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The important share of agriculture in groundwater resources depletion as
well as job creation for some of the most disadvantaged sections of the
society has caused hiring any restrictions on this sector with the aim of
restoring groundwater resources results in a wide range of socio-economic
challenges. In such a situation, a potential solution to overcome the dire
situation of groundwater resources without the emergence of socio-economic
consequences is to achieve the growth of the agricultural economy along
with the decrease of groundwater consumption, which is known as strong
decoupling in the research literature. In this study, an attempt was made to
evaluate the nature of the relationship between the growth of the agricultural
economy and the withdrawal of groundwater resources in 31 provinces of
Iran between 2012 and 2019 by applying an approach called the Tapio
approach. Then, the effect of being placed in a state of strong decoupling on
the depth of groundwater should be estimated by quantile regression model.
According to the findings, almost all the main agricultural centers of Iran,
such as Fars and Khorasan Razavi, have not only failed to achieve strong
decoupling, but in many cases, they have also experienced negative growth
in the agricultural economy along with the increase in the withdrawal of
groundwater resources, and consequently, they are in unstable conditions in
terms of economic and groundwater resources. Further, the results of the
quantile model depicted that in the areas with medium and deep groundwater
resources, achieving strong decoupling reduces the depth of these resources
by about 8%, although the same thing does not affect the depth of these
resources in areas with shallow groundwater.
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Figure 1. Workflow of this article
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Table 2. Required variables for determining decoupling state and type

Variable* Unit Time period Source
Added value of agriculture sector (Constant 2011) Rials 2011-2019 scrt
Annual share of agriculture sector in total water withdrawal Percent 2011-2019 IWRMC?
Total annual groundwater withdrawal Million Cubic Meter 2011-2019 IWRMC?

1. Statistical Centre of Iran, 2. Iran Water Resources Management Company
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oo ) dgdie bl gl colps s sk ) pimgh cpl Gl 4 plaes o5 WSl Bae Jit
Gos 3 55pguiS laBl w1 SSly (IN(AQ)) (6jyglisS (A 039381 ()] il i)l puie i (gl it
St (o)) Sl 3l eaiS el ol (g5l slaclls Sl 4 da g bl (ojn; o gl
s> IN(AQ) pxio o ps oS gy o ezl (Ashraf et al., 2021; Nouri et al., 2023; Saemian et al., 2022)
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Table 3. Required variables for model estimation
Variable Symbol Unit Time period Source
Dependent variable:
Average of groundwater’s depth Level Meter 2012 - 2019 *
Independent variable:
Population Pop People 2012 - 2019 *x
Square of Population Pop2 People 2012 - 2019 ekekek
Added value of agriculture sector (Constant 2011) Ag Rials 2012 - 2019 *x
Square of added value of agriculture sector Ag2 Rials 2012 - 2019 Fkkk
Added value of industrial sector (Constant 2011) Ind Rials 2012 - 2019 ol
Square of added value of industrial sector Ind2 Rials 2012 - 2019 Fkkk
Average precipitation height Precip mm 2012 - 2019 **
Groundwater dependency GwDep Unitless 2012 - 2019 ekekek
Strong decoupling dummy (dummy variable) SD Unitless 2012 - 2019 Fkkk
Interaction of SD and added value of agriculture sector SDxAg Rials 2012 - 2019 falaiale
Interaction of SD and cube of added value of agriculture sector SDxAg2 Rials 2012 - 2019 ok

*Iran Water Resources Management Company, **Statistical Center of Iran annual yearbooks, ***Ministry of Agriculture and Jahad annual yearbooks, ****Authors calculations.
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Table 4. Number of times provinces has been in each type and state based on Tapio’s framework

Type Number (% of total) State Number (% of total)
SD 60 (24.26%)
Decoupling (D) 149 (60.32%) WD 67 (27.13%)
RD 22 (8.91%)
END 25 (10.12%)
Negative Decoupling (ND) 87 (35.22%) SND 33 (13.36%)
WND 29 (11.74%)
. RC 6 (2.43%)
Coupling (C) 11 (4.45%) EC 5 (2.02%)

(A)
States of Decoupling

(B)

Groundwater Level

[1Recessive Decoupling (Meter)

[ Strong Decoupling 313

1 Weak Decoupling 14 -24

[ Expansive Negative Decoupling 25 - 32

I Strong Negative Decoupling 33 -46

[ Weak Negative Decoupling E 47 - 62

Irrigated Area Share of Groundwater and Surface
' Water in Total water Consumption

1 Surface Water
% Groundwater

Figure 2. A) The most frequent Tapio’s state in each province during 2012-2019 and average irrigated area.
B) Average groundwater depth and groundwater dependency during 2012-2019.
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Figure 3. Histogram (Purple bars) and Kernel Density (Red area) of groundwater depth

Table 6. Descriptive statistics of regression model’s variables

Variable Average SD Min Max
Level’ 32.005 17.256 2.537 64.072
Pop 2,563,526 2,413,612 564,000 13,807,000
Ag 2,334,201 1,556,266 649,177 8,688,816
Ind 31,112,305 53,358,437 2,405,875 266,975,843
Precip 311.2 195.6 23.7 1,104.1
GwDep 0.823 0.224 0.066 1.000

T1%, 2" and 37 quartiles of Level (In(Level)) are 17.41 (2.85), 30.79 (3.42) and 47.07 (3.85) respectively.
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Table 7. Estimation results of location and scale models
Variables Model: Scale function Model: Location function
Coefficient Standard Error Coefficient Standard Error
In(Pop) -0.055 0.045 0.568*** 0.089
In(Pop)? 0.006** 0.003 -0.013* 0.008
In(Ag) -0.349 0.322 1.584** 0.652
In(Ag)? 0.010 0.011 -0.05** 0.021
In(Ind) 0.169 0.135 0.271 0.277
In(Ind)? -0.005 0.004 -0.010 0.008
In(Precip) -0.008* 0.005 -0.008 0.008
In(GwDep) -0.058 0.062 0.266** 0.127
SD -0.509 1.820 -7.953* 4.135
SDxIn(Ag) 0.057 0.236 0.992* 0.538
SDxIn(Ag)2 -0.001*** 0.008 -0.030 0.018
Constant 2.286*** 2.663 -19.166*** 5.541

*** **and * indicates significancy at 1%, 5% and 10% respectively.
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Table 8. Estimation results of quantile regression

T=25% T=50% T=75%
Variables (1% Quartile) (2™ Quartile - Median) (3" Quartile)
Coefficient Standard Coefficient Standard Coefficient Standard

Error Error Error
In(Pop) 0.625*** 0.086 0.563*** 0.088 0.519%** 0.086
In(Pop)? -0.02** 0.008 -0.013* 0.008 -0.007 0.008
In(Ag) 1.941** 0.636 1.549** 0.645 1.27** 0.636
In(Ag)2 -0.06** 0.021 -0.049** 0.021 -0.04** 0.021
In(Ind) 0.097 0.259 0.288 0.273 0.424* 0.259
In(Ind)? -0.004 0.008 -0.010 0.008 -0.014* 0.008
In(Precip) 0.000 0.008 -0.009 0.008 -0.016** 0.008
In(GwDep) 0.325* 0.100 0.26** 0.124 0.214** 0.100
SD -7.433 3.977 -8.004* 4,086 -8.411** 3.977
SDxIn(Ag) 0.933 0.516 0.998* 0.532 1.044* 0.516
SDxIn(Ag)2 -0.029 0.017 -0.031 0.019 -0.032* 0.017
Constant -21.501*** 5.479 -18.936*** 5.486 -17.111%** 5.479

*** ** and * indicates significancy at 1%, 5% and 10% respectively.
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