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Research and Full Abstract:

Length Article Optimal habitat has a beneficial effect on species survival. In this research, a logistic regression
Received: statistical method was used to prepare the potential distribution map of Artemisia aucheri Boiss, in
30 January 2022 Tehran province, Iran in 2020-2021. The maps of 19 bioclimatic and three physiographic variables
Revised: with a resolution of 4.9 km under current conditions were prepared. Then, the sampling information
1 February 2023 in relation to the presence and absence of species and environmental variables was recorded and
Accepted: the relationship between species distribution and environmental factors was determined using
8 March 2023 logistic regression. Finally, the map of potential distribution of Tehran province was produced.
Published online: The results of logistic regression model showed that in the current situation, 427057 ha (31% of the
10 March 2024 province) had a probability of more than 75% presence of this species. The kappa coefficient for

evaluating the regression model was 0.86 that is one of the models with good accuracy according
© The Author(s) 2024 to Koch and Smith classification. In order to study the effect of climate change on the geographical

distribution of the species, climate bio maps were prepared based on the MRI-ESM2-0 circulation
model under two scenarios of 4.5 and 8.5 for 2050. The species under study is currently in the
range of 1600 to 2800 m. The results showed that by changing the conditions from a balanced to a
pessimistic situation, the area with the presence of more than 75% of the species decreases and the
area with the presence of 25-50% increases. Also, results showed that the minimum and maximum
altitudes in scenario 4.5 will be changed to 1500 and 2500 m, respectively. While according to
scenario 8.5, the presence of this species will be only at above 2500 m. In fact, according to the
8.5 scenario, the species will be migrated to higher altitudes. The results identify climate sensitive
areas and possible future shelters of A. aucheri to be used in conservation and rangeland planning.
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1. Introduction distribution at a global and regional scale (Askarizadeh and
Arzani, 2018). The researches of scientists have also shown
that the earth’s climate has not been stable, but the causes of
these changes in the past and present are different (Chung

and Yoon, 2000; Herath and Ratnayake, 2004; Yu et al.,

Nowadays, there is always discussion of climate change,
and it is said that the amount of some climate parameters is
increasing and some of them are decreasing. For example,

increasing temperature over time or decreasing precipitation
may be the issues that are constantly raised (Saboohi et
al., 2012). Climate is the most important factor of plant

2006).

Climate change is one of the most important ecological
problems of the 21% century. According to the fifth report
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Figure 1. Geographical location of Tehran province.

of the Intergovernmental Panel on Climate Change (Pour-
mohammadi et al., 2017; Savari et al., 2020; Ghorbani et al.,
2021; Ahmadaali et al., 2021), these global changes are
most likely caused by human factors. Various studies show
that this phenomenon can have negative effects on differ-
ent systems of water resources, agriculture, environment,
industry and economy (Darvand et al., 2021). Climate and
land-use change are expected to substantially change future
species distributions (Zhang et al., 2017).

Species respond to changes in climate in different ways.
Some species may expand their distribution ranges and
some of them may decrease or even extinct (Pimm et al.,
2014). Climate change also affects floods, droughts, natural
ecosystems, society and the economy (Oxoz and Bayazit,
2003). Rangeland ecosystems are very important due to
the diversity of products and services including livestock,
wildlife sanctuary, the diversity of animals and plant species,
regulation of water flow and their quality. These ecosystems
are sensitive to changes in environmental factors since the
plants and animals of these ecosystems are on the verge of
thermal and water stresses, small changes in temperature
and precipitation regime, or changes in recurrence of cli-
matic events can reduce the distribution of plant species as
well as their production (Heshmati and Karimian, 2014). In
general, climate change is a major concern for the manage-
ment and conservation of biodiversity as it affects different
aspects of the plant species (Safaei et al., 2022).

To understand the effect of climate change in the future, it
is essential to identify the current and future distributions of
plant species (Beaumont et al., 2005). Plant species distribu-
tion modeling is currently the only tool that can be used to
assess the extent of changes in multiple species distribution
in response to climate change (Williams et al., 2009). Many

methods and models have been developed for this purpose.
Modeling the prediction of plant species distribution, as
predicting the potential distribution of a plant species across
the landscape, is defined based on the relationship between
plant species occurrence points and effective environmen-
tal variables. Habitat prediction models determine habitat
suitability for plant and animal species and help natural
resource managers to identify the threatening factors of pop-
ulations, to determine the important factors in conservation
planning, to study the climate change scenarios on the geo-
graphical distribution of species, the desirable habitats of
plant and animal species with less time and cost (Jafarian
et al., 2012). Interpreting and explaining changes in the
geographical distribution of plant and animal species based
on climate change are time consuming and difficult (Pejhan,
2013).

The results of investigation of climatic factors in relation
to the distribution of Artemisia sieberi Besser and Artemisia
aucheri Boiss in Iran showed that important factors includ-
ing temperature, precipitation, wind, dust and cloudy days
explained 82% of data variation. The autumn-winter pre-
cipitation and temperature had the greatest impact on the
presence of Artemisia sieberi Besser and A. aucheri, respec-
tively (Khodagholi et al., 2021). To predict the potential
changes in the distribution of A. aucheri in Iran rangelands,
six bioclimatic variables and two physiographic variables
were used. The mean temperature of the coldest season
and the mean annual precipitation played the most impor-
tant role or exhibited relative importance in model fitting.
The maximum presence of A. aucheri occurred at the 2000-
3000 m elevation and the 100-250 mm annual precipitation.
The highest amount of habitat displacement is likely to
happen under the RCP8.5 scenarios in 2070 (Amiri et al.,
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Table 1. Environmental variables used in the modeling process.

name of BIO definition unit
BIO1 average annual temperature °C
BIO2 minimum and maximum monthly temperature °C
BIO3 100% temperature (BIO; / BIO7) °C
BIO4 seasonal temperature (standard deviation x 100) °C
BIOS maximum temperature of the hottest month °C
BIO6 minimum temperature of the coldest month °C
BIO7 annual temperature range (BIOs-BIOg) °C
BIO8 the average temperature of the wet season °C
BIOY9 the average temperature of the driest season °C
BIO10 the average temperature of the hottest season °C
BIO11 the average temperature of the coldest season °C
BIO12 monthly precipitation mm
BIO13 the wettest month is the wettest month mm
BIO14 the driest month precipitation mm
BIOIS5 seasonal precipitation (coefficient of variation) = mm
BIO16 the wettest season is the wettest mm
BIO17 the driest season mm
BIO18 precipitation is the warmest season mm
BIO19 the coldest season mm
slope %
aspect degree
height meter

2019a). Pessimistic and optimistic scenarios of climate
models for the years of 2050 and 2070 were evaluated to
assess the trend in spatial-temporal variations of distribution
Artemisia sieberi Besser in Central Iran. Analysis of the
climate change scenarios showed that the species habitat
would be decreased in 2070 more than 2050, leading to the
expansion of desert areas (Amiri et al., 2019b). Modeling
the distribution of Artemisia aucheri Boiss habitats in Iran
showed that slope, pH, sodium absorption ratio, silt and
annual mean temperature were the most important environ-
mental factors influencing the distribution of the species
(Borna et al., 2020). Haidarian Aghakhani et al. (2017)
predicted the effects of climate change on the potential
distribution of some species in the Central Zagros of Iran.
Their results showed that the habitat size of the species will
decrease. Naghipour Borj et al. (2019) investigated the ap-
plication of the consensus modeling method in predicting
the effects of climate change on the distribution of inverted
tulip species in Chaharmahal and Bakhtiari province in Iran.
The results of their research showed that seasonal changes
in temperature and total annual precipitation had the largest
share in determining the habitat of inverted tulip species.
Also, the total habitat area of this species in the future under
the scenarios of RCP4.5 and RCP8.5 will be about 19.7%
and 61% smaller than 2022. Nicholas and Richard (2011)
studied the vulnerability of 15 tree species to climate change
in the northwestern United States. The results showed that
70% of the species remain at the current distribution site.
Flower et al. (2012) studied the effects of climate change
on the distribution of forest species in Italy and Colombia
based on 9 climatic models and 3 release scenarios A;B, By
and A, and concluded that the species will be distributed at

high altitudes and latitudes.

A. aucheri, which grows in Iran-Turani area, is consumed
by livestock at the beginning of autumn rains and has strong
medicinal, antimicrobial and antioxidant values. Also, in
semi-steppe rangelands of arid and semi-arid regions, in
terms of environmental protection, prevention of soil ero-
sion, providing fodder for livestock and wildlife is very
valuable. This plant has remarkable vigor and renewable
vigor, deep roots, wide propagation, fast seed growth, long
period of growth, establishment and adaptation to semi-
arid conditions and grazing resistance (Ghahraman, 2000).
The genus Artemisia L. belongs to the Asteraceae family,
having economical and medicinal significance. Species of
this genus are commonly found in the temperate sectors of
the northern hemisphere, with a limited number of species
in the southern hemisphere of the world. It contains 500
species of both herbs and shrubs and is a diverse genus
of the Anthemideae tribe (Hussain, 2020). Among about
500 species of Artemisia distributed in temperate, dry or
semiarid zones, 34 species are endemic in Iran. A. aucheri,
named locally as Dermaneh Koohi, is a well-known plant
in Iranian traditional medicine for treatment of various dis-
eases (KarimiPourSaryazdi et al., 2020). A. aucheri is lim-
ited mostly to mountainous landscapes with high slope and
sandy soils. A. aucheri is well known for its medicinal uses
and food value, and also used for ornamental purpose and
as a soil stabilizer in disturbed habitats (Zamanian et al.,
2021).

Due to the importance of Artemisia ecosystem, proper
and planned management in these areas is essential to pre-
serve biodiversity and reduce desertification. Therefore, the
objectives of this research are to investigate the effect of
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Table 2. Scenarios of the fifth climate change report (IPCC, 2013).

scenario radiation induction

concentration of carbon dioxide

RCP'4.5 4.5 watts per m? will remain constant after 2100 650 ppm and remains constant after 2100

RCP8.5  more than 8.5 watts per m? in 2100

370 ppm by 2100

IPCC: Intergovernmental Panel on Climate Change.

climate change on the current geographical distribution of
the Artemisia aucheri Boiss, also to find out the geograph-
ical distribution and to present the distribution map of the
A. aucheri under current conditions and under the scenarios
of climate change in the rangelands of Tehran province in
Iran.

2. Materials and methods

2.1 Study area

Tehran province, the capital of Iran, is located in the center
of Tehran with an area of about 12981 km? in central Iran
(Fig.1). This province is limited to Mazandaran province
from the north, Qom province from the south, Markazi
province from the southwest, Alborz province from the
west and Semnan province from the east.

Geographically, it is located at 51°17’ to 51°33’ eastern
longitude and 35°36’ to 35°44’ northern latitude. Tehran
extends from an altitude of 900 to 1800 m above sea level;
the height decreases from north to south. Tehran province
covers 2.1% area of the country. The climate of Tehran
province is hot and dry in desert and southern areas, cold
and semi-humid with long winters in the mountain areas.
The warmest months of the year are reported in August
and September with an average temperature of 35 to 45 °C
and the coldest months of January and February with the
temperature of -5 °C. The temperature in Tehran is reported
a bit cold in winter and mild in summer (Climatology report
of Tehran, Iran, 2000).

2.2 Preparation of distribution map of Artemisia aucheri
Boiss

Preliminary maps of the presence of A. aucheri were ob-
tained from the Forest and Rangeland Research Institute
based on the information of the national plan for the identi-
fication of ecological areas in Iran. To validate and verify
the species boundary, the original map was overlaid with
satellite images, slope, aspect, and height maps and then,
residential and agricultural areas were eliminated from the
preliminary map. Then, the map of province was divided
into 540 pixels with dimensions of 4.9 x 4.9 km?, and
in several points that were randomly located in the habitat
range, the presence and absence of A. aucheri were recorded
by GPS. Other areas where the species was not present and
the areas with low presence were considered as absenteeism
points. Finally, the boundaries were checked and modified
with Arc GIS software and the current presence map of the
species was drawn.

2.3 Environmental information

In order to prepare the environmental information layer,
19 bio-climates were currently provided for 8 synoptic sta-
tions in Tehran province (Table 1), and for preparing 19
bio-climates in 2050, they were downloaded from World-
Clim.org with an accuracy of 30 seconds, which is one of
the data production sites. These data were obtained for two
scenarios RCP4.5 and RCP8.5 for the next period (Table 2).

2.4 Scenarios used

In its fifth ARS evaluation report, the International Climate
Change Board used the new RCP scenarios to represent the
four key emissions trajectories of RCP2.6, RCP4.5, RCP 4
and RCP8.5. In this study, two RCP scenarios of RCP4.5
and RCP8.5 were used as follows:

Scenario RCP4.5: The concentration of carbon dioxide
is estimated at 750 ppm by 2100, and the reflection from
greenhouse gas emissions up to 2100 will remain constant
at 4.5 watts per square meter. In this scenario, the popula-
tion growth rate is estimated to be lower than the RCP2.6
scenarios (Hosseinabadi et al., 2021).

Scenario RCP4.5: The concentration of carbon dioxide
is estimated to be 1960 ppm by 2100, which continues to
lead to a radiation output of 8.5 watts per square meter in
2100. That is, the input radiation minus the output radia-
tion from the atmosphere is 8.5 + watts per square meter
(Hosseinabadi et al., 2021).

3. Predicting the geographical distribution of
selected species

3.1 Logistic regression

The basis of the analysis used in this research is logistic
regression, which is based on environmental values related
to species presence and absence points. Logistic regression
is a special form of generalized linear model (GLM) whose
formula is as follows (1,2). This method can be imple-
mented in various software from SPSS, the results of which
are converted into maps using Arc GIS software.

1
Clte

p e

z=Bo+Bix| +Byx; + -+ Byx, )

where:
z is the dependent or response variable, B, represents the
coefficients of the regression model, and x; represents the
independent environmental variables.

Logistic regression allows the establishment of a multi-
variate regression relationship between a dependent variable
and several independent variables, and one of the models of
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Table 3. Calculated for meteorological stations in Tehran province, Iran.

station Abali Tehran Chitgar Doshantape Geoeofizik Shemiran Firuzkualudegi Firuzku
T min 4.2 12.2 11.9 13.00 12.8 10.7 1.7 1.8

T max 13.2 229 21.3 18.1 21.8 21.1 8.8 16.9
Tmean  9.00 17.5 18.5 232 17.9 15.7 5.6 10.7
annual P 550.2 182.4 235.5 261.3 315 417.9 418.8 292.7
BIO; 8.67 17.55 17.54 18.06 17.3 15.9 5.25 9.35
BIO; 9.03 10.73 10.05 10.19 8.95 10.43 7.1 15.15
BIO; 26.54 29.01 28.15 27.92 25.87 29.04 229 37.97
BIO4 91841 968.53  956.9 974.26 938.57 944.37 884.03 894.12
BIOs 26.5 36.8 36 36.8 352 34.8 21.7 29.3
BIOg -1.5 -0.2 0.3 0.3 0.6 -1.1 -9.3 -10.6
BIO; 34.0 37.0 35.7 36.5 34.6 35.9 31.0 39.9
BIOg 1.97 7.03 11.4 7.4 7.22 5.72 -1.23 3.88
BIOg 19.53 28.57 28.38 29.17 28.18 26.72 16.13 15.87
BIOo 19.97 29.28 29.07 29.9 28.88 27.5 16.13 20.05
BIOy; -2.43 5.42 5.63 5.85 5.87 4.18 -5.35 -2.13
BIO|, 550.3 229.6 242 264 315.7 417.9 418.9 292.9
BIO3 96.2 38.2 373 434 51.7 69.7 554 36.2
BIO 4 7.5 1.1 1.2 14 2.1 4.0 15.1 11.5
BIO5 65.09 73.14 70.8 73.08 74.94 73.93 43.04 37.78
BIOy4 237.5 103.9 101.5 121.2 148.4 189.8 163 106.1
BIO7 29.7 5.2 7.9 6.6 8.1 13.3 53.6 39.9
BIOq3 332 6.9 8.5 8.8 9.8 13.6 53.6 433
BIOy9 203.9 98.8 99.2 117.7 142 181 142.8 95.8

multivariate analysis is to predict the presence or absence
of a phenomenon such as a plant species based on a series
of predictor variables. By extracting the predicted values
from the map of environmental variables, a correlation ma-
trix was formed and the variables that had a correlation of
more than 80% were removed. Environmental variables
were included in the logistic regression model, as predictive
(independent) variables and species presence and absence
as response (dependent) variables. The Enter method was
used to fit the model and the variables with P> 0.05 were
removed from the calculation process. Finally, potential
map of the species was prepared (Pejhan, 2013).

3.2 Model evaluation

The Kappa statistical coefficient was used to evaluate the
potential habitat map. On the Basis of this coefficient, at
zero values, the probability of random or non-random values
of real values, and predictions are equal, and a negative
value indicates the unreality of the model (Basiri et al.,
2012).

3.3 Prediction of Artemisia aucheri Boiss

In this study, to model the actual habitat of A. aucheri, the
climatic data of the stations related to the beginning until
2018 by the logistic regression model were used, and after
fitting the model, the current distribution map of the species
was produced.

3.4 Prediction of Artemisia aucheri Boiss distribution in
2050

After fitting the model and mapping the potential distribu-
tion of the selected species for the present, the variables
affecting A. aucheri were mapped using the MRI-ESM2-0

model for 2050 under the 4.5 and 8.5 scenarios which were
predicted and replaced instead of the map of current vari-
ables in the fitted model, and by redefining the model in
Arc GIS software, the potential species distribution map for
2050 was predicted.

4. Results

4.1 Bio values

The results of calculating the biomes of meteorological sta-
tions in Tehran province are presented in Table 3. Based on
the information in Table 3, the lowest minimum, maximum
and average annual temperature is related to Firuzkualudegi
station. Also, the lowest amount of precipitation was re-
ported in Tehran station and the highest amount of precipi-
tation was reported in Abali station.

4.2 Model

At this stage, among the important and significant variables,
the best regression model was fitted to determine the proba-
bility of occurrence, and with its help, the habitat map was
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classified into 4 classes. The model is presented below:

[EXP((—3.606) + (0.001"DEM) + (0.017*slop)
+ (0.001*aspect) + (0.227*BIO; ) + (0.185"BIO,)
+(—0.35"BIOs) + (—0.036"BIOg) + (0.168*BI10;)
+(0.682*BI0g) + (—0.475*B101¢) + (—0.01"BIO3)
+(—0.054*BIO;5) + (0.02*B10;6) + (0.007*BIO13))] /1
+ [EXP((—3.606) + (0.001* DEM) + (0.017*slop)
+(0.001*aspect) + (0.227*BIO; ) + (0.185*BIO, )
+(—0.35"BIOs) + (—0.036"BIOg) + (0.168*BI10;)
+ (0.68*BIOg) + (—0.47*BIOjo) + (—0.01*BIO,)

(
(—
(
4 (—0.054"BIO;5) + (0.02*BIO¢) 4 (0.007*BIO;3))]

4.3 Model validation

The model was evaluated using species presence and ab-
sence data and kappa statistical coefficient. The value of
this index for A. aucheri is 0.86 that according to the classi-
fication of kappa coefficients by Landis and Koch (1977),
the model has a good and acceptable accuracy. Based on
the AUC validity criterion, its value (0.90) was determined,
which indicates the acceptable accuracy of the model, too.

4.4 Current distribution map

Based on current distribution map which is shown in Fig.
2, there is currently 75-100% probability of the presence
of this species as spots in the western and northern parts.
25-50% probability of the presence of this species as spots
is also seen in the central, eastern and southeastern parts.
The map produced in four classes showed that the highest
percentage of area is related to the probability of the pres-
ence of 25-50% of species, which is equivalent to 48% of
the area of Tehran province and is about 668177 ha (Table
4).

Table 4. Percentage of habitat classes of Artemisia aucheri
Boiss in the current conditions.

habitat classes (%) area(ha) area %
75-100 427057 31.3
50-75 268638 19.6
25-50 668177 489
0-25 - -

Table 5. Percentage of Artemisia aucheri Boiss habitat
classrooms in scenario 4.5.

habitat classes (%) area(ha) area %
75-100 545028 39.9
50-75 458113 335
25-50 360732 26.4
0-25 - -

4.5 Prediction of Artemisia aucheri Boiss in 2050

The maps obtained from the prediction of the logistic re-
gression model show that under scenario 4.5, the highest

Souri et al.

Table 6. Percentage of Artemisia aucheri Boiss habitat
classrooms in scenario 8.5.

habitat classes (%) area(ha) area %
75-100 341612 25.0
50-75 401760 29.4
25-50 620501 45.4
0-25 - -

percentage of species presence is allocated with a probabil-
ity of more than 75% presence of species in high altitude
areas such as Damavand, which covers about 39% of the
province, 545028 ha (Fig. 3). According to Table 5, the
probability of 50-75% presence of the species in the area is
about 33% of the province.

The results of habitat prediction for scenario 8.5 also
showed that the highest probability of the presence of the
species is 25-50%, which is equivalent to 620501 ha, about
45% of the area of Tehran province. The lowest percentage
of species probability is related to the probability of the
presence of more than 75% (Fig. 4 and Table 6). Currently,
the minimum and maximum altitude of the areas where A.
aucheri is present are 1600 and 2800 meters, respectively.
The results showed that by changing the conditions from
a balanced state to a pessimistic state, the size of the areas
with more than 75% species presence is reduced and the size
of the areas with 25-50% presence is increased. Also, the
modeling results showed that the minimum and maximum
altitude in scenario 4.5 will change to 1500 and 2500 meters,
respectively, but according to scenario 8.5, the presence
of this species is only at altitude above 2500 meters. In
fact, according to scenario 8/5, species migration will occur
towards high altitudes.

5. Discussion

Species distribution models assume a certain equilibrium
with climate (Haidarian et al., 2021). Although not all the
causes of climate change in the world are fully understand,
the discussion about climate change is now interesting to
many researchers (Shirgholami and Ghahraman, 2005). Pre-
dictive models of geographical distribution of plant species
can determine the relationships between the geographical
distribution of a particular species and their current environ-
ment. They enable any environmental factor and prepare a
spatial distribution map of the desired species for the present
and in future periods. So, they play an important role in
determining areas prone to rangeland restoration (Pejhan,
2013). Plant species respond to climate change through
adaptation, movement in different aspects to achieve a suit-
able climate (Palmer et al., 2015) and in the worst case,
extinction (Parmesan and Hanley, 2015).

Based on the results of the present research, it was deter-
mined that at present, the minimum and maximum altitudes
in the areas where Artemisia aucheri Boiss is present are
1600 and 2800 m, respectively. The results showed that in
the case of A. aucheri, whatever changes from balanced to
pessimistic conditions, the area with a probability of more
than 75% is reduced and the area with a presence of 25-50%
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Figure 3. Map of potential distribution of Artemisia aucheri Boiss in Tehran province using scenario 4.5.
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Figure 4. Map of potential distribution of Artemisia aucheri Boiss in Tehran province using scenario 8.5.

is increased. The results of the present study are consis-
tent with the result of Amiri et al. (2019b) that illustrating
Artemisia aucheri habitat would be decreased in 2070 more
than 2050 in Iran, leading to the expansion of desert areas
Amiri et al. (2019b). Also, the modeling results showed that
the minimum and maximum altitude of Artemisia aucheri
Boiss in the 4.5 scenario will change to 1500 and 2500 m,
respectively, but according to scenario 8.5, the presence of
this species is above 2500 m. According to scenario 8.5, in
fact, species migration will occur to high altitudes. These
results of the present study are consistent with the result of
Anmiri et al. (2019a) predicting that the habitat of Artemisia
aucheri habitat will be displaced more in 2070 than in 2050,
in Iran. Two important environmental variables that were
used in the modeling in this research are: Slope and temper-
ature affecting the distribution of this species because the
slope affects the soil depth and thus affects the root establish-
ment. These results of the present study are consistent with
the result of Khodagholi et al. (2021) explaining that six
factors including temperature, annual precipitation, wind,
autumn and winter precipitation, and dusty and cloudiness
days affect the distribution of A. aucheri. Also, Janisva
(2005) showed that slope is one of the factors affecting the
distribution of mountain artichoke and plain artichoke types.
Also Forouzeh et al. (2017) introduced topographic features
(height, slope and aspect) as the main factors on vegeta-
tion distribution pattern in mountainous areas. Borna et
al. (2020) based on modelling the distribution of A. aucheri
habitats in watershed of Baladeh Nour city, Mazandaran
province, in Iran showed that slope, pH, sodium absorption
ratio, silt and annual mean temperature were the most im-
portant environmental factors influencing the distribution
of the species. Migration to high altitudes and regional ex-

pansion are two of the obvious effects of climate change on
plants (Phillips and Dudik, 2008). The complex and diverse
topography of mountainous areas creates diverse habitats
for different plant species (Sun et al., 2020) and also causes
the species to move to higher altitudes.

Also, in this species, excessive increase in temperature
disrupts food production and reduces plant photosynthesis.
On the other hand, while increasing evaporation from the
soil and plant surface, it reduces the amount of water avail-
able to the plant and may reduce this species. Confirming
the results, Moghaddam (2009) and also Safaei et al. (2013)
during studies stated that food transfer in ecosystem is as-
sociated with moisture flow. In fact, the main condition of
the material cycle between plants and soil is the presence
of sufficient moisture and temperature is effective when the
moisture is sufficient for plant growth. In other studies, sim-
ilar patterns have been reported for the altitude distribution
of the species (Teimoori Asl et al., 2020; Naghipour Borj
et al., 2021). Of course, it should be noted that the altitude
changes of mountain species in response to climate change
may be different (Zu et al., 2021).

6. Conclusion

Currently, the minimum and maximum altitude of the areas
where Artemisia aucheri Boiss is present are 1600 and 2800
meters, respectively. The results showed that by changing
the conditions from a balanced state to a pessimistic state,
the size of the areas with more than 75% species presence
is reduced and the size of the areas with 25-50% presence is
increased. Also, the modeling results showed that the min-
imum and maximum altitude in scenario 4.5 will change
to 1500 and 2500 meters, respectively, but according to
scenario 8.5, the presence of this species is only at alti-
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tude above 2500 meters. In fact, according to scenario 8/5,
species migration will occur towards high altitudes. It is
suggested that natural resource managers use species distri-
bution models as useful and cost-effective tools to increase
their awareness of the effects of climate change on species
and manage these changes.

The results of the models identify climate change sensi-
tive areas and possible future shelters of A. aucheri for use
in conservation plans in these areas. This strategy is used
to protect these areas from threats and to improve the resis-
tance of A. aucheri to climate change to ensure its future
presence.
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