitzia – Halocnemum 
rangeland type 0.36 0.71 67.26 0.11 [42]

Scariola-Cornulaca 
rangeland type 2 1 28.6 0.1 [36]

Stipagrostis rangeland 
type 1.1 0.5 22.66 0.1 [44]

Atriplex – Aeluropus 
rangeland type 3.4 2 18.63 2.48 [45]

[46]

Artemisia aucheri 
rangeland type 0.3 0.4 14.4 0.1 [34]

[47]

Astragalus rangeland type 0.4 0.6 32.28 0.3 [48]
[49]
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Figure 4) Amount of Carbon sequestration (t.pixel-1) 
in Kerman Province.

According to Table 2, which illustrates the 
Carbon sequestration values (t.pixel-1) 
across overall classes of LU/LC (comprising 
8 classes), it is evident that the high-density 
rangeland area substantially impacts 
Carbon sequestration within the Province. 
The Province's average and total Carbon 
sequestration statistics (t.pixel-1) in 2021 
are estimated to be 0.034 and 6,896,182.892 
tons, respectively.
In conformity with Eq. (3), the Carbon 
sequestration service (Figure 4) was 
converted to Oxygen supply services in tons 
for each pixel, as illustrated in Figure 5. The 
figure suggests that most of the Province 

has an average level of Oxygen production. 
Furthermore, small dark blue spots, as 
depicted in the figure, indicate areas with 
the highest Oxygen production levels.

Figure 5) Oxygen supply service of Kerman Province 
(t.pixel-1).

Economic Evaluation of Carbon Storage, 
Sequestration, and Oxygen Supply
Figure 6 shows the economic value of Carbon 
sequestration in the Province. Based on this, 
Carbon sequestration hotspots can be seen 
in red in small spots in the Province. Table 3 
displays the economic evaluation of Carbon 
sequestration and Oxygen supply in LU/LC 
classes. According to the table, dense and low-
density rangelands, followed by dense and 
low-density forests, have the highest Carbon 

Table 2) Carbon Sequestration and Oxygen supply services by LU/LC in 2021 in Kerman Province.

LU/LC Carbon sequestration (t.y-1) Oxygen Supply (t.y-1)
Total Mean SD Total Mean SD

Playa and water body 0.000 0.000 0.000 0.000 0.000 0.0000
Low-density forest 361841.120 0.084 0.092 969734.230 0.226 0.2474
High-density forest 365184.333 0.112 0.107 978694.040 0.299 0.2870

Agriculture 190479.155 0.034 0.000 510484.120 0.090 0.0001
Settlement 19615.901 0.011 0.000 52570.610 0.030 0.0001
Barren land 1.133 0.000 0.000 3.040 0.000 0.0001

Low-density rangeland 2459903.468 0.042 0.012 6592541.370 0.113 0.0317
High-density rangeland 3499157.783 0.041 0.011 9377742.950 0.111 0.0302
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sequestration and Oxygen supply values.
Each pixel in Kerman Province can store 
Carbon worth 1.73 $.y-1 on average, with the 
total value of the Province being $354,325,877. 
The Province's maximum statistics and 
standard deviation in 2021 were estimated 
to be 13.76 and 1.55, respectively. Also, each 
pixel of the Province can produce Oxygen in 
the amount of 8.24 $.y-1, and the total value 
of the Province is 1,686,461,545 $.y-1. The 
maximum statistics and standard deviation 
of the value of each pixel from the Province 
are 65.53 and 7.39, respectively.

Figure 6) Economic value of Carbon sequestration in 
Kerman Province ($.pixel-1).

Figure 7) Economic value of Oxygen supply in 
Kerman Province ($.pixel-1).

Discussion
The spatial patterns of atmospheric gas 
regulation services in Kerman Province 
varied across the study area. The economic 
value of Carbon sequestration ranged 
from 0 to 13.769 $.y-1, while the value for 
Oxygen supply ranged from 0 to 65.518 $.y-

1. Generally, higher values were observed in 
the central areas of the Province (Figures 6 
and 7). Brander et al. estimated the mean 
values (int$ 2020.h-1.y-1) of rangeland, 
natural grasslands, and savannas to be 
approximately 3.1 based on 8 studies 
worldwide, more than our results for 

Table 3) Economic evaluation of Carbon sequestration and Oxygen supply service by LU/LC in 2021 in Kerman Province.

LU/LC
Carbon sequestration (‎$.y‎-1) Oxygen supply (‎$.y‎-1)

Total Mean SD Total Mean SD
Playa and water body 0.000 0.000 0.000 0.000 0.000 0.0000

Low-density forest 18591396.760 4.325 4.744 88488248.490 20.586 22.5753
High-density forest 18763171.040 5.737 5.502 89305831.150 27.302 26.1888

Agriculture 9786818.979 1.720 0.002 46581675.950 8.185 0.0091
Settlement 1007864.987 0.573 0.001 4797068.163 2.728 0.0091
Barren land 58.192 0.000 0.002 277.400 0.000 0.0091

Low-density rangeland 126389840.200 2.168 0.607 601569400.000 10.320 2.8926
High-density rangeland 179786726.900 2.129 0.579 855719044.200 10.129 2.7558
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rangelands [20]. The base year of 2020, the 
valuation method, and similar ecosystems 
can be the reasons for this proximity. Also, 
the mean values of temperate forest and 
woodland and urban in Brander et al. 
reported 1,124 and 10,384 from 302 and 93 
studies, respectively [20], significantly higher 
than the values for forest and settlements 
in the present study. Compared to the case 
studies used in the database, the dry climate 
of the Province is one of the most important 
reasons for the poverty of urban vegetation 
and forests. Therefore, the results are the 
same.
Regarding the proximity to the current 
research in Iran, Janparvar et al.'s findings 
revealed that the absorption value of each 
ton of Carbon dioxide using the replacement 
cost method in the wheat fields of the Sistan 
Plain is $94896.7 [18]. While the timing of 
these two studies is similar, the comparison 
differs in evaluation methods. Also, the 
study being compared is solely focused on 
the agricultural lands of the Sistan Plain, 
whereas the current study encompasses all 
lands in the Kerman Province. Furthermore, 
Janparvar et al.'s research method is confined 
to organic Carbon, whereas the current 
study includes all four Carbon sources 
(aboveground biomass, belowground 
biomass, soil, and other organic matter). 
Consequently, the present study's results 
differ from those of this study. However, it 
reveals a crucial point: different methods 
yield varying estimates and are sometimes 
significantly different. In essence, diverse 
perspectives on the economic valuation of 
an ecosystem service unveil distinct facets of 
the economic value of that service, offering 
decision-makers more valuable information. 
As a result, it is also advisable to use 
alternative economic valuation methods in 
Kerman Province.
Tarnian et al. utilized the same research 
method in the forest lands of Lorestan 

Province [16]. Comparing the amount of 
Carbon sequestered with the present 
study reveals that the Lorestan forests can 
sequester between 44 and 336 t.ha-1.y-1. In 
contrast, Kerman Province's dense forests 
are estimated to sequester 1.22 t.ha-1.y-1. 
Consequently, the value of the forests studied 
in Lorestan exceeds that of the forest lands 
in the present study. The value of Carbon 
sequestration in Sarbishe rangelands in 
South Khorasan Province was reported 
as $17.35 [16], significantly higher than the 
present study's findings and Brander et al. 
(2024).
Some researchers only value Carbon 
sequestration in a single type of ecosystem 
[16,17,18,19], while some are only modeling 
[22,23,24,25], and the method of the present 
study includes both cases. In the present 
study, the modeling result was valued, 
providing detailed economic information 
for each pixel of every LU/LC. Furthermore, 
the LU/LC in this study was more thorough 
and had more classes due to integrating the 
vegetation type map into the LU/LC map. 
This approach significantly enhanced the 
accuracy of the study.
Khatoony and Kolahi utilized FAO estimates 
for Oxygen supply in semi-arid forest 
ecosystems [19], which closely align with 
our findings for low-density forests (2.55 
t.ha-1) and are lower than those for high-
density forests (3.33 t.ha-1). Yeganeh et al. 
reported results for rangelands obtained 
from field and laboratory surveys, applying 
the photosynthesis equation (1.5 t.ha-1) 

[13], which also closely corresponds to the 
findings of our present study (1.22 t.ha-1).
A comparison of the method used in this 
research with a review of sources showed 
that few studies have comprehensively 
integrated the landscape of land, considering 
various habitats and ecosystems [50], and there 
is no example in Iran. The studies conducted 
in Iran have been in a small geographical 
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area and limited to a specific ecosystem 
[11,12,14,16,18,19,51,52,53]. Therefore, conducting 
economic valuation studies considering 
spatial factors and the landscape's integrity 
is advisable.

Conclusions
The research emphasizes evaluating 
atmospheric gas regulation services within 
the integrated landscape context. It was 
conducted to quantify and model the services 
of Carbon sequestration and Oxygen supply 
in the ecosystems of Kerman Province, 
which was associated with using spatial 
data. Therefore, the model output showed 
the results spatially in the scale of pixels 
equivalent to 0.09 hectares (30 meters by 30 
meters). As the results showed, with the help 
of geostatistical techniques, it is possible 
to express various statistics at the desired 
levels, including LU/LC. It is necessary to 
express the differences and similarities 
of the results of this research with other 
related research, such as modeling method 
and value estimation method, biological 
climate, location, and study time, especially 
in the field of economic valuation due to the 
existence of the discount rate and fluctuation 
in different years. In this research, the 
total Carbon sequestered in the lands of 
Kerman Province was 6,896,182.892 tons, 
while 18,481,770.36 tons of Oxygen was 
produced. Also, the total economic value 
for Carbon sequestration in the Province 
is $354,325,877, and the value of the 
Oxygen supply obtained $1,686,461,545 
in 2021. The sum of both services equals 
$2,040,787,422 in 2021, demonstrating the 
value of gas regulation ecosystem services in 
the Province. In the present study, a part of 
the economic value of vegetation cover has 
been investigated in terms of two ecosystem 
services. Therefore, the study results show 
only a tiny part of the value of vegetation 
from the studied aspects. Also, due to their 

wide distribution, rangelands and forests 
play a significant role in this service. 
These results highlight the importance of 
vegetation cover in regulating atmospheric 
gases, underscoring the need to protect 
them. With the help of the economic values 
reported in this research, decision-makers 
and policymakers can be encouraged 
to use this spatial information to make 
rational decisions in locating development 
sites, protecting and restoring vegetation, 
and assessing the damage caused to the 
environment. Moreover, gathering the data 
bank for the spatial database of ecosystem 
services valuation is recommended, and the 
results of various studies should be compiled 
into a national data bank.
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