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Table 1. Weight and permissible limits assigned to the physio-chemical parameters of groundwater

Cations Anions Other factors

CaZ* Mg?+ Na* K* HCO3 S03%- Cl- PH EC TDS
Unit mg/L mg/L mg/L mg/L mg/L mg/L mg/L - nS/em mg/L
Wn 2 2 2 1 4 4 3 4 4* 4
Sn 200 501 200 200 600 600 600 8.5 1500 1500

Resources: Tarawneh ez al., 2019; World Health Organization, 1997.
* Weight is assigned by Authors.
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Table 2. Variables influencing groundwater quality index

Type Variable Symbol Unit Source
Socioeconomic Factors Total population TotalPop People *
Total area of irrigated crop and orchard farming IrrArea Acre *
Per capita value added of agriculture sector AgVA Rials *
(Constant — 2011=100)
Per capita value added of industry and mining sectors IndVA Rials *
(Constant — 2011=100)
Square of per capita value added of agriculture sector AgVA*? Rials -
Square of per capita value added of industry and mining sectors IndVA? Rials -
Sewage Infrastructures Sewage treatment composite index SewA Unitless R
Development Coverage and collection composite index SewB Unitless Hekk
Natural Factors Groundwater levels GWLevel  Meter ok
Precipitation height Precip mm *

* Statistical Center of Iran’s (SCI) Yearbooks; ** Iran’s Water Resources Management Company; *** Composite indices of Sewage
infrastructures development are constructed by authors, variables used in each composite index are extracted from SCI.
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Table 3. Dimensions and variables of sewage infrastructure index

Parameter value Change in the parameter Curve connection Curve types
B1=B2=0 Constant Without relation Linear
B1>0 and B2=0 Steady increase Linear Straight line
B1<0 and B2=0 Steady decrease Linear Straight line



B1>0 and B2<0 Increase-decrease Quadratic Inverted ‘U’ curve
B1<0 and B2>0 Decrease-increase Quadratic ‘U’ curve

Source: Hosseinzadeh et al., 2022
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Table 4. Dimensions and variables of sewage infrastructure index

Dimension Variable Unit Source
Sewage treatment Number of industrial sewage treatment facilities Unit SCIY"
Number of urban sewage treatment facilities for each 100.000 urban residents Unit SCIy”

Coverage and collection Percentage of population with access to sewage collection system Percent SCIY"
Fraction of collected sewage to sold water Percent SCIY"

Per capita length of sewage collection network Meter SCIY”

Percentage of cities with access to sewage collection system Percent  SCIY"

* SCIY is Statistical Center of Iran’s Yearbooks.
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Table S. Descriptive statistics of groundwater quality index

Average SD Skewness Cv Min Max t=0.25 ©=0.50 t=0.75
149.58 10.75 1.23 0.07 32.15 526.05 55.60 128.38 206.66

B o.00 - 58.83
I 58.84 - 72.53
| |7254-135.28
135,29 - 243.41
D 243.42 - 409.24

Figure 1. Average of groundwater quality index in Iran’s provinces through 2013-2019 period
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Figure 2. A- Histogram and kernel density curve of groundwater quality index (For KDE estimation

gaussian kernel is used with smoothing bandwidth equal to 45). B- Empirical cumulative distribution

function of groundwater quality index
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Figure 3. Classification of Iran’s provinces based on quartiles of groundwater quality index (GQI)
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Table 6. Descriptive statistics of independent variables

TotalPop IrrArea AgVA IndVA GWLevel Precip SewA SewB
Average 2,563,096.81 271,730.02 9,220,707.52 23,512,081.22 32.08 311.17 0.35 0.33
SD 2,403,869.31 222,798.45 3,612,328.62 34,563,779.15 17.20 194.81 0.18 0.21
Minimum 564,000.00 52,028.00 1,940,362.2 1,397,827.3 2.54 23.70 0.04 0.00
Maximum  13,807,000.00 1,014,384.00 20,235,291.54  220,207,333.40 64.07 1,104.10 0.95 0.96
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Table 7. Moran’s I test for spatial correlation between neighboring provinces’ GQI

Year Moran’s 1 Z statistics Year Moran’s [ Z statistics
2013 -0.152 -1.071 2017 -0.137 -0.945
2014 -0.149 -1.039 2018 -0.151 -1.077
2015 -0.147 -1.025 2019 -0.145 -1.029
2016 -0.152 -1.071

*, %% %%% gre respectively indicating significancy at 10%, 5% and 1%.
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Table 8. Estimation results of Location-Scale functions

Model 1: Model 2:
Location Function Scale Function
Coefficient Standard Error Coefficient Standard Error

Constant -32.855% %% 11.830 -0.546 6.663
Socioeconomic Factors

In(TotalPop) 0.798** 0.354 0.094 0.174

In(IrrArea) 0.050 0.051 -0.032 0.031

In(AgVA) 2.797* 1.431 -0.109 0.736

In(IndVA) 0.334* 0.176 0.115 0.113

In(AgVA)? -0.088* 0.044 0.003 0.023

In(IndVA)? -0.010* 0.005 -0.004 0.003
Sewage Infrastructures

In(SewA) -0.058 0.036 0.003 0.022

In(SewB) -0.015%** 0.005 -0.001 0.003
Natural Factors

In(GWLevel) 0.010% 0.006 -0.003 0.003
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In(Precip) -0.015 0.016 -0.021%* 0.009
*, %% k%% are respectively indicating significancy at 10%, 5% and 1%.
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Table 9. Estimation results of fixed effects quantile regression via generalized method of moments

T=25% T=50% T=75%
Coefficient Robust SEf Coefficient Robust SE* Coefficient Robust SE*

Constant -32.326%* 15.413 -32.897%%* 11.654 -33.302%%* 11.063
Socioeconomic Factors

In(TotalPop) 0.707* 0.407 0.806%* 0.353 0.875%* 0.368

In(IrrArea) 0.082 0.067 0.048 0.051 0.024 0.050

In(AgVA) 2.903 1.871 2.789%%* 1.406 2.708%* 1.272

In(IndVA) 0.223 0.229 0.343%* 0.175 0.428%* 0.177

In(AgVA)? -0.091 0.058 -0.088** 0.043 -0.085%* 0.039

In(IndVA)? -0.006 0.007 -0.010%* 0.005 -0.013** 0.005
Sewage Infrastructures

In(SewA) -0.061 0.048 -0.058* 0.035 -0.055* 0.033

In(SewB) -0.013** 0.007 -0.015%** 0.004 -0.016%** 0.004
Natural Factors

In(GWLevel) 0.013* 0.008 0.010% 0.006 0.008* 0.005

In(Precip) 0.005 0.018 -0.016 0.016 -0.032* 0.019
Chi square 33.90%** 49.12%%* 63.93%%*

*, *% **% are respectively indicating significancy at 10%, 5% and 1%.
T Clustered robust standard errors.
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2 Location-Scale families

3 Independent and Identically Distributed (iid)
# Generalized Method of Moments (GMM).

5 Location function

6 Scale function

7 Spatial weight matrix

8 Contiguity

9 Elasticity

10 Quartile
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Quantification of anthropogenic factors affecting Iran’s groundwater quality: Application of method of
moments quantile regression

Soorena Naderi® | Ali Moridi‘®

Abstract

Until now, various studies have been conducted regarding the quality of groundwater resources in Iran, however,
few researchers have paid attention to the assessment of the role of different anthropogenic factors in the decrease
of the quality of these resources. In this study, in order to fill this gap, the groundwater quality index was first
calculated for all provinces of Iran between 2013 to 2019, and then by using a novel approach in estimating
quantile regression, the influences of anthropogenic factors on the quality index were measured. Furthermore, to
investigate the role and impact of sewage infrastructures on the quality of groundwater, two composite indices for
the development of sewage treatment and collection infrastructures have been calculated by Entropy method. The
findings of the study illustrate that in areas with high quality groundwater, the main factor affecting the quality of
groundwater is the population, so that one percent growth in it increases the quality index by 0.71 percent. In
places with medium and low-quality groundwater, the main factor in the quality decline of these resources is the
economic growth of the agricultural sector. In fact, each percent growth in the economy of the agricultural sector
amplifies the quality index by more than 2.5 percent. Other influential factors in these areas are population growth
and economic growth of industry and mining sector. One percent growth in the composite indicators of the
development of sewage treatment and collection infrastructure has also lessened the quality index by 0.05 and
0.01 percent on average. According to the results of the study, reducing input intensity in the agricultural sector
and upgrading the sewage infrastructure are the main possible solutions regarding the quality management of
groundwater resources in Iran.

Keywords: Composite Index - Generalized Method of Moments - Groundwater Quality Index - Sewage
Infrastructures
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