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Water plays an important role in the level and growth of economic activities, 
social welfare and environmental sustainability. The main purpose of this article 
is to study the non-linear effects of per capita income on water withdrawal 
in the domestic sector (drinking and urban) of the world. For this purpose, 
“The Environmental Kuznets Curve (EKC) hypothesis based on the natural 
resources” has been tested using cross-sectional data, Ordinary Regression and 
Smooth Transition Regression (STR) from 163 countries. The result is to accept 
the hypothesis in Water Economics. Furthermore, the “transition point” of the 
relationship between income and water consumption in gross domestic product 
(GDP) is $ 41,982. The effect of national income on water consumption in the 
domestic sector is non-linear, which can be caused by the scale, technology or 
composition effects. As a result, the stricter environmental regulations can reduce 
per capita water withdrawals and the rate of aquifer erosions. Indeed, increasing 
per capita income and changing societal structures will reduce per capita water 
use.
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1. Introduction
Every human, physical and natural capital 

plays an important role in the developmental 
process. In the meantime, the role of natural 
resources, especially freshwater resources, is of 
dual importance, which has not yet been fully 
understood. Consequently, research is needed on 
the factors determining water withdrawal and 
finding useful and effective solutions to preserve 
the environment and protect the recoverable 
water capacity for future generations. Water 
security not only requires the availability and 
access to safe and acceptable quality for domestic 
use, it is also linked to its distribution (Fing Mao et 
al., 2022). The question of economic growth and 
rising per capita income is closely related to water 
scarcity, because as incomes increase and water 
consumption increases, the amount of freshwater 
available per capita decreases and water scarcity 
increases. The global threat of water shortages, in 
particular the gradual reduction of drinking water, 
has become a global problem (Falkenmark et al., 
1998). Due to population growth and economic 
development - increase in gross domestic product 
per capita - and general climate changes in the 
world, water shortages in some areas are expected 
to intensify, especially in agriculture, industry and 
households (drinking, urban) (Worth Marty et al., 
2000 and Revenga et al. 2000). The challenges 
of managing water intake in a city are strongly 
influenced by weather conditions, so that every 
time the weather changes, the amount of water 
consumed also changes (Hamidi et al., 2021).

Rising per capita income as the main 
achievement of economic growth is regarded 
as a good indicator of living standards. Higher 
per capita income has two different effects on 
per capita water use. On the one hand, as per 
capita income and purchasing power increase, 
people’s capacity to get the necessities of life 
increases, which may exert greater pressure on 
the capacity of natural resources, in particular 
fresh water resources (Barbier.E. B, 2004). On 
the other hand, once the per capita income has 
exceeded some threshold, shifting the production 
pattern towards the service sector and changing 
the consumption pattern, technical changes in 
water conservation, increased efficiency and 
more effective implementation of environmental 

regulations may reduce the use of natural 
resources, particularly freshwater. Especially 
when people become wealthier, their demand 
for environmental goods like clean water or air 
increases and public environmental regulations 
increase in environmental protection (Arrow et 
al.,1995). The results of the study (Hosseinzadeh 
and others, 2022) showed that there is a reverse 
U-shaped relation between water consumption 
and economic growth, and environmental Kuznets 
hypothesis exists between water collection and 
economic growth in agriculture and services. The 
result of these downward and upward effects 
is positive at low levels of income and negative 
at high levels of income, then it is expected 
that there will be a non-linear relationship 
between per capita income and per capita water 
withdrawal as an “inverted U-shaped” just like 
the Environmental Kuznets Curve (KCE).

Many experimental and theoretical studies 
have been conducted on environmental pollution 
and income, but few have focused on the 
relationship between water use and income. 
Based on cross-sectional data from countries 
around the world and integrated time series 
and cross-sectional data from different states in 
America, Rock (1998) demonstrated that there is 
a non-linear relationship in the form of a reverse 
U-shaped curve between water withdrawal per 
capita and national income per capita. He believes 
that this curve is compatible with Environmental 
Kuznets Curve. Michael, (1998), Seckler (1994), 
Falcenmark (1993) confirmed the existence 
of a reverse U-shaped curve between water 
withdrawal and income using cross-sectional 
data series for the countries of the world. Goklany 
(2002) reached a similar conclusion regarding the 
annual amount of agricultural water withdrawal 
and national income in the United States by 
qualitatively describing water use data.

Shekel and Manow (2000) estimated the EKC 
curve using demographic and per capita income 
data for the years 1990-2000 for the continents 
of Europe, North America, Africa, Asia, South 
America and Oceania. A major point in estimating 
the KCE curve is that economic growth exceeds 
its limits and creates environmental problems. 
Among other studies that have investigated the 
non-linear effects of income on water using cross-
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sectional data for countries around the world, 
we may refer to the studies of Cole (2004), Rock 
(1998) and Goklany (2002), Gu, A et al., (2017) and 
Alfonso et al., (2019). But, in terms of data, there 
are differences between the countries studied, 
the specification of the estimating function, and 
the year studied. The distinguishing point of 
this study with earlier ones concerns the water 
withdrawal in the domestic sector. The results of 
this study demonstrate that the environmental 
hypothesis of Kuznets is confirmed for the 
domestic sector (drinking and urban).

 In the second part of this paper, we explain 
the theoretical foundations of Kuznets’ natural 
resource-based environmental hypothesis, the 
third section focuses on the scarcity of water 
and its indicators. The fourth part deals with the 
introduction of the econometric model and the 
estimation and experimental results. Finally, the 
article’s conclusion will be set out.

2. The theoretical framework and literature review
EKC curve analysis has a wide range of 

applications in environmental economics. The 
relationship between water sector pollution 
and income in developing countries has been 
confirmed by (Borhan et al., 2021) as a reverse 
U-shaped relationship. The KCE curve shows 
a reverse U-shaped relationship between per 
capita income and a wide range of indicators of 

environmental pollution. Of course, the origin 
of the above curve is due to the relationship 
between income inequality and economic 
growth, which was expressed by Kuznets. Based 
on the hypothesis, with the increase in per 
capita income, pollution or the environmental 
destruction will first increase, then it will reach 
its maximum and eventually decrease. Diagram 
number: 1 shows the diagram of this hypothesis 
concerning water withdrawal per capita. As can 
be observed, the shape of the environmental 
Kuznets curve is inverted in U.

The relationship between per capita income 
and pollution as a reverse U-shaped curve is 
attributed to three effects or factors including 
Scale effect (SE), Composition effect (CE) and 
Technical effect (TE).

The scale effect (ES) is the state in which the 
quantity of pollution will increase as the economic 
scale increases and other factors remain constant. 
The rising portion of the EKC curve is the result 
of the stated effect. The composition effect (CE) 
implies that along with economic development 
and increase in per capita income, the structure 
or share of the various economic sectors changes 
in favor of cleaner industries and sectors (such as 
the services sector or high technology industries). 
Given that the intensity of utilization of natural 
resources in these activities is lower, there will be 
a relative reduction in the use of these resources 

Diagram 1: The relationship between water withdrawal and income
 

Diagram No. 1: The relationship between water withdrawal and income 
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and, naturally, a reduction in pollution. Finally, 
depending on the technical effect (TE), as incomes 
increase, an increasing demand for environmental 
rules and regulations is created. Due to these 
rules and regulations, the intensity of the use of 
natural resources, such as water resources, can be 
reduced, as well as, the production technology can 
be modified and enhanced to reduce pollution. 
The hypothetical EKC diagram is indeed a mixture 
of the aforementioned tripartite effects. Studies 
such as Arrow et al. (1995); Cole (2004) and Koop 
and Tole (1999), Gu, A et al. (2017) and Alfonso 
et al. (2019), Diego et al. (2022) estimated and 
confirmed the environmental Kuznets hypothesis 
based on the natural resources (NRBEKC) in 
different regions of the world.

3. Methodology and materials
In this section, we present and estimate 

the experimental model of the income effects 
on water withdrawal, based on the literature 
review (including theoretical foundations 
and experimental studies). First of all, using 
ordinary least squares regression, the nonlinear 
relationship between water withdrawal per capita 
and income per capita was explained based on 
2006 cross-sectional data for 163 countries, and 
then this relationship is estimated by the smooth 
transition regression.

This model is specified as follows:

Log (AWWpc)i=a+βlog (GDPpc)i

+g log (GDPpc)i
2+ui   ,   i=1,2, 3…,163 �  (1)

Where, Log (AWWpc) is the logarithm of 
annual per capita water withdrawal in 2006 in 
cubic meters, and log (GDPpc) is the logarithm of 
per capita income (here, GDP per capita) in 2006 
at the constant price of 2000 in dollars. i country, 
i=1 ,2,3,...,163 and ui is also part of the disturbance. 
Cross-sectional data for the water withdrawal has 
been taken from the AQUSTAT data set of F.A.O. 
and per capita income data has been obtained 
from the world development indicators provided 
by The World Bank.

In recent years, the use of nonlinear 
models has become more common, and many 
researchers have attempted to develop these 
models. The Smooth transition regression model 

is a nonlinear time series regression model that 
can be considered as an advanced form of the 
“Switching Regression Model” introduced by 
Quant. The univariate type of the Switching 
Regression Model is known as the “threshold 
autoregressive” model. The STR model is a special 
type of Switching Regression Model which 
was applied by Bacon and Watts (1971). These 
researchers considered two regression lines and 
designed a model in which the transition from 
one line to another happens smoothly. In the 
time series literature, Chan and Tung (1986) were 
the first to explain and propose the STR model in 
their studies. Before these two, of course, other 
economists such as Goldfeld-Quant (1972) and 
Medala (1977), Granger and Terras Verta (1993, 
1994 and 1998), Francis and Van Dieg (2000) 
and (2002) pointed it out. Of these, the most 
distinctive is Terrasorta (1998). The standard form 
of the STR model is defined as follows:

( )' , ,t t t ty z z F s cϕ θ g+′=

+ ( ){ }'
 , ,t t t tu F s c z uϕ θ g= + +  t=1,2, …, T      � (2)

Zt is the vector of explanatory variables. In 
this equation, ),( ttt XWZ ′′=  a vector of )1)1(( ××m is the 
explanatory variables in which 

'
1 )...,,1(' pttt yyw −−=

and '
1 ),.....( kttt XXX =′ and φ  θ are the parameters of 

the corresponding linear and non-linear parts, 
so that φ = φ0,φ1,…φn. Meanwhile, the disturbance 
sentence also has the characteristic ut ~ iid(0,σ2). 
The transfer function, F(γ,st,c), is a bounded 
function in terms of the transition variable st. The 
parameter γ is slope and (c1, c2,…,ck )’ is Locational 
Parameters, so that 1 2 kc c c≤ ≤…≤ . The last term in 
the above equation shows that the model can be 
interpreted as a linear model with Time-Varying 
Parameters. In this section, we assume that the 
transition function is the general logistic function:

( ) ( )
1

1

, , 1 exp    ,  0 
K

t t k
k

F s c s cg g g
−

=

  
= + − − >  

  
∏                 (3)

Considering equations (2) and (3) together 
(that is, substituting the value of equation (3) 
in place of the transfer function of equation (2)) 
yields the logistic STR of the model LSTR. 
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Typical values ​​for K are k=1 and k=2. For k=1, 
the parameters ( ), ,tF s cϕ θ g+  varies smoothly from 
φ to φ + θ as a function of st. But for k=2, they vary 
symmetrically around the midpoint 1 1

2
c c+   (when 

this logistic function reaches the minimum). And, 
at least, it is between zero and half. The minimum 
value of this relationship reaches zero when  
∞ → γ, and when c1=c2, it turns into identical to 
half. The parameter γ is slope and c1, c2 show the 
location parameters or the transition function.

LSTR model with k = 1 model (LSTR1) is 
capable of modeling the symmetric behavior of 
variables. For example, consider that st is equal to 
GDP per capita or water withdrawal. The model 
(LSTR1) can be a reliable and appropriate model to 
describe processes whose dynamic characteristics 
are different from one situation to another (e.g., 
processes that behave differently in periods of 
prosperity than periods of recession) and transfer 
from each situation to another situation happens 
smoothly. On the other hand, the LSTR model 
with k=2 as (LSTR2) is appropriate for conditions 
where the dynamic adjustment process has a 
similar behavior in high and low values ​​of st and 
shows a different behavior only in intermediate 
values.

When γ=0, the transition function will be 
( ), , 0.5tF c sg =  and so, the STR model becomes 

a linear model. On the other hand, when ∞ → γ, 
the LSTR1 model turns into Switching Regression 
Model with two states (both states have equal 
variance). In the LSTR2 model, if ∞ → γ , the STR 
model will turn into a three-regime Switching 
Regression Model so that its behavior in the 
middle state will be different from the same 
behavior in the upper and lower states. In the 
second state where the LSTR2 model exists, the 
STR model is called the exponential model (ESTR). 
If we reconsider equation (2) again, except for the 
exponential transition in equation (4), we will get 
the ESTR model.

( ) ( ){ }2
1, , 1 exp ,  0E t tF c s s cg g g= − − − >   � (4)           

In the ESTR model, the function is symmetric 
around the point *

1  ts c= and in the lower and 
middle values of the variable, the slope parameter 
(γ) has almost the same value. The transition 
variable st is a random variable and is often one of 

the variables Zt. Of course, the transition variable 
can be a composition of several variables. In some 
cases, the transition variable can be the difference 
of one of the variables in Zt.

In general, it may be established that the LSTR 
model has two upper and lower states, in which 
the behavior of the parameters is different from 
each other (in other words, this model is a suitable 
model for modeling the asymmetric behavior of 
the parameters). While the ESTR model has two 
upper states and an intermediate one that the 
parameter has a similar behavior in the two limit 
states, and in the intermediate state, it shows a 
different behavior from the other two states, so 
this model used to explain some variables which 
show symmetrical behavior is an ideal model.

The process of STR modeling includes three 
phases: specification, estimation and evaluation. 
In the specification phase, the nonlinear model 
starts first with a linear model, then it will be 
tested by a nonlinearity test. If the null hypothesis 
is rejected (zero coefficients other than the 
intercept), the model is non-linear. Then, among 
the potential nonlinear models, the desired 
nonlinear model of LSTR1 and LSTR2 type is 
selected and its parameters are estimated. It is 
worth mentioning that while economic theory 
may be able to help the researcher in selecting 
variables for the linear model and give him/her 
the necessary idea to select the variables of the 
model, but it cannot help much in the field of 
nonlinear models and its dynamics. Therefore, if 
the model is non-linear, other criteria are used to 
select and specify the model (such as: R2, AIC, SSR 
SBC, Reset test, etc.).

The nonlinear model is estimated with the 
help of a predetermined transition variable. The 
transition variable is selected in such a way that 
if the economic theory has not explicitly selected 
the transition variable, the non-linearity test is 
repeated for the potential transition variables 
which are typically a subset of St and among these 
variables, a variable which leads to better results 
is selected as a transition variable to estimate the 
model. In fact, the modelers pursue two goals 
performing the nonlinearity test: first, to detect 
linearity against (various) nonlinear models; 
second, to select the desired model using the test 
results, so that if the null hypothesis is rejected 
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for more than one non-linear model, a model 
with a lower P-Value is selected based on the 
P-Value (test probability).

Nonlinearity hypothesis of the variables is 
tested by two non-linear parametric models 
including the logistic non-linear regression 
model (LSTR) and the exponential nonlinear 
regression model (ESTR), following the work done 
by Saikonen and Verta (1998 a) and Verta (1998), 
and using the regression equation (4).

*

1

  
T

j
t t j t t t

j

y z z s uβ β
=

+ +′= ′ ∑ 

  1, 2, ,       t T= …
                     �  (5)

Where, ut ~ iid(0,σ2). and ( )1,t tz z=   is a vector 
of explanatory variables and St is a transition 
variable and F is a transition function whose value 
is limited between zero and one, and it can be one 
of these two forms, the logistic of equation (3) or 
the exponential of equation (4). The linearity null 
hypothesis can be tested as the following relation 
for equation (4).

0 1 2 3 0H β β β= = = =  � (6)                 

If the null hypothesis is accepted, the model 
is linear; but if the null hypothesis is rejected for 
the selected transition variable, the model will 
be nonlinear. The optimal number of intervals 
for the time series transition variable should 
be determined after specifying the transition 
variable. If the linearity null hypothesis is rejected 
for more than one transition variable interval, an 
interval is chosen as the optimal one for which 
the P-Value of the test is minimized. However, 
if the P-Value for different transition variables is 
close to each other, it is rational to estimate the 
model for all potential transition variables and 
select the model that has the best characteristics 
in the evaluation phase of the fitted model.

After the linearity hypothesis is rejected and 
the transition variable is selected, the next step 
to estimate the nonlinear model is choosing the 
type of nonlinear model. Among the different STR 
models, i.e., LSTR1 and LSTR2 (ESTR), the equation 
(4) and the null assumptions mentioned below 
are used according to what has presented in the 

literature of non-linear regressions.

ü3 : 2 0,  4 : 3H Hβ β β= =

0 2 30,  2 : 1 0H β β β= = = =             �  (7)    

For the selected transition variable (St), if H04 
or H02 is rejected, the LSTR model is selected, and 
if H03 is rejected, the ESTR model is selected. If all 
three hypotheses are rejected, the LSTR model is 
(ESTR) and H04 or H02 is rejected with more (less) 
power than H03.

4. Results and discussion
The estimation results of the equation (1) for 

all countries in the world are shown in table (1). 
In the domestic sector, water is used for drinking, 
cooking, personal and public hygiene, green 
spaces, and other public uses. The equations have 
been estimated with three linear, quadratic and 
cubic specifications.

The specification of the Quadratic function, 
among the different specifications, provides 
the best fit for the domestic sector based on the 
two criteria of Akaike (AIC) and Schwartz (SIC) 
information. The results of the diagnostic tests 
are presented at the end of table (1) for each 
specification. In the mentioned table, RESET is the 
Ramsey’s RESET test for the following form of the 
model based on the square of the fitted values. As it 
can be seen, the results are generally satisfactory, 
especially for the specification of the quadratic 
function (the assumptions of homogeneity of 
variance are violated in some linear specifications 
and accepted in non-linear specifications), 
which the test (White 1982 Approach fixes 
autocorrelation) fixed autocorrelation. The criteria 
of Akaik and Schwarz information in non-linear 
specifications are also far less than linear ones. 
The water-income regression models in table 1 
of the quadratic column have passed all the tests 
of goodness of fit (heteroscedasticity, Ramsey 
functional form, normality and autocorrelation). 
The most important specification of the model 
is the theoretical specification; concerning this, 
the selection of variables is in terms of normal, 
proportional, logarithmic variables, explaining 
the type of their cause-and-effect relationship, 
and the mathematical form of estimable equations 
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in terms of linearity or non-linearity (functional 
form of the 1st, 2nd and 3rd degrees).

The effect of the presence or absence of 
new variables in the model was investigated by 
removing and adding new variables to the right 
side of equation (1). Then, based on the Omitted 
variables test and the Redundant variables test, 
the necessary decision was made in this regard. 
The new variable was the initial amount of water 
in each country (Endowment of renewable water 
resources), which did not have such an effect on 
the goodness of model fitness and the significance 
of other coefficients. In this case, even the 
coefficient of the variable itself (water availability) 
was statistically meaningless. Therefore, it was 
not necessary to add a new variable for the 
water-income relationship. After the Omitted 
variables test, the Redundant variables test was 
added and its results were compared, which 
there was a necessary justification for removing 
the new variable. The necessity of the presence 
or absence of the new variable and by goodness 
of fit values ​​and Akaike or Schwartz statistics 
was taken into consideration, and the coefficients 
were estimated again. Given that the disturbance 
sentences had variance, the corresponding 
error was corrected using the test (White 1982 
approach). It is also possible to prove the non-

linear relationship through the smooth transition 
regression method, which is discussed further.

The results of the linear model estimation are 
as follows:The results of the linear model estimation are as follows: 

Log(𝑌𝑌𝑌𝑌𝑖𝑖𝑖𝑖 ) = 4.64162− 0.59049 ∗ 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖) + 𝜀𝜀𝜀𝜀𝑡𝑡𝑡𝑡�                                (8) 

                      (17.12)       (-2.14)  

𝜎𝜎𝜎𝜎�𝑦𝑦𝑦𝑦 = 1.19 ,   𝑛𝑛𝑛𝑛 = 163 ,𝑅𝑅𝑅𝑅2 = 0.540,   
 

 

Lyi = 0.38462 − 0.25163Xi
+ (0.15857LXi)(1 + [exp(−7.59216/σLx)(LXi − 7.53808)]−𝟏𝟏𝟏𝟏 

            (0.3499)       (1.5038)          (2.8550)                        (1.4029)                        
(62.0638)             

     n=163       𝑅𝑅𝑅𝑅2 = 5.4123e − 01 ,     𝜎̀𝜎𝜎𝜎=1.1938,   σ̀l
σ̀

= 0.6878     )9         (  

 

 

 

 

 � (8)
                      (17.12)       (-2.14) 
	 21.19 ,   163 , 0.540,  y n Rσ = = =

As it can be seen, the Ramsey test is significant 
and indicates the specification error of the linear 
pattern. In addition, the distribution diagram (1) 
with the Kernel curve also involves a non-linear 
relationship between the mentioned variables.

The results of the non-linearity test of the 
pattern in table (6) strongly reject the null 
hypothesis (H0), which the model is linear. Given 
that, the p-value of the hypothesis (H0) is lower 
than the corresponding value of the test statistic. 
Furthermore, the test of hypotheses suggests the 
LSTR model as the preferred model among the 
non-linear ones. The results of the linearity test 
are as follows:

Using the diagram (2), which shows the non-
linear relationship between the two variables 
of water withdrawal and per capita income, 
the STR model was estimated on the logarithm 

Table (1) Regression results of different models 
 

 
 

Domestic sector (drinking and urban) 
Cube Quadratic Linear Independent variables/ model 

24 /17 
)66 /0( 

49 /14 - 
) *09 /4( 

47 /2- 
)*97/4 ( Intercept 

86 /7- 
)83 /0( 

59 /3 
) *27/4 ( 

71 /0 
) *3/12 ( Log (GDPpc) 

19 /1 
)07 /1( 

17 /0 - 
) *43/3 ( 

- 
- Log (GDPpc)2 

05 /0 - 
)22/1 ( 

- 
- 

- 
- Log (GDPpc)3 

52 /0 52 /0 49 /0 R�𝟐𝟐𝟐𝟐 
45 /58 66 /86 151 F 

- 41989 - Turning points 
54 /2 54 /2 60 /2 AIC 
62 /2 60 /2 64 /2 SIC 

14 /2 16 /2 13 /2 D.W 

 ) ***17 /2 ( ) **63/2 ( 45 /1 RESET 
Explanations: The number of observations in 163 countries, the numbers in parentheses below are the coefficients of 
the t statistic. (*, **, ***) represents the significance of the coefficient at the level of 1 percent, 5 percent, and 10 percent. 
Source: Research findings 

  

Table 1: Regression results of different models
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data of the two variables. The LSTR model was 
obtained from the STR modeling process, then 
with the necessary specifications (the process 
of restricting the nonlinear part of the LSTR 
model), the obtained model was optimized and 
the optimal model (Relation 9) was obtained. The 
estimation results after applying simplification 
restrictions (removing unnecessary parameters) 
are as follows:

i iLy 0.38462 0.25163X= −

( )
1

i
i

7.59216 / )
0.15857LX 1 [exp

( X 7.53808
Lx

L
σ

−
 − 

+ +  −  
 �

(9)

 (0.3499)   (1.5038)   (2.8550)   (1.4029)   (62.0638)            

n=163  2 5.4123e 01R = −  ,  σ’=1.1938,  σ’/σ’  1.4539     
�          

The transfer function fitted on the data of the 
STR model is shown in diagram (2).

The income elasticity can also be calculated in 
the STR model. In this model, the income elasticity 
of water withdrawal depends on the per capita 
income, that is, the parameters change smoothly 
and will be a function of the transition variable. 
In fact, the income elasticity is determined by 
the weighted average of the parameters β0 and 
β1 and the changes of the dependent variable 
are obtained for the independent variable. The 
income elasticity Ei for the mentioned country is 
obtained by equation (10) as follows:

Ei= Әlyi/Ә lxi=a+β0F(lxi,g,c)+ β1lxi(ӘF(lxi,g,c)/Ә lxi) � (10)

Where, Ei is the income elasticity, Lxi is the 
transition variable, and other variables and signs 
are the same as equation (2). In this equation, 
the negative value of β1 may lead to an increase 
in the income elasticity of water withdrawal. 
In equation (12) the income elasticity of water 
withdrawal is estimated. All calculations have 

Table 2: P-Value of the linear test 
 

P-Value Hypothesis 
1.7602e-02 H0 
3.3605e-01 H4 
6.3933e-01 H3 
2.6633e-03 H2 

Source: Researcher's findings 
 

Table 2: P-Value of the linear test

 
Diagram (3): Transfer function of STR model on logarithmic data of per 

capita income and water withdrawal 
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been extracted using Jmullti 4 and Matlab 2009 
software. According to the above, equation (11) 
has been obtained:

	

( )( )
( )
( )( )
( )( )

i

2

E  / .0599
0.59049

1 exp 1.55948 7.20461

1.55948 ( 0.59049 0.30498
* 1.55948 10.25

            
1 exp 1.55948 7.20461

Ei lyi lxi

lx

lx
exp lx

lx

= = = − −

−
 + − − 

+ −
− −

 + − − 

� (11)

5. Conclusion and suggestions
As a renewable resource of natural, economic, 

social and environmental agents, water plays a 
substantial and unique role in economic growth. 
Both the amount of per capita income and the 
amount of water withdrawal per capita have had 
many differences among the countries all over the 
world. The results of this study show that the EKC 
curve hypothesis is consistent with the water-
income relationship. This result is consistent 
with the results of Keller and Fald (1993) and 
Falkenmark (1993). More precisely, the results of 
the regression estimates confirm the confirmation 
of the hypothesis in the domestic sector.

The reverse U-shaped relationship regarding 
water use can be explained in the form of an 
environmental curve based on natural resources 
(NRBEKC). It has different theoretical foundations 
but is common with pollution- based EKC. The 
common point of these two curves is the existence 
of a non-linear relationship and also the existence 
of scale, composition and technical effects. In 
contrast, their difference is in the different nature 
of pollution as a bad economic good versus natural 
resources as a good economic good. Moreover, 
the objective function of production in water 
use and the objective function of production and 
consumption in pollution are completely different 
from each other.

Since many countries in the world do not use 
water efficiently or don’t have sufficient water 
resources for development, (World Bank, 1992), 
the first part of the EKC curve in the water sector 
is still upward for them. On the other hand, 

by reforming water pricing policies, changing 
production techniques in the industrial and 
agricultural sectors, moving away from the policy 
of self-sufficiency in agricultural products or 
increasing water productivity in the agricultural 
sector in some countries have led to the use of 
composition and technical effects, and these 
countries are actually in the downward part of 
the curve. 

Using the results of this article, it can be 
concluded that rising the income globally runs 
mechanisms that increase the amount of water 
use, and it continues up to a certain point and 
finally decreases. This particular point is the 
“turning point” which based on the research 
findings, it was 41989 dollars in the domestic 
sector. The turning point in Tuke’s study (1998) 
was 20,000 dollars, which is different from the 
results of this study. This difference is due to 
the year under review, the type and number of 
data, the functional form of the model and its 
specifications.

Higher per capita income in many countries 
of the world is a sign of structural changes and 
economic development in there, which has itself 
many consequences in the use of natural resources 
and greatly affects the level of water use. Every 
country has different thresholds for change, 
capabilities and limitations in domestic sector. 
Rising the efficiency of water use, especially in 
domestic sector, is one of the basic solutions to 
fight the water shortage crisis in the countries 
thorough the world. The lack of continuous, 
comprehensive and coordinated statistics and 
information in the field of water economy at the 
watershed, river as well as local, national and 
global levels is a fundamental barrier to knowing 
more about the realities and problems of the 
water and economy, policy-making, management 
and planning, which should be considered by 
those involved in the affairs.

References
Alfonso Expósito; María Pablo-Romero; and Antonio 

Sánchez-Braza, (2019). Testing EKC for Urban Water 
Use: Empirical Evidence at River Basin Scale from 
the Guadalquivir River, Spain, Journal of Water 
Resources Planning and Management. 145(4). 
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001052

Anders, Walter, Time series econometrics with an applied 

105 

Int. J. Urban Manage Energy Sustainability, 3(2): 97-107, 2022

https://doi.org/10.1061/(ASCE)WR.1943-5452.0001052


AR. Eghbali et al.

approach, translated by Mehdi Sadeghi and Saeed 
Shawalpour, Imam Sadegh University Press, first 
edition, 1386.

Arrow, K.B. Bolin, R. Costanza, P. Dasgupta, C. Folke, C.S. 
Holling, B-O.Jansson, S. Levin, K-G. Mäler, C. Perrings, 
D. Pimentel (1995). Economic growth, carrying 
capacity, and the environment. Science 268:520-521. 
https://doi.org/10.1126/science.268.5210.520

Autoregressive models, Journal of the American Statistical 
Association 89: 208-218.

Bacon, D. W. and Watts, D. G. (1971). Estimating 
the transition between two intersecting 
straight lines. Biometrika 58:525-534.  
https://doi.org/10.1093/biomet/58.3.525

Barbier E. B. (2004), Water and Economic 
Growth, The Economic Record, 80(248):1-16 
https://doi.org/10.1111/j.1475-4932.2004.00121.x

Borhan, et al. (2021). Modelling the Environmental 
Kuznets Curve of Water Pollution Impact on Economic 
Growth in Developing Country, International 
Journal of Energy Economics and Policy. 11(5). 
https://doi.org/10.32479/ijeep.11571

Chapagain .A.K,and Hoekstra .A.Y,(2004), Water footprints 
of nations, Volume 1: Main Report, UNESCO-IHE Delft, 
The Netherlands, (Downloadable from http://www.
waterfootprint.org)

Cole, Matthew A. (2004) Economic growth and 
water use, Applied Economics Letters,11(1):1- 4. 
https://doi.org/10.1080/1350485042000187435 

 Sesma-Martín, D.;  Puente-Ajovín, M. (2022). The 
Environmental Kuznets Curve at the thermoelectricity-
water nexus: Empirical evidence from 
Spain,Water Resources and Economics, Volume 39. 
https://doi.org/10.1016/j.wre.2022.100202

Elisa Gatto, E. and Lanzafame. M. (2005), Water Resource 
as a Factor of Production: Water Use and Economic 
Growth, Paper presented at the 45th ERSA Conference, 
Amsterdam, August 2005.

Falkenmark, M., & Lindh, G. (1993). Water and economic 
development, Oxford University Press.

Falkenmark, M. (1989). The Massive Water Scarcity Now 
Threatening Africa-Why Isn’t It Being Addressed?, 
Ambio18,112-18.

Food and Agriculture Organization (FAO) of the United 
Nations (2006). AQUASTAT online atabase. http://
www.fao.org/ag/agl/aglw/aquastat/dbase/index.stm

Gleick, P. (2003). Water Use. Annual Review of 
Environment and Resources, 28:275-314. 
h t t p s : / / d o i . o r g / 1 0 . 1 1 4 6 / a n n u r e v .
energy.28.040202.122849

Grossman, G.M. and A.B. Krueger (1991). Environmental 
impacts of a North America Free Trade Agreement, 
National Bureau of Economic Research. Working Paper 
3914, Cambridge. https://doi.org/10.3386/w3914

Gu, A.; Zhang, Y.; Pan, B. (2017) Relationship between 
Industrial Water Use and Economic Growth in China: 
Insights from an Environmental Kuznets Curve. Water, 
9, 556. https://doi.org/10.3390/w9080556

Hosseinzadeh, M, Saghaian S. H, Nematollahi, Z.; 

Shahnoushi Foroushani, N. (2022). Water consumption 
and economic growth: evidence for the environmental 
Kuznets curve, Water, International. https://doi.org/10.
1080/02508060.2022.2091398

Mao, F., Miller, J.D., Young, S.L. et al. Inequality of household 
water security follows a Development Kuznets Curve. 
Nat Commun 13, 4525 (2022). https://doi.org/10.1038/
s41467-022-31867-3

Omid Hamidi, Hamed Abbasi, Hamid Mirhashemi, 
Analysis of the Response of Urban Water 
Consumption to Climatic Variables: Case Study of 
Khorramabad City in Iran, Advances in Meteorology, 
vol. 2021, Article ID 6615152, 14 pages, 2021.  
https://doi.org/10.1155/2021/6615152 

Postel, S.L., G.C. Daily, et al. (1996). Human Appropriation of 
Renewable Fresh Water. Science 271(Issue 5250): 785-
788. https://doi.org/10.1126/science.271.5250.785

Revenga, C., Brunner, J., Henninger, N., Kassem, K. and 
Richard Payne, R. (2000), Pilot Analysis of Global 
Eco-systems: Freshwater Systems, World Resources 
Institute, Washington, DC.

Rock, M.T. (1998). Freshwater use, freshwater scarcity, and 
socioeconomic development. Journal of Environment 
and Development 7(3): 278-301. https://doi.
org/10.1177/107049659800700304

Rock, M.T. (2001). The Dewatering of Economic Growth 
What Accounts for the Declining Water-Use Intensity 
of Income? Journal of Industrial Ecology 4(1): 57-73. 
https://doi.org/10.1162/108819800569294

Shirin Bakhsh, S.; Hassan Khansari, Z., (2005) Application of 
Eviews in Econometrics, Research School of Economic 
Affairs, first edition.

Ter¨asvirta, T. (1994). Specification, estimation, and 
evaluation of smooth transition. https://doi.
org/10.2307/2291217

Ter¨asvirta, T. (1998). Modeling economic relationships 
with smooth transition regressions,in A. Ullah & D. E. 
Giles (eds.), Handbook of Applied Economic Statistics, 
Dekker, New York, pp. 507-552.

Ter¨asvirta, T., Strikholm, B. & van Dijk, D. (2003). Changing 
seasonal patterns in quarterly industrial production 
in Finland and Sweden, in R. H¨oglund, M. J¨antti & G. 
Rosenqvist (eds.), Statistics, Econometrics and Society. 
Essays in Honour of Leif Nordberg, Statistics Finland, 
Helsinki, pp. 229-246.

Tock, Michael T. Freshwater use, freshwater scarcity, and 
socioeconomic development. Journal of Environment 
& Development 7,3 (1998).

Tong, H. (1990). Non-Linear Time Series. A Dynamical 
System Approach, Oxford University Press, Oxford.

Torras, M. and J.K. Boyce (1998). Income, Inequality, and 
Pollution: A Reassessment of the Environmental. 
Ecological Economics. May 25(2):147-60. https://doi.
org/10.1016/S0921-8009(97)00177-8

UN, (2007), Indicators of Sustainable Development: 
Guidelines and Methodologies, Third Edition.pp69.

Unruh, G.C. and W.R. Moomaw (1998). An alternative 
analysis of apparent EKC-type transitions. Ecological 
Economics 25 (1998) 221-229 25: 221-229. https://doi.

106 

https://doi.org/10.1126/science.268.5210.520
https://doi.org/10.1093/biomet/58.3.525
https://doi.org/10.1111/j.1475-4932.2004.00121.x
https://doi.org/10.32479/ijeep.11571
http://www.waterfootprint.org
http://www.waterfootprint.org
https://doi.org/10.1080/1350485042000187435
https://doi.org/10.1016/j.wre.2022.100202
http://www.fao.org/ag/agl/aglw/aquastat/dbase/index.stm
http://www.fao.org/ag/agl/aglw/aquastat/dbase/index.stm
https://doi.org/10.1146/annurev.energy.28.040202.122849
https://doi.org/10.1146/annurev.energy.28.040202.122849
https://doi.org/10.3386/w3914
https://doi.org/10.3390/w9080556
https://doi.org/10.1080/02508060.2022.2091398
https://doi.org/10.1080/02508060.2022.2091398
https://doi.org/10.1038/s41467-022-31867-3
https://doi.org/10.1038/s41467-022-31867-3
https://doi.org/10.1155/2021/6615152
https://doi.org/10.1126/science.271.5250.785
https://doi.org/10.1177/107049659800700304
https://doi.org/10.1177/107049659800700304
https://doi.org/10.1162/108819800569294
https://doi.org/10.1016/S0921-8009(97)00177-8
https://doi.org/10.1016/S0921-8009(97)00177-8
https://doi.org/10.1016/S0921-8009(97)00182-1


org/10.1016/S0921-8009(97)00182-1
van Dijk, D.; Franses, P. H. (1999). Modeling multiple regimes 

in the business cycle,Macroeconomic Dynamics 3: 311-
340. https://doi.org/10.1017/S136510059901202X

van Dijk, D.; Ter¨asvirta, T.; Franses, P. H. (2002). Smooth 
transition autoregressivemodels - A survey of recent 
developments, Econometric Reviews 21: 1-47. https://
doi.org/10.1081/ETC-120008723

Vollebergh, H., E. Dijkgraaf, B. Melenberg. (2005). 
Environmental Kuznets Curves for CO2: heterogeneity 
versus homogeneity. Discussion Paper No. 2005-25, 
Tilburg University. https://doi.org/10.2139/ssrn.683109

Vörösmarty, C.J., Green, P., Salisbury, J. and Lammers, R.B. 
(2000), Global Water Resources: Vulnerability from 
Climate Change and Population Growth, Science, 

289 (14 July):284 - 88. https://doi.org/10.1126/
science.289.5477.284

Watson, M.W. (1994). Vector autoregressions and 
cointegration, in R. F. Engle & D. L. McFadden (eds.), 
Handbook of Econometrics, Vol. IV, Elsevier, New York. 
https://doi.org/10.1016/S1573-4412(05)80016-9

World Bank (1992). World Development Report 1992: 
Development and the Environment, Oxford University 
Press, New York. https://doi.org/10.2307/1973669

World Bank (2006). World Development Indicators online 
database http://devdata.worldbank.org/dataonline

World Bank (2007). World Development Indicators online 
database. http://devdata.worldbank.org/dataonline/

World Resources Institute (WRI) (1996). World Resources 
1996-1997. New York, Oxford University Press.

COPYRIGHTS

©2022 The author(s). This is an open access article distributed under the terms of the Creative Commons 
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long 
as the original authors and source are cited. No permission is required from the authors or the publishers.

HOW TO CITE THIS ARTICLE

DOI: 10.22034/jumes.2022.1971451.1092

107 

Int. J. Urban Manage Energy Sustainability, 3(2): 97-107, 2022

Eghbali, AR.; Sayehmiri, A. (2022). Explaining the Relationship Between Income and Water Consumption 
Using Smooth Transition Regression Based on Kuznets’ Environmental Teory. J Urban Manage Energy 
Sustainability, 3(2): 97-107.

https://doi.org/10.1016/S0921-8009(97)00182-1
https://doi.org/10.1017/S136510059901202X
https://doi.org/10.1081/ETC-120008723
https://doi.org/10.1081/ETC-120008723
https://doi.org/10.2139/ssrn.683109
https://doi.org/10.1126/science.289.5477.284
https://doi.org/10.1126/science.289.5477.284
https://doi.org/10.1016/S1573-4412(05)80016-9
https://doi.org/10.2307/1973669
http://devdata.worldbank.org/dataonline
http://devdata.worldbank.org/dataonline/
http://creativecommons.org/licenses/by/4.0/

	080.pdf (p.106-116)
	Explaining the Relationship Between Income and Water Consumption Using Smooth Transition Regression 
	Abstract
	Keywords
	1. Introduction 
	2. The theoretical framework and literature review 
	3. Methodology and materials 
	4. Results and discussion 
	5. Conclusion and suggestions 
	References



