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Introduction

With an average rainfall of 260 mm per year, Iran is one of the dry countries in the world with
limited water resources, which factors such as population growth, the need for more food, the need
to improve the level of health and social welfare, industrial development and ecosystem protection.
increases the water demand for these limited resources day by day (Taghizadeh et al., 2013). Also,
considering the recent droughts, the importance of water as a vital input becomes clearer. Today,
humanity is facing many problems for water supply in the rapid development process. This
situation in dry climates with low rainfall, where the ecosystems involved in water supply are more
fragile, with the occurrence of droughts and indiscriminate harvesting of water reserves, has made
the planners face more critical conditions. The rapid growth of the population and the need for
more production has caused the agricultural sector to have a greater demand for consumption than
other sectors that consume water, so the most important challenges of the agricultural sector of
these regions in the current situation is how to produce more food with less water (Saghafi et al.,
2018).

Considering the limitation of available water resources in the country and the increasing demand
for various uses of water in all its aspects and as a result reaching the critical limit of using
renewable water resources, demand management is the basis of consumption control and water
resources management. In order to ensure water security, written laws will be created based on this
to create a balance between water consumption and supply. Managers' awareness of available water
resources and, in general, all relevant layers of different methods of demand management decision,
and especially the determination of its influencing factors, is considered one of the most necessary
things in water management (Ansari et al., 2017).

The fact is that in the empirical studies of spatial models of technology distribution and
efficiency, one region cannot be considered independent from other regions, because according to
Tobler's first geographical law, each place is dependent on another place and the places that are
closer to each other They have the greatest effect on each other compared to distant places. In the
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econometric literature, the lack of spatial dimension in statistical and econometric experimental
modeling leads to estimation errors and incorrect statistical conclusions (Seyef and Hamidi Razi,
2016). In this research, the effective factors on the efficiency of Iran's water resources have been
investigated with regard to the effects of spatial overflow and using a spatial Durbin model, which
is novel from this point of view compared to domestic studies.

Materials and Methods:
In this research, the SDM spatial durbin model is specified as follows:

InY; = 1Y + pWInYj; + B1InCwatj; + BoInEwat;; + B3Ln GDPC;; + f4InIndS;; + B5LNGC;y
+ BgInTech;; + B7InDecoj; + BgLn Agrwatj; + BglnDriwat Cj;
+ ByoLn Totwat;; + DX;t0 + o + v¢ + Uit

where InYi, InCwat, InEwat, LnGDPC, LnIndS, LnGC, LnTech, LnDeco, LnAgrwat,
LnDriwat, and LnTotwat respectively indicate the efficiency of water resource consumption in
each province, the logarithm of water resources per capita, the logarithm of water resources
utilization, the logarithm of GDP per capita , the logarithm of industrial structure, the logarithm of
grain products per capita, the logarithm of research and development, the logarithm of the degree
of openness of the economy of each province, the logarithm of agricultural water consumption, the
logarithm of daily drinking water consumption and the logarithm of total water consumption.
In order to reach logical results and observe the spatial effects of water resources consumption
efficiency and the factors affecting it, the spatial Durbin panel method has been used for 31
provinces of Iran during the period of 2015-2020. Economic and spatial variables were collected
from the Ministry of Jihad Agriculture, Meteorological Organization and Regional Water
Organization and models were estimated using STATA 15 software. In this research, in addition
to the agricultural, drinking and total water consumption variables, the rest of the research variables
are calculated based on the following table (1):

Table 1- How to calculate research variables

Variables How to measure
Efficiency of water resource consumption The ratio of total water consumption to GDP
Water resources per capita Ratio of total water resources to total population
Exploitation of water resources The ratio of total water consumption to total
water resources
GDP per capita The ratio of GDP to population
Per capita investment in fixed assets (industrial The ratio of investment in fixed assets to
structure) population
Cereal products per capita Ratio of total cereal crops to population
Research and Development R&D value ratio to GDP
The degree of openness of the economy of each The ratio of the value of exports to imports
province

Source: Research Finding

Results and discussion:

Table (2) shows the direct, indirect and total effect (spatial overflow) in the short and long term.
The results of the spatial Durbin model show that in the short term, the indirect and total changes
of GDP per capita, grain per capita and research and development on the efficiency of water
resource consumption have been negative and significant, as well as indirect and total for the degree
of openness of each economy. The province is positive and significant on the efficiency of water
resources consumption, that is, with the increase of GDP per capita, grain per capita and research
and development, the efficiency of water resources consumption will decrease in the short term, or
in other words, it will decrease in the short term. The growth of GDP per capita, the growth of
grain and the development of research and increasing the efficiency of water resources use

The results of the spatial Durbin model in the long-term show that the direct effects of the per
capita GDP variable on the efficiency of water resource consumption were positive and significant,
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while the indirect and total effects of the per capita GDP on the efficiency of water resource
consumption were negative and

The results of this research are consistent with the study of Zhao et al (2017) and also the effects
of direct, indirect and all other variables on the efficiency of water resources consumption in the
long term were not significant. The results of direct, indirect and total effects in long-term
conditions are somewhat different from short-term effects, because as the theories of
microeconomics confirm, short-term elasticities are smaller than long-term elasticities and the
opportunity to react to various shocks for economic factors in the long-term is greater than in the
short-term. and in this regard, the elasticity of the effect of the total degree of openness of the
economy of each province is positive and significant in the short and long term, and its elasticity
will be 1.54 in the short term and 1.84 in the long term, or in other words, the elasticity of the
degree The openness of the economy is greater in the long term than in the short term.

Table 2- Direct and indirect (spillover) spatial effects resulting from the estimation of the model with
the help of the specifications of the spatial Durbin model

Indirect effect direct effect Total effect
The main coefficient coefficient coefficient
variable (probability) (probability) (probability)
InCwat 0.02(0.39) -0.08(0.28) 0.01(0.53)
InEwat 0.92(0.33) 0.1(0.48) 1.02(0.25)
Shott Term LnGDPC -1.41(0.05) 0.82(0.02) -1.34(0.05)
LnindS 0.009(0.66) 0.02(0.42) -0.01(0.55)
LnGC -0.09(0.06) -0.1(0.9) -0.09(0.05)
LnTech -0.07(0.07) -0.02(0.63) -0.07(0.05)
LnDeco 1.37(0.06) 0.17(0.4) 1.54(0.03)
LnAgrwat 0.03(0.77) 0.004(0.68) 0.08(0.47)
LnDriwat -0.02(0.55) 0.05(0.68) -0.02(0.56)
LnTotwat 0.02(0.44) 0.02(0.53) 0.02(0.38)
Loé‘f%ezfsrm InCwat 0.03(0.78) -0.01(0.98) 0.02(0.54)
InEwat 0.92(0.57) 0.23(0.98) 1.02(0.26)
LnGDPC -1.81(0.05) 0.21(0.05) -1.34(0.06)
LnindS 0.01(0.79) 0.02(0.92) 0.01(0.55)
LnGC -0.01(0.6) -0.03(0.9) -0.01(0.06)
LnTech -0.086(0.61) -0.06(0.94) -0.08(0.06)
LnDeco 1.67(0.48) 0.01(0.9) 1.84(0.04)
LnAgrwat 0.03(0.77) 0.006(0.84) 0.09(0.48)
LnDriwat -0.04(0.55) 0.07(0.92) -0.03(0.56)
LnTotwat 0.02(0.44) 0.01(0.91) 0.02(0.38)
R2 0.78 Hausman test 34.21

Source: Research Finding
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Table 1- how to calculate research variables

Variables

How to measure

Efficiency of water resource consumption
Water resources per capita

Exploitation of water resources

GDP per capita

Per capita investment in fixed assets (industrial

structure)
Cereal products per capita
Research and Development

The degree of openness of the economy of each

province

The ratio of total water consumption to GDP
Ratio of total water resources to total
population
The ratio of total water consumption to total
water resources
The ratio of GDP to population
The ratio of investment in fixed assets to
population
Ratio of total cereal crops to population
R&D value ratio to GDP
The ratio of the value of exports to imports

Source: Research Finding
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Table 2 - Test results for variables affecting water use efficiency (Levin, et al., 2002)

Variables e Probability of l\gré?bles at the Statioary
Water resources per capita - 0.00 1(0)
(Cwat) 5.43 ’
Exploitation of water resources - 0.00 1(0)
(Ewat) 3.51 )
GDP per capita - 0.00 1(0)
(GDPC) 1.36 ’
Industrial structure - 0.00 1(0)
(IndS) 0.35 ’
grain per capita - 1(0)
(GO) 4.65 0.00
Research and development of each 1(0)
province 0.00
(Tech) 0.66
The degree of openness of the economy 1(0)
of each province | ;13 0.00
(Deco) ’
Agricultural water consumption - 0.03 1(0)
(Agrwat) 1.32 '
Drinking waterlconsumptlon 291 0.00 1(0)
(Driwat)
Total water consumption in the province 1(0)
2.76 0.1
(Totwat)
Efficiency of water resource 1(0)
consumption 0.04
(Y) 0.54

Source: Research Finding.
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Table 3- Moran diagnostic tests and Lagrangian coefficient for spatial panel model

Model Moran Geary  Getis LR Lmerror Lmlag Lmerror - Lmlag-
robust robust
SDM 0.16 0.91 -0.16  19.69 41.24 7.6 2.62 6.35
probability 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01

Source: Research Findings

S ol olab Jae oy olgieas SDM Jus
(Elhorst, 2013)
2ol glio Grae QU 5 S50 Jelse 25l polaiens
L).Jl.»:l » Cowl 05 o3liiw! u;Laﬁ o9 J.Lo )I U‘f‘ dLmuLml
DA 15 it (5) s 5 (2155 g o ol
BNy )Lv >0 uT é:l.n )‘ d)lé).gb){,g dllb).::wa Lol ol sl
350 bl pdaw )3 (55y9liS Ol Gpas g il o slasil

gl @lie 5l (o)l slapuiio 3 Sl Loy SO L (e

O 8l il cE L jlam (olad BL by,
GSY o (e slaggal S Lagli
oy a5 ¢lp LMIlag_robust ¢ LMerror_robust
o) o ab 48 oS Cal 0al 48T S8 il oy (L8
do5i b adb o JUS] clial 3 olias  Siiwly pac da g5
3y 2lad (Sily pas (e shio 4053 (V) Joio S 4
odlaiwl (olad oxiwslasBl gy 5l e oo domil )d g 0d
‘L)»Lul ()"I » R 09 (C))yl?u L) Aol ).Il dja_u|5 L
w9 J_\A <UJL.4_9 duw 4u.JLAa_9 u}._m)f)by dL&yJ.\A
2 Cald 3 g 0ad 03] (eSS (sages (ludd Jdo 5 (2lab



a0

AB=Y++ o NFrF LY oylad FA o5

ST okige 5 p ke

O plie Bma LS O wlie 5l (oyl3 0 p00 55 (yialjl do )
IRl LY g oY i 4 iy ol g el gl
o JS @ ol Gpao (il L 505 cyle 4 b el aalgs
2 6yae Copde g 4bly bl T wlie Cyne 1 ol ol
Blai g b Sl xS (o Oygo M)l @ite (A
o o @lio Bpas oh 5 oliwl o sladl 535 b 4
ol gbsS &S sl o /¥R 5 /¥ ojll 4 i Sy Hbolixe 4
Ol lly & s il S Sl pslo ar o & 3L (oo e
o 5l il T golio Gopma IS A5l iy il
b ol b salgs plosl Ol glie 5 edlital p3 (g s
039 Joline g e ol wlio Bpas LS p &l o wli
2lie Gpan oS @il T glie > Gl ao )y S L ox
cpl oimdlis 45 il amlgs jmals asyd /0 o3l 4 O
alio )3 (55508 (25248 ol oo Ol i 1) oS ol s
G pae ghlS o 4o )3 4 485 & p0 g e By 5l
2 e ke olay olpl el el jmals Ol gl
& Cusl 039y yline g cuto b ) O e Bpas o))
Gy S eginio 5L > Lial38l s S b oS SleisS
Sjle 4 b cdl sals ol sy 220 ojlul 4 Ol plie
Gow b s Sl Cuaw 4 g )liS Gloyw a5 Sy >
& lie 5l g 4Bl 390 Ol wlie Byns o e w4 0 03>
dawg g Buid ol Sl el dnls Jos a6 ytamlio odlizal
b oS (spsboay 035 ylaline 5 e O lio Gpao S
@ ol glie Bpas )l g g 35 3 doyd Sy GlH
250 ol o s w1y o a5 il anles malS ofe e e
o alio 5550 odlital (glily 3 a8 Cliios ol &S
85398 ol B e ol T Calg )3 g Sl 00 (61000
Gl 0349 jloline g o /o ¥ 0 4 O lio Cypnn ]S 5
EigliS ) okl g slasby, 3l eslitl b 4y o] o oS

Al il lalo )

@bl gl Ol Bran g gl o olaidl (g L a2
o g /YN o et e g il > Ol e Cyae
P ol e jl g posn do o dn cdl salgs (il as )
(505 elalil 4 5y Sl il b g a8l iy ol
ol 03 1l Gl Gl )3 (65,9laS” o e b g a2l iy
= o ool 5 4l gl O qolio G pae oS &0
b pito 45 I 15 3,8 o 50 il 55 o plie §) 6
Sline g iie b il 5 dags g 3485 g s ol lio
o by stny ol 418 ] O golio b e S e 2
03185l & o5 s A g 55 9 Al O lie il 8l Aoy
D4 o amlS Ol glie Bpae LS 5l asyy o/+q g +/00
sl 4 oyl > O wlio Giol3al b aS ol opl o s
S Ll o o3 b 355 0 do55 S i ol 3] g
2 o Sopde Cusl gl O i & Sl b 250
&S bl 5l uimmen g 3,15 359 O wlie j edlitul die;
osile Jaaro Gl mbio il oalitwl p3 Lo joulS 1D dnwgl g (a0
Spae W Gl a3 1S Clisiod cpl L g ol
ol b Sliios bl ren 4y sl o o3kl O mbie
slazsly Ko 18b L g ansly Ol mlie Bpas o5 il58l )
Gpae S 5 oline 5 Cute b b A pito Colas 52
bl 5 el o cate (6l il (Sl oS 3b o ol wlie
el e
lad (Bolai g ol Gl il Jaa 93 (8) Jo 5
J3e 93 opl imd oo )i guls &S jobo e .l 003,35 341
i > b Sl sy Ll s K0Sy b Sul glis
Sl Jae 53 bl nl 395 00 256 a9 iy 5 S
Sl Jae 5o Lol el o 330 ©pd &y ls (ol (olad el
ol 4 Robust (slagsefl plsl b plgie olad Bolas
I sy it (B) Jpio @l G p w8l Caws dxs
@by shlise g cage (Bolay 5 el Il b Ol ale
Syl i a8l ol laplinl 3 Ul glie Gpas

U0 088 S b T @lo B ya 2L 5 F50 Jolge 33970 @b -¢ Jgur
Table 4- The results of estimating factors affecting the efficiency of water resource consumption with
a spatial panel model

Variable Coefficient standard Variable Coefficient standard

deviation deviation
InCwat -0.05#+ 0.02 LnTech *#x-(),09 0.03
InEwat *+(),02 0.1 LnDeco *+x() 3] 0.85
LnGDPC -0.06 0.12 LnAgrwat #+x().04 0.01
LnIndS 0.03 0.02 LnDriwat 0.02 0.04
LnGC -0.01 0.07 LnTotwat 0.04 0.03
Spatial 1.76%+* 0.56 A #+%(), 06 0.01

Source: Research Findings(** and *** are significant at the level of 10% and 5%, respectively)
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Table 5- Estimation of the presence of different spatial effects with the help of different specifications
of spatial Durbin models

spatial model with spatial model spatial model spatial
fixed effects Random- with fixed model
effects effects Random-
effects
The main Coefficient Coefficient Spatial Coefficient Coefficient
variable variable
InCwat #x4-0.05 -0.32 W*InCwat 0.004 0.0002
InEwat +x().02 0.07#xx W*InEwat 2.003 0.14
LnGDPC -0.06 -0.27 W+*LnGDPC =3.31wx -1.95
LnIndS 0.03 0.95%xx W*LnIndS 0.02 0.01
LnGC -0.011 0.3 1w W*LnGC -0.02xx -0.06
LnTech #++-(0,009 0.07 W*LnTech -0.02xx -0.09
LnDeco 0.03 0.49xx W*LnDeco 3.61w 1.63
LnAgrwat *+x(.04 0.007 W#*LnAgrwat 0.01 -0.05
LnDriwat 0.002 0.1 W*LnDriwat -0.07 -0.01
LnTotwat 0.1 0.06 W*LnTotwat 0.005 .23
R? 0.65 0.83 Llog 0.5 0.76

Source: Research Findings (** and *** are significant at the level of 10% and 5%, respectively)
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Table 6- Joint effects tests (time and distance)

joint effects HO LR probability level
Spatial fixed effects There are no spatial joint 1.45 0.00
effects
Time fixed effects There are no joint time effects 0.02 0.00

Source: Research Findings
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Table 7- Direct and indirect (spillover) spatial effects resulting from the estimation of the model with

the help of the specifications of the spatial Durbin model

Indirect effect direct effect Total effect

The main coefficient coefficient coefficient
variable (probability) (probability) (probability)

InCwat 0.02(0.39) -0.08(0.28) 0.01(0.53)

InEwat 0.92(0.33) 0.1(0.48) 1.02(0.25)

Short Term

effects LnGDPC -1.41(0.05) 0.82(0.02) -1.34(0.05)
LnIndS 0.009(0.66) 0.02(0.42) -0.01(0.55)

LnGC -0.09(0.06) -0.1(0.9) -0.09(0.05)

LnTech -0.07(0.07) -0.02(0.63) -0.07(0.05)

LnDeco 1.37(0.06) 0.17(0.4) 1.54(0.03)

LnAgrwat 0.03(0.77) 0.004(0.68) 0.08(0.47)

LnDriwat -0.02(0.55) 0.05(0.68) -0.02(0.56)

LnTotwat 0.02(0.44) 0.02(0.53) 0.02(0.38)

Long Term InCwat 0.03(0.78) -0.01(0.98) 0.02(0.54)

effects ’ ’ ' ’ ’ '

InEwat 0.92(0.57) 0.23(0.98) 1.02(0.26)

LnGDPC -1.81(0.05) 0.21(0.05) -1.34(0.06)

LnIndS 0.01(0.79) 0.02(0.92) 0.01(0.55)

LnGC -0.01(0.6) -0.03(0.9) -0.01(0.06)

LnTech -0.086(0.61) -0.06(0.94) -0.08(0.06)

LnDeco 1.67(0.48) 0.01(0.9) 1.84(0.04)

LnAgrwat 0.03(0.77) 0.006(0.84) 0.09(0.48)

LnDriwat -0.04(0.55) 0.07(0.92) -0.03(0.56)

LnTotwat 0.02(0.44) 0.01(0.91) 0.02(0.38)

R2 0.78 Hausman test 3421

Source: Research Finding
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