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Abstract

Background and objective

Rangeland ecosystems are very important and sensitive to changes in environmental factors.
Small changes in temperature and rainfall regime or other climatic events can fundamentally
reduce the composition, distribution and dispersion of plant species as well as their production.
To better understand future climate change, it is essential to determine the current and future
distribution of species. Species distribution modeling is currently the only tool that can be used
to assess the number of changes in the distribution of multiple species in response to climate
change. Therefore, considering the importance of climate in the distribution of plant species,
this research examines the distribution of plant species in the future, taking into account the
relationship between the important rangeland species in Alborz province and the climate factor.
Methodology

In this research, four plant species including Stipa arabica, Ferula ovina, Bromus tomentellus
and Artemisia aucheri were investigated in Alborz province. In order to determine the amount
of precipitation and temperature, the data of the synoptic stations, which were analyzed by the
Man-Kendall method, were used. Using the maps of the Ecological Zones Recognition Plan of
the Research Institute of Forests and Rangelands and ArcGIS, the vegetation cover map of the
province and the current distribution of species, the presence and absence of species were drawn
and recorded. In order to prepare the environmental information layer, 19 bio-climates for the
present were calculated and downloaded from the WorldClim.org site for 2050 with an accuracy
of 30 seconds. These data were obtained for two scenarios RCP4.5 and RCP8.5 for the future
period. Then, the values of environmental variables were entered as independent variables and
species presence and absence information as dependent variables in SPSS software, and the
logistic regression statistical model was obtained from the presence of selected species. This
statistical model was defined in the ArcGIS software environment and the potential species map
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was prepared. Kappa statistical coefficient was used to validate the resulting potential habitat
maps model using 22 independent variables and with the help of error matrix.

Results

The results showed the rising temperature trends in all stations, and 65.76% of the trends were
significant. In the northern and eastern heights of Alborz province, the increase in average
temperature, especially in the early spring, late fall and winter seasons, will cause early snow
melting in the region, and due to the decrease in precipitation in the mountainous regions, it will
cause many problems in water storage. According to the predictions of the logistic regression
model, Stipa arabica species, 68626 hectares equivalent to 13% of the province, Bromus
tomentellus, 298842 hectares equivalent to 58% of the province, Ferula ovina, 195465 hectares
equivalent to 38% of the province, and Artemisia aucheri, 232539 hectares equivalent to 45% of
the province have the probability of occurrence of class 75-100 The percentage is for the
presence of these species. The evaluation of regression model using Kappa coefficient for Stipa
arabica, Bromus tomentellus, Ferula ovina and Artemisia aucheri species was equal to 86, 85,
82 and 79 respectively, which are models with good accuracy according to Koch and Smith
classification. 19 bio-climatic maps were prepared under two scenarios 4.5 and 8.5 for the year
2050. The current situation is similar to the 4.5 scenario, but in both models, we will see a
decrease in the probability of the floor occurring by 75-100 percent in 2050. Also, the average
of all temperature parameters in Karaj station will increase by 1.9 degrees Celsius by 2050 and
the amount of precipitation will decrease by 1.33 mm.
Cconclusion
Slope and temperature are the two main parameters affecting the distribution of species and so
that the slope affects the depth of the soil and thus has an effect on the establishment of the
roots. Due to heat compensation in pessimistic conditions, Artemisia aucheri species has moved
to higher altitudes. By increasing the temperature due to climate change, the extent of habitat of
the species under investigation will decrease and they will move to areas that are higher and
therefore have lower temperature.

KeyWords: Climate change, climate scenario, logistic regression,species distribution model,
trend.
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Table 1- Characteristics of synoptic weather stations in Alborz province

Geographical information

Hight

a Latitude longitude (M) station
1985-2018 35.8 50.95 1293 Karaj
2006-2018 36 50.74 1613 Hashgerd
2008-2018 36.16 50.76 1857 Taleghan
2008-2018 35.69 51.30 1191 Tehran (Mehrabad Airport)
2008-2018 36.23 51.30 1855 Siahbisheh
2008-2018 36.25 50.05 1279 Qazvin
2008-2018 35.08 50.37 1111 Saveh
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Table 2- Height of selected species

455 oL () glis|

Stipa arabica 1400-2400
Ferula ovina 1850-2600
Bromus tomentellus 1600-2700
Artemisia aucheri 1600-2800

Losly cpl aaly o ools 0y el 5 ‘_si» aS .,\ia‘)f

saul o, ), RCP85 , RCP4AS5 L 5

9 S oms sazs s (Y Jsas) Sl i
AICGIS L 53 Jams slaosls (5555 olsea t\.&S)\

waoen wwrn - ioon woen

wavrn

e Sl

sl sl VA e OBl 4w skl o
Lot Kt g oK) Gl Lol U ol
JL 55 ol 5L V8 s s o ¥ s ] eslic

J'J:J‘ OL‘;&‘J;ML&‘ 30 ‘_;LMJ;J@ME—\ J&i
Figure 1- Map of the presence of studied species in Alborz province
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Table 3- Environmental variables used in the modeling process

BIO Description Unit
BIO; average annual temperature °C
BIO, minimum and maximum monthly temperature °C
BIO, \ - - /temperature (BIO2 / BIO7) °C
BIO, seasonal temperature (standard deviation x 100) °C
BIOs maximum temperature of the hottest month °C
BlOg minimum temperature of the coldest month °C
BIO, annual temperature range (BIO5-BI10O6) °C
BlOg the average temperature of the wet season °C
BlOy the average temperature of the driest season °C
BIOy, the average temperature of the hottest season °C
BIOy; the average temperature of the coldest season °C
BIO,, monthly precipitation mm
BIO;; the wettest month is the wettest month mm
BlOy, the driest month precipitation mm
BIOs seasonal precipitation (coefficient of variation) mm
BlO¢ the wettest season is the wettest mm
BIO;7 the driest season mm
BlO;g precipitation is the warmest season mm
BlOg the coldest season mm
slope - %
aspect - degree
height - meter

(IPCC,2013) il i oty (2,155 5l sy sl - Jsos
Table 4- Scenarios of the fifth climate change report (IPCC, 2013)

scenario Radiative forcing Carbon dioxide concentration

RCP4.5 4.5 watts per m* will remain constant after 2100 650 ppmand remains constant after 2100
RCP8.5 more than 8.5 watts per m? in 2100 370 ppmby 2100
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Table 5- Values of average temperature trend by Mann-Kendall method on monthly and annual scale in Alborz
province, Karaj station

Month Maximum temperature M ean temperature M inimum temperature
January 0.108 " 0.098 01™
February 0.106 " 0.094 " 0.095 "
March 0.173 ™ 0.154 0.133 ™
April 0.055 0.057 " 0.047"
May 0.079 " 0.077 ™ 0.08 ™"
June 0.07™ 0.067 " 0.069 ™
July 0.061 ™ 0.063 0.062 ™
August 0.052 ™ 0.05" 0.046 "
September 0.036 + 0.044™ 0.058 ™
October 0.022 0.041 0.046
November -0.062 -0.03 -0.002
December 0.042 0.041 0.036
Annual 0.062 0.061 " 0.061 "
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Table 6- Values of the minimum temperature trend by Menkendall method on a monthly and annual scalein
Alborz province, Karaj station

Month year TestZ Sig Q B

January 1985 2.79 - 0.1 -3.74
February 1985 243 * 0.095 -1.87
March 1985 3.74 0.133 1.42
April 1985 211 * 0.047 7.56
May 1985 3.74 0.08 11.29
June 1985 3.10 - 0.069 15.59
July 1985 2.76 - 0.062 18.3
August 1985 1.99 * 0.046 18.36
September 1985 3.29 o 0.058 14.64
October 1985 1.6 0.046 9.87
November 1985 -0.06 -0.002 5.076
December 1985 1.27 0.036 0.14
Annual 1985 5.13 0.061 7.88
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Table 7- Values of the minimum temperature trend by Menkendall method on a monthly and annual scalein
Alborz province, Karaj station

Month TestZ Sig Q Qmin95 Qmax95 B Bmin95 Bmax95
January 211 * 0.108 0.005 0.211 5.08 7.03 3.16
February 2.05 * 0.106 0.004 0.204 7.55 9.22 6.24
March 3.35 o 0.173 0.078 0.263 11.78 13.19 10.39
May 231 * 0.079 0.016 0.149 25.2 26.41 24.2
June 2.99 i 0.070 0.023 0.113 31.91 32.72 31
July 3.08 i 0.061 0.026 0.102 34.58 35.26 33.8
August 2.67 . 0.052 0.013 0.088 33.9 34.49 33.08
September 1.78 + 0.036 -0.004 0.076 29.97 30.56 29.18
Annual 4.48 e 0.062 0.04 0.079 20.59 21.02 20.27
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Table 8- Precipitation trend values by Mann-Kendall method on a monthly and annual scalein Alborz province,

Karaj station

Month year TestZ Sig Q B
January 1985 -0.61 -0.218 29.03
February 1985 -0.77 -0.254 34.97
March 1985 -1.36 -0.619 47.74
April 1985 1.38 0.6 27.8
May 1985 0.31 0.075 16.29
June 1985 0.0 0.0 11
July 1985 0.46 0.0 0.3
August 1985 -0.4 0.0 0.0
September 1985 1.08 0.0 0.0
October 1985 1.32 0.16 451
November 1985 1.73 * 0.9 9.1
December 1985 -0.77 0.19 33.7
Annual 1985 -0.03 -0.04 257.29
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Figure 7- Map of geographical directions of Alborz province
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Table 9- Computational climate bios for current climate data

Climatic bios Karaj Climatic bios Karaj
Biol 15.29 Bioll -0.85
Bio2 12.57 Biol2 848.76
Bio3 25.8 Biol3 144.6
Bio4 898.22 Biol4 0
Bio5 38.8 Biol5 110.37
Bio6 -9.89 Biol6 235.1
Bio7 48.75 Biol7 0
Bio8 9.25 Biol8 7.2
Bio9 25.8 Biol9 98.4

Biol0 28.33
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Table 10- Computational climate bios for current climate data

Species

Stipa arabica

Ferula ovina

Bromus tomentellus Artemisia aucheri

Habitat classes Avrea) Percentage Area) Percentage Area) Percentage Avrea) Percentage
(%) (ha) of total (ha) of total (ha) of total (ha) of total
75-100 68626 13 195465 38 298842 58 232539 45
50-75 394792 76.5 99450 19.3 200918 39 94137 18
25-50 54325 10.5 214091 17984 3 191066 37
0-25 - - 8737 1.7 - - - -
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Figure 8- Current distribution map of (a) Stipa arabica (b) Ferula ovina (c) Bromus tomentellus and (d)
Artemisia aucheri in Alborz province
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Table 11- Kappa coefficient of selected species

Species L oo
Stipaarabica 86
Ferula ovina 82

Bromus tomentellus 85
Artemisia aucheri 79
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Table 12- The percentage area of the habitat classes of the considered species in different scenarios

Species
scenario Stipa arabica Ferula ovina
4.5 8.5 4.5 8.5
Habitat
classes Area) Percentage Area) Percentage Area) Percentage Area) Percentage
%) (ha) of total (ha) of total (ha) of total (ha) of total
0
75-100 119526 23 197593 38 101815 19.5
50-75 517735 99 295577 57 104288 20 135156 26
25-50 8.49 0.001 102641 19.8 171296 33 70855 14
0-25 - - 44567 8.6 209918 40
Species
scenario Bromus tomentellus Artemisia aucheri
4.5 8.5 4.5 8.5
Habitat
classes Area) Percentage Area) Percentage Area) Percentage Area) Percentage
(%) (ha) of total (ha) of total (ha) of total (ha) of total
0
75-100 239596 46 131083 25 195027 37 234175 45
50-75 72110 14 114693 22 259261 50 283570 55
25-50 200274 38.6 66286 13 63455 12 - -
0-25 5763 1.11 205682 40 - - - -
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Figure 9- Potential distribution map of the species under investigation in Alborz province using scenario 4/5
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Figure 10- Potential distribution map of the species under investigation in Alborz province usingscenario 8/5
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Figure 11- The percentage of the area of each of the selected species in the current and future conditions under
different scenarios
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Table 13- Change of climatic elements until 2050 in Alborz province

Mean M ean maximum Mean Minimum precipitation
Station Temperature temperature Temperature y mm(
() (°C) ¢
Karaj 1.9 1.9 -1.33
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