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Abstract

Permanent exploitation of the groundwater resource necessitates the
adoption of proper policies for the quantitative and qualitative
protection of this valuable resource. Given the fact that parts of the
Mazandaran province's development plans rely on the groundwater
resources, the sustainability and trend of changes in Depth to
Groundwater (GWD) in this province were investigated in this study
from 1991 to 2020 (1991 to 2000: first decade, 2001 to 2010: second
decade, 2011-2020: third decade). Trend analysis was performed using
the Mann-Kendall test and Sen's slope estimator. The sustainability of
groundwater resources was assessed using four indicators: renewable
groundwater resources per capita (GWRRp), total groundwater
abstraction to recharge ratio (TAGR), total abstraction of groundwater
to the exploitable groundwater resources (TAGE), and water
exploitation index (WEI). The Man-Kendall statistic values ranged
from -2.50 to 3.76, indicating that GWD has increased over the last 30
years in all locations except in Babol-Amol in the second and third
decades and Noor-Noushahr in the third decade. The amount of GWD
in Mazandaran province increased by 0.21 and 0.12 m per year during
the first and second decades, respectively. The west of Mazandaran
had better conditions than the province's middle and eastern areas,
according to GWRRp, TAGR, and TAGE indices. According to the
WEI indicator Ramsar-Chalous and Noor-Noushahr areas (WEI<10),
Behshahr-Bandargaz, = Babol-Amol, and  Sari-Neka  areas
(10<WEI<20), and Qaemshahr-Joibar area (WEI>20) were in
satisfactory, worrying, and critical state, respectively. Results showed
that the groundwater resource situation in a vast section of Mazandaran
is unsustainable and proper management measures are needed to avoid
the situation from worsening.
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Fig. 2- Violin plot of Sen's slope for GWD in the study area
(Increasing trend: blue color, Decreasing trend: orange color)
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Table 2- Values of GWRRp in the study area
axllls 3 90 ailaio 13 GWRRe adli ydlie - Jou>

Parameters
Area Inhabitants Base-flow Recharge d a?X:Z\EiFt?/nt)
(capita) (mmlyr)  (mmlyr)

Ramsar- Chalous 264578 139.14 309.94 730.65
Noor- Noushahr 109954 142.75 285.53 1549.84
Babol- Amol 714728 89.20 215.39 701
Qaemshahr- 292835

Joibar 101.92 271.13 1326.10
Sari- Neka 427966 83.15 217.43 836.32
Behshahr- B. Gaz 210863 35.45 115.49 1341.26
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Table 3- Values of TAGR index in the study area
axllle 3590 ablin 43 TAGR yad i pdlio -Y Joao

Parameters

. TAGR

Area Total abstraction  Recharge (%)

(mmlyr) (mmlyr)

Ramsar- Chalous 724.50 309.94 233.76

Noor- Noushahr 284.31 285.53 99.5
Babol- Amol 834.62 215.39 387.49
Qaemshahr- Joibar 624.38 271.13 230.28
Sari- Neka 668.64 217.43 307.52
Behshahr- B. Gaz 150.10 115.49 129.97

Table 4- Values of TAGE index in the study area
axllbas 3,90 adlin 43 TAGE ad L p3lio -F Jgun

Parameters
Area Total abstractionagr  Lateral flow  Deep percolation  TAGE (%)
(mmlyr) (mmlyr) (mmlyr)
Ramsar- Chalous 631.79 458.84 44.32 125.57
Noor- Noushahr 268.89 242.63 59.8 88.91
Babol- Amol 778.57 141.01 21.9 477.93
Qaemshahr- Joibar 571.92 157.96 54.87 268.73
Sari- Neka 619.71 116.56 33.76 412.27
Behshahr- B. Gaz 126.58 39.29 18.16 220.34
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Table 5- Values of WEI in the study area
axlllas 3590 adliin ;3 WEI ad Wi ydlie -0 Jou>

Parameters
Area Discharge (Well Agricultural Well and Total
and Qanat) return flow Qanat return recharge WET Index (%)
(mmlyr) (mmlyr) flow (mm/yr) (mmlyr)
Ramsar- Chalous 168.35 391.62 105.22 1331.82 6.71
Noor- Noushahr 157.37 185.72 98.36 1018.5 7.09
Babol- Amol 176.9 346.58 97.3 754.57 19.51
Qaemshahr- Joibar 267.77 282.35 147.28 713.04 27.98
Sari- Neka 196.3 214.14 107.96 664 19.64
Behshahr- B. Gaz 1145 49.6 57.24 561.96 11.17
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