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Abstract

The groundwater level of Tuyserkan plain has dropped by more than 11 meters in the last 22 years.
This study surveyed the trend of groundwater quality parameters in the study area using data from 15
observation wells from 2005 to 2016, the trend of groundwater quantity parameters using data from 17
observation wells, and also the trend of rainfall changes using 11 rain gauge stations data from 1993
to 2014 by non-parametric Mannkandal test. For each time series, the trend line slope was calculated
using the Sen's slope method. The quality parameters included 13 parameters that were measured twice
a year (i.e., during the wet and dry periods). Based on the results, the quality parameters of the plain
decreased, and the trend of significant decreasing changes in the water table dropped by an average of
53 cm per year. Moreover, the results of precipitation analysis showed that the average annual
precipitation decreased by 3.75 mm.

Introduction

Groundwater resources are vital sources of water supply in many arid and semi-arid regions of the
world. It is thus necessary to study the trend of groundwater quantity and quality changes in each
region. Indeed, changes in the quantity and quality parameters of surface and groundwater resources
can lead to strong changes in the production of agricultural crops, causing economic and social
problems in the region. There are various elements and compounds in water that affect its physic-
chemical quality parameters; among them cations and anions can thus show many properties of water.
To that end, observed hydrological data are mostly used in the planning and design of water resources
projects. It is assumed that the data trend is static in terms of quantity and quality, i.e., their statistical
properties do not change over time. However, this assumption may be rejected due to changes in land
use, the use of chemicals such as pesticides and fertilizers in agriculture, and also climate change,
which mainly occurs due to increased greenhouse gases in the atmosphere. Therefore, the trend
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analysis of hydrological data helps managers make rational decisions for the optimum use of water
resources.

Materials and methods

Tuyserkan plain, which is located in Hamadan Province, is one of the plains in the upper basin of
Karkheh river. The direction of the groundwater flow of alluvial aquifer in the study area is northeast
to southwest. This study examined several chemical parameters including total dissolved solid (TDS),
electrical conductivity, acidity, calcium, magnesium, sodium, chloride, bicarbonate, sulfate, total
cations, total anions, sodium adsorption ratio and total hardness of 15 wells during the eleven-year
statistical period (i.e., 2005-2016). Moreover, the groundwater table data of 17 observation wells
during the 22-year statistical period (i.e., 1993-2015) were considered.

In this study, the missing data were reconstructed using the correlation coefficient between the
stations with a common statistical period. The run test was initially performed using Minitab16
software to determine the accuracy of the data, which showed that all data were homogeneous. Pearson
correlation coefficient was also measured using SPSS.16 software. In this study, the first time series
were tested for the significance of the first-order correlation coefficient (r1). If r1 was significant, a
modified mankendal was used, otherwise the mankendal was used to test the trend by MAKESENS
software (MAKESENS.1.0). In addition, the Sen's slope estimator method was used to investigate the
slope of the time series. For more information of these methods, one can refer to Mir Abbasi
NajafAbadi and Dinpajooh (2012) and Daneshvar Vosoghi et al. (2011).

Results and discussion

The main approach of this study was to analyze the trend of quantitative and qualitative parameters
of groundwater resources in Tuyserkan plain in order to manage the groundwater resources. To that
end, the trends of groundwater quality data in both annual and seasonal scales as well as the trends of
water table and rainfall in monthly, seasonal and annual time series were investigated using non-
parametric Mekendal tests after removing the first-order significant autocorrelation effect from the
data series.

The results showed that the trends of most groundwater quality parameters in the majority of the
observation wells in Tuyserkan plain were positive. In addition, the highest number of significant
positive trends regarding all quality parameters studied in Tuyserkan plain was observed in the wet
period. However, the amplitude of changes in the trend line slope of most parameters in the dry period
was less than that in the wet period. It can be thus concluded that there is a drop in water quality of
Tuyserkan plain. In general, in the north-south direction of the plain, the slope trend of electrical
conductivity, TDS, total hardness, bicarbonate, chloride, sodium, calcium, sulfate, magnesium, total
anion and total cation reduced. Moreover, acidity in the north to south direction of the plain had an
increase in the amount, while the ratio of sodium adsorption ratio had irregular changes in the plain.

Besides, the results obtained from the study of the water level trends in Tuyserkan plain indicated
that during the statistical period, the plain experienced a decrease of 11.8 meters. To compensate for
this decrease, such preparations as artificial recharge should be considered. The highest amount of
water table calculated was related to May of the hydrological year of 1998-1999 with the value of
1689.64, while the lowest amount of water level in July of the hydrological of 2014-2015 was 1674.73
meters.

Conclusion

Due to the predominant negative trend of the studied quality parameters, the groundwater quality
of the plain decreased during the statistical period studied. According to the results, if the decreasing
trend continues in the same way, more water shortages are ahead in the coming decades. The study of
rainfall in the region showed that, in general, the changes in rainfall in most of the studied scales were
decreasing, which in most cases these reductions were not significant. Overall, the trends of



129
The Combined Use of Hydrological ... Vol. 44, No. 1, 2021

guantitative and qualitative changes in water resources in the study area indicate a decrease in water
quality, and an increase in soluble solutes.
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Table 1 - Trend Analysis of Quality Parameters (Annual)

@ > o)

AmirAbad -1.18 -1.56 -0.86 -0.47 -0.33 -3.11 -3.11 0.78 -1.48 -2.03 2.56 -1.94 -1.17

AnbarNaft 0.70 0.93 -0.62 -0.87 2.74 -1.74 -1.87 1.04 -1.32 0.55 1.40 0.62 -1.27

Chashtkhoran -0.31 -0.16 -0.12 0.0 1.96 -1.80 0.47 -1.28 0.63 0.55 0.31 0.62 -0.94

Dehmosa -0.62 -0.62 0.47 0.0 0.40 171 1.09 1.66 -0.85 0.55 0.55 0.93 0.47

Erikan 1.59 158 -1.57 2 -0.48 -0.83 1.72 1.65 -0.87 156 1.67 1.09 2.04

Farasfaj -1.34 -1.34 0.93 151 -1.72 -0.55 -1.20 -1.25 -1.56 -0.62 -1.23 -0.95 -1.42

GhaleNo 1.48 1.40 -0.90 0.47 1.92 -0.11 1.09 1.83 -1.02 -0.86 1.56 -0.78 1.28

Karkhane -1.93 211 0.61 -2.12 -1 -1.68 -1.72 -2.27 -1.34 0.0 -1.80 0.12 -2.08

Korzan 0.23 0.31 -0.77 -0.63 1.25 0.91 1.02 0.42 0.16 1.09 1.56 0.31 0.88

MahmoudAbad -0.62 -0.62 0.0 -0.78 1.36 -0.67 -1.02 2.04 -1.25 -1.86 -1.40 -1.77 0.39

Manjan 0.39 0.39 -1.10 0.16 1.12 -1.74 0.0 0.56 -1.64 0.16 0.31 0.16 -0.55

MobarakAbad 1.09 0.78 -0.85 1.49 0.69 -1.09 1.40 0.0 0.0 0.16 1.09 0.0 1.02

MotasemAbad 3.51 3.58 -1.09 2.19 114 -1.27 0.39 0.62 -0.40 0.0 0.47 0.0 0.08

Noghade -2.81 -2.18 -0.76 1.60 0.24 -2.18 -0.31 1.65 -0.78 -1.56 0.0 171 0.78

RodAvar 0.93 0.93 -0.39 0.32 -1.91 2.22 1.79 0.70 2.66 -0.62 1.90 -1.09 1.62

(55 0998) (A S sl sl Wigy b -2 Jour
Table 2 - Trend Analysis of Quality Parameters (wet period)
Name Station EC TDS pH Hcos Cl Sos  Total Anions Ca Mg Na Total Cautions SAR TH

Erikan 153 144 -1.18 211 -0.25 -1.13 1.82 1.88 -0.24 0.93 1.86 0.31 2.13
AmirAbad -1.06 -1.11 -0.63 -0.32 -0.27 -3.05 -1.79 0.48 -1.02 -2.09 -1.69 -1.97 -1.28
AnbarNaft 0.78 0.70 -0.93 -1.40 2.46 -1.59 -1.30 0.32 -1.52 2.69 -0.84 1.91 -1.50
Chashtkhoran -0.70 -0.70 -0.23 -0.47 2.19 -1.36 0.0 -1.42 0.79 1.09 -0.78 1.56 -1.08
Dehmosa -2.11 -1.56 0.31 -1.02 0.25 2.10 0.94 1.96 -1.32 0.40 0.62 -0.70 0.47
RodAvar 0.78 0.93 -0.39 0.0 -1.51 2.34 1.93 0.78 211 -0.78 1.89 -1.25 1.87
Farasfaj -1.21 -1.18 117 2.08 -1.84 -0.80 -1.15 -0.24 -1.58 -0.94 -1.13 -0.90 -1.56
GhaleNo 2.66 2.34 -1.58 0.48 1.98 -0.73 1.40 1.64 0.0 -0.24 1.88 -0.55 1.32
Karkhane -2.21 -2.10 0.55 -2.04 -1.27 -2.19 -1.85 -2.10 -0.57 -0.12 -1.47 0.0 -1.58
Korzan 1.02 0.86 -0.62 -0.32 1.95 0.94 1.80 0.35 0.06 117 1.64 0.93 1.04
MobarakAbad 0.93 0.0 -0.19 1.03 0.09 -0.39 0.70 -0.47 0.0 111 0.78 1.09 0.39
MahmoudAbab -0.63 -0.86 0.0 -0.99 1.59 -1.82 -1.71 143 -1.17 -2.02 -1.15 -1.75 0.32
MotasemAbad 3.13 3.43 -1.02 1.66 1.15 -1.25 0.0 0.53 -0.32 -1.02 -0.31 -0.39 -0.24
Manjan 0.55 0.86 -0.65 0.08 0.45 -1.60 -0.08 0.78 -1.20 0.23 0.62 0.62 0.0
Noghade -2.02 -2.18 -0.97 1.49 0.90 -2.02 -0.78 1.19 -1.11 -1.56 -0.62 -1.71 0.63
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Table 3 - Trend Analysis of Quality Parameters (Dry period)

Name Station EC TDS pH Hcos Cl S04 A-I;1 Oitoar:s Ca Mg Na C;ﬁtiilns SAR TH
Erikan 1.57 1.56 -1.58 1.57 -0.48 -0.67 1.56 1.34 -1.20 211 2.19 2.34 0.0
AmirAbad -0.89 -0.78 -1.64 -0.16 0.0 -3.29 -2.18 1.18 -1.49 -1.87 -1.71 -2.65 -0.23
AnbarNaft 0.55 0.93 -1.19 0.0 2.48 -2.66 -1.10 1.36 -0.97 -1.02 -0.70 -0.62 0.0
Chashtkhoran 0.24 0.23 -0.39 1.46 0.66 -1.64 0.08 -1.20 0.08 0.0 0.0 0.16 -0.71
Dehmosa -0.86 -1.56 0.86 -0.98 1.87 1.17 -0.12 2.77 -1.18 0.0 -0.46 0.31 0.48
RodAvar 0.62 0.62 0.0 0.08 -2.53 2.30 2.02 0.47 2.19 -1.33 2.18 -1.40 1.95
Farasfaj -0.83 -0.72 1.58 1.35 -1.69 -0.32 -1.09 0.16 -1.35 -0.85 -1.06 -1.09 -0.83
GhaleNo 1.02 1.17 -0.47 0.40 1.91 0.19 0.94 1.74 -1.57 -0.40 1.17 -0.23 152
Karkhane -1.99 -1.91 1.02 -1.99 -1.11 -0.84 -1.86 -1.74 -1.42 -031 -1.86 0.0 -2.06
Korzan 0.0 0.0 -0.67 -0.95 0.81 1.20 0.63 0.87 -0.52 0.93 0.31 0.47 0.24
MobarakAbad 1.17 1.25 -0.93 1.62 0.83 -1.59 1.64 0.0 1.26 -0.48 2.34 -0.73 214
MahmoudAbab -0.31 0.0 0.18 -0.71 0.59 0.0 -0.86 1.18 -1.30 -1.25 -0.47 -2.02 0.63
MotasemAbad 3.67 2.48 -1.25 2.14 0.40 -1.27 1.17 0.69 -0.08 1.64 1.33 0.93 0.48
Manjan 0.0 -0.16 -1.20 0.55 2.14 -1.66 -0.08 0.63 -1.79 -0.70 -0.62 -0.78 -0.32
Noghade -2.34 -2.18 -0.80 1.71 0.0 -2.18 -0.63 1.89 -0.40 -1.80 -0.16 -1.71  0.70
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Table 4- Trend analysis of Water Table (Mountly)

AmirAbad -219 -215 0232 -221 -215 -219 -203 -201 -197 -215 -230 -2.22
AnbarNaft -1.38 -153 -154 -124 -126 -1.13 -142 -155 -160 -152 -153 -159
Erikan -1.66 -163 -163 -163 -1.76 -1.46 -167 -166 -1.63 -1.78 -1.92 -1.69
Chashtkhoran -2.38 -232 -235 -232 -228 -234 -217 -221 -260 -214 -232 -243
Dehmosa -235 -243 -251 -254 -236 -220 -209 -223 -231 -234 -216 -2.14
RodAvar -2.22 -202 -224 -226 -223 -1.68 -187 -158 -180 -177 -2.09 -2.60
Sarabi 1.27 1.30 1.23 1.22 117 154 0.99 1.08 1.03 1.10 1.08 1.10
Farasfaj -229 226 -234 -231 -231 -239 -231 -227 -231 -235 -236 -242
Ghaleno -243 -250 -249 -257 -262 -258 -243 -260 -255 -245 -236 -2.25
Karkhane -2.23 234 242 -245 -219 -218 -203 -205 -221 -227 -215 -219
Korzan -190 -188 -2.06 -196 -213 -236 -242 -195 -188 -2.05 -2.23 -2.15
MobarakAbad -273 -281 -223 -255 -303 -285 -193 -221 -124 -228 -258 -2.06
MahmoudAbad -1.74 -142 -077 -041 -043 -037 -058 -116 -164 -18 -1.81 ~-1.79
MotasemAbad -219 224 217 211 -222 -2.24 -207 -236 -226 -219 -2.07 -2.24
Manjan -224 219 -233 -224 -220 -2.07 -214 -226 -198 -212 -222 -2.16
Noghade -1.60 -161 -164 -145 -127 -105 -116 -069 -091 -1.33 -1.68 -2.01
Lamian -215 220 -211 -205 -219 -219 -210 -234 -224 -215 -199 -212
(M 9 4Vlo) Sl daw Wigy fuloxi - 5 Jgu
Table 5 - Trend Analysis of Water Table (Annual and seasonal)
Name Station Spring  Summer  Autumn  Winter  Annual
AmirAbad -2.02 -2.20 2.21 2.08 -2.10
AnbarNaft -1.45 -1.56 -1.38 121 -1.29
Erikan -1.66 -1.73 -1.67 160 -1.64
Chashtkhoran ~ -2.15 -2.27 -2.25 228  -2.32
Dehmosa -2.20 -2.28 -2.50 237 247
RodAvar -1.60 -2.31 -2.26 205  -2.25
Sarabi 1.04 1.07 1.43 1.39 1.29
Farasfaj -2.32 -2.43 -2.28 -2.34 -2.42
GhaleNo -2.53 -2.44 -2.45 -2.61 -2.43
Karkhane -2.09 -2.32 -2.34 -2.29 -2.39
Korzan -2.14 -2.16 -2.02 -2.11 -2.42
MobarakAbad -2.12 -2.31 -2.53 -2.58 -2.49
MahmoudAbad -1.17 -1.81 -1.49 -0.46 -1.51
MotasemAbad -2.18 -2.14 -2.18 -2.23 -2.28
Manjan -2.19 -2.14 -2.18 -2.18 -2.19
Noghade -0.81 -1.64 -1.62 -1.24 -1.62
Lamian -2.27 -2.09 -2.13 -2.16 -2.32
(4blo) (FNsb Wiy Jakoxi - 6 Jour
Table 6 - Trend Analysis of Rain (Mountly)
m 9 2]
2z = » » o § & 5 £ 5  § =
5 3 $ £ & ¢ 3 & 3§ & g = g =
= > =3 = § 3 a S
BabaKamal 0.25 102 065 -082 0.37 -045 0.90 0.0 -0.30 0.11 0.0 0.77
Chashtkhoran 0.17 062 068 -08 -0.14 -1.10 0.28 -0.17 0.29 2.23 0.21 1.05
Farasfaj 0.03 068 -037 -096 -0.68 -1.58 -0.06 -1.10 -0.88 0.15 0.0 0.82
Myande -1.30 09 034 -068 -042 -113 116 -068 -2.02 -286 -3.15 -1.09
Oshtoran -052 124 017 -152 -090 -1.02 -099 -135 -194 -151 -163 0.12
PirGheyb -119 068 025 -169 -056 -0.68 141 -1.33 -048 -2.02 -1.09 -221
Shahrestane -0.32 144 045 -039 -096 0.14 0.0 0.0 0.18 038 -034 1.73
Valashjerd -064 085 -028 -175 -133 -1.8 -042 -1.02 -1.26 -1 -0.62 043
KheyrAbad -056 099 -008 -138 -031 -056 014 -056 0.15 1.63 112 0.97
Sarabi -0.17 102 -006 -147 -065 -152 -0.11 -150 0.63 -1.02 -0.74 0.80
BabaPirAli -0.03 138 -008 -102 -093 -099 045 -071 -120 0.04 -030 1.70
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Table 7 - Trend Analysis of Rain (Annual and seasonal)

Name Station ~ Spring  Summer  Autumn  Winter ~ Annual
BabaKamal 1.24 0.86 1.58 -0.62 1.24
Chashtkhoran 0.90 1.59 0.73 -1.35 0.79
Farasfaj -0.85 0.52 1.02 -1.69 -0.90
Myande -0.17 -1.89 1.47 -1.75 -1.07
Oshtoran -1.18 -0.91 1.18 -1.55 -0.56
PirGheyb 0.54 -0.15 0.79 -1.18 0.23
Shahrestane 0.34 0.67 1.97 0.06 0.11
Valashjerd -1.21 -0.96 0.79 0.268 -1.47

KheyrAbad 0.0 1.22 141 -0.85 0.0

Sarabi -0.51 0.29 1.24 -1.47 -1.02
BabaPirAli -0.65 0.67 1.30 -2.26 0.51
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