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Figure 1. Methodology
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Figure 3. Evaporation from an evaporation pan (a) and precipitation (b) with contour lines at the study area
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Table 1. Provided values for soil hydraulic parameters based on soil texture are derived from (Healy, 2010)

Soil texture Kg(cm/hr) 05 0, o n
Clay 0.20 0.38 0.068 0.008 1.09
Clay loam 0.26 0.41 0.095 0.019 1.31
Loam 1.04 0.43 0.078 0.036 1.56
Loamy sand 14.59 0.41 0.057 0.124 2.28
Silt 0.25 0.46 0.034 0.016 1.37
Silt loam 0.45 0.45 0.067 0.020 1.41
Silt clay 0.02 0.36 0.070 0.005 1.09
Silty clay loam 0.07 0.43 0.089 0.010 1.23
Sand 29.70 0.43 0.045 0.145 2.68
Sandy clay 0.12 0.38 0.100 0.027 1.23
Sandy clay loam 1.31 0.39 0.100 0.059 1.48
Sandy loam 442 0.41 0.065 0.075 1.89
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Figure 9. Aquifer hydrograph along with precipitation for a 15-year simulation period
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Figure 10. Comparison of recharge results obtained in this study with previous studies

Table 2. Calibrated hydraulic parameters of the unsaturated soil column and specific yield parameter

Or Os [V} n Ks 1 Sy
[-] [-1 (/M) [-1 [M/DAYS] [-] [-1
0 0.068 0.38 0.8 1.09 0.048 0.5 0.057
1 0.1 0.38 2.1 1.3 0.0287 0.5 0.057
2 0.1 0.38 3.5 1.3 0.0288 0.5 0.117
3 0.1 0.38 2.7 1.24 0.0285 0.5 0.013
4 0.1 0.38 2.7 1.23 0.0283 0.5 0.033
5 0.1 0.38 2.7 1.23 0.0288 0.5 0.08
6 0.1 0.38 2.7 1.22 0.0284 0.5 0.057
7 0.068 0.38 0.8 1.09 0.048 0.5 0.093
8 0.1 0.38 2.7 1.23 0.0288 0.5 0.073
9 0.1 0.38 2.7 1.23 0.0288 0.5 0.04
10 0.15 0.2 2 1.31 0.0285 0.5 0.05
11 0.1 0.38 2.7 1.23 0.0285 0.5 0.05
12 0.1 0.38 2.7 1.22 0.0288 0.5 0.03
13 0.068 0.38 0.8 1.09 0.048 0.5 0.127
14 0.1 0.38 2.7 1.23 0.0286 0.5 0.033
15 0.12 0.38 2.6 1.17 0.029 0.5 0.06
16 0.1 0.38 2.7 1.22 0.0288 0.5 0.015
17 0.1 0.38 2.7 1.24 0.049 0.5 0.053




Or Os o n Ks I Sy

[-1 [-1 am [-1 [M/DAYS] [-1 [-1
18 0.1 0.38 2.7 1.23 0.0288 0.5 0.027
19 0.1 0.38 2.7 1.25 0.0287 0.5 0.04
20 0.1 0.38 2.7 1.23 0.0288 0.5 0.093
21 0.11 0.37 2.71 1.25 0.028 0.5 0.12
22 0.1 0.38 2.7 1.23 0.0288 0.5 0.117
23 0.1 0.38 2.7 1.23 0.0288 0.5 0.08
24 0.07 0.36 0.5 1.1 0.0048 0.5 0.03
25 0.1 0.38 2.7 1.23 0.0288 0.5 0.103
26 0.1 0.39 2.6 1.22 0.027 0.5 0.087
27 0.1 0.38 2.7 1.23 0.0288 0.5 0.04
28 0.095 0.41 1.9 1.31 0.0624 0.5 0.063
29 0.068 0.38 0.8 1.09 0.048 0.5 0.05
31 0.095 0.41 1.9 1.31 0.0624 0.5 0.15
32 0.085 0.39 2.6 1.33 0.0625 0.5 0.01
33 0.095 0.41 1.61 1.24 0.0624 0.5 0.027
34 0.1 0.38 2.7 1.23 0.0288 0.5 0.043
35 0.095 0.41 1.61 1.24 0.0624 0.5 0.023
36 0.095 0.41 1.9 1.31 0.0624 0.5 0.043
37 0.1 0.38 2.7 1.23 0.0288 0.5 0.027
38 0.068 0.38 0.8 1.09 0.048 0.5 0.057
39 0.07 0.39 24 1.18 0.03 0.5 0.047
40 0.068 0.38 0.8 1.09 0.048 0.5 0.043
41 0.1 0.38 2.7 1.23 0.0288 0.5 0.027
42 0.068 0.37 2.65 1.25 0.02 0.5 0.023
43 0.069 0.39 2.7 1.22 0.025 0.5 0.083
44 0.095 0.41 1.9 1.31 0.0624 0.5 0.093
45 0.1 0.38 2.7 1.23 0.0288 0.5 0.02
46 0.16 0.39 2.66 13 0.028 0.5 0.04
47 0.1 0.38 2.7 1.21 0.0287 0.5 0.04
48 0.1 0.38 2.7 1.22 0.0286 0.5 0.04
49 0.098 0.37 2.8 1.24 0.025 0.5 0.05
50 0.1 0.38 2.7 1.23 0.028 0.5 0.06
51 0.1 0.38 2.1 1.21 0.028 0.5 0.077
52 0.1 0.38 2.1 13 0.028 0.5 0.037
53 0.095 0.41 1.9 1.31 0.0624 0.5 0.04
54 0.068 0.38 0.8 1.09 0.049 0.5 0.067
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Figure 11. Recharge zoning map using unsaturated zone flow simulation method (a) and using the water table
fluctuation method (b)
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Figure 12. Monthly recharge (a) and annual recharge (b) estimated by both methods with precipitation across
the study area
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Figure 13. Waterfront in cell number 1 for the water year 2003-2004 (a) and waterfront in cell number 1 for the
water year 2017-2018 (b) and waterfront in cell number 8 for the water year 2003-2004 (c) , and waterfront in
cell number 20 for the water year 2003-2004 (d)
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Groundwater recharge in the Marvdasht aquifer was estimated using two approaches: the water table fluctuation
(WTF) method and unsaturated zone flow simulation with the HYDRUS-1D model. In the first approach, recharge
was calculated based on variations in groundwater level and specific yield, whereas in the second approach, it was
estimated using soil column hydraulic properties within the unsaturated zone. The average recharge for the entire
study area was estimated at 291.3 million cubic meters using HYDRUS-1D and 204.7 million cubic meters using the
WTF method, indicating a difference of 29.7%. This discrepancy can be attributed to the fundamental differences in
the assumptions underlying the two approaches. HYDRUS-1D simulates infiltration and recharge dynamically by
solving Richards’ equation and considering the soil hydraulic parameters and boundary conditions, while the WTF
method indirectly estimates recharge based on groundwater level fluctuations and specific yield, and is therefore
sensitive to the accuracy of these observations. Zonation maps revealed that both methods produced similar spatial
recharge patterns. Moreover, analysis of water infiltration delay through the unsaturated zone indicated that the lag
time varied between 30 and 730 days, depending on soil texture and the thickness of the unsaturated zone. It is
recommended that, where data availability permits, multiple methods be applied to assess groundwater recharge,
thereby obtaining more reliable estimates of this critical parameter and supporting sustainable management and
optimal utilization of groundwater resources.

Keywords
Groundwater resources recharge estimation, Marvdasht aquifer, Unsaturated zone flow simulation, Water table
fluctuation method.



