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Introduction

The world population has grown rapidly over the last 150 years and continues to do so, resulting in impacts on hydrologic
resources at both a local and global scale (Yang et al., 2012). The competition for water between humans and ecosystems
leads to complex interactions between hydrologic and social systems (liu et al., 2015). From the beginning of human
history, it is located in floodplains. Floods can have large societal impacts, such as severe damage to urban areas, which
are expected to grow around the world (Alfieriet al., 2018). In traditional hydrology, humans are either conceptualized as
an external force to the system under study or taken into account as boundary conditions (Peel and Bldschl, 2011).
Sivapalan et al. (2012) proposed a new model for investigating the interactions of the hydrological system and the social
system. It explores the procedure coupled human-water system evolves and possible trajectories of its co-evolution,
including the possibility of generating emergent, even unexpected, behaviors. Socio-hydrology must strive to be a
quantitative science. There are several methods to control and mitigate flood risk, one of these methods is flood zoning
(Jha et al., 2012). In last two decates, The Kalat city is flooded almost every year and many houses and historical sites in
the city are damaged. Therefore, the main purpose of thisWe paper is to show investigated how changing human behavior

with nature can affect the behavior of the natural system.

Method and Materials

Kalat city located in 59° 43' 23" to 59° 47' 41" northern latitude and 36° 59' 35" to 37° 00" 05" eastern
longitude. The city is divided into 11 sub-basins. The city has experienced fast and inappropriate urbanization over
the past few years. To collect our data, the annual reports of the Regional Water Organization and the Environment
Organization of Khorasan Province were used.

SCS method was used to estimate the runoff peak discharge. Precipitation has been estimated for seven return
periods: 2, 5, 10, 25, 50, 100, and 200 years. In this study, to analyze the sensitivity of runoff, we considered
precipitation and curves number from 20% less to 20% more than the actual values in the study basin (at intervals
of 5 %). We used the Cowan method to determine the roughness coefficient in this study. HEC-RAS model has
been used for flood zoning. To determine the impact of various factors on the intensification of floods in Kalat
city, we obtained questionnaires from relevant authorities. Likert scale was used to measure the results of the
questionnaires. We prepared two questionnaires; first one is related to the inner city zone and includes the factors
that intensify the occurrence of floods inside the city of Kalat, and it was classified into the following parts: 1)
Local community 2) Managerial 3) Physical; and the second one includes the factors that intensify the flood in the
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upper part of Kalat city. We classified these factors into three parts: 1) Non-local community 2) Managerial 3)
Environmental .
Results and Discussion

Results of sensitivity analyzes demonstrated that land-use and land cover change had a further effect on peak
discharge. In sub-basin 1, by 20% increase in the curve number, the level of peak dumping increased by more than
111%, with a return period of 2 year; while a 20% increase in precipitation, in the same return period, rises the
peak discharge only 3%. The peak discharge time in some sub-basins was brief due to the presence of impermeable
surfaces, so that in sub-basins 4, 6, 7, and 8, the peak discharge time was less than 30 minutes. These results
highlight the dangers of these floods and the need for proper flood planning and management in these sub-basins.
The results of the Manning coefficient demonstrated that we can reduce flood damage by applying management
measures in the future, as well as paying attention to the feedback between urbanization and the flood zone.
Roughness control by applying management programs can reduce the area of flood zones to 0.1 square kilometers.
In this case, buildings should be removed from the river, and there should be no structure in the path of the river.
According to the questionnaires in the inner city part, the most fundamental factor in intensifying the flood damage
was related to “activities of local people” with the average of 3.59. In the upper part of the city, the most influential
factors were ascribed to “managerial factors” with the average of 3.79.

Conclusion

In a general conclusion, it can be concluded that the role of human factors in the occurrence and intensification
of floods was much greater than rainfall. Therefore, in order to manage and control floods, it is necessary to prevent
the change of land use and the reduction of permeability. And management programs should be aimed at increasing
surface permeability. We suggest that more research be done on the role of economic and social factors in
increasing flood risk in other climate zones.

Keywords: Flood management, Kalat city, Rroughness coefficient, Social hydrology, Urban hydrology
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Figure 1- (a) Location of the study basin in Iran and the system of rivers and sub-basins in the study area. (b) Locations of
Kalat city, hydrometric station and important places of the city and sub-basins



Ve T — o oF o)lois P alsr (S g o 4,25 FYF

IS o gole Sommno 9 pilne (SI,S1 p1glas -Y JSS

Figure 2- Images of flooding of passages and the Central Mosque of Kalat
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Table 1- Specifications of Darband Kalat Naderi hydrometric station
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Station name Station code Basin Height Average Discharge
30 W 66-010 P o2 742634 4098007 960 0.27
Darband Kalat Ghareghom
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Table 2- Concentration time and Curve Number of each sub-basin

“op 50l opy sg) SB3 SB4 SB5 SB6 SB7 SB8 SBO SB10 SBI1
Sub-basin no.
e 0ylows 84 94 92 95 9%5 95 95 91 89 76
CN
(“‘“’)5(51:;’0“’5 23 07 09 03 07 02 02 03 06 11 85
tC
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Table 3- Flood peak discharge values (m3/s) for different return periods in each sub-basin

(Jlo) cusS'5L 0493

30
::;é b); ;in)sl:; Return Period (year)

' 2 5 10 25 50 100 200
SB1 172 893 2242 4613 67.68 9188 118.40
SB2 113 363 5.5 8.78 1121 1375 16.37
SB 3 126 575 9.9 1625 2146 27.00 32.82
SB 4 134 427 675 1028 1311 16.06 19.11
SB5 148 759 1350 2245 2994 3793 46.37
SB 6 053 1.80 2.90 4.48 5.75 7.08 8.47
SB7 0.80 270 4.33 6.67 8.56 1053 1257
SB 8 110 333 5.20 7.84 9.95 1213 14.39
SB9 145 658 1139 1857 2452 30.84 3748
SB 10 130 946 1799 3133 4269 5498 68.07
SB 11 715 2133 5165 11954 183.80 257.56 339.72
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Figure 3- Flood hydrograph of sub-basins 2, 3, 4 and 5 in the desired return period
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Figure 4- Percentage changes in discharge values in different return periods (2-100 years) relative to changes (20%o less to
20% more than actual values) CN and precipitation in sub-basin 1
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and precipitation (20% less to 20% more than actual values) in sub-basin 4
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Table 4- Roughness coefficient values for main river and streams in different scenarios

) . 32 )b b)lmf}
. - sl _
LI’")? o # Scenarios No.
Flow position First Jo/ Second o> Third g
VY as ;) By; sl L ¢!
(V) ads ) 55 s, JU ole 0.077 0.096 0.049
Main channel of the sub-basin 11
LOPR) ST 0100  0.149 0.060
Flood plain of the sub-basin 11
U slaadgn ) ol JUE 5 cudaod 0.075 0.095 0.046
Flood plain and Main channels of sub-basins 1 to10
gt gpbis g% 5eylis Jal gl
Third scenario Second scenario First scenario
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Figure 6- Water level under the 3 scenarios in sub basin 1
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Figure 7- Water level under the 3 scenarios in sub basin 8
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Figure 8- Flood zoning base on three scenarios (roughness reduction, current conditions and surface roughness increase) in
some basins and main river
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Introduction

The water quantity and quality has always been one of the main challenges in the issue of allocating water
resources for different uses. Water quality management requires the collection and analysis of large amounts of
water quality parameters that will be evaluated and concluded. Many tools have been found to simplify the
evaluation of water quality data, and the water quality index (WQI) is one of these widely used tools. In
summary, the WQI can be defined as a number obtained from the combination of several quality parameters
based on standards for its extraction. The aim of this study was to develop and introduce the new Surface
Drinking Water Quality Index (SDWQI) adopt the water quality parameters measured on hydrometric stations of
Iran. In developing this index, criteria such as the availability of required parameters in most rivers and simple
and accurate methods have been considered. Also, the ability to calculate with the minimum general parameters
of water quality, simple calculations and in terms of the international standard WHO for drinking is one of the
advantages of the introduced index.

Materials and Methods

For this purpose, 12 water quality parameters including Total Dissolved Solids (TDS), Electrical
Conductivity (EC), Total Hardness (TH), pH, Chloride (CI'), Sulfate (S0,%), Carbonate (CO3%), Bicarbonate
(HCOj3), Magnesium (Mg?"), Sodium (Na*), Calcium (Ca®*") and Potassium (K*) have been used from Rudbar
and Astaneh hydrometric stations located on Sefidroud river. Then initial preprocessing on data e.g. correlation
analysis, and multivariate statistical methods including cluster analysis (CA) and principal components analysis
(PCA) are used to selecting and weighting of water quality parameters using the “clustering” and “factoextra”
packages in R 4.1.1. In order to develop the SDWQI were performed four steps including, parameter selection,
sub-indexing, weighting and aggregation of the index. Also, in order to evaluate the index of the present
research, the results of the SDWQI have been compared with the WHO drinking water quality index and
Schoeller drinking water quality classification.

Results and Discussion

Correlation analysis between water quality parameters shows a significant correlation between TDS, EC and
TH parameters and also with CI', Ca,” and Mg," parameters at the level of 1% in both Astaneh and Rudbar
stations. On the other hand, the lowest values of Pearson correlation coefficient are related to pH and CO3”
parameters with other quality parameters. The results of CA indicate that most of the water quality parameters
are located in separate clusters. So only the parameters TDS, EC, CI" and Na* in both Rudbar and Astaneh
stations are in the same cluster. The weights of the parameters showed that TDS and K" are assigned with the
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highest and lowest weights equal to 0.163 and 0.031 based on PCA method. Also, PCA results show that first
and second principal components covered 59.3% and 67.6% of the total variance of measured water quality
parameters in Rudbar and Astaneh stations, respectively. Water quality classification results indicate that
(40.5%, 16.4% and 23.7%) and (90.1%, 73.1% and 57.3%) of data in Rudbar and Astaneh stations, respectively,
fell into the excellent and good categories for drinking purposes based on Schoeller classification, WHOWQI
and SDWQI.

Conclusion

Generally, the comparison of the SDWQI with the WHO index and the Schoeller classification shows the
rigidity of the new index in the classification of water quality for drinking purposes. Each water quality index
developed in order to evaluate the uncertainty of results, should be tested for data with different characteristics in
terms of the range of variation with different limit values (minimum and maximum). The index developed in the
present study is no exception to this rule and in order to evaluate the results better, it is suggested that to be
evaluated and analyzed with data from other hydrometric stations. Another important point that should be
considered in using any water quality index, including the present research index, is to examine the allowable
limits of water quality parameters that are not considered in these indicators. The results of the study indicated
that two most important steps in the development of a quality index that have a great impact on its results are
sub-indexing and weighting of parameters. According to the results, two ideas recommended for future research.
One, choosing an appropriate method such as non-deterministic (fuzzy) and intelligent (machine learning)
methods to sub-index the parameters and two, to weigh the parameters more effectively, multivariate statistical
methods such as clustering, factor analysis and principal component analysis should be used.

Keywords: Clustering, Hydrometric stations, Principal component analysis, Sefidroud river, Water quality
index
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cbale lade L blie ds yad polie du calize slaasl
Al il (Lo g ol 3 gyl o goad (550l
Sl asl 5l 5, (Abbasi and Abbasi, 2012)
okl Lo oyl (g5lwyad Ly g (sly 3 lnibisl (glo Josdlygiws
; Abbasi and Abbasi, 2012; Liou et al., 2004) ssle>, S
Al La a3l 5l 5y a S JLs 5 (Sutadian et al., 2016

1- Sub-indexing
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Loy ol S (@bl Jl (g il e (555l
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s Lo ) slil (6,535 5 ololi, 8 s bl 5 S
o3lits] Ul S glayadls 5l (gl dmgs 3 (AHP) ° Lol o
; Sarkar and Sutadian et al., 2017) ¢l o ookl
(Abbasi, 2006; Uddin et al., 2021
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PO =514 "
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J(etal., 2021

5- Analytic Hierarchy Process (AHP)
6- Principal Component Analysis (PCA)
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(MRWQI) " cjlo 6555, o cutsS ,asli 5 (GLNI) 10
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alis alos, S eolawl a3 5)s 0 cgaS yas L 4o Wyl
Uhe) 5} ydls Gains > WIWQI 5 NSF-WQI (sla jasls
S sla el (il pasli g plaie 4 (Jad Dbl @y
3 ey ol oz (Uddin et al., 2021) cul s odlizwl O

Ll 05 02l o2y 4ol

b3 (2Ll palgs

Ve L5 e edgaome 3 gy (=l 3 Layialyl uloda
o3> oluais! glyl 4 yas Hlade Gy pl we 3 9 Vee Jlide
; Lobato et al., 2015; Hoseinzadeh et al., 2015) 55 5 o
G5, (Misaghi et al., 2017; Medeiros et al., 2017
93 I WIWQI (a3 li U el g audib opl olul p pols
oab o3l b yiahly (g5loadlsp; dlsye sl (V) 5 (V) aai
Fom
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X=Xy

Si =351~ (Sl—sz)(%l ()
1= X2

sl sl 00 (gl pasli s lade Si V) 5 (1) Laily 5

5 51> Sy 5 Sy Xj clalé e (glyy o dslone pli L S
5 (X1) 8l palde (slp 00 (gilwpadlinj polie Jolas
Sl (1) kel sl o 53,50 (slainly (bl 5 (X2) Sl
23l (gl (V) a5 5lome o 51 5VL 0ad (5501l j0lie
Dunnette, ) 355 o o3kl jlore s il jeS 0l (5 S0l
CaS asls 5y)8 4 4595 L (; Sutadian et al., 20161979
Slojlw Cyd 3kl copd Bjlas yolaie 4 pols v U
5 751 allin (53,8 e o sl (WHO) e cudlig,
olie .ol 0 oolatwl (V) 5 (V) kalgy ,0 (X2 4 X1) Jolus

1- Environmental Quality Index (EQI)
2- Great Lakes Nearshore index (GLNI)
3- Malaysia river WQI (MRWQI)

4- West Java WQI (WIJWQI)
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(Cotruvo, 2017) WHO 3,lsliu! jlxe 3gun g & CudS (b yiol,ly 58 Tas g Jilas palie - Joua
Table 1- The maximum and minimum of water quality parameters and standard allowable threshold of WHO (Cotruvo,

2017)
Y)Y WHO 3 lsibi! Sbdg, 0] aliw] 81!
i [ WHO standard, 2017 Rudbar station Astaneh station
rEIR 19 sloxe s Jilas JUCIRTS Jilas JECARTS
Parameters Unit : - . . .
Standard allowable Minimum Maximum Minimum Maximum
threshold (Xz) (X1) (X2) (X1)
TDS (Mg L) 52 5 )5 ke 1000 327 1920 137 1472
Scm) o zsbe ;
EC S Cm) e “”(1 #uretinsSe - 520 2861 130 2336
H CacCOs 5l p5 ke 300 180 830 9 500
mg L™ of CaCO,
pH - 6.5-8.5 5.7 8.6 6.4 115
cr (Mg L™ 2 5 o5 e 250 14 737 5 553
3042- (Mg L) ) 5 S ke 500 16 800 10 354
cor (MY L) 52 5 pyS ke - 0 9 0 15
HCO, (Mg LY ) 5 S ke 120 66 659 79 409
Mg?* (Mg L) 12 5 )5 ke 30 0 104 2 67
Na* (Mg L) 12 5 )5 ke 200 15 421 3 360
ca® (MO L) oy oS e 300 28 205 26 142
K* (Mg L) 12 5 o5 ke 12 0 12 0 10

Sl 0d gilopadli gyl lde Q5 (0 <w; <1)
Raietal., ) L il (0<Q; <100) pli a5 byl
g b 2SS (adls 4 by dab (; Uddin et al., 20212011
Y Join L e WQI a2 ls (gly onds duolre (ol dae 4
Lol 035 RS

L Gillas (V Jsio) yols (300 Ol CodeS jas s iyt
Suo dae wlwl cpl il oads 48,3 Jlas > NSFWQI 23l
yuda Voo Caoww 03 (pl 4> m g Ol CulS o 5 oaias ylis
(Uddin et al., 2021)s4 salgs O poglae cuis Sly g

s A0l 0ad ool dewy e li gl o)l jskate &
2 29 duglie 05 (i (adls b anail G b ol 5l Jols
02>l s L o 00> dawgd de (et b ol pobs aasd
il 5 (WQlwnio) sl sl glosle oy T kS

4- Water Quality Index World Health Organization
(WQIWHO)

oedld (b))l 9 paans

0adls SO anwg jlads jo o 31 4 adli gess
015 (il ymd L sl el 51 odlitl L als yo ol )3 bl o
Sl bl Gleis 4 sae S el)l ya 4 bgyye slayg g
A lg e S Jadld pens b ] e sy OF oS

& . . v .- Y M . \ M = .-
A3b @b ol jl S P by phops  phrer ply O)ge
wlaedli b alis b s 4o (Sutadian et al., 2016)
0adLd g lym plizer b I NSFWQI g 95,90 1L
ol 04 oolizwl (B) alayly b gollas 28

SDWQI =" w,Q, )

oi 5 dwlre a5 a3l 5 SDWQI () alal,
Pl (25 el e bgye 035 Wi (0 <SDWQI <100)

1 Additive functions
2 Multiplicative functions
3 Combination functions



1Fed LT — 0 oF ojlod FF wle (S g ol s FFA
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Table 2- Water Quality classification based on value of calculated index (Uddin et al., 2021)

CadsS S KV Y buwgie e S
Class of quality Very bad Bad Medium  Good  Excellent
b5 pa3ld 392> 0-24 25-49 50-69 70-89 90 - 100

Boundary of quality index

(; Babanezhad et al., 2018Schoeller, 1965) JJgui (gaisaiab wlw! 3 & i OF CopS (gisdiwd -V Jgun
Table 3- Schoeller classification for drinking water quality (Schoeller, 1965; Babanezhad et al., 2018)

) e Cca** Mg** Na* TDS TH cr S0,% HCOy
Rank class
1 N <100 <25 <120 <522 <262 <184 <145 <182
Good
5 4
2 i 100-198 25-49 120-238  522-1003 262-517 184-362 145-288 182-358
Permissible
Cawlio Liwd
3 i i 198-384 49-95 238-456  1003-1996  517-996 362-700 288-590 358-737
Moderately suitable
4 *“"_L“U 384-770  95-194  456-928  1996-4050 996-2010  700-1420  590-1198  737-1495
Unsuitable
cnlial Mols
o § ; 770-2500 194-387 928-1886 4050-8100 2010-4010 1420-2830 1198-2385 1495-2955
Quite unsuitable
6 = 449)?; >2500 >387 >1886 >8100 >4010 >2830 >2385 >2955
Non drinking

Sl adiligs plojlom oo il o cslas yadlt
(WQlwho)

o3zl b Klg¥ o oy Bylae Cps Of cunls anyd g coiS
S Slapadls Jl o 2 9 (e (S pasld S
SO Glgse 4 WHO i 3 il aisle Gpd (sl laslinl ]
Varol and ) 45,5 o 1,8 oolitwl 350 jloee dga Jasdlygiwd
;Adimalla et al., 2018 ;; Yadav et al., 2015Davraz, 2015
syl 5l (S slayje g 5l 394> (Verma et al., 2020
;» WHO, 2017 3,155kl ol Gy Gjlas g Of cusS
RO WP 1 G PR

»2 Coenl axyd ol 2 ¥ Jodo 53 byl (W) llae 5
o3> olaidl 0 LYy (eie Gy GBjlan jolaie 4y jiol)l
2 Lol Coanl 4 o L ooy sllas (g ST 095 0
0 ply 9 NOs 5 SO.7 CI' TDS (sloyiolyb 4y oy T oS
Conl 05 03l olais] « S5 plp g HCO3™ jal)b 4y o Jslis 4
Ois o Tiwari etal., 2018Vasanthavigar etal., 2010)
> lae (g S okl LY Joaa )3 lajielly (Wi) (oo
ol (7 adaly) Lo el JS° (059 g9-0ome o ol yialil
g 0

0L @S (oxteliel Caa Jod gandaib obal LYo
sl 3b5 o 22) 5 (92 peine (Al Jali p5l> (3udS
5=t Ol (0 b Ol Blas Cap 4SS Sliios > Jod
5 ol Gaiod (el ) ealitl 350 Ol i (gla ol
iuaib gl wie Sl 4 5l pas (g g Yo sanail
A3l ol el g ges g i sakiatod 329 5 g

oS sl Gdod padld palbe (ox)lasl jslate 4
Cowdy aab U adls cpl ool b o 00y jaouis cuas
3 sl o (et sl o dumlie o (cAipais ] o]
o B)luas polaie 4 O CudS (b)) elate 41470 Jlo
= dnaalb ool (Schoeller 1965, 1967) cowl sa i pbx!
Wliy)S (IS Olilgw i oo jute ol o)y A ol
ipadb ¥ Jodo gillas Jodoe aola dlge g JS (e
Db 0

G20 0l 00 drwgy Ll CudS e ld | svw,loel cas
22l CaiS oMS (oo VYY) (gl piges (slaole JS' (sl pil>
odd dumlle ;IS5 b g pasede Job (ganadl § padls (lul
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(Jesuraja et al., 2021) WHO wpd ad b 55 O CadsS b el )b jlme 390 g (439 € Joua
Table 4- Weight and threshold of water quality parameters in drinking WHO index (Jesuraja et al., 2021)

o ke 59 (39 WHO, 2017 jlxe s>

Falb Absolute weight  Relative weight  Threshold of WHO, 2017
Parameter (Wi) (W|) (mg L'l)

pH 3 0.083 8.5

TDS 5 0.139 500
HCO5 1 0.028 300

cr 5 0.139 250

S0,> 5 0.139 400

NO3 5 0.139 45

ca® 3 0.083 75

Mg** 3 0.083 50

Na" 4 0.111 200

K* 2 0.056 10

Egoxe 36 1 -

(Jesuraja et al., 2021) WQlwio (Wi ylae (wh! 5 & puid o CpdsS givalb —0 Joun
Table 5- Water Quality classification based on WQlwyo (Jesuraja et al., 2021)

CodsS NS S . Cams dmo LS b JBpe
Quality class Excellent  Good Fair Very Fair  Non drinking
CutS asld dge

Threshold of quality index

<50 50 - 100

100-200 200-300 > 300

L yrol )by Olsasl) (ad i ax wes s o )lp> pol a ol
2 ol 003 UI)I (ua.'>l_w 25 g (P59 cd)l.wua.&l.w).:)
0l 4]yl od 00> drwgy asld ol b))l s iz sl

Cwl

Laouls (4300 43 iy

O pglate a8 sla el Gl e39a e (o
o i L WY el g slages cusl 005 plog] (YRR
¥ USCs o aibiwl g )bsgy (sytegyhn (sloolKial )3 oy 3590
Ll 045 03l UL'“’

EC TDS sla pxio yolbs dibe o9 5YL Sl ¥ S
)1_335) bK.u.wl » Wt’ 9 WJM ‘r‘,.’).uuo cmfw.lf sC)LOJ}w ‘)K JTH
s yuizo cpl polie 390 YL s aib oo ailin] olius] 4 s
ilisee Jalge 15l o il oSl 4 Cans Hbagy o] y
()l gananY (M) dg)d s dw dabys ol ale
3 am) Hbdgy ol > O CuiS slapisio 59 (e 5 (2] S0AS
99955k 29,488 (pS9) (25 laddls (BN L g (a
Ao ) g 4ldgy o] Cewd il 50 gy &lag) 4 (..
Al bl o] )3 0ad (6503l a8 (cla pito g

1- Violin plot
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Febly e (339 9 (oo (1j9 o 4 Wi g Wi off) abaily
Lmyiall ol 13l o i slayzall JS slas N g pli LasS
(V) adayly 3l ooz wl Ly WHO [asLis awle jglaie 4 a8
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q; =C; /S; x100 (v)
oolsl o bl o jlome Jladie Sig iges 3 el o clale
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Figure 3- Variation of monthly water quality parameters measured in Rudbar and Astaneh stations (1987- 2017)
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Table 6- Pearson correlation coefficient and significant level between water quality parameters in Rudbar (a) and Astaneh
(b) stations
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4- Truncation
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1- Clustering
2- Agglomerative Hierarchical Clustering (AHC)
3- Similarity
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Figure 4- Dendrogram of water quality parameters in Rudbar (a) and Astaneh (b) stations
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Figure 5- Frequency of water quality parameters in Rudbar and Astaneh stations after sub-indexing step
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Table 7- Eigenvectors, contribution and scores of quality parameters principal components 1 and 2
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Figure 6- Principal component analysis of water quality parameters in Rudbar (a) and Astaneh (b) stations
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Introduction

Farmers and agricultural products face many risks, including adverse weather conditions, pests, diseases, and
changes in product prices, laws, and regulations. The first step in managing and minimizing many of these risks is
often choosing the right crops for the area under cultivation; Therefore, knowing whether these lands are suitable
for a particular crop can determine the success or failure of agricultural strategies. Because farmers are exposed to
climate change and the economy, where agricultural frameworks are changing at an unprecedented rate, it is vital
for them to be able to adapt to new trends. Increasing the availability of land suitability information for agricultural
products will be a valuable aid for farmers and managers in this field to develop new agricultural strategies. At the
same time, the growth of computational capabilities and increased access to geographic data has made land
suitability assessment faster and easier.

Materials and Methods

The study area is located in Abik city, a city located in Qazvin province of Iran, between 50 degrees and 40
minutes to 50 degrees and 41 minutes east longitude and 35 degrees and 52 minutes to 36 degrees and 21 minutes
north latitude. The average annual soil temperature at depth of less than 50 cm is 15.8 °C and has thermal heating
regime. Furthermore, according to the average rainfall of the region, 222.7 mm, the humidity regime of the region
is of Eridic type. Moisture and heat regimes were obtained by Newhall software. According to regional conditions
and the size of the area, 60 profiles were drilled for network description and sampling. Field studies including
determination, drilling, description of profiles, slope percentage, etc. were determined at the site. Information on
soil physical and chemical properties were tested. Parametric, American (USDA) and LSP methods were used to
evaluate the land. Necessary climatic characteristics for annual plants include the climatic variables that are
necessary to determine the growing season, planting date and type of cultivar. The information of Buin Zahra
synoptic station has been used. In this study, CROPWAT software was used to calculate the potential
evapotranspiration. Land information such as slope, drainage Condition and flood absorption, as mentioned in the
profile description card, was used to assess land suitability. Growth period was also obtained for the region using
the area agronomical calendar. To calculate potential of production, the model AEZ which is provided by FAO, is
used in this research.

Results and Discussion
The decrease in the suitability of the studied lands for the wheat crop is due to the salinity and sodium content

of the lands and the presence of surface gravel and shallow soil depth. According to the provided tables and maps,
18% of the study area is unacceptable, 12.5% is average, 12.5% is good, 25% is very good, or very good and
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31.25% of the total study area are in the excellent fitness class. The above values have been obtained by considering
the rangeland and saline sections as well as the type of product in preparing the fit map. The accuracy of the
preferred rational scoring method in land suitability is higher than the parametric method because in this method
the land suitability maps of the area are obtained by logical collectors and the output map is the result of all
parameters and constraints that the area may have. To have the desired. In the parametric method, this problem is
summarized in soil properties and climatic conditions. Due to the lack of direct measurement of product
performance, more accurate comparisons were not possible.
Conclusion

Most of the restrictions were in shallow hilly areas with shallow soils and pebbles, and salinity, alkalinity and
gypsum did not impose any restrictions in these areas. Traffic in these areas was difficult and they were mostly in
the S3 class by the parametric method and the poor and unacceptable class in the LSP. In land evaluation using
LSP method, understanding the relationships of criteria with each other and the amount of impact that each has on
the potential of land for different uses is essential. The LSP method is sensitive yet flexible, and may not work
well if the data accuracy and number of parameters are low. The application of GIS-based LSP method showed a
suitable tool to create accurate, flexible and rationally justifiable criteria in assessing the capability and suitability
of land in agriculture. In such studies, by using the Bayer LSP method, prerequisites such as precisely defining the
goals of users, managers and agricultural expertise should be considered. This method is a multi-criteria evaluation
method that has been improved for measurement among decision makers, land management and other specialties.

Keywords: FAO, Land suitability and capability, LSP method, Parametric method
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1- Geographic Information System (GIS)
2- Remote Sensing (RS)

3- Logic Scoring of Preference (LSP)

4- Perpendicular Vegetation Index (PVI)
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1- Multi-Criteria Evaluation
2- User friendly interface
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3- Definition of attribute criteria
4- LSP aggregation structure
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1- Agro Ecological Zoning (AEZ)
2- Developing Attribute Tree
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Table 1- Determining land characteristics (feature tree)

o)) s Y PR FORAER
2. Lands suitability 1. Lands Capability
w8l V=¥ RE KRR
1-2 Climate 1-1 Topography
(+) o G55 Y=V=Y 7 (+) Lad V-V (+) i V=1

2-1-1 Temperature (+) / 2-1-2 Water stress (+)

dladl Y-Y
2-2 Economic
(+) Jgpazeo 3,Shos Y=Y=Y / (+) Jpamo Cuogd V-Y-Y
2-2-1 Product price (+) / 2-2-2 Product performance (+)

Loy g yiawd Y=V
3-2 Accessions
(+) (= sloodls 4y (o yiwd Y=Y=Y/ (+) Lol (sboosls &y o yiawd V=YY
3-2-1 Access to main roads (+) / 3-2-2 Access to side road (+)

Co e Y=Y
4-2 Management
(+) bl ol V¥ (+) Jgazme £93 VY-V
2-4-1 Type of product (+) / 2-4-2 land use (+)

ol culls oy
5-2 Capability lands

F-0-Y | (+) SB Gos 0-0-Y / (+) Sal ¥=0-Y / (+) 0jsy i Y=0-Y / (+) cdl Y-0-Y / (+) cud V-0-Y

SAR Ve—0-Y / (+) OC a-0-Y / (+) (5,0l ogaste py A=0=Y [ (+) iSa) Y=0-Y | (+) Lo i3 ;d
(+) & WW-0-Y | (+) GeslS Jols cudylo \Y=0-Y / (+) EC \V-0-Y / (+)

2-5-1 slope (+) / 2-5-2 texture (+) / 2-5-3 gravel (+) / 2-5-4 lime (+) / 2-5-5 soil depth (+) /
2-5-6 Available water (+) / 2-5-7 Drainage (+) / 2-5-8 bulk density (+) / 2-5-9 OC (+) / 2-5-

10 SAR (+) / 2-5-11 EC (+) / 2-5-12 cation exchange capacity (+) / 2-5-13 gypsum (+)

1-1-1 Slope(+)
SB Oluogas Y-)
2-1 Soil properties
(+) 030y S Y=Y=V [ (+) <l \-¥=)
(+) Sal ¥-y-\ /
1-2-1 Texture (+) / 1-2-2 gravel
(+) /1-2-3 lime(+)
Bos YN
3-1 Depth
(+) odisSdgizm0 Y g S Gas V-Y=)
(+) oS oyiad y> T Y=YV /
1-3-1 Soil depth and limiting layer
(+) / 1-3-2 water available to
plants(+)
STy ¥
4-1 Density
e Y=¥=) [ (+) (iSaj V-F-)
() 2l pogase
w2 ()5 0333
1-4-1 Drainage (+) / 1-4-2 bulk
density (+)
SK gpdols 0-)
5-1 Soil fertility
-V / (+) EC y-0-V / (+) OC y-0-)
ol e s -0-1 / (+) SAR Y-0
() &5 00V [ (+) g
1-5-1 OC (+) / 1-5-2 EC (+) / 1-5-
3 SAR (+)/1-5-4 CAC (+) / 1-5-5
Gypsum (+) ) )
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Table 2- Land Capability standards

(Class) asb
1 2 3 4 5 eicht 039 t
ei ercentage
(Criterion) ,Lxo ght (p %)
o <5 58 815 1530 >30 30
Slope (percentage)
b S Sed T % BT _ 6
Slope direction Northern South Eastern South
B >75 75-50 50-25 1025 <10 25
Soil depth (cm)
o) e 2030 30-40 0-20 >40 - 20
Clay (percentage)
ek >5 35 13 <1 - 15
Organic matter (percentage)
ke ds) 0-2300  2300-2700 2700-3000 >3000 - 4
Height above sea level (meters)
n oyl 6)916‘9 (gdmy Al o 0 dalgs st b Shg opl sl X =1/19 (v)

Lo (b)) ytel)l (sly (I sl Sy s sl Sy
9 xSojIul sl el Jlainyge Slanl g Ll (585 aiy
hsiehly 93 &8 35— QLl (Juo el jio (g 93 b))
e cnl & 055 ol ' Slojer Joo b aS (uy 0 Glojer
ol b g3gy9 dan dhard g, 5> .5l soft | hard wlgs oo
S P92 yimo Spgmo )3 9 Bgb (cy g o b b g M
Anlgs jho b yiall sy (5,1 (58558053 (g (295 Bisd9yg
e R Sl lasdgys Tpsdgmen » S Iy 09
423 By g debl cod ol (133 yio 4 Ll (63959 o
2 el plod Wb ke (S 5 20 o als 1) (e wls
A3)90 308 (Sl (oL Oy cnl 3 bl osllae Ll
o3li ] TS g3guen | I el dalgss 1) Cgllas 5,Sles
(Montgomery et al., 2017) 5 .~

Cos @ &S 53sf ol gan & gl Slojon clo Jie
14 (C+, CA, C+-, C+, CH+, C) xS o g5l o |,
3 35 (pl ) Blord i pe (San o (p F 598 U iduns
ol oa 5 o3lai ] (e3gad yi b il jglateay CH+ o
2 &S olessS xex o hey opl 3 (Montgomery et al., 2017)
o 1317 535 ol eSle L o GCDP b |y ol ol IS
:(Montgomery et al., 2016b) 1555 o 354
GCD(Xu,....Xn) = (WiX1" + ...+ WoX)r o)

4- Aggregator
5- Generalized Conjunction/Disjunction
6- Weighted Power Mean (WPM)

S gdecal sy a0 L VA ST PO oy bod dioly (ST
2l oo Cawd 4y dlal,

x= (35-1)/(35-19) ()
2,5 Gy i S5 4 ol

x =max (0, min (1, t/19) 0, max), x € [0, 1]  (¥)

b sl g0 4 93909 Shy sl bylre jliel &
2 ske 3905 30 o 5yl Sy ol sl Slae 295 3l eolits]
Aidyge (Shg Wl (b Sucold ) Glie orimaglis (Shy
(Montgomery etal., 2017.Montgomery et al., 2015) ¢!
4 Blale + oS 2,5 o0 (Bl Cogide 1 @l S 399 12 &
ol ly Jol8 s 5 ) ie &S Jb s Can s (o B Ao gao gun
Cbul cow W plgs b o o 1)l CublB (gly jlre 355 23 o
adol Jlxo 250 o ¥ o ¥ Jolis 10 cwls by il oui
(Montgomery et al., 2015) ..

o8l lo Sy sl b jleme (Sl el 251 sl
s o) Slodds Al b L) Cubl g Co e da i 5 ola 3
5 l—ail clazl Joloe b ioles sy (gdiaat o
Sad Bl S bl ) asmecuw

LSP =i Al
ol Ol y3 939y9 (Sho N & adgl sloyline Jlos! 5l
1- Simultaneity

2- Soft Partial Conjunction (SPC)
3- Hard Partial Conjunction (HPC)
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Table 3- Limits of Input standards

CoantU5 N 3 1aio) (1 cawlis 1 (gdas jlaie)} (S59 b Hlre

S0g,S {(n 1as g asly
Grouping  Criterion or attribute { (numeric value 1, Suitability 1); Codes
(value of number n, Suitability of n)}
) 1(35 0) (19 1) (0.0)} =(Temperature criterion) Les ,lae )
CIT*”' {(35.0) (19 .1) (0.0)} = W oC
imate ; ater Capacity Ratio
{(20 1) (0.0)} =(Water stress) I i
ol {(1300.1) (0.1000)} =(Product COSt) Jguasro crosd Toman
Economical {09 1) (0. 0)} =(Crop yeild) Jgames 3,Skos Ton/Ha
oo > 1(2000 0) 200 (1) (100 (1) (0,0)} =(Main road) Lol esl> Meters
Access {(1000 0) (700 1) (25 0)} = (Side road) s o3> Meters
e {(11) 40)} =(Product type) Jsaxe g5 Wheat (1), Maize (2), Barely (3), others (4)
- _ ) Urban (1), Dry farming (2), irrigated agriculture
Management (3 1) (0d)=(Land use) sl s p,8 (3). Range (4), Sailing pasture (5)
(Slop) cws ={(11) (25 0)} %
Texture) csb = {(L 5) 0.0)} L (5), CL (4), s|C|_-s|(c0)(3), C(2), SL (1), LS-S
(Gravel) o3 S = {(12 1) (70 0)} %
(lime) Sl = {(15 1) (50 0)} %
(depth) 3es = {(190) (0. 30)} cm
w2l b (Available water) s> ;> oI = {(115) (0. 7); WD-MWD (3), SPD-SWD-SED (2), PD (1),
Land (Drainage) .:S»; = {(1.3) (0,0) } VPD (0)
Capability g1k density) (¢ alls ogasie py2 = {(1.8 0) {14 4) (LO)} glem?
(Organic carbon) 1 )8 = {(0.8. 1) (0.3.0)} A
SAR ={(1.10) (80 0)} ((mmol ¢/l) A.5)
EC ={(18) (16 0)} (ds/m)
CEC={(24 1),(5 0)} (cmolc*/Kg)
(Gypsum) &5 = {(3 1) (15 0)} A
S(X,Y) = {(1-W2)[W1X rl + (1-W1)Yri]r2/rl *) Gy 9y ol o2 5Lis GCD (X1, Xn) bxiy) o
+W2Xr2}1/r2 a5 Jloy sla g -l X1, X (6399 caolis il >
r1>0, r2<0 (v) o ool St WisLe i1, n < 0< Wi <1« Wi,..., Wi
;>g’ z (S(’ z) :00 (:) @y pelals sl T el)l s oo (L3 ) X, X (slas39)9
> 1 ’ > - e . PR o .-
>0, S (>£ X+ )) X+reward, S (X,X-a) = X \( I e e
a>0, ,X+a) = X+reward, X-a) = X- . I .
pengltyz b 2 d oo zon oo )L )0 4y )b e 4y o639

oSl b wg wilgy 0 (F112) o olgs o (WL W2) a5
29— melad Toslhe Gl il 5 Toglhe ate Ll

.(Dujmovi¢, 1979)

4- Desired Average Reward

claedgyg oS5 bl e 4 JS (g3 b S &S S
Dujmovic and ) 54 e 03l | CPAY &b 5l o g,lis !l o (gLl
9 X )bl (639)9 gloinl LS (595 —wls .(Larsen, 2007

i(Dragicevic et al., 2018) s34 o amwlore Y (5)Lid] (53959

1- Replaceability
2- Conjunctive Partial Absorption
3- Desired Average Penalty



Vo) T — oo oF 0,leds FF als (S g ol 4,25 FPA

aw Gl Uiy ol ol o] s bl il sy N nS ol
ol odol ¥ Joa 13530 g g3 pAS Joammo

F o U psS Jpa o lp adllaesjgo (o8 Ll oo U5 als
15 G g (Pl o) K 3929 9 (05 1) (O (et 959
OhlSer 5 plide s (en 5 Sgwge bawg @l (pl conl SB
Sarmadian et al., Mousavi et al., 2017) cuwl oxds Aol 5
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hoolaw] &S oly i liw gy Cubd yob S 3 puiS W)g
g Gl 0392 by ol Sl Sowlio pod aiyy S el (b9,
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.(and Keshavarzi, 2011

O 90955 325 5 ol (Gladids dajlital b o )hre e g3l
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6- Family

7- Aridisols
8- Inceptisols
9- Entisols
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1- Asymmetric Aggregation

2- Aggregation

3- Analytical Hierarchy Process
4- Raster GIS environment

5- Profil
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Table 4- Classification of soils and land units

b &, S ol LX), ol sbasly
Witness profile number Classification Land units
6 Fine, mixed, termic Sodic Haplogypsids 1
4 Fine, mixed, termic Vertic Natrigypsids 2
1 Fine loamy, mixed, termic Typic Haploxerepts 3
23 Fine loamy, mixed, termic Gypsic Haplosalids 4
27 Fine, mixed, termic Gypsic Aquisalids 5
24 Fine, mixed, termic Typic Aquisalids 6
25 Fine, mixed, termic Typic Aquisalids 7
40 Fine loamy, mixed, termic Typic Calcixerepts 8
35 Coarse loamy over fragmental, mixed, termic Typic Haploxerepts 9
39 Fine loamy, mixed, termic Typic Calcixerepts 10
55 Coarse loamy, mixed, termic Typic Calcixerepts 11
36 Fine loamy, mixed, termic Typic Haploxerepts 12.1
41 Fine loamy, mixed, termic Typic Haploxerepts 12.2
54 Fine loamy, mixed, termic Typic Haploxerepts 12.3
7 Loamy skeletal, mixed, termic Typic Calcixerepts 13
9 Loamy skeletal, mixed, termic Typic Calcixerepts 14
8 Coarse loamy, mixed, termic Typic Calcixerepts 15.1
52 Coarse loamy, mixed, termic Typic Calcixerepts 15.2
30 Coarse loamy over fragmental, mixed, termic Typic Haploxerepts 16
11 Loamy skeletal over fragmental, mixed, calcareous, termic Typic Xerorthents 171
10 Loamy skeletal over fragmental, mixed, calcareous, termic Typic Xerorthents 17.2
31 Coarse loamy, mixed, termic Typic Haploxerepts 18.1
58 Coarse loamy, mixed, termic Typic Haploxerepts 18.2
33 Fine loamy over fargmental, mixed, termic Typic Haploxerepts 19
34 Fine loamy, mixed, termic Typic Calcixerepts 20.1
49 Fine loamy, mixed, termic Typic Calcixerepts 20.2
12 Fine loamy, mixed, termic Typic Calcixerepts 20.3
50 Fine loamy, mixed, termic Typic Calcixerepts 204
13 Fine loamy, mixed, termic Typic Calcixerepts 20.5
21 Fine loamy, mixed, termic Typic Calcixerepts 21
48 Loamy skeletal over fragmental, mixed, calcareous, termic Typic Xerorthents 22
16 Loamy skeletal, mixed, calcareous, termic Lithic Xerorthents 23.1
19 Loamy skeletal, mixed, calcareous, termic Lithic Xerorthents 23.2
46 Fine loamy, mixed, termic Typic Haploxerepts 24
45 Loamy skeletal, mixed termic, Typic Calcixerepts 25

60 Fine loamy, mixed, termic Typic Calcixerepts 20.6
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Table 5- Results of land suitability assessment by square root method for three crops of wheat, barley and corn

(Product) Jgasxo

s b ol e 0}
(Land suitability) &1, cuwl irrigated Barely Irrigated wheat Corn
(Vi ki) 736 732 720
High suitability
(boogie cols) Lo 736 736 734
Medium suitability
(5" euls) 1 712 716 736
Low suitability
(ol L 716 716 720
Unsuitable
A + e & e
Lozal, Local,
() ) ks rz )3 aaddd
it £L o
I s \ I s;
B s2 P B s
| s1 B s
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Figure 3- Final map of land suitability by square root method
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Table 6- Land suitability classes LSP method (Montgomery et al., 2015)
oyl el oS
Class of land suitability

oyl gl S ald
Range of land suitability

(Unacceptable Suitability) Jos b5 e culs 0-0.13
(Very Poor Suitability) chias L& cwls 0.13-0.3
(Poor Suitability) cass cosls 0.3-0.4
(Average Suitability) Luwgie cals 0.4-0.5
(Good Suitability) wos cwls 0.5-0.6

(Very Good Suitability) we LS culs 0.6-0.8

(Excellent Suitability) Jle cwls 0.8-1
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Table 7- Comparison of LSP and USDA methods

Sl la oS . . .
. LSP (sigy & Cuils o5l ol Sl g WIS USDA (g, & Cuil® (b
) . Capability assessment by LSP Land suitability classes for ~ Capability assessment by USDA
Land capability method USDA method
classes
Excellent 52.7 | 222
Very Good 11.8 1l 16.7
Good 8.3 i 111
Average - - -
Poor 8.3 v 25
Very Poor - \Y 8.3

Unacceptable 19.4 VI 13.8




vy

or Py (b (O3l gy 9 Sy plyly (S Sy A lio ;0 g (b ko s

O3l 9 pgd ddiay o) (o8 I e W5 aS s polie auylie
aibate )3 )3 Jypazme 3)8es (Blg polie L LSP 29y (v 5
Ped Addisy Liay gly &S Caw lodd oyl £ S o Slallles
LSP 39y sly el </YY 5y RMSE  +/A il R? jliée
Casl +/8Y 51y RMSE g «/AY 1y R? lids

Jomo 2 88 (6815 ke 5 ;500K b ajhns Lulg) S35 o
LSP (g p 3> calises (slos)8 (sl (o)l skl () 2
SR GIS 5o LSP gy (pooren .l 0d b s e
P ang BB alais g Calasio (380 (ol )lxe Dbl (gl wlis
055 50 (so25 S bg) 4 Cumn s (08 [l aw U5 g bl 0L 5)|
syl 2w cwl DB LSP g, .l (g5l
Vg Hile 503 Jghite (sla by) 4 Cumi | (6399 sl )line
calise (slagyjg QL] a5 cudls a5 )3 b 250 2 )3 pgd A
LSP (9, b (295 loa—idl )5 (295 B lacgls wly oo
5l pyiyllasi] o e 3 g ol LSP j3g, 55 sloxy)
Cl Koo 3bl oS ol )l olawi g laodly e8> oS S )90y
OhBen 5 (5095590 b ¢ @l (pl b b ad 1 065 5,Sles
Montgomery . Montgomery et al., 2015) ¢l o sl 5
J(etal., 2017

10.00
9.00
8.00
7.00
6.00
5.00
4.00

y=0.0769x + 2,1976
R*=0.80

Jgeamo Jladio (ton/ha)
crop yeild (ton/ha)

2 30 .
200
100
0.00

0 10 20 30 40 50 60 70 80

{%)ags a3 sl
land index square root method (%)

90

(ton/ha) Jpama Jode

09y 5 e W e W 3 (e 5 (dilate (a35ltel (b9, B
2 Dl o W5 load & ol (9 53 1)t | it S5 el
oy Ak g An] e Cawd 4 dlate (lnosiiS ren o o ddlaie
dalats Cwl (Son oS Cwl olacudgise o b yielyb plod Ao
Gluo gad 2 diws pl Soyielyl (o) )0 b b ais 1> Haisse
5 0l b 35 @l ol 9 (o0 o M8 lsmgl Laylyd 5 S8
OWlSKen 5 095290 o (Luan et al, 2021) o )lSan
b ol 50 (Montgomery et al., 2015)
s S Excellent b Jle ol b ST ol gy S
Jsamo sl o Ve g 9 Jouame glp OT oy V5 pulS
SV gasme dod .ol YU cow 15 Ly o)l] cov clls 3 o))
I oo VYD > (e 5 hhate (35kiel By, 1> 368
cuw lo oyl 1o 20 o> (glp Jg sy Lli8l puiS 9 yd
godd Jloel oo 055 Al D Joasw goi Cunl aidly ials
09,5 A A5 dupd Alls job & Jgave o cwll 4 il
s 1S5 ol o 5 )3 5 0ad e I gbaigg b oo
xS sl Saprell gy > N L Jsd Sy el b ()]
3 el ped el Coawd A o 3 Yo VENE LS 4 O e

ol Cawd 4y
9
y= 01127x + 0.6216

) R2=0.869

7

3
Z s
3
=]
£ 4
=
O .
=
g 2
o

1

4]

0 10 20 30 40 50 60 70 80

(%) LSP 5, 31| il
LSP method land index (%)

g 3 Sdoas Jule g ol dwlime o8l,) (ad b o dbly - S
Figure 6- The relationship between the calculated land index and the actual yield value



Vo) T — oo oF 0,leds FF als (S g ol 4,25 VY

5l J—ols gobs w3 )08 bl cls oM o SB oS
(R%, RMSE) (¢ bl (slos yzol,b b iyl g 5 ,Shas duléo
Py Jgame (gl LSP g pgd d iy Jdo 50 s a4l
& Coud LSP hg, 5l ol zuls a8 odly lis adllasdyge (o)

lyodds casloy Jpae jlako b (g b (St pgd iy ()
) o oyl

S 5 4o

alzy 009y o2 Ll G W osmileg ol | ool ol 5

PUS (0y3) ol Y gase ool ks (oS LSP jbg) g pgd
5 s b M8 5 laiald Cudd 8155508 sladsly by (o>
oM 3 i (Vb S Sl Culin (s Baas 45 o8 £l

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

o 95bj cud b ag g 008 (B35 slassly g Sl el

&l

Ahmadi, O., Alamdari, P., Servati, M., & Khoshzaman, T. (2021). Investigate the suitability and capability of lands
using parametric methods to achieve sustainable development. Geography and Development Iranian Journal 18(61):
1-28.

Cheshire, L., & Woods, M. (2013). Globally engaged farmers as transnational actors: Navigating the landscape of
agri-food globalization. Geoforum 2013 44: 232-242.

Dujmovi¢, J7.J. (1979). Partial absorption function. Publikacije Elektrotehnickog fakulteta. Serija Matematika i
fizika, 156-163.

Dujmovic, J.J., & Larsen, H.L. (2007). Generelized conjunction/disjunction. International Journal of Approximate
Reasoning 46: 423-446.

Dujmovi¢, J.J., De Tré, G., & Van de Weghe, N. (2010). LSP suitability maps. Soft Computing 14(5): 421-434.
Dragicevi¢, S., & Hatch, K. (2018). Urban geosimulations with the Logic Scoring of Preference method for agent-
based decision-making. Habitat International 72: 3-17.

Dragicevié, S., Dujmovié, J., & Minardi, R. (2018). Modeling urban land-use suitability with soft computing: the
GIS-LSP method. In GeoComputational analysis and modeling of regional systems (pp. 257-275). Springer, Cham.
El Baroudy, A.A. (2016). Mapping and evaluating land suitability using a GIS-based model. Catena 140: 96-104.
Hashem Vand Khianani, P., Sarmadian, F., & Afraz, S. (2015). Investigating the suitability of blue corn products
using GIS and AHP in Qazvin plain lands. International conference on Modern Research in Agricultural Science and
Environment. Malaysia — Kualalumpur.

Hatch, K., Dragicevi¢, S., & Dujmovi¢, J. (2014). Logic scoring of preference and spatial multicriteria evaluation
for urban residential land use analysis. In International Conference on Geographic Information Science (pp. 64-80).
Springer, Cham.

Lennox, E. (2015) Double Exposure to Climate Change and Globalization in a Peruvian Highland Community.
Society & Natural Resources 28: 781-796.

Luan, C., Liu, R., & Peng, S. (2021). Land-use suitability assessment for urban development using a GIS-based soft
computing approach: A case study of Ili Valley, China. Ecological Indicators 123: 107333.
https://doi.org/10.1016/j.ecolind.2020.107333.

Mgller, A.B., Mulder, V.L., Heuvelink, G., Jacobsen, N.M., & Greve, M.H. (2021). Can we use machine learning
for agricultural land suitability assessment?. Agronomy 11(4): 703.

Montgomery, B., Dragiéevi¢, S., & Dujmovi¢, J. (2015). A soft computing logic method for agricultural land
suitability evaluation. In Proceedings of GeoComputation 2015 Conference. Dallas, USA (pp. 298-304).
Montgomery, B., & Dragicevi¢, S. (2016 a). Comparison of GIS - based Logic Scoring of preference and
multicriteria evaluation methods: urban land use suitability. Geographical Analysis 48(4): 427-447.

Montgomery, B., Dragi¢evi¢, S., Dujmovié, J., & Schmidt, M. (2016 b). A GIS-based Logic Scoring of Preference
method for evaluation of land capability and suitability for agriculture. Computers and Electronics in
Agriculture 124: 340-353.

Montgomery, B., Dragiéevi¢, S., & Dujmovi¢, J. (2017). Using soft computing logic and the logic scoring of
preference method for agricultural land suitability evaluation. In Advances in Geocomputation (pp. 217-227).
Springer, Cham.

Mosleh, Z., Salehi, M.H., Jafari, A., Mehnatkesh, A., & Esfandiarpoor Borujeni, 1. (2017). Assessing the
performance of digital mapping approaches for the qualitative land suitability evaluation (a case study: Shahrekord
Plain, ChaharmahalVa-Bakhtiari Province). Journal of Water and Soil 32(1): 87-99. (In Persian with English
abstract)

Mousavi, S.R., Sarmadian, F., & Taati, A. (2017). Land suitability evaluation for irrigation alfalfa in some Qazvin
plain with FAO method and Geographic Information System. 15" Iranian Soil Science Congress, Isfahan, https: //


https://doi.org/10.1016/j.ecolind.2020.107333

¥vo

cee Py (Flie (o835l b9y 9 S yRelyl sy el (o) g Gbde

20.

21.

22.

23.

24.

25.

26.
27.

civilica.com/doc/729488

Mulder, V.L., van Eck, C.M., Friedlingstein, P., Arrouays, D., & Regnier, P. (2019). Controlling factors for land
productivity under extreme climatic events in continental Europe and the Mediterranean Basin. Catena 182: 104124.
https://doi.org/10.1016/j.catena.2019.104124.

Sarmadian, F., Moravvej, K., Mahmoodi, SH., & Ebrahimi-khomami, S.M.R. 2003. An investigation of land
suitability evaluation for irrigated crop, using remote sensing and geographical information system techniques in
parts of VVaramin Plain. Iranian, Joalur Agriculture Science 34(4). (In Persian with English abstract)

Sarmadian, F., Keshavarz A., & Asgari, M.S. (2009). Land suitability assessment for irrigated wheat in Takestan
region using fuzzy set theory, 11" Iranian Soil Science Congress, Gorgan. (In Persian)

Sarmadian, F., & Keshavarzi, A. (2011). Investigating the efficiency of fuzzy set theory in assessing land Suitability
for irrigated wheat in Qazvin Province using hierarchical analysis and multivariate regression Process Methods.
Iranian Journal of Soil and Water Research 42(2): 199-207. (In Persian)

Shen, S., Dragiéevi¢, S., & Dujmovi¢, J. (2021). GIS. LSP: A soft computing logic method and tool for geospatial
suitability analysis. Transactions in GIS 25(3): 1228-1248. https://doi.org/10.1111/tgis.12768.

Singha, C., & Swain, K.C. (2016). Land suitability evaluation criteria for agricultural crop selection: A
review. Agriculture Revolution 37: 125-132.

Storie Earl, R. (1976). Storie index rating. Division of agriculture science university of Callifornia special pub. 3203.
Tashayo, B., Honarbakhsh, A., Azma, A., & Akbari, M. (2020). Combined fuzzy AHP-GIS for agricultural land
suitability modeling for a watershed in southern Iran. Environmental Management 66(3): 364-376.


https://doi.org/10.1016/j.catena.2019.104124
https://doi.org/10.1111/tgis.12768

Journal of Water and Soil
https://jsw.um.ac.ir iy

Research Article
BT Vol. 36, No. 4, Sep.-Oct. 2022, P. 477-491

Effect of Soil Amendments on Physiological Responses of
Lycium depressum Stocks to Drought Stress

S. Mohammadi!, A. Sepehry?, M. Farzam*', H. Barani*

Received: 16-05-2022 How to cite this article:
Revised: 14-06-2022 Mohammadi, S., Sepehry, A., Farzam, M., & Barani, H. (2022). Effect of
Accepted: 17-08-2022 Soil Amendments on Physiological Responses of Lycium depressum Stocks

Available Online: 21-11-2022 to Drought Stress. Journal of Water and Soil 36(4): 477-491. (In Persian
with English abstract)
DOI: 10.22067/JSW.2022.76508.1163

Introduction

The aim of the present study was to investigate the effect of soil conditioners on physiological responses
(stomatal resistance, leaf temperature, chlorophyll, percentage of root colonization, carotenoids, proline) of
Lycium depressum Stocks to drought stress. The experiments were performed in semi-controlled greenhouse
conditions.

Materials and Methods

The experiment was conducted as a factorial experiment based on a completely randomized design including
the main factor, irrigation at 4 levels (100, 75, 50 and 25% of field capacity) and the sub-factor of soil
conditioners. In each combined treatment, 5 repetitions of irrigation and soil remediation and a total of 160 pots
were used. Subsoil treatments including hydrogel and nitrobacter, mycorrhiza and zeolite were added to each
pot. Five hundred cuttings of the target plant were planted in the greenhouse. The grown cuttings were
transferred to the pots where the experiments were carried out. At each irrigation level, 40 pots containing 4 kg
of vegetation soil of the target species were considered and the field capacity (FC) of the target soil was
determined in the soil laboratory. A total of 160 pots were placed in the greenhouse for testing. The main
treatment of the experiment included irrigation levels (100, 75, 50 and 25% of the FC) and sub-treatments of soil
conditioners including Stacosorb hydrogel in the amount of 3 grams per kilogram of soil in each pot in the lower
part of the plant roots. Zeolite with the industrial name of mineral zeolite (Mineral Zeolite) was added in the
amount of 8 grams in each pot in the lower part of the root of the plant. Nitrobacter (a collection of strains of
Azotobacter sp, Azospirillum sp and Bacillus sp with the brand name Nitrobacter Diane) was added to the
amount of 3 mL in each pot in the upper region of the plant roots. Addition of mycorrhiza (the mycorrhiza used
in this experiment was Glomus mosseae and was prepared as soil containing mosseae fungi) in the amount of 10
grams per pot in the lower part of the plant roots. After adding soil conditioners, irrigation was done according to
the FC in 4 irrigation levels, in the determined treatments.

Results and Discussion

Measurement of physiological characteristics showed different responses in each of the variables. Carotenoid
changes in 50% irrigation showed the lowest value (p<0.05) and the control treatment without mycorrhiza
showed the highest value in the measurement of chlorophyll and carotenoid at 100 and 75% irrigation levels.
The results of measuring colonization percentage, stomatal resistance and leaf temperature showed the lowest
value in 25% irrigation. In the control treatment, proline parameters and root colonization percentage increased
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under the influence of drought stress, and stomatal resistance parameters, leaf temperature and chlorophyll
decreased under the influence of drought stress. With intensification of drought stress, chlorophyll and
carotenoid contents of the plant increased and the amount of proline decreased in Nitrobacter treatment with
mycorrhiza, which was significantly different from the control treatment. In the control treatment with
mycorrhiza, with increasing drought stress, the leaf temperature increased and the amount of proline decreased,
which was different from the control treatment. Aperture resistance decreased from 48 m?mol.s at 100%
irrigation level to 44 m%mol.s at 25% irrigation. The leaf temperature in the hydrogel modifier without
mycorrhiza decreased from 26°C at 100% irrigation to 21.57°C at 25% irrigation level. In the treatment of
zeolite without mycorrhiza, the amount of chlorophyll b+a increased from 0.6 mg/g at 100% irrigation to 1.20
mg/g at 25% irrigation. The amount of carotenoid in zeolite modifier with mycorrhiza at 100% irrigation level
increased from 0.1 mg/g to 0.2 mg/g at 25% irrigation. In the control treatment with mycorrhiza at 100%
irrigation level compared to 50% irrigation level, 1.5% increase in root colonization was observed. The amount
of proline in mycorrhiza-free hydrogel treatment were 2.77 umol/g and 2.66 umol/g at 100% and 50% irrigation
levels, respectively. Reduction of proline at 50% irrigation level indicates that the hydrogel modifier has
increased the resistance of Lycium depressum Stocks to drought stress.
Conclusion

The results of this study showed that the increase in drought causes changes in the physiological function of
the plant and the use of soil conditioners under drought stress due to the improvement of the physiological
parameters, will increase the resistance of the plant by 50%. Nitrobacter treatments without mycorrhiza,
hydrogel and zeolite with mycorrhiza and without mycorrhiza, due to further improvement of physiological
parameters, are recommended for plants in nature.

Keywords: Chlorophyll, Colonization, Irrigation, Proline, Stomatal resistance
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Introduction

Agriculture is the essential sector for promoting food security. Crop area estimation (CAE) can meet the
requirements of the crop monitoring plan. The organizing basis of the cultivation pattern is recognizing the types
of crops and examining the condition of their crop area. Shush county in Khuzestan province has 300,000
hectares of the crop area. It is one of the agricultural hubs of Iran because it has a record annual production of
more than two million tons of strategic crops such as wheat, sugar beet, and corn. CAE affects the amount of net
production and shortage or surplus of produce for market steadiness. Traditional approaches for CAE are time-
consuming and costly and are not widely enforceable. Remote sensing (RS) data provide good information for
decision-makers by determining the crop type and the crop area. RS data has made it possible to avoid
continuous reference to agricultural lands with less time and cost than another usual method and accurate CAE.
Also, the use of multi-time images during the growing season of agricultural products allows the use of spectral
curves when related to the crop calendar of each crop. This spectral curve is almost separate for each product and
increases the ability to distinguish between products. Therefore, multi-temporal images support segregation
based on multispectral images of products. The current study follows a speedy method with appropriate accuracy
established on satellite image classification algorithms and spectral indices to identify and separate crops with
RS data in Shush County.

Materials and Methods

Landsat-8 data with path/row coordinates 166/38 extracted from the USGS website were used to identify and
separate the cultivated lands of the region. The reason for choosing Landsat images is the relatively suitable
temporal and spatial resolution, availability, and the appropriate time distribution with the product growth
period. The Landsat 8 carries 2-sensors, OLI (Operational Land Imager) and TIRS (Thermal Infrared Sensor).
The OLI sensor with a spatial resolution of 30 meters has 8-bands in the visible spectrum, near-infrared (NIR),
short-wavelength infrared (SWIR), and a panchromatic band with a spatial resolution of 15 meters. The TIRS
sensor can record thermal infrared radiation with a spatial resolution of 100 meters with the help of 2-bands in
atmospheric windows of 10.6 to 11.2 micrometers for band 10 and 11.5 to 12.5 micrometers for band 11. This
research used bands 1-7 of the Landsat-8 OLI sensor with a spatial resolution of 30 meters after the initial
corrections of satellite images. The spectral similarity between the region's dominant crops has made it
impossible to select a single image to differentiate and extract the cultivation pattern. Wheat and barley have a
high spectral similarity. The peak of the greenness of these products is in the first four months of the year, which
has high NDVI values at this time. Therefore, choosing a good time to separate the crops was feasible by
referring to the Khuzestan Organization Agriculture-Jihad (KOAJ) and receiving the regional crops calendar in
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2018-19. Then, the low-level cloud cover images on April 24, June 27, and August 30, 2019, were selected for

classification based on the crop calendar. Planting, harvesting, maximum greenness, and ripening information of

the dominant crops in the area were pivotal in obtaining image dates. In dates selected related to the images were

considered planting, harvesting, maximum greenery, and ripening information of the region's dominant crops.
Results and Discussion

According to the results, from total crop area in Shush county (163313.7 hectares) is allocated about
103513.2 hectares (63.4% of the county's crop area) to the ANN, about 102875.1 hectares (63.0% of the county's
crop area) to the SVM, and about 102,277.3 hectares (62.6% of the county's crop area) to the NDVI, which in
comparison with the KOAJ statistics, has an error of 0.11, 6.2 and 1.8%, respectively.

This difference is the similarity of the reflective spectrum in some places, which affects the separability and
recognition of phenomena and increases the error in estimating the area under cultivation of different crops. The
highest and lowest errors in estimating the area under cultivation in the artificial neural network method were in
barley and rice crops, respectively, in the support vector machine method were in wheat and rice crops,
respectively, and in NDVI index were in wheat and barley crops, respectively. The difference between the
cropped area obtained from classification methods and NDVI index with cropped area statistics of Agricultural-
Jihad Organization may be due to the following: First, the cultivation history of different has caused problems
such as reflections of diverse agricultural lands in one image. Second, the agricultural lands in this area are
small. Most of them are under one hectare. Also, the crops in this area are diverse. Third, the smallest region that
the image used in the present study can distinguish is about 900 square meters, which is a large number for the
agricultural lands of the study area and causes errors.

Conclusion

The study results showed that the support vector machine method had the lowest error in CAE than the
artificial neural network method, which indicates the higher accuracy of the support vector method in identifying
and separating crops in the region. Comparing the area obtained from the NDVI index with the statistics of the
Agricultural-Jihad Organization of Khuzestan province and evaluating the accuracy of this method indicated the
higher efficiency of spectral indices in CAE for the region compared to classification methods. The NDVI index
minimizes the error values of the results due to having a threshold and better identification of vegetation density.
Therefore, based on the accuracy assessment results and comparing the cropped area with the KOAJ statistics,
the utilization of the NDVI index provides the best CAE in the region.

Keywords: Agriculture, Artificial neural network, NDVI, Shush, Support vector machine
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Figure 1- Location of the study area
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Table 1- Growth period data (Crop calendar) of the region's principal crops in the crop year 2019-2020
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Table 2- Training examples and evaluation used in the classification of satellite images
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Figure 2- MLP neural network Structure
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Table 3- OIF values for color combinations usable in selected images
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Table 4- Results of divergence index calculation for the training samples
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Figure 4- Cultivated lands in ANN method
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Figure 5- Cultivated lands in SVM method
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Table 5- The accuracy evaluation of classification methods
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Table 6- Comparison of crop area estimation of classification methods with OAJ Statistics in the crop year 2019-2020
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Introduction

Increased agricultural activities, the occurrence of successive droughts, and limited freshwater resources, along
with increasing population, have made a priority for the importance of protecting water resources in programs of
developed and developing countries. Due to the climatic conditions in Iran, which has a wide range of arid and
semi-arid characteristics, facing the challenge of water resources crisis, is inevitable. Therefore, the use of
wastewater is very important.

Materials and Methods

This research was conducted in the research farm of Sari University of Agricultural Sciences and Natural
Resources (SANRU), which has a silty clay soil texture. The latitude and longitude of the region are 36° 40’ N and
53° 04’ E, respectively. Its height above sea level is 21 meters. According to Demarten classification, Sari city has
a temperate humid climate. The long-term average temperature of Sari is 11.18 °C and the total long-term rainfall
is 780 mm. In order to evaluate the wastewater effects on soil chemical characteristics, microelements
concentrations, heavy metals accumulation and Maize yield (Single Cross 704), an experiment was carried out as
factorial based on a completely randomized design with treatments included; Water source factor (wastewater
(A1), well water (A2)), Irrigation (subsurface method (I11) and (drip method (12)) with three replication in 2018-
2019 under lycimetric conditions, at the Sari Agriculture and Natural Resources University (SANRU), Iran.

Results and Discussion

According to this study results, the effect of type of irrigation source on soil electrical conductivity, soil
microelements and heavy metals accumulation of the soil was significantly different (P < 0.01). The highest soil
electrical conductivity with a value of 1.8 dS.m™ was observed in the conditions of using treated wastewater. The
highest amount of total nitrogen, phosphorus and potassium were related to the source of treated wastewater with
values of 0.086, 24.2 and 222.2 mg kg, respectively. The results showed that the accumulation of soil Pb (0.07)

and Cd (0.014 mg.kg™) in irrigation with treated wastewater increased compare to the well water source by 0.05
and 0.010 mg.kg?, respectively. Also, the effect of irrigation method and the interaction effect of source and
method irrigation on soil chemical characteristics, microelements concentration and heavy metals accumulation
were not significant. The use of wastewater by increasing soil stability improves soil physical condition, increases
soil fertility, increases photosynthetic products, increases the efficiency of plant photosynthetic system and
ultimately improves plant growth. The use of subsurface irrigation resulted in a 67% increase in grain yield and
28% increase in biomass productivity compared to the drip method. Adequate nutrients during the reproductive
growth stage of the plant play an important role in grain growth. Therefore, it can be said that the nutrients in the
wastewater have increased the grain yield compared to using the well water source. Because the wastewater
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contains nutrients and micronutrients such as: nitrogen, phosphorus, potassium, calcium, zinc and iron were
relative to the well water source and increased maize grain yield. The results showed that the use of effluent
compared to well water, caused the absorption of more Pb and Cd in the grain, leaf and stem of maize. Due to the
use of wastewater as water source, the amount of Pb uptake among different parts of the maize, with values of
27.2, 22.5 and 20.5 mg.g?, respectively, related to the grain, leaf and stem. However, the uptake of Cd in the
grains, leaves and stems was 2.32, 1.35 and 2.01 mg.g?, respectively. According to the results, the high
concentration of heavy metals Pb and Cd due to the use of wastewater in the grain sector directly threatens human
health. Also, the concentration of heavy metals Pb and Cd in the leaf and stem parts of corn, by endangering the
health of livestock and poultry, indirectly affects human health.
Conclusion

The results showed that irrigation with treated wastewater due to its richness in nutrients and microelements,
improves soil fertility and creates favorable conditions by increasing soil organic matter and minerals for plant
growth. Also, according to the permissible threshold values of the concentration of heavy metals Pb and Cd in
plants, the accumulation of heavy metals Pb and Cd in the grain, stem and leaf of single cross 704 corn, will not
be a problem for consumers. Optimal use of wastewater can increase soil fertility and the ability of plants to absorb
nutrients from the soil and ultimately increase plant yield.

Keywords: Electrical conductivity, Grain yield, Heavy metal, Subsurface irrigation, Wastewater
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Table 1- Soil chemical characteristics before and after testing

Folb oialejl 51 oialejl 51 om
Parameter Before experiment After experiment
Ayl pH 7.42 pH 7.6
Sl colun e L EC (dS.m™?) 0.71 EC (dS.m) 1.62
JS oeris N (%) 0.08 N (%) 0.07
yiund P (mg.kg?) 5.66 P (mg.kg?) 17.54
ol K (mg.kg?) 137.26 K (mg.kg?) 234.15
oS Ca (meq.l?) 4 Ca (meq.l™) 7.44
o2 ke Mg (meq.I™) 10.27 Mg (meq.I™) 26.68
R Na (meg.I™) 0.42 Na (meg.I*) 7.60
oy Pb (mg.kg™) 1.33 Pb (mg.kg™) 1.35
pgeedls’ Cd (mg.kg?) 0.04 Cd (mg.kg?) 0.06

b2 ylailiaw] olas! 1 (6579US B )lan (15l O 1 3Lkl jlome v JSTas g Ol ol OF (2leonnsd (51 S 519 bwgio —T Jooo
(Yazdani et al., 2017) &l p! Cowg jlausmo 9 (55598 5bg,le5 ¢ S Cuiligs lojlw

Table 2- Chemical characteristics average of well water, treated wastewater and maximum permissible limits for treated
wastewater application in agriculture according to World Health Organization (WHO), Food and Agriculture
Organization (FAQO) and Iranian Department of Environment (IRNDOE)

$39UWS 81y Sl (gl laibins!

b ole of cla Wastewater standards for agriculture
Characteristics Well water wastewater 2/1vgz|20) FAO (2006) IRNDOE

pH Al 73 8.07 6.5-8 6.5-8 6-8.5
EC (dS.m™) Sy colia 0.77 0.98 0.7 0.7 -
NTU EpgsS 10 3.48 - - 50

TSS (mg.I"Y) Glxo 2ol dlge IS 16 39.71 - - 100
TDS Jsloee dals Sg S 501 632.57 450 450 -
TP (mg.IY) o) 2.22 413 4 4 6

Cod (mg.I™") wbows (als 3] 3 18.93 - - 200
N (mg.I?) JS Ciaps 0.6 11.45 - - -
Ca (mg.I") oS 60 74.29 - - -
Na (mg.I™) pURw 73.6 97.26 - - -

Mg (mg.I™") e 16.8 20.57 - - 100

CoD(mg.I?) losdion oles eS| 1 6.51 - - 100
Pb (ug.I) oy 0.31 0.15 5 5 1

Cd (ug.I'h) posadls’ 0 0.01 0.01 0.01 0.05
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1- Eriochrome Black T
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Table 3- Analysis of variance the effect of source and irrigation method on chemical characteristics, heavy metals
concentration
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& vy
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i (ds.m™) (%) (mg.kg™) (mg.kg™) (mg.kg-1) (mg-kg-1)
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&_Jl 25 — 5
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Figure 1- Comparison of the effect of using irrigation water source on electrical conductivity (a) and soil acidity (b)
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Figure 2- Comparison of the effect of using irrigation water source on the concentration of high consumption elements (total
nitrogen (a), phosphorus (b) and potassium(c)) in soil
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Figure 3- Comparison of the effect of using irrigation water source on the accumulation of heavy metals lead and
cadmium in soil
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Table 4- Results of analysis of variance Effect of source and method of irrigation on yield, concentration of heavy metals adsorbed in corn
(single cross 704) and drainage from irrigation
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Table 5- Results of analysis of variance Effect of source and method of irrigation on yield, concentration of heavy metals adsorbed in corn
(single cross T04) and drainage from irrigation
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Means that carry the same letter on each column have no significant difference
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1- Food and agriculture organization of the united nations
2- World health organization
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Introduction

Precipitation is one of the most important input parameters of the hydrological models for rainfall-runoff
simulation, which due to the lack of proper dispersion of rain gauge stations and the newly established some of
these stations in most basins of the country, the use of these precipitation data faces serious challenges. Therefore,
the use of remote-sensing methods is one of the ways that can be used for the streamflow simulation using
hydrological models. Runoff is also one of the most important hydrological variables and rainfall-runoff modeling
is one of the key items in hydrological sciences to estimate runoff characteristics such as volume, peak flow and
arrival time to peak flow. In the present study, we used reanalyzed precipitation data and then evaluated the
simulated streamflow using this precipitation data in the Zoshk subbasin. The precipitation data was validated with
in situ data, of Kashafrood basin.

Materials and Methods

The reanalysis precipitation data was selected from the ERAS precipitation data, and the HEC-HMS was used
for the rainfall-runoff simulation. The basin parameters were calculated by the GIS menu. This menu is the newest
option in the HEC-HMS software that needs only the DEM basin for calculating the basin parameters. In the
present study, we should validate the ERA5 reanalysis precipitation data with in situ data, so we did that in the
Kashafrood basin. The number of the rain gauge stations were 34, but some of the stations didn't have complete
data and omitted them from the list of the rain gauge stations. For the validation ERA5 reanalysis precipitation
data was used from the R, NSE, RMSE, Bias, FAR, POD and TS statistical indicators. These indicators were
calculated by programming in EXCEL Visual Basic. The ERAS precipitation data was evaluated for the
Kashfarood basin at daily and monthly time steps. The DEM Zoshk was downloaded with the spatial resolution of
12.5 meters from ALOS-PALSAR satellite and then the basin parameters were calculated by the GIS menu. The
SCS curve number was selected as a loss method. In this method, the calculations related to the percentage of
impermeability and the average curve number of each sub-basin were obtained through land use and curve number
layers, respectively. The SCS unit hydrograph was selected as a transform method. The recession method was
selected as a base flow method. NSE and PBias were used for the calibration and validation events in HEC-HMS.
In this way, at first the HEC-HMS model was calibrated by tow in situ rainfall-runoff events (91/1/11 and 91/2/6),
and then validated by one in situ rainfall-runoff event (99/1/23). For validation streamflow of the
ERAGS reanalysis precipitation data, the event on 99/1/23 was used and their streamflow hydrographs were
evaluated with each other in Zoshk station.

Results and Discussion
The results showed that the reanalysis precipitation data of ERAS5 had underestimation in daily and monthly

time steps. Also in monthly time step, the accuracy of these precipitation dataset in detecting precipitation events
(in terms of FAR, TS, and POD indices) was higher than a daily one. In addition, in monthly time steps it had
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worse accuracy in summer months than the rest of the year in detecting precipitation events (in terms of FAR, TS,
and POD indices). For streamflow evaluation, in the calibration phase both NSE was in very good and good ranges,
and PBias was in very good, good and acceptable ranges. In addition, the model underestimated the observational
one. Finally the ERAS reanalysis precipitation data was compared by 99/1/23 hydrograph event. The streamflow
hydrograph from the ERA5 reanalysis precipitation data was underestimated due to ERA5 underestimation of the
precipitation at the Zoshk rain gauge on the days corresponding to the 23/6/99 incident. The ERAS reanalyzed
precipitation data with NSE and Bias percentage coefficients in unacceptable range (NSE<0.5 and PBias<+25),
compared to flow hydrograph obtained from Zoshk station precipitation data, the efficiency of this precipitation
dataset is low. The range of the streamflow hydrograph from the ERA5 precipitation data was unsatisfactory in
compared to the observational hydrograph (NSE = -0.47 and PBias = -55.16).
Conclusion

In general, the accuracy of the flow hydrograph of this product compared to the flow hydrograph of the
precipitation data of Zoshk station (NSE = 0.64 and PBias = -15.82), cannot be a relatively reliable source instead
of in situ rainfall data in hydrological simulation. The suggestion for future studies is to evaluate other rainfall data
based on remote sensing methods in hydrological modeling.

Keywords: ERA5, GIS Menu, HEC-HMS, Streamflow hydrograph estimation, Zoshk river
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1- Modern-Era Retrospective analysis for
Research and Applications
2- Mod’elisation  Environmentale ~ Communautaire-

Surface and Hydrology
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Figure 1- Location of Zoshk-Abardeh Basin
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Table 1- Physiographic characteristics of Zoshk-Abardeh basin (Source: East Watershed Consulting Engineers)

ailw g3

. . Slas g5, s
asgr o Colwe busgio cusd adg Jb P EE (M) Jlas gls, ! buwgle gla3,f
Basin (km?) Iﬁe:r)ne;er () (km) (r_n) Minimum (m_)
Name Area Mean Slope  Basin Length I\éllamm_um Elevation Medium Mean Elevation
evation Elevation
3 92.28 57.89 52.46 21.53 3261 1429 2238

Zoshk
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Table 2- Geographical location of Kashfarrood catchment rain gauge stations (Source: Khorasan Razavi Regional Water

Company)

ol ! oU Job 0oy (m)etas !

Station Longitude Latitude Elevation
(Abgad Ardak) Sl a&f 59.46 36.76 1505
(Abgad Ferizi) ;5 1 58.96 36.49 1390
(Edareh Mashhad) sgie o)l 59.57 36.31 1018
(Ardak Band Sarooj) zg ks s Sl 59.39 36.72 1320
(Aq Darband) 1,5 3l 60.85 35.99 602
(Al Ji 59.66 36.71 1464
(Emamzadeh Radkan) 5], osl5Lel 59 36.8 1214
(Emamzadeh Maimei) _.ole o3l50lel 60.126 36.23 1039
(Andarokh) &, 59.66 36.58 1207
(Oolang Asadi) (gl Kyl 59.8 36.25 912
(Balgoor) ,esl, 58.59 36.84 1941
(Bahmanjan Olia) Lle o> oo 58.97 36.9 1371
(Pol Khatoon) ;g5 ), 61.07 35.96 410
(Talgoor) ks 59.36 36.82 1563
(Jagarq) s,el 59.32 36.31 1434
(Chakaneh Olia) Ule 4> 58.47 36.84 1704
(Chenaran) .l,bs 59.13 36.64 1186
(Dahaneh Akhlamad) sals! 4l 58.94 36.59 1467
(Zoshk Khorasan) sl s <s; 59.19 36.33 1832
(Torog Dam) 5,k s 59.55 36.17 1242
(Kardeh Dam) e3,l5 s 59.69 36.62 1279
(Ferizi) 3,8 58.97 36.48 1631
(Qadir Abad) sbi .3 58.97 36.8 1195
(Golmakan) 515 59.156 36.48 1440
(Gooshbala) Y 55 59.56 36.71 1569
(Marshk) < e 59.54 36.8 1830
(Handel Abad) sbl Jua 59.99 36.42 1206

Ruse= (L1, - 0 )

Bias=—2?=1,fp"_oi) (¥)
FARY = ﬁ l )
POD? = (%)
TS = ﬁ (v)

0 w0risgjlwan 3 baodls P Sl io slaosl O; oS
ol i sadlaygy sl H o Slial e (slaodly b wgie

4- False Alarm Ratio
5- Probability of Detection
6- Threat Score

pB 53 25l 5l g ERAS )b (sbaodls ¢p sl imgh 5o
8 ol e Jlw o) %) S e g ailygy Sl
Ui54 53 o3 0l Culis I NEtCDF b 53 VYAA-AR 15 \Y40
5 el ol ] o)L glaesly leslar wl b ¢ Jub
85 5 i)l 3y90 205 20 4 ol oSl

R= > 1(0;-0)(P;—P) (\)
002 51, (P2
NSE" =1- Ziz1(0i=PD) (¥)
Z-in=1 (Oi_é)

1- Network Common Data Form
2- Nash-Sutcliffe Efficiency (NSE)
3- Root-Mean-Square Error
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Figure 2- A-Soil hydrological group layer of Zashk basin; B- Land use layer of Zashk basin; C- Curve number layer of Zashk

basin (received from the General Department of Natural Resources and Watershed Management of Khorasan Razavi

Province)
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Table 3- Table of values of statistical indicators to evaluate ERAS5 precipitation data in daily time step

Sl Sl dle  ofile
Minimum Maximum Median Mean

Bias -0.393 -0.741 -0.646 -0.627

RMSE 2.286 3.899 3.063  3.037
POD 0.177 0.686 0.384 0.386
FAR 0.35 0.821 0.535 0.539
TS 0.098 0.352 0.281 0.263

CcC 0.081 0.517 0.411 0.363

NSE -0.132 0.232 0.142  0.097
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Figure 3- Box plot of CC (NSE POD FAR (TS & Bias indicators
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Table 4- Table of values of statistical indicators to evaluate ERAS precipitation data in monthly time step

BEIKES JUcRES ailw oSSl

Minimum Maximum Median Mean

Bias -0.39 -0.74 -0.63 -0.65

RMSE 17.85 38.27 28.37 27.67
POD 0.74 0.97 0.83 0.82
FAR 0 0.16 0.06 0.06
TS 0.68 0.88 0.79 0.78
CcC 0.68 0.92 0.82 0.82
NSE -0.02 0.55 0.23 0.2
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Figure 3- Scheme of basin model made in HEC-HMS from Zashk watershed
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Table 5- Table of some parameters calculated by HEC-HMS software
. o o2 55 Yol 5y
. Ak e . < ' 5 ;
el Colwe 4, Gl SYgb Zho-Y U S 5lobre cod omy SIS o
. . O »)? P sl . . . o . 2 & N e -
WL (km?) (km) oy Ol s (n Badgs 5 (2955 o A2 oS HlS
Subbasin Area L ) Basin 10-85% (km) Longest Drainage Drainage
onges i ici
name flow ?)ath Slope Length flow path Centroidal flow path ~ flow path density coefficient
length slope
Z1 145 7.16 0.46 5.37 351 0.16 0.58 0.59
Z2 6.96 4.25 0.46 3.18 2.04 0.2 0.57 0.7
Z'1 15.83 6.12 0.49 4.59 1.86 0.17 0.72 0.73
z3 12.02 8.68 05 6.51 4.44 0.13 0.62 0.45
z?2 6.71 4.36 0.51 327 157 0.18 0.5 0.67
Z3 8.39 43 0.41 323 1.15 0.13 0.74 0.76
Z4 9.42 6.51 0.42 4.88 2.6 0.09 0.65 0.53
Z4 2.99 3.42 0.38 2.56 1.53 0.17 0.74 0.57
zZ5 3.97 5.4 0.3 4.05 3.19 0.08 0.96 0.42

Z'5 10.13 6.72 0.35 5.04 2.96 0.09 0.72 0.53
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Table 6- CN values before and after calibration

CN U,M‘ M)b
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SRS QYN Y asdly )Y asdly M/ sl AY/¥/7 asily WYy TV aSlya by
Subbasin CN values before CN values after CN changes CN values before  CN values after Perge,\rll t;haent?:fi)re
calibration for calibration for ~ Percentage before  cajipration for calibrationfor - T galibration
9U/1/11 91/1/11 and after 91/2/6 91/2/6
calibration for for 91/2/6
91/1/11
Z1 61.5 56.5 8.13 91 87 4.4
Z2 60 55 8.33 94 90 4.2
Z'1l 70 65 7.14 92 88 4.3
Z3 70 65 7.14 935 86.5 7.4
Z'2 72 67 6.94 90.5 86.5 4
Z'3 66 61 7.57 90 86 4
Z'4 64.5 64.5 0 89 81 8.9
Z4 56.5 56.5 0 93.5 75.6 19
Z'5 61.5 58 5.69 89.5 76 15
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Figure 5- Event Hydrograph 11/1/1391 Post-Calibration
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Table 7- Volume values and peak flow of observational and computational hydrographs with difference and percentage
difference between them
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Table 8- The values of Nash Sutcliffe efficiency coefficient and bias percentage for the events of 11/1/91, 2/6/91 and 23/1/99
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Figure 7- Flow hydrograph of flow data of hydrometric station (green lines), hydrograph of flow of precipitation data of
Zoshk station (yellow lines), hydrograph of flow of precipitation data of ERA5 (red lines)
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Table 9- Peak volume and flow values of observational and computational hydrographs with difference and percentage
difference between them for observational hydrograph and simulated hydrograph from ERAS precipitation data
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Table 10- The values of Nash Sutcliffe efficiency coefficient and bias percentage for observational hydrographs and
hydrographs obtained from ERAGS precipitation data
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