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In this study, different spatial models for panel data have been estimated in
order to evaluate the effects of anthropogenic factors on the depth of
groundwater resources, which includes all the provinces of Iran between the
years 2008 and 2019. The investigated anthropogenic factors are the
population, the area under irrigated orchard farming, the area under irrigated
crop farming, per capita industrial value-added, per capita services value-
added and the level of non-dependency on ground water resources. The results
of the spatial modeling illustrate that the first three factors, i.e., the population
and the area under irrigated orchard and crop farming, are the main factors
influencing the depth of groundwater resources, so that one percent increase in
each of them bring about an increase in the depth of aquifers by 0.196, 0.089,
and 0.062 percent, respectively. Furthermore, the current distribution of the
population and irrigated agriculture activities throughout the country are not
compatible with the groundwaters’ conditions and the level of dependency on
these resources, and the continuity of this situation will only lead to the
persistence of the depletion of groundwater resources. In addition, the
modeling results reveal that industrial development has a negligible
contribution to the depth of aquifers, and the development of the service
sector, unlike other economic activities can even help restoring groundwater
resources. The level of non-dependency on groundwater resources can also
help to restore these resources by reducing the pressure on groundwater
resources.
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Table 1. Variables used in this article

Variable Symbol Description Unit Source®
Groundwater level GWLevel Annual average of groundwater level in each province meter WRMC
Population POP Total number of people People SCI
Area untifzrr:rzli’:]%ated crop Crop Total area under irrigated crop farming. Acre MAJ
Area %Tgﬁ;r'é;'gamd Orchard Total area under irrigated orchards. Acre MAJ
Per caplta;ggéj;tnal value IndPC Per capita value added of industrial sector (constant 2011) Rials SClI

Per capita service value ServicePC Total per capita value added minus per capita value added created
added by agriculture, industry and mining sector (Constant 2011)

Total volume of water which is discharged from dams to be used
in agriculture, industry, domestic usages and environment (water
which has been discharged for purpose of power generation and
flood control is excluded) divided by total groundwater
withdrawal. This variable is a proxy for groundwater
dependency.

Precipitation Precip Average precipitation height mm SCI

Rials SCI

Groundwater dependency GWdep Unitless SClI

1. WRMC, SCI and MJ are Iran’s Water Resources Management Company, Statistical Center of Iran and Ministry of Agriculture Jihad respectively.
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Table 2. Descriptive statistics of variables

Variable Average SD Min Max CVv
GWLevel 30.34 16.688 2.54 64.07 1.818
Pop 2,561,689 2,696,335.812 544,816 16,672,000 0.950
Crop 207,258 177324.6.587 27,675 966,673 1.168
Orchard 76,564 76,802.196 4407 394,718 0.996
IndPC 11,974,757 12,552,141 1,148,738 89,216,193 1.05
ServicePC 44,204,212 34,033,006 9,945,670 312,196,890 0.77
GWdep 0.594 1.959 0.00 13.98 0.030
Precip 297.93 196.088 23.70 1231.13 1.519
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Figure 2. Dependent and independent variables in 2008-2019 period (Countrywide statistics in charts A, B, G and H

are averages of all provincial statistics and in charts C, D, E and F are sums of all provincial statistics)
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Figure 3. Average of dependent and independent variables throughout Iran’s provinces
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Table 3. Moran’s I test for spatial correlation between neighboring provinces’ groundwater level

Moran’s I Moran’s I Moran’s I

Year (Z statistics) Year (Z statistics) Year (Z statistics)

2008 0.490 (4.640) ™ 2012 0.448 (4.261) ™ 2016 0.454 (4.317) ™
2009 0.479 (4.546) ™" 2013 0.460 (4.367) ™ 2017 0.455 (4.318) ™
2010 0.452 (4.302) ™ 2014 0.467 (4.433) ™" 2018 0.455 (4.320) ™
2011 0.454 (4.323) ™" 2015 0.461 (4.378) ™ 2019 0.457 (4.330) ™"

*** denotes significant level at 1%.
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Table 4. Spatial regressions’ results indicating anthropogenic factors influencing groundwater level

Model 1: Model 2: Model 3: Model 4:
SAR SAC SDM Nonspatial Fixed Effects
Coefficient SE' Coefficient SE' Coefficient SE' Coefficient SE'
Main Effects:
InPop 0.196™ 0.095 0.259" 0.138 0.072 0.153 0.370™ 0.106
InCrop 0.062" 0.032 0.017 0.032 0.021 0.026 0.058 0.034
InOrchard 0.089™" 0.022 0.094™" 0.026 0.093™ 0.021 0.110™ 0.034
InindPC 0.028" 0.016 0.030° 0.016 0.023" 0.012 0.032" 0.018
InServicePC -0.023" 0.013 -0.024 0.016 -0.038" 0.021 -0.023 0.017
GWdep -0.012™ 0.004 -0.019™ 0.007 -0.022™" 0.007 -0.009" 0.005
InPrecip -0.001 0.014 -0.005 0.021 -0.001 0.023 -0.008 0.014
Spatial Effects:
InPop - 0.477 0.368
InCrop - 0.374™ 0.107
InOrchard - -0.042 0.147
InindPC - -0.002 0.046
InServicePC - 0.010 0.048
GWdep - 0.080 0.051
InPrecip - - - - 0.005 0.042
rho 0.820™" 0.110 0.065 0.361 0.721™ 0.113
Lambda - - 0.916™" 0.338 - - -
Observations 360 360 360 360
Adjusted R2 39.28% 35.38% 47.47% 37.61%
BIC -995.09 -987.11 -985.81 -952.47
Hausman Test 19.95™ - 46.94™ -
Provincial Effects Fixed Fixed Fixed Fixed
LR test " - 9.68™" 49.59™" -

* ** **% denote significant level at 10%, 5%, and 1% respectively.

Control dummy variables are included in model estimation but are excluded in reporting.
" Robust standard errors — standard errors are clustered for each of the 30 provinces.

f Likelihood Ratio tests; Ho: SAR is nested within either SDM or SAC.
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. Moran’s L.
. Spatial Auto Regressive (SAR).
. Spatial Autocorrelation (SAC).
. Spatial Durbin Model (SDM).
. Likelihood Ratio.
. Information Criterion.
. Bayesian Information Criterion (BIC).
. Quasi maximum likelihood
. Fixed Effects.
10. Random Effects.
11. Hausman Test.
12. Dummy variable.
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