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Electron transfer, Chlorophyll a ~ Introduction:

fluorescence, Rainfed wheat Climate changes in the last few decades due to human intensification have caused
global concerns regarding their effects on agricultural products. These changes change
will affect wheat growth and performance in Iran. According to the IPCC report, with-
out greenhouse gas emissions controls, global warming is expected to increase be-
tween 1.5 and 2 °C during the 21st century. With increasing temperatures, photosyn-
thesis and crop growth can decrease and it can affect grain yield. Reports indicated that
wheat grain yield decreases by 31% under heat stress and 57% under drought stress

conditions. In addition, when heat stress and drought are combined, the yield declines

Rec?ZEJ?J.ly 2023 by 76% and the grain weight by 67%. So, in this research, the effects of the main com-
ponents of climate change, i.e. temperature, drought stress and carbon dioxide, on the
Revised: yield and photosynthetic mechanism of rainfed wheat genotypes were investigated.
27 August 2023 Materials and Methods:
To evaluate the effects of climate change components on the photosynthetic efficiency
Accepted: and grain yield of four rainfed wheat genotypes (Sardari, Ohadi, Varan and Ivan), an
29 August 2023 experiment was carried out under two controlled and field conditions during 2021-

2022. In the controlled environment, a split-plot experiment based on an RCBD was
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The Effect of Main Components of Climate Change on ...

done including temperature (25+3°C and 3443°C) in the main plots, carbon dioxide (380 to 480 and
800 to 900 ppm) in sub-plots and drought stress (normal and water stress) in sub-sub-plots. In the
field conditions, a split plot experiment based on RCBD was carried out with three planting dates
of 7, 22 October and 6 November in the main plots and genotypes in the sub-plots. Chlorophyll
fluorescence parameters were measured in the last developed leaf with a fluorometer (PAM 2500,
Walz, Germany).

Result and discussion:

Results showed that the components of climate change in all genotypes reduced Fm and led to an in-
crease in NPQ, which is related to the inhibition of electron transfer from the electron donor in PSII
and led to the activation of the non-photochemical quenching pathway and thermal energy dissipa-
tion through the Xanthophyll cycle and finally ETR decreased. The interaction effect of temperature
and high carbon dioxide in all genotypes and heat in Sardari, Ohadi and Ivan had higher electron
transfer rates than other factors. The rate of electron transfer varied in different wheat genotypes and
temperature stress, drought and carbon dioxide contributed to a decrease in the electron transfer rate.
Correlation between different parameters of chlorophyll fluorescence showed that the correlation be-
tween F, Fm, Fo and YII in all genotypes was positive. The highest negative correlation was record-
ed between qL and qP parameters with NPQ and gN. Electron transfer rate (ETR) in Sardari had a
positive correlation with qP, gL and YII parameters, while this parameter in Ohadi and Ivan with YII
and in Varan genotype with YNPQ, qN and NPQ parameters had the same positive correlation. On
the first planting date, the grain yield was significantly 23% higher than the second planting date and
100% higher than the third planting date. It was concluded that rainfed wheat genotypes can adapt
to climate changes despite stress conditions by disposing of energy in the photosynthetic system.
Conclusion:

It was concluded that despite climate change conditions, the studied genotypes have adequate adap-
tation to energy disposal within the photosynthetic system. This is mainly through the diffusion of

non-photochemical energy.
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Fig 1. Pictures of the controlled environment of the experiment in the research greenhouse of Maragheh
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Table 2. Meteorological statistics of the research site in Maragheh at 2021-2022
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Fig 2. Fluorescence yield curve with light saturation pulse and quenching analysis of dryland wheat under

different treatments of drought stress, temperature and carbon dioxide in a controlled environment. ML, SP,
AL, FR, control, CO2, Temp, DS are low level light, saturated light pulse, actinic light and far red light, control,

carbon dioxide, temperature, drought stress, respectively.
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Fig 3. Spider plot of the changes in chlorophyll fluorescence parameters of dryland wheat genotypes under

different treatments of drought stress, temperature and carbon dioxide. Control, CO2, Temp, DS are control,
carbon dioxide, temperature, drought stress, respectively.
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Fig 4. Changes in the electron transfer rate of different dryland wheat genotypes under different treatments

of drought stress, temperature and carbon dioxide. Standard error (SE). Control, CO2, Temp, DS are control,
carbon dioxide, temperature, drought stress, respectively.
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Fig 5. Correlation between different chlorophyll fluorescence parameters of different wheat genotypes under

dryland conditions. Control, CO2, Temp, DS are control, carbon dioxide, temperature, drought stress,
respectively.
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Table 3. Analysis of variance in grain yield of wheat genotypes under different sowing dates under dryland

conditions
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Fig 6. Changes in wheat grain yield under different sowing dates in dryland conditions. D1, D2 and D3
(sowing dates on 7 and 22 Oct., 6 Nov).
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Drought index, EWQI index, Introduction:
Groundwater, Magnesium In this research, it has been tried to use entropy theory to evaluate the quality of sixteen

water well samples at Abdalan aquifer, April 2018 to September 2019. This has been

done to reduce taste judgments. Additionally, SIAP and EWQI indices have been used

to investigate the relationship between drought and groundwater quality. The results

showed that chlorine has the highest rate of influence on the quality of underground

water in the region and is the main factor in water quality reduction. Also, sodium

and potassium have the most instability and constant changes. The results showed

that 74% of the groundwater samples in the study area have high quality, 13% have

average quality, and the other 13% have poor quality. Also, the inverse relationship

between the drought index (SIAP) and the groundwater resources quality index

(EWQ]) in the 18-month period shows the leaching effect of evaporative formations

Received: in increased precipitation. Various methods such as fuzzy logic (Nakhaei and Vadiati,
08 May 2023 2013), factor analysis (Jalali and Asghari Moghaddam, 2013), gray modeling (Ip et al.,
2009), and analytic hierarchical process (Nakhaei and Vadiati, 2013) to evaluate water

quality have been used by various researchers. These methods are often qualitative

Revised: and cannot accurately describe water quality. In this research, an attempt will be
26 August 2023 made to determine the rank of underground water quality using the weighted entropy
index method. This research evaluates the quality groundwater of the Abdalan plain in

Gachsaran city in terms of drinking. Also, to reduce expert judgments and obtain more

accurate results, Shannon’s entropy theory was applied to weight the water quality

Accepted: index. In the second place, an attempt is made to establish and justify a meaningful
02 September 2023 relationship between the drought index and groundwater quality changes.
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First, descriptive analysis of statistical characteristics of hydrochemical parameters
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Zoning of Drinking Water Quality Using Entropy ...

was used to gain a correct understanding of the hydrogeological and hydrochemical conditions of
the aquifer. Then, using the entropy-weighted groundwater quality index (EWQI), the groundwater
quality of the alluvial aquifer in the northeast of Gachsaran was analyzed. The Shannon entropy is a
concept introduced by Shannon (1948), which measures the uncertainty of an event occurring given
partial information about the system. In the first step, the entropy weight of each parameter should
be calculated. Considering that groundwater qualitative parameters have different units and also
the difference in the quality of the samples, the data is prepared using the normalization function.
The second step is calculating the EWQI, determining the quality rating criteria for each parameter.
Finally, based on Pei-Yue et al. classification (Pei-Yue et al., 2010), groundwater quality based on
EWQI for drinking purposes is placed in 5 categories: very good, good, moderate, bad and very bad.
After qualitative studies in the scope of studies in the period of 18 months (April 2017 to September
2018), the examination of the six-month period of dry or wet period compared to the long-term
climatic average and its relationship with the EWQI qualitative index will be done using the SIAP
index (Khalili, 1991) to check whether the period is dry or wet will be a great help to achieve this
goal. The SIAP index has been used in three six-month periods at Dogonbadan rain gauge station.
The first period is April 2017 to September 2017, the second period from October 2017 to March
2018 and the third period to April 2018 to September 2018.

Result and discussion:

The average value of all parameters measured in this study (measurement of major ions in 16
wells for 18 months) is lower than the permissible value of the WHO standard for drinking water.
Considering the geological characteristics of the studied area and the presence of the Gachsaran
formation, it can be expected that the concentration of sulfate ions is slightly higher than other ions.
According to the results of the correlation coefficients of the mentioned parameters, the presence
of Gachsaran formation and marl and evaporite sediments in the southern and central parts of the
region, as well as the feeding role of hard limestone formations in the north and northwest of the
aquifer region, have caused high changes in the quality of underground water in the region. The
high entropy values of chlorine indicate the higher influence of this ion than other parameters on
groundwater quality in the study area. According to the EWQI index, most groundwater samples are
ranked second (good quality), followed by two samples ranked third (average quality), and two other
samples ranked fourth. Therefore, the results show that the quality of underground water in most
wells in the study area is in a good class. The samples with a higher EWQI value are located near
the Gachsaran formation, Bakhtiari, and Pabdeh. This has caused groundwater quality degradation
in the studied area. Examining the relationship between the water quality index (EWQI) and drought
index (SIAP) shows an inverse relationship between the two, as the more climatic conditions move
towards wetter and more humid, the more qualitative conditions of groundwater will worsen. In fact,
with the increase in precipitation in the study area, more leaching occurs in the region.

Conclusion:

Only parameters such as bicarbonate and potassium have values higher than the permissible limit.
The high proportion of bicarbonate can be attributed to geological features and aquifer nutrition
from the hard Asmari limestone formations in the study area. The rest of the parameters are below
standard. According to the results of using the entropy method, chlorine has the highest influence
on the quality of underground water in the study area. It is the main factor in reducing water quality
and increasing electrical conductivity. The results of qualitative zoning of underground water in
this study area showed that the quality of underground water in most of the wells in the study area
is in a high-quality category. The relationship between precipitation amounts and the quality of
water resources has been manifested by the increase in dissolution, especially in marl-evaporite
formations. As explained by the increase in precipitation and the consequent increase in water
discharge, the amount of leaching has increased and the quality of water resources has decreased.
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Fig 1. Geological map of the studied area (taken from the Geological Organization).
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Table 1. Groundwater quality ranking based on EWQI for drinking purposes.
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Table 3. Specifications of sampling wells

sy ojlad il Olaike ol g5
well type of well

number utmx utmy

1 486290 3356030  semi deep well o dous ol>

2 487140 3357030 deep well o ol

3 498460 3352280 deep well Goos ol>

4 497010 3353350 deep well Gooe ol>

5 495472 3353505 deep well Gooe ol>

6 493501 3353713 deep well Gooe ol>

7 497810 3353870 deep well Gooe ol>

8 496550 3354320 deep well Gooe ol>

9 492006 3354906 deep well Gooe ol>

10 494400 3354980 semi deep well s.oe dous ol

11 493650 3355370 deep well Gooe ol>

12 496801 3351690 deep well Gooe ol>

13 495300 3352100 deep well Gooe ol>

14 492000 3356160 deep well Gooe ol>

15 491200 3356500 deep well Gooe ol>

16 488910 3356910 deep well Gooe ol>

oly 32 6l WHO 5 jlaibw! ol yo a5 g bl aods F Jou

Table 4. Statistical summary along with WHO standard for each parameter.

Q‘)&AJL;)J.S-;‘

EC HCO3 CA MG CL NA SO4

Sersleghe S o  medS  ppiie LIS e ey oldse

Sl 23403 2645 2363 798 2008 1235 467 680.4
MAX

Sl 7334 1847 532 165 255 18.1 66.9
MIN

oS 11609 2197 951 385 531 370 141 2122
AVERAGE

S Sl 4047 201 427 153 410 246 147 1439

STANDARD DEVIDATION

> st 1500 1500 300.0 3000 200.0 2000 12.0 250.0

STANDARD
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Table 5. Probability value (P-value) of hydrochemical parameters.

P-value
EC HCO3 (ppm)  Ca(ppm) Mg(ppm) Cl(ppm) Na(ppm) K (ppm) SO4 (ppm)
olu ol ool P92 0 A o o By g
Sl
EC 0.09
S o
HCO3 (ppm) 0.08 0.04
olSe
Ca (ppm) 0.02 0.04 0.07
s
Mg (ppm) 0.02 0.04 0.02 0.06
PR o
Cl (ppm) 0.06 0.01 0.09 0.07 0.09
s
Na (ppm) 0.06 0.02 0.07 0.10 0.01 0.02
o0, S
K (ppm) 0.09 0.04 0.05 0.07 0.08 0.04 0.06
SO4 (ppm) 0.09 0.01 0.08 0.02 0.09 0.02 0.10 0.05
oy youd 6yl )l (g (Swrod ol pb F Jgu
Table 6. Pearson correlation coefficients of hydrochemical parameters.
olun )
oSS OlaySe S parie ST e by oldgw
" HCO3 Ca Mg Cl Na K SO4
EC
Colon
e 1
EC
a0 1
HCO3
i -0.06 -0.54 1
Ca
PR¥% 1 058 008 035 1
Mg
A 0.56 -0.65 0.59 0.57 1
Cl
e 072 0200 053 073 077 1
Na
0.46 -0.75 0.42 0.18 0.18 0.53 1
K
ol
- 0.47 -0.13 0.67 0.83 0.61 0.90 0.28 1
SO4
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Fig 2. Entropy value and entropy weight of the used parameters.
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Fig 3. EWQI value evaluation results for groundwater samples of the study area.
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Table 7. EWQI index and quality rating of all groundwater samples in terms of potability.
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Fig 4. Status of groundwater quality ratings in the study area.
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Table 8. EWQI index values in three periods from April 2018 to September 2019

IWAA jo1 i GIYAA (30,9,8 1YY wawl GYAY pg0 WAV jgs e GIYAY (1059,
April 2019-September 2019 October 2018-March 2019 April 2018-September 2018
CosS Sp) EWQI CodnS ad) EWQI oS p) EWQI
Quality Rank index Quality Rank index Quality Rank index
weak s 4 163 weak Cass 4 170 weak ano 4 195 1
well s> 2 69 well s> 2 60 well Cgs 2 57 2
well s> 2 98 well s> 2 87 well L 2 88 3
Loy 3 110 well s> 2 82 well Ly 2 86 4
medium
by 3 133 by 3 149 well Ly 2 90 5
medium medium
boge 3 13 well s> 2 74 well Ly 2 76 6
medium
weak s 4 186 weak oo 4 186 weak caxs 4 186 7
well o> 2 73 well g5 2 69 well Ly 2 76 8
well o5 2 66 well Cos 2 86 well g 2 76 9
well s> 2 79 well s> 2 79 well Cgs 2 60 10
well Cos 2 81 well Cos 2 66 well wys 2 52 11
by 3 112 well g5 2 71 well o> 2 73 12
medium
well s> 2 85 well o> 2 71 medium Lawgze 3 101 13
well o> 2 68 well g 2 62 well g 2 52 14
well ogs 2 94 by 3 133 well g5 2 78 15
medium
well o> 2 69 well o> 2 68 295 e 1 46 16
Excellent
AV-AA B AA-AL ST Jlo Siloj o3k 40 STAP JLusis pslis polie 4 Jouz
Table 9. SIAP drought index values in 2009- 2010 to 2018-2019
oS Job 5
Fai,b Fai,b
Conds  SIAP jaie O ol 090 Conds  SIAP aie O ol 090
(ol SIAP (e ""L“w) water (ol SIAP (e ""L’o) Water
Climate value Rain period Climate value Rain period
(mm) (mm)
Jb 5 normal 23.9 60.5 88-89 normal L 35.7 356 88-89
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Extended Abstract

Introduction:

In the arid and semi-arid regions of Iran, agriculture and animal husbandry activities
have always been next to each other; where providing livestock fodder is one of the
main concerns of farmers. Therefore, it seems necessary to introduce suitable fodder
plants in these regions. Tagasaste (Chamaecytisus palmensis) is one of the fodder
plants with the aim of providing the nutritional needs of livestock, which this research
aims to evaluate the potential areas of its cultivation in agricultural lands of Yazd prov-
ince, in Central Iran, using the Analytic Hierarchy Process (AHP) and Geographic
Information System (GIS) techniques, as well.

Materials and methods:

First of all, tagasaste species’ ecological needs were determined based on the existing
literature. For this purpose, the four factors of climate, land use, topography and irri-
gation water were initially mentioned as the main criteria. Climate, topography and
irrigation water criteria consisted of 8, 3 and 3 sub-criteria, respectively. We classified
each climatic factor based on the statistics of meteorological stations with the lowest
root mean square error. Also, maps of different topographic criteria, including the slope
map, the aspect map, and the above-sea level map, were prepared using the Digital
Elevation Model (DEM) map. The irrigation water sub-criteria maps, which included
the distance from the water source, irrigation water salinity and pH, were prepared

according to ground-based data from wells, springs and qanats. Finally, 15 different
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sub-main criterias were prepared, as the four main categories of climate, topography, land use and
irrigation water layers, respectively. According to tagasaste’s ecological needs, these geo-referenced
layers were then evaluated and classified into the 8 limitation classes, ranged from extremely suitale
to extremely none-suitable regions. Further, the Analytic Hierarchy Process (AHP) questionnaire

analysis method was used to determine the weight of each criteria and sub-criteria, as well.

Results and discussion:

Based on the AHP analysis, the climate (0.507) and irrigation water (0.312) criteria have the highest
relative weights for tagasaste cultivation in Yazd province. Among the investigated sub-criteria,
the number of freezing days per year (0.212), the annual average minimum absolute temperature
(0.158), the salinity of irrigation water (0.130) and the annual average maximum absolute tempera-
ture (0.072), were found as the main important sub-criteria for the cultivation of tagasaste in Yazd
province, respectively. With respect to the ecological needs of tagasaste, the final results found no
extremely potential or very potential areas for tagasaste cultivation in Yazd province. Potential areas
(with a value of 5.5 to 6.2), relatively potential (with a value of 0.5 to 5.5), relatively not suitable
areas (with a value of 0.5 to 4.5), not suitable areas (with a value of 4.5 to 4.0) and very none-suitable
(having a value less than 4) covered 2.9, 9.4, 15, 62 and 10.7 percent of the Yazd province area, re-
spectively. Non-elevated orchards of Mehriz, Taft and parts of Sadouq city, southern and southwest-
ern areas of Khatam city, western lands of Abarkoh, a small part of southern Bahabad lands and a
small part of Yazd agricultural lands have been suitable for cultivation of tagasaste, respectively. The
most important limiting factors were the number of frosty days per year and the average absolute
minimum temperature, as well. This seems to be necessary to have a compatibility test of this plant

in the above-specified potential areas.

Conclusion:

Analytic Hierarchy Process (AHP) and Geographical Information System (GIS) have been found to
be effective in identifying potential tagasaste cultivation areas. In general, the results indicated that
some Yazd agricultural lands are suitable for tagasaste cultivation, considering the studied criteria. It
was also found that there are no extremely suitable and highly suitable areas for growing tagasaste
in Yazd province. This is considering the ecological needs of this plant. Based on the final map of
land suitability for tagasaste cultivation in the province, it was revealed that the potential areas of
tagasaste cultivation (with the highest values of suitability) are not located in high mountain areas

and low land plain areas, as well.
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Table 1. The way of limitation degrees definition and their values for the classification of different

information layers
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Locating potential areas
for Tagasaste cultivation
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Fig 2. Hierarchical tree of detirministic factors for the potential areas of tagasaste cultivation in Yazd

province
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Table 2. Numerical values of pairwise comparisons (Ghodsipor, 2008)

oy gl o)
Description Priorities Value
@ o Sz )l b o)ls ply Ceeal j LT L et ls 4 codl a3la b ag S Ol Cagllas
RERPUS Equal desirability 1
Index i has equal importance to index j
23l o 5 Coratl b (o5 4T b pasli &) s i pasla b anS sl oS 5
Index i is slightly more important than index j low desirability
ool Jipge ] an S b el 4 ol ez o b an S wotlae L= 5
Index i is more important than index j Desirability
SIS gt b ozl ] an T L el 4 s T sl b a4 oellae ok (>
Index i is much more preferable than index j Very strong desirability
5 ool e JolS 5 b lallas a5 b (ol & i | (a5l b a8 osllas Sl
. . it desirabilit
5 awlie LB Quite desirability 9
Index i is absolutely more important than index j and cannot be
compared
Oyloi sl 1 5 el o Vol ok ool A e gl t ez 5 G o3 Jeolgd s Cngllas
Inter-priority values: for example, 8 is more important than 7 and 9 is Preferences between these 2,4,6,8
lower intervals
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Table 3. Error values in different methods of Sub-criteria climate zoning

JUEt: Model- Jus RMSE R’ JUEtS Model- Joo ~ RMSE  R?
Sl IDW-Power 2 42.1 0.43 Sl IDW-Power 2 1.66 0.38
Syl Kriging- 324 0.65 sl Jslos Kriging- 1.83 0.32

e Ordinary Ls Ordinary

) Kriging-Simple 34.8 0.65 Kriging-Simple 1.83 0.25
Rainfall Average
Cokriging- 27.2 0.76  Minimum Cokriging- 1.79 0.3
Ordinary Absolute Ordinary
Cokriging- 25.4 0.79 ~Temperatur Cokriging- 1.5 0.5
Simple e Simple
Sl IDW-Power 2 1.82 0.47 Sl IDW-Power 2 2.3 0.6
oo J8los> Kriging- 2.14 023 Glae 2Slas Kriging- 2.05 0.69
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Kriging-Simple 2.09 0.26 Kriging-Simple 2.03 0.72
Average Average
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daily Ordinary Absolute Ordinary
temperature. ¢ ok riging- 1.69 0.51 Temperatur = ooy ioing 158 0.86
Simple e Simple
oSl IDW-Power 2 1.9 0.58 Sl IDW-Power 2 3.12 0.05
slos Sl Kriging- 1.57 0.7  Cusb, as,e Kriging- 3.06 0.06
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lys) (o
Kriging-Simple 1.66 0.68 Kriging-Simple 3.08 0.06
Average Average
maximum Cokriging- 1.57 0.7 Percentage Cokriging- 3.1 0.12
daily Ordinary of relative Ordinary
temperature. o ok riging- 1.1 0.89  Humidity Cokriging- 305 06
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sl Sl  IDW-Power 2 1.66 052 slaw XL  IDW-Power 2 20.6 0.25
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Average Ol
daily Kriging-Simple 1.82 0.43 ™ Kriging-Simple 22.8 0.13
e
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Cokriging- 117 079 frostydays e ) oing 186 039
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Table 4. Classification results of the Primary and secondary criteria used in this research
o) Codgicte )3 slos Jlam (Sl RERC RN
53! Codgdome 4,0
Value Degree of &l o) = i (: )
09 e e gy ;L.a
Limitation . Value Degree of Limitation )
Average minimum Rainfall (mm)
daily temperature Quite desirability

4 Semi Undesirable 47 8 e oolall 38 150-235

el ot Very strong desirability
6 Desirability 7-8 7 e s 120-150
.

Very strong desirability
8 Quite desirability 8-10 7 o 90-120
Ao 00Lal! 653

Desirability
6 Desirability 10-12 6 . 60-90
- Semi desirability
4 Semi Undesirable 12-14.3 5 e dos 30-60
Aol dod

A- Rainfall amount

B- Annual average minimum temperature
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oo Codgdsme 4o aljg, glod Sl oo Cudgdsme 4o sl il (Sl
Value Limitation Average daily Value Limitation ailjs,
temperature Average maximum
2 Very strong 10.5-13 daily temperature
Undesirable
) 3 Very strong 13-18
Saisl (Lo Undesirable
6 Desirability 13-15 (ol LS
Sananl 6 Desirability 18-21
8 Quite desirability 15-17 VSN
Sains olall 358 8 Quite desirability 21-24
6 Desirability 17-19 RUSTWORPRBY | 7%
e 6 Desirability 24-27
4 Semi Undesirable 19-21 RVCIWA
sl doci 4 Semi Undesirable 27-30
2 Very strong 21-24 Aol dos
Undes1rab1§ 2 Very strong 30-33
Sainsls (L2 Undesirable
D- Annual average temperature RUSOW N Pe
C- Annual average maximum temperature
ool Cudgdzme 4z, e iSlas .Sl ool Cudgdoe 4> )0 sles Jilos 1 Sle
Value Limitation clos Value Limitation bl
Average maximum Average minimum
absolute temperature absolute temperature
3 Undesirable 28-32 6 Desirability -7--8.5
- L; -
6 Desirability 32-36 5 Semi desirability -8.5--10
7 Very strong 36-40 4 Semi Undesirable -10--12
desirability Qe Ao
Sals sl 3 Very strong -12--14
6 Desirability 40-44 desirability
4 Semi desirability 44-48.5 1 Quite Undesirable -14--15

F- Annual Average absolute maximum temperature

E- Annual Average absolute minimum temperature

33 CRogie Ay slojg, dlaad . Sle
Value Degree of RARCIES
Limitation The average number of
frosty days
4 Semi Undesirable 22-35
Sl douss
4 Semi Undesirable 35-50
Sl douss
3 Undesirable 50-65
Sxiwss
3 Undesirable 65-80
ol
1 Quite Undesirable 80-95
Aol oolal 598
1 Quite Undesirable 95-108

Aol oolal 598

o3) Codgie 42 )3 s Sugby 23 (S0l
Value Degree of Average percentage of
Limitation relative humidity
5 Semi desirability 31-32
5 Semi desirability 32-33
6 Desirability 33-34
.
6 Desirability 34-35
.
4 Semi Undesirable 35-37

Aol dos

H- Annual average number of freezing days
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(degrees) level
8 Quite desirability 0-2 8 Quite desirability 711-800
Axias oolal 398 At oolal 348
7 Very strong 2-5 8 Quite desirability 800-1000
desirability sae o3lall 3
ol 7 Very strong 1000-1200
6 Desirability 5-8 desirability
5 Semi desirability 8-12 7 Very strong 1200-1500
NI desirability
4 Semi Undesirable 12-18 sl
Sl Ao 6 Desirability 1500-1800
3 Undesirable 18-25 S
ol 4 Semi Undesirable 1800-2200
2 Very strong 25-40 dxnals dors
Undesirable 3 Undesirable 2200-2600
1 Quite Undesirable 40-72 1 Quite Undesirable 2600-4037
Axiuals oolal 598 Al ool 598
J- Slope (degrees) I- elevation above sea level
) Cudgisme 420 ol e 5l alols o)) Codgioe 420 bl Sl
Value Degree of Limitation (oshsS) Value Degree of Limitation Geographical
Distance from water - — directions
source (km) 8 Quite desuablh?y North
8 Quite desirability 1 Salne o3l (355
Asie o0lall 59 7 Very strong East
6 Desirability 2 desirability
[S€ VoW
5 Semi desirability 3 7 Very strong West
) i desirability
4 Semi d% bl 4 et Sl
emi Undesirable 6 Desirability South
Sxwol douss
2 \Y tron, More than 4 :
ery s
Un d}; sirablge K- Geographical directions of the slope
.- U " :
L- Distance from the water source (km)
ol Cudgazme 4z PH o5 o3 Cudgaze 4> )3 o is9) (89 (e
Value Degree of Limitation Value  Degree of Limitation oo g
8 Quite de51rab111Fy 5.5-6.5 Salinity (ds/m)
Salne oolall 358 8 Quite desirability 0.3-1
8 Quite desirability 6.5-7 saans o0lal 398
Sians 00lall (358 8 Quite desirability 1-2
7 Very strong 7-7.5 sxiune 03lall 3
desirability 7 Very strong 23
Axins jly desirability
6 Desirability 7.5-8 VIR o
e 6 Desirability 3-4
4 Semi Undesirable 8-8.5 Ao
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Sewols
3 Undesirable 8-10
Swols
2 Very strong 10-12
Undesirable

- L; . 3
2 Very strong 12-16
Undesirable

1 Quite Undesirable More than 16
Aol oolall 549
M- Water salinity

o) SS9 Az )0 colee Oy Uidsy 9 2l oS
Value Limitation (KM?) Land use and land cover
Area (KM?)
8 Quite desirability 135.4 Garden
St ool 348 &L 2l
7 Very strong 1611.9 Rainfed and irrigated agriculture
desirability &l g s el
Sis sl
7 Very strong 118.7 Fallowing
desirability sl o2l
Sis sl
5 Semi desirability 1077.9 Quick sand
Olyy by
3 Undesirable 38525.2 zb L & ,ePasture with low canopy cover or poor pasture
P e 8 50 oS sy
4 Semi Undesirable 5924.6 Rangeland with medium canopy cover
Ariali doss Pasture with medium canopy cover
5 Semi desirability 286.4 oy Lide g b a5 ePasture with good canopy cover
5 Semi desirability 81.6 Forest with low to medium canopy cover
Salans Ao bwgto b oS b b b S
4 Semi Undesirable 194.5 Hand planted forest
Sxwsls dous cls Caws K
4 Semi Undesirable 3858.9 Wooded area and brushing
Aiels dond BUL TR
3 Undesirable 6548.2 Uncovered land
RCIE RSN ER
1 Quite Undesirable 363.8 Metropolitan area
Al oola)l 548 JURERPRES
1 Quite Undesirable 544.5 Boulere and ponding
Al oola)l 548 laile g (S Lol
1 Quite Undesirable 4159.1 Salt Lake, its borderlands and salty lands
sl oolall 33 58 ol s ol Al sl Sod azly s
1 Quite Undesirable 31.7 Wetland
Al oolall 348 Y g 92
1 Quite Undesirable 10164.5 Rock outcrop
Al oolall 348 S (ygei>

O- Land use and land cover
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Objective: To determine the areas prone to Jagazaste cultivation in Yazd province
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Fig 4. Hierarchical tree along with the relative weights of each primary and secondary criteria
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Fig 5. The final normalized weight of the sub-criteria based on the main objective
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Fig 6. The final map of land suitability for tagasaste cultivation in Yazd province
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) In the ecosystem of dry and semi-dry areas such as Iran, groundwater is considered
Aquifer, Kendall rank  the main source of water supply. Currently, excessive exploitation has put these vital
correlation test, Groundwater resources at risk of destruction. In these areas, it seems necessary to investigate quan-
titative changes in groundwater resources. For this reason, Kahorestam plain located
in the northwest of Hormozgan province was selected to investigate the long-term
unit hydrograph of Kahorestam aquifer, zoning of groundwater level and determi-
nation of groundwater flow direction. In this study, measured precipitation data and
groundwater level during three five-year periods and one four-year period were used.
The unit hydrograph of this aquifer showed a downward trend in the study area. The
zoning map of groundwater levels indicated that the highest and lowest groundwater
levels belong to the first and fourth periods, respectively. In each of the four periods,
the highest and lowest groundwater levels were observed in the northwestern and
southeastern parts of the aquifer, respectively. The flow direction maps showed that

time variables.

Received: the dominant flow direction in this plain is from the northwestern area towards the
11 August 2023 southeastern part of the aquifer.
Introduction:

Water scarcity is a serious concern in many countries. Governments are still trying
Revised: to access more water resources and meet the needs household, agriculture and in-
08 September 2023 fiustry needs. The imbalance bet\yeen water supply and demand leads to a reduction
in groundwater resource. Accordingly, the present study was conducted to better un-
derstand the quantitative status of groundwater in Kahorstan aquifer located in the
northwest of Hormozgan province.
Accepted: Materials and Methods:

28 October 2023 In this study, precipitation data and groundwater level were used to analyze the unit
hydrograph of the Kahorestan plain. They were also used to delineate groundwater
level and flow direction maps during three five-year periods and one four-year period.
In addition, the Kendall rank correlation coefficient was applied to determine the sta-
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tistical correlation between time variables and groundwater level measured at each observation well.
Results and Discussion:

The unit hydrograph of the Kehoristan Plain showed that the overall trend of groundwater level
during a 20-year period (2002-2021) is downward. The decreasing trend groundwater level indicates
excessive extraction of groundwater and improper recharge of the aquifer. The significant negative
correlation coefficient (at 99% confidence level) with the time variable also confirms its decreasing
trend during the 20 years of the study period. The zoning map of groundwater levels showed that the
highest and lowest groundwater levels belong to the first and fourth periods, respectively. In each of
the four periods, the highest and lowest groundwater levels were observed in the northwestern and
southeastern parts of the aquifer, respectively. The flow direction maps showed that the dominant
flow direction in this plain is from the northwestern area towards the southeastern part of the aquifer.
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Fig 1. The hydrograph of the Kahorestan plain during the statistical period of 2002-2020

Conclusion:

The unit hydrograph of the Kahorestan plain had a downward trend during the 20-year period.
Groundwater level showed a drop of more than 5 meters during this period. The groundwater level
in all observation wells demonstrated a strong positive correlation with time. The investigation of the
zoning maps of the groundwater level indicated a significant drop in the last ten years of the studied
period. This drop was attributed to the uncontrolled withdrawals from the aquifer. The general direc-
tion of the groundwater flow in the studied area was from the northwest to the south and southeast,
which in the first two periods of the study, the flow direction was aligned with the direction of the
dominant slope of the plain, but in the last two periods, the flow direction was reversed, which was
attributed to the high density of production wells, excessive withdrawals and inappropriate recharge.
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Table 1. The result of the Kendall rank correlation test for the measured groundwater level and time
variables in observation wells
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. Introduction:

CZL index, DIP  software, Many researchers considered drought to be the first dangerous natural phenomenon
Drought, Minimum rainfall, due to its significant impact. Drought is one of the most important natural disasters
Steinman  method. that affects various aspects of human life with its slow and creeping occurrence. This
calamity, as an unfortunate climate phenomenon that directly affects communities
through water resource restriction, brings economic, social and environmental
costs. In general, drought is divided into four categories, including meteorological,
agricultural, socio-economic and hydrological droughts. Due to being located in the
geographical dry belt and the desert strip located in the latitudes of 20 to 40 degrees
in the northern hemisphere with an average annual rainfall of about 250 millimeters,
also due to the disproportionate distribution of rainfall, Iran is considered one of the
dry and semi-arid regions of the world. River and for this reason drought is one of the
Received: main climatic characteristics that should be studied. In this research, meteorological
13 September 2023 drought was studied using ZSI, MCZI, CZI, PN, DI and SPI drought indices in the
Aleshtar Plain. Daily precipitation values from three stations, Aleshtar, KakaReza and
Sarabsead-Ali, were collected for 2001-2021. After analyzing the annual precipitation
Revised: trend at each station, the duration and maximum severity of drought were determined
09 October 2023 using meteorological drought indices. Considering that in previous studies, only one
or two drought indicators have been used to investigate meteorological drought, the
purpose of this research is to investigate the duration and maximum of meteorological
Accepted: drought using different drought indices (ZSI, MCZI, CZI, PN, DI and SPI) and
14 October 2023 rainfall statistics of three stations to find the most suitable index in Aleshtar Plain. In
determining the performance of these indices and selecting the most suitable index,
four methods of minimum and maximum precipitation, Steinman and Spearman have

been used.
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Materials and methods:

In this research, to investigate the annual drought and drought periods in Aleshtar Plain, the daily
rainfall data of Aleshtar, KakaReza and Sarabsead-Ali stations during the statistical period from
2001 to 2021 were used and drought indicators were employed. DIP software was used and analyzed.
Then, to find the most versatile drought index, minimum and maximum precipitation, Spearman and
Steinman methods have been used.

Results and discussion:

Investigating drought trend using SPI index

In order to investigate the drought trend in different stations for the time windows of 1, 3, 6, 9,
12, 24 and 48 months in terms of the intensity and duration of the drought period, the SPI index
output values have been used. According to the drought analysis results, it was observed that the
standardized precipitation index values have many fluctuations in the short-term time windows.
While the longer time periods of 12, 24 and 48 months show slower reactions to the changes in
precipitation, according to the results, the maximum duration of drought for the time period studied
in the stations of Sarabsead-Ali and KakaReza has occurred with an amount of 11 months, and the
least continuity occurred in Aleshtar station with an amount of 2 months. Also, the highest mean
length of the dry period was at KakaReza station with a value of 8.25 and the lowest was at Aleshtar
station with a value of 1.25. The most severe dry month in the studied period in terms of SPI drought
index was at AleShtar station with a value of -3.2 and the lowest at KakaReza station with a value
of -1.05.

Comparison of drought indices to find the most suitable index

Examining the minimum theory

According to the obtained results, according to the minimum theory assumptions, the CZI index has
been selected as the most suitable index. This is done by estimating one correct case out of four, SPI,
ZSI and PN indices at most stations. There has been a severe drought and MCZI and DI indices could
not predict any of the cases correctly and the status of the cases has returned to normal in all stations.
In comparison with wet conditions, SPI, ZST and CZI indices have been selected as the most suitable
indicators of wet. This is done by estimating three correct cases out of four. However, MCZI, DI and
PN indices have reached normal status in all stations and never had reliable predictions.
Investigating Spearman’s correlation between indices and rainfall values

The results obtained from the comparison of Spearman’s correlation between drought indices and
precipitation parameters show that there is a favorable correlation between the two at all stations.
Also, the MCZI index obtained weaker results than other drought indices.

Choosing the right index based on normal distribution

The index that was chosen as the best index in the largest number of stations by the Steinman method
is the CZI index. This index was selected as the highest index in three stations, and the ZSI index
was selected as the second rank index. DI index with the weakest performance out of three stations
did not get a rank in two stations.

Selecting the top index

In this research, with respect to the criterion of all four tests for choosing the best drought index,
for each of the tests, according to the number of indicators that are compared, the highest score is
given to the best index, and in the same way until the index. Finally, points are given, and finally, the
index that has obtained the most points in total (Table 1) is selected as the most suitable index for
the conditions of the region. According to Table (1), the CZI index that has got the most points from
all the tests is selected as the most effective index. SPI and ZSI indices have also obtained favorable
and accurate results in this region.
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Table 1. Scoring indicators in four tests

PN DI MCZI Cz1 ZSI SPI test/index
4 2 1 6 3 5 Minimal
2 4 3 5 5 6 Maximum
5 3 2 4 6 4 Spearman
3 1 2 6 5 4 Steinman
14 10 8 21 19 19 Total points
Conclusion:

ZSI, MCZI, CZI, PN, DI and SPI drought indices were used to investigate meteorological drought
in the Aleshtar Plain. Then, to find the most versatile drought index, minimum and maximum
precipitation, Spearman and Steinman methods were used. The results of this research showed
that CZI, ZSI and SPI indices are the most important indicators for studying and investigating
meteorological drought situation in the Aleshtar Plain. It is suggested to examine the meteorological
drought situation in the region for longer periods. These indicators are also evaluated. In the
phenomenon of drought, due to the fact that different definitions have been expressed for it from
different points of view, and also that numerical values of this phenomenon cannot be measured
directly, it seems difficult to comparearious indicators and choose the best indicator. Determining
the monitoring target is one of the most important processes of choosing the appropriate drought
index. This target must be specified in the first step. It is important to know for what purposes
(meteorological, agricultural, and hydrological) drought monitoring is conducted.
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Fig 1. The study area and the location of the stations
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Fig 2. The annual trend of precipitation for all the investigated stations
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Table 2. The estimation results of drought severity by different indicators in the year with the lowest amount

of rainfall
PN DI MCZI CZI ZSI SPI Ju oS
Year Station
SD VBN NN NN NN NN 2021 Aleshtar
MD VBN NN SD MD SD 2008  SarabseadAli
SD VBN NN ED SD SD 2008 KakaReza
MD VBN NN SD MD SD 2008 Total area
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Table 3. The estimation results of drought severity by different indicators in the year with the highest amount

of rainfall
PN DI MCZI CzI ZSI SPI JL oK
Year Station
N VAN NN MW MW VW 2019 Aleshtar
N VAN NN EW EW EW 2019 SatabseadAli
N VAN NN EwW EwW EwW 2019 KakaReza
N VAN NN EwW EwW EwW 2019 Total area
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Table 4. Comparison of Spearman's correlation of drought indices with precipitation in each station

PN DI MCZI CZI ZS1 SPI ol
Station
0.992 0.977 0.646 0.991 0.99 0.991 Aleshtar
0.999 0.983 0.472 0.999 1 1 SarabseadAli
1 0.983 0.586 0.999 1 0.999 KakaReza
1 0.989 0.486 1 0.999 Total area
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Table 5. Probability percentage of different humidity classes in standard normal distribution

(32,9) J.Le.ii.‘>l o lasl cole  Drought severity JSas ud ol
Probability Svmbol classes
(%) Y
2.275 EW Extremely wet aad lews Jlo
4.406 SW Sever wet S (Jlo
9.185 MW Moderately wet by Jloys
68.268 N Normal Jby
Moderately o
9.185 MD drought g (Jlusias
4.406 SD Severe drought wad Jlses
2.275 ED Extremely drought — wod jlew Jlses
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Table 6. The percentage of moisture classes of each index for Aleshtar station

el [ sk, Cunsg

PN DI MCZ1 CZI 7SI SPI L S
Humidity condition/index
0.0 12.01 0.0 2.49 2.49 4.76 Extremely wet
0.0 9.88 0.0 0.0 0.0 9.52 Severe wet
0.0 0.0 0.0 0.34 0.34 0.0 Moderately wet
53.98 39.70 26.97 17.45 17.45 85.71 Normal
5.10 5.10 0.0 0.0 0.0 0.0 Moderately drought
43.21 14.64 0.0 0.0 0.0 0.0 Severe drought
21.53 7.25 2.49 0.0 0.0 0.0 Extremely drought
12383 8858 2946 2027 2027 2485 Summation of differences
of all situations
53.98 39.70 26.97 17.45 17.45 17.45 maximum difference

et ol sl (a3 Ls 12 (Sigb) G wayd ¥ Jgua
Table 7. Percentage of moisture classes of each index for Sarab Saed Ali station

e [ gk ) Cunsg

PN DI MCZI (741 ZSI SPI . Do
Humidity condition/index
0.0 7.25 0.0 2.49 2.49 2.49 Extremely wet
0.0 0.36 0.0 0.36 0.36 0.36 Sever wet
0.0 19.39 0.0 4.42 4.42 4.42 Moderately wet
1.60 53.98 26.97 3.16 3.16 3.16 Normal
0.34 9.86 0.0 0.34 5.10 0.34 Moderately drought
19.40 0.36 0.0 0.36 0.0 0.36 Severe drought
0.0 16.77  2.49 0.0 0.0 0.0 Extremely drought
Summation of the
21.34 10796 29.46 11.12 15.53 11.12 differences of all
situations
19.40 5398 26.97 4.42 5.10 4.42 maximum difference
Lo, oliims] gl (a2 Susb) WS woys A Jgua
Table 8. Percentage of moisture classes of each index for KakaReza station
PN DI  MCZI  CZI ZSI SPI oL sy Sents
Humidity condition/index
0.0 12.01 0.0 2.49 2.49 2.49 Extremely wet
0.0 9.88 0.0 0.36 0.36 0.36 Severe wet
0.0 4.42 0.0 0.34 0.34 0.34 Moderately wet
7.92 39.70  26.97 3.16 3.16 3.16 Normal
4.42 5.10 0.0 0.0 4.42 0.0 Moderately drought
9.88 14.64 0.0 0.36 0.36 5.12 Severe drought
2.49 2.49 2.49 2.49 0.0 0.0 Extremely drought
Summation of the
2471  88.24  29.46 9.19 11.12 11.46 differences of all situations
9.88 39.70  26.97 3.16 4.42 5.12 maximum difference
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Table 9. The percentage of humidity classes of each index for the Total area

PN DI MCZI CZI ZSI SPI o Ll ssb )T
Humidity condition/index
0.0 16.77 0.0 2.49 2.49 2.49 Extremely wet
0.0 0.36 0.0 0.36 0.36 0.36 Severe wet
0.0 9.86 0.0 442 4.42 442 Moderately wet
3.16 53.98 26.97 7.92 7.92 7.92 Normal
0.34 5.10 0.0 442 0.34 4.42 Moderately drought
14.64 14.64 0.0 0.36 0.0 0.36 Severe drought
0.0 7.25 2.49 0.0 0.0 0.0 Extremely drought
Summation of the
18.14 107.96 29.46 19.97 15.53 19.97 differences of all situations
14.64 53.98 26.97 7.92 7.92 7.92 maximum difference
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Table 10. Ranking the indicators in quadruple tests
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Spearman
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Canopy area, Collar diameter, Introduction:

Drought significantly affects plant growth and causes delay in growth, disturbance
in physiology and damage to reproduction. This study analyzes the effect of drought
stress on Pi.el and Me.az morphological characteristics at different ages.

Canopy height, Water stress.

Material and methods:

To conduct this study, Robat Karim in the arid region in the southwest of Tehran
province was selected. This research was conducted in a greenhouse environment.
This study was included the factor of diverse ages of tree species and different drought
stresses in the form of a randomized complete block design with 10 replications. The
considered factors include the age factor of different plant species (1, 3 and 5-year-old
tree species), the drought stress factor at three levels 0.3, 0.5, 0.7, the percentage of the
Received: permissible limit of moisture reduction and the plant factor is in two levels (Pi.el and
04 November 2023 Me.az) and each in ten repetitions, which results in a total of 180 treatments. 10 stems
were selected from each seedling at each age and collar diameter, height and canopy
size were noted as the mean of the zero condition of the examined seedlings. The
Revised: evaluated parameters were measured at the beginning and end of the studied period
25 November 2023 each year. With the increase of drought stress and decrease of humidity at a certain
age, the growth rate of each of the studied factors including collar diameter, height and

crown area decreases in Pi.el and Me.az.

Accepted: Results:

25 November 2023 The results showed that the value of collar diameter, height and crown area in drought

stress of 0.3 compared to drought stress of 0.5 and 0.7 at the ages of 1, 3 and 5 years in
2021 and 2022 in Pi.el and Me.az species with the highest level of drought stress. The
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mean comparison results showed that water stress on the characteristics of seedlings is not significant
in all cases. Water deficiency has a significant effect on collar diameter and canopy surface in Pi.el
and on collar diameter and height of Me.az. The mutual effect of seedling age and drought stress on
the crown area of Pi.el and on collar diameter and height of Me.az has a significant effect.

Conclusion:

According to the set of technical and non-technical limiting factors among the examined drought
stresses, it is better to use 0.7 drought stress so that Pi.el and Me.az seedlings can withstand adverse
environmental conditions.
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Fig. 1. Location of the study area
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Fig. 2. Images of applied seedlings in the study
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Table 1. Variance analysis of the effect of drought stress and age on collar diameter of Pi.el

)b Slade F lais df 5, df s R
parameter Value Hypothesis df  Error df Sig.
ad )‘l‘5 u*“‘)‘ ksy"“’ s
o 965 1285.735° 2.000 94.000 000
Collar Pillai's Trace
diameter o~k laeY "
. 035 1285.735° 2.000 94.000 000
Wilks' Lambda
u..a‘)i s_m'" = s
A 27.356 1285.735" 2.000 94.000 000
Hotelling's Trace
S35 ) (XS HR .
27356 1285.735" 2.000 94.000 000

Roy's Largest Root

)lo(r;.m (p:001) d—o o \ C.L:_w 3 O )_;‘ ]
J=lie ;30 5 (Sas s e S J s as §
Dl ol I (SES S )3 ATsT s

Gl sine pas 5 a0 ) mhu 0l P a5l S NS

25 ool 4568 Lol el )y 540 20 polis
= Seid i g olS o e Joline ol 51 Sas
0o oals ul—dw\-l ") J5-\—‘> B u‘)—ég-‘ le (54—‘95 &l-q")‘

Ol R8T ol gl 1 (o 9 (S G5 il il g 415285 s Y Jgazr
Table 2. Variance analysis of the effect of drought stress and age on Pi.el height

dfub)é df slas &) sixe

Hypothesis df  Error df Sig.

o)y Slode Flaie
parameter Value
o=lF Ol
. 533 53.718°
Pillai's Trace
Sy Lo
. . 467 53.718°
&) Wilks' Lambda
Height ol Splza

1.143 53.718°

Hotelling's Trace

9y aday (yS )

1.143 53.718°

Roy's Largest Root

2.000 94000  -000°
2.000 94000  -000**
2.000 94000  -000*
2.000 94000  -000°
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Table 3. Variance analysis of the effect of drought stress and age on canopy area of Pi.el

alyby Slade F JIRes df U df sl S s
Parameter Value Hypothesis df  Error df Sig.
cbghe  owly Ok
B T 538 54.665° 2.000 94.000 000
T Pillai's Trace
Canopy oSk ¥ "
, 462 54.665 2.000 94.000 -000*
area Wilks' Lambda
oy Kol "
, 1.163 54.665° 2.000 94.000 000"
Hotelling's Trace
Sos &k R5SR .
1.163 54.665° 2.000 94.000 000

Roy's Largest Root
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Table 4. Variance analysis of the effect of drought stress and age on collar diameter of Me.az

ol yby SHlade J IRV df 5,3 df clas Gl e
Parameter Value Hypothesis df ~ Error df Sig.
iy b oy @l -
T 986 3385.947% 2.000 94.000 -000*
Collar Pillai's Trace
diameter o~k lsY
, 014 3385.947% 2.000 94.000 000
Wilks' Lambda
oy Sils
, 72.041  3385.947° 2.000 94.000 000"
Hotelling's Trace
Sy aday G255 55 .
72.041  3385.947° 2.000 94.000 000

Roy's Largest Root
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Table 5. Variance analysis of the effect of drought stress and age on Me.az height

Q\)&“A}L;Ji&.\w

JERN oo F o df 58 df slas S
Parameter Value F Hypothesis df  Error df Sig.
£lis) ol &k .
, o 988 3920.254° 2.000 94.000 000
Height Pillai's Trace
oS laa s
, 012 3920.254% 2.000 94.000 000"
Wilks' Lambda
. 83.410  3920.254° 2.000 94.000 000
Hotelling's Trace
G954y (SR -
83.410  3920.254 2.000 94.000 000

Roy's Largest Root
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Table 6. Variance analysis of the effect of drought stress and age on the crown area of Me.az

)Sdoljli )L.\.E.A F )D.E.A df u‘)-’ df é‘Ua} L;)loszm
Parameter Value F Hypothesis df  Error df Sig.
gl zhw ol
o 628 79.266" 2.000 94.000 000
Canopy Pillai's Trace
area oShs lae
. 372 79.266" 2.000 94.000 000
Wilks' Lambda
ol Slie
, 1.687 79.266" 2.000 94.000 000"
Hotelling's Trace
89y Ay (7S5 -
1.687 79.266° 2.000 94.000 000

Roy's Largest Root
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Fig 3. Collar diameter of Me.az and Pi.el seedlings at the ages of 1, 3 and 5-years and in stresses of 0.3, 0.5
and 0.7 in 2021 and 2022
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Artificial intelligence, Climate ~ \nereduction:

Meteorology is affected by climate change in many ways. Climate changes are a

topic of great importance and long-term forecasting of climatic variables is crucial

Taybad to understanding their changes. As a result, General Circulation Models have been
developed to simulate climate parameters on a large scale. However, to perform these
simulations on smaller scales, the output of these models needs to be downscaled
using various techniques, commonly referred to as downscaling. Some of the most
widely used downscaling models include: SDSM, CLIMGEN, LARS-WG and
USCLIMATE. These models have been extensively employed for the downscaling of
General Circulation Models in Iran and other the world. The current study was aimed
to evaluate the performance of SDSM, LARS-WG, and ANN methods in downscaling
temperature and precipitation data in Qouchan and Taybad.

Materials and Methods:

change, Qouchan, Model,

Recelved: The study areas were meteorological stations at Taybad and Qouchan in Khorasan
28 November 2023 Razavi province. To conduct this research, daily data on precipitation and minimum
and maximum temperature were analyzed. The data used were obtained from the

Iranian Meteorological Organization. In order to perform calibration and validation,

Revised: the data were divided into two categories (70% for calibration and 30% for validation).
19 Deccmber 2023 The LARS-WG model is a weather generator. This model simulates climate data by
using semi-empirical distributions and uses statistical techniques to generate climate

data. This model consists of three parts: calibration, evaluation, and generation of

future data. SDSM model is a combination of two non-deterministic weather data

Accepted: generation methods and the linear regression method developed. The artificial neural
28 Deccmber 2023 network model (ANN) is a model of the natural nervous system and, like the brain, it

can to learn by processing experimental data. This method is able finds the relationship
between the set of inputs and outputs without prior knowledge of the relationships
between the studied parameters. It predicts the output corresponding to the desired
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input.
Results and Discussion:

Comparing of climatic parameters in observed data and model data by SDSM model showed that
the accuracy of the model in estimating the maximum and minimum temperature in both Taybad
and Qouchan stations is higher than precipitation. The highest coefficient of the model was for the
smallest temperature parameter, which had values of 0.59 and 0.53 in Taybad and Qouchan stations,
respectively. The LARS-WG model estimated the maximum and minimum temperatures in Taybad
station better than Qouchan station. The ANN model was less accurate than the other two models.
The current results revealed that the accuracy of SDSM and LARS-WG methods is similar to each
other and both methods can be used for climate change studies. According to the obtained results
and statistical criteria in this research, the ANN model has a lower performance than other models
in forecasting. The results of this research are consistent with the results of similar studies by other
researchers in the field of downscaling.

Conclusions:

Precipitation and temperature are the most important parameters in climate change. In this regard,
the use of General Circulation Models is very effective. However, these models cannot simulate
climate parameters at local scales. Therefore, different downscaling methods should be used. For
this purpose, in the current study, three downscaling models namely SDSM, LARS-WG, and ANN
were compared in estimating the climatic parameters of daily precipitation as well as minimum and
maximum temperatures at two stations Taybad and Qouchan. By comparing all three investigated
models, the results showed that the LARS-WG and SDSM models have the least amount of error in
simulating the minimum and maximum temperature and the efficiency of these two models is higher
than the ANN method in climate simulation. According to the obtained results and statistical criteria,
the ANN model has a lower performance than other models in forecasting. Finally, the present
study showed that the presented methods can be used to predict other climate parameters in future
studies. It is suggested that future research evaluates the statistical downscaling methods based on
the combination of artificial intelligence models. Also, the presented downscaling methods can be
compared with other downscaling methods.
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Table 1. Results of SDSM downscaling model of climatic parameters in study stations
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Table 3. Results of ANN downscaling model of climatic parameters in study stations
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