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Precipitation estimation, Accurate spatial estimation of rainfall is very important in hydrological simulations.

Despite the development of automatic rain gauge stations in recent years, obtainin
Mazandaran, Grad-GPM. p velop i gaug years, g

reliable precipitation data in data-poor areas is still a major challenge. Rain gauge
stations measure rainfall data and depth at a point. However, their main shortcoming
is that their measurements are point-based and do not provide sufficient surface cover-
age of the desired area. Although measurements in small areas are relatively accurate,
they are not applicable to large basins. This research evaluates the accuracy of GPM

satellite precipitation products in Mazandaran province.

Recelved: Materials and Methods
22 Mar 2022 In this research, the accuracy of GPM satellite precipitation products was compared
with image interval weighted interpolation and kriging methods. For this purpose, 21
meteorological stations and 24 monthly and 2 annual GPM satellite images were used
Revised: in 2015 and 2017. The evaluation of the methods was done using mean square error,
13 May 2023 deviation error, absolute mean percentage of error. Also, annual rainfall maps of the
province were drawn and analyzed for 2015 and 2017.
Accepted: Results and Discussion
29 May 2023 The results showed that GPM satellite precipitation products have a high bias error.

This means the amount of overestimation/underestimation of this satellite reaches

more than 140 mm per year. Of course, the interpolation methods of kriging and dis-
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tance image weighting also have a significant error and do not accurately distinguish between small
and large circles of the province. Investigating and evaluating the possibility of combining the rain-
fall products of the desired satellites with latitude and longitude and altitude variables in most of
the 4D gradient equations showed that the Grad-GPM combined method has significantly increased
the accuracy of the spatial estimation of precipitation. And it reduces the error of GPM satellite and
interpolation methods by 25 to 40%. Also, annual rainfall maps of 2015 and 2017 were drawn to
compare and better understand the performance of Grad-GPM method in modifying GPM satellite
data in monthly and annual rainfall estimation of Mazandaran province in GIS software environ-
ment. They were compared with the precipitation maps of Kriging, IDW and GPM satellite methods.
It was compared with the precipitation maps of methods Kriging, IDW and GPM satellites. From the
examination of the precipitation maps obtained by Grad-GPM methods, in both 2016 and 2018, it
is concluded that the precipitation amount decreases from the west to the east of the province. Also,
the amount of rainfall on the coasts is more than in the heights, so that it shows the highest amount
of rainfall at an altitude of less than 700 meters, and with the increase of the altitude up to 2000
meters, the amount of rainfall decreases. But from the height of 2000 meters above, the amount of
precipitation does not have a clear trend and fluctuates between 400 and 900 mm. This indicates the
complex topography of the province and the role of local climate on the amount of precipitation in
the province. In addition, the maps prepared by these methods clearly show that the heavy rainfall
ring of the province is formed from the western coast to the central coast of the province near Ferey-
don Kenar. Also, the slope of rainfall-altitude changes in the west of the province is higher than in
the east, which is due to the special topography of the west of Mazandaran province. The Grad-GPM
precipitation map separates the western part of the province into several rainfall sections. In total,
the detailed evaluation of the obtained maps indicates that the Grad-GPM map is more accurate than
the map drawn using GPM satellite data and KRG and IDW methods, and the amount of rainfall in
the province is better recognized.

Conclusion

The results showed that the use of auxiliary variables that have a reasonable and acceptable correla-
tion with rainfall data reduces the error of rainfall data estimation by 25-35% and has a better esti-
mation of rainfall data, especially in inaccessible areas with no recorded rainfall data. The results of
the present research showed that satellite precipitation products alone do not have proper accuracy
in the spatial estimation of precipitation and its use brings a lot of bias error, but their combination
with interpolation methods as an auxiliary parameter increases the accuracy of spatial estimation of
precipitation and It rains maps too. Also, the method presented in this research can be used to modify

satellite precipitation products.
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Table 1. Significant analysis of auxiliary parameters with precipitation in Mazandaran province

GPM £l 2 sk Ju oks
Z Lat Long Year Month
0.12" -0.27™ 0.04* 0.07"s 2016 als
-0.61* -0.39% 0.60* -0.60* 2018 (Jan)
0.14" -0.04* -0.13m 0.31* 2016 Q99
0.56* -0.27™ 0.47%* -0.61* 2018 (Feb)
0.54* -0.13™ 0.22" -0.49* 2016 ool
0.15" -0.35% 0.17" -0.29™ 2018 (Mar)
0.63* 0.81* -0.37* -0.31* 2016 Jays!
0.64* 0.34* 0.03* -0.63* 2018 (Apr)
0.56* 0.36* -0.17ms -0.53* 2016 <
0.52* 0.32* -0.08"s -0.52% 2018 (May)
0.37* -0.16™ -0.04ns -0.33* 2016 995
0.14" 0.31* -0.38%* -0.01%* 2018 (Jun)
0.35* 0.12m 0.02%* -0.68* 2016 adss
0.37* -0.51* 0.27" -0.17™ 2018 (Jan)
0.33* -0.59* 0.59%* -0.56* 2016 CargS
0.41* -0.28m 0.22m 0.04* 2018 (Aug)
0.44* -0.26™ 0.12m 0.15m 2016 ol
0.13" -0.02* 0.11 -0.31* 2018 (Sep)
0.26" 0.07" -0.13"s 0.31* 2016 ,...Sl
0.61* -0.48* 0.58* -0.57* 2018 (Oct)
0.28" -0.52% 0.41%* -0.26™ 2016 algs
0.52* -0.48* 0.65* -0.65* 2018 Nov)
-0.13™ -0.71* 0.53* -0.22m 2016 ol
0.36* 0.1* 0.45%* -0.44* 2018 (Dec)
0.10m 0.41%* 0.27s -0.26" 2016 AVl
0.60* -0.47* 0.57* -0.57* 2018 (Annual)

ns: Non significant - * significant in 95% confidence level
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Table 2. Regression equation for correction of GPM precipitation network of Mazandaran province

(;JLM’) (Month) sle S yS , dolee GPM R2
ear

2016 (Jan)a.iy‘lj P=1313+0.5 LONG-35.3 LAT-0.0211 Z + 0.55 GPM 0.12
2018 P =635 9.3 LONG - 2.8 LAT — 0.0230 Z + 0.356 GPM 0.6
2016 (Feb)as 6 P=-350+16.7 LONG - 12.6 LAT — 0.0023 Z + 0.34 GPM 0.08
2018 - P=1326-2.5 LONG -31.3 LAT - 0.0246 Z + 0.41 GPM 0.54
2016 (Mar) o Lo P=632+ 6.8 LONG —26.4 LAT —0.00484 Z + 0.835 GPM 0.31
2018 ) P=1397-11.6 LONG - 19 LAT-0.0135Z - 0.07 GPM 0.26
2016 (Apr)g}a)ﬂ P=584-6.07 LONG -7 LAT + 0.0163 Z-0.019 GPM 0.71
2018 " P=1426-11.1 LONG —22.7 LAT + 0.00212 Z + 0.27GPM 0.51
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Fig3. Rainfall map of the province with network data and combined method in 2016 and 2018
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Water economic productivity, Introduction

added value. Production cost As a result of drought and decline in water resources, water input has become the most

Agricultural and horticultural important input of agricultural product composition and area cultivated in Razavi Kho-

rasan. Finding effective solutions to solve this crisis before it turns into a national dis-

products aster is not only a priority, but a national necessity. So all sectors, especially the agri-
cultural sector, should play an effective role in solving the water crisis problem. The
agricultural sector is the largest water consumer, and as a result, it is most affected by
its challenges. Therefore, checking water efficiency in this sector is a prerequisite for
reforming water exploitation management. In this study, the economic productivity and
Received: the economic value of water consumed by crops were compared in one year and over
15 Mar 2023 the years. This provided a clear picture of management solutions for policy-making and
choosing the right option.
Materials and Methods
ReVils:(Il\any 2023 To calculate physical water productivity, the statistical yearbook of the Agriculture Or-
ganization of Khorasan Razavi province was Investigated during 2013-2016. In order
to estimate the Physical Water Productivity in agricultural and horticultural crops of the
Accepted: province in the current situation, the average yield of crops and water consumption of
20 Jun 2023 each product per hectare were estimated by calculating the net irrigation requirement

of plants in the province’s cultivation pattern that gets from the national water docu-
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ment, and considering irrigation efficiency (54% on average in the province) and deficit irrigation
(15-30%). Furthermore, the estimated physical water productivity was compared with the existing
research results and confirmed to be accurate. In relation to the sale price and production costs of
agricultural products, the official statistics provided in the statistical yearbook of the Ministry of
Agriculture Jihad and the Iranian statistics center were analyzed. The economic water productivity
used in agronomical and horticultural crops was calculated by the Irrigation Economic Water Use
Index (IEWI). In order to estimate the economic value of water in crop production, the Basic Resid-
ual Method was used. The required information was also used from last 15 years of the agricultural
production cost system (2006 to 2020) from the Agriculture Organization.

Results and Discussion

Comparing the changes in the economic value of water over time with the economic water produc-
tivity showed that for most crops, the economic value of water fluctuates but has a positive trend,
and the economic productivity of each crop has fluctuations over many years that are influenced
by effective factors on economic productivity. According to some crops have been introduced as
low-consumption and some as high-consumption of water, a comparison of the economic productiv-
ity ranking of crops between 2015 and 2019 showed that products such as rice, potatoes and onions
are in the top ranks and strategic crops such as wheat and barley are in the middle ranks of the table.
Meanwhile, these two crops obtain part of their water requirement from rain. The average rating of

economic productivity of crops during the considered years is presented in table 1.

Table 1. The average economic productivity rating of the studied crops during the years 2006 to 2020

Product Average productivity Rank Product Average productivity Rank
Paddy rice 16.6 1 Sugar beet 3.93 10
potatoes 11.6 2 Alfalfa 3.88 11
onion 11.09 3 Wheat 3.76 12
tomato 6.89 4 Sunflower 3.62 13
cucumbers 5.33 5 Cotton 3.62 14
watermelon 5.22 6 Rapeseed 3.28 15
silage corn 5.06 7 Barley 3.13 16
seed corn 4.56 8 Red bean 3.02 17
pea 43 9 Lentil 2.42 18

Rice, potatoes and onions are in the first to third ranks, and barley, beans and lentils are in the last
three ranks. The average economic productivity of water (gross income per cubic meter of water
consumed) in the main agronomical crops of the province is currently 8840 rials per cubic meter.
The economic efficiency of water in the main horticultural crops of the province in the current
situation is estimated at 32500 rials per cubic meter. The reason for the higher economic water pro-
ductivity in the province’s horticultural crops is that nearly 60% of the province’s horticultural lands
are made up of saffron and pistachio. This means that the economic productivity of water in them is

much higher than other crops in the province’s cultivation pattern.
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Conclusion

The results of the study showed that the product price, as a variable outside the control of farmers,
plays an important role in changing the economic productivity index, and establishing stability in
the relative price of agricultural products depends on the formation of value chains in parallel with
the implementation and modification of the crop pattern that has been notified by the Agriculture

Organization.
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Fig 3. Economic value and economic productivity of water used in sugar beet cultivation during 2006 to 2020
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Fig 4. Economic value and economic productivity of water used in potato cultivation during 2006 to 2019
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Fig 6. Economic value and economic productivity of water used in canola cultivation during 2006 to 2020
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Fig 7. Economic value and economic productivity of water used in wheat cultivation during 2006 to 2020
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Fig 9. Economic value and economic productivity of water used in watermelon cultivation during 2006 to 2020
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Table 1. The average economic productivity rating of the studied products during 2006 to 2020
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Extended Abstract

Introduction

Groundwater vulnerability is a relative, non-measurable, dimensionless property, that
expresses the possibility of penetration and spread of pollutants from the ground surface
to the groundwater system, and it depends on the characteristics of the aquifer, geologi-
cal environment, and hydrogeology. This method has a low cost and can be used to de-
termine vulnerability levels for large areas using a combination of layers with very little
information. This study investigates the vulnerability of the Qazvin plain, considering
its appropriate permeability, and the high probability of absorbing various pollutants.
In order to find the most suitable model for zoning the vulnerability of Qazvin plain,
different methods such as DRASTIC, modified DRASTIC, and fuzzy DRASTIC have
been used.

Materials and Methods

DRASTIC is based on the seven hydrogeological data layers that provide input to the
modeling. It corresponds to the initials of seven layers i.e., depth of water, net recharge,
aquifer media, soil media, topography, impact of the vadose zone, and hydraulic con-
ductivity. Combining the above parameters and creating a network layer, could create
the standard DRASTIC vulnerability index. softwares such as ILWIS, ArcView, and
ArcGIS software were used to find out the water-vulnerable zones in the aquifer. For

this purpose, a database was created from the available statistics and information in the
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GIS environment. The final map was prepared by combining layers and their weights. The final in-
dex is the result of multiplying the ranked numerical value of each parameter by the weight of that
parameter. The sum of all the parameters for each part will indicate the degree of vulnerability, and
the higher the number, the higher the risk. In the modified DRASTIC model, nitrate was used as
a main parameter of groundwater pollutants to modify the model. In the third work method (fuzzy
DRASTIC), first, the membership functions of the maps that can be fuzzified (for example, the
hydraulic conductivity, the slope, and the depth of the groundwater) were produced and shown in
the GIS software environment. Then, the standard deviation of the linear functions was calculated
and applied based on the DRASTIC ratings of the desired parameters. Finally, a single-parameter
sensitivity analysis was performed to evaluate the effect of each DRASTIC parameters on the vul-
nerability index.

Results and Discussion

According to the normal DRASTIC map, most of the Qazvin plain is in the range of moderate vul-
nerability. However, small areas of the plain are in the range of high vulnerability. In the modified
DRASTIC method, the contradictions of the DRASTIC vulnerability category and the point con-
centration of nitrate have been resolved and corrected. The results of the single-parameter sensitivity
analysis showed that there was not much change in the map resulting from the modified weights by
the sensitivity analysis compared to the modified DRASTIC map. But, in the fuzzified method, the
percentage of the area of the highly vulnerable area is much lower, which from the point of view
of these researchers and considering the nitrate concentration in the plain, can be far from reality.
Conclusion

According to the results of this research, it can be concluded that in the studied area of Qazvin Plain,
DRASTIC modified by nitrate data compared with DRASTIC and fuzzy DRASTIC has the best

performance.

Journal of Drought and Climate change Research (JDCR)

Fall 2023, Vol.1, No.3, pp 35-56



(singy lio

dl=xo

YO - 0F Olxiio NF+Y 30l F ol pgw oylos (Jgl0y90

/g % % byt 9 JLuSLiis gl gy
¥

Pt ol

631 9 (>dol ( Jgoro Sl yd (s sog, b (32938 (ylaFl (sumo 315 T @alio (6 p iyl SU 3

QIS RVE AR I SRWE PR LS P X JPPE |1

Ol Glsal lsal ()l ez sl olKiils (53515559 )0 (655> (ggoeiils )
Oyl s s o8l 0y pole caSCiils sl .Y

Ol el (ol (05,la5 olKiils ¢ yun pole ouSiisls sl Y
talebmoradinejad@yahoo.com : | giueo o0 gitk

PRV
S o o 9 (S (55 )9S Sl Gidy 50 (T @il gy Lo i l38l ay a =65 Ly

3l yad 50 9l St 9 Sl Gblio 053 Ay (il 30 (i 25 T 2o

S 0 8l (ooten i 3 bl (T (e 53 bl g il ()l 9y o
e (sLb g S bl Gz 53 3gibig0 Dg—mne 05 6 ) 9 (=T Eilie Jo—ixe
g & (55L3 9 0uid Mol Hgorn Sy ol (ono) 1) T (6 2l (o
oolisimunl T (ylbao 31 dsit G99 ) (et 9 (938 S 50 (o Ll iy LM (Gl pitmtmnias
lggul s (adls 4335 (O Gmos) (anmmo ol )y ok 51 sl )3 oo sl 00l
Sloaisd Gpogi gl (S Cla g gLl pé 4ol il (91,5555 (LS b
o g1 (S ladllan 03 g9utro .S (o0 o0l el (6 p sl (=5l 9 (S 5999350 00
A5 318 oy Liied gy L5 el 00l anndiS YU g oiis g cpS A dis Ay (6 99 g s | i
oy AY dm (aare Sl yd Jumo 13 a0 y3 FY 5l cmidd bwgiio (§ 3y ] 08 gutxo
Joo (oo il A8l i (6518 Sl yo 50 000 Y g Mol Somuwlyo 4o
(55 i 0323 4 s 35 FLABS 5 oLl Sy slmosls Calilé Ly o Tgana Sl
Sl 30 Jo sl g (glpodls (55w Loy 31 ool Lo ¢ pls .amis oudloiino (4T (o3 g
o2l @ (i 5l (Sl Sl yd Jo 50 Cowlus Juloxd .03 ) (guaaing (>
4 a4z gl ogdle am a0 (ool Sl ys Juo Lo Lo ol)ly (59 e 31 (g Juimo
31599 9lg (o0 3y o]yl 03 gu0 b o Hliminns B0 30 (misd j3 Ol i ctild

D0 )5 (0 O gmamxo Cmid (3] 50 Aty (oo (2ol Sioimwlyd Jumo (ol by .ol cdlyg

(goalS slaoly
ROV WES P ST SO g Fy
G Sl o ¢ (ol Sl o

el o g ,b
VEL Y/ F

ol &b
VEY/Y)$

0y &b
VE-Y/-TIYY


https://dx.doi.org/10.22077/vssd.2022.4953.1061
https://orcid.org/0009-0000-4778-7988

Ol (S 595,000 5 (mslidiiyeny lame
sle by, ale> 5l .(Antonakos and Lambrakis, 2007)
Wlsel (13 iyl oy gl Jslae
Sl 5o ol 0,5 4 el el

Sl yo (Aller et al., 1987) el ails Lis 3-ble
Sl (S sl w9 s S
5 oS Sledbl Ly g o0 b o] plssil aisym a S
oo o>l ay a5 5L awy 3-blis
ool U_'5)3 0‘9_7“1 r:lo ‘_g).n.\.iu.a_..uT u>—‘l"))‘

20,5
ol 5 Sawls Jae jleslawl b eolsj wlsdlas
OO, 0 —ipgh 4o (Il gl ol oui plzl
S pdca—w! b)) ca> (Al-Adamat et al., 2003)
4 adl) 0 3 soliiwl DRASTIC Jos 5 lgsel
ard yo oledblog s aide ay S pue colan
‘) ua_]l} <\_>AJL: U‘)_“Q ‘l_:au—l (u_wl 0l o)lj TLQ)
9 o) e 5= W)k e el A ST L
B30 ,9] Cwd 4 Piscopo bg, Ls SLS (5,030 3485
Syl Sl 5 5 i oS oo A3 D90 oS
=225 o (Shuaijun et al., 2011) o5 o 5 cpuxlo—is
2 5188 Sl slacl @iyl () 4
GIS 3 8ls 5 5l oolaiwl Lo 5 Scalys g, Lo
a0 VENA aS ols lid 5—asd mols auslsy,
N Sogdl sl gl)ls aalllas 350 03905 |
OIVY g lawgie Sogll il slls oo )o YY/-0
R TES SR SPPRL SR OON [ TRV GO N RIS
(Al Hallaq and Elaish, 2012) ¥l M=l S0

Cilil 8,05 5 5505 Slm 1) S pdycama] ST
S )0 Sy Cnlae g ey 68 Ol
L 5 0 Ly ailbog, amdg> 10 GasnS ol
dylia DRASTIC & bl Joa Lo, ] sl 5 431

Journal of Drought and Climate change Research (JDCR)

Fall 2023, Vol.1, No.3, pp 35-56

ALSea 551580 I | YA

doddo
5009 (5N sl Sl 565902 5l (o &

5 e G Sy Ll kel 352
il 0 a3 sl 5 (sl sLmaiy] 3
S B drsgi g (ol b gl Lo
o Sl 00l (65,5L8S slirmn) B eS g (iaie
00 B yae 5 ) (65,0 S 4 (6,0 b
P el iomes 5 (00,0 0 dgu > L) O
51 .(Anvari etal., 2022) el ol o5 Lyl,s o e
JolS 505 oy yomie (o (2l 092 S5k
Sl abie ot @ 8ly Sl (oree 10 g Sy e
Rah-) wis—i oo Lap)] (s—eliey (s—ajn5 5 s
A > s «ol=w ! ;o (mani and Azari, 2019

oAt 3l = Olsie dm (e o gloe i
cel ool ey i g 6,5 bl yo (ol aolie
oo glie (ol a o lisee (slmoos VT JLisl 5,
51 (Asghari Moghadam et al., 2016) <.l
5 il slacalsd 3ol 5l (o) p; slac]
c_éo }_5‘).0 D ) ‘Lg)')jL.J:S LngM.Jl;d Lo
slaoan¥T 5l 5 ales 5100, 5 o olsl . g adl;
O (=15l g Dlind g ol s atle (65,588
6L.KDGMYT )‘ as Sy— 9 EHOU €0 9> “_i:u'.._m)T
u_faj_l—l 30 (6 iy it ‘A_;.J‘So s 4 o
Pishkar Dehkor-) il a—aly> Sl alio o
S (et o9, ! 3l .(di and Pourmaghods, 2006
Cbli> 0 age o5 )l L golie ol (6 3yl
Vrba and Zoporozec,) S 55,043 5 Lo,g oo de a4
aild o 5l s (6 pdyeaw] o le (1994

03, S e el I e 0 eeing &
et (S18 slaw ol S lge 4y (6 pdycan]
ey el 3l Lot W1 sy g 3585 (el om0
ly 45 3905 g0 iy a3 (e 05 2 s g
5 Sl DLl A i ol Coile Gl 4y
o) (Vrba and Zoporozec, 1994) ool s (orlo Lo
9 S (90 (e Sogas S ie—ter 05l wlS



Y4

L o8 Ol (525 2T polin sy (5

0093 a1 Loyl colas g Lilje das )15 g asslo
6o sla sl b SIDRASTIC (59 ouide a4y .ol
Ly a8 i o] cln gy 5 9§ o ool
g oo dmnlio | o )0 00 i5 5lanx slaools
31 J=8 9L DRASTIC o (e (i o2l 0l
(e 3D (o) SO Sy e (6 S e
oo ]l Lo g, 5l Pl gd 4 Cel aitins (o
o olazel LB o el gloaiis sloyl ooy
Wls=ul sla Shs am Lapl 5l Sy 5 0355 g,
bo bl Lmosls (39 (o yimwd ;5 () S =)
oud ool pluais! gandd; o Loy cJom o 550
Patel,) o) 5o 5 J5b ot oo imanly el ;2 4
& el o=y 3 DRASTIC s, 5, IS (2022
Laglasols ), 8 a allae 0,5 oy uejp) sloac]
15 392gn oligiond SV 5| St il
Sl yo 0y Shoe g e 0T Slro )5 5,5
(DRASTIC-L) oo #M—sl Siulys 9 (DRASTIC)
aols 4l (GIS) bl i Sledbl glopimuw o
555 DRASTIC Ly GIS plésl as ols oL mlis
ool Gl Gl Sl o) 0338 5
SiS 65,58 Gblie ;o Gizmes el (e )
s 2ol DRASTIC Jas o I3l 5 S_ibans

dles g0 J—os (i DRASTIC Jos 3| gy 5
Sz )3 A ol o bt Sldded 5 Gll o

Spdoawl jaslo a s asl s Loyl .o ssges
sl Bis , 3b o ol as L (ol
Ll a8 )5 18 ey ()5 5 Sy Colas
4 —ipgy ;o (Varol and Davraz, 2010) 5l ls o Js)ls
g ,o Sarkikaraagac 4_sg> (5 pdscawl )y
oo Ay o mBlsy Sl by, Ly S5
S ogll adgm ol 53 ea VT Jsle (o e dLay)]
5 oS g5,0l—iS slacdls 5l g cul Sl
iy Sl ok jlas g b e (Bl 0o i
Loyl a8 o o5 ,> Beysehir a1 0 cooway
oy Gpdca—wl aws aw ol Slllas coga e
9 (00g02te 0,0 ¥+ ) Lo wwgio (00g0te do )0 Y'0)
Varol and) 4o )57 go—uadls (0dgusme dmo )0 0¢) o5
3 Jae ol 5l g pans iy ol elas (Davraz, 2010
=Ll i Jle gl il oul plsdl Sl a oo g0
S9S Gblie o (i) sl 6 pdyee—s]
< ;5 DRASTIC oo 2ol Jas jl colaiwl Ly
Sa-) ol pl 5 (5,9 Slolow lawgi oy ymsi — ol
ol a5 sls ;L5 (dat-Noori and Ebrahimi, 2016
Solol LasSuSs 5l oolawl Jol i 4 S golps iy
DRASTIC oo slot ol oty o,Slas weu
5885 Gyl Al 0,51 s 4y (6l )
Sleslawl Ly 1y asas slag i Loyl olel oo 4
sladads glaosls o JI5" clale 5 La ol )b oo balg,
g Oladline oS A wle (e glacl o

Spdoa—wl ,o (Rangzen et al., 2006) l,5l_sa o
DRASTIC _bs, 5} oalitasl Uy «iymeslyg bl olssis]
cdale sleslai Wl L 1) Jos slwyse GIS laoe jo
ols Loyl ossges 2ol oyl yg oo sl ol s
00 gameai DRASTIC oo vos i3 45 sl
o5 oials o ol Jae L asl s 6 pdscawl
Sl o= slub b as cnl Va0 5l elale o5
S (e ) 3l cdillas gldl ;o8 b e o
ol sl (Fogll js 55508 slasss b b))
DRASTIC Joos 3l ool wl by Slasl cios )
S )d oty He a5 ols Lzs (Faryabi et al., 2007)
5 s b i 5o (el Sy 35 4l
sl Gl e 2T ndseal (i o

Sy by, «(Abdeslam et al., 2017) K oo

Hf] o).n_wuj_>‘_g)4..\.’u.._w>‘ ‘r»l.v))| dd_bl_>|)

bl s et o Sasans e S o
OB o 4y (5,90 Liol3l 5l as 8T ailats)
Alos 5 A (Gl oa il Joodin abg>  Jlois
=Yl aie (It Ceomnd oal Sl Jos 3bo
=l e aihie i pdice ) g pdical (S
bhwgie asd ols o lii ) (=) Lo S
ol 008y e Jlods ablate g §,d cog> )0
;90— 4— (Barbulescu, 2020) ¢—iJg b .ol io
DRAS- 4z a8 sl bs) (o> 2 9 DRASTIC s,
235 L wgs 4§ TIC

edﬁ‘o_\_..':: LH)M A lcu, Q‘ [

woel8l s g JlSas glo ighy ddxe

Yo-08 e AAEAS )_.;L Al u_\L) ™ o)Lg.i} ‘J5| 0,90



LS el e b e li o 51199 L s

o=l ol b esloy bl Jas dewgs 4 (EPA)

gz 00 3l l s S lgie A Ja
ol (e sl (ool Jeuily (ol
(Joa—s =l 3l eolai_l .(Boughriba et al., 2009) 54—
T A e jelaS o)l byt gy ey
b 5l Syl (Y (Voudouris et al., 2010) c—ul
oIV oslbons —einj ol o)l e
3)ly s—einy ol amr g ood aind Sk b
ey Ly O b 51 (SoedT il (F ol oass
s ladllas o5ga e (F o il a 8,5 &y o )] al e
ol i L LiSe  Jase ol 5l eolital cog
98 s S pl il (553985 4 a g Ly
Lmean¥T i o olesel ol @V Jlais
(=l e Loyl Ly g (S5l 51 o calisee
Sy (e § Syl )3 038 (65 58
ol asllas 4y 5 bm ol o s LYl als
iy A5 lalllas el oo 4ty o oy
5 e oslial 3 Sl sucs 4l sl 5 olaz 5o
ez Jae 4 o | sl slgdoe
iy et G ol )3 il Ly el 035 ]
bt slegy L omigf b 5 mdy coml oy
4 cal 1 1y xs «(DRASTIC) Sl s 5l e
gy e 5 o0t Aglin ;05 Ly ik Lyl
Sl o calizen gl Jaw 5l gy ol 500, 5 Ll

TSR O

ol 0l a8 5 0, g (55L8 5 (Mol ( Tgere
axjllao o g0 adlaio

YO+ dgas a Lol o o ugsd Slalllae edga e
b sladsk o Ol f S s y0sleS
YO%- ¥ Jos glapye 5 0-°- F07 5 FA%
Oied Sl 43S )1, B L8l YEO- Y
YEEVIF S e Slaizs s0g0 s 40 (g8 olesoul
S)ls 8 FeYAVYY I ¥AYE00F 4 FEVYAL
e YAVY il e384 dg> adlate gl )|, aSTas
WO dga o adlaie b wgio g o V) - e J Bl g
AWV 1l a e JS ailse Lo mhw 5l e
I oy yoshS PAFY a8 s ls corlie oo ,oslS

o=l () Jeaz) cl ools JSis DL g ccis |y ]

Journal of Drought and Climate change Research (JDCR)

Fall 2023, Vol.1, No.3, pp 35-56

ALSs 5515l 0 I - Fr

«(Haji Karimi et al., 2011) ;| )So2 § s S —>>

‘:_b..m ;Tw)ﬁa\_gb_&:.bd)o
J\.\_A )‘ oola_u l_s u‘)_LQOS U’“‘“—'f Calnd Lf"""))") g_)—l
5l elbcwud Loyl sa_de ay a5y, DRASTIC

25 S pdee

035 oLyj (s pdyaal Lo plesul 5550 5 5,2
‘_g)m.\.:u.._..u" 0dgd—ro 4O 0‘9_7”] p_,a.i‘-‘ Comd 9
ol Gladiges ol s | dog m ol 5l eolaswl Ly |,
G?L»_...J‘Q cJ_.AS 99 4o M.».A u;l.&wliw‘ )‘ =) 1)
Afrozi and Mo-) el sz g (539,-9 .0S0ge3 R 5
5 =b,l 4 alie 88> ;o (hammadzadeh, 2011
L > 3 DRASTIC (a3l 3l eolawl Ly Sogll as
O Sl el Loyl Joas jo oSl GIS
FA N dgu> 0 g odg o WA LS Ve e
(Mardan, and Yarqali, 2019) 13 ;s 5 oo, .c3,5
SEpdoa—wl o Glee oo glaalllas o
Gty jloola ol Ly Jmo )l bl cio g ol
50 l_..:).a_' Joo )l ccis lasul (g pdscawl a5 assls
o o 30 5 05 Syl 09, 5 j0 B, e
el el a i3 1 50l s pdiceul 0g, S 5o
Cs leBul Fogll e 5 Juily a5 ol oyl
ye—taie a 3blo ol e blas g o0g— Yo J0o)|
S92 2l galie aie S e 5 (Sl 5l (6, S gl
«(Bahrami and Shahidi, 2022) (gag—i 5 (ol yp .Ceusl
So—igr Jae leolaiwl L Sowl)o Joe 9gpp 4
WG RO - JUEL SIS SN IR 22 KT N W
A (OYAANYYA) s ¥ g Ll (s0,90 Jobo Lo
sZ9 Oleme o Ol cale g Jas (6995 Olee
WS iy Jae

g, g olge

ool u.ss)ﬁ S GA-».A))—') o).é_...) ‘;\)5_” J_....;Lu
VAAY Jlw jo )l s Sty Jow el oo
o (Aller et al., 1987) 05,5 8,20 , I Lo ugs



£

L o3 OlseT (o525 T e (s T (25

5o aalae 8,50 ddlaie oogume ol i CxBge
b0 5 gz SLeMbl 5 Ll s, a0l (1) U5t
Sy e (Sogll 4 S amd oo i ailaie 5o
g el i3S Lo o calize Olygs o adhie o
a1 i 55 yiisn y S35 5 s e
LoolS )5 0g—ai g2z (6 45 5 (53,5135 (o
b G fodes | (oo I ladils S
o L b o oy bl gelaas 43 00 iiS 035 )]
5 o S5 o5 SO0l s S5 g0 DL

A el > s dilaie ol

Loyt jleog,pld s pl ads Ly Jlod 5l oogass
g L gz g, 5 5 09) el sl gloass>
clzod g ¥ Hluod slr j3b glaalsg, 5l
5 00,5 slaailsag) 5o pl slaase Ly 5,5l 5
Ab Ara Sazeh Consulting) o—ib oo jlo—2>p2 7,5

.(Engineering Company, 2009
PR CEPIs S = W 1v: 1 R WY || E SO W1 2 )
sl adsm p0 558 5l slaase> Sidls e
&y 5 9l a8 5155 pllalw (B> Sad azl o

By ss gmee Hob ASE3g; andex 1 Gloie 4

(Ab Ara Sazeh Consulting Engineering Company, 2009) 438 Sl 08game lasin aods ) Jgos
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Table 3. Statistical results of single-parameter sensitivity analysis of DRASTIC index
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Table 4. Modified weights after single-parameter sensitivity analysis of DRASTIC index
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Table 6. Vulnerability percentage of Normal, Modified, and Fuzzy DRASTIC

OIS sosleds g o] NS (651 Glate (5 pdy ol doys (Mol Siilys (5 o] do s el Slig 08 6 pdy caml Bo o

Class Number Vulnerability class ~ Fuzzy Vulnerability% Modified Vulnerability% Index Overlay Vulnerability%
i 0.87 0.12 32.8
Low
L
- 96.95 87.3 62.5
moderate
obj
i 2.18 12.5 4.7
High
Egomme 100 100 100

Journal of Drought and Climate change Research (JDCR)

Fall 2023, Vol.1, No.3, pp 35-56

oY



oy

L o8 Ol (525 2T polin sy (5

cbile s asg b pdyeal s osgase cols
il caly o Ll 5l g0 aslel s cis jo Sl s
O OlgSr 3= (ml S ol mli an am g L
Olgtel adlllas o )50 adlais 1o a5 5,5 (6, aoxed
slwosls la gy oal Mol Soly fg38 cis
oolaiwl sla by, 50 1) 3 Shee (e Sl
Seilyd 38 g Sl ol gl g o)l He S
il e 555 S
&lw
Aller, L., Bennet, T. & Lehr. (1987). DRASTIC,
A Standardized System for Evaluating Ground
Water Pollution Potential Using Hydro geologic
Settings, EPA 600/2-87-035. Ada, Oklahoma,
U.S.Environmental Protection Agency.
Antonakos, A.K., Lambrakis. & N.J. (2007).
Development and testing of three hybrid methods
for the assessment of aquifer vulnerability to
nitrates, based on the DRASTIC model, an
example from NE Korinthia, Greece, Journal of
Hydrology, 333, 288-304.
Babiker, 1.S., Mohamed, M.A.A., Hiyama,
T. & Kato, K. (2005). A GIS based DRASTIC
model for assessing aquifer vulnerability in
Kakamigahara Heights, Gifu Prefecture, Central
Japan, Science of the Total Environment, 345(1-
3), 127-140.
Napolitano, P., & Fabbri, A.G. (1996). Single
parameter sensitivity analysis for
vulnerability using DRASTIC
and SINTACS Hydro GIS 96: application of

geographical information systems in hydrology

aquifer

assessment

and water resources management, Proceedings
of Vienna Conference, IAHS Pub, 235, 559-566.
Vrba, J., & Zoporozec, A. (1994). Guidebook on
mapping groundwater vulnerability, International
Contributions to Hydrogeology, Verlag Heinz
Heise GmbH and Co. KG.

Ab Ara Sazeh Consulting Engineering

& S Ao
L o938 oo s pdyaa!l alie 4 0l gdios
sy 558 5 ool o Jgane Sl sLa s,
SaS L g Tsans Sl Jome ol 5y ol
s eyl e lilar Sl i s
el Cewd 4 VFY L5 8P s g8 o el
Sl g, 50 w0l plsel Sl 4 a5 L
0938 Sbd Colne 5l a0 PVl o (T gons
Cowlad 5 18l wgie (6 pdyca—w] (o050 e 0
Fomod ¥Y 50 e an o5 5 0l el 5
slda_os 3 alsls plazlog > aylja U
(Gl aiile) g8 Ciio 3l glaceud Soulyo
Do Gt g (Sgyen Salae (o9 ol Jdo 4
il g Bee 35 o5 Sl A (B8
Gl a3 )3, S YL spdcawl sdgu e o
Ul ol cle ) ion assl] Jors oo
ooliiwl g sul (6 pdscawl (o ang Lo oo
s odaliie o o LBl ¢ ol oyl 1y o
5ol Y e bile Ly bl saimoplii 45
Jos o155 ) Salys Jas 528 (5 gl
&b Lo ol el o (Sds §0 g o2
S0 3l g ism aS ol s Sl s eas Jls )
I Gty logio a i) 0 (a0 )0 AV 050 >)
ot 5 vl 0 Gble (bl (ol 5ol
ool Sl agie S 45 yane il
9 ol Sl Lol o 3,1 s 5 3
Bmllad o i 45 0l caslide (Sl Jus (g9,
e 5l e i g (el Siilys Jos
ool ol s 5,1 Sy Copla gl Uy Ly
a5 5 bl S b ol JLasl oy
G L 59 woal Cws 4 = J—doi g
() ST 5155 Ly ()39 eS8 5 sl
039 9 9 b ( Sy 0em olae g el Bl e
e g SIS e 5 (g Sl e slaa)Y
T rgie SO o5l a3l ool Uy Joa 59
L bwgie iy yhas L gosgasme 5 0 (g5lail ol
Pzl vg s an |y Colnn op ity 00,0 47/20
=Sl do 0 (638 Sauly Jae Gwlawl o 0l

woel8l s g JlSas glo ighy ddxe

Yo-08 e AAEAS )_.;L Al u_\L) ™ o)Lg.i} ‘J5| 0,90



example from NE Korinthia, Greece, Journal of
Hydrology, 333, 288- 304.

Anvari, S. & Rezakhani Nejad, M. (2022). A
GIS-Based DRASTIC Model for Assessing
Aquifer Vulnerability, Irrigation science and
engineering, 45(2), 19-29. doi: 10.22055/
ji1s€.2022.41088.2033. [In Persian].
Asghari Moghadam, A., Nadiri, A. & Paknia, V.
(2016). Vulnerability assessment of Dasht Bostan
Abad aquifer using DRASTIC and SINTACS
methods, Hydrogeomorphology, 3 (8), 28-52. [In
Persian].

Babiker, 1.S., Mohamed, M.A.A., Hiyama,
T. & Kato, K. (2005). A GIS based DRASTIC
model for assessing aquifer vulnerability in
Kakamigahara Heights, Gifu Prefecture, Central
Japan, Science of the Total Environment, 345(1-
3), 127-140.

Bahrami, . & Shahidi, A. (2022). Improving
the DRASTIC Model by Programming Gene
Expression in Determining Aquifer Vulnerability

to Nitrate, Case Study: Kermanshah Plain

Aquifer, Hydrogeomorphology, 8(28), 39-
62. doi: 10.22034/hyd.2021.44284.1574. [In
Persian].

Barbulescu, A. (2020). Assessing Groundwater
Vulnerability: DRASTIC and DRASTIC-Like
Methods: A Review. Water, 12(5), 13-56. https://
doi.org/10.3390/w12051356

Boughriba, M., Barkaoui. A., Zarhloule. Y.,
Lahmer. Z., El-Houadi. B. & Verdoya, M. (2009).
Groundwater vulnerability and risk mapping
of the Angad transboundary aquifer using
DRASTIC index method in GIS environment,
Arabian Journal of Geoscience, 3, 207-220
Faryabi, M., Kalantari, N., Chitsazan, M. &
Rahimi, M. (2007). Evaluation of the effect of

agricultural fertilizers on nitrate contamination

Journal of Drought and Climate change Research (JDCR)

Fall 2023, Vol.1, No.3, pp 35-56

ALSea 551580 LI | OF

Company (2009). Qazvin aquifer pollution atlas.
Department of Geology and Hydrogeology.
Department of Environment Islamic Republic of
Iran. [In Persian].

Abkhan Consulting Engineers. (2013). Studies
on updating the balance of water resources of
the study areas of the Namak Lake watershed,
Qazvin study area water resources balance report
(4106). [In Persian].

Afrozi, M., & Mohammadzadeh, H. (2011).
Evaluation and zoning of vulnerability of Farsan-
Jonghan plain to pollution using DRASTIC index
in GIS environment, The 15th conference of
the Geological Society of Iran, Tarbiat Moalem
University of Tehran. Iran. [In Persian].

Al Hallag, A-H., & Elaish, B.S.A. (2012).
Assessment of Aquifer Vulnerability to
Contamination in Khanyounis Governorate, Gaza
Strip—Palestine, Using the DRASTIC Model
within GIS Environment, Arabian Journal of
Geosciences, 5, 833-847. https://doi.org/10.1007/
s12517-011-0284-9

Al-Adamat, R.A.N., Foster, I.D.L. & Baban,
S.M.J. (2003). Groundwater vulnerability and
risk mapping for the Basaltic aquifer of the Azraq
basin of Jordan using GIS, Remote sensing and
DRASTIC, Applied Geography, 23(4), 303-
324, 0143-6228,  https://doi.org/10.1016/].
apgeog.2003.08.007.

Aller, L., Bennet, T. & Lehr. (1987). DRASTIC,
A Standardized System for Evaluating Ground
Water Pollution Potential Using Hydro geologic
Settings, EPA 600/2-87-035. Ada, Oklahoma,
U.S.Environmental Protection Agency.
Antonakos, A.K. & Lambrakis, N.J. (2007).
Development and testing of three hybrid methods
for the assessment of aquifer vulnerability to
nitrates, based on the DRASTIC model, an



0o

L o8 Ol (525 2T polin sy (5

the chemical quality of groundwater (case study),
Ist Conference of Environmental Engineering,
Tehran  https://civilica.com/doc/11878.  [In
Persian].

Priyank, P., Darshan M. & Neeraj, S. (2022).
A review on the application of the DRASTIC
method in the assessment of groundwater
vulnerability. Water Supply, 22 (5), 5190-5205.
doi: https://doi.org/10.2166/ws. (2022).126
Rahmani, M. & Azari, T. (2019). Application
of DRASTIC Model in the Studying Process
of Industrial Development of Sari Plain
with its impact on environmental pollution,
Environmental Research and Technology, 4(6),
83-92. SID. https://sid.ir/paper/375493/fa. [In
Persian].

Rangzen, K., Ziyaian, P., Mirzaei, L. & Alikhani,
P. (2006). Vulnerability assessment of Varamin
plain groundwater to nitrate pollution using
modified DRASTIC in GIS environment, st
Conference of Environmental Engineering,
Tehran. [In Persian].

Regional Water Company of Qazvin. (2019).
Statistics and information on groundwater
[In Persian].

M. & Ebrahimi, K.

vulnerability

sources.
Sadat-Noori, (2016).
Groundwater assessment  in
agricultural areas using a modified DRASTIC
model, Environ Monit Assess, 188, 19. https://
doi.org/10.1007/s10661-015-4915-6
Shuaijun, H., Maosheng, Z., Yin, L., Yunfeng, L.
& Jiaqiu, D. (2011). A GIS-based groundwater
vulnerability assessment for the Northern
Shaanxi energy and chemical base, China. 2011
International Symposium on Water Resource and
Environmental Protection, 4, 2789-2793.
Varol, SO. & Davraz, A. (2010). Hydrogeological

investigation of Sarkikaraagac Basin (Isparta,

of groundwater in Baghmolek Plain using
DRASTIC model, Geomatics conference. [In
Persian].

Haji Karimi, A., Melmasi, S. & Saraei, L. (2011).
Investigating the environmental vulnerability of
the groundwater of Dasht Bartash and Dehlran
using the DRASTIC model, the 15th conference
of the Geological Society of Iran. Tarbiat Moalem
University of Tehran. Iran. [In Persian].

Ilhem, A., Chemseddine, F. & Larbi, D. (2017).
Application of DRASTIC method for determining
the vulnerability of an alluvial aquifer, Morsott
- El Aouinet north east of Algeria: using arcgis
Energy Procedia, 119, 308-
https://doi.org/10.1016/j.

environment,
317,  1876-6102,
egypro.2017.07.114.
Kholghi, M. & Taki, R. (2002). Vulnerability
assessment of Qazvin plain groundwater, Journal
of Engineering Geology, 1(3), 255. [In Persian].
Mardan, H. & Yarqali, B. (2019). Vulnerability
zoning of Ardabil alluvial plain aquifer using
integration of geographic information system
and DRASTIC model, Environmental Science
and Technology, 22(6), 391-407. doi: 10.22034/
jest.2018.20118.2915. [In Persian].
Napolitano, P. & Fabbri, A.G. (1996). Single
parameter sensitivity analysis for
vulnerability using DRASTIC
and SINTACS Hydro GIS 96: application of

geographical information systems in hydrology

aquifer

assessment

and water resources management. Proceedings
of Vienna Conference, IAHS Pub, 235, 559-566.
Piscopo, G., P. Please. & Sinclair, P. (2001).
Macquarie Catchment Groundwater Vulnerability
Map Explanatory Notes, Department of Land and
Water Conservation, New South Wales.

Pishkar Dehkordi, A., & Pourmaghods, H. (2006).

Investigating the effect of industrial wastewater on

woel8l s g JlSas glo ighy ddxe

Yo-08 e AAEAS )_.;L Al u_\L) ™ o)Lg.i} ‘J5| 0,90



ALSea 55158 0 LI | OF

Turkey) and  groundwater  vulnerability,
Water International, 35(2), 177-194, doi:
10.1080/02508061003663445

Voudouris, K., Nazakis, N., Polemio, M. &
Kareklas, K. (2010). Assessment of intrinsic
vulnerability using the DRASTIC model and GIS
in the Kiti aquifer, Cyprus, European Water, 30,
13-24.

Vrba, J. & Zoporozec, A. (1994). Guidebook on
mapping groundwater vulnerability, International
Contributions to Hydrogeology. Verlag Heinz
Heise GmbH and Co. KG.

Journal of Drought and Climate change Research (JDCR)

Fall 2023, Vol.1, No.3, pp 35-56



Original Article

Journal of
Drought and Climate change Research (JDCR) ‘_fi} %

University of Birjand

Fall 2023, Vol.1, No.3, pp 57-72

@ 10.22077/JDCR.2023.6432.1025

Investigation of the Hydrological Drought of Groundwater Using HDMI Index in

Urmia Plain

Arvin Miralizadeh™, Somayeh Hejabi >, Mehdi Kouchakzadeh *

1. M.Sc Student, Tarbiat Modarres University, Tehran, Iran.
2. Assistant Professor, Department of Water Engineering, Faculty of Agriculture, Urmia University, Urmia, Iran.
3. Associate Professor of Irrigation and Drainage Engineering, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran.

*Corresponding Author: Arvinmiralizadeh@modares.ac.ir

Keywords: Extended Abstract

Drought, Groundwater Introduction

Resources Index, Hydrological Groundwater is one of the important resources that provide resilience against climate
drought management index, change and water shortage during drought. One of the advantages of using groundwa-
Standardized Well Discharge ter during a drought is that it is often less vulnerable to fluctuations in weather patterns

Index, Modified  Standad than surface water. While surface water can be affected by changes in precipitation
Electrical Conductivity Index and temperature, groundwater is insulated by the layers of rock and sediment that
surround it, which can help maintain a relatively stable water supply even during

drought. Therefore, accurate and sustainable management of groundwater resources

is important, especially during times of drought when the demand for water is high.

Received: Urmia Plain, located in the northwest of Iran, is a semi-arid region that relies heavily
30 May 2023 on groundwater for agricultural and domestic purposes. Droughts in this region have
become increasingly frequent and severe and are a significant threat to the sustaina-

Revised: bility of groundwater resources. As a result, sustainable management of groundwater
26 Jun 2023 resources during drought requires a combination of actions and decisions aimed at
reducing water demand, increasing water supply, and improving water use efficiency.

Accepted: By using the combination of quantitative indicators of drought GRI (Groundwater
03 Jul 2023 Resource Index), SDWI (Standardized Discharge Index of Exploitation Wells) and
qualitative index MSECI (Modified Standard Electrical Conductivity Index) to mul-

tivariable hydrological drought management index HDMI in Urmia plain during the
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years (2003 to 2018) was discussed and the trend of this management index was investigated using

Mann-Kendall and Sen’s Slope.

Materials and Methods

In order to carry out this study, information on quantitative and qualitative parameters of groundwa-

ter in Urmia plain was received from the Water Resources Management Organization. Quantitative

information of groundwater, including the level of underground water (water table), discharge of

observation wells, and qualitative parameters, including sampling information of observation wells,

such as electrical conductivity (EC), are used to calculate the following drought indicators
Drought indices

Groundwater Resources Index

The GRI index is used to monitor the hydrological drought of groundwater. At first, a suitable sta-

tistical distribution is fitted, which is usually used due to the flexibility of the gamma distribution.

Then, the cumulative distribution function is converted to a normal distribution using equal proba-

bilities, so that its standardized and average becomes zero for each region and each desired period

and the standard deviation becomes one. Its positive numbers indicate the absence of drought and

negative numbers indicate the existence of this phenomenon.

standardized electrical conductivity index

Electrical conductivity is one of the most important parameters in determining the quality of ground-

water. Extracting and calculating the SECI index is the same as the GRI index, with the difference

that in this index, the electrical conductivity factor is used instead of the groundwater level.

Standardized Well Discharge Index

This index uses the flow rate of production wells to evaluate the quantitative status of the aquifer, the

extraction and calculation method of the SWDI index is the same as the GRI index, and the gamma

distribution can be used, with the difference that in this index, the flow rate of production wells is

used instead of the groundwater level.

Results and Discussion

The results of the study showed that Urmia plain has experienced several hydrological droughts dur-

ing the years under study. The monitoring results of hydrological drought management index for the

entire region of Urmia Plain show that the longest observed duration is 7 years, which started from

2012 and until the end of 2018, and the most severe drought observed in 2018 was -2.2.

The results of Mann-Kendall’s test on the drought indicators of Urmia Plain are presented in the

table below (Table 1). The results show that the HDMI and GRI drought indices have a decreasing

trend with a slope of -0.144 and -0.297 respectively, which if the current situation continues, the GRI

index in 2026 will be less than -2 and the HDMI index in 2031 will reach less than -6. Therefore,

taking management decisions to prevent the consequences of the drought of groundwater resources

is a vital and necessary matter.
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Conclusion

Using the HDMI index can help decision makers to identify periods of hydrological drought and
take appropriate measures to reduce the effects of drought on groundwater resources. The findings
of this study can be used for better management of groundwater resources in Urmia plain. Also, the
suggestion of future studies on the effects of climate change and human activities on the groundwa-
ter resources of Urmia plain should be considered.

Table 1. General results of Mann-Kendall test in Urmia Plain

S (Sen's Slope) Z vk
-0.144 *.5.62 GRI
- -0.219 SDWI
- 0.276 SECI
-0.297 *.6.19 HDMI

Significance at the 0.05 level™
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Table 3. The z variable of Kendall’s Man test of indicators and parameters in Urmia Plain
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river, SWAT model, Watershed Flooding is one of the most important threats to human society, which has increased in
Management recent decades with population growth and climate change. To prevent such harmful
phenomena, it is currently impossible to change the factors and elements of the atmos-
phere. Therefore, any fundamental solution should be sought on the ground, especially
in watersheds. From this point of view, areas with a high potential for flooding should
be properly identified. Of course, to do this, it is necessary to identify the flood-prone
areas inside the watershed, because due to the large size and extent of the country’s
watersheds, it will not be possible to carry out implement and correct operations in
Recetved: principle. Therefore, studying the features of basins related to flooding levels can help
13 Jun 2023 to properly manage this risk. Nowadays, several methods such as morphological char-
acteristics, decision-making methods and hydrological models are used to prioritize
watershed sub-basins.
Revised: Materials and methods
21 Aug 2023 . . . ) . .
This research was carried out using SWAT hydrological model in 21 sub-basins of Sar-
baz basin located in Sistan and Baluchistan province. After preparing the parameters
Accepted: and input data, while considering two years of warming, the model was recalibrated
26 Aug 2023 for a 17-year period from 1999 to 2016 and then validated during a five-year period

from 2017 to 2021. The first step in watershed simulation is to divide the watershed

into several sub-basins and hydrological response units (HRU). The necessary inputs
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for the watershed configuration are: GIS maps of the basin, which include: digital elevation map
(DEM), land use map, soil map, digitized stream map, study area map. Meteorological data in-
cludes: precipitation, minimum and maximum temperature, solar radiation, wind speed and relative
humidity during the desired time period. Hydrometric data includes discharge statistics and infor-
mation in the desired time period that was used in this monthly research. After entering the required
information for the model, the database was completed and the model was prepared for simulating
the watershed. It should be noted that the warm up period was used for model preparation, calibra-
tion and validation in SWAT-CUP software.

Results and discussion

The results obtained in the calibration stage were NS=0.76 and R2=0.86 and in the validation stage
NS=0.56 and R2=0.58. The initial curve number parameter for medium humidity conditions and
the alpha parameter in the return flow had the greatest effect on the sensitivity analysis. The initial
curve number parameter for medium humidity conditions and the alpha parameter in the return flow
had the greatest effect in the sensitivity analysis, which is consistent with the results of Saraei et al.
(2019) and Haydari et al. (2019). According to table (4), sub-basin 20 ranks first among 21 sub-ba-
sins with an average runoff of 2.46, and sub-basin 10 has the lowest amount of runoff with an av-
erage of 0.06. The results of prioritization show that the south and southwest basins are prioritized,
due to the reduction of vegetation and permeability.

Conclusion

This research was carried out using SWAT hydrological model in 21 sub-basins of Sarbaz water-
shed located in Sistan and Baluchistan province. The results obtained in the calibration stage were
NS=0.76 and R2=0.86 and in the validation stage NS=0.56 and R2=0.58. It can be concluded that
the SWAT model has performed well in the simulation of the Sarzab watershed and this model
can be used to simulate large watersheds with complex and heterogeneous conditions such as the
Sarzab watershed with an area of 6850 square kilometers, provided that the input data is accurate.
However, subbasins have been prioritized less than this model. Hydrological methods also allow
the application of scenarios and different managements in land management. In the continuation of
this research, by applying flood management scenarios, the amount of destructive floods that always
cause river flooding and cause irreparable damages in the studied area can be minimized, and these

scenarios can be used to reduce possible risks in the future.
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Fig 1. Map of the study area in Iran and in Sistan and Baluchistan province
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Table 2. The results of calibration and validation of the average monthly discharge of the Pishein station
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Reservoir losses, Meteorological Introduction

. The challenge of reducing fresh water resources is more serious due to the hot and
parameters,  Analysis  of

. . dry climate in Iran, and requires the optimal use of available water resources. Most
variance, Interaction effects

of the losses in the reservoirs of dams are due to evaporation. Considering the num-
ber of dams in the country, every year a huge amount of the dams’ reservoirs is lost
due to evaporation. Changes in evaporation rates due to climate change can greatly
affect hydrological parameters such as soil water content and runoff. Therefore, the
investigation of the effects of different meteorological parameters on the evaporation
rate provides insights into new ways of evaporation suppression methods. In addition

to this, evaporation is considered the main factor in the loss of water resources in

Rece;\;e;ilin 2023 hot and dry regions. Based on this, investigating the rate of evaporation from these
reservoirs under the climate change can help to understand this phenomenon and deal
with it. By knowing the effective parameters on the evaporation and the mutual effects

Revised: of different parameters, it is possible to take more effective measures in choosing

16 Aug 2023 the appropriate evaporation reduction methods and increasing their efficiency under
different conditions. In this research, the main and interaction effects of different me-

Accepted: teorological parameters such as temperature, relative humidity, wind speed, radiation

17 Aug 2023 and average vapor pressure on the evaporation rate from the free surface of water were

investigated using variance analysis.
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Investigating the interaction effects of meteorological

Methodology

In this study, the information from Ahvaz weather station during 1991 to 2019 was analyzed. Ah-
vaz airport’s weather station is at 31°32° latitude, 48°66° longitude and 16 meters above sea level.
Class A evaporation pans are used at this station to measure the evaporation rate. The Mann-Kendall
test was used in this study at four significance levels of 0.001, 0.01, 0.05 and 0.1. To perform the
Mann-Kendall test, the MAKESENS application developed by the Meteorological Institute of Fin-
land was applied. In this study, one-way and two-way variance analyses were used to compare and
investigate the effect of evaporation reduction methods and different meteorological parameters. In
this study, a two-way analysis of variance was used to check the effect of different meteorological
parameters on the performance of different methods. Analysis of variance requires all parameters to
follow normal distribution to some extent. In addition, the independent variables must have a nomi-
nal or ordinal scale. Accordingly, all meteorological parameters were divided into three levels: high,
medium and low. For this purpose, first, different meteorological parameters were modified based on
the average of each parameter. In this way, the average of each parameter was reduced from all the
data of that parameter. In such a case, the average data of that parameter will be equal to zero. After
that, according to the standard deviation (Sd) of each parameter, the data of that parameter were
divided into three parts. Values less than -1Sd were considered as low (level 1), values greater than
+1Sd as high (level 3) and values between -1Sd and +1Sd as intermediate (level 2). All calculations
were done in SPSS environment. The statistical characteristics of different meteorological parame-

ters during the investigated period are presented in Table 1.

Table 1. Statistical characteristics of different meteorological parameters during the studied period

Parameter Minimum Maximum Average Standard deviation  Bond 1 Bond 2 Bond 3
Temperature (C) 3.4 443 26.7 10.3 <16.4 16.4-36.9 >36.9
Humidity (%) 4.4 94.62 30.9 20.2 <10.7 10.7-51.1 >51.1
Surface Pressure (kPa) 98.6 102.42 100.5 0.8 <99.6 99.6-101.3 >101.3
Wind Speed (m/s) 0.6 8.33 22 0.9 <l.3 1.3-3.2 >3.2
Solar Irradiance (MJ/m?/day) 0.5 32.03 19.8 7.1 <12.7 12.7-26.9 >26.9

Discussion and Results

At first, only the main effects of different parameters on the rate of evaporation were calculated using
analysis of variance, and then the interaction effects of different meteorological parameters on the
rate of evaporation were investigated. In Table 2, the main effects of temperature parameters, relative

humidity, surface pressure, wind speed and the amount of radiation on evaporation are presented.
Table 2. Results of ANOVA based on the main effects

Source df Mean Square F Sig. Partial Eta Squared
Temperature P 2095.521 187.417 .000 .036
Humidity 2 3979.157 355.883 1000 066
Surface Pressure 5 7765.179 694.493 000 122
Wind Speed 2 3113.505 278.462 .000 053
Solar Irradiance 5 8253.249 738.144 000 129
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A Investigating the interaction effects of meteorological

Based on the analysis, all the mentioned parameters had a significant effect on the evaporation rate. The
results of the Bonferroni test, which is used to observe the effects within the group, show that there is a
significant difference in all meteorological parameters between the different levels of these parameters
on the evaporation rate. The calculated explanation coefficient for the main effects is equal to 0.69,
which shows that the main effects can estimate 0.69 of the output variance. Considering that only the
main effects are used in this section, the Eta squared parameter can show the percentage of influence of
each parameter on the output. Based on this parameter, solar radiation has the greatest effect on evap-
oration. Surface pressure and relative air humidity are also placed in the next place.

Conclusion

Based on the analysis, all the mentioned parameters had a significant effect on the evaporation rate.
According to Eta squared, the main effects could estimate 69% of the output variance. Based on
this parameter, solar radiation had the most significant effect on the evaporation rate. The results of
variance analysis showed that all the interactive effects had a significant effect on the evaporation
rate, and only the interactive effect of wind speed and radiation was not significantly different. The
interactive effect of surface pressure on temperature and radiation had the most significant effect
on the rate of evaporation, followed by the interactive effect of temperature and relative humidity.
Investigation of the effect of various meteorological parameters on the rate of evaporation from the
water surface and their interactive effects can be used to investigate the efficiency of various meth-

ods to reduce evaporation.
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Table 1. Statistical characteristics of different meteorological parameters during the studied period
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Fig 3. The effect of mean air temperature on the rate of pan evaporation in the studied period
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Balanced fertilization,  Soil Introduction

leaching, Soil specifications, Wheat (Triticum aestivum L.) and rice (Oryza sativa L.) are two important sources of

Water quality, Wheat and rice food for people worldwide. Soil macro- and micro-nutrients can significantly affect

wheat and rice tolerance in salt stressed conditions. The province of Khuzestan, Iran is

genotype
one of the most important agricultural regions in the country. Wheat and rice are largely
planted in the province especially in the areas near the Karun River. However, planting
such crop plants in the region is subjected to stresses such as salinity and soil pollution
with nitrate and boron, which is mainly due to high evaporation and excess chemical
fertilization. Accordingly, investigating the distribution of salt, nitrate and boron in the
Recetved: region is of economic and environmental significance, because it may be useful for find-
25 Jun 2023 ing methods, which reduce salinity stress and provide an optimum rate of fertilization
for wheat and rice production. The objective was to investigate salt distribution and
pollution of nitrate and boron, resulting from chemical fertilization, in the non-alkaline
Revised: and arid area of Khuzestan province, affecting wheat (Chamran genotype) and rice (An-
20 Aug 2023 barbou genotype) yields.
Materials and methods
Accepted: The research was conducted in the regions of Arab Asad (region 1) and Veis (region 2)
26 Aug 2023 and soil samples were collected from five different stations, in four different seasons and

from the depths of 0-30, 30-60, 60-90, and 90-120, and their salinity, and concentrations

of nitrate and boron were determined. Soil samples were collected from agricultural re-
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gions planted with wheat and rice. Soil samples were analyzed for physicochemical properties. Wheat
and rice relative yields were determined according to the control region. The experimental design was
factorial on a complete randomized block design. Excel software was used for arranging data and
drawing graphs. Data were subjected to analysis of variance and means were compared using least
significant differences at P < 0.05.

Results and discussion

According to the results, for region 1, the soil salinity at different depths was 1.96-5.16 dS/m. For re-
gion 2 it was in the range of 1.90-4.92 dS/m. The highest nitrate concentrations at different depths were
13.5, 18, 8.5, and 9 ppm (region 1) and 12.5, 16, 10, and 7 ppm (region 2). The corresponding values
for boron were 37, 49, 27 and 23.5 (region 1), and 37.5, 48, 28, and 24 (region 2). Increased salinity
decreased wheat and rice yields as wheat yield decreased by 17.8% (region 1) and 15.9% (region 2),
and rice yield decreased by 12.9% (region 1), and 14.4% (region 2). The higher level of salinity at the
soil surface is due to high evaporation and the upward movement of salt to the soil surface. The lower
rainfall level in the region is also another important reason for salt accumulation on the soil surface.
Additionally, nitrate and boron were leached to 30-60 cm depth indicating the high susceptibility of
such nutrients to leaching. Accordingly, the farmers must use more efficient fertilization methods in
the region, which result in less leaching of nitrate and boron and higher uptake of such nutrients by
plants. Investigating the distribution of salt, nitrate and boron in wheat and rice fields can be beneficial
in helping farmers use the present resources for optimum yield production.

Conclusion

In the present research applicable analyses were used to investigate the distribution of salt, nitrate and
boron in some agricultural regions of Khuzestan province, Iran. Collecting soil samples to 120 cm in
different seasons and different research stations indicated the high accumulation of salt on the soil sur-
face and of nitrate and boron in the 30-60-cm depths. Accordingly, it is of significance to analyze such
depths before planting wheat and rice in the region, so that proper leaching and fertilization methods

may be suggested.
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Table 3. LSD comparisons for the salt amounts of different depths

Region 1, \ dilis

P s lastisl glas Sl B (o BL) Bos G s8le) os
Standard error ~ Average difference Depth (cm) Depth (cm)
0.000 0.10027 0.52%* 30-60
0.000 0.10027 0.86* 60-90 0-30
0.000 0.10027 1.00%* 90-120
0.000 0.10027 -0.52* 0-30
0.001 0.10027 0.35% 60-90 30-60
0.000 0.10027 0.49%* 90-120
0.000 0.10027 -0.86%* 0-30
0.001 0.10027 -0.35% 30-60 60-90
0.178 0.10027 0.14" 90-120
0.000 0.10027 -1.00* 0-30
0.000 0.10027 -0.48* 30-60 90-120
0.178 0.10027 -0.14* 60-90
Al god o (G NS oy S a0 ls e s
Region 2, Y ailaio
P 3 lastew slas OeSles OS] (o (s5lw) Gos (e (silw) (os
Standard error ~ Average difference Depth (cm) Depth (cm)
0.000 0.05885 1.00* 30-60
0.000 0.05885 1.49* 60-90 0-30
0.000 0.05885 1.58* 90-120
0.000 0.05885 -1.00 0-30
0.000 0.05885 0.48* 60-90 30-60
0.000 0.05885 0.57* 90-120
0.000 0.05885 -1.49* 0-30
0.000 0.05885 -0.48* 30-60 60-90
0.120 0.05885 0.093" 90-120
0.000 0.05885 -1.58* 0-30
0.000 0.05885 -0.57* 30-60 90-120
0.120 0.05885 -0.093" 60-90
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Table 4. Salt effects of regions 1 and 2 on wheat (Chamran) and rice (Anbarbou) yield

(1) o,5dee  (ASIM™Y) )0 bwgio  (ASMY) (g 90 ails  olg
Yield Average of salinity Salinity range Region
wheat oui5
Region 1 , 1 aikus
100 2.933 3.98-2.01 S1
98.3 3.008 4.13-1.98 S2
90.2 3.201 4.67-1.96 S3
86.24 3.287 5.07-1.99 S4
82.21 3.340 5.16-2.07 S5
Region 2, Y ailiw
100 2.753 3.82-2.01 S1
99.1 2.868 3.93-2.12 S2
92.2 3.025 4.32-1.91 S3
88.4 3.275 4.72-1.90 S4
84.1 3.368 4.92-2.09 S5
rice , i
Region 1, it
100 2933 398-201 s1
98.1 3.008 413-198 S2
933 3201 467-196 S3
89.2 3287 507-199 sS4
871 3340 516 — 207 S5
Region 2, ¥ aikuw
100 2753 382-201 s1
979 2868 393-212 S2
923 3.025 432-191 S3
88.2 3275 472-190 sS4
856 3368 492 -209 S5
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