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Extended Abstract
Introduction
In recent years, advancements in computer technologies, remote sensing systems, software, and various models

have enabled the prediction of ecological niches for diverse plant and animal species. Over the past decades,
alterations in human lifestyles, industrialization, and production processes have resulted in increased atmospheric
pollutants, leading to severe climate change. Global climate change has induced shifts in plant growth ranges, with
an expansion of warm-weather-adapted plants and a decline in cold-weather-adapted ones. These changes
consequently modify the structure and ecosystems of the entire planet, directly and indirectly impacting ecosystem
services crucial for human well-being and economic prosperity. Consequently, predicting the effects of climate
change on plant distribution has emerged as a pivotal research area to inform conservation strategies and programs.
Species distribution models primarily predict the impact of climate change on plant growth ranges. Accurate
predictions of species distribution are essential for effective conservation planning and sustaining forest ecosystem
services in the face of climate change. Given the significance of this issue, this research aimed to identify the most
critical climatic and environmental factors influencing the distribution of Rhume ribes L. species and ascertain its
current geographical range within Razavi Khorasan Province, located in northeastern Iran.

Materials and Methods
For this purpose, 68 bioclimatic variables including soil characteristics (45 cases), topographical factors (four

cases), and climatic factors (19 cases) were first subjected to correlation analysis as predictive variables and
variables with high correlation (above 80%) were removed. Due to the large size of the studied area, sampling of
presence points was done with field visits during the period of 1400-1401 of the introduced areas, and a total of
232 presence points from eight regions were registered as presence points using the global positioning system
(GPS). Then all the environmental data and presence points in R software using Biomed 2 package models which
include GLM, GBM, GAM, CTA, ANN, SRE, FDA, MARS, RF, and MaxEnt models in determining the
relationship between vegetation and environmental factors in pastures Razavi Khorasan Province was predicted in
the present time. The accuracy of the models was evaluated using the values of KAPPA, TSS, and ROC indices,
which are prominent and widely used indices for determining and identifying the potential areas.

Results and Discussion
The results of this research showed that according to the accuracy evaluation index, the best modeling for the

current time is the random forest model with an accuracy of 95.5%, which indicates the accuracy of the modeling
at an excellent level. Also, the relative importance of the selected models and the variables that have had the
greatest impact at present include digital elevation model (DEM), Average monthly (BIO2), This is the sum of all
total monthly precipitation values (BIO12), The average temperatures experienced during the wettest quarter (BIO
8) and the amount of sand at a depth of 15-30 cm from the soil surface (Sand 15-30), which indicates the great
influence of climatic factors on the distribution of this species, and in the next stage, the height above sea level
and finally the soil factors have the greatest influence. The most distribution of Rhume ribes L. species at present



Water and Soil Management and Modeling

1978
University of Mohaghegh Ardabili

Online ISSN: 2783 - 2546

is in the east of Razavi Khorasan Province including the cities of Bakharz, Torbat Jam, Taibad, Zaveh, Khaf, and
Rashtkhwar in the form of a strip on their border and in the west of the Province on the border of Koh Sorkh and
Neishabur cities and the north of the Province on the border Binaloud, Zabarkhan and Mashhad cities and the south
of the Province in Gonabad city has spread in a strip and limited way.

Conclusion
The results of this research can be used to improve, protect, and economically exploit and expand the habitat of

the Rhume ribes L. species. Destructive human activities, such as livestock grazing and the corrupt exploitation of
rhubarb, combined with climate change, have endangered the current habitats of this species in Razavi Khorasan
Province. These unprincipled exploitations, disregarding environmental capacities in natural resource
management, are a significant problem in Razavi Khorasan Province and the country, gradually leading to water,
soil, and plant loss in the region. While this study sufficiently examined current climatic and soil factors to identify
areas suitable for rhubarb species, a deeper understanding is required to effectively restore damaged areas, preserve
those at risk, and enhance the predictive capabilities of ecological models. In addition to climatic and soil factors,
the potential habitats of plant species are influenced by various factors, including human activities, exploitation
methods, livestock grazing, wildlife, economic and social conditions, and other direct and indirect impacts on
distribution. Numerous studies have been conducted on different plant species. This research evaluated various
machine learning-based species distribution models, selecting random forests as the most suitable. Species
distribution models are valuable, cost-effective tools for natural resource managers, increasing their awareness and
decision-making abilities regarding the effects of climate change on species.
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Figure 1- Geographical location of the study area and the distribution of species presence points
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Table 1- List of predictive variables used in R. ribes habitat modeling

S adiuwd yaio pb e Cipog) adl sy ywlgy
Annual Mean temperature The monthly average temperature BIO1 °C -
Mean diurnal temperature Average monthly (max temp — min temp) BIO2 °C *

Isothermality (BIO2/BIO7) (x100) BIO3 °C *
. The amount of annual temperature variation calculated from the standard o *
Temperature seasonality deviation of monthly temperature averagesx100 BI04 °C
Maximum temperature of the The highest monthly temperature that has been recorded in a certain year BIOS5 °C -
warmest month
Minimum Temperature of the . . o
Coldest Month The occurrence of the lowest monthly temperature in a given year BIO6 °C -
Temperature Annual Range Temperature variation over a given period (BIO5-BIO6) BIO7 °C -
Mean temperature of the The average temperatures experienced during the wettest quarter BIO8 °C *
wettest quarter
Hean tempi;i;l’:;()f the driest The average temperatures experienced during the driest quarter BIO9 °C -
Bioclimatic
Mean temperature of the The average temperatures experienced during the hottest quarter BIO °C -
warmest quarter 10
Mean temperature of the . BIO
coldest quarter The average temperatures in the coldest quarter 11 Cc -
Annual precipitation This is the sum of all total monthly precipitation values ]31120 mm *
Prec1p1tat1?nnogfhthe wettest The total amount of precipitation experienced in the wettest month ]31130 mm
Prempltat;(q)gn(:lflthe driest The total amount of precipitation experienced in the driest month Bll40 mm
Precipitation scasonality The monthly total prec1p1tat10n'st'anc'iard deviation from the monthly total BIO mm
precipitation means 15
PreClpltatl(;’lllla:titrhe wettest The total amount of precipitation experienced during the wettest quarter Bll60 mm
Prec1p1tat$32ri>efrthe driest The overall amount of precipitation experienced during the driest quarter BII7O mm
PreClpltatlzlL;)rI;;lrle warmest The total amount of precipitation that falls during the hottest 131180 mm
Prempltatl&i;’r{;fe Coldest The total amount of precipitation experienced during the coldest quarter 131190 mm

! www.worldclim.org
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Continuation of Table 1- List of predictive variables used in R. ribes habitat modeling
(St yaxio pb e Cipogs Suazs! Soly sy
Edaphic Bulk density Bulk density in depth 0-5 centimeter Bulk 0-5 cgem? -
Bulk density Bulk density in depth 5-15 centimeter Bulk 5-15 cgem? -
Bulk density Bulk density in depth 15-30 centimeter Bulk 15-30 cgem? #*
Bulk density Bulk density in depth 30-60 centimeter Bulk 30-60 cgem® #
Bulk density Bulk density in depth 60-100 centimeter Bulk 60-100 cgem? -
Sand Sand in depth 0-5 centimeter Sand 0-5 gkg! -
Sand Sand in depth 5-15 centimeter Sand 5-15 gkg’! -
8 Sand Sand in depth 15-30 centimeter Sand 15-30 gkg! #
g Sand Sand in depth 30-60 centimeter Sand 30-60 gkg! -
% Sand Sand in depth 30-60 centimeter Sand 60-100 gkg’! -
F Silt Silt in depth 0-5 centimeter Silt 0-5 gkg! -
2 Silt Silt in depth 5-15 centimeter Silt 5-15 gkg! *
£ Silt Silt in depth 15-30 centimeter Silt 15-30 gkg! -
Silt Silt in depth 30-60 centimeter Silt 30-560 gkg! -
Silt Silt in depth 60-100 centimeter Silt 60-100 gkg! -
Clay content Clay content in depth 0-5 centimeter Clay 0-5 gkg! #*
Clay content Clay content in depth 5-15 centimeter Clay 5-15 gkg! -
Clay content Clay content in depth 15-30 centimeter Clay 15-30 gkg! #
Clay content Clay content in depth 30-60 centimeter Clay 30-60 gkg’! -
Clay content Clay content in depth 60-100 centimeter Clay 60-100 gkg! -
Coarse fragments Coarse fragments in depth 0-5 centimeter Coarse 0-5 cm® dm? #
Coarse fragments Coarse fragments in depth 5-15 centimeter Coarse 5-15 cm?® dm? -
Coarse fragments Coarse fragments in depth 15-30 Coarse 15-30 cm’ dm? -
centimeter
Coarse fragments Coarse fragments in depth 30-60 Coarse 30-60 cm® dm? *
centimeter
Coarse fragments Coarse fragments in depth 60-100 Coarse 60-100 cm® dm? -
centimeter
Nitrogen Nitrogen in depth 0-5 centimeter Nitrogen 0-5 cgkgT -
Nitrogen Nitrogen in depth 5-15 centimeter Nitrogen 5-15 cgkg! -
Nitrogen Nitrogen in depth 15-30 centimeter Nitrogen 15-30 cg kg *
Nitrogen Nitrogen in depth 30-60 centimeter Nitrogen 30-60 cg kg'! *
Nitrogen Nitrogen in depth 60-100 centimeter Nitrogen 60-100 cgkg! *
Soil organic carbon  Soil organic carbon in depth 0-5 centimeter OC 0-5 cgkg! *
Soil organic carbon Soil organic carbon in depth 5-15 OC 5-15 cg kg’ %
centimeter
Soil organic carbon Soil organic carbon in depth 15-30 OC 15-30 cg kg %
centimeter
Soil organic carbon Soil organic carbon in depth 30-60 OC 30-60 cg kg’ %
] centimeter
£ . . Soil organic carbon in depth 60-100 .
g Soil organic carbon g centimeter P OC 60-100 cgkg! *
g Soil pH water Soil pH water in depth 0-5 centimeter pHw 0-5 pH * 10 *
Edaphic = Soil pH water Soil pH water in depth 5-15 centimeter pHw 5-15 pH * 10 *
g Soil pH water Soil pH water in depth 15-30 centimeter pHw 15-30 pH * 10 *
i Soil pH water Soil pH water in depth 30-60 centimeter pHw 30-60 pH * 10 *
Q Soil pH water Soil pH water in depth 60-100 centimeter pHw 60-100 pH * 10 *
Cation exchange Cation exchange capacity (at pH 7) in CEC 0-5 mmol (c) }
capacity depth 0-5 centimeter kg
Cation exchange Cation exchange capacity (at pH 7) in mmol (c)
; . CEC 5-15 | -
capacity depth 5-15 centimeter kg
Cation exchange Cation exchange capacity (at pH 7) in CEC 15-30 mmol (c) }
capacity depth 15-30 centimeter kg!
Cation exchange Cation exchange capacity (at pH 7) in CEC 30-60 mmol (c) %
capacity depth 30-60 centimeter kg!
Cation exchange Cation exchange capacity (at pH 7) in mmol (c)
capacity depth 60-100 centimeter CEC 60-100 kg! B
WorldBlzzte‘erence World Reference Base (2006) Soil Groups WRB 2006 Unitless -
; Altitude above sea level (obtained from *
Altitude optical sensors ASTER satellite, 90 m) DEM m
Topographic wetness index (Produced . %
Topographic TWI from DEM) TWI Unitless
TRI Terrain Ruggedness Index TRI Unitless -
Percent change in that elevation over a %
Slope certain distance Slope Degree
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Figure 2- Applying Pearson Correlation and selecting environmental variables for modeling



AL G Yo Wlxio V€Y Jlw oF olond £ 293 /S 5 O Sy e g 55 do g i /4], Ko g diod (oge A
Qo
g B8= g,eliE ¢
88c TP PEE ~898F %
neaf 8 oY BB B ESGEeRE Y
8838 ocnSSgeEEEESoppopFEFEFFsEE 8.
_G_Q_Q_GD_Q_QD_GUUUCCEUUOOOOOC}_QC}_QC}_U’}{BUU’BS
2 @@ @ @eee coecee00e® 0000 :
bio3 | @ @ @ @
bicd @ - @) @ ° @O @ ] oo @ [
bio8 C T 4 [ ole|e 03
bo2 ) - @0 @ ®® 20000000000 000000000
biol5 | @ o @ ¢ & - e @
o9 @ @ @ @O @ oe0000e O ® 000 06
buki530 @ - @ @ o@e 292000020 @ LA I
bulk30.60 | @ Y 9o oo o000
cation30.60 (@ © @ & Fo04
clay0 5 e oo e @ L X 2009 000
clay15.30 ® o0 909® o000 0 eco0 000
nitrogen1530 e @ @ SO9® 2920000020 e o000 L o2
nitrogen30.60 @ LB 'T I LA 86 oo e
nitrogen@0.100 | @ ® @¢ 0P o ee-e
coarse05 @ @ @ ©@® & L e ) L] o9 900 L
coarse3060 @ « @ @ ¢ & @ 092000000 00000 ® f
oganic05 @ © @ @ o0@9e o0Po 2000000 200000
organic5.15 (@ ® o900 00000000000 o000 000
organic15 30 (@ & & JL 20000 AL LRI IR O L) [ =0
oganic3060 @ @ @ O 9@ 0900000009 @900
organic60.100 ® n X [ X @ § ®®
phwo 5 o[ ® o0 - ooeee e o 00000 - 04
phw5.15 ®e- 0 @ 00 oo 90000
phw15.30 ® 00 o0 o0 @eoo- 000
phw30.60 00 O oo e o TR X 06
phw60.100 00 | oo oo e ] oQ9e¢ oo
sand15.30 @ o eo® 0000000000000 200000
sit5.15 | @ e @ e+ 0@ 1 oQeee &
dem @ @ 090 ¢ ® 0000 000000 0000000°000
sp @0 0900 0000 °0000000000000°000
wi | @ s @c0@ 000° 0000000:000000°000

G se Caa 55 oo (S ke B g (ygmi yu (Kiammsod Jlo] =Y IS o]

Continuation of Figure 2- Applying Pearson Correlation and selecting environmental variables for modeling
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Table 2- List of used models from the Biomod 2 software package

Cadtes oY e JolS" b
GLM Generalized Liner Model b &dlresd Jio
GBM Generalized Boosting Method Bl prend BASC g8 Jdo
GAM Generalized Additive Model ool &8l e Jio
CTA Classification Tree Analysis Slpdib Cé ) oo
ANN Artificial Neural Network (Sguan as A4S
SRE Surface Range Envelope e db eS|
FDA Flexible Denotative Analysis pyoilas] SS& oo
MARS Adaptive Regression Spline Multivariate o piiodin Bile e,y Je
RF Random Forest Sy S
MAXENT Maximum entropy model r9x5l pSlus

Jae & Jodo jolie g ol & as e b oplply ccuol atsls
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Table 3- Assessing accuracy in modeling R. ribes susceptible sites

MAXENT.Phillips RF MARS FDA SRE ANN CTA GAM GBM GLM Couo yalyly 455
0.765 0895 0.829 0.841 058 0.742 0.843 0.816 0.877 0.828 KAPPA
0.881 0953 0941 0.891 0.515 0.843 0.879 0911 0919 0.92 TSS Sl Jse
0.949 0.995  0.983 098 0758 0945 0945 0975 099 0975 ROC
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Figure 3- The relationship between the indicators of the accuracy of modeling concerning each other
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Figure 4- The relative importance of environmental variables in the modeling of R. ribes prone locations
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Table 4- The area and percentage of R. ribes prone areas in the modeling of Razavi Khorasan Province
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Figure 5- Chart of the changes in the area of areas susceptible to the growth of R. ribes
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Figure 6- Habitat suitability map of R. ribes species in current conditions with RF model
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