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Figure 1. a) Location of Mazandaran province in Iran. b) Location of sampling wells (300 wells) in the coastal strip
of Mazandaran, considered for mapping
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Table 1. Semivariogram model parameters in the ordinary kriging method, the parameters of range and nuggjét-to-sill

ratio, for the first and second half-years

p5> Jlows
Second half-year

ol Jlogs
First half-year

556 gled . P U el .. 7 e
(K}n)):,.,ls (%) (slanlad )3_\ & As}:..)l kS Loy o Jo (K}n),:ay.f (%) (slaslas )3:\ & ‘U]?h'o» Lod s o Jo Year
Rang (Krﬁ) Nugget-to-sill ratio (%) Model Rang (Krﬁ) Nugget-to-sill ratio (%) model

48.8 52.9 K-Bessel 14.0 0.0 K-Bessel 1391 (2012)
5.2 64.0 Exponential 4.3 19.2 Exponential 1392 (2013)
1.9 73.2 K-Bessel 10.1 68.2 Exponential 1393 (2014)
352 39.0 Stable 1.2 0.0 Stable 1394 (2015)
1.2 0.0 Exponential 39.5 74.6 Exponential 1395 (2016)
7.8 0.0 Exponential 0.8 0.0 Stable 1396 (2017)
6.7 0.0 K-Bessel 1.9 46.7 K-Bessel 1397 (2018)
9.1 24.7 Exponential 2.8 5.3 Exponential 1398 (2019)
3.2 68.8 Stable 4.6 0.0 Stable 1399 (2020)
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Table 2. The indices of cross-validation in the ordinary kriging method for the first and second half-years
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Second half-year First half-year Ju
ASE RMSSE MSE RMSE  ME ASE RMSSE MSE RMSE ME Year
409.6 1.199 -0.035 5349  -1538 557.6 1.383 -0.069 748.0 222 1391 (2012)
408.4 1.212 -0.067 5183  -17.0 509.6 1.309 -0.091 674.7 284 1392 (2013)
640.3 1.048 -0.014 698.0 3.2 502.7 1.260 -0.053 638.4 -18.7 1393 (2014)
448.8 1.658 -0.070 8823  -34.8 399.2 1.342 -0.076 596.4 257 1394 (2015)
430.0 1.254 -0.046 6352  -20.1 4471 1.304 -0.046 675.3 232 1395 (2016)
4845 1.110 -0.052 598.0 5.0 458.1 1.247 -0.057 750.7 215 1396 (2017)
458.3 0.830 -0.012 3642 131 440.0 1.098 -0.055 543.1 -11.4 1397 (2018)
507.8 1.276 -0.026 532.5 8.3 619.5 0.663 -0.045 4122 385 1398 (2019)
435.6 0.962 -0.008 335.4 1.0 558.0 0.845 0.004 461.1 15.2 1399 (2020)
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Table 3. The percent of areas affected by classified salinity, presented as the percent of the total coastal area
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0.2 5.5 15.4 227 56.1 15.2 8.6 239 275 24.8 1392 (2013)
7.0 18.7 11.0 223 411 15.1 1.6 6.2 371 40.0 1393 (2014)
9.6 14.2 11.8 20.9 435 15.0 5.7 15.2 31.0 332 1394 (2015)
16.0 17.3 12.6 25.9 28.2 22.7 11.7 13.2 175 34.9 1395 (2016)
18.6 184 17.8 32.3 12.9 194 125 19.5 334 15.3 1396 (2017)
18.1 18.8 18.8 32.9 114 15.8 15.6 26.5 225 19.6 1397 (2018)
19.8 20.1 257 232 11.3 Yo/¥ 16.9 15.2 26.2 6.2 1398 (2019)
234 21.0 30.2 15.1 10.3 Y&IY 14.3 327 14.6 2.2 1399 (2020)



http://dx.doi.org/10.61186/jwmr.14.27.52
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.5.2
http://jwmr.sanru.ac.ir/article-1-1191-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.22516174.1402.14.27.5.2 ]

[ DOI: 10.61186/jwmr.14.27.52 ]

N%
YY) JUo 090 dow
Second half-year of year 2012

4120000

4120000

1960000 4040000

Legend

&35 31 e GLS o cilide s13 ,Sdos Coti Corlus

>
1

Py

=~

Bl ¥

lGle ©loe  Miankaleh Lagoon

olwjle gLl e3g9x6  Mazandaran province

The percent of citrus production
affected by salinity

Vool 100%

Vel 90-100%
80-90%
YeAed  T0-80%

<V.l <70%

1¥A4 Jlw g3 dows
Second half-year of year 2020

400000 500000 600000 700000 800000

4040000

4120000

400000 500000 600000 X 800000 §

ol g0 wn g ol Juzd (e,

VY Gl g lae YV ojlod [omd)lon Jlo sl 055 Cy oo asliimgsy

¥R Jlw Jof dows
First half-year of year 2012
0 wonpo 7000‘00

4080000

yvae Juw Jg! dows
First half-year of year 2016

4040000

4120000

0000

1¥49 Jlo Jgl dow
First half-year of year 2020

4120000

400000 500000 600000 700000 800000

Slealatwl b la5le bl (Jolw Jlg o (g0 ;I )Sl:.a Al po Jaazs 3 Slas dioyd wlulp (sainding slaadds jl glages —Y S
AICGIS 10.7.1 J33le 5 )3 Jyane S S bl s
Figure 2. Samples of the spatial maps depicting the percent of citrus production affected by the groundwater salinity
in the coastal strip of Mazandaran province, using ordinary kriging in ArcGIS 10.7.1
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Figure 4. Charts and equation obtained from Sen’s slope estimator for the second half-years,
(S: area of each classification (%); Y: year)
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Extended Abstract

Introduction and Objective: One of the main factors of the reducing agricultural production is
the irrigation water salinity. Mazandaran province is one of the most important citrus-producing
area in Iran, where the groundwater used for supplying the irrigation water in citrus orchards of
the province. The main objective of this paper was to determine map spatial and temporal
variations of groundwater salinity (EC) in the coastal strip of Mazandaran province with an area
of 8252 km?. The collected data of 300 wells of the study area were measured by Mazandaran
Regional Water Authority for 9 consecutive years and defined for ArcGIS 10.7.1 software as
the average ECs for each 6 months.

Material and Methods: EC maps were obtained by ordinary kriging (OK) for each 6-
month periods from and the beginning of 2012 to the end of 2020, by using ArcGIS 10.7.1
software. According to the derived empirical function of the effect of EC on the citrus yield
(Y=100-13(EC-1.4)). According to this function, ECs of 1.40, 2.17, 2.94 and 3.71 dS/m,
corresponding to relative yields of 100, 90, 80 and 70% were selected, respectively. Thereby,
areas belonging to the classes of 100%, 90-100%, 80-90% and <70% were outlined. In addition,
the Mann—Kendall test and Sen’s slope were used to project future changes.

Results: The result of EC maps indicated that the salinity of groundwater increases from west to
east of the province. The Mann-Kendall test result showed a significant temporal trend of the
size of the area below the <70% vyield (EC >3.71 dS/m) and 100% (EC <1.40 dS/m), presenting
that the salinity of groundwater can be a concern for citrus orchards in the coastal strip of
Mazandaran province. The equation given by Sen’s slope estimator denoted that if this trend is
continuing, the area under 100% yield will reach to zero in 2021 and the yield of citrus in the
coastal strip will reach below 70% at the latest by 2047.

Conclusion: This study has shown that the salinity of groundwater was increasing in the eastern
part over the time and it covered a wider area around the Miankaleh lagoon, which may be due
to the leakage of the lagoon to the groundwater aquifer in that area. The reduction of
groundwater quality over the time can be attributed to two factors: reduced rainfall in recent
years and digging illegal wells and subsequently consumed extraction of wells in the region.
Taken together, it is suggested that the wells in the area will be exploited completely controlled
to prevent the reduction trend of its quality.

Keywords: Caspian coastal strip, Mann-Kendall test, Ordinary kriging, Sen’s slope estimator,
Spatial and temporal mapping
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