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. Abstract

¢ Introduction: Population growth, followed by rising water and food
: consumption, as well as disruptions such as the disparity of population
: distribution patterns with the distribution of time and place of water, have
: caused water-security access to Iran in crisis.

: Materials and Methods: This paper is the first to accurately calculate the
: Poverty Index for Iran over the period from 1989 to 2015. In this paper, a new
: model called the Water Multiplier Evaluation System with the Disaster Theory
: approach is used to calculate the water poverty index. For the first time using
: the censored regression econometric model, the effect of economic factors
. affecting the water poverty index during the period of 1989-2015 has been
: evaluated.

: Findings: The results of calculating the water poverty index indicate the
¢ upward trend of this indicator and its components. The results of estimating
: the coefficients of the sensed regression model indicate that population
¢ growth, GDP, human development index and added value of the agricultural
: sector have worsened the water poverty index in Iran

: Conclusion: In other words, the current and past trends of the human
¢ development index, GDP growth, population growth, increased agricultural
: production, insecurity and rising water poverty in Iran are inevitable.
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Extended Abstract

Introduction

During the last century, the use of natural
resources has increased sharply due to
population growth and the need for economic
growth of societies. Among these sources are
water sources. Indiscriminate use of available
resources depending on the situation of the
countries can cause some of them to face
serious problems. In many countries demand
for water to supporting the population needs has
increased considerably. But, due to lack of
water resources and water crisis in world, the
concept of water security and water poverty
entered into the economic literature of countries
which facing water crisis. Iran is among the
countries that have moderate levels of water
scarcity. This issue shows the existence of
water poverty in lIran in recent years, and the
worsening of the water poverty situation in
coming years. Water poverty is one of the
greatest challenges of this century and the
multidimensional crisis of the next incoming
decades in the world, especially in countries
with low level of water resources. This crisis
can lead to many changes in the world. This
paper tries to calculate water poverty index on
the base of "Catastrophe theory multi-criteria
evaluation system" and "fuzzy logic method".
The sub-indices which used to calculate the
water poverty are including: access to water
(per capita water resources, price elasticity of
water demand, Gini coefficient for domestic
use), water resources (water deficit ratio,
surface water supply ratio, the proportion of
other factors in water supply), capacity of
Underground aquifers (groundwater utilization
rates, surface water utilization rates, dilution
rates), environmental integrity (surface water
drying, desertification rate, create desert rate)
and using of water resources (per capita
consumption of water for irrigation in the
agricultural sector, per capita consumption of
drinking water, per capita consumption of water
in Industrial sector). The results of calculating
the water poverty index during the period from
1989 to 2015 indicate the upward trend of this
indicator and its subset components, which
indicates the worsening of the state of water
security in Iran in recent years and possibly the
deterioration and continuation of  this
complicated situation for next decades. In other
words, if the current consumption and
management process continues, Iran will
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gradually become poor in terms of water
resources. In addition and for the first time,
using the censored regression econometric
model, the effect of economic factors on the
water poverty index during the period of 1989
to 2015 has been evaluated.

Materials and methods

The water poverty index is an aggregated index
for water management that tries to present a
comprehensive  picture of the water
management challenge. The water poverty
index is a weighted average of five variables:
water resources, access to water, capacity of
underground aquifers, use of water resources
and environmental integrity. In general, the
purpose of calculating the water poverty index
is to use a method to measure the well-being of
households in relation to access to water, which
provides degrees for the effects of water
scarcity on the human population in Iran and in
the world. Water poverty index seeks to
measure access to water in the region and to
measure the capacity of people to access it. It is
possible that people have to walk a long
distance to reach water, or it is possible that
water is near them but its use is limited for
various reasons. The existing facts regarding
the state of Iran's water resources and uses
indicate the necessity of compiling and
calculating more comprehensive criteria than
the usual indicators.

In this study, unlike the method of the previous
studies mentioned in paper, a weighted average
is not used to calculate the water poverty index.
Rather, in this study, the Disaster System
Theory based on the indicators and sub-indices
of the main variable of water poverty will be
used to calculate the final Scalogram of water
poverty. In this method, the common Fuzzy
Logic in mathematical sciences is used to make
a Scalogram for water poverty, which will
eventually include a value between zero and
one. The sub-indices which used to calculate
the water poverty are including: access to water
(per capita water resources, price elasticity of
water demand, Gini coefficient for domestic
use), water resources (water deficit ratio,
surface water supply ratio, the proportion of
other factors in water supply), capacity of
Underground aquifers (groundwater utilization
rates, surface water utilization rates, dilution
rates), environmental integrity (surface water
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drying, desertification rate, create desert rate)
and using of water resources (per capita
consumption of water for irrigation in the
agricultural sector, per capita consumption of
drinking water, per capita consumption of water
in Industrial sector). After calculating the water
poverty index in Iran, the course of changes in
water poverty in Iran is analyzed. And finally
using the censored regression econometric
model, the effect of economic factors on the
water poverty index during the period of 1989
to 2015 has been evaluated.

Findings and Discussion

Table (5) and (6) shows the results of water
poverty index calculation and the results of
estimation. The findings shows that the growth
of the country's population in the past decades,
along with the improvement of the country's
economic and welfare indicators, has caused an
increase in water consumption in various
sectors, including agriculture, drinking and
industry. Due to the continued increase in
population in the coming years, the growth of
water consumption will be inevitable. Under
the influence of the structural problems
prevailing in the agricultural sector (small
ownership system, low literacy level of
farmers, non-formation of sufficient and
productive gross fixed capital and the
continuation of drought conditions in recent
years), the of the country's population growth
and the increase in food consumption lead to
pressure on resources. It is natural, especially
the underground water resources of the country.
The increase in population, the increase in
urbanization and the growth of water demand
aggravate the water crisis. Urbanization
threatens water and food security. As shown in
Table 5, the water poverty index has increased
from 0.5in 198910 0.7 in 2015, which is a proof
of the deterioration of the water resources
situation in Iran. All sub-indices of water
poverty show a worse situation at the end of the
period compared to the beginning of the period
under review. The situation below the
indicators of water poverty alone has shown
alarming statistics about the state of water
resources and environmental degradation.
According the estimation, the value added of
the agricultural sector to the GDP, human
development index, and the logarithm of the
GDP and the population logarithm have a
statistically significant effect on water poverty
at the significant level of 99%. In terms of the

Journal of Agricultural Economics Research. 2023; 15 (1)

direction of influence, based on the results of
the estimation model, population index, human
development index, GDP, the value added of
the agricultural sector have positive effect on
the water poverty index.

Conclusion

In this article, after a comprehensive review of
previous empirical studies in the field of water
security and water poverty, and stating the
precise definitions of the category of water
poverty as an indicator of water security, which
was carried out by relevant international
organizations and expert researchers in this
field, The importance of the issue of water
poverty and the current water crisis facing our
country was discussed.

Then, using the multi-index disaster system
theory and using the fuzzy membership
function, the water poverty index for Iran was
calculated and compared due to the
unavailability —of necessary data and
information for some years during the period
from 1989 to 2015. According of the estimation
results, the effect of population, GDP, human
development index and the value added of the
agricultural sector on the water poverty index in
Iran is positive. From this point of view, the
findings of this study are consistent with the
findings of the studies of Chau et al. (22),
Asiaei Heer et al. (13), Xiao Jun et al (9).

As it is clear from the results, the situation of
water poverty and the sub-set of indicators of
the water security system has been fluctuating
and in most cases declining and unfortunately it
has worsened. The growing trend of using
water resources during the period under review
due to population growth, economic growth, as
well as construction policies after the war, as
well as environmental factors and climate
changes have led to an increase in water
poverty in Iran. The absence or weakness of
proper management of water resources is not
limited to the cases mentioned above and it
should be added to the long list of structural
management like as: limited investment and its
unfair distribution in the agricultural sector,
lack of monitoring of water withdrawal from
sources, lack of development model. Based on
the findings of the regression model of the
research, it was concluded that economic
growth along with economic development that
brings industrialization and expansion of
urbanization and causes water insecurity and
the spread of water poverty. If the situation
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continues in the same way and the management
of water resources continues in the same way,
it will reduce water security and worsen water
poverty. Based on this, it is suggested that
instead of having high economic growth as a
goal or achieving economic development in any
way, more attention should be paid to the
category of sustainable economic development
and green economic growth.
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Table 1- Catastrophe model based on different number of control parameters and state variables of a

subsystem
g sl b sl el "
Co S ;& d=x> Jo
re e O RPN Ui at
potential membership function S-t ate Control Catastrophe
variables  Parameters model
1 |
_1; \ \ 2
Vo () 3 X tax fold
1 1 I Sy
_ T4 T2 \ Y 7
1 1 1 ! dloxds o3
— a5 1L g3 L a2 \ s o
Vape(x) =X + 3 ax + > bx® + cx swallowtail
1 1 1 1 L4l
— 236 4 Zaxd L T py3 L ag2 ) ¥ %
Vapea () e X + i + 3bx + Tk + dx butterfly
Aol (£ y0 055
Lo
v = x3 3 b Y Y 9
apc(x,y) = x* +y> + axy + bx +cy Oval umbilici
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Loy alais 2
VabC(x’ y) = x3 — Xyz + y3 + a(xz + yZ) + bx v v é”lpﬂkgaf
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daid ) (g
Vape (6, y) = x2y + y* + ax? + by + cx + d Y f =
abc(0,y) =xy +y* +ax yoroxTdy Parabolic

umbilici point
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Table 2- Sub-indices and criteria to achieve the water poverty index
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Standardizing States Sub Index
Smaller is el g oS drying up of surface water b O ke g 5
better sources o ol
Larger is ol e sk Dependence on external b U ot S5 E“' P |
better R water sources TS EE R mi/::tzgrr?fynta
Smaller is ol i yiaS Desertification rate S psS &y
better
Smaller is el g S Water storage per capita Ol oy il
better
Larger is , . : o gl
ol yigg iy Surface water supply ratio P O el Cod
better 7 PPy o water resources
Lzreq[grls ol Yy yidey Groundwater supply ratio WSV RU IR JOW
Larger is ol o i Fresh water resources per o ot ki
better TR capita T e
Larger is ) . et P Sl g
ol ity g The price of water <l o 5l) ol cunid
better s e P (o155 e 5) Access to water
Smaller is Water treatment plants per " .
ool iy g : O bl ahns &
better 7 oS capita TS e B
Smaller is Water consumption in -
ool g g . y9liS s s o
better i agriculture SIPS S 1 Ao © s 4 i
Smaller is o g S Water consumption in the LS e 3 U Ue f’ i
better e domestic sector TR Sy Se o water
Smaller is o g S Water consumption in i s resources
better REREAS industry O Sy
Sma”er IS ol e ).wf Number Of We”S Lml> sliss ) 1) dl‘“’)p"‘" """5)‘19
better capacity of
Smaller is . s underground
ol yigy Wastewater disposal rate SN 283 & 5 -
better #e P e aquifers
All'is ok ol g3 3L 4 ym Rainfall in the fields laojs> 5 Lok
() e
Source: (9)
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Table 3- standardize water poverty index criteria and criteria in disaster theory and criteria

standardization formula based on the nature of criteria
Loyl aS il ey old i pilie 4 Aa laa sl

1 Xz a . e e s e s e
X—a1 .Jﬂsnoahm\w\ﬁc)ﬁ)ﬁﬁu)\m}u@%
Y = a, <X<a,
a, —a; . N
0 0<X<a It is used for criteria whose values are better when
! they are greater than "the larger is better" rule.
SieS Lol 48 il Al ) gl i lie 48 il jlaa o
1 O<X<a J}A‘snbduﬁu "ki\...u\)l(,l‘).\i;" ..and}a‘)&‘)‘c.\.\}ﬁnw
0 — X ! Cad Jilie ) gum 43 48
y ={= a <X<a,
az —a N
0 X> a In criteria's whose values are better when they are
less, the formula "smaller is better" is used, which is
opposite.
(2(X —a1) w<x <t + (az —ay) Gl a2l an A" Jse 8 b B YL oy dak
a, —aq - - 2 .Ch»\dguaa‘)}quaﬁsncdmu\"
Y =42(a; - X) a1+(az—a1)<X<
a, —a, 2 2 For criteria that cannot be placed in any of the above

0 X>aorX<a two classifications, the formula "All is good" is used,

which is opposite.
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. . . ; 1 0.5
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x = min{x,, xp, X¢, Xq }

ol 90 gla
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x= 4 S ke el pj iy y a2l
— —pt — 05 _ !
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Table 4: Sub-indices and criteria to achieve water poverty

oasls pj o )Lxo o 3 laskiul Ol el sla ya3 s 45 duloe 090
Sub-Indexes States Standardizing Calculathn O.f water security
indicators
Vl(X): 5.’7:.]4..:;;1 eL.n U.Lwt_imo a X :al/Z X:—xa + xb + xc
Co ol @ 3
e B glie & (Sulyd X, = b'/s 1 1 1
Environmental o L X)) = §X5 + §aX3 + EbXZ +cX
integrity by S zrC x,=c’4
o X + xp + x
V00 Sl opdd &y a x, =a'lz X = afbc
o wbe ; . 1
water T X = b7 R R
V,(X) = =X5 + =aX? + =bX? + X
resources s O]l s oG _ 5 3 2
205 52) @l el Cans X, =c/4
i X + xp + x
ui A o yuwd 5 . 1
Access to T xp = b Va(X) = 1X5 1 ¥2 1 BX? + X
ter ; o 1 3( ) = g + §a + E +c
wa o cbals adhas &l pwiC x,=ca
o X + xp + x
Vo(X) : 39S i 3 ol s 10 X =a'l2 X= afbc
Use of water b V.(X) = = X5 ¥3 bX? + X
resources " T 1 a( )_E +§a +§ te
Cxuo M)Ju‘h‘)md)mc xC:C/4
VS'(X) 3 b ols sluia x. = a2 X = Xa + Xp + Xc
slaojinw cud b @ 3
S5 2 M3 b5 ¢5ib x,=b'"3 L L L
capacity of Ve(X) ==X+ -aX®+-bX?+ X
underground o 0gj 5 L5LiC x, =c/a 5 3 2
aquifers

ol yib yasls w
Water N+ V+ Vs + Vit Vs
Powerty - 5

1 1 1 1
WPI(W) = ng We+—V,WS+-V,W*+- VW3

5 4 3
1

+= Vw3
2 5
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WPI = f(GDP ,AVA,HDI,POP) (V)
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Table 5: Calculation of the water poverty index and its constituent sub-indices for Iran

b oy cueles O e lodlizel Ol pbie Cla wpnd i i gboyie el Ol i Jl
Enyironmental Use of water water Access to u%a:jpear(g:jlrtgu%f q Water Year
integrity resources resources water : Powerty
aquifers
0.869 0.433 0.797 0.845 0.628 0.49 1368
0.858 0.426 0.783 0.821 0.615 0.51 1369
0.847 0.405 0.761 0.789 0.599 0.51 1370
0.836 0.484 0.753 0.713 0.576 0.54 1371
0.825 0.544 0.735 0.656 0.554 0.56 1372
0.854 0.571 0.727 0.689 0.568 0.57 1373
0.803 0.739 0.689 0.738 0.558 0.55 1374
0.792 0.778 0.681 0.74 0.553 0.56 1375
0.781 0.698 0.673 0.751 0.551 0.55 1376
0.77 0.549 0.655 0.691 0.529 0.61 1377
0.759 0.748 0.637 0.628 0.506 0.6 1378
0.748 0.638 0.669 0.618 0.509 0.62 1379
0.767 0.869 0.671 0.523 0.49 0.65 1380
0.726 0.487 0.673 0.61 0.502 0.66 1381
0.715 0.771 0.685 0.588 0.497 0.65 1382
0.704 0.752 0.697 0.597 0.499 0.64 1383
0.693 0.582 0.609 0.639 0.485 0.65 1384
0.682 0.434 0.591 0.597 0.468 0.68 1385
0.661 0.701 0.583 0.573 0.454 0.69 1386
0.66 0.885 0.565 0.592 0.454 0.67 1387
0.649 0.577 0.547 0.486 0.421 0.68 1388
0.658 0.713 0.539 0.441 0.41 0.69 1389
0.627 0.398 0.531 0.436 0.398 0.71 1390
0.636 0.581 0.543 0.401 0.395 0.7 1391
0.645 0.741 0.565 0.415 0.406 0.69 1392
0.694 0.739 0.513 0.473 0.42 0.71 1393
0.637 0.738 0.551 0.456 0.398 0.71 1394
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Table 6: The results of fitting the Tobit regression model, the effect of economic factors on water poverty
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