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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

How to cite this article:

Moradinejad, T., Rezaei, M., Nakhaei, M. (2023). Vulnerability Assessment of Groundwater Resources in Qazvin aquifer with Drastic, Modified
and Fuzzy Methods. Journal of Drought and Climate change Research, 1(3), 35-56. 10.22077/JDCR.2023.6186.1020.

® Copyright: © 2022 by the authors. Licensee Journal of Drought and Climate change Research (JDCR). This article is an open access article distributed
B under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


https://dx.doi.org/10.22077/vssd.2022.4953.1061
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0000-4778-7988

Vulnerability Assessment of Groundwater Resources \ig

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.
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Table 1. Summary of Qazvin study area characteristics (Ab Ara Sazeh Consulting Engineering Company,
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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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Flood prioritization of Sarbaz river sub-basins using SWAT V¥

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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