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Abstract

Introduction

Water is one of the most valuable resources available to mankind. Today, international communities are
aware of the importance of water for sustainable economic growth in the present and future. In this study, the
effect of reducing water resources on economic sectors and agricultural sub-sectors was investigated through a
social accounting matrix model. The results are presented in the form of absolute and relative effects. The direct
and indirect impacts of a 10 and 50 percent reduction in water resources have been a decrease in the production
of 3.4 and 22 percent from the viewpoint of a demanding, 4.7 and 24 percent from the viewpoint of a supplier,
for agricultural products. From the perspective of a demanding, a 10 percent reduction in water resources has led
to 10.5 percent production reduction of other economic sectors. The relative effects of 10 percent water
reduction from a supplier’s point of view indicate that the greatest reduction was in water and other resources
sectors. The relative reduction in water resources from the viewpoint of demanding has the greatest impact on
water and veterinary sectors. From the perspective of the absolute effects on the demanding and the supplier, the
vulnerability of urban households as a result of water resource reduction has been greater than that of rural
households. Considering the relative impacts on a supplier, the impact of reduced income is greatr on urban low-
income households than low-income rural households. Relative reduction of water resources from the
perspective of demanding has a greater impact on capital factor than on labor factor.

Keywords: Social Accounting Matrix, Production, Water Resources
Classification JEL: C67, E23, 013

of water. Inadequate spatial and temporal

Water is required as one of the important basic
resources for country development. Renewable
water per capita is one of the global indicators in
the determination of the status of countries in terms

(*- Corresponding Author Email: a.parvar55@gmail.com)

distribution and increased population and water
consumption per capita have exacerbated this
issue. The World Bank has predicted that water
demand in developing countries would be double
by 2025 (Berrittella et al., 2007).

Given the scarcity of water resources, the
emergence of the water crisis in the future is not
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unexpected and this event can have many
economic, social, and political consequences.
Considering the recent droughts, the importance of
water as a critical input becomes increasingly
prominent. If we do not plan on the basis of
sustainable development for water resources, the
country will face insoluble problems in the future.
If the impacts of crisis and water resource scarcity
on agricultural sector development are not taken
into account, the country’s food security will
definitely face serious problems (Yang et al.,
2003). Given the essential role of water resources
in economic development and the existence of
various constraints, resource consumption should
be controlled on the demand side. Water-related
policies are one of the important issues in today’s
societies. For this reason, water scarcity is the
agenda of policymakers and researchers in
different countries around the world, especially in
the Middle East and Africa.

Social Accounting Matrix (SAM) is a database
by which the production potential in economic
sectors can be measured and socioeconomic issues
such as economic growth and interrelationship
between different economic variables (production,
income, consumption, and capital formation) can
be simultaneously examined in the form of a single
matrix. In many cases, SAM is used in socio-
economic planning and policymaking, as well as to
analyze the relationship between structural
characteristics of an economy (Central Bank,
2008).

Understanding the importance of the issue, the
present study examines the impact of water
resource reduction on production of agricultural
sub-sectors and other sectors, and by analyzing this
issue will emphasize the use of SAM to improve
this sector and examine positive strategies and
effects. The present study aims to investigate the
impact of water scarcity measurement on economic
sectors and agricultural sub-sectors through the
SAM model.

Review of literature

General equilibrium models in the form of
input-output models and SAM can be used in
conventional and special conditions. Accordingly,
based on the approach, empirical studies can be
divided into two groups according to their
theoretical foundations.

A: Research literature based on two input-
output and SAM approaches under special
circumstances. In their study, Chang and Waters

(2009), using a modified model of SAM evaluated
the economic and social impacts and consequences
of a 10% reduction in fishing on the entire
economy. In this study, the production of the
fishing sector is presented as a restricted sector.
Zand et al. (2019a) used the social accounting
matrix to study the socio-economic effects of
investment development policy in the agricultural
sector in Iran. The results included three scenarios:
15% increase in investment in agriculture, 10%
and 15% in agriculture and horticulture, and 10%
in other sub-sectors. They stated that with the
implementation of these scenarios, the total income
of the economy has increased. However, the first
scenario had a greater impact on the total income
of the economy (13.12%) than the other scenarios.
Sotoodeh Nia et al. (2020) have studied the effect
of green taxation on fossil energy consumption,
greenhouse gas emissions and social welfare in
Iran using social accounting matrix. The results
showed that along with the increase in the green
tax rate, if there is a positive shock to GDP, the
trend of increasing consumption of oil, gas, natural
gas and gasoline will decrease. Abbaszadeh and
Ashrafi (2020) in a study using the social
accounting matrix in 2011, evaluated the effect of
developing the incoming tourism sector on the
income of households and companies and its
distribution. The results showed that companies,
urban and then rural households experience the
highest increase in income from tourism
development, respectively, and the most important
factor of production in this transfer of income to
households and companies is labor and capital,
respectively. Zand et al. (2019b) analyzed the
effects of investment growth policy in agriculture
based on the social accounting matrix method. The
effects of this policy were analyzed in three
scenarios. The results of net effects showed that
the income of production activities increases in
each of these scenarios. The findings also showed
that the closed effects of the above scenarios on
industries, services and trade were greater than the
agricultural sector and its sub-sectors.

Sahabi et al. (2016) examined the measurement
of economic and social impacts of drought in the
framework of a modified model of supply-oriented
SAM. In their study, the effects of a 26.1 percent
decrease in agricultural sector production resulted
from the 2007 drought on the decrease in other
sectors’ production, the decrease of income of
production agents, and the decrease of income of
entities that have been studied. The results showed
that the direct and indirect effects of a 26.1%
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decrease in agricultural sector production from the
viewpoint of demanding lead to 1.8% decrease in
value-added of the country, while the
corresponding figure from the viewpoint of
supplier is 2.9% value-added. Banouei et al.
(2013), in the form of a research project, measured
the social and economic impacts and consequences
of drought in the agricultural sector in the
framework of the modified supply-driven SAM
model. The results of their study showed that a
25% decrease in agricultural production from the
viewpoint of demanding leads to a 3.2% reduction
in value-added of the country. Faridzad and
Mohajeri (2016), using the framework of a
modified supply-driven model of SAM with a
guantitative (production) approach, have addressed
the important question of what economic and
social implications will occur if there is a
restriction on supply (or import) of any industry
sub-sectors. Their results showed that the most
restriction in the supply of intermediate imports
occurs in coke manufacturing, petroleum products,
and chemical sectors. In all industry sub-sectors
that were faced with intermediate import
restrictions, except for coke manufacturing sector,
production of petroleum products, and chemical
products, in other cases, urban households have
experienced the highest income reductions
compared to rural households and corporations, as
expected. Other studies have also been done in this
field by Hortono and Resosudarmo (2008),
Faridzad et al. (2012).

B: Research literature based on two input-
output and SAM approaches under conventional
circumstances

Use of SAM models in conventional conditions
in various economic, social, and energy areas has
attracted a wide range of scholars among which the
studies by Seyyed Mashhadi et al. (2011), Permeh
et al. (2011), Sadeghi et al. (2015), Gakuru and
Mathenga (2015), Afageh et al. (2015) can be
highlited.

Due to taking into account most of the
economic relations, SAM has been accepted as a
comprehensive tool in analyzing the economic and
social policy makings of countries. For this reason,
in the above studies, the analyses have focused on
this matrix aiming to examine the potential of
production. There have been studies on the impact
of water resource reduction on various sectors,
including agriculture as well like studies by
Nokkala (2000), and Banouei (2005).

SAM model in conventional conditions

The framework of the conventional model of
SAM in conventional conditions is obtained by
simultaneous relationships between productive
balance and income balance of production agents
and internal inputs of society which is as follows:

-1

¥u 1—4;) —4z —Ay 0 —Ays Xy
¥z —4oy (1—A452) —Ao3 0 —hrs | |X: (l)
¥2|=| -, —Ag, (1—4z) O i | |x
Ya —Ay —4y —44z 1 0 %
¥s 0 0 0 —Agy (1— Agg) 5

Equation (1) is generally used in effective and
short-term economic and social analyses and
policy makings under conventional conditions.

Modified SAM model in special conditions

Under certain conditions, production of some
specific sectors or commodities is affected by
factors such as climatic changes such as drought
and flood and faces production constraints. In
order to present a modified SAM model under
special conditions, the process of modification is
the following five general stages. Under this
situation, it is needed to modify equation (1). In the
first stage, the sector(s) and commaodity(s) that are
under special conditions are determined. In the
second stage, based on endogenous and exogenous
variables, the main SAM accounts are modified as
follows.

{(1- .-'._l_!)"l - ."h;\': —0V— .".;_:‘_1'5 - C'X:. = .".'1 + G'.":: T O'_ + O;: + :.113".‘3

\ v » v Ay (2)
_.'1:'_";'; +| 1 - _';:: .1\': - A:;"fs - ﬂ""_: - :;:y-'; = 0.’.1 ’.'".: T G.‘u! + UAL; + .'5.:5:'.'3
o U )
—Ayy ¥y — Aot L= AqyJys — 07y —Agsys = 0Ky +0X; +X,+0K;+ B
@
—0F; — 0V, — 03 — Asefy H1— A ly; = +0K, +04,+01,+X; +0F;
N )
~AgyVs —Ag¥y— Al - ¥y~ 075 = 08 +0K; 08, + 085 - (1-Agly;
(6)

The third stage reveals the partitioned matrix of
the above equations which is a combination of
conventional and special conditions. In the above
equations, production in the third sector, formerly
known as the endogenous variable under
conventional conditions, is now in special
conditions and due to constraints on supply and
inflexibility against the changes in final demand in
the third sector, is considered as the exogenous
variable. Therefore, the equations (2) to (6), given
the change in the status of exogenous and
endogenous variables of the third sector, can be
rewritten as follows:
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[(1—Aq4) st 0 —Ais 0 v
—Az (1-45) 0 —Ags 0 ||¥2
_:141 _A 43 l {] 0 Yﬂ]- =

0 0 —Ass (1—Ag) 0 ||¥s
L —Aai —A 32 Q0 _AHS —1 3
1 0 0 0 A3 Xy
0 1 0 0 Azz X3
0 0 1 0 Ay ||x @)
0 0 0 1 0 Xg
L0 0 0 0 —{:l — Aq-1tY3

In the fourth stage, the equation (7) is stated as
follows.

A -
v [(1—An —A 0 Az 07
¥z —An (1-A2) 0 —Aszs 0
Va|=| —A4, Ay 1 0 0| x
¥s 0 0 —Asy (1-45) 0

3 —Am —Ag 0 —Ass -1

1 0 0 0 Aqz X1

0 1 0 0 Agz X3

0 0 1 0 .."!5.43 A | (8)

0 0 0 1 0 Xg

0 0 0 0 —(1—-Apl L

The fifth stage is a comparison of the reduced
form of equation (1) and equation (9). Equation (9)
as an MN matrix is introduced below.

(1] H
¥ Xz
Ya|=M,|[%s 9)
Ya Ha
“¥5- 5
[ X
¥ Xg
Ya|= MN|%s (10)
¥s Xg
LX 3- Y3

Equation (10) is used as the basis for the
calculation of the economic and social impacts and
consequences of water sector production reduction
from the perspective of demanding on production
reduction of other economic sectors, production
reduction of the whole economy, income reduction
of production agents, and production reduction of
income of community entities.

(1—Ay, —4 0 —Aps 0
—An (1—Az) 0 —Azg 0
M=| —Ay —As 1 0 0
0 0 —4zs (1—A4g) ©
—Az —Azz 0 —Ass 1
1 0 0 0 e
0 1 0 0 Aoy
0 0 1 0 Aag
0 0 0 1 0
Nz LO 0 0 0 —(1— Ag-

However, equation (10) compared to equation

(9) has features that, in addition to being
methodologically significant, can be used in the
measurement of the effects and consequences of
water resource constraints in special conditions:

Ghosh Supply — Driven Forward Multiplier of SAM
(GSDSAM) in conventional and special conditions

In the real world, the sector considered as an
intermediary supplier also appears in other
economic sectors. This means that the effects and
consequences of production reduction in this sector
will lead to a reduction of intermediate demand of
other economic sectors and reduction of income of
production agents and a decrease in the income of
community entities as well (Banouei, 2012).

Therefore,  firstly  the  product-income
relationship of the conventional and standard
GSDSAM in conventional conditions is used
(Kershner and Hubacek, 2009).

Va=¥aGa+ W, (11)
¥n— G'n¥n =Wy (12)
{I - Grn}}rn =W, (13)
ya = (-G, (14)
My=(I-G,)™ (15)
G, = [Gri_:l'] ) E:Frz'_;l' = Trij[.'l)}i]_l (16)
(1-6y) Gy by Gy 0

_Gfl (l - fo) ‘Gaf ‘Geu 0

(I-6.)=| -Gy Gy (1-Gy) -Gz O
0 0 0 1 s
~Gyz ~Gyg ~(r3g 0 (1-6g)
17)
Y1 Wy
¥ W,
Yo = {}z] =|¥3 W, = ”‘Fz] =[W; (18)
Ya Wy
¥s WE-

In the above equations, G';; is the direct

coefficients of three endogenous accounts called
allocation direct coefficients matrix, distribution
direct coefficients matrix, or output direct
coefficients matrix, which is obtained by linear
division of G';; = T";;[#;]7 from the supplier’s
perspective. This is while A;; is calculated by
column division of A;; = T";;[7,]7* and from the
demanding’s perspective. Thus, 4;; matrix is an

input matrix. The production agents (W) and its
constituents for all sectors are exogenous and
production (y) of all sectors is endogenous. The
constituent variables in W; vector are generally
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known as leakage items (imports, taxes, payment
of production agents to the outside world)
(Ghahramani, 2012).

In order to better understand the functions of
the above equations under conventional conditions
and then to modify them under special conditions,
equation (19) must be written as independent
equations for the three main SAM accounts.

(1= Gy)ys — Ga1yz2 — Gayys — Gayys —oys =Wy

. (19)
—Gyo ¥y + (1= Ga2)yz — Gaa¥s — Gaoys —0ys = W3
. (20)
—Gy3y1 — Goz¥z + (1 — Gaz)ys — Gazys — 0ys = W3
(21)
—0yy — 0¥z — 0¥3 + ¥a-Gsays = W (22)
—Gy5¥1 — Gosy2 — Gasys — 0+ (1 — Ggglys = Wy
(23)

Based on equations (19) to (23) for the
endogenous and exogenous variables of the main
SAM account assuming that the third sector is in
special conditions, equations (19) to (23) need to
be modified. The modification process is as

follows.
{1- ‘(‘:1:. “_'l‘; - G:i.": - G;L'l'_: =0y~ G“; = .'l’l T 0!'.': + Olil + 0“‘; + G_:;-;_f.'i

(24)
_GZ:.“.I + ;_1 - t'.;:: ;_‘f: - G;:_‘-',' —0y;—o0r; = 0“'1 + “': T 0”: + GW; T 63:}'3
(25)
—Owl - OY: —¥a— G54Y5 - OWE = O“';l + G“';: + H-’:; + GIVE
+0 - (26)
—Gys¥y — Gogfa — 0y, + {1 = GzgJys — OW; = O +0W, + O, + W + G5
- (27)
'G;:.}'l - G:;:\': - G;_s}'s - 0_'(; - w; = OH’L + OH’: + 0“; T 9“5 - 1 - G:,gJ
(28)

Therefore, the partitioned form of the above
matrix, which is, in fact, a combination of
conventional and special conditions, is stated
below.

(1—Gyq) Gy L 0 0r¥.
=02 (1-62,) -Gy 0 0 || ¥z
0 0 1 _554 0 ¥
_Gls _Ggs 0 ‘:l - 655) 0 ¥s
—Gy3 —Go3 —Ga3 0 -11tW;

1 0 0 0 Gia Wy

0 1 0 0 Gas W,

=0 0 1 0 0 W, (29)
0 0 0 1 Ggg Wy
0 0 0 0 —(1-0Gg)llys

Based on the general equation (14), the
exogenous and endogenous variables of equation
(29) in partial policy-making and planning are

stated as below.

iy [(U=-6Gy) Gy -0y 0 0
V2 —by (1-G) Gy 0 0
Va|= 0 0 1 _GS:} 0 X
Ys —0ys —bs 0 (1-Gg) 0
Wy —0y3 Gy Gy 0 -1
1 0 0 0 Gy3 wy
0 1 0 0 G2 w;
0 0 1 0 0 W, 30)
0o 0 0 1 Gas  ||We
0 0 0 0 —(1-Gs)llys

The reduced form of equation (30) is written as
below:

Y1 Wy
Y2 W
Ya|= I'-']_lN W4 (31)
¥s Wy
Ws ¥

(1-6y)  —Gn by 0 0
~Gy  (1-Gp) -Gy 0 0
Mi=| 0 0 1 0y 0
=0y =05 0 (1-Gg) 0
GE —Gy by 0 -1
1 0 0 0O G13
o 1 o0 o Gz
N=|0 0 1 0 0
0 0 0 1 Gag
0 0 0 0 —(1-Gss)

From a policy-making perspective, equation
(31), similar to equation (10), is a combinative
equation for two reasons. First, it depicts
conventional conditions and special conditions,
and second, it contains hybrid exogenous and
endogenous variables. That is, the exogenous and
endogenous variables of sectors 1 and 2 (W1, Wa,
and yi1 Yo, respectively), income of production
agents (W4 and ya), and income of community
entities (Ws and ys) are considered as in
conventional conditions. For example, sector 3 has
a limited supply of production. Thus, the
endogenous variable of the sector is considered as
an exogenous variable (Ws) and the endogenous
variable as an exogenous variable (Ghahramani,
2012). _

The matrix M in equation (31), similar to the
matrix M in equation (25), is a matrix of
coefficients, except that M is calculated on the

basis of the Ghosh supply model and from the
viewpoint of a supplier, but M is obtained based on
the demand-driven model of Leontief and from the
viewpoint of demanding. In addition, both the
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equation of (10) and (31) are functionally supply-
driven in nature. That is, the effects and
consequences of production reduction due to
different factors on production reduction of other
sectors in both models is production-to-production.
That is, by a reduction in the production of water
sector, production reduction in other sectors is
obtained and, unlike conventional conditions,
supply constraint is considered (Chang and Waters,
2009).

Vi Gy fEl: ":Elz CEH Gis Jrw,

Vs Gay G2 (23 a4 Gas ||W,

Ii—? Gs1 Gsa Gs3 Gss  Gss [|Ws
3 —If?gl —533 _{?33 _534 _{?35 AE
(32)

Calculations and analysis of results

SAM has been used in the present study. The
matrix has been developed in accordance with the
available statistics and information and given the
research goals. After the integration of some
sectors, it includes 36 economic sectors in the
production account. External world accounts
(import and export), and accumulation (savings
and investment) also each have their own row and
column. Production agents’ accounts include labor
factor and capital factor, and entities’ accounts
include low-income, middle-income, and high-
income urban and rural families and companies.
Exogenous accounts also include other accounts
obtained from the integration of three accounts of
the government, the outside world, and the
accumulation account.

Results and Discussion

It is necessary to mention two key points
before the presentation of results and their
analysis: In practice, three general criteria are used
to measure the economic and social impacts and
consequences of production reduction under

special circumstances: in this study, production
reduction will be as percentage and in different
scenarios and the obtained results will be actual
figures. The obtained results are organized in terms
of absolute effects and relative effects. Figures of
absolute effects are more important for overall
economic policies and their contribution to GDP
and ultimately for economic growth, while relative
effects are applied for sectional policies and inter-
sector interactions. In light of the above, the effects
and consequences of a reduction in the percentage
of water resources are calculated as a part of
supply constraint on the production of other
economic  sectors (sectors without supply
constraint), and the results are presented in the
following tables.

Absolute effects of water resource reduction on
production of agricultural sub-sectors

According to the results in Table 1, the
reduction of water resources causes the most
damage to agriculture and horticulture and the least
damage to the forestry sector in terms of demand-
driven and supply-oriented patterns. However the
impact of water reduction is different in the context
of a mixed demand-driven and supply-driven
model. The wvulnerability of the agriculture and
horticulture sector due to the depletion of water
resources reflects the fact that the production of
this sector is highly dependent on the amount of
water.

Relative effects of water resource reduction on
agricultural sector productions

The results in Table 2 are related to the relative
percentage of production reduction in agricultural
sectors that are not subject to special conditions.
This ratio has been obtained by dividing
agricultural sector production reduction by the
actual output value of those sectors multiplied by
100.

Table 1- Effects of 10, 30, and 50% reductions in water resources on production in the agricultural sector in demand-driven
and supply-driven models (figures: million Rials)

. Demand-driven Supply-driven
Economic sectors m) 30 50 ) 0 50
Agriculture and gardening 56501 169503 282506 1108697 3326092 5543486
Livestock, pou'”yé rf(;'ﬁ‘l’fr‘]’tri’r:‘ga”d bee breeding, 33602 100806 168010 421879 1265637 2109395
Fishing 22587 67762 112936 22785 68354 113924
Forestry 20581 61743 102904 6320 18961 31601
Total 133271 399814 666356 1559681 4679044 7798406

Source: research results
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The results related to relative effects of
production reduction show that: firstly, the highest
relative reduction has been in forestry sub-sector as
equal to -0.2382 for 10% reduction, -0.7146 for
30% reduction, and -1.1911 for 50% reduction;
secondly, the rank and position of agricultural sub-
sectors that have been associated with the highest
relative production reduction is different from the
agricultural sub-sectors that have experienced the
highest absolute production reduction. Also, the
ratio of production reduction of agricultural sub-
sectors in the whole economy resulted in limited
supply (reduced water resources) to the total value
added of the country has been calculated. The
highest relative reduction of production has been
related to the sub-sector of agriculture and
gardening as equal to -0.2008 for 10% reduction, -
0.6025 for 30% reduction, and -1.0042 for 50%

reduction. The effects of production reduction in
agricultural sectors are not the same in terms of
relative impacts. The forestry sector from the
perspective of demanding and the agriculture and
gardening sector from the perspective of supplier
show the most relative decreases. The order of
relative reduction in different agriculture sectors is
also different from the viewpoint of demanding
and supplier. The nature of the four sub-sectors of
agriculture in terms of the absolute effects of
production reduction is also different from the
nature of the four sub-sectors in terms of relative
effects of production reduction. Also, based on the
results of Banouei (2012), the nature of the five
economic sectors in the absolute effects of reduced
production is different from its relative effects.

Table 2- Relative effects of reduced production of agricultural sub-sectors on their actual production resulted from reduced
water resources on demand-driven and supply-driven model bases (figures are in percentage)

Demand-driven

Supply-driven

Economic sectors

10 30 50 10 30 50
Forestry -0.2382 -0.7146 1.1911 -0.0732 -0.2195 -0.3658
Fishing -0.0796 -.2388 -0.3979 -0.0803 -02409 -0.4014
Agriculture and gardening -0.1020 -0.0307 -0.512 -0.2008 -0.6025 -1.0042
Livestock, poultry, silkworm and bee -0.0095 0285  -00476  -01194  -0.3583 -0.5972

breeding, and hunting

Source: research results

Absolute effects of water resource reduction on
production of other economic sectors (demand-
driven model)

The effects and consequences of water resource
reduction as the sector included in special
conditions on production reduction of other
economic sectors in the framework of the demand-
driven model in terms of absolute effects are
presented in Table 3. It shows that the decrease in
water resources by 10% has led to 3767033 Rials
of production reduction in other economic sectors.
The decrease of water resources by 20% to 50%,
respectively, has led to 7534067, 11301100,
15068133 and 18835166 Rials of loss in
production of different economic sectors. In the
first 15 sectors of production that have had the
highest production reduction, the largest impact of
reduction has been on the water, education, other
services, and transportation sectors, with real estate
services, public affairs, urban affairs, and business
services being the next ones. The reason for water
sector loss is completely clear according to the
accounting and social matrix table, and it is
because of the direct dependence of this sector

from the viewpoint of demanding. However, the
most important reason for production reduction in
education, other services, and transportation
sectors due to decrease in water resources is not
direct dependence of water upon these sectors
because the direct intermediate needs of the water
sector (from the viewpoint of demanding) in the
above sectors are lower than the direct
intermediate needs of water sector (from the
viewpoint of supplier). The lowest amount of
production reduction with water supply limitation
was in hotel and restaurant sectors with 32369
Rials, other mines sector with 33645 Rials and
chemical, rubber, and plastic products production
with 33873 Rials. Also, the vulnerability of the
public affairs sector, urban affairs sector, and
business services, banks, insurance, and other
financial intermediaries due to a decline in the
supply of water resources indicates that the
mentioned sector is indirectly dependent so much
on the sectors most connected to water supply
sector.
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Table 3- Absolute effects of 10 to 50 percent reduction in water resources on the production of other economic sectors in the
demand-driven model (figures: million Rials)

Economic sectors 10 20 30 40 50
Water 2573732 5147464 7721196 10294927 12868659
Education 196885 393771 590656 787541 984426
Other services 101396 202792 304188 405584 506980
Transportation 82634 165267 247901 330535 413169
Real estate services 80347 160694 241041 321389 401736
Public, urban, and business service affairs 60711 121422 182133 242844 303555
Bank, insurance, and other financial intermediaries 50621 101242 151863 202484 253105
Defense and military affairs 48680 97361 146041 194722 243402
Health and medication 44937 89875 134812 179750 224687
Construction 39917 79834 119750 159667 199584
Manufacturing, processing, and tanning of textiles, 36737 73474 110211 146947 183684
clothing, and leather
Post, telecommunications, and warehousing 36293 72585 108878 145170 181463
Manufacturing of food, beverage, and tobacco products 34358 68715 103073 137431 171788
Manufacturing of ct;e;rc:wdlﬁilé rubber, and plastic 33873 67746 101619 135492 169365
Other mines 33645 67290 100935 134580 168225
Hotel and restaurant 32369 64738 97107 129476 161845
Sum of all other sectors 3767033 7534067 11301100 15068133 18835166
Source: research results
Absolute effects of water resource reduction on beverage, and tobacco products sector.

production of other economic sectors (supply-driven
model)

The results in Table 4 show the absolute effects
of water resource reduction from the perspective of
production suppliers on other economic sectors in
the framework of the supply-driven model. The
results of the absolute effects are presented in this
table. In the first 15 production sectors that have
been associated with the largest reduction in
production, the obtained figures show that the
water sector experiences the highest production
reduction compared to other economic sectors due
to a decline in water resources. The reason for this,
as mentioned earlier, is the direct dependence of
this sector from the perspective of the supplier.
However, wholesale, retail, vehicle and goods
repair, construction, food, beverage, and tobacco
production, chemicals, rubber, and plastic
production, transportation, and real estate services
sectors are among the top six sectors that
experience loss due to reduction of water
resources, indicating the direct and indirect
dependence of the aforementioned sectors on
water-limited sector. For example, the direct and
indirect impacts of a 10% reduction in water
resources lead to production reduction equal to
938954 Rials in wholesale, retail and repair of
vehicles and goods sector, 573521 Rials in the
construction sector, and 573521 Rials in food,

Transportation and real estate services sectors are
among the first five sectors experiencing loss due
to water resource reduction from the perspective of
demanding and supplier. The lowest rate of
production reduction with water supply constraints
equal to 187522 Rials is related to the health and
medication sector, and 188949 Rials in the
manufacturing of motor vehicles, trailers, semi-
trailers, and other transportation equipment sector.

Relative effects of 10 to 50 percent water resource
reduction on production of economic sectors from
the perspective of a supplier

The second part of the results, which can be
seen in Table 5, is the relative decline in the
production of economic sectors due to water
supply constraints. Conceptually, relative effects
are the quantities that show the decline in
production of other economic sectors (after water
supply constraint) on their corresponding actual
production caused by a decrease in the water
supply. The results related to relative effects of
10% decrease in water show that the highest
relative production reduction is related to water,
other mines, public, urban, and business service
affairs, education, and manufacturing of food,
beverages, and tobacco sectors with 9.1483,
0.1196, 0.1003, 0.0897, and 0.0890 percent,
respectively. The economic  sectors that



Parvar et al., Measurement of the Impact of Water Reduction on Economic Sectors Production using Social ... 315

experienced the highest relative production
reduction were different from the economic sectors
that experienced the highest absolute production
reduction. Although they are common in some
manufacturing sectors, their position and rank are
different. For example, in the wholesale, retail, and
repair of vehicles and goods sector, percentage of
relative production reduction is much lower than
the absolute production reduction such that with a
water supply restriction of 10% to 50%, the

mentioned sector is in the second place of absolute
production reduction while among the 15
production sectors with the highest relative
production reduction, is in the seventh position.

Faridzad and Mohajeri (2016), among the
industrial sub-sectors, the most limited supply of
intermediate imports has been in the field of coke,
petroleum products and chemical products, which
has caused the greatest decrease in production in
the whole economy.

Table 4- Absolute effects of 10 to 50 percent reduction in water resources on the production of other economic sectors in the
supply-driven model (figures: million Rials)

Economic sectors 10 20 30 40 50

Water 2573732 5147464 7721196 10294927 12868659

Wholesale, retail, repair of vehicles and goods 938954 1877908 2816861 3755815 4694769
Construction 573521 1147042 1720563 2294084 2867605

Manufacturing of food, beverage, and tobacco products 558710 1117420 1676130 2234840 2793550
Manufacturing of chemicals, rubber, and plastic products 426336 852672 1279008 1705344 2131681
Transportation 353698 707395 1061093 1414790 1768488

Real estate services 302079 604157 906236 1208314 1510393

Manufacturing of basic metals and fabricated metal products 292977 585954 878931 1171909 1464886
Crude oil and natural gas 292062 584124 876187 1168249 1460311

Manufacturing of coke, refined petroleum products, and nuclear fuels 274469 548938 823408 1097877 1372346
Education 240112 480224 720337 960449 1200561

Electricity and gas 224713 449427 674140 898854 1123567

Defense and military affairs 194279 388557 582836 777115 971393

Manufacturing of motor vehicles, trailers, semi-trailers, and other

transportation equipment 188949 377897 566846 755794 944743

Health and medication 187522 375044 562566 750088 937610
Sum of all other sectors 8896617 17793234 26689852 35586469 44483086

Source: research results

Table 5- Absolute effects of 10 to 50 percent reduction in water resources on the production of 15 economic sectors with the
highest production reduction from the supplier’s perspective

Economic sectors 10 20 30 40 50
Water -9.1483 -18.2966 -27.4449 -36.5931 -45.7414
Other mines -0.1196  -0.2392  -0.3588  -0.4784  -0.5980
Public, urban, and business service affairs -0.1003 -0.2006  -0.3009  -0.4011 -0.5014
Education -0.0897 -0.1794  -0.2691  -0.3588  -0.4485
Manufacturing of food, beverage, and tobacco products  -0.890  -0.1780 -0.2670  -0.3560  -0.4450
Defense and military affairs -0.868  -0.1737  -0.2605  -0.3473  -0.4342
Wholesale, retail, repair of vehicles and goods -0.0858 -0.1715 -0.2573  -0.3431  -0.4288
Other services -0.0808 -0.1617  -0.2425 -0.3234  -0.4042
Veterinary -0.801  -0.1602  -0.2402  -03203  -0.4004
Health and medication -0.0798 -0.1596 -0.2394  -0.3192  -0.3990
Compulsory social security -0.743  -0.1486 -0.2229  -0.2972  -0.3715
Manufacturing of other non-metal mineral products -0.740  -0.1480 -0.2220 -0.2961  -0.3701
Banks, insurance, and other financial intermediaries -0.732  -0.1463  -0.2195  -0.2926  -0.3658
Construction -0.698  -0.1397  -0.2095 -0.2794  -0.3492
Publication, printing, and copying of recorded media -0.697 -0.1394 -0.2091 -0.2787 -0.3484

Source: research results

Relative effects of 10 to 50 percent water resource
reduction on production of economic sectors from
the perspective of demanding

The effects and consequences of the relative
reduction of water resources as the sector included

in special conditions on the reduction of the
production of other economic sectors (sections not
included in special conditions) in the framework of
the demand-driven model are presented in Table 6.
According to the figures shown in Table 6, it can
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be seen that relative decline in water resources
from the perspective of demanding has the highest
effects on water, veterinary, publication, printing,
and copying of recorded media, compulsory social
security, and education sectors, with other services,
and other mines sectors being the next ones. The
economic sectors that were associated with the
highest relative production reduction from the
perspective of suppliers were different from the
economic sectors that experienced the highest
relative production reduction from the perspective
of demanding. For example, the veterinary sector
experiences the highest loss after the water sector
in terms of relative effects from the perspective of
demanding, but in terms of absolute effects is not
even among the first 15 affected sectors. The

reason for this is that among the 71 economic
sectors of SAM table, the veterinary sector has the
smallest share of value-added in the country. So,
the veterinary sector experiences a significant
decline in proportion to its production, but this
decline is not significant in terms of absolute
effects. The water sector is the first sector to be
affected both in terms of absolute and relative
effects and this shows that this sector has a huge
impact on the economic growth of the country. In
this regard, Salami and Permeh (2001) concluded
that the agricultural sector can play a very effective
role in the economic growth of the country due to
its close relationship with other economic sectors
and due to the significant use of other economic
sectors.

Table 6- Relative effects of water resource reduction on production of economic sectors from the perspective of demanding

Economic sectors 10 20 30 40 50
Water -9.148 -18.297  -27.445  -36.593 -54.741
Veterinary -0.744 -1.487 -2.231 -2.974 -3.718
Publication, printing, and copying of recorded media -0.203 -0.406 -0.608 -0.811 -1.014
Compulsory social security -0.163 -0.325 -0.488 -0.651 -0.813
Education -0.074 -0.147 -0.221 -0.294 -0.368
Other services 0.060 -0.121 -0.181 -0.192 -0.302
Other mines -0.048 -0.096 -0.144 -0.139 -0.240
Public, urban, and business service affairs -0.035 -0.096 -0.104 -0.103 -0.173
Manufacturing of wood, paper, and their products -0.026 -0.051 -0.077 -0.101 -0.128
Manufacturing, processing, and tanning of textiles, clothing, and leather -0.025 -0.51 -0.076 -0.098 -0.127
Hotel and restaurant -0.025 -0.049 -0.074 -0.087 -0.123
Defense and military affairs -0.022 -0.044 -0.065 -0.084 -0.109
Banks, insurance, and other financial intermediaries -0.021 -0.04 -0.052 -0.076 -0.105
Health and medication -0.019 -0.038 -0.047 -0.074 -0.096
Post, telecommunications, and warehousing -0.019 -0.037 -0.037 -0.069 -0.093

Source:

Absolute effects of 10, 30, and 50 percent water
resource reduction on production agents and entities

The effects of income reduction of production
agents and income reduction of community entities
from the viewpoint of demanding and supplier in
terms of the absolute effects resulted from water
resource reduction are presented in Table 7. The
direct and indirect effects and consequences of 10,
30, and 50 percent of water resource reduction
from the perspective of demanding leads to a
reduction in value-added equal to 65968, 197905,
and 329842 million Rials in the whole economy,
respectively. The corresponding figures from the
perspective of the supplier are also 3716096,
11148288, and 18580479 Rials, respectively.
According to the results presented in Table 7,
among the two constituent categories of production
agent accounts, the labor factor (compensation for
services and mixed-income, gross) has decreased

research results

absolutely more than the capital factor (operational
surplus, gross).

Table 7 also presents the results of water
resource reduction on the income of domestic
community entities (except the government). The
results obtained from the distribution of income of
entities show that in terms of absolute demanding
and supplier effects, the vulnerability of urban
households resulted from water resource reduction
has been more than rural households. This impact
on the income of low-income households is higher
than that of high-income households. Sahabi et al.
(2016) also showed that the absolute figures for the
decrease in the income of urban salaried labor are
higher than the decrease in the income of rural
salaried labor, which confirms the results of the
above study.
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Table 7- Absolute effects of 10, 30, and 50 percent water resource reduction on the income of production agents and income
of entities from the perspective of demanding and supplier (million Rials)

. " demanding Supplier
Production agents and entities 10 30 50 10 30 50
Labor factor 60007 180022 300037 2990304 8970912 14951521
Capital factor 5961 17883 29805 725792 2177375 3628959
Sum of production agents 65968 197905 329842 3716096 11148288 18580479
Urban low-income 99172 297515 495859 537918 1613754 2689590
Urban middle-income 127436 382308 637180 1186099 3558296 5930493
Urban high-income 85935 257805 429674 1601088 4803264 8005439
Rural low-income 89134 267403 445672 135289 405868 676447
Rural middle-income 129248 387745 646242 312268 936803 1561339
Rural high-income 87375 262126 436876 404086 1212257 2020428
Companies 34 101 169 3106 9318 15530
Sum of entities 618335 1855004 3091673 4179853 12539560 20899266

Source: research results

Relative effects of 10, 30, and 50 percent water
resource reduction on production agents and entities
from the perspective of demanding and supplier
According to the results in Table 8, it can be
seen that a relative reduction of water resources
from the perspective of demanding has a greater
impact on capital factor than the labor factor.
However, the opposite is true from the perspective
of the supplier. In other words, the labor factor has
experienced more income loss than capital factor
and relatively has had the largest reduction. But in
terms of relative impacts, the highest impact of
income reduction from the perspective of supplier
is on urban low-income households, and the
highest impact of income reduction from the
perspective of demanding is on rural low-income
households. Regarding the effects of distribution of
income of entities, given the Table 8, from the

perspective of supplier, urban low-income, rural
middle-income, urban middle-income, rural low-
income, rural high-income, urban high-income
households, and companies, respectively, are
mostly affected; and from the perspective of
demanding, urban low-income, rural middle-
income, urban middle-income, rural low-income,
rural high-income, urban high-income households,
and companies, respectively, have the highest
income reduction.

In a study conducted by Sahabi et al. (2016), it
was found that reducing the production of the
agricultural sector causes the most damage to
mixed income, which is due to the high volume of
mixed income compared to others and this group
constitutes the largest number of people in society.

Table 8- Relative effects of 10, 30, and 50 percent water resource reduction on the income of production agents and income of
entities from the perspective of supplier and demanding

. " Supplier demanding
Production agents and entities 10 30 50 10 30 50
Capital factor -0.0212 -0.0636 -0.1059 -0.0002 -0.0005 -0.0009
Labor factor -0.1065 -0.3195 -0.5325 -0.0021 -0.0064 -0.0107
Urban low-income -0.1176 -0.3529 -0.5881 -0.2169 -0.652 -0.1084
Rural middle-income -0.1150 -0.3451 -0.5751 -0.0476 -0.1428 -0.2380
Urban middle-income -0.1128 -0.3385 -0.5642 -0.121 -0.0364 -0.0606
Rural low-income -0.1065 -0.3195 -0.5325 -0.0702 -0.2105 -0.3508
Rural high-income -0.1001 -0.3004 -0.5007 -0.02165 -0.0650 -0.1083
Urban high-income -0.0993 -0.2980 -0.4967 -0.0053 -0.0160 -0.0267
companies -0.00012 -0.00036 -0.0006 -0.0000013 -0.0000039  -0.0000065

Source: research results

will face production reduction. For this reason, it is
necessary to invest in a variety of areas, including
improved water use practices, improved crop
cultivation methods, proper use of running waters
in industry and agriculture, and controlling of
surface waters to further exploit water resources.

Recommendations

The results of this study can be of great
importance for the economic and social dimensions
of the country. Water resource reduction indicates
that production sectors, due to their direct and
indirect intermediary links with the water sector,
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Optimization of water use in agriculture is more
important because a relative share of water
consumption in agriculture is higher than in other
economic sectors. Attention to issues such as
development of long-term strategies for greater
water efficiency, educating and informing about
the problems resulted by water resource reduction,
use of modern methods of irrigation such as drip
and tubular irrigation instead of flood irrigation in
farms and gardens and use of tree species resistant
to water shortage, major changes in irrigation
system and crop production technology, financial

consumption pattern of households through the
media can provide a procedure of reduction and
optimization of water consumption.

In the present study, it was found that
production reduction due to water resource
constraints leads to a change in the income
distribution of production agents and income
distribution of entities and increases poverty across
different economic sectors. However, this
constraint has not taken into account the increase
in other economic indicators and households’
living cost index. So, it is recommended that

incentives and

investment in reducing water policymakers and researchers take it into account

consumption, and creating a culture for in future studies.
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Abstract

Due to the importantance of sugar in daily consumption of Iranian households, governments annually store
sugar as a strategic reserve. Therefore, managing and timing adjustment for the inventory of this product is
essential in its ability to compete in markets, modifying the temporal and spatial distribution of products and
inputs in economic subdivisions. In recent years, at national scale there was extra sugar in warehouses and a few
cases of shortages in stock were exception. Higher sugar production along with lower sale, will increase the
costs, so the aim of this study was to investigate the factors affecting sugar surplus and its export in Iran data
time searies 1991-2017. In this study our results showed that sugar beet and sugar price as product price did not
play a decisive role in stock surplus. Therefore, the stock surplus can neither be the result of price policies nor it
be resolved through price policies. It seems that the government should adopt other policies, such as adjusting
the timing of import decisions, resolving conflicts between government objectives, and providing strategic
reserves from domestic products and gradual elimination of imports, support factories for improving and
upgrading equipment, and help sugar beet producers to achieve cheaper product rather than using price policies

related to sugar and sugar beet prices.

Keywords: Iran, Sugar, Simulation, Stocks

Introduction

Inventory management plays a key role in the
competitiveness of foreign markets, modifying the
temporal and spatial distribution of products and
production inputs in economic subdivisions (Prasad and
Parkar, 1996). According to Eden (2001), business cycle
shocks often reduce product output and employment
levels. Similar situations may occur in agriculture
section. Concerning agricultural products, inventory
adjustment is one of the policies adopted to maintain an
inventory level at an acceptable level aiming to stabilize
domestic prices against market shocks (Praskad and
Parker, 1996; John and Srinivasan, 2001). However,
many factors in the economy can affect the performance

(*- Corresponding Author Email: ghorbani@um.ac.ir)

of these policies. These factors can be divided into four
groups of producer decision variables, demand
formation variables, structural factors, and government

policies.

In classical models of warehouse management, the
producer’s decision variables (i.e. shortage cost and
surplus and sales value) are the only factors controlling
inventory (Booney and Jarab 2011). Pierce and Wisley
(1983) and lan and Dooley (2010) considered two
sources affecting the inventory: sales prediction
(demand) and expected loss profits. Booney and Jaber
(2011) believed that the producers decision making in
practice are also a function of other factors such as
waste rates, transportation costs and environmental
considerations. Phillips et al. (2001) stated that
production for storage and production for sale are two
different categories. They showed that when the purpose
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of production is to store it, firstly, warehousing and
storage costs gradually eliminate the importance of
exchange and sale in decision. Secondly, when sellers
seek to raise prices, their behavior causes a surplus in
stock. However, if the goal of production is to sale, the
stock surplus is much lower.

Various variables are involved in the formation of
demand, including income and market prices of
products. However, in inventory modeling, their
behavior often is regarded as extrinsic. The reason for
this attitude is partly related to the experience of the
studies. Mostleman et al. (1987) by dividing production
approaches into post-demand and pre-demand
production approaches and presenting theoretical
models showed that stock surplus is not generally
affected by consumer behavior and by increasing
producer experience, the difference between two
approaches will be eliminated over time. In fact, they
had no difference with each other. In other words,
whether supply follows demand or vice versa, stock

surplus is not affected by this relationship.

Market structure has been considered both in terms
of pricing power and the existence of monopoly as well
as supply chain length as a determinant of supply
surplus. Wong (2004) investigated the role of market
structure on inventory surplus by mathematical
modeling. According to his findings, market structure
plays a key role in generating inventory surplus. When
the market is comprised of a small number of producers,
the market structure enhances the producers’ benefits,
and the surplus of inventory at the retail level increases
as well. Pierce and Wisely (1983) have previously
emphasized that retailers tend to make shorter time
horizons in decision making than manufacturersand
react strongly to price shocks and consequently they
drastically reduce the inventory rates. Therefore, it can
be concluded that in monopoly structures, in the
absence of price shocks, there is a surplus of inventory
at the retail level, and in conditions where shocks exist;

2800000

there is a surplus of inventory at the level of warehouses
of manufacturing plants. In other words, theoretically,
under the monopoly conditions, the stock surplus is

predictable.

Governments influence the surplus of stockpiles
through various policies. Despite the reasoning behind
the government's actions, it is believed that these
measures are ineffective. Ja and Srinivasan (2001)
argued that although the purpose of food storage is to
stabilize prices, but since global prices have a potential
role on domestic prices, national price volatility in trade
liberalization scenarios has much less intervention effect
than government policies. Many countries use the
strategy of import for storage when there is a risk of
potential production shortages, including end-products
and production factors. According to Prasad and Parkar
(1996), imports are performed by either private (and
often restricted) or public sectors (often by law)
however their costs are high and structural reforms for
globalization are far more efficient. Therefore, many
studies resulted that encouraging the producers is an
appropriate policy which in addition to commercial
liberalization, can also reduce production profitability
and inventory fluctuations (Prasad and Parkar, 1996;
Zhong and Zhou, 2013). However, the structure and
methods of storage and the nature of the product play an
important role in its success (Matto et al., 2015).

In Iran, sugar is one of the products that has strategic
reserves and is managed with different import policies,
guaranteed purchase price for sugar beet and demand
side policies. The procedure of sugar production in Iran
from 1971 to 2014 is illustrated in Fig. 1, which shows
sugar production has a rising trend. Of the total
domestic sugar production, shares of public,
ingovermental, governmental and private factories are
14.5%, 52%, 21.5% and 12%, respectively; that
represent a monopoly on sugar production industry
(Kazemnejad et al., 2007).
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Fig. 1- Total sugar production (ton) from sugar beet and sugar cane during 1971-2019
Source: Iranian Sugar Association
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In the last decade sugar consumption per capita
shows a decreasing pattern of that per capita
consumption rate, which may be due to reducing sugar
advertising. Governments generally try to keep sugar
stocks at optimum levels by encouraging domestic
production. However, some countries that are unable to
produce all their needs must import sugar. Statistics
show that about 64 percent of domestic demand is
supplied by domestic producers and the remainder is
supplied through imports (Sugar Association, 2005).

Sugar imports are made by both the private and
public sectors as a strategy to keep market prices stable.
Sugar imports statistics in the 1980s showed that
imports have been increasing until 2013 and the share of
private sectors imports was higher than government
imports. However, imports have declined dramatically
over the past two years. As a result of increasing
domestic production in 2014-2015, the country faced a
surplus of 1.1 million tons of sugar in its warehouses
and the temporary import of sugar was temporarily

suspended.

World Bank statistics show that global and domestic
sugar stocks have increased in recent years. This
increase in sugar inventories in Iran could be due to the
excessive increase in private imports, increased sugar
beet cultivation, and increased guaranteed purchase
prices of sugar beet. Whether through increased
production or direct imports of sugar, if direct support
policies of other related industries with proper planning
and control are not implemented, there will be a surplus
of sugar stocks, leading to a surplus in supply and thus a
reduction in market prices which can damage domestic
the sugar factories. Imports and surpluses playing a
greater role than demand-side changes and according to
the literature, the possible effective factors include
imports, surplus production, and demand shortages. In
this study to simulate the sugar industry, consumption is
assumed to be exogenously affected by the growth of
per capita consumption and population. Imports are
determined endogenously by the production of sugar,
sugar tariffs and national income. In addition, the supply
of sugar is considered a coefficient of sugar cane and
sugar beet productions which indirectly depends on the
guaranteed purchase price. Given the importance of this
strategic commodity, the present study seeks to identify
the effective key factors and provide recommendations
accordingly to explore the possible sources of the

aforementioned surplus.

Materials and methods

In this study, a simulation method was used to
determine the contribution of different quantitative and
price factors to sugar supply surplus (Clarke et al.,
2007) the procedure is to identify the various sources of
inventory surplus first and then attempt to quantify the
existing descriptive relationships. Finally, by simulating
quantitative relationships by an Analytical software, the

effect of different quantitative and price scenarios
would be investigated and the stock surplus response to
different factors is calculated (Clarke et al., 2003).
Figure 1 illustrates the conceptual model of the factors
affecting the inventory changes. The inventory is the
difference between the quantity of supplied sugar and its
demand quantity, which is directly and indirectly
influenced by various factors such as producer behavior,
consumer behavior, trade status, general economic
conditions of the national economy, the state of the prior

markets, and the policies imposed by government.

The conceptual pattern in Fig. 1 did not include all
the details, and some are ignored due to the lack of
information and statistics, the lack of quantitative
relationships and the inability to quantify. For example,
the relationship between the sugar industry and the
economy as a whole is stated only about trade. While
the sugar industry is associated with various back and
forth industries, all of which are affected by general
economic conditions. This model assumes that policies
related to the sugar industry are based on adopted laws
and based on the information available from the sugar
market and consumer behavior, while policymakers
follow greater cautions in practice that were not
considered in the model. In this model, only the former
industries arrived to sugar beet and sugar cane.
However, the energy sector is a very important factor in
practice for the costs of sugar factories. Although these
simplifications reduce the accuracy of the predictions of
this model but given that in practice the implementation
of large and complete models is encountered with
limited statistics and information, it seems that taking
into account price and key factors in providing
simulation-based analyzes can at the same time provide
the clues for effective decision-making in sugar
industry.

To implement the conceptual model of Fig. 2 as a
simulation model, the relationships between different
factors have to be quantified. The conceptual pattern of
Fig. 2 is first transformed into the flow of quantitative
relations in Fig. 3. Inventory surplus is calculated by
inventory, supply value, consumption or demand value,
annual strategic reserve, and import value (Fig. 3).
Through quantification of the relationships between
each of these variables with the price factor as well as
some policy scenarios, the impact of different factors on
the stock surplus would be quantified and compared.

The quantitative relationships used in this study are
a set of statistical, hypothetical, unity and regression
relationships. Statistical relationships were derived by
statistical methods, and in particular, regression
methods. Hypothetical relationships are approximations
of real and self-evident relationships. For example, the
value of one arbitrary variable per year is equal to
multiplication of the product value of the preceding year
by the growth coefficient of that year. Now, if an
average growth rate is taken into account instead of
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annual growth rates, the values predicted by this
relationship will be approximations of reality. Unities
are also always good relationships emerge from
definitions. For example, the amount of production per
year is equal to multiplication of the area under
cultivation in that year by yield per area unit, and this
relationship is very accurate. The production predictions
of the simulated model depend on how accurately the

Rusk Farmers

model predicts yield and area under cultivation.

The relationships used in this study are listed in
Table 1. The dependent variable names, the subordinate
form of the relation, the explanations and the accuracy
of its simulation are reported in the first, second, third
and fourth columns of the table, respectively.

/ N
/ b
/
Trade Sector '
- ¥ He
Technology -
and Factor Market | Excess Stock |
Productivity v -
'
' Environment I " Sugar Market '
Fig 2. Conceptual model of factors affecting sugar surplus
raw sugar Tamif 7—‘@ % Sugar Supply '
L4
M .

- " -

’| Final Consumer |
Demand

;
Sugar Price | Percapita
Scenario { Consumption
-
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Sugar Price

Cane supph
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Strategic
Storage

i

Sampling

Fig. 3- The flowchart of quantified relationships needed for the model

The accuracy of the simulation can be calculated by
comparing the actual time series with the predicted

ones. The RMSE! calculates the root mean square of the
prediction error. The MSD? statistic shows the mean

1- Root-mean-square error
2- Mean square deviation

deviation of the predicted values from the real values.
The MAP? statistic calculates the average percentage of
model prediction error, which is numerically equal to
the ratio of the errors to the true values

3- Mean absolute percentage error
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Simulation
acuracy

RMSE=407.6
MSD=35.33
MAPE=0.069

RMSE=11.89
MSD=1.92
MAPE=0.057

RMSE=135.5
MSD=9.3
MAPE=0.20

RMSE=474500
0
MSD=817400
MAPE=0.19

RMSE=30.8
MSD=4.35
MAPE=0.09

RMSE=66.78
MSD=9.25
MAPE=0.12

RMSE=282300
0
MSD=409900
MAPE=0.12

RMSE=972200
MSD=125400
MAPE=00.0

RMSE=251300

MSD=364800
MAPE=0.39

Table 1- Relations used in the simulation

description equation (subordinate form) Name
hypothetical equation
g: Average growth rate The Bri
minimum expected price is Inp. =In(1 + a) + Inv._. rice
equal to last year's price and Pe 1+g) Pe-1 expectatio

its maximum is at least the ns
minimum expected price

Sugar beet

¥,=1824+029Y,, + 001 P, + & yield

Research findings

¥, =107.52 + 0.44Y,_y —0.08P,_; + =, The sugar

Research findings
beet area

Unity sugar
beet

Supply

Area under cultivation * yield

hypothetical equation
v a Y, = 1.07 Y., Sugar

Cane Area

Sugar
Cane
yield

hypothetical equation Y, =007 — ¥,_,

Unity

Area under cultivation * yield Cane

Supply

Sugar
Supply
From
beet

Unity (sugar Beet consumption *# Production coefficient # Grade)

10000

Sugar
Supply
From
cane

Sugar consumption * Sugar to sugar cane ratio

Unity

Sugar Supply from Sugar cane + Sugar supply from Sugar Beet Sugar

Suply

Obtained from Farazmand
et al. (2015)
In this equation, the trend is

assumed to be random s

Y. = Iny. + trend
Import
Demand
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RMSE=2273
MSD=358.9 )
MAPE=0.01 Inp, =In(1 +g) +Inp,_, Populatio
n
RMSE=6.40 Research findings _ .
MSD=1.01 In this equation, the trend is €, =29.12 —0.0003 = sugar price + trend Per capita
MAPE=0.04 assumed to be random * Consump
tion
Unity . . .
per capita consumption* population Consume
r Demand
Unity
Last Year Supply + Last Year Import-Last Year Consume
Stock
90 days stock Y, = 0.25 consumer demand Strategic
Stock
Unity Last year inventory + supply + import - strategic stock consume
Exess
Stock

* In fact, the equation estimated by Farazmand et al. (2015) has no trend. In this study, a random trend is added to

the model assuming the same parameters are constant.

In addition to equations mentioned in Table 1, To
introduce the risk, disruptive components and probable
error distributions were also simulated. Given that the
mean of the disruptive components of the regression
equations is zero, the inclusion of probable risk
variables does not change the mean values, but it does
cause that the estimated variables and its dependent
variables have probable distribution, and their range of
variations can be obtained based on probability density

curves.

Results and Discussion

Further to the implementation of equations (Table 1)
in Analytica software, the impact of different policy
scenarios on the stock surplus was examined. Then the
stock surplus response to changes in different variables
was calculated and finally the impact of these scenarios
on the stock surplus response to different factors was

investigated.

Sugar Price Scenarios

Fig. 1, shows the surplus response of sugar stocks to
different sugar price scenarios. This scenario includes:
1% decrease / increase of sugar prices, 10% decrease /
increase of sugar prices as well as no change in sugar
prices. It can be concluded (Fig. 4) that prices increase
caused inventory surplus to become far from zero, in
other words, if there is surplus stock in the economy, the
surplus will increase as prices rise. On the other hand, if

the economy is faced with a shortage of inventory,
rising prices will increase sugar shortages. This finding
has a key message in the sugar industry's policy making
- that the rise in prices has an undesirable consequence
and is solver of problems of overcapacity and shortage
of sugar supply.
Source: Research findings
The average elasticity of stock surplus in relation to
price is 0.73. Therefore, it is generally expected that the
effect of rising sugar prices on the stocks increase will
be greater than the effect on increasing sugar shortages.
Investigation of the impact of other scenarios on the
above-mentioned elasticity indicates that
1- Both increasing and decreasing imports reduce the
elasticity.
2- Increasing the price of sugar beet increases the
elasticity.
3- Increasing the production efficiency of sugar beet
and sugar cane reduces the elasticity.

4- If the adjustment rate of sugar beet growers'
increases, the elasticity will decrease.

5- Changes in consumption patterns, either by
increasing per capita consumption or by reducing
per capita consumption, reduce the elasticity.
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Fig. 4- Impact of sugar price scenarios on surplus of sugar stock

Import scenarios

Fig. 5 shows the impact of different import scenarios
on the stock surplus. These scenarios include change of
imports as 10% decrease, 10% increase or no change in
the current import rate. According to Fig. 5, the stock
surplus was potentially affected by the volume of
imports so by reducing the amount of imported
inventory, surplus was reduced. Eliminating imports
will cause sugar shortages in the market. Elasticity of
inventory surplus to imports ratio is 1.60. Thus, with 1%

N
-
w

S

Exceosn Stock

increase in imports, the surplus of inventory increases

by more than 1%, which in turn can create a high shock

in the market and consequently increase prices.

Investigating the impact of different scenarios on the

import elasticity showed that

1- Increasing the price of sugar beet increases this
elasticity.

2- Increasing the production efficiency of sugar beet
and sugar cane reduces this elasticity.

1 1

Import Policy

2004 26 0k 2010 012

= Finish Imports = Reduce Imports by 10% = Regular situation Increase Imports by 10%

Fig. 5- Impact of imports scenarios on surplus of sugar stocks
Source: Research findings



328  Journal of Agricultural Economics and Development Vol. 35, No. 4, Winter 2022

1- The faster the sugar beet growers adjust their
supply, the lower the elasticity.

2- By changing the consumption pattern to higher
consumption, the surplus of inventory relative to

imports was reduced.
3-  With the rise in the price of sugar, the elasticity
decreased.

Per capita consumption scenarios

Fig. 6 shows the impact of different levels of per
capita consumption on stock surplus. Results showed
that the effect of per capita consumption on stock
surplus is similar to the effect of sugar price on sugar

1250

X

0K

Excess Stook
g

5K

TIK

X \/\/\ \N\ m\ " /v
—~— b /

surplus. In other words, with increasing per capita
consumption of inventory, surplus or shortage of
inventory, both increased. This conclusion is not
unexpected as it increases with the increase in per capita
consumption. Therefore, the effect of increasing per
capita consumption will be similar to the effect of
increasing price. The amount of inventory surplus in
relation to per capita consumption is -1.72 which means
that with 1% increase in sugar consumption, the surplus
of inventory decreases by 1.72%. The effect of different
scenarios on the elasticity showed that

1. By increasing the sugar beet price, the elasticity
decreases.

1992 94 1996 1999 1959 99%

Per Capita Consumption

= Decrease Per capita consumption by 10% = Keep Per capita consumption constant

2000 2000 o4 S 00K ol N2

Increase Per capita consumption by 10%

Fig. 6- Impact of consumption pattern scenarios on sugar stock surplus
Source: Research findings

1- Increasing the productivity of sugar beet
production increases the elasticity.

2- The faster the sugar beet growers adjust, the greater
the elasticity.

3- By increasing sugar price, the elasticity will
increase.

4- Change in the volume of imports, either increasing
or decreasing, will potentially increase the

elasticity.

Guaranteed purchase price scenarios for sugar beet
Fig. 7 shows the impact of different scenarios of

sugar beet price on stock surplus. By 10% increase in

the price of sugar beet, both the inventory surplus and

the shortage of inventory decreased (Fig. 7). On the
other hand, the elasticity of inventory surplus relative to
sugar beet price was 0.17. In general, it can be
concluded that the changes in sugar beet price does not
have a significant impact on the stock surplus.
Examination of different scenarios on this elasticity also
showed that even with changing conditions, this
elasticity did not significantly increase or decrease
(elasticity was constant). For example, increasing
productivity, speeding up the adjustment of sugar beet
producers, and increasing sugar price reduced this
elasticity, and this change did not exceed 0.5%.
Therefore, the policy of guaranteed purchase price
cannot have a significant impact on the stock surplus.
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Environmental and technical scenarios

Fig. 8 shows the impact of technical and
environmental shocks on the stock surplus. For this
reason, these shocks are called environmental and
technical shocks that can basically increase or decrease
the vyield. In fact, because yield is a function of
environmental and climatic, technological and
productivity factors, the yield changes are considered as
scenarios of technology change and environmental
factors. These shocks are yield-related and introduced
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into this model (Fig 5). As their origin was not precisely
quantified, quantitative values of elasticity did not
provide much information on the impact of technology
and productivity. However, comparing the impact of
yield changes with the surplus inventory of other
variables may indicate the importance of technical and
environmental factors on the farm productivity. As
shown in Fig. 5, there is a potential increase in the
inventory surplus with increased productivity of sugar
cane and sugar beet.
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Fig. 8- Impact of yield shocks (technical and environmental shocks) on stock surplus
Source: Research findings
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Conclusion

Sugar plays an important role in the daily
consumption of households, so the government annually
stores sugar as a strategic reserve. This stock is
equivalent to 90 days of people's consumption and is
used to regulate the market. Logically, if the supply and
demand of sugar were equal, the surplus stored sugar
supply in the warehouses should be equal to the
strategic reserve of the government. However, in recent
years there has been surplus of sugar supply in
warehouses and a few shortages in some exceptional
cases. Given that increasing sugar production imposes
cost on sugar factories, failure to sell part of the product
will increase their costs. In this study, we have tried to
determine the role of different quantitative and price
factors in generating inventory surplus by simulating the
quantitative and price relationships related to sugar

production, imports and consumption.

This study results showed that sugar beet price as
input and sugar price as product price do not play a
decisive role in stock surplus. Therefore, the stock
surplus can neither be the result of price policies nor can
it be resolved through price policies. Therefore, it seems
that the government should adopt other policies instead
of using price policies related to sugar and sugar beet
prices. The recommendations of this study are as

follows:

1-  Modifying the timing of the decision on imports:
The results of this study showed that imports play
an effective role in determining the surplus of
inventory. Every year the government tries to
import the gap between production and
consumption, providing precautionary quantities
by estimating the amounts of needed sugar and
domestic production. However, the government
calculations appear to be insufficiently accurate
and each year, the government exceeds the imports
than the required amount. It is therefore proposed
that the government delay its decision-making
time and import sugar with more comprehensive

and accurate information.

2- Resolving conflicts between government goals:
The findings of this study showed that the growth
rate of sugar per capita consumption in Iran was
negative and the country's demand for sugar has
been declining. At the same time, the government
was seeking to increase domestic sugar production
by raising the guaranteed purchase price of sugar
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Abstract

Energy products are the main sources of emissions for most of the pollutants in Iran. However, for some
pollutants like Methane (CH4) and Nitrous Oxide (N:O), the production process, including the agricultural
production process, plays a significant role. The aims of this study were to analysis the emissions intensity of the
selected pollutants and to introduce the determinants in Iranian agricultural sector. The emission intensity in the
agricultural sector was decomposed into its components using decomposition analysis. Then, the regression
analysis was applied to investigate the emission intensity determinants. The selected pollutants are Carbon
Dioxide (CO2), CHa4, and N,O emitted from agricultural production process. The applied data cover 1973-2016.
The findings showed that CH4 emission intensity has been decreasing over the study horizon by 3.9% annually.
For N0, the corresponding value was 2.6%. Based on the results, output level in agricultural sectors is an
important driving factor in the emission intensity. It was found that 1% increase in livestock output level is
expected to increase CH4 emission intensity by 0.9% while it will dampen the N2O emissions intensity by more
than 3.3%. By contrast, the same percentage of increase in the output level of agronomy and horticultural
subsector will induce an increase of 3.3% in N2O emission intensity and will reduce the CH4 emission intensity
more than 0.9%. Macroeconomic variables including urbanization and trade openness failed to affect the
agricultural emission intensity significantly. The emission intensity of all pollutants, measured in CO;
equivalent, has been decreasing over the study period by 3.5% annually. It was also found that, in terms of
aggregated emission, output expansion in livestock and forestry sectors may induce higher emission intensity,
while agronomy and horticultural output expansion can reduce the emissions intensity. Given that the output
level plays a significant role in emission intensity while the macroeconomic variables have nothing to do with
emission intensity, the measures taken to reduce the emission intensity in the agricultural sector should be sector-
specific. Moreover, the measures should focus on each subsector individually.

Keywords: Agricultural sector, Emissions intensity, Methane, Nitrous oxide

Introduction

Global greenhouse gases emissions have grown
by 2.5% annually over 1960-2014, reaching 34.6
billion tons. In other words, these emissions are 3.7
times of those in 1960. These changes may induce
irreversible  consequences (Manahan, 2010).
Economic growth is accompanied by more energy
use and more use of fossil fuels will result in

(*- Corresponding Author Email: zakariafarajzadeh@gmail.com)

higher emission of greenhouse gasses (Taylor et
al., 2014). More than 80% of Carbon Dioxide
(COy) (as the main pollutant) is emitted from the
consumption of energy products and the remaining
part accounts for production process and final
consumption?. As for Methane (CHa4), more than

y- Energy consumption in Iranian economy has increased 7%

annually over 1965-2016 while its GDP has grown by 3.9%
(Iran’s Energy Balance, 2016). The average energy use for
USD 1000 of output is 234.72 Kg oil equivalent while the
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84% of the emission accounts for the production
process, and the corresponding value for energy is
less than 1%. Although, energy products account
for most of the pollutants, there are other sources
for pollutants emission as well. There are three
sources for pollutants emissions, including
consumption of energy products, production
process, and final consumption. The emissions
from production are the part that is emitted in the
production process and is not related to the
consumption of the energy products!. The
emissions from final consumption also include
emissions from the consumption of the goods and
services by households and institutions
(Farajzadeh, 2012).

Emissions from production process are
significant in some sectors like agriculture in the
Iranian economy. The agricultural activities have
not accounted for a significant part of energy use
and pollution emissions from energy sources.
However, they account for a significant part of
some of the pollutants emitted from production
process®>. Accordingly, more than 90% of N,O,
around 55% of CO and more than 25% of NOy
emitted from  production  process. The
corresponding value for CO; is more than 25%
(Farajzadeh, 2012). Agricultural sector accounts
for 9.6% of the Iranian GDP, and more than 25%
of the population is dependent on agriculture
(Central Bank of Iran, 2017). In addition, 4.1 out
of 23.4 million active population of lIran are
employed in agricultural sector (Central Bank of
Iran, 2012; FAO, 2017).

The amount of emission with respect to the
production level is measured by a concept known
as emission intensity. It measures the emission per

corresponding value for many countries is less than 100 and
the global average is around 121 (World Bank, 2016).
y- Globally, for the most of pollutants, energy products are

account for the most part of emissions. Accordingly, 65% of
greenhouses gases are assigned to energy consumption or
production process (Marrero, 2010).

- Agricultural sector share of energy consumption has been

decreasing over the decades, accounted for 8.5% and 3.7% in
1967 and 2016, respectively. However, the amount of energy
products consumption has been rising, increasing from 4.4 to
50.7 million Barrel of oil equivalent over 1967-2016 with an
annual growth of over 5.1% (Iran’s Energy Balance, 2016).
The reduction in agriculture share results from significant rise
in the consumption of energy products in other sectors
especially manufacturing activities.

unit of production®. As literature shows, emissions

from production process has not been considered
enough due to the dominant role of emissions from
energy, while agricultural activities account for a
significant part of CH4 and N,O emissions. More
than 84% of CHs emits from the production
process and the agricultural sector accounts for
around 20%, emitted mainly from livestock and
agronomy subsectors. The corresponding values
for NoO are over 58 and 57%, respectively
(Farajzadeh, 2012). Thus, as far as CH. and N.O
are considered, agricultural sector is important.
During the last five decades, the total emissions of
theses pollutants, measured in CO, equivalent*,
emitted from agronomy and horticultural and
livestock subsectors has grown by 2.5 and 0.4%,
respectively. The total emissions of the CHas, N0,
and COy, in terms of CO; equivalent, is more than
37 million tons. The corresponding value for the
whole of the world is over 5410 million tons. In
other words, Iran accounts for around 0.5% of the
emissions while the corresponding value for
agricultural output share is 1.1% (FAO, 2017).
Although, the Iranian agricultural sector is less
polluting compared to the world, the attempts to
achieve less polluting agricultural output and
lowering chemical inputs have been increasing.
For instance, pistachio export from Iran to the EU
area encountered challenges with respect to health
problems (European Commission, 2010). Setting
higher standards for agricultural and food products
may restrict export. Thus, restricting chemical use
and emission of pollutants should be considered.

We focus on intensity decomposition of
emission from agricultural production process as
well as examine the determinants. Accordingly,
emission intensity of the selected pollutants was
decomposed into the corresponding components.
In addition, based on the current literature, more
driving factors were introduced.

In the literature review, we have focused on the
driving factors of emissions and emission intensity.
However, most of the current literature has
examined the emissions from energy products.

- Considering this measure also shows that Iran’s situation is

not desired. CO2 emission per income (measured in 2016
PPP$) has been 0.59 while the global average was 0.31
(World Bank, 2016). In other words, in terms of emissions
intensity also the Iranian economy is more polluting compared
to the world as a whole.

f- The multiplication factor to aggregate N2O and CHs into

COz-equivalent are 310 and 21, respectively (United Nations,
2010).
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While, the whole of the economy has been
considered. Among the driving forces,
urbanization has remarkably been at the central
focus. For instance, Cramer (Cramer, 2002)
showed that increased population is the main
driver for air pollution. Some empirical works
show that building in the developed countries
induces a slowdown in the scale of carbon
emissions from energy while it results in higher
carbon intensity (Sadorsky, 2013). For example,
building construction in the developed Europe may
result in lower carbon emissions from energy
products consumption (Kasman and Duman,
2015). On the other hand, Barrios et al. (Barrios et
al., 2006) suggest a significant relationship
between rural and urban immigration and pollution
in South Africa. Fan et al. (2006) believe that the
extent of population effect on CO; emission
depends on the income level of the countries and
CO, emission is affected negatively in high-
income countries, while the positive relation is
expected for low-income ones. In the same vein,
Shi et al. (2003) reported a higher effect of
population for developing countries compared to
those of the developed ones. Poumanyvong and
Kaneko (2010) found the positive effect of
population and urbanization on CO; emission for
different levels of developing process. As for Iran,
Behboodi et al. (2010) reported a positive
relationship  between urbanization and CO>
emission. Shahbaz et al. (2016) found that
urbanization effect on CO2 emission depends on
level of the emissions such that it dampens the
emission primarily but after exceeding a threshold,
it leads to higher CO; emission. Alam and Fatima
(2007) suggested an emissions increasing effect for
urbanization. Regarding the divergent findings for
the empirical works, this conclusion may be
driven; on the one hand, pollution emission may be
increased with moving from agriculture-dominant
economy to industrial economy. On the other hand,
urbanization provides the chance of more efficient
use ofinfrastructures, transportation systems, and
energy, leading to lower emissions. Thus, the
relationship between urbanization and pollution
emissions can be positive or negative'. The effect

y- In the case of positive effect of urbanization on pollution

emission Jones (1991) has suggested two mechanisms. First,
rising population increases the demand for electricity and
transportation, leading to higher emissions of greenhouses
gases. Second, higher population intensity increases demand
for forestry and its products and leads to changes in forestry
use like timber, which may destroy the forests.

of population on emissions is important since Iran
has experienced an increasing trend of urbanization
over the last decades, increasing from 47% in 1976
to around 75% in 2016 (Central Bank of Iran,
2017).

Production or income, the manufacturing
output and trade liberalization are other driving
forces considered in the literature. Fan et al. (2006)
suggested the economic growth as the main driver
of CO. emission. The same relationship was
reported by York et al. (2003) for greenhouse
gases. The positive effect of production on
emissions intensity has been reported in many
studies (Wu et al., 2005; Wei et al., 2008; Wang et
al., 2005). Lin et al. (2009) found that per capita
income and population had the greatest effect on
the environment, and industrialization was also
significant. In Iran, Barghi Oskoei (2008) reported
that the effects depend on the income level. He
found that trade liberalization and per capita
income lead to lower pollution in high and upper-
middle-income countries, while those with income
lower than average experience higher pollution.
Hubler (2009) found that increasing FDI affects
emission intensity significantly.

More attention to the pollutants emissions,
especially carbon emissions from sources other
than energy products, has been paid recently. This
review of attention suggests agricultural
activities. The corresponding literature can be
divided into two groups. Some of them focus on
technical aspects and pay more attention to
production factors that contain pollutants at farm
level. While other empirical works tend to address
economic and political factors. From the first
group, Li et al. (2014) investigated CO, emission
intensity of Chinese agricultural sector and they
determined the components using decomposition
analysis. Also, Ma and Feng (2013) using the same
approach concluded that in order to achieve low
carbon agriculture in China, agricultural sector
should decrease using chemical fertilizers and
energy and more advanced technology should be
applied. Natak et al. (2015) believe that to reduce
the emission from crop growing activities,
managerial attempts are needed. However, for
emission from livestock activities the quality of
foods and feeding management in pasture has more
potential to reduce the emissions. In the
agricultural studies, more attention have been paid
to chemical fertilizers. Fisher et al. (2010), for
agronomy activities, have suggested optimization
in fertilizer production and improving agricultural
production process. Wan et al. (2013) pointed out
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increase in use of organic fertilizers and improved
production technology of agricultural products in
order to dampen CO; emissions. Monchuk et al.
(2010) have investigated more deeply, and they
reported the related industries as the sources of
high emissions in agricultural sector. They have
used Data Envelopment Analysis and concluded
that inefficiency in heavy industries such as
chemical and petrochemical have lead to
increasing emission of CO; in agriculture. As
mentioned before, the second group of studies
addresses economic and political issues. For
example, Xu and Lin (2017), while considered the
importance of geographical differences in
analyzing the emissions intensity of agriculture,
suggested that the main driving forces of CO;
emission in Chinese agriculture are output growth,
urbanization and energy intensity. Moyen Uddin
(2020), for a group of countries with different
income levels showed that output or income is the
determinant of CO, and CHs emission in
agriculture; however, its effect is not the same for
all countries. In addition, it was found that for
some countries the degree of trade openness might
result in lower emissions.

As discussed before, agricultural activities,
compared to the other activities, play a significant
role in pollution emitted from the production
process rather than emissions from energy use.
This fact has been illustrated in empirical works
addressing emissions tax. For instance, Farajzadeh
(2018) applying a dynamic CGE model, reported
that levying emissions tax induces a rise in the
agricultural output which mainly stems from the
lower emissions of agricultural sector since it uses
energy products much lower than non-agricultural
sectors. Findings of Farajzadeh and Bakhshoodeh
(2015) also conclude the same implicitly.

The aims of this study were to analysis the
trend of selected pollutants emissions from
production process in agricultural sector and to
determine the driving forces. The distinguishing
feature of the study from the current literature is
that it examines the emission intensity in
production process, while the emission from the
consumption of the energy products has mainly
been considered by scholars. In addition, the
current empirical works have mainly focused on
CO,, while this study addresses N-O and CH4 as
well. Examining the driving forces of emission
intensity may contribute to policymakers to
consider the emissions intensity in developing
policies.

Method

Many cases of decomposition analysis in the
literature apply the Logarithmic Mean Divisia
Index (LMDI') to examine the energy intensity.
This approach provides an opportunity to
determine the driving factors. Indeed, the
aggregate emission of a pollutant is decomposed
into its components using this method. Following
index decomposition method, emission intensity of
a pollutant can be presented as follows (Zhang et
al., 2019):

c C;_Y;

Pl—; —Zi?ix? (l)

Where C is the total amount of pollution
emissions from production process, C; represents
the pollution emitted from production process of
sector i (including agriculture sectors), Y; indicates
output (value added) of production sector i, and Y
is the total gross domestic production (total
output).

Output expansion results from extensive use of
resources and productivity growth. Thus, growth in
productivity also may affect pollution emissions
(Rodriguez and Pena-Boquete, 2017). To
incorporate this fact in the analysis, we multiply

Eq.2by§x§:
Loy Gy Vi Y L
Pl—y—zlyixnyxy 2

Population is another driving force examined in
the literature that is expected to influence the
emissions intensity. The emissions intensity
equation including population (P) can be
rearranged as follows:

vyl i Y P L
PI—Y—ZlyixyxprxY 3

Where ; is the inverse of employment rate and

% is the inverse of labor productivity.

These variables have been applied in Zhang and
Hao (Zhang and Hao, 2020) as well as Han et al.
(2019). Analogue to Eq. 3 we may present the
emissions intensity equation as follows:

PI="=3,CY; X YY; X YP X PL X LY ()
Where i represents agriculture subsectors

including agronomy and horticulture, livestock,
and forestry and rangeland, which we name them

i

as agricultural sectors. iEY? is the output

share of sector i. CY; E% is the pollution-

production factor or emissions intensity which
indicates the emissions per unit of output.

y- Logarithmic Mean Divisia Index
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Rodriguez and Pena-Boquete (2017) have applied
a similar variable for pollution emitted from
energy products. We examined different pollutants
that have been aggregated into CO. equivalent
using the multiplication factors. The main
pollutants emitted from agricultural activities are
N.O and CH. presented in terms of CO; equivalent
using the corresponding multiplication factors.
Also, the emitted CO- from forestry and rangeland
activities has been added to aggregated emissions
of CH,4 and N2O, forming the total emissions from
the agricultural activities.

In the regression analysis applied to examine
the driving forces of the emissions intensity in
Iranian agriculture activities, in addition to the
variables developed in the decomposition analysis
(X variables), we further considered variables
examined in the literature (Y variables). Thus, the
general form of the estimated equation can be
presented as follows (5):

InPl, = B + BylnX; + B3InY; + u; (5)

The X-class of the variables includes those
that are calculated based on the decomposition
analysis (Zhang et al., 2019) technigque developed
by Ang (2015):

API =PIt —PI® =¥, L;- In it 4 ¥ L, -
CYioj
YY; YP, PL
lnFL;+ZiLi ' lnY_P(t)Li +ZiLi ' lnP_L;-I_ZiLi '
Ly,
LY,
(6)
Ly = (Pl — Plio)/(InPl;; — InPl; ) Pliy #
PIl;
(7
L; = Pliy Pl = Plig 8)

Output composition was also applied as
determinant of Y-class of the explanatory
variables. Zhu and Lin (Xu and Lin, 2017)
examined the determinants of emissions intensity
in Chinese agriculture using structural variables
including energy consumption, urbanization, the
population in the agricultural sector, per capita
output, and energy intensity. In the same vein,
Moyen Uddin (2020) applied agricultural output
share, energy consumption, trade openness, and
urbanization to examine the pollution emissions
through a sample of countries. Regarding the
empirical works reviewed, there are some points
deserving to be noted. First, to the best of our
knowledge, they examined the pollution emitted
from the consumption of energy in the agricultural
sector. While, emission from the chemical inputs is
significant as well. However, due to the data
limitation, we used the output level of agronomy

and horticultural activities as a proxy for chemical
inputs. A significant part of pollution emissions
belongs to livestock activities. Thus, the output of
these activities was considered in estimation as
well. In addition, like the reviewed literature, the
output composition and the production structure
were taken into consideration using output share of
livestock activities in total agricultural output.
Moyen Uddin (2020) applied agricultural output
share and its quadratic variable, which allow
examining the non-linear effect of the variable:
InPI, = By + Y3, Bi InCY; + B,YYLv +
Bs(YYLv)? + BelnYP + B,InPL + fglnLY +
BolnYAg + BiolnYLv + 1,YFo + 1,U +
B13TO + u; ©)
In Eqg. 9 only livestock output share (YYLv) has
been included. It is worth noting that the output
share of agricultural sectors including livestock
and agronomy and horticultural subsectors are
highly correlated (-0.98). Thus, we applied only
livestock output share in estimated equation. Other
explanatory  variables are agronomy and
horticultural activities output (YAg), livestock
output (YLv), forestry and rangeland output (YFo),
urbanization (U), and trade openness index (T0).
In line with Malakootikhah and Farajzadeh (2020),
trade openness was examined using Trade-GDP
ratio. In other words, more openness of the
economy has been considered as higher trade with
respect to the GDP. Rao (2010) suggested a
spillover effect for trade that induces technology
and productivity improvement, leading to higher
economic growth. Eq. 3 was estimated for CH,,
N0, and CO; equivalent separately.

Data

The applied data are time series of the
introduced variables, relating to 1973-2016. The
examined pollutants are CHa4, N2O, and CO.. The
emissions date obtained from the database related
to FAO (2017) and the other data are available in
database related to the Central Bank of Iran (2017).

Results and Discussion

The results include decomposition analysis of
the emission intensity into the components and
regression analysis, presented for each pollutant
separately. For all specifications, the data
stationarity was tested using the Augmented
Dickey Fuller test and Durbin-Wu-Hausman test
was used to examine the variables erogeneity.
Based on the results, all variables were found to be
stationary. In addition, the null hypothesis of
explanatory variables indigeneity was rejected. It is
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also worth noting that in all equations the first lag
of dependent variable was used to dampen the
autocorrelation problem. The lagged-dependent
variables are correlated with error terms (Baltagi,
2008) which results in endogeneity problem, thus,

the GMM" estimation method was applied.

CHg4

Emissions intensity of CH, has been decreased
by over 3.9% annually. The emissions intensity
components are illustrated in Fig. 1. Aggregate
(total) emissions intensity has been decreasing over
the study horizon, which has mainly been resulted
from inverse labor productivity and subsectors
emissions intensity. The output composition has
contributed to dampen the emission intensity in the
early years of the study horizon; however, its
contribution has not changed significantly in the
following years. Inverse productivity has induced
an annual reduction of 1.4%, followed by
subsectors’ emission intensity by around 0.6% and
output composition by 0.3%. Contrary to these
components, output scale or per capita output
shows a significant intensity increasing effect,
leading to 0.75% annual increase in emissions
intensity. Inverse employment also illustrates an
insignificant but positive effect on emissions
intensity. Table 1 presents the regression results for
CH..

Most of the variables show a statistically
significant effect on emissions intensity. Among
the applied variables, the coefficients of livestock
output share, urbanization and trade openness are
not statistically significant. In addition, the non-
linear relation for livestock output share was not
confirmed.

As expected, an increase in emission intensity
in agronomy and horticulture, and livestock
induces an increase in aggregate emission
intensity.  However, there are significant
differences in terms of their effects (coefficient).
Accordingly, 1% increase in emission intensity of
CHy in agronomy and horticultural sectors results
in higher aggregate emission intensity of
agriculture by 0.3% while the corresponding value
for livestock sector is 0.8%. It is worth noting that
livestock activities account for most of the CHa
emission of agriculture. This significant role of the
livestock activities in CH4 emission intensity is
observed via output level since a 1% rise in

y- Generalized Method of Moments

livestock activities output is expected to increase
the CH4 emission intensity by over 0.9%.

Inverse employment is another important
variable that affects the CHs in agriculture
significantly and positively. However, its
coefficient’s absolute value is not considerable.
Based on the definition, the higher values for this
variable mean higher dependency burden and the
pressure imposed by a higher population, which is
expected to put more pressure on natural resources
and to raise the attempts to increase the output via
using more polluting inputs.

As mentioned before, higher output in
agronomy and horticultural sector may dampen the
CH,4 emissions in agriculture since these activities
are less emitting CHa4 compared to the livestock
activities and have lower CH4 emission intensity.
According to the coefficient obtained, 1% increase
in output of agronomy and horticulture sector is
expected to decrease the CH4 emission intensity of
CHy in agriculture by over 0.9%. Per capita output
also shows an emission intensity dampening effect;
however, in terms of the absolute value, its effect
is negligible. Higher per capita output may be
accompanied by more efficient use of the
production factors.

Urbanization and trade openness failed to have
a statistically significant effect on the CHs
emission intensity. In other words, CH4 emission
intensity is mainly derived from the agriculture
sector itself. However, the lagged dependent
variable also should be considered since it may
include the delay effect of the variables. It is worth
noting that this variable is applied to dampen the
autocorrelation problem (Baltagi, 2008). It should
also be noted that this variable may include the
measuring errors (McKinnish, 2005), leading to
downward bias in the estimated coefficients such
that the corresponding value of the coefficient may
not be appropriate to calculate the long run effect
(Reed and Zhu, 2017).

The diagnostic statistics presented in Table 1
also confirm the appropriateness of the estimated
equation. The applied explanatory variables can
explain more than 99% of variations in the CH4
emission intensity. The Ljung—Box Q-statistics
also indicate that the residuals are not significantly
correlated.

N20

N2O emission intensity has been decreasing
slightly over the study period by annual rate of
2.63%, reaching from 1.77 to 0.56 Kg/million
Rials. However, the decreasing trend turned to be
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more speeding in the last years and it has
decreased by 8.4% annually over 2008-2016. Fig.
2 illustrates the general trend of N.O emission and
the corresponding components. The aggregate
(total) emission intensity shows a decreasing trend
with insignificant fluctuations. Among the
components, inverse of labor productivity,
emission intensity of sectors and output
composition show negative effects on NyO
emission intensity, while inverse employment and
output scale are expected to increase total emission

intensity. In terms of the absolute value of the
effects, emission intensity of sectors, output
composition, and inverse employment rate affect
by as low as 0.02% or lower, while the remaining
components also have no significant effect since
their corresponding values are less than 0.1%. As
for CH4, the most influencing factors of N:O
emission intensity are output scale and labor
productivity. The former leads to higher emission
intensity and the latter dampens it.

Components of CH, emissions intensity
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Fig. 1- CH4 emissions intensity and its components over 1973-2016

Table 1- Regression results for CH4 emissions intensity model over 1973-2016.

Variable Coefficien  Standard t-statistics
t error
Constant 0.381 0.887 0.42
CHa emissions intensity in agronomy and horticulture 0.257% 0.012 12.20
sector
CHa emissions intensity in livestock sector 0.824%#== 0.009 86.63
Output share of livestock sector -0.057 2.202 -0.026
Squared of output share of livestock sector -2.998** 1.136 -2.63
Agriculture per capita output -0.055* 0.028 -1.94
Inverse of employment rate 0.028%#= 0.005 5.15
Output of agronomy and horticulture sector -0.912##= 0.330 -2.75
Output of livestock sector -0.926%*= 0.323 2.85
Urbanization -0.014 0.060 -0.23
Trade openness -0.000 0.005 -0.09
Lagged dependent variable -0.017#== 0.006 -2.53
Statistics Ad’g? ted J-statistics Q*(1) Q(2)
0.999 7.41(0.59)  ).55(-0.34  ).80(-0.42

The levels of statistical significance are denoted with ***, ** and * for 1%, 5%, and 10%, respectively.
*Q(p) is the significance level of the Ljung —-Box statistics in which the first p of the residual autocorrelations is jointly equal to zero.
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Components of N,O emissions intensity
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Fig. 2- N20 emissions intensity and its components over 1973-2016

Agricultural per capita output is the only one
that has failed to affect the N,O emission intensity
(Table 2). An inverse U-shaped non-linear
relationship was also found between emission
intensity and the output share of livestock sector.
Based on the relationship, the turning point will
occur in the value of 0.77 for emission intensity
that regarding the current values of the emission
intensity, the emission of N>O is on the way of
climbing up the path.

As the results show, 1% increase in N,O
emission intensity in agronomy and horticulture
sector is as strong enough to raise the aggregate
(total) emission intensity of agriculture by 0.47%.
The corresponding value for livestock sector is
around 0.5%. The interesting point is that, while
emission intensity and the output share of livestock
subsector affect the aggregate emission intensity
positively, the corresponding output induces a
reduction in emission intensity. Accordingly, 1%
increase in livestock activities may reduce the
aggregate emission intensity of N,O by 3.34%. It
should be noted that the estimated coefficient for
output is interpreted while the effects of other
variables are assumed to be unchanged. In other
words, output increase in livestock sector should
be examined while the output share of this
subsector is assumed to be unchanged which is
possible if the output of other subsectors increases.
On the other hand, agronomy and horticultural
sector have an intensity increasing effect and 1%
increase in the output is expected to increase the

emission intensity by 3.36%. Output expansion via
more use of chemical inputs containing this
pollutant may increase the N,O emission intensity
dramatically.

Contrary to CHa, inverse employment has a
negative relationship with N,O emission intensity.
In other words, higher dependency burden will
dampen the emission intensity. However, its effect
is slight. Trade openness reveals a statistically
significant effect at 10% with a negligible
coefficient. The estimation results showed that
urbanization has a negative effect on emission
intensity and 1% higher urban population will be
accompanied by 0.26% lower emission intensity.
However, it is worth noting that the current
percentage of urban population is 75 (Central Bank
of Iran, 2017), leaving not too much room for
higher urbanization. The lagged dependent variable
also shows a significant effect with slight value.

Total Agricultural Emissions

The total emission of agriculture including CHa,
N.O, and CO., were aggregated into CO,-
equivalent!. As shown in Fig. 3, the general trend
is decreasing and like CH4 and N2O, output scale
plays the most significant role in increasing
emission  intensity.  While, inverse labor
productivity has a significant contribution in

v- The multiplication factor to aggregate N2O and CHa into

COz-equivalent are 310 and 21, respectively (United Nations,
2010).
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lowering emission intensity. The intensity factor of employment rate (dependency burden) have no
sectors plays the role of intensity reducing effect. considerable effects
However, output composition and inverse

Table 2- Regression results for N2O emissions intensity model over 1973-2016.
Coefficien  Standard

Variable t error t-statistics
Constant -9.804#= 3.671 -2.67
N20 emissions intensity in agronomy and horticulture 0.472%% 0.012 4058
sector

N20 emissions intensity in livestock sector 0.503##* 0.016 30.72

Output share of livestock sector 28.079%* 9.982 281

Squared of output share of livestock sector -18.288#** 5.297 -3.45

Agriculture per capita output -0.016 0.047 -0.34

Inverse of employment rate -0.021% 0.010 -2.02

Output of agronomy and horticulture sector 3.363# 1.418 2.37

Output of livestock sector -3.335% 1.422 -2.34

Urbanization -0.265%** 0.082 -3.22

Trade openness -0.012* 0.006 -1.85

Lagged dependent variable 0.025%*= 0.006 4.22
Statistics Adj;fted J-statistics Q*(1) Q(2)

0.999 3.57(0.89) 0.24(1.37)  0.15(3.70)

The levels of statistical significance are denoted with ***, ** and * for 1%, 5%, and 10% respectively.
*Q(p) is the significance level of the Ljung -Box statistics in which the first p of the residual autocorrelations is jointly equal to zero.

Components of total emissions intensity (CO, equivalent)
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Fig. 3- Total emissions intensity (CO2 equivalent) and its components over 1973-2016
The results of estimated equation are presented increase the emission intensity of CO, equivalent
in Table 3. Per capita output is the only variable by around 0.24%. It is worth noting that this
that has failed to affect emission intensity variable increases the emission intensity of both
significantly. Increase in emission intensity of CHs; and NO. The corresponding value for

agronomy and horticulture sector by 1% will livestock sector’s emission intensity is 0.6%. The
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significant contribution of livestock sector to CH4
emissions is the underlying reason (Table 1).
Forestry and rangeland have insignificant role in
CO, emission. Accordingly, the corresponding
coefficient is slight (0.16).

As shown in Table 3, there is an inverted U-
shaped non-linear relationship between CO;
equivalent emission intensity and livestock output
share. The turning point value for this variable is
37 percent. Thus, the emission intensity will tend
to dampen after approaching this value. The
current output share of livestock sector is close to
this value.

An increase in the output of agronomy and
horticulture sector will induce a reduction in
emission intensity, while higher output in livestock

and forestry leads to higher emission intensity.
This fact for livestock sector stems from its
significant role in CH4 emission. In the same vein,
the lower contribution of agronomy and
horticulture in CHs emission is why this sector
induces a reduction in CO-equivalent emission
intensity.

Among the variables with negative effects on
emissions intensity, the inverse employment and
trade openness, in terms of the magnitude of the
coefficients, have slight effect. In addition, the
effect of urbanization is not considerable.

This specification also shows an adjusted-R? as
high as 99%. In addition, the Ljung-Box Q-
statistics indicates that the residuals are not
significantly correlated.

Table 3- Regression results for total emissions intensity model over 1973-2016.

Variable Coefficien  Standard t-statistics
t error
Constant -0.553#*= 0.457 -1.21
Emissions intensity in agronomy and horticulture 0.236% 0.008 2778
sector

Emissions intensity in livestock sector 0.586%** 0.012 48.52
Emissions intensity in forestry and rangeland sector 0.159%== 0.026 6.05
Output share of livestock sector 1.693%* 0.582 2.90
Squared of output share of livestock sector -2.289%* 0.448 -5.11
Agriculture per capita output -0.036 0.037 -0.96
Inverse of employment rate -0.040%+= 0.012 -3.13
Output of agronomy and horticulture sector -0.326%** 0.090 -3.59
Output of livestock sector 0.261%*= 0.082 3.16
Output of forestry and rangeland sector 0.119#== 0.027 4.34
Urbanization -0.112# 0.062 -1.79
Trade openness -0.014#== 0.003 -4.31
Lagged dependent variable 0.020#* 0.008 2.33

Statistics Adj;ftEd J-statistics Q*(1) Q(2)

0.999 8.46(0.67) )0.26(1.25 )0.41(1.76

The levels of statistical significance are denoted with ***, ** and * for 1%, 5%, and 10% respectively.
*Q(p) is the significance level of the Ljung —-Box statistics in which the first p of the residual autocorrelations is jointly equal to zero.

Conclusion

As far as pollution emission has been
considered, emission from energy use has received
the most attention. However, the emission from
production process also shouldn’t be ignored.
Among the pollutants, agriculture plays a
significant role in CHs and N>O emission from
production process (Farajzadeh, 2012). This fact
has been addressed by the current study in which
the emission intensity of the pollutants and the
corresponding determinants has been examined.
Emission intensity was investigated using

decomposition analysis in which the emission
intensity of agricultural production process was
decomposed into the related components. Then, the
role of the components was examined using
regression analysis. The considered pollutants are
CH., N2O, and CO,. Livestock activities play
significant role in CHs4 emission, while the
contribution of agronomy and horticultural output
to NoO emission is more important than other
activities (FAO, 2017). Over the study horizon, the
emission of the mentioned pollutants has been
increasing; however, the emission intensity shows
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a decreasing trend. In other words, the output of
the agricultural activities has been expanded much
further compared to the corresponding pollutants
emission.

The aggregate emissions of the selected
pollutants, measured in terms of CO, equivalent,
increased by 0.8% annually over the study horizon;
however, the emission intensity decreased around
3.5%. Thus, agriculture output has experienced a
significant expansion with movement toward less
polluting composition. Contrary to these results,
there are empirical works showing the increasing
emission intensity in Chinese agriculture, which
mainly results from intensive use of chemical
inputs (Fischer et al., 2010; Li et al., 2014; Nayak
et al., 2015). In Iran, chemical inputs also play a
significant role in the emission of N»O in
agronomy and horticultural activities. However,
livestock activities emit more than two times of
agronomy and horticultural activities. Contrary to
this fact, emission from livestock and other
agricultural activities has not been significantly
considered and the attempts are limited to
development of strategies to reduce the pollutants
emission at the farm level (Zhang et al., 2017).
Investigation of the pollutants emission at the
sectoral level of agriculture is closely related to the
literature at the macroeconomic level. Moyen
Uddin (2020) is one of the rare empirical works
that applies the macroeconomic variables such as
income, urbanization, and trade openness to
examine the emission intensity of agricultural
activities.

The current study contributes to the literature
since it examines the emission from production
process. To the best of our knowledge, there are
rare works dealing with the pollution emission in
Iranian agriculture and some cases like Zibaei and
Tarazkar (Zhang et al., 2019) have only addressed
the energy consumption in agriculture. lranian
agriculture accounts for only 3.5% of energy
consumption, while produces 9% of GDP (Central
Bank of Iran, 2017). While most of the current
literature addresses the emissions from energy use
at the whole of economy, decomposition analysis
is useful to take further steps and examine other
sources of pollutants emission. The advantage of
this approach is that it helps to determine the
driving forces of emission intensity (Zhang et al.,
2019). Based on this technique, the sectors’
emission intensity, output composition, and output
level were found to be determinants of emission
intensity in agriculture. However, it was revealed
that, in terms of the extent of the effect, there are

some cases that decomposition analysis shows a
slight inconsistency with regression analysis. A
similar inconsistency has been reported by Dong et
al. (Dong et al., 2018). Specificantly, the variable
per capita output shows an important increasing
role in decomposition analysis, while in the
regression analysis it fails to contribute to emission
intensity. There are some possible reasons for this
inconsistency.  First, decomposition analysis
applies limited variables compared to the
regressions analysis. This point has been suggested
as a limitation in Zhang et al. (Zhang et al., 2019).
In the current study we have used more driving
forces like urbanization and trade openness in the
regression analysis that are not applicable in the
decomposition analysis. The second reason is
related to the type of models applied. In the
decomposition analysis whole of the dependent
variable (emission intensity) changes are assigned
to the applied variables, while in the regression
analysis, a part of the changes is assigned to
residual and constant terms which include those
parts of changes that are not explained by
explanatory or determinant variables. The third
difference relates to the form of the variables
applied. For instance, while the output composition
factor is applied as an aggregated variable in
decomposition analysis, in the regression analysis,
a specific variable for each sector is used and three
variables for agricultural sectors are defined. In
addition, in order to address the possibility of non-
linear relationship, some variables are applied in
quadratic form in regression analysis. The current
study also enjoyed this possibility in which output
share of livestock sector was applied in quadratic
form and was found to be highly significant.
Moyen Uddin (2020) also confirms the
contribution of these variables. Thus, it is worth
noting that decomposition analysis is powerful in
determining the driving forces; however, the
variables developed by this technique are not
enough necessarily. It assigns the whole of changes
to a limited group of variables. However, the
determined variables are useful for prediction of
the dependent variable. In other words, it is
possible to predict the dependent variable using a
limited number of variables. The variables
developed by decomposition analysis may include
the effect of other variables applied in regression
analysis. Therefore, we may rely more on
regression results, while the contribution of
decomposition analysis is also important and
helpful especially in developing the driving forces.

Based on the regression results, output level of
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agricultural sectors is an important variable;
however, the direction of their effects on the
emission intensity of CH, and N2O is not the same.
Output expansion in agronomy and horticulture
sector induces an increase in N>O emission
intensity, while it dampens the CH4; emission
intensity. The order is reversed for output rise in
livestock sector. In other words, agronomy and
horticulture sector is more involved in NO
emission and livestock activities are more related
to CH. emission. The sectors emission intensity
coefficients also confirm these findings. Changes
in output composition more inclined toward
agronomy and horticultural (livestock) activities
will raise emissions intensity of N.O (CH,).
Macroeconomic variables like urbanization, trade
openness and per capita output didn’t reveal
significant effects on emission intensity which is in
line with findings of Moyen Uddin (2020).
Therefore, the strategies developed to reduce the
emission intensity can not be the same for
livestock and agronomy and horticultural activities.
There is a tradeoff between the pollutants emission
and relying more on one sector to reduce the
emission intensity will raise emission intensity in
another sector. Placing restrictions on one sector
will lead the production inputs to other sectors,
resulting in higher emissions intensity in other
sectors.

Based on the findings, the following policy
implications are recommended:
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Abstract

One of the most important economic policies in most countries is to support producers or consumers through
subsidies. The category of green subsidies has been proposed in the direction of agricultural development, which
is in line with the law on targeted subsidies, but in a real way. Green subsidies belong to farmers and are used to
boost business and industry in the agricultural sector. The purpose of this study is to investigate the effects of
Iran's accession to the World Trade Organization by applying a simulated green subsidy policy on the variables
of employment, investment, and value added in the agricultural sector, which is designed in the form of 20%,
50% and 100% scenarios. The model was calibrated using the social accounting matrix of 2011 and the baseline
scenario (0% of green subsidies). GAMS software was used to analyze the data in this research. The results show
an increase in employment in the agricultural sector during the effects of Iran's accession to the World Trade
Organization and by applying the green subsidy simulation policy, in 20, 50 and 100% scenarios. Also, the
implementation of green subsidy policy has led to an increase in investment in the agricultural sector.This is due
to the increased production in this sector and as a result, increase in the use of intermediate inputs. The results
obtained from the mentioned shocks show that value added in the agricultural sector has an upward trend, which

is due to the increase in the use of factors of production in this sector.

Keywords: Agriculture section, CGE model, Green Subsidy, World Trade Organization

Introduction

Based on the market economy system, the extent of
government presence and intervention in the economy is
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analyzed based on its advantages and disadvantages
(Barton, 2011). One of the most important economic
policies in most countries is to support producers or
consumers through subsidies. Agricultural subsidies
have long been a constant feature of government
policies to influence their use (Bellmann, 2019).
Supporting theagricultural products has been accepted
due to its role in establishing food security and high risk
in agricultural production. This is even more important
in developing countries where the agricultural sector
plays a key role in their economic and social
development.Even the World Trade Organization has
authorized the use of certain supportive methods by
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governments (Jalali, 2010). In the WTO, all measures
and assistance provided by the government or public
institutions to agricultural producers so that they can
produce and supply agricultural products at more
reasonable prices are classified as "internal support".
Public services and related support; such as research,
pest and disease control, education services, marketing
services, infrastructure services, etc. or public storage
support to ensure food security, support for farmers'
incomes subject to their separation from production,
disaster compensation payments. The government has
no advantage over farmers in disadvantaged areas. The
developments of the last decade in the field of world
economy and trade have had a wide reflection on the
domestic economies of countries, especially developing
countries. One of the most important consequences of
these developments is the need to link the process of
economic development of countries with the forces and
factors of the global economy. The WTO today is one
of the foundations of globalization, especially in the
field of economics. Countries that are not one of the
members of this organization, also try to become a
member to achieve economic and industrial
development by using the privileges of membership in
this international  organization (World  Trade
Organization, 2007). Paying green subsidies to farmers
in the agricultural sector is very important in the
country's economy. Green subsidies will be paid to
support farmers, villagers, and nomads. Green subsidies
are given to farmers in three stages before, during, and
after production. In this regard pre-production green
subsidies include insurance for agricultural products,
facilities, and agricultural machinery, and subsidy
facilities will be paid to them. Also, subsidies to
agricultural inputs and support machinery, including
payment of green subsidies during and after production,
in the form of conversion and complementary
industries,  guaranteed  purchases, transportation
systems, distribution, and export incentives. Iran is now
one of the applicants for accession. In Iran, on the one
hand, various subsidies are paid directly and indirectly
to individuals, firms, and companies, privately and
publicly. On the other hand, according to Article 104 of
the Fifth Economic, Social and Cultural Development
Plan of the Islamic Republic of Iran, the government is
obliged to align the laws and regulations of the country's
business sector with the laws and regulations of regional
and international unions, including the World Trade
Organization. Prepare and empower the economic
pillars of the country for membership in the World
Trade Organization to take legal action (Zare, 2009).
The purpose of this study is to investigate the effects of
applying a simulated green subsidy policy on the
variables of employment, investment, and value added
in the agricultural sector. This is the first innovation in
Iran. In the world, in this field, because in most
countries this policy has been implemented and data is
available, econometric methods are applicable in this
case. Given that few studies have been performed with

the computable general equilibrium model, some of the
similar articles will be discussed in the following.
Jackson et al. (2020) examined the value of the
Agriculture Committee in the WTO trade process and
found that at least $ 778 billion of WTO trade belongs
to the agricultural sector. Ahangari et al. (2018) studied
the effects of green tax on economic growth and welfare
in Iran with a dynamic stochastic general equilibrium
approach. The results showed that the application of
green tax in the above four scenarios has a little
negative impact on economic growth. Lambie (2017)
examines the effects of tax reforms, including VAT, in
Uruguay using a computable general equilibrium
method. The result is that in order to maintain budget
neutrality after tax reform, the VAT rate must be
reduced. The results of empirical studies showed that
participation in normal agricultural policy (CAP) causes
positive changes.

Charnowitz (2016) in a study on green subsidies and
the WTO, looking at renewable energy, concluded that
under the framework of domestic law, international law
and world trade law, along with the implementation of
the WTO law, a good design of green subsidies can be.
Banga (2014) examined the effects of green subsidies
on productivity, production and international
agricultural trade and used the Agricultural Trade Policy
Simulation (ATPSM) model. The results have shown
that between 1995 and 2007, green box subsidies
increased about 60 percent in the European Union and
40 percent in the United States in agricultural
production, leading to substantial gains in developing
countries and increasing their export earnings by 55

percent. Lim and Kim (2012) with a CGE model,

introduced subsidies to industry R&D as a means of
internalizing technological advances in the Korean
economy. They found that subsidies (for all groups) to
R&D expenditures might increase carbon intensity and
real GDP for the Korean economy. Lapka, Kadelinova,
Ricon and Lapka (2011) examined the reaction of Czech
farmers in a study of rural development in the form of
green agricultural subsidies:. Using a computable
general equilibrium model, Kling examined the effect of
Vietnam's accession to the WTO on income distribution
and showed that joining the WTO has been effective on
income distribution through job creation. Morley and
Poniro (2004) used a general equilibrium model to
examine the effect of market access within the
framework of the World Trade Organization and the
Latin American Rural Free Trade Agreement. Their
findings suggest that both the WTO and the Free Trade
Agreement will have positive effects on the studied
countries in terms of employment and production, and
that the WTO has had more positive effects on the
agricultural sector. Piri (2016) In a study, the World
Trade Organization and Third World countries: A case
study examined the process of accession of the Islamic
Republic of Iran to the WTO. The results showed that
the membership of the World Trade Organization has
not been a cure for all political, economic and cultural
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diseases of any country, but it could be said that it is a
big step towards improving the economic structure and

economic growth of countries.

Theoretical Foundations and Research Methods

It is well established in the theoretical literature that
the channels through which green subsidy payments can
affect agricultural production include: (A) The effects of
risk were first highlighted by Hennessy (1998) when he
argued that green subsidy payments could reduce
farmers advancing risks by increasing wealth (wealth
effect) and creating less risk-taking. Empirical evidence
on the risk effects of green subsidy payments has been
provided by many studies including Chavas and Holt
(1990), Young and Westcott (2000), Anton (2004),
Morrow and Skokai (2006), and Just (2011). Although
most studies show that green subsidy payments make
farmers production less risky, many believe that the

impact may not be very large and can be minimized.

B) Land price effects occur when green subsidy
payments become land value. Many studies have
modeled this effect and its implications for agricultural
production and investment. Debre, Anton and
Thompson (2001), Roe, Samuro and Diao (2003),
Roberts, Kirvan and Hopkins (2003), Goodwin, Mishra
and Ortalo Magne (2003), Kirvan (2009) have have
developed models in this area. Hendrix, Johnson, and
Deutter (2012) also use a panel data set from Kansas
farmers to estimate the dynamic rent equation using the
GMM system and show that short-term subsidy capital
in agricultural rents increases to 12 cents and the long

run to subsidies increase by 37 cents per dollar. C)

Credit effects reduce the cost of accessing debt in the
event of internal support measures in the Green Fund.
Studies have shown that with the presence of
incomplete capital markets, including a significant gap
between borrowing and lending rates, any agricultural
policy, given the availability of credit, will affect
farmers' willingness to invest in overproduction in the
future. Potentially increases farmers' creditworthiness
and liquidity (Roe et al., 2003). D) The effects of labor
force participation occur and can affect employment
studies show that green subsidy payments make farm
families spend more time on the farm, thus increasing
employment and agricultural production. These studies
include L-Sta, Moshra, and Aharan (2004), Aharan, L-
Sta, and Dobre (2006). E) Expectations of green
subsidies can affect employment, investment, and value-
added production, as farmers may change their
production decisions to maximize their future maximum
payments from expected policy changes. Banga (2014)
also says that green subsidies in agriculture have a
significant impact on production and trade. Although in
developed countries there has been an attempt for years
to separate domestic support from green subsidies in
production, the net and natural volume of subsidies
provided in some developed countries has led to

significant production and trade. These subsidies exist
with the decision of the top producer with current
production volumes and sales with low production
costs, increase their health, reduce their investment risk
and create domestic demand for their products. In other
words, expectations of subsidies under the green box
can affect production, as farmers may change
production decisions to maximize their future payments
by changing expected policies.

Today, general equilibrium models are widely used
in both developed and developing countries and are
used in the analysis of various dimensions resulting
from the implementation of various economic policies.
Among the general equilibrium models, the general
equilibrium model can be calculated according to its
special advantages and has more practical cases. The
most important feature of these models is having micro-
principles and optimizing the behavior of households
and enterprises, paying attention to the relationships
between different economic sectors and the need for low
data. On the other hand, considering the specific
characteristics of the Iranian economy,enough data is
not available or the accuracy of the data is minimum,
the use of computable general equilibrium models will
be very useful.

In this paper, a computable general equilibrium
method is used to investigate the economic effects of
the green subsidy simulation policy in Iran agricultural
sector. This method is one of the methods of
guantitative analysis of policy issues and can provide a
comprehensive  framework for examining the
comprehensive effects of policies. Indeed, one of the
greatest advantages of the computable general
equilibrium model is its ability to explain the
consequences of changes in a particular policy
parameter or the characteristics of a sector as a whole
(Cardente et al.,, 2016). Another advantage of the
general equilibrium models over econometric models is
that they do not dependent on time series data. In
addition, the robust microeconomic framework of
general equilibrium models fully describes the
optimization behavior of economic agents and enables
these models to have a stronger analytical basis.In
addition to econometric models, these models are
preferred over data-output models.. In a computable
general equilibrium model, each policy in the model is
applied by changing the exogenous parameters. In these
patterns, a change in some of the parameters in the
model indicates a policy or shock (Naderan and Fooladi,
2005).

Computable general equilibrium models based on
Wallace general equilibrium theory are a major general
tool for numerical analysis of global public and
economic policies. These models are based on the belief
that change in one sector of the economy has affected
other sectors as well, and that successive effects on
other sectors have a significant return on the primary
sector. Thus, given the constraints of the economy, the
full feedback from all sectors reflects the full effects of
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policy change or external shocks. As a result, the
framework of general equilibrium models describes the
complexity of micro-macro two-way interaction more
accurately. The CGE model, as an economic model,
includes a complete description of the economy and
connects the market for goods and factors of production
(Muller and Ferrari, 2011). Since CGE general
equilibrium models have a more comprehensive view of
the components and economic indicators of countries
than other theoretical frameworks. They better illustrate
the liberalization experience in the form of simulated
scenarios (Banooei et al., 2016).

In this model, the equations are generally divided
into three parts: zero profit in all sectors, balance in the
market of goods and inputs, the balance of the income
and costs. Computable general equilibrium models
formulate the cyclical flow of income and expenditure
of an economy in which producers, factors of
production, and consumers are considered. In these

Intermediate
materials

Production in activity

— 1

Capital Labor
force

Total
production

models, exchanges are based on the optimization
behavior of economic agents, so that consumers
maximize their utility function according to the budget
level, and thus, the demand side of the model is
determined. Manufacturers also seek to maximize their
profits, which determines the supply side of the model.
Equilibrium market prices provide the necessary
conditions for equilibrium. For all goods and services,
supply will be equal to demand, and if returns to the
scale are constant, the zero profit condition applies to all
activities.

In this way, a clear theoretical framework of the
implementation of the general equilibrium model will
be formed, (Fig. 1). Using the above analytical
framework, it is possible to consider various types of
economic subsidies; On the factors of production,
intermediate inputs and production will be provided for

each specific field of activity.

pr—
Intzrmediate
materials
p—
—] Household
pr— consumption
Total | —
Bxports 1 b
s Government
] consumption
pr—
Domestic
Investment
zales
' r
-
Compaosite
goods
Total
imports

Fig. 1- Computable General Equilibrium Model (CGE) components
Source:( Lafgren et al., 2002)

The model used includes equations related to
production, household and government consumption,
savings, investment, and foreign trade (Hosoe, 2004). In
this model, it is assumed that economic sectors use labor
and capital as primary inputs for production. In the
reality part of the model, in addition to the primary
inputs, it is assumed that the segments also use
intermediate inputs for production. For convenience, the
production stages are divided into upper and lower
stages. At the lower stage, value added (or primary
composite factor) is assumed to be obtained by
combining labor and capital with Cobb-Douglas
production function technology.

_ Bhj
VA; = bm F‘DhJ.J 1)
In the upper stage, gross output is generated from a
combination of value-added and intermediate inputs

with Leontief production technology.

¥; =min (i, ﬁ) 2
EJ:’[_I-' E_‘;'_I-'
According to these two steps, each sector maximizes
its profit function relative to its production. So finally
the following equations are obtained.

Vd; = ay;J; (4)
FDy;= 17) )
PS; = ay;.PN; + ¥ ax;;.PQ; (6)

It is assumed that consumers choose their shopping
cart in a way that maximizes their usefulness. Their
income comes from the supply of labor and capital. The
utility of households depends on the amount of
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consumption of the goods produced in each sector.
Here, the utility function is a Cobb-Douglas function,
which, given the budget constraint, is equal to the net
household income (household income equal to the
income derived from the supply of factors of
production, from which the direct tax and household
savings are deducted). , Net income or available
income), will be maximized. Given this, the following

equation will be obtained.
C:PQ; = A (W FSy — TAX g — SAVich) )
In the case of public sector consumption, it is
assumed that the government earns revenue by
imposing sales taxes, and direct taxes on household
income, import taxes (import tariffs), and oil exports.
Government revenue will be spent on expenditures and
savings.

Ty = 005, ®)
TAX&E;,, = td"Eh IF?‘E F.S‘h (9)
TARIFF; = tx;.PM;. M; 10)

6-PQ;= Ay (TAXg+ TTAX ;g + STARIFE + B,y - SAV)(11)

The investment in each sector will be a function of
the total investment, which is equal to the total savings
(totally private, government, and foreign savings).
External savings are assumed to be exogenous variables
and therefore the exchange rate establishes the trade

balance.

SAVion = Spon 2an W FS (12)
SAV, = 5, (5 TAX s + X TARIFE, + TAXy, + Eq)(13)
SAVING = ( SAV, + SAVg,, + SAV;) (14)
SAVING = INVES (15)
ID;.PQ; = u;. INVEST (16)

In the foreign trade sector, it is assumed that there is
a small country assumption that the country does not
influence international market prices. Therefore, world
import and export prices are stable.
PE; = pwe, EXR (17)
PM; = pwm;.EXR (18)

When considering a model for an open economy, it
requires some consideration of substitution between
imported, exported and domestically offered goods. In
general equilibrium models, there is a difference
between imported and domestic goods, as well as
between goods produced for export and goods produced
for domestic sale. It is assumed that the sum of goods
imported and supplied domestically constitutes
composite goods (Armington goods). These composite
goods are used as intermediate inputs and final uses.
Imports are assumed to be an incomplete substitute for
domestic production. This means that one unit of
imported goods can be replaced by more than one unit
of domestic goods. This is known as the Armington
hypothesis. The relationship between imports and
domestic production is represented as a Constant

Elasticity of Substitution (CES). )
Q: = ¥il G- MT™ + @y D™ JPim (19)
Here, Qi, Di, vi, aqi and oami represent a composite
product, a domestically produced product, ithe
efficiency parameter in the composite product function,
and the share parameters in the Armington function,
respectively. Therefore, agi + omi=1 and ami, ag >0 and
pmi The power of the Armington function or the
parameter related to the substitution tensile such that
and, is the tensile strength of the Armington function,
which can be calculated in the form of Equation (20).

l‘.f.
—d(g)
M E.r; (20)
h; = M S Dy S PMy
FD,;-
PM;/PD;

According to the problem of maximizing the
problem, the demand functions for imports and
domestic products will be obtained in the form of
equations (21) and (22).

e 1

M= =5 =g

i'h@manQ (21)
',,:"“’r.g;.iﬁk_.i

Sl e R R (22)

PDi is the price of domestically produced goods.

It is also assumed that exports can be incompletely
converted into domestic production. The relationship
between exports and domestic production is also
expressed in terms of a transient Constant Elasticity of
Transformation (CET).

V=6 (ﬁa:‘-Efﬂ + ﬁdz‘-Dfﬂ)U‘J“ (23)

Where E; is the export value, 8; is the efficiency
parameter of the transfer function, Sqi and B are the
share parameters in the transfer function so that Seit+
Bai=1 and pei ,Bdi, Bei>0 are the transfer functions.

According to the problem of maximization, the
supply functions of exports and domestic goods will be
obtained in the following relations, respectively:

P i (24)

=) 1-pg ., (25)

S i

In order to balance the four markets of labor, capital,
composite goods, and foreign currency, the moderating
factor for equal supply and demand in each market is
the relevant price. Exchange rates are the moderating
factors in the following items: the labor market, the
wage rates, the capital market, the interest or rent of
capital, the composite market, the price of composite

goods, and the foreign exchange market,.
EJFD;....: .Ffl'.-_ (26)
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it 6, @7)
pwe;.E; + SAV; = hypwm, M, (28)

There are so many solutions with similar relative
prices. The price normalization equation is used to
ensure that the equilibrium is the only solution. In this
equation, the price index is fixed and changes in other
prices relative to this price are measured.

PINDER = J.u;P() 29)

Policy variables in these models can also be
considered in various forms such as tax rates, subsidy
system selection, pricing rules, development strategy
selection, trade policies, economic adjustment and
stabilization,  revenue  distribution,  government
expenditure components, and external shocks. In this
study, the policy of paying green subsidies in the part of
subsidies paid to farmers has been applied directly and
indirectly. Organizing data for use with general
equilibrium models is one of the most important first
steps in building these models. The social accounting
matrix is a good starting point for introducing the basic
equations of the general equilibrium model. CGE
models establish the relationships between SAM
accounts and a set of nonlinear equations
simultaneously using modern general equilibrium
theory (Can, 2011).

The social accounting matrix is the best setting in
which most of the required statistics and data are
collected and categorized. This matrix depicts the
structural features of the countries economy and clearly
shows the channels of transmission of the policies effect
from the source to destination. The accounts of this
matrix include groups of goods and services, productive
activities, factors of production, economic institutions,

government tax revenues, and savings and investments.

The SAM matrix somehow describes the resources
and uses of society. SAM is technically a square matrix
in which each array is linked to a row and a column.
Each cell of this matrix represents a payment from
column to row. Social accounting matrix includes
accounts of activities (agriculture, industry, electricity,
transportation and services), goods and services
(agriculture, industry, electricity, transportation and
services), factors of production (labor and capital) and
institutions ( households , goverment and the outside
world). In this matrix, the last row and column contain
the sum of the corresponding items (Zoghipour and
Zibaei, 2009).

The method used in this research is that first the
relationships between different economic variables are
designed in the form of a set of mathematical equations
and then to ensure the proper functioning of the model,
the accuracy of its production in creating real world data
is examined. This is wusually done with matrix
information for a base year. In this way, based on the
information of the social accounting matrix of the
economy exogenous Vvariables , the endogenous
variables of the model are reproduced and compared

with the real world information.

Relying on this information is done to ensure the
validity of the model. Model calibration is the process
of calculating the transfer and contribution parameters
used in the utility and production functions of the CGE
model so that solving the equation regains the same
original balance of the model data. Then the solution of
the calibrated model is used as the basis equilibrium
with which the results of the experimental test of the
model are compared. The inputs to the calibration
process are the CGE model databases, which explain the
economy at its initial equilibrium (Berfisher, 2014).
Also, one of the main goals in using general equilibrium
models is simulation or scenario building. By scenario-
making in general equilibrium models, the effects of
different policies can be quantified. After ensuring the
proper performance of the model, different scenarios are
modeled and the results of different policies are

predicted based on the designed model.

Results and Discussion

The latest matrix of social accounting in Iran is in 2011,
which has been prepared by the Islamic Parliament
Research Center (IPRC).In this paper, this matrix has
been used as a source of information.This matrix is
based on a symmetric data-output table, which has been
compiled with a whole-except approach. (Banooei,
2016).

Given that the data used is the social accounting

matrix of the year 1990, data were calibrated and

updated using the ras method based on 2018 data using
the model (Miller and Blair, 2009). The model was used
to calculate the initial equilibrium point (Robinson,
Kilkenny and Hanson, 1990). GAMS software was used

to analyze the data in this research.

From the numerical solution of the computable
general equilibrium model, all the reproduced baseline
year data , indicate the robustness of the model
calibration. The calibrated parameters and the
substitution and conversion tensions, respectively, are
given in Table 2 of the Armington and Conversion

functions, respectively.

The share of intermediate inputs shows the ratio of
the amounts of intermediate inputs and factors of
production in each unit of product. The share of
agricultural intermediate inputs shows that 0.21, 0.38
and 0.01 units of agricultural, industrial and service
inputs are required to produce each product unit,
respectively.
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Table 1- Matrix of macro-social accounting in Iran in 2011

(Million Rial)
Activities Factors of production Institutions
Activities 3744722627 15423275859
Factors of production 6209271377
Institutions 6233074264 799316040.9
saving 2543162960
The outside world 1412387674 20267641.8 4188335.834
Total 11366381679 6233074264 7431735199
Investment  The outside world Total
Activities 2110793327 13599093535 11495605243
Factors of production 23802886.8 6233074264
Institutions 495245.4071 7431735199
saving 26997734860
The outside world 496792564 1935093400
Total 2699734860 1935093400 29795242966

Source: (Islamic Consultative Assembly, 2011)

According to Table 2, the share of capital is 0.711,
which is larger than the share of labor by 0.289.This
indicates that the agricultural sector is capital-intensive,
which meansthe amount of share of capital is more than

labor for each unit of product,.

The backlink index is the column sum of the share
of intermediate inputs for productive activity. This

index shows that the agricultural sector needs 0.28 units
of intermediate products per unit of the final product.
The latter index of industry and services is 0.12 and
0.11, respectively. Comparing the value of indicators
shows that increasing agricultural production has a
greater impact on the economy than increasing

industrial and service production.

Table 2- Parameters and elasticity model

Function name Agriculture  Industry  Services
Commaodity share 0.6129 0.1224 0.2569
Consumption function Marginal propensity to consume of 0376 0.060 0.384
households
Value-added production function (Cobb- Transf ; 182 142 1
Douglas( ransfer or performance .826 423 .903
Labor
force The share of factors 0.289 0.113 0.343
Capital 0.711 0.887 0.657
Marginal production function Agriculture . . 0.211 0.386 0.016
Industry "€ Shareiﬁf l'ﬂ;ermed'ate 0.072 0283 0.0313
Services P 0.017 0.595 0.076
The share of value added 0.3014 1.0716 0.606
Elasticity of substitution 1.4 1.4 1.4
Armington function The share of imports 0.032 0.161 0.252
)Composite goods( The transfer 1.642 1.976 1.515
Elasticity of conversion 1.2 1.2 1.2
Conversion function The share of exports 0.919 0.479 0.895
The transfer 3.824 2.002 3.656

Source: Research Findings

One of the main goals in applying general
equilibrium models is simulating or scenario building.
By scenario-making in general equilibrium models, the
effects of different policies can be quantified. Therefore,
in order to study the effects of Iran's accession to the
World Trade Organization (WTO), the effect of green

subsidies in the agricultural sector on the variables of
employment, investment and value added has been
studied in three scenarios, which are in the form of
(base, 20%, 50% and% 100) Designed. The amount of
observed change indicates the impact on employment,
investment and value added of the agricultural sector in
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different scenarios in case of the occurrence of a shock
or sudden change in the form of green subsidies in the
economic system.

Employment Changes

One of the variables that is affected by the
application of green subsidies in the agricultural sector
is the factors of production. Changes in production
typically change the demand for labor and capital stock,
and thus affect the application of green employment
subsidies.

During the effects of Iran's accession to the World
Trade Organization and by applying the green subsidy
simulation policy, employment in the agricultural sector
is affected. According to the results of Table 3, applying
a 20% green subsidy in the agricultural sector will

increase employment by 0.19%, and by applying a 50%
green subsidy in the agricultural sector, it will be
increased by 0.47%. Also, in the 100% scenario, there
will be a 0.95% increase in employment. This result
contradicts the findings of cling et al. (2009). In a study
using a computable general equilibrium model, they
examined the effect of Vietnam's accession to the World
Trade Organization on the income distribution. The
results showed that joining this organization was
through job creation, especially in the industrial sector.
Since the total amount of capital and labor in the
studied model is assumed to be constant, this increase

means the transfer of these inputs from other sectors of
production to the agricultural sector, and therefore

employment in other sectors has decreased.

Table 3- Employment changes

Scenarios Scenario 1 Scenario 2 Scenario 3
20% 50% 100%
Sections
Agriculture 0.1911 0.4774 0.9529
Industry - 0.0256 - 0.0640 - 0.1277
Services - 0.0936 -0.2339 - 0.4670

Source: Research Findings

Investment Changes

In the Social Accounting Matrix, the Investment
Column Account reports investors purchases of goods
and services used (domestic intermediate inputs,
imported intermediate  inputs) in the future

manufacturing activities and the sales tax.

Table 4- Investment changes

Scenarios  Scenario  Scenario Scenario 3
1 2
Sections 20% 50% 100%
Agriculture  2.3294 2.5902 2.9788
Industry -2.162 -2.2719 - 2.4061
Services -15133 -1.5602 -1.5713

Source: Research Findings

According to Table 4, the amount of investment in
the agricultural sector in Scenario 1 has increased by
2.33% compared to the baseline scenario. In the second
and third scenarios, it has increased by 2.59 and 2.98

percent, respectively.

In the industrial sector, in the 20% scenario 2.16, in
the 50% scenario 2.27% and in the 100% scenario,
2.41% decrease is observed in investment compared to
the basic scenario. Also in the services sector, in
scenarios of 20, 50, and 100 percent, there was a
decrease of 3.65, 3.84 and 4.04 percent in the amount of
investment, respectively. The results of examining the

model in the investment sector showed that due to the
implementation of green subsidy policy, investment in
the agricultural sector will increase. On the other hand,
the total investment investment in industry and services
is decreasing

Given that the standard model of calculable general
equilibrium is a static model (one-period) and the
factors of production (labor and capital) are assumed to
be constant. As a result, with the application of green
subsidy policy in the agricultural sector, the transfer of
factors of production from other sectors to the
agricultural sector to increase production is observed
that this increase in production requires increased use of
intermediate  inputs, also this transfer reduces
production in other sectors and thus Reduction of the
use of intermediate inputs in the industry and services
sector. As mentioned above, investing in the social
accounting matrix is the total payment of the
departments for the purchase of intermediate inputs and
sales tax. If the full employment of production factors is
not established and there is unemployed labor and
capital, the increase of production factors in the
agricultural sector will be compensated by using the
unemployed  capacity of  production  factors.
Furthermore, the transfer of production factors from
other sectors to this sector will not be observed. The
results were consistent with the study of the sun (26).
He designed a model for Egypt with an optimization
method. His model was used to assess the economic
impact of several medium-term scenarios that were
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dependent on subsidy policies and domestic energy
pricing. The results of the model show that in the
absence of appropriate policy measures, a reduction

effect has been observed in production and investment.

Value-Added Changes

In the social accounting matrix, the total column of
payments to labor, capital and tax expenditures
constitutes the added value of the economic activity.
Value added is a direct function of gross output and
demand for factors of production and also directly

related to the wages of factors of production.

Table 5- Value added changes

Sourc
Scenarios  Scenario  Scenario Scenario 3
1 2

Sections 20% 50% 100%
Agriculture  3.2369 3.6622 4.3176
Industry -3.0215 -3.1519 -3.2753
Services -4.3765 -4.5791 -4.7853
Total -2.3099 -2.3492 -2.3341

Source: Research Findings

Given that the standard model of calculable general
equilibrium is static (one-period), the factors of
production (labor and capital) are assumed to be
constant. As a result, with the implementation of a green
subsidy policy in the agricultural sector, the transfer of
labor and capital from other sectors to the agricultural

sector is observed.

In Table 5, the rate of value added increases in the
agricultural sector by applying green subsidies with
scenarios 1, 2, and 3 by 3.23, 3.66 and 4.31 percent,

respectively.

Considering the application of shocks in the form of
different rates of green subsidies that entered the general
system of the economy in the basic state and the results
obtained from these shocks, show an increase in value
added in the agricultural sector. Also, the rate of value-
added decreases in the industrial sector and is equal to
3.02, 3.15, 3.27.In the service sector, it is equal to 4.38,
4.58 and 4.78, which is higher than the rate of increase
in the agricultural sector. Finally, the total changes in
value added in scenarios 1, 2, and 3 have been reduced

by 2.31, 2.35 and 2.33 percent, respectively.

Due to the transfer of factors of production in
agricultural sector from other sectors, the rate of value
added in this sector is positive compared to other
sectors, Total production and income of the agricultural
sector have also increased. In other sectors, the trend of
declining income of the factors of production has been
achieved, which ultimately reduced the value added of

other sectors.
Also, based on the obtained results and the value

added changes observed in different production sectors
in total, it indicates negative changes in the total value
added. The rate of increase in value added in the
agricultural sector has been lower than the rate of
decrease in other sectors.In general, the total value
added variable has been negative compared to the
baseline scenario. This negative result is due to the
assumption of full employment in the CGE model, and
in the absence of this assumption and the transfer of
factors of production from other sectors to the
agricultural sector and instead attract capital and
unemployed labor in this sector, the total value added

variable is positive. It becomes.

It is consistent with the findings of Lapka et al.
(2011). In a study of rural development in the form of
green agricultural subsidies, they examined the reaction
of Czech farmers. The results of experimental studies
showed that participation in normal agricultural policy
causes positive changes in the value added of the
agricultural sector.

Conclusions and Suggestions

The category of green subsidies has been proposed
in the direction of agricultural development, which is in
line with the law on targeted subsidies, but in a real
way. Green subsidies are for farmers in order to boost
business and industry in the agricultural sector and the
goals of green subsidies are to mechanize agriculture,
improve seeds and soil, insure crops and agriculture, as
well as strengthen the manufacturing industry to
increase farmers' incomes. In a new classification, green
subsidies for developing countries were proposed to
develop programs on poverty alleviation, rural
development, food security, and diversified agriculture
(Banga, 2014).

Green subsidies include subsidies that are exempt
from the reduction requirements. These subsidies have
minimal effect on production and trade. Funds must be
provided by the government, and it is forbidden to ask
consumers for higher prices to finance the subsidies.
The subsidies in this box do not have any restrictions
and can be paid in the required amount in the allowed
cases. Other characteristics of this subsidy include the
provision of educational, extension, research, pest and
disease inspection services, investment in rural and
agricultural development infrastructure, food aid,
natural disaster compensation aid, and the like, in

addition to these protections are considered.

Given the accession of most countries to the World
Trade Organization, Iran, as a developing country
whose non-oil economy has not played a significant role
in the global economy, can not be separated from global
developments. Therefore, the main issue of the country
is the continuous and focused effort to find a way to
make membership possible with the lowest cost and
highest benefits. In this way, knowing the exact effects
and consequences of membership in this organization
will be a great help in going through the process of
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joining successfully. In this regard, the study of the
effects of green subsidies on macro variables in the
agricultural sector is a very important issue.

The policy of applying green subsidies in the
agricultural sector can increase job opportunities by
creating new markets for products and services,
providing employment opportunities for more people
inside the country. Based on the results obtained from
the model, employment in the agricultural sector has
increased, and given that the total amount of capital and
labor in the model is assumed to be constant, so this
increase means the transfer of these inputs from other
sectors of production to the agricultural sector and Due
to this, employment in industry and services has
decreased. Also, with the implementation of the green
subsidy policy, investment in agriculture has increased,
which is due to increased production in this sector and
as a result, increased use of intermediate inputs. The
results obtained from the mentioned shocks show that
value added in the agricultural sector has an upward
trend, which is due to the increase in the use of factors

of production in this sector.

Considering that the application of green subsidy
policy in Iran's agricultural sector in the form of
different scenarios, has created positive changes on
macroeconomic  variables such as employment,
investment and value added, in this type of subsidy
management objectives in agriculture, stabilizing and
increasing farmers' incomes Encouraging investors to
invest, encouraging manufacturers and researching new
technology and increasing productivity is followed, so
considering that in this study, due to the lack of
implementation of this policy and model simulation
based on the cost of implementing this policy to the
public sector has been done. It is suggested that in the
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The attachment

Update using the ras method
Seti/1*3;/

Alias (i,j);

Table a0(i,j) '’known base matrix'

Table z1(i,j) 'unknown industry flows'
Parameter

X(j) ‘'observed total output'

u(i) ‘observed row totals'

v(j) ‘'observed column totals'

al(i,j) 'unknown matrix A;'

u(i) = sum(j, z1(i.j);

v(j) = sum(i, z1(i,j));

al(i,j) = z1(1.))/x());

display u, v, al;

y — =RAS updating

Parameter

r(i) 'row adjustment’

s(j) ‘column adjustment;'

r(i) = 1;

s()=1;

Parameter oldr, olds, maxdelta;
maxdelta = 1

repeat

oldr(i) =r(i);

olds(j) =s(j);

r(i) = r(i)*u(i)/sum(j, r(i)*a0(i.j)*x()*s());
s(4) = s0)*v()/sum(i, r(i)*a0(i.,j)*x(1)*s());
maxdelta = max(smax(i, abs(oldr(i) - r(i))),smax(j, abs(olds(j) - s(j))));
display maxdelta;

until maxdelta < 0.005;

Parameter report(*,i,j) 'summary report;'
option report:3:1:2;

report('A0' ,i,j) = a0(i,j);

report(Al',i,j) = al(i,j);
report('RAS'i,j) = r(i)*a0(i,j)*s(j);

v —- =zEntropy formulation a*In(a/a0)
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#The RAS procedure gives the solution to the Entropy formulation

Variable
obj ‘objective value'
a(i,j) 'estimated A matrix'
z(i,j) 'estimated Z matrix;'
Positive Variable a, z;
Equation
rowbal(i) 'row totals'
colbal(j) ‘column totals'
defobjent ‘entropy definition;'
rowbal(i).. sum(j, a(i,j)*x(j)) =e= u(i);
colbal(j).. sum(i, a(i,j)*x(j)) =e= v(j);
defobjent.. obj =e= sum((i,j), x(j)*a(i,j)*log(a(i,j)/a0(i,j)));
Model mEntropy / rowbal, colbal, defobjent;/
=we need to exclude small values to avoid domain violations
a.lo(i,j) = 1le-5;
solve mEntropy using nlp min obj; report('Entropy',i,j) = a.l(i,j);
v—— =Entropy with flow variable
=wWe can balance the flow matrix instead of the A matrix

Variable zv(i,j) 'industry flows;'
Equation
rowbalz(i) 'row totals'
colbalz(j) ‘column totals tive'
defobjentz ‘entropy objective using flows;'
rowbalz(i).. sum(j, zv(i,j)) =e= u(i);
colbalz(j).. sum(i, zv(i,j)) =e= v(j);
Parameter zbar(i,j) 'reference flow;'
zbar(i,j) =a0(i,j)*x();
zv.lo(i,j) = 1;
defobjentz.. obj =e=sum((i,j), zv(i,j)*log(zv(i,j)/zbar(i.j)));
Model mEntropyz / rowbalz, colbalz, defobjentz;/
=turn off detailed outputs
option limRow = 0, limCol = 0, solPrint = off;
solve mEntropyz using nlp min obj; report('EntropyZ',i,j) = zv.1(i,j)/X(j);
¥-— =absolute deviation formulations result in LPs
*MAD Mean Absolute Deviations
*MAPE Mean absolute percentage error
=Linf Infinity norm
Positive Variable
ap(i,j) 'positive deviation iation’
an(i,j) 'negative deviation'
amax 'maximum absilute dev;'
Equation
defabs(i,j) 'absolute definition’
defmaxp(i,j) 'max positive'
defmaxn(i,j) 'max neagtive'
defmad  'MAD definition’
defmade  'mean absolute percentage error'
deflinf  ‘infinity norm;'
defabs(i,j).. a(i,j) - a0(i,j) =e= ap(i,j) - an(i,j);
defmaxp(i,j).. a(i,j) - a0(i,j) == amax;
defmaxn(i,j).. a(i,j) - a0(i,j) =g= -amax;
defmad.. obj =e= 1/sqr(card(i))*sum((i,j), ap(i,j) + an(i,j));
defmade.. obj =e= 100/sqr(card(i))*sum((i,j),(ap(i,j) + an(i,j))/a0(i,j));
defLinf.. obj =e= amax;
Model
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mMAD / rowbal, colbal, defabs, defmad/

mMADE / rowbal, colbal, defabs, defmade/

mLinf / rowbal, colbal, defmaxp, defmaxn, deflinf;/
solve mMAD using Ip min obj; report(MAD' ,i,j) = a.l(i,j);
solve mMADe using Ip min obj; report(MADE',i,j) = a.l(i,j;(
solve mLinf using Ip min obj; report('Linf'i,j) = a.I(i,j);
o — xSquared Deviations can be solved with powerful QP codes

«SD  squared deviations
#*RSD relative squared deviations

Equation defsd, defrsd,;
defsd.. obj =e=sum((i,j), sqr(a(i,j) + a0(i,j;))
defrsd.. obj =e= sum((i,j), sqr(a(i,j) + a0(i,j))/a0(i,j;))
Model

mSD / rowbal, colbal, defsd/

mRSD / rowbal, colbal, defrsd;/
solve mSD using gcp min obj; report('SD' ,i,j) = a.l(i,j);
solve mRSD using gcp min obj; report('RSD',i,j) = a.l(i,j);
display report;CGE modeling Equilibrium point estimation
Set

i ‘sectors' [agri ‘agriculture 'indus ‘industries'

service 'services '/

f ‘factors of production' / labor ‘labor'

Capital 'capital 'ins 'institutions' /labr  'labor’
ent ‘enterprises  'hh 'household type income' / hhtrn ‘transfer recipients
hhlab ‘wage earners'
hhcap ‘rentiers =  '/the institution names and the factor names "capital"

'

sare referred to explicitly below. if changed, they must also be
schanged where referenced.
#the printing of the gnp accounts assume that there is a sector
#labeled "service".
ssubsets defined below: "define indexes"
iag(i) 'ag sectors'/ agri/
iagn(i) 'non ag sectors'
ie(i) ‘'export sectors'
ied(i) 'sectors with export demand eqn'
iedn(i) 'sectors with no export demand eqn'
ien(i) 'non export sectors'
im(i) ‘import sectors'
imn(i) 'non import sectors;'
Alias (i,j);
#for sam
Set

isam 'categories' / commdty, activity, valuad
insttns, households, govt

kaccount, world,  total/
isaml(isam)  /total/
isam2(isam);

Alias (isam2,isam3);
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'

Parameter sam(isam,isam) 'social accounting matrix;
isam2(isam) = not isaml1(isam);

Parameter

wread in parameters

sread in for initialization of variables

enttax0 'enterprise tax revenue'

entsav0 ‘enterprise savings'

exr0  ‘exchange rate'

e0(i) ‘exports'

foor0  'net foreign borrowing'

fsav0  'net foreign savings'

gdtot0 ‘total volume of government consumption'
gent0 'payments from government to enterprises'
govsav0 'government savings'

hhsav0 ‘household savings'

hht0  'household transfers'

invest0 'total investment'

mO(i) 'imports'

mps0(hh) 'household marginal propensity to save'
pdo(i) ‘domestic goods price'

pe0(i) ‘'domestic price of exports'

pindex0 ‘gnp deflator'

pmO(i) ‘'domestic price of imports'

remit0 'net remittances from abroad'

sstax0 'social security tax revenue'

tothhtax0 'household tax revenue'

xdO(i) 'domestic output'
volume

xread in table for initialization of variables (need not be declared)
stable fctres1(i,f) factor demand by sector

wtable fctry(i,f) factor income by sector

zread in parameters as rates, shares, elasticities

dstr(i) 'ratio of inventory investment to gross output'

esr  'enterprise savings rate'

etr  'enterprise tax rate'

gles(i) 'government consumption shares'

htax(hh) 'household tax rate'

itax(i) ‘indirect tax rates'

kish(i) ‘'shares of investment by sector of destination'

rhsh(hh) 'household remittance share'

rhoc(i) 'Armington function exponent'

rhoe(i) ‘export demand price elasticity'

rhot(i) 'cet function exponent'

sstr  'social security tax rate'

te(i) ‘'export subsidy rates'

tm(i) ‘'tariff rates on imports'

thsh(hh) 'household shares of government transfers'
wread in table of parameters (need not be declared(
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stable cles(i,hh)  household consumption shares

wtable imat(i,j)  capital composition matrix

wtable io(i,j) input-output coefficients

wtable sintyh(hh,ins) household distribution of institutional income
scomputed parameters from read in data calibration

scomputed parameters for initialization of variables

fdo(f)  ‘factor demand, aggregate'

fsO(f)  ‘factor supply, aggregate'

int0(i) ‘intermediate input demand'

netsub0  ‘export duty revenue'

pO(i)  ‘'price of composite good'

pkO(i)  ‘capital goods price by sector of destination'
pvaO(i) ‘value added price by sector'

pwm(i)  ‘world market price of imports '

pwe0(i) ‘world price of exports'

pwse(i) ‘world price of export substitutes'

px0(i)  ‘'average output price'

var0(i) 'value added rate by sector'

wfdist(i,f) ‘factor price sectoral proportionality constants'
wfo(f)  ‘factor price, aggregate average'

xxd0(i) 'domestic sales, volume'

x0(i)  'composite good supply, volume'

yfctrO(f) ‘factor income summed over sector
yfsectO(i) ‘factor income by sector'

yhO(hh)  'household income'

yinst0(ins) ‘institutional income'

scomputed parameters as rates, shares

ac(i)  'Armington function shift parameter'
ad(i) ‘production function shift parameter'
alpha(i,f) 'factor share parameter-production function'
at(i) ‘cet function shift parameter'

delta(i) 'Armington function share parameter'
econst(i) 'export demand constant’'

gamma(i) 'cet function share parameter'
pwts(i) 'price index weights'

qd(i)  'dummy variable for computing ad(i)'
rmd(i)  'ratio of imports to domestic sales'
sumsh  'sum of share correction parameter'
sumhhsh(hh) 'sum of share for hh cles'
sumimsh(i) 'sum of share for imat'

tereal(i) ‘real export subsidy rate in 1390 '
tmreal(i) ‘real tariff rate in 1390 ';

1.
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Abstract

This paper evaluates the effect of water scarcity and climatic conditions on farmers' irrigation decisions in the
production of major crops including wheat, barley, cotton, sugar beet, and alfalfa in North-Khorasan province.
Farmers’ irrigation decisions are defined with a management model composed of equations of the share of
irrigated land, technology adoption, and the irrigation frequencies, which investigated the effect of water scarcity
indicators and climatic factors, farm water supply method, land characteristics, and farmers’ demographic
features. For this purpose, the required data were collected from the 380 questionnaires, completed by farmers in
cultivation year of 2017-2018. Then, the equations of the management model were estimated using fractional
logit, binomial logit, and OLS methods. The results indicated that economic and physical scarcity of water
resources, climatic conditions of temperature and precipitation, severe events of frost and heat, and drought have
noticeable impact on farmers’ irrigation decisions. Farmers try to reduce the damage caused by climate change
and water scarcity by deciding to irrigate their farms and adopting new irrigation technologies. Also, the type of
water sources, i.e. surface and groundwater, irrigation method, soil quality of cultivated land, and land size have
significant effects on their decisions. In regions without available surface water resource, the cultivation areas of
irrigated land are declined. Also, due to water scarcity, farmers are more willing to invest on new technologies to
improve irrigation efficiency. In the farms with higher soil quality, improved cropland direction and slope, and
resource availability, farmers are more willing to invest on new irrigation methods and increase irrigation
frequencies. Therefore, the implementation of policies on improving land quality and cropland integration can
increase the acceptance of new technologies, and reduce the water usage. In addition, farmers’ demographic
characteristics such as experience, tenure, and education influence their decisions for irrigation. Creating suitable
conditions for the education and training of farmers will increase farmers’ awareness of new agricultural
methods and the importance of water resources. Findings of this study provide vision on — how of farmers
reaction against crop production systems as well as mitigation policies to confront climate change impacts.

Keywords: Climate change, Fractional logit, Irrigation decisions, Water scarcity

Introduction® Mendelsohn and Dinar, 2003). Increasing
o . ) ) temperature and changing precipitation patterns

_ Sensitivity qf agrlcqltural .productlon against affect the yield and quality of both rainfed and
climate change impacts is confirmed by laboratory irrigated crops (Siddig et al., 2020). Due to
and  experimental  studies  (Jawid,  2019; important role of climate conditions in crop

production, farmers tend to respond to climate
(*- Corresponding Author Email: hmehrabi@uk.ac.ir) changes by adjusting their methods. Technologies
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and practices already exist for climate change
adaptation (Etwire, 2020).

The growing water scarcity and misuse and lack
of management of the available water resources are
major threats to the sustainable development of
various sectors. Today, in most countries suffering
from water scarcity, it is important to ask whether
the water crisis can be prevented (Hamdy et al.,
2003). Drought contributes to surface water
shortages and groundwater over-abstraction, and
damages the agricultural sector (Howitt et al.,
2014). Therefore, adapting irrigation management
is one of the main mechanisms for agriculture to
adjust and respond to climate change and water
scarcity (Olen et al., 2016). One of the most
effective ways to reduce water shortage is to
increase irrigation efficiency at the water
transmission, distribution, and application stages.
Water loss can be prevented by using modern
irrigation systems.

The agricultural sector has a special place in
North-Khorasan province so that it accounted for
about 20.7% of GDP and 37.3% of the total

employment in 2017 (Statistical Yearbook of
North-Khorasan province, 2019). The most
important crops produced in this region are cotton,
wheat, barley, legumes, vegetables, industrial
plants, and fodder. This province had 229984.6
hectares of cultivation area in cultivation year of
2017-2018 which 49.2% and 50.8% was irrigated
and rainfed, respectively (Agricultural Jihad
Organization of North-Khorasan province, 2017).
The climate of the province is arid and semi-arid.
Consecutive  droughts,  population  growth,
inefficient water resources management, and
traditional and low-yield agricultural methods have
caused much of the province’s area to suffer severe
groundwater depletion. Decreased precipitation
and rising temperatures have changed the
province’s climate in recent years. Reforming
consumption patterns is the only way to overcome
the crisis of water scarcity and depletion of water
resources (Agricultural Jihad Organization of
North-Khorasan province, 2017). Fig. 1 depicts the
average precipitation and temperatures for the
period of 2006-2018.
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Fig. 1- Annual average precipitation and temperature changes in North-Khorasan province
As can be seen, the precipitation has subsequent decrease in water reserves, has

experienced a decreasing trend in recent years
while the temperature has had an increasing trend.
These changes are indicative of climate change in
the region. The history of precipitation shows that
the average annual precipitation in the province
has decreased over the past years, implying that the
province will be struggling with a water crisis in
the coming years. Also, the increasing trend of
average annual temperature in the province has
directly affected the water requirements of crops.
This, along with a decrease in precipitation and a

aggravated the water crisis.

Several studies have examined the effects of
climate change and drought on the agricultural
sector. Most studies have focused on the impact of
climate change on agricultural production, land,
water resources, and farmers' incomes. For
instance, Calzadilla et al. (2011), Coffel et al.
(2019), and Dinar et al. (2019) have shown that
water supply is affected by climate change and
water scarcity combined with an increasing
demand for food and water for irrigation of
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agricultural lands due to population growth. So, it
requires a careful revision of water use in
agriculture.  McDonald and Girvetz (2013)
predicted the impact of climate changes on both
the fraction of agricultural land irrigated and the
irrigation rate in the United States. According to
the results, during the period of 1985-2005, both
guantities have been highly positively correlated
with moisture deficit (precipitation), and if the
current trend continues, climate change will
increase agricultural demand for irrigation in 2090
by 4.5 to 21.9 million hectares. In addition, without
significant increases in irrigation efficiency,
climate change would increase the average
irrigation rate from 7,963 to 8,400-10,415 m®ha.
The irrigation area has increased the most in humid
states, however the irrigation rate has increased the
most in arid states.

Sheidaeian et al. (2014) showed that decreasing
precipitation and increasing temperature would
increase evapotranspiration potential and the
amount of water used. Khaledi et al. (2016)
reported that climate change and reduced
precipitation have a detrimental effect on
agriculture. According to them, farmers' adaptation
to climate change is one way to alleviate the
effects of this phenomenon. They also showed that
lack of financial resources, shortage of water
resources, inattention by officials, lack of credit,
and cuts in subsidies were the most important
obstacles to farmers' adaptation. In a study in
Kermanshah province, Iran, Tavakoli et al. (2016)
showed that crisis management strategies had a
positive and significant relationship with the
severity and recurrence of farmers’ perceived
drought, owned lands, irrigated lands, and farmers’
individual and family characteristics. Parhizkari et
al. (2017) investigated the impact of climate
change by applying precipitation reduction
scenarios to available water resources, the
economic value of water, and the irrigated area.
This study showed that reducing precipitation
would reduce the cultivation area and the volume
of water used in irrigated farms. Li et al. (2020)
found that the combined assessment of the impact
of water scarcity on economic, social, and
environmental aspects and system sustainability
could give a more comprehensive picture of
efficient water resources management and would
contribute to water scarcity remission. They
showed that the optimal allocation of water to
crops varied in different regions and under
different climatic conditions.

In a review of the strategies to face drought and

water scarcity, Bressers et al. (2019) took the
natural circumstances, socio-economic factors, and
institutional circumstances in a specific area into
account. They argued that factors such as different
climatic conditions, access to water resources,
water ownership, foresight, and socio-economic
conditions of farmers affect the behavior towards
water use. This study proposed regulating water
supply, saving on water, and recycling water as the
strategies towards water supply management. They
also recommended the adoption of regulatory
measures and financial incentives for water
demand management. Zhang et al. (2019) also
examined farmers’ practices when facing water
scarcity based on a field survey in Beijing, China.
Based on their results, 53.1% of the farmers
adopted water-saving irrigation technologies when
facing water scarcity. Factors such as education,
farm size, cooperatives, training, groundwater,
access to information, and drought-prone areas
significantly improved farmers’ adaption to water
scarcity, while age, production specialization, and
cost had a negative impact on farmers’ adoption of
water-saving irrigation technologies.

Some studies such as Rahmani et al. (2016),
Balali et al. (2016), and Movahedi et al. (2017)
have examined the factors influencing farmers'
decision to adopt new irrigation technologies using
the logit regression model and questionnaire
information. In these research studies, the effect of
such variables as age, education, experience,
training, land ownership, type of water supply
source, etc. has been investigated on the
acceptance of farmers. However, few studies have
addressed the effects of climate change combined
with other factors on farmers' irrigation decisions.
For example, Olen et al. (2016) estimated the
irrigation management model to assess the impact
of water scarcity and climate on farmers’ irrigation
decisions on the western coast of the United States.
Their results showed that economic and physical
scarcity of water and climatic factors had
significant impact on farmers’ irrigation decisions.
Farmers used sprinkler technologies or extra water
to reduce the risk of crop damage in extreme
climate events. In another study, Frisvold and Bai
(2016) examined the effect of climate and other
factors on the choice of sprinkler technology in 17
western US states. They revealed that sprinkler
irrigation had been adapted to a greater extent in
relatively cooler areas with extreme precipitation
events and among larger farms with higher water
costs and relied more on groundwater.

Research has shown that drought and climate
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change can have detrimental effects on the
agricultural sector and various factors are effective
in facing and adapting to climate change. Most
studies on the effects of climate change have been
conducted for the entire agricultural sector at a
national or regional level. Also, studies that have
examined the factors influencing irrigation
decisions of farmers such as irrigation technology
selection, irrigation frequency, etc., have paid less
attention to climatic factors and water scarcity.
Simultaneous studies of climate change, water
scarcity indicators, and other factors affecting
farmers’ decisions have received less attention.
Due to the crisis of water scarcity, drought,
reduction of water resources in most plains of
North-Khorasan province in recent decades, as
well as using more than 69% of the province's
water resources by the agricultural sector, it is
necessary to reform the water use pattern in this
sector. Therefore, recognizing the factors
influencing farmers' decisions to irrigate their
fields seems necessary, and this study aimed to
identify the factors that are effective in farmers’
management and irrigation decisions in North-
Khorasan province. For this purpose, farmers'
irrigation decisions were defined in the context of a
management model including the share of irrigated
lands, irrigation technology adaptation, and
irrigation frequencies. Then, the focus was put on
the effect of water scarcity indicators, climatic
factors, farmers’ land and individual
characteristics, water supply sources, etc.

Materials and Methods

Empirical Model

It is assumed that producers make irrigation
decisions to maximize farm profit according to
climatic conditions (C), water scarcity (S), water
supply method (M), land characteristics (L), and
demographic characteristics (D). To investigate
how these variables influence irrigation decisions,
an irrigation management model is estimated for
major crops in North-Khorasan province. This
management model includes equations of the share
of irrigated land (SlI), technology adoption (TA),
and irrigation frequencies (IF). Sl is defined as the
share of croplands that are irrigated and takes a
value from 0 to 1 (total irrigated croplands to total
cultivated croplands). TA is defined as 0 and 1. IF
also refers to the total number of irrigations of a
crop over the growing season.
Sl = a+ BiC; + BiS; + BiM; + BiL; + BiD; +(1€)i

TA; = a+ BiCi+ BiSi + BiM; + BiLi + BiD; 2‘2)
&

IFy; = a+ Bi;Cij + BijSij + BijMij + BijLi; +
BijDij + & 3)

where i= 1, ..., I represents the farms, and j= 1,
..., 5 represents the crop (cotton, barley, sugar
beet, wheat, and alfalfa). Climate and weather
conditions influencing irrigation decisions are
presented by vector C. Farmers have different
responses to climate change and drought
conditions (Olen et al., 2016). The vector C
includes the wvariables of average annual
precipitation (mm) and average annual temperature
(°C) of the county .Variables indicating whether
cold stress has affected farm irrigation in recent
years (Yes /No), whether heat stress has affected
farm irrigation in recent years (Yes /No), and
whether the farm is located in a region with
frequent droughts and the irrigation of the farm is
affected by these events (Yes /No) are also
included in vector C.

Economic and physical indicators of water
scarcity are shown in vector S. Water cost (million
IRR) per unit area is introduced as an economic
water scarcity indicator, and piezometric water
level (meters) in the region is introduced as a
physical indicator of water scarcity since water
shortage increases the cost of pumping
groundwater and water supply. So, farmers will be
inclined to adopt new technologies to save water
(Caswell and Zilberman, 1986). There is, also,
greater competition for water in densely populated
areas, so the variable of population density is
defined as a physical indicator of water scarcity to
reflect human demand for water (Calzadilla et al.,
2011; Coffel et al., 2019; Liu et al., 2017). North-
Khorasan province has eight counties, including
Esfarayen, Bojnourd, Jajarm, Raz and Jargalan,
Shirvan, Farooj, Garmeh, and Maneh and
Samalgan. In this study, the ratio of the population
of the county (people) to its area (km?) is defined
as the variable of population density.

The variables of irrigation water supply source,
irrigation method, irrigation frequencies, the
number of labor for farm irrigation (day/people),
and labor cost for irrigation (million IRR) are
denoted by vector M. These variables may affect
the volume of water used and irrigation costs of the
farm. In the third equation, because the frequency
of irrigation is defined as a dependent variable, this
variable is removed from vector M. The source of
water supply includes rivers, dams, wells, springs,
and aqueducts, which are classified into two
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groups: surface and groundwater. Also, the method
of farm irrigation is surface (furrow and basin) or
mechanized (drip and sprinkler) depending on crop
type.

Vector L represents land characteristics, which
includes the variables of land size (hectare) and
cropland quality. Potentials and limitations of
agricultural land such as soil quality, agricultural
land direction and slope, access to water resources
and land distance to the water resource, the
proximity of agricultural land to required services
and easy access to them, and climatic conditions of
the region are effective in the quality and valuation
of agricultural land. Due to the interaction between
crop yield and water availability, the water holding
capacity of the land is an important dimension of
soil quality (Caswell and Zilberman, 1986) and
affects farmers’ irrigation decisions. In this study,
cropland quality is classified into the three groups
of good, medium, and poor based on the farmer's
opinion regarding land potentials and limitations.

Vector D examines the effect of farmers’
demographic features such as farmer age,
experience, tenure, education, and household size.
The experiences farmers accumulate over time
affect their behaviors (Alam, 2015; Seekao and
Pharino, 2016). Experienced farmers are less likely
to adopt new management practices as they are
approaching retirement (Olen et al., 2016; Zhang
et al., 2019). Tenure (land owned / tenant)
influences the producers' decision to choose the
type of irrigation methods and accept new
irrigation  methods. In addition, farmers’
educational and training level influences their
decisions (Abdulai and Huffman, 2005; Alam,
2015; Cremades et al., 2015). In this study,
education is classified into illiterate, elementary-
school level, intermediate-school level, diploma,
associate degree, and bachelor’s degree and higher.

Estimation method

The dependent variable of Equation (1), SI, is
the share of irrigated land and is defined as a
fraction. The fractional logit econometric method
is used to estimate this equation. Fractional models
were first introduced by Papke and Wooldridge
(1996), using the statistical topics of generalized
linear models (GLM) and quasi-likelihood
literature (QL) method. This model is a kind of
generalized linear models whose parameters are
estimated using a quasi-verification method. To
obtain the fraction model, it is assumed that there
are independent and dependent variables {(Xi, Yi):

i=1, 2,..., N} where 0<Y; <1 and N is the
sample size that tends to infinity (N — o). The
following model is also considered for the
conditional expectation of the fractional response
variable:

E(y:lx) = 60xip) @)
Where G(.) is a known function satisfying 0 <
G(z) <1 for all ZeRs, which ensures that the
predicted values of y lie in the interval (0,1). For
this purpose, G (.) is typically chosen to be a
cumulative distribution function (CDF), with the
two most popular examples being G(z) =
A(z) = exp(z) /[1 + exp(2)] (the logistic

function) and G(z) = ¢ (z). Also, B is the vector of
model parameters. In Equation (4), there is no
assumption about the structure from which the
dependent variable is derived, which is one of the
advantages of this model.

In this study, the TA equation examines the
effect of independent variables on the adoption of
irrigation technology. According to the type of
dependent variable in the TA equation, the
binomial logit model is used for its estimation. The
dependent variable of Equation (3), IF, indicates
the frequency of irrigation per hectare for each
crop. This equation is estimated for each crop
separately, using the ordinary least squares (OLS)
method.

Data

In this study, farmers who cultivated wheat,
barley, cotton, sugar beet, and alfalfa were selected
as the statistical population. The selection of this
statistical population was based on the highest area
of crop cultivation in North-Khorasan province.
The required data were collected from the studied
statistical population. A cross-sectional survey was
conducted using a questionnaire and interviews
with farmers in the cultivation year of 2017-18. In
this study, to improve the sampling accuracy and
incorporate statistical population features, the
stratified sampling method was adopted in which
the statistical population was divided into different
subgroups (county), and then selections were made
randomly from each subgroup. Using Cochran's
formula, 380 sample sizes of the farmers were
gathered out of 38,450 farmers in North-Khorasan
province. Then, the sample size of each county was
determined using following formula:

N;
ng=—.n 5)
Based on the number of farmers per county
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where N is the total number of farmers of the
selected crops in the province, N; is the number of
farmers of the selected crops in county i, n is the
total sample size, and n; is the samples size of

county i. Then, questionnaires were completed
based on the cultivation area of each crop in the
county.

Table 1- Number of farmers and samples studied in North-Khorasan province

County Bojnurd Esfarayen Farooj Garmeh Jajarm Maneh- Raz and Shirvan  Total
Samalgan Jargalan
Statistical 2762 9437 4102 1427 3570 10245 1537 5334 38450
population
Sample size 27 93 41 14 35 101 16 53 380

Source: Research Findings

In this study, data on precipitation, temperature,
and piezometric water level were collected from
Meteorological Organization and the Regional
Water Administration of North-Khorasan province.
Also, data on the population of the counties were
collected from the National Statistics Portal of
Iran.

Results and Discussion

This section first presents the descriptive
statistics of the data extracted from the
guestionnaires and the data collected from the
relevant departments (Table 2).

Table 2- Descriptive statistics of the variables

Variable Variable definition

Mean MEd Min Max Std.
ian Dev.

Climatic condition characteristics (C)

Frost mitigation Irrigation is used to prevent freeze damage (0/1) - 0 0 1 0.5
Heat mitigation Irrigation is used to reduce heat stress (0/1) - 1 0 1 0.39
Drought Historic drought region effect on field irrigation (0/1) - 1 0 1 0.47
Temperature County average temperature (°C) 14.7 - 125 16.1 14
Precipitation County average annual precipitation (mm) 211.7 - 123.4 309 62.9
Water Scarcity (S)
Water cost Farm irrigation cost ( million IRR) 0.75 - 0.04 4.3 0.51
Water level Piezometric levels of water in the area (meters) 415 - 757 101.6 20.5
Population density City population concentration (population /km?) 30.7 - 105 91.06 255
Method of water supply (1)
Irrigation Source Farm irrigation source (surface=1 & groundwater=2) - 2 1 2 0.5
Irrigation method Farm irrigation method (traditional=1 & mechanized=2) - 1 1 2 0.36
Labor number Labor number for farm irrigation during the growing 53 ) 02 333 53
season (Day/people)
Labor cost Total labor cost for farm ir_rigation during the growing 0.25 ) 0.005 2 0.26
season (million IRR)
Land Characteristics (L)
Land size Farm size (hectares) 6.2 - 0.25 90 11.7
Cropland quality Quality of agricultural Iand_(poor=0, medium=1, & . 1 0 2 0.63
good=2)
Characteristics Demographic (D)
Age Farmer age (years) 46.2 - 19 74 124
Experience experience]z( operating the current 259 ) 1 58 136
arm (years)

Tenure Type of land ownership (tenant=0 & land owned=1) - 1 0 1 0.43
Education Education (1/2/3/4/5) - 2 0 5 13
Household size Household size - 5 1 10 1.5
Isa?%re of irrigated Share of Farmer Irrigated Land [1,0] 0.73 - 0.05 1 0.29
Xffohp?;ﬁgy Adoption of field irrigation technology (0,1) - 0 0 1 037
Irrlgatlon_ Frequent irrigation of the field during the growing ) 6 1 18 3.3
Frequencies season

Source: Research Findings
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Then, farmers' decision-making equations (the
share of irrigated lands, the irrigation technology
adoption, and irrigation frequencies) are estimated
and their results are reported and analyzed.

Share of irrigated land

The equation for the share of irrigated lands is
estimated using the fractional logit method whose
results are presented in Table 3. According to

Wald Chi2 (17), this method is highly efficient in
estimating the model. Wald Chi2 showed that there
is a significant relationship (P < 0.01) between the
share of irrigated land and explanatory variables.
The results of the marginal effects indicate that
climatic variables have the greatest impact on the
share of irrigated lands.

Table 3- Results of estimating the factors affecting on the share of irrigated land

Variable Coefficient Z-Statistic Marginal effect Z-Statistic  Elasticities at mean
Temperature 0.146*** 2.06 0.024** 2.08 0.445**
Precipitation 0.003* 1.89 0.001** 191 0.145**

Frost mitigation 0.297* 1.88 0.045** 1.9 0.03**
Heat mitigation -0.363* -1.65 -0.06* -1.65 -0.062*

Drought 0.293* 1.81 0.049* 1.81 0.04*

Water cost 0.073 0.42 0.012 0.43 0.011
Water level -0.008** -2.01 -0.001** -2 -0.072**

Population density -0.001 -0.2 -0.0001 -0.2 -0.004
Irrigation Source -0.3* -1.73 -0.05* -1.74 -0.095*
Irrigation method 0.5** 2.13 0.083** 2.12 0.119**
Irrigation frequencies -0.014 -0.44 -0.002 -0.43 -0.018
Labor cost -0.64** -1.73 -0.106* -1.73 -0.032*
Cropland quality 0.264* 191 0.044** 191 0.06**

Land size 0.041 1.23 0.007 1.24 0.048

Experience 0.017** 2.08 0.003** 2.09 0.088**
Tenure -0.31* -1.63 -0.05 -1.62 -0.049
Education 0.215%** 2.49 0.036*** 2.51 0.096***

Constant -2.27* -1.47 - -

Wald chi2(17) = 66.59 (0.00)

Log pseudo likelihood = -177.98

Note: (*), (**), (***) denotes significance at the level of 10, 5 and 1% (p <0.10, p <0.5, p <0.01), respectively. Source: Research
Findings

The temperature has a positive and significant
relationship with SI and the marginal effect of
temperature is equal to 0.024, which indicates that
if the temperature increases by 1°C, the share of
irrigated land will increase by 0.024 units.
Moreover, as the estimation of elasticity at mean
shows, 1% increases in temperature increases the
share of irrigated lands by 0.445%. Increasing the
temperature causes the amount of precipitation not
to be enough for crop growth, therefore farmers
have to increase the area of irrigated lands to
cultivate the crop and irrigate the farm to
compensate for the crop's water needs. According
to the Findings, the precipitation variable is
directly associated with SI, so that 1 mm increase
in precipitation increases the share of irrigated
lands by 0.001 units. Due to the fact that climate
change is generally associated with reduced
precipitation, changing the climatic conditions of
the region and reducing the volume of precipitation
increases the need for irrigation and reduces the
volume of water available for irrigation.

Eventually, the farmers will be forced to reduce
their share of irrigated lands. Dashti et al. (2017)
and Parhizkari et al. (2017) have confirmed the
effect of reduced precipitation on the reduction of
irrigated cultivation.

One way to reduce the effects of cold
temperatures on farms is irrigation because water
has a high heat capacity and releases a lot of
energy before freezing. For this reason, frost
damage is reduced at high humidity (Khaledi,
2004). So, if producers can irrigate their farms to
reduce frost damage, the share of the irrigated
lands will be 0.03% higher. This result is
consistent with the findings of Olen et al. (2016).
In addition, increasing the air temperature
increases the crop's irrigation requirement and due
to the available water volume, increasing heat and
creating stress will reduce the cultivated area of the
irrigated crops. Increased drought in recent years
has also had a positive and significant effect on Sl
so that the share of the irrigated lands has been
increased by 0.04%. Rising temperatures and
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droughts in recent years have led to an increase in
water abstraction from the province's groundwater
resources so that farmers have drilled authorized
and unauthorized wells and have pumped more
groundwater to supply irrigation water. This has
led to a sharp decline in groundwater resources in
some plains of the province (Velayati, 2006).

The irrigation method and water resource have
a significant effect on Sl. Improving the irrigation
method and the use of new technologies will
increase the share of farmers' irrigated lands by
0.12%. Also, due to the negative impact of the
irrigation resource on Sl, surface water shortage
and withdrawal of groundwater resources reduce
Sl by 0.05 units. The results revealed that with the
increase in labor costs and, consequently, the
increase in farm irrigation costs, the share of
irrigated land decreases. On the other hand, water
depth has a negative and significant relationship
with SI, which indicates that a one-unit increase in
water depth (meters) will reduce Sl by 0.072%.
Caswell and Zilberman (1986) pointed out that
increasing the depth of well water (piezometric
level of water) would reduce the volume of
available water and increase the final cost of
pumping groundwater. As a result, increasing
irrigation costs, rendering it uneconomic, makes
farmers reluctant to irrigate the farm. The effect of
improving the quality of agricultural lands on Sl
shows that farmers increase the share of irrigated
lands if there are no restrictions on irrigation.

Lichtenberg (1989) mentioned that improving the
quality of cropland increases the fertility of the
land and reduces the need for irrigation, so the
farm profit will increase and farmers will be more
interested in irrigated cultivation.

Farmer's experience and education have a
positive and substantial effect on SI. In general,
farmers who have been engaged in agriculture for
many years have lands with more access to water
recourse and higher quality. As Paltasingh and
Goyari (2018) have shown, education increases
farm productivity and leads farmers to use new
technologies. Therefore, if more literate farmers
use more modern irrigation methods, they can
irrigate more croplands with a certain volume of
water, thereby expanding their share of irrigated
lands.

Irrigation Technology Adoption (TA)

The equation of irrigation technology adoption
has been estimated using the binomial logit model
and the results are reported in Table 4. Based on
the LR chi2 statistics, the model estimated is
significant at the P < 0.01 level, and according to
the value of R?, the independent variables account
for 58% of the changes in the dependent variable.
Based on the significance of the variables in the
logit model, only the variables of water cost, water
level, population density, and farmer tenure are not
considerable, and other variables are significant.

Table 4- Results of estimating the factors affecting on the irrigation technology adoption

Variable Coefficient Z-Statistic Marginal effect Z-Statistic  Elasticities at mean
Temperature -0.406* -1.76 -0.02* -1.81 -5.92*
Precipitation 0.009* 1.67 0.004* 1.7 1.88*

Frost mitigation 1.3** 2.25 0.064** 2.35 0.616**
Heat mitigation -1.16* -1.73 -0.058** -.176 -0.947**
Drought -2.16*** -2.75 -0.108*** -2.92 -1.96***
Water cost -0.278 -0.44 -0.014 -.045 -0.207
Water level 0.009 0.67 0.0004 0.67 0.369
Population density -0.013 -0.73 -0.0006 -0.74 -0.393
Irrigation Source 1.31** 2.3 0.065** 2.41 2.001**
Irrigation frequencies ~ 0.569*** 4.7 0.028*** 5.79 3.56***
Labor number -1.45%** -4.75 -0.072*** -5.91 S1.77%**
Labor cost 16.2%** 3.45 0.807*** 3.86 4.03***
Cropland quality 2.17%%* 4.1 0.108*** 4.62 2.37%**
Land size 0.074*** 2.86 0.004*** 3.07 0.439%***
Experience 0.11%=*= 3.94 0.005*** 4.53 2.84%**
Tenure 0.148 0.23 0.007 0.23 0.112
Education 0.81*** 29 0.047*** 3.11 1.74%**
Household size 0.73*** 3.38 0.036*** 3.67 3.42%**
Constant -11.29** -2.13 - - -

LR chi2(18)= 164(0.00)

Log likelihood= -6.035

pseudo R?= 0.58

Note: (*), (**), (***) denotes significance at the level of 10, 5 and 1% (p <0.10, p <0.5, p <0.01), respectively. Source: Research
Findings
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According to the results, rising temperatures
and frequent droughts in the region reduce the
likelihood of technology adoption, and new
irrigation technologies are less likely to be adopted
in warmer regions. Rising temperatures and
frequent droughts directly affect crop yields, so the
decline in farm yields and incomes will reduce the
farmer's financial ability to adopt new technologies
so that farmers will not be able to invest in the
farm. In interviews with farmers, one of the
reasons for not accepting new technologies was
their lack of financial ability, which is exacerbated
by the drought. Furthermore, rising temperatures
and drought can increase evaporative losses from
sprinkler spray, so this irrigation method can be an
inappropriate technology (Finkel and Nir, 1983;
Olen et al., 2016). The results showed that
increasing temperatures and drought reduce the
likelihood of technology adoption by 5.92% and
1.96%, respectively. This result is consistent with
the findings of Frisvold and Bai (2016), which
concluded that the adoption of modern irrigation
methods is less likely in warmer climates and
under drier climate change scenarios, so other
adaptation strategies may be more appropriate to
pursue in hot and arid regions.

Based on results, 1% increase in precipitation
increases the likelihood of technology adoption by
1.88%. One explanation is that careful irrigation
can reduce water stress. Crops are sensitive to
water stress caused by heavy and frequent rains
due to their shallow roots. Increased precipitation
leads to enhancing soil moisture, thereby reducing
the depth of root activity and spreading the roots
superficially. In this case, the plant will be
justifiably vulnerable to sudden stress. The results
indicated that producers who have used irrigation
to reduce heat stress on the farm are 0.947% less
likely to adopt the technology. In fact, farmers
whose irrigation has been affected by heat stress do
not have careful planning in farm management and
are generally less willing to adopt new irrigation
and farming methods. Also, farmers who irrigate
their farms in the face of cold stress are 0.616%
more likely to adopt the technology than farmers
who do not.

The results demonstrated that the type of water
supply has a positive and significant effect on
technology adoption. It shows that the probability
of technology adoption for groundwater resources
is 2.001% higher than that of surface water
resources. This result is consistent with the
findings of Zarifian et al. (2020). In fact, farmers

in areas with less available surface water have to
use groundwater to supply the plant with water,
and owing to fewer water resources, they are more
inclined to use irrigation technologies to manage
and save available water. Besides, at farms with
more irrigation frequencies, the probability of
adopting technology is 3.56% higher and farmers
are more interested in modern technologies to
reduce irrigation costs and manage water used. At
farms where irrigation technologies are less likely
to be adopted, more labor is used for irrigation. In
fact, modern technologies require fewer laborers to
irrigate the farm, and this is due to the negative
relationship between the labor number and the
technology adoption. Also, increasing the cost of
the labor directly increases the cost of irrigating the
farm and reduces the farmer's profit. Therefore, the
probability of technology adoption increases by
4.03% with one unit of increase in labor cost.

Land quality and size have a positive and
remarkable relationship with the acceptance of
technology. If the land quality improves, farmers
will be more willing to invest in the farm and
improve irrigation and cultivation methods.
Adopting new technologies for croplands with
higher quality will be 2.37% higher than for those
with lower quality. Increasing the farm size will
also enhance the economic efficiency of investing
in the farm. Based on the findings, the probability
of technology adoption will be 0.439% higher with
a 1% increase in land size. Finally, experienced
and revenue-generating farmers are likely to be
more inclined to adopt the technology and the
probability of technology adoption increases by
2.84%.

With the increase in farmers’ education, the
probability of irrigation technology adoption
increases by 1.74%. In fact, higher education
increases farmers' awareness of new farming
methods and new technologies. The household size
has a positive and significant relationship with the
adoption of irrigation technology, so it can be
concluded that increasing the number of
households creates a sense of collective support
and synergy to improve agricultural conditions
through using new technologies. Indeed, family
members are a kind of support for the farmer and
the farmer will feel less risky in adopting new
technologies and cultivation methods. This result is
consistent with the findings of Karppien (2005)
and Behbahani Motlagh et al. (2017).

Irrigation frequencies (IF)
The results of estimating the irrigation
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frequencies equations using the OLS method are
reported in Table 5. According to the F-stat
statistic, all equations are significant, and the
independent variables capture 63-94% of the

variance in the dependent variable. It can be
concluded from the results that the variables of the
temperature and irrigation resource are quite
significant in all equations.

Table 5- Estimation results for the irrigation frequencies in the farm

Estimated coefficient

Variable Alfalfa Barley Cotton  Sugar beet Wheat
Temperature 1.14%** 0.32%** 0.7** 0.49* 0.4%**
Precipitation -0.01** -0.02%** -0.002 0.01** -0.02%**

Frost mitigation -0.43** -0.21 -0.28 1.24%* -0.33**
Heat mitigation -2.84%** -0.4** 1.93%** 0.32 0.36**
Drought -14 0.7*** 1.4* -2.43%** 0.1
Water cost 1.6%** 0.75** -3.19** -0.22 -0.58***
Water level -0.02 -0.004 0.02* 0.1*** -1.3E-05
Population density ~ 0.03*** -0.02%** 0.015 0.04*** -0.01
Irrigation Source 0.85* 0.41** -0.71* -1.5x** -0.34*
Irrigation method -0.72 -0.71 -2.42* -2.08*** 0.46*
Cropland quality 0.61 0.33* 1.61*** 1.18*** 0.03***
Land size 0.03* 0.07* 0.017 0.14** -0.02%**
Experience -0.04* -0.008 -0.05** -0.03 0.01
Tenure -1.1** -0.06 -1.11** -1.42%* -1.09%**
Education 0.35 -0..006 -0.35 1.06*** 0.35%**
Constant -3.93 1.87 2.16 -2.8 3.29**
R? 0.94 0.77 0.63 0.82 0.83
D-W stat 1.92 1.59 1.62 2.55 1.67

F-statistic

25.4(0.00)  13.9(0.00)

3.4(0.00)  7.26(0.00)  27.5(0.00)

Note: (*), (**), (***) denotes significance at the level of 10, 5 and 1% (p <0.10, p <0.5, p <0.01), respectively. Source: Research
Findings

The results showed that weather and climate
are important factors determining irrigation
frequencies at the farm and almost all weather
variables are significant. According to the results,
increasing the temperature has a positive and
meaningful effect on the irrigation frequency of all
selected crops. One unit of increase in the
temperature increases the average irrigation
frequency per hectare of cotton, barley, sugar beet,
wheat, and alfalfa crops by 0.7%, 0.32%, 0.49%,
0.4%, and 1.14%, respectively. Increasing the
temperature cause more evapotranspiration of the
crop and consequently, increase the water required
by the plant. Therefore, the frequency of farm
irrigation is increased to meet the water needs of
the plant, which is a reason for the positive
relationship between temperature rise and IF.

Based on the results, increasing the
precipitation leads to higher IF in sugar beet farms,
while decreases it at barley, wheat, and alfalfa
farms. Increased precipitation enhances the volume
of water available for farm irrigation, so farmers
have less restriction on farm irrigation and can
increase the frequency of on-farm irrigation. Due
to the high water requirement and long growing
period of sugar beet, irrigation helps its proper
growth and development, so with increasing the

volume of available water, the frequency of
irrigation increases (Zarski et al., 2020). On the
other hand, as Olen et al. (2016) pointed out, the
impact of precipitation on irrigation decisions has
crop-specific thresholds, above which farmers
respond very differently to climate changes. Only
when precipitation is above thresholds, an increase
in precipitation will lead to less irrigation
frequency. With increasing precipitation, most of
the water needed by the plant is supplied, hence the
need for field irrigation is reduced, which caused
decreasing the frequency of irrigation.

The exposure of wheat and sugar beet crops to
cold stress has a negative and positive effect on IF,
respectively, but this effect is insignificant on IF
for other crops. In order to decline the damages
caused by early cold in autumn and late cold in
spring, farmers need to make appropriate decisions
depending on crop type, time of stress, and plant
growth stage. In North-Khorasan province, sugar
beet is generally cultivated when it germinates and
emerges during low temperatures.  After
germination, there is a possibility of late spring
frosts and damage. At some farms, irrigation can
reduce the effect of cold by increasing the
temperature. As a result, the frequency of irrigation
increases with the increase in the probability of
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cold. Wheat frosting may occur in two periods:
before and after winter. Generally, most damage
occurs due to late spring frosts, and the earlier the
plant is in the growing stage, the lower the
probability of damage is. Therefore, the probability
of cold occurrence reduces the irrigation
frequency. Agricultural experts also suggest
refraining from irrigating wheat farms to prevent
autumn frosts.

According to the findings, the occurrence of
heat stress and the use of irrigation to reduce the
stress increase irrigation frequency at cotton and
wheat farms and reduce it at barley and alfalfa
farms. Various factors affect a plant's heat
tolerance. In general, the temperature that causes
damage to the plant is different depending on type
of the plant and the region of plant growth. The
highest area of cotton and wheat is in Maneh and
Samalgan. The water resources of this county are
in a better situation than other counties, as the
average annual precipitation of this county is
higher than the province-wide average, so in facing
heat stress, farmers have less restriction on
irrigating their farms. Therefore, with the
occurrence of heat stress, the average irrigation
frequency of the province at wheat and cotton
farms will increase by 1.93% and 0.36%,
respectively. Also, due to the higher average
annual temperature of this county than the average
of the province, the probability of heat stress is
higher in this county. So, farmers respond to heat
stress by increasing irrigation frequencies.
Frequent droughts increase the average irrigation
frequency at cotton and barley farms by 1.4% and
0.7% and decrease it at sugar beet and alfalfa farms
by 2.43% and 1.4%, respectively.

Farmers increase water volume and frequency
of farm irrigation in arid areas with frequent
droughts to meet crop water requirements. In the
studied province, 66% of the cotton acreage is in
Maneh and Samalgan county and 40% of the
barley acreage is in Esfarayen county. Also, based
on the reports of the Jihad Agricultural
Organization of North-Khorasan Province, the
counties of Maneh and Samalgan and Esfarayen
have had the highest areas affected by drought in
recent years. Therefore, drought has increased the
irrigation frequencies of these crops. On the other
hand, restrictions on access to water resources as a
result of drought and changes in drought-resistant
crops have reduced the irrigation frequencies of
sugar beet and alfalfa. Water scarcity occurs more
in areas where precipitation decreases and air
temperature increases, and the water required for

the irrigation is supplied more from groundwater
resources. Also, with increasing water scarcity, the
cost of pumping and water supply to the farm
increases. Since most of the areas cultivated by
barley and alfalfa in North-Khorasan province are
located in regions with lower average precipitation
and higher temperatures, the need for farm
irrigation to meet the crop water requirements
increases due to higher evaporation and
transpiration of the plant. Therefore, this is a
reason for the positive relationship between higher
water costs and higher irrigation frequencies.

Also, according to the findings, increasing the
piezometric level of water in the region leads to
increasing irrigation frequency at cotton and sugar
beet farms. Increasing water depth means more
water scarcity and drought in the region. Crops like
cotton and sugar beet that have high water needs
should be irrigated more frequently to meet their
water demands, so farmers increase the irrigation
frequencies on their farms. In addition, in North-
Khorasan province, cotton is mostly cultivated in
areas where surface water is available. Therefore,
with increasing water scarcity, farmers extract
groundwater to supply farm water. Also, the
variable of population density has a positive and
meaningful effect on irrigation frequency at sugar
beet and alfalfa farms and has a negative effect at
barley farms. There is greater competition for
water in densely populated areas, which is more
likely to lead to limited agricultural water
deliveries or the voluntary transfer of agricultural
water to higher-value uses (Burke et al., 2004). As
the demand for water increases, the amount of
water available to irrigate the farm decreases,
which results in reducing the frequency of
irrigation. However, based on the results, the
positive effect of population density can be
explained by the fact that the increase in
population in a region leads to higher volume of
livestock, and due to the need to provide livestock
fodder, the area under cultivation and the irrigation
frequencies of alfalfa farms increase for further
harvesting. Although barley is also a livestock
feed, farmers will be less willing to cultivate it and
use water for its irrigation under water-scarce
conditions due to the low benefit of barley farms.

The results revealed that the type of irrigation
source has a negative and significant effect on
irrigation frequency at cotton, wheat, and sugar
beet farms. In other words, if water for farm
irrigation is supplied more from groundwater
sources, irrigation frequencies will be reduced. In
fact, groundwater is mostly used for agriculture in
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areas where surface water is not available and the
volume of water available is less, thus the
irrigation frequency is reduced. On the other hand,
irrigation source has a positive and significant
effect on barley and alfalfa crops. The highest
cultivation area of these crops is in Esfarayen
county, whose temperature is higher than the
average temperature of the province. Also, it had
the second-lowest annual precipitation after Jajarm
in the province in 2018-2019. Besides, most of the
water needed for agriculture in this county is
supplied from groundwater sources, SO more
irrigation frequencies are taken to meet the water
needs of the crop. The irrigation method at cotton
and sugar beet farms has a negative and
meaningful effect on irrigation frequencies, while
its effect is positive and significant at wheat farms.
Also, the irrigation method has no significant
effect on irrigation frequency at barley and alfalfa
farms where irrigation frequency is determined
independently of the type of irrigation method.

Based on the results, the mechanized irrigation
method reduces the average irrigation frequency at
cotton and sugar beet farms by 2.42% and 2.08%,
respectively and increases it at wheat farms by
0.46%. According to the comprehensive report of
agricultural water productivity (Comprehensive
report on agricultural water productivity, 2017) in
the province, the adoption of new irrigation
technologies reduces the volume of water used to
irrigate farms. The volume of water used during
the cultivation period is reduced through the
reduction of the volume of water used in each
irrigation or the reduction of irrigation frequency.
At cotton and sugar beet farms, in addition to
reducing the volume of water used, the frequency
of irrigation has also been decreased. However, the
irrigation frequency at wheat farms has increased
as a result of the adoption of new technologies, and
with the application of management practices to
the water used in each irrigation, the total volume
of the water used during the growing period has
decreased. The results showed that improving the
cropland quality increases the irrigation frequency
at cotton, barley, sugar beet, and wheat farms. In
fact, the type of soil texture, direction, slope, and
farm position affect the need for irrigation, so
changing the cropland quality changes the amount
of irrigation requirement of the farm. In addition,
improving the cropland quality affects the
profitability of the crop grown in the farm, and
farmers may have to spend more on the land to
improve it and harvest more.

Based on findings, increasing the land size has

a positive and significant effect on irrigation
frequency at barley, sugar beet, and alfalfa farms
and has a negative and meaningful effect on
irrigation frequency at wheat farms. Considering
that barley, sugar beet, and alfalfa have the highest
area of cultivation in Esfarayen and Jajarm
counties and a higher percentage of agricultural
water supply in these counties is from groundwater
sources, so increasing the land size reduces
irrigation frequency due to the limited water
resources. Also, due to limited water resources,
better management for farm irrigation is done in
larger lands. The highest irrigated area of wheat is
in Maneh and Samalgan County, where a higher
percentage of irrigation water is supplied from
surface resources. Furthermore, large farmers
generally have less restriction on water supply with
more access to water resources, so they apply more
irrigations (along with efficient management in
water used) for more production and profit.

Finding of the study demonstrated that farmers’
demographic  characteristics affect irrigation
frequencies, too. Farmers’ experience and tenure
have a negative effect on irrigation frequencies.
Since experience is related to the farmer age, older
farmers are not motivated to use irrigation even if
they have access to water resources due to the
smaller household size (reduction of average
household size and separation of children from
families with increasing the farmer’s age) and
prefer to avoid laborious irrigation work. Wakeyo
and Gardebroek (2017) have also mentioned this
point in their study.

Conclusion

In this paper, farmers’ irrigation decisions to
produce major crops of wheat, barley, cotton, sugar
beet, and alfalfa in North-Khorasan province were
analyzed using econometric models. For this
purpose, the effects of climatic and weather
factors, water scarcity, irrigation method and
source, land characteristics, and demographics
were studied on the share of irrigated land,
technology adoption, and irrigation frequencies.
The climate of the province is semi-arid with cold
winters and hot summers. The results provide
useful information about how farmers react and
adapt to climate change in crop production
systems.

It can be concluded from the results that
climatic factors of temperature, precipitation,
severe frost, heat, and drought, and economic-
physical indicators of water scarcity have a
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significant impact on farmers’ irrigation decisions.
Farmers try to reduce the damage caused by
climate change and weather factors by deciding on
irrigating their farms. The results indicated that
farmers are more responsive to temperature
changes than to other climatic factors. In areas
with drought and warmer climates, the share of
irrigated land increases and the likelihood of
adopting technology decreases. Also, with
increasing air temperature, the irrigation frequency
of farms increases. Precipitation is positively
related to the share of irrigated lands and the
likelihood of adopting irrigation technology.
According to the research results, the occurrences
of drought and reduced precipitation in recent
years have reduced the tendency to adopt new
irrigation methods. This might be due to the
reduced farm  profitability and  farmers'
unwillingness to invest in farms. Therefore, to
increase the efficiency of water used, it is
suggested that the government formulate and
implement support and incentive policies in this
regard.

As the results showed, changes in the
piezometer level of water significantly influence
farmers’ irrigation  decisions. Therefore,
sustainable groundwater management can provide
an important signal for producers to use irrigation
methods to save groundwater. Moreover, the type
of irrigation source (surface and groundwater),
irrigation method, cropland quality, and land size
have notable effects on farmers' decisions. In
regions where surface water is not available, the
share of irrigated land declines, and due to water
scarcity, farmers are more willing to invest in new
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Abstract

Efficient Asset allocation and investment portfolio selection are among the most critical and challenging
issues in investment management and a continuous concern for investors. When investors invest in the capital
market, they expect their portfolio to perform well. Therefore, this study determines the optimal stock portfolio
of agricultural companies in the Tehran Stock Exchange (TSE). Thirty-two most important agriculture
companies in the (TSE), with monthly data from 2014-2020, were selected from Iran's two most essential
agriculture industries, the food and beverage industries, and the sugar industry. Two portfolios for the food and
beverage industry and sugar industry goals: minimizing portfolio variance and maximizing portfolio return using
the Markowitz model with two different scenarios and applying two minimum investment constraints of 1% and
optimized maximum investment of 20% without considering these two constraints. The efficiency, variance, and
Sharp ratios are also calculated. The results showed that both food and beverage industry portfolios and the sugar
industry portfolios became more efficient when optimized to maximize portfolio returns. The result also
indicates the food and beverage industry was more efficient than the portfolio of the sugar industry. In this
portfolio, the amount of investment for the shares of Salmin Company was 86.7% and for Mehram Company

was 13.3%.

Keywords: Markowitz Model, Optimization, Portfolio Return, Risk, Sharp Ratio

Introduction

As one of the pillars of the Iran economy, it
has an essential role in attracting small savings and
financial resources and allocating them to finance
large economic projects. There is no doubt that
economic growth, development of welfare and
social justice, and expansion of financing
mechanisms depend on the growth of the capital
market in proportion to other components of the
economic system (Sadeghi, 2014). Iran is one of
the countries whose traditional part of the
agricultural market, due to economic inefficiency,

(*- Corresponding Author Email: chizari8000@ut.ac.ir)

does not meet the country's needs. Still, economic
conditions have caused many problems for
farmers, consumers, and even traders of
agricultural products. Astray capital in the society
can invest in the farming sector through the Tehran
Stock Exchange, which creates a boom in
agriculture production in the farming sector and
creates for the shareholders of this sector to profit
from the investment. Agricultural companies in the
farming industry are essential in the growth and
development of the country's agricultural industry
in the conversion and processing of raw materials
in the farming industry. In Iran, the industries
related to this sector are financially weak and have
not been able to grow and develop like developed
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countries; As a result, they need financing their
investment in various ways. Therefore, the stock
market provides the required capital for the
companies in question and contributes to the
country's economic growth. This is possible when
the investor's profit from this investment is not
ignored. Therefore, the main problems faced by
investors are selecting securities for investment
and creating an optimal portfolio of stocks
(Hoseini Kasgari et al., 2017). Thus, this study
provides a way to identify the stock risk of
companies in these industries, which investors can
use to maximize profits and reduce investment
risk; in other words, determine the optimal stock
portfolio of companies related to these industries.
Each agricultural company in the (TSE) market has
different risks and returns (Alipoor Leili, 2018). In
order to invest in these companies, it is essential to

examine the risk and return of each TES stock to
identify the optimal portfolio for investment.

There are 43 agriculture industries in the
Tehran Stock Exchange. Five sectors are classified
as agriculture, textiles, wood products, sugar, and
food and beverage industries related to the
agricultural sector. Table 1 shows the correlation
coefficients between the returns of agricultural
industries. As it can be seen, there is no complete
correlation between the returns of the agricultural
industries under study, and the process of their
returns is not entirely in line with each other.
Therefore, we can diversify our portfolio by
including different companies from each industry,
thereby reducing the variance of the portfolio and
optimizing the portfolio.

Table 1- Correlation coefficients between the returns of agricultural industries

Industry

The correlation coefficient

Food — sugar
Food — Agriculture
Food — Textiles
Food- Wooden
Sugar — Agriculture
Sugar — Textiles
Sugar — wood
Agriculture — Textiles
Agriculture — wood
Textiles — wood

0.58
0.48
0.27
0.31
0.36
0.10
0.25
0.15
0.25
0.03

Source: Research findings

Based on economic theories, it is assumed that
investors are always looking to maximize their
desirability while investors are investing in terms
of risk and return. In other words, the basis of
investment decisions is the relationship between
risk and return. Investors always pay attention to
two factors of risk and return to determine the
optimal portfolio of their stocks. Empirical studies
have demonstrated that unsystematic risk can be
virtually eliminated in 30 to 40 randomly selected
stocks portfolios. Of course, if investments are
made in closely related industries, more securities
are required to eradicate the unsystematic risk. The
investors inhabiting this hypothetical world are
assumed to be risk-averse. This notion, which
agrees for once with the world most of us know,
implies that investors demand compensation for
taking on risk. In financial markets dominated by
risk-averse investors, higher-risk securities are
priced to yield higher expected returns than lower-
risk securities.

Each investment has its own risk and return,

and the combination of these two factors
influences the investor's decision to choose the
optimal portfolio. Depending on their degree of
risk aversion, they choose the investment portfolio
with the lowest risk and maximum return (Joonz,
1943). Therefore, according to the presented
materials, this research identifies the optimal
portfolios of agricultural companies in the Tehran
Stock Exchange, and the most efficient portfolio is
selected.

Hosseini Kasgari et al. (2017) studied to
provide a method for selecting the optimal
portfolio of stocks of food industry companies in
the Tehran Stock Exchange using the model of
mean skewness variance with six objective
functions. In their research, to select the optimal
stock portfolio, first, the stock price was predicted,
and then two methods of mean variance-skewness
and mean variance pattern were used, and the
optimal stock portfolio was determined. Mousavi
et al. (2016) optimized the portfolio of Sepah Bank
Investment Company using the combined model of
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Markowitz and GARV multivariate. The main
purpose of their research paper was to optimize the
portfolio of Sepah Bank Investment Company
using the risk minimization method compared to
the expected return. They considering the expected
return, the optimal risk of the investment portfolio
containing four industries has been calculated.
Findings showed that whenever there is less risk in
each industry, their share in the investment
portfolio is higher. In addition, among these four
industries, the highest average share is related to
the non-metallic mineral extraction industry, and
the metal mineral extraction industries, large

multidisciplinary companies, and the chemical
materials and products industry are in the
positions, respectively. Therefore, it is appropriate
for Sepah Investment Company to consider such
prioritization in order to minimize its risk at all
times as well as to achieve the expected return.
Ghadiri Moghaddam and Rafiei Darani (2010), in
their research, have examined and determined the
optimal stock portfolio of companies active in the
food industry of the Tehran Stock Exchange based
on the value at risk index (VaR).

Table 2- Companies active in the food and beverage industry in the Tehran Stock Exchange

Industry

Sub-industry

Company

Growing and preserving fruits,
vegetables

Production of animal and vegetable oils

Dairy production

1- Murghab plain
2- Piazer cultivation and industry
3- Iranian nectar
4- Noush Mazandaran
5- Pure Martyrs of Khorasan
6- Nili Sanat Kerman Production Complex
7- Margarine
8- Behshahr Industrial
9-Development of Behshahr industries
10-Behpak Industrial
11-Kalber Dairy
12- Pak Dairy
13-Pegah of East Azarbaijan
14-Pegah of Azerbaijan
15-Pegah Fars
16-Pasteurized milk of Pegah Khorasan
17-Isfahan Pegah pasteurized milk
18-Pasteurized milk of Pegah Golpayegan
19-Pegah Golestan pasteurized milk

Production of starch and related food

products

20-Glokozan

Food and beverage products other
than sugar

production of bread and related
products

Production of cocoa, chocolate, and
sweets

Other food products

Production of barley and beer

Production of ready-made animal feed

21-Pars livestock feed
22-Georgian biscuits
23-Salmin
24-Vitana
25-Saturn
26-Pars Minoo
27-Minoo Industrial (Khorramdareh)
28-Self-sufficiency of freedmen
29-Shokopars
30-Minoo Shargh Food Industries
31-Gaz Coin
32- China Agriculture and Industry China
33-Produced by Mehram
34-Behshahr Industries Development (Holding)
35-Congratulations
36-Noush Pooneh Mashhad
37-Agriculture and industry of Khorasan spring
flowers
38-Behnoosh Iran

Soft drinks and mineral water

39-Pakdis

Source: Tehran Stock Exchange 2019
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The main purpose of their study was to
determine and study the optimal portfolio of stocks
of companies active in the food industry of the
stock exchange based on the value-at-risk index,
which is used mathematical planning with integers.
Abroad, Basuki et al. (2019) have used linear
algebra equations to determine the optimal
portfolio in an article. The results of their studies
have shown that it is suitable for determining the
optimal portfolio by linear algebra method. Poor
Nima and Ramesh (2016) chose the optimal
portfolio with the help of the Sharp single index
model and using risk-return analysis in the
automotive and pharmaceutical sectors. Campbell
et al. (2001) determined the optimal stock portfolio
by maximizing the expected return with limited
value at risk. The problem of portfolio selection
therefore remains to maximize the expected
returns, however, while minimizing the downside
risk taken by the risk-taking value, and using this
approach allows a very general framework for
create a portfolio selection. Therefore, by
reviewing the other research to determine the
optimal portfolio stock of agricultural companies
In Tehran Stock Exchange it is necessary to use the
Markowitz optimal portfolio method.

One of the industries related to the agricultural
sector in the Tehran Stock Exchange is the food

and beverage industry. This industry is non-
periodic; There is a constant demand for products
in all seasons and different economic situations
(Shirzad, 2016). Table 2 shows the names of
companies active in the food and beverage industry
separately.

Another industry related to the agricultural
sector that operates on the stock exchange is the
sugar industry. As a nutrient needed by the body
and the primary sweetener and its high
consumption in the daily basket of the household,
sugar has the highest consumption in industries
such as beverage, canned and compote, sweets, and
chocolate. In addition to its nutritional importance,
it has always been considered a strategically
important material politically and economically.
Therefore, most countries try to supply and
produce it and meet their domestic needs as much
as possible, and several countries earn a significant
share of their revenues from the export of this
product. In lran, the primary uses of sugar are
households, confectionery factories, cakes and
chocolates, beverage and beverage factories,
pharmaceutical factories, and livestock and poultry
industries. Still, the most important are households
and factories. The name of the sugar industry is
shown in Table 3.

Table 3- The name of Companies in the sugar industry on the Tehran Stock Exchange

Industry Sub-industry

Company

Sugar .
Sugar production

1-Isfahan Sugar
2-Qazvin sugar factories
3-Hegmatan Sugar
4- Nectar
5-Lorestan Sugar
6-Marvdasht Sugar
7-Neyshabur Sugar

8-Food and sugar products of Piranshahr

9-Fixed sugar of Khorasan
10-Shahroud Sugar
11-Torbat Jam sugar
12-Sugar Shirvan Quchan
13-Khorasan sweet sugar
14-The role of sugar in the world

15-Food products and Chaharmahal sugar

Source: Tehran Stock Exchange 2019

Fluctuations in stock returns of agricultural
industries, one of the criteria for measuring risk in
the capital market, have been studied in graphs to
indicate the possibility of risk in stocks of these
industries due to changes in stock returns. These
fluctuations from 2014 to 2020 have been studied

for different agricultural industries. Figure 1 shows
the trend of stock returns of the food and beverage
industry during the years 1993 to 1998. The stock
return of this industry had the lowest value of -0.12
in 2014, and this amount reached its highest level,
1.9 in 2020. Figure 2 also shows the trend of stock
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returns in the sugar industry. In 2014 the industry
started its lowest stock return with -0.62, and in

0.012
0.010
0.008
0.006
0.004
0.002
0.000

O
o
o
SN

95 9% 97 98

S

Year

Fig. 2- Trend of stock returns of sugar industry
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Fig. 3- Risk of food and beverage industry stocks

Figure 3 shows the stock risk of the food and beverage
industry. In 2014, the stock risk of this industry was
0.006, which in 1996 reached its lowest level of 0.001,
and in 1998 its highest level of 0.011. The stock risk of
the sugar industry is shown in Figure 4. In 2014, this
industry had its lowest risk amount of 0.004, which had
an upward trend until 1998, and this year has reached its
highest level of 0.016.

Research Methodology

The term portfolio, in simple terms, refers to a
combination of assets formed by an investor to
invest. This investor can be an individual or an
institution. In other words, a portfolio includes a
set of real assets invested by an investor. In this
study, our emphasis is on financial assets.

1998, it reached its highest level of 1.41.
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Fig. 1- Trend of stock returns of food and beverage industry
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Fig. 4- Risk of Sugar industry stock

Financial assets include various securities such as
equity securities, common stock, preferred stock,
and financial derivatives (Joonz, 1943). But in this
study, our financial assets are stock of agriculture
companies. The modern portfolio theory was
proposed in 1952 by Harry Markowitz. This theory
states that part of the risk can be eliminated or at
least reduced by diversifying securities. In 1959,
Markowitz was the first to introduce variance or
standard deviation as a measure of risk. He stated
that decision-makers in portfolio selection
minimize the return variance to a certain level of
expected return or maximize the expected return to
a certain level of variance. This approach provides
an efficient boundary that portfolios on the
efficient frontier (Figure 5) show the minimum risk
per return (Salim Odloo, 2017).
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Efficient Line
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Fig. 5- Markowitz efficient frontier

A portfolio is a set of two or more activities that
Markowitz (1959) formulated portfolio theory in
this way. The investor should consider different
efficient combinations of standard deviation and
expected returns and choose his portfolio based on
his preferences and degree of risk aversion.
Portfolio theory states that a variety of two stocks
whose returns are not fully correlated provides a
combination whose fluctuations are less than the
fluctuations of individual stocks. Modern portfolio
theory shows that specific risks can be removed or
at least mitigated through the diversification of a
portfolio. The trouble is that diversification still
does not solve the problem of systematic risk; even
a portfolio holding all the shares in the stock
market cannot eliminate that risk. Therefore, when
calculating a deserved return, systematic risk most
plagues investors.

Hence the investor tries to reduce changes
through some less correlated stocks or negatively
correlated with each other. The advantage of this
theory is that it considers stock returns and risk
together. Return on a portfolio is the weighted
average return on the portfolio of stocks in which
the weight of each stock is the share of those
stocks in the portfolio (Equation 1).

N
E(Rp):Z\NiRi (1)
i=1
In this regard, E'(R,,) is the total return on the

portfolio, W; is the stock weight i, ; is the stock
return i, and N is the number of companies in the

portfolio. And the stock returns of each company
in a portfolio are obtained using (Equation 2) (6).

R. = I:)it _Pit—l+ Dit *100

it-1 )
R, is i's stock rate of return in period t, P is

it

the i-share price at the end of the period, P;,_; is
the stock price i at the beginning of the period.
D, is a dividend cash dividend in period t.

The dividend is the amount a company pays to
investors from dividends made. The variance of the
portfolio also depends on the covariance between
the stocks, which, if there is no complete positive
correlation between them, reduces the variance of
the entire portfolio to (Equation 4). The variance of
shares of each company is also obtained from
(Equation 3).

0’ =Y (R, ~ER ) Pr @
i=1

o, =\E:\/iwfo-ffiicov(Ri .R;) (4)

cov(R;,R;)=r,0,0, (5)

In these two relations, (Equations 4 and 5), Dj_“
is the stock variance i, pr;is the probability of
occurrence of any rate of return for a company i
, u:rP is the total variance of the portfolio, cov
(RE-,R}-} is the covariance of the return between
shares i and j, 13; is the correlation coefficient
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between the returns of companies i and j, a; is the

standard deviation of a company i and g; is the

standard deviation of company j. The selection of
the optimal point of each person on the efficient
boundary is based on the tangent point of each
individual's utility function and the efficient
frontier.

Mean-Variance Analysis is a technique that
investors use to make decisions about financial
instruments to invest in, based on the amount of
risk they are willing to accept (risk tolerance).
Ideally, investors expect to earn higher returns
when investing in riskier assets. When measuring
the level of risk, investors consider the potential
variance (the volatility of returns produced by an
asset) against the expected returns of that asset.
The mean-variance analysis essentially looks at the
average variance in the expected return from an
investment. The mean-variance analysis is a
component of modern portfolio theory. This theory
assumes that investors make rational decisions
when they possess sufficient information. One of
the theory’s assumptions is that investors enter the
market to maximize their returns while at the same
time avoiding unnecessary risk.

When choosing a financial asset to invest in,
investors prefer the asset with lower variance when
given choosing between two otherwise identical
investments. ~ An  investor can  achieve
diversification by investing in securities with
varied variances and expected returns. Proper
diversification creates a portfolio where a loss in
one security is counter-balanced by again in
another. The mean-variance analysis is comprised
of two main components, as follows:

Variance measures how distant or spread the
numbers in a data set are from the mean or
average. A large variance indicates that the
numbers are further spread out. A small variance
indicates a small spread of numbers from the
mean. The variance may also be zero, which
indicates no deviation from the mean. When
analyzing an investment portfolio, variance can
show how a security's returns are spread out during
a given period.

The second component of the mean-variance
analysis is the expected return. This is the
estimated return that security is expected to
produce. Since it is based on historical data, the
expected rate of return is not 100% guaranteed. If
two securities offer the same expected rate of
return, but one comes with a lower variance, most
investors prefer that security.

Similarly, if two securities show the same
variance, but one of the securities offers a higher
expected return, investors opt for the security with
the higher return. When trading multiple securities,
an investor can choose securities with different
variances and expected returns.

The E-V standard performance set can be
achieved  using  appropriate  mathematical
programming techniques or linear programming
such as Linear Programming-Risk simulator (LP-
RS). The general form of this approach is
expressed in the form of (Equation 6and 7)
(Narayan, 1990).

N N

MinV | =iwfaf +>. > cov(R;,R;)
i=1

i=1l j=1 (6)

St

N

Sw,E(R;)>E

I’\T].

dw, =1

i=1

Wi 20 o1 2. N

In this case, E is the minimum expected return
level. The goal in this model is to minimize
portfolio variance for a given level of return. The
first limitation also states that the return on the
portfolio must be such that it is greater than or
equal to the minimum expected return. The second
constraint, the primary investment constraint,
states that the total amount invested in each stock
equals one. The third constraint says that each
company's share in the portfolio is zero or greater.

MaxE (Rp):iNiE(Ri)

St
N N N

dwict+> > cov(R;,R;) <V @)
i=1 i=L j=1

N

dw, =1

i-1

Wi 20 fric 2. N

In this regard, variable V is the maximum level
of variance accepted. The goal of this model is to
maximize portfolio returns for a given level of
variance. The first limitation also states that the
variance of the portfolio must be such that it is less
than or equal to the maximum level of variance
expected. The second and third constraints are
repeated as in the previous model. Finally, solving
these models gives us the share of each company
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in the optimal stock portfolio. Different metrics
can be used to evaluate portfolio performance. The
Sharp ratio or return to variability ratio is one of
the criteria developed by Sharp (1996) to measure
portfolio performance. The Sharp ratio is obtained
by dividing the portfolio's excess returns by the
standard portfolio deviation. In fact, by using this
ratio, we are looking to calculate the monetary
amount that an investor receives to bear the entire
risk. The Sharp ratio is calculated using equation

(8):
Shp - m (8)
O

In this regard, E(R,) is the return on the
portfolio, @, is the standard deviation of the

portfolio, and Rf is the rate of return on the risk-

free investment (Luenberger, 1997).

The data used in this study include the monthly
returns of 32 companies listed on the Tehran Stock
Exchange, the data of which existed monthly from
1993 to 1999. These companies are in the two
sectors industries of food and beverage and sugar
industry and are in the agriculture sector.

Results and Discussion

In order to determine the optimal portfolio of shares of
agricultural companies, the results of using the
Markowitz model to optimize the two portfolios of the
food and beverage industry and sugar industry with two
objectives of minimizing variance and maximizing
portfolio returns are shown in Tables 4, and 5,
respectively.

As it is shown in Table 4, in the second column,
portfolio optimization has been done with two
restrictions: minimum investment and maximum
investment, and in the third column, optimization
has been done without considering these two
restrictions. In the second column, the minimum
investment on each company is 1%, and the
maximum investment on the shares of each
company is 20%. In this paper, we compare the
portfolio optimization of the food and beverage
industry with two goals of minimizing variance
and maximizing the portfolio's expected return,
considering the two constraints of minimum and
maximum investment. Due to the increasing share
of some companies such as Pars Mino, Pegah
Azerbaijan, Pegah Isfahan, and Salmin in this

industry's portfolio, we conclude that these
companies have maximized the return of the
portfolio a good return. The companies are
Georgian Biscuit, Behshahr Industrial
Development, Murghab Plain, Behpak Industrial,
Glucosane, Margarine, and Cultivation and China's
industry has lower returns. The results of portfolio
optimization of this industry, without considering
the two constraints of minimum investment and
maximum investment, also show that when we
optimized the portfolio intending to maximize
returns, the participation of companies in the
portfolio decreased, and the portfolio share
towards Salamin and Mehram companies is gone.
The Sharp ratios also show that a portfolio is more
efficient when optimizing a portfolio intending to
maximize returns.

Also, in Table 5, the portfolio of the sugar
industry has been optimized with the two
objectives of minimizing variance and maximizing
portfolio returns. In the second column, portfolio
optimization has been done with two restrictions of
minimum investment and maximum investment. In
the third column, optimization has been done
without considering these two restrictions. In the
second column, the minimum investment in each
company is 1%. The maximum investment on the
shares of each company is 20% as a result of
comparing the portfolio optimization of the sugar
industry with two goals of minimizing variance
and maximizing the expected return of the
portfolio by considering the two constraints of
minimum investment and maximum investment. It
shows that when we maximize the portfolio return,
we can say that these companies have excellent
returns due to increasing the share of some
companies such as Isfahan and Qazvin, and
Marvdasht sugar companies. The Nectar, food
products and Chaharmahal sugar companies,
Khorasan fixed sugar, and Lorestan sugar has
lower returns. The results of portfolio optimization
of this industry, without considering the two
constraints of minimum investment and maximum
investment, also show that when we optimized the
portfolio intending to maximize returns, the
companies' participation in the portfolio decreased,
and the whole portfolio was allocated only to
Piranshahr Sugar Company. The resulting Sharp
ratios also show that a portfolio is more efficient
when optimizing a portfolio intending to maximize
returns.
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Table 4- Results of food and beverage industry portfolio optimization with two objectives of minimizing variance and
maximizing portfolio efficiency

The percentage share of each company with two

Percentage share of each company without two
constraints of the minimum and maximum

constraints of minimum and maximum amount of

amount of investment on the shares of each

Company investment on the shares of each company company
Minimize portfolio Maximize portfolio Minimize portfolio Maximize portfolio
variance returns variance returns
Behnoush 1 1 0 0
Georgian Biscuits 129 1 14 0
Pars Minoo 1 6 0 0
Pegah of Azerbaijan 3.9 20 4.2 0
Pegah Isfahan 6.2 20 6 0
Pegah Khorasan 1 1 0 0
Behshahr Industries 10.3 1 10.9 0
Development
Plain Morghab 3.6 1 2.3 0
Salmin 5.9 20 6.2 86.7
Minoo Shargh Food 192 1 0 0
Industries
Behpak Industrial 41 1 44 0
Behshahr Industrial 1 1 0 0
Minoo Industrial
(Khorramdareh) 1 ! 0 0
Glokozan 7.9 1 7.6 0
Pak Dairy 1.2 1 1.9 0
Kalber Dairy 1 1 0 0
Margarine 5 1 5.8 0
Mahram 20 20 238 13.3
China Agro-
industry China 11.9 ! 122 0
Monthly Portfolio
Returns 2.4 4 25 5.8
Monthly Portfolio 0.006 0.008 0.006 2
Variance
Sharp 1.25% 145 30.8 17.1 319
Ratio 1.83% 6.8 24.3 9.3 27.8

Source: Research findings

Table 6 shows the participation of companies in
optimal portfolios. The stocks of companies in the
food and beverage industry and the sugar industry
do not have the power to attract investors whose
expected return on companies' stocks is high.
Investors with high expected returns do not spend
their money buying stocks of companies related to
these two industries. The difference between these
companies' risk (variance) is more minor, and their
risk is closer to each other than their return.

Food industry companies have a high
multiplication rate in creating employment and
added value, effectively increasing revenue,
reducing waste, improving the quality of products,
stimulating increased demand for agricultural
products, presence in global markets, and business
prosperity. The small share of the food industry in
the production of 90 million tons of Iranian
agricultural products and the closure of activity of
less than the capacity of some food industry

companies, along with the high volume of food
imports, shows the importance of investing in this
field and the presence of more food companies in
the stock market. It is the stock of Tehran. Many
food companies need low-cost banking facilities to
raise their working capital. Due to high inflation
and consequently high-interest rates, it is
practically impossible for them to receive this
capital, and their competitiveness does not
increase. Therefore, the following suggestions are
based on the results obtained in this study.
Comparing the optimization results of the two
portfolios of the food and beverage industry and
the sugar industry, considering the two constraints
of minimum investment and maximum investment
was obtained when the return of the portfolio is
maximized when the variance is minimized. The
share of some companies increased, and the share
of others decreased. Due to this increase and
decrease in share, the companies in each of the two
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portfolios were divided into low-yield and high-
yield groups, which are given in Table 7. Also, the
optimization results of these two portfolios,
without considering the two constraints of
minimum investment and maximum investment,
show when the portfolios were optimized to
maximize returns, the companies' participation in
the portfolio decreased, and the entire portfolio
was allocated to only three companies, indicating

that these companies differed from each other in
terms of high returns. Salmin and Mehram
companies are the most profitable companies in the
food and beverage industry, and Piranshahr sugar
company is the most profitable company in the
sugar and sugar industry. In the last row of Table
7, these companies are listed in each of the two
portfolios.

Table 5 - Results of portfolio optimization of sugar industry with two objectives of minimizing variance and maximizing
portfolio return

The percentage share of each company with two
constraints of minimum and maximum amount

percentage share of each company without two
constraints on the minimum and maximum
amount of investment on the shares of each

Company of investment on the shares of each company company
Minimize portfolio Maximize portfolio Minimize portfolio Maximize portfolio
variance returns variance returns
Nectar 8.3 1 11.2 0
Sugar of Shahroud 1 1 0 0
Food Products and
Chaharmahal Sugar 117 ! 12 0
Isfahan Sugar 195 20 3.4 0
Piranshahr Sugar 20 20 42. 100
Torbat Jam Sugar 1 1 0 0
Khorasan Fixed
Sugar 5.1 1 8.3 0
Shirvan Quchan
Sugar 1 1 0 0
Qazvin Sugar 1 20 0 0
Lorestan Sugar 9.4 1 10.2 0
Marvdasht Sugar 1 12 0 0
Neyshabur Sugar 1 1 0 0
Hegmatan Sugar 20 20 12.8 0
Monthly Portfolio 2/9 2 36
Returns
Monthly Portfolio
Variance 1.2 1.4 1.1 1.5
Sharp 1.25% 6.9 13.8 7.2 18.8
Ratio 1.83% 1.5 8.9 1.6 14
Source: Research findings
Table 6- The level of participation of companies in the optimal portfolio
. The level of participation of companies in the optimal portfolio
Portfolio o - - s -
Minimize portfolio variance Maximize portfolio returns
Food and beverage industry portfolio 63% 10%
Sugar industry portfolio 53% 7%

Source: Research findings

Table 7- Classification of companies according to the results of portfolio optimization

Food and beverage industry

Rate of return :
portfolio

Sugar portfolio

Georgian Biscuits, Behshahr

Industries Development, Murghab Nectar, food products and

Low return Plain, Behpak Industry, Glucosan, Chahar;rlljar;arll sﬁfé;t a}:]hsoura&slz;m fixed
Margarine and China China gar, g
. Salmin, Mehram, Pars Minoo, Pegah Piranshahr sugar, Isfahan sugar,
High return

Azerbaijan, Pegah Isfahan
Salmin, Mehram

Qazvin sugar and Marvdasht sugar

The most return Piranshahr Sugar

Source: Research findings
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The main result of this study is the use of the
Markowitz portfolio model and for a set of two or
more activities that suggest an optimal portfolio for
investors with different goals of minimizing risk
and maximizing returns that can be achieved at
different levels of risk for industries as well as the
entire stock market. Given that in both the food
and beverage industry portfolios and the sugar
industry, the Sharp ratios obtained when
maximizing returns have increased relative to
when the variance has been minimized, investors
are advised to increase investor's behavior of risk
aversion.

As a result of comparing the results of portfolio
optimization of the food and beverage industry
with two goals of minimizing variance and
maximizing the expected return of the portfolio, it
is suggested to investors in the agricultural sector
that the share of some companies such as Pars
Mino, Pegah Azerbaijan, Pegah Isfahan and
Salemin in the portfolio of this industry, which
have good returns, in their investment portfolio.

Optimize the portfolio to maximize returns
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Abstract

Agricultural and food industry exports are one of the strategies for export development and sustainable
economic growth in developing countries. Since Iran has been among the top ten countries in the export of
tomatoes and tomato paste in recent years, the purpose of this article was to compare the global market structure
of these two products as two links in the tomato supply chain and calculate the revealed comparative advantage
of their exports in the world and the target countries. According to the results, the global market structure of both
products in the period 2010-2018, despite the high share of the top four market powers, has been an open
oligopoly for most of the years, which indicates a small share of the most competitors and high competition
between them. However, due to the large share and stability of market leadership, it is unlikely that small
countries will be able to capture the share of large countries. Therefore, it is suggested that Iran, with an average
share of 1.61 percent in the tomato market and 5.30 percent in the paste market, prioritize a number of markets in
which it has more competitiveness for market penetration, market development, and branding. On average,
exports of tomatoes and tomato paste to Turkmenistan, Iraq, and Afghanistan have had the greatest comparative
advantage for Iran. It is proposed to prioritize competition, market development, and branding in a number of
markets in which it has competitiveness and stability based on the revealed comparative advantage index,
including Turkmenistan and Afghanistan. It is worth mentioning that due to the higher comparative advantage of
tomato paste compared to tomato, its higher added value, more branding, and storage and transportation
capabilities, it is recommended, with the development of investment in food processing industries and the
completion of supply chain and marketing. Development of the export market of tomato paste should be a
priority of the country.

Keywords: Export Target Market, Revealed Symmetric Comparative Advantage, Tomato paste, World
Market Structure

Introduction

Foreign trade and export are so important in the
economies of countries that its expansion is one of the
main goals of economic programs of developing
countries. The importance and position of foreign trade

in the economic growth and development of countries is
such that economists refer to it as the engine of
economic development; because trade improves

(*- Corresponding Author Email: Hamedrafiee@ut.ac.ir)

competitiveness, creates employment, and increases
foreign exchange earnings in the country (Mehrparvar
Hosseini, 2013). One of the main goals of developing
countries is to achieve sustainable economic growth and
development which the exports expansion can be a
direct factor for economic growth. Hence, these
countries are always looking to expand their exports to
benefit from opportunities, financial resources, earnings,
and other advantages (Behzadnia et al., 2019). So that in
many developing countries such as Iran, the export leap
is defined as a development strategy (Rafiee et al.,
2018). One of the most important features of Iran's
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economy is its strong dependence on oil revenues
(Ahmadi and Kiani rad, 2016). The dependence of the
economies of Iran and other oil-producer countries on
oil revenues and the impression of these revenues from
political and economic issues has made the economies
of these countries vulnerable. Therefore, any fluctuation
in oil prices will lead to a deficit in their balance of
payments (Mehrparvar Hosseini, 2013). One of the
ways to face this challenge is to develop products that,
while improving the domestic economy, increase non-
oil exports. Therefore, it is necessary to expand the
export of non-oil products and diversify the country's
foreign exchange earnings which encouraging non-oil
exports, including agricultural goods and conversion
industries, can be a good alternative (Ahmadi and Kiani
rad, 2016). Export development in the agricultural
sector requires the recognition of potential export
products and global markets (Palouj, 2018). The export
of goods to foreign markets is done with the aim of
making continuous profit and income with the
satisfaction of consumers. In situations where markets
are competitive, in addition to the facilities and
capabilities of each country in the production and export
of goods, knowledge of export markets and target
markets is essential. One of the effective factors in
determining the appropriate strategy in the economic
development of any country, under the title of export
development strategy, is to have a comparative
advantage in production and exports. The market
structure  also  represents  the  organizational
characteristics of the market, which can be used to
determine the relationship between market components,
competition, and the nature of pricing in it (Mahmoudi
and Vali Beigi, 2004).

Food processing industries as industries related to
agricultural products are among the most important
industrial groups that can play an important role in the
economic development of countries. The creation and
development of these industries can have a special
effect on increasing the added value of agricultural
products and increase the export value of this sector,
which brings more foreign exchange earnings compared
to the sale of raw materials (Turkmani and Zoghipour,
2008).

Iranian tomatoes are among the agricultural products
that are exported fresh and processed to countries
around the world, and increasing its exports is very
important in the development of non-oil exports
(Modarresi et al., 2020). According to the International
Trade Center, in 2018, Iran's share in the world tomato
export market was 2% and the foreign exchange
earnings from the export of this product in the same
year was about $ 245,000 and ranked 10th, while Iran's
share in the export market of tomato paste was 4.5
percent and the foreign exchange income from it was $
141,000 and it was in the seventh place. As shown in
the maps of Fig. 1 and 2, the situation of Iran's tomato
and paste exports in 2018, the target markets of these
two products for Iran are different, and although the

most important target markets of both products are
Iran's neighboring countries, tomato paste is exported to
more countries in the five continents of the world,
which can be considered as the reason for the longer
shelf life of this product and the possibility of exporting
to countries in farther geographical distances. Due to the
higher price and more foreign exchange earnings of the
processed products of this agricultural product,
including tomato paste compared to the raw product,
completing the supply chain of this product in target
market countries as a trading strategy can strengthen the
country's export revenues and efficient use of
production resources. So that in countries where Iran
has a good position in terms of competitiveness in the
tomato market, branding and market development of the
tomato paste should be on the agenda. For this purpose,
it is necessary to study and compare the competitive
market structure of these two products and the
comparative advantage of Iran in the whole market and
each of the target markets of this country.

Therefore, the purpose of this article is to study and
compare the exporting market structure and Iran's
position in the global tomato and tomato paste market
during 2010-2018 and also to evaluate Iran's
comparative advantages in the export target markets of
these two products in order to better understand the
market and formulate more efficient competitive
strategies. For this purpose, in the following, some
previous researches on market structure and
comparative advantages are going to be discussed.

Farajzadeh and Bakhshudeh (2011) studied the
pistachio global market structure with emphasis on the
strength of the Iran market power that the results
showed, the structure of the pistachio market structure is

a closed oligopoly. Also, Mehrparvar Hosseini et al.

(2013) in their research using the indicators of
concentration ratio and Herfindahl Hirschman, import
and export comparative advantages examined the trade
model and market structure of dates in Iran and the
world in the period 1992-2011. The results
demonstrated the market structure of dates for the world
and Iran's target market have become more competitive
during this period and contrary to the reduction of Iran's
revealed comparative advantage index, still this country
has competitive power in the world market.
Khodavardizadeh and Mohammadi (2017), in their
research, determined the comparative advantage and
analyzed the global market structure of medicinal plants
in the period 2000-2011, which showed the comparative
advantage of Iran's exports was not stable and fluctuated
during the studied years. Also, the global export market
of medicinal plants during this period follows three
types of monopolistic competition, open oligopoly, and
close oligopoly. In the study of Ahmadi and Kiani Rad
(2016), using the export comparative advantage and
Herfindahl-Hirschman indices, Iran's competitive power
in exporting tomato paste was investigated, which based
on the results obtained during the period 2014-2001,
Iran's exports did not have an advantage and had many



Ghasemi et al., Iran's Export Competitiveness in the Supply Chain of Tomato Paste in the Target 399

fluctuations. Meanwhile, all major exporting countries Ishchukova and Smutka (2013), and Mirbagheri et al.
(China, Italy, United States of America, Spain, Portugal, (2019) who have studied the market structure and
and Turkey) have had a stable export trend. Other competitiveness in the market of various products.

studies in this field include Aminizadeh et al. (2014),
Ferto and Hubbard (2003), Gajurel and Pradhan (2012),

Fig. 1- Map of Iran’s tomato export to the world in 2018
Source: International Trade Center

Fig. 2- Map of Iran’s tomato paste export to the world in 2018
Source: International Trade Center

The purpose of this study is to investigate and supply chain rings. In this regard, after expressing the
compare the global market structure and Iran's revealed research method, the results and suggestions are going
comparative advantages in its target markets of tomato to be presented.
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Materials and Methods

According to international trade theories, in order to
develop exports in any country, proceedings are needed
that include identifying comparative advantages,
prioritizing advantageous industries, and investing in
the development of these activities export (Mahmoudi,
And Vali Beigi, 2004). The law of comparative
advantage in trade means that if a country can export
goods at a lower cost than other countries, it has a
comparative advantage in exports compared to other
countries, and by entering the world trade market, it can
benefit more from the export of goods in which it has a
comparative advantage (Mehrparvar Hosseini et al,
2013).

The market structure represents the organizational
characteristics of the market that can be used to
determine the relationship between market components,
competition, and the nature of pricing in it (Gajurel and
Pradhan, 2012). The most well-known indicators of
market structure are the Concentration Ratio Index
(CRn) and the Herfindahl-Hirschman Index (HHI).
Therefore, in this research, in order to study the global
market structure of tomato paste and tomato, the two
mentioned indicators have been used, which are
introduced in the following.

1- Concentration ratio (CR,): The concentration

ratio of top n the largest firms in the market, indicates
the total ratio of market sales to total market size by
these firms. This index can be presented as Equation (1)
(Khodaverdizadeh and Mohammadi, 2017):

n

CR, = ZS" (€

i=1

In this equation, n is the number of large countries
(usually the top four exporting countries) active in the
tomato paste and tomato markets, S; is the market share
of the i country and CR, is the concentration ratio of
top n large countries.

2- Herfindahl-Hirschman Index (HHI): Herfindahl-
Hirschmann Index is calculated from the sum of the
quadratic power of the market share of all countries
active in the market. This index is obtained from
Equation &2) (Gajurel, and Pradhan, 2012).

HHI = Zsi 2 @
i=1

Based on Table (1), this index is between two
numbers, zero and one. If this number approaches zero,
the product market will move towards competitiveness
(less concentration) and if it approaches number one,
the market will move towards monopolization (more
concentration).

Table 1- Kinds of market structure and its characteristics

The main feature of the market

Herfinahl-Hirschman

Concentration Market structure

Index ratio
There are more than 50 competitors without a HEHI =0 CR. =0 .
significant market share. N L Perfect Competition
None of the competing firms has more than 10% of the isti
peting ° (1/HHI) = 10 CR, =10 Monopolistic
market. . Competition
4 companies have up to 40% of the market. 6= (1/HHI)=10 CR, =40 Open Oligopoly
4 companies have at least 60% of the market. 3= (1/HHII=6 CR, =60 Close Oligopoly
More than 50% of the market is owned by one firm. 1=({1/HH =3 CR, =50 Dominant firm
One firm monopolizes the entire market. HHI =1 CR, —100 Monopoly

Source: Maddala et al. (1995)

Based on the theoretical literature, the revealed
comparative advantage index is a measure of export
competitiveness (Salami and Pishbahar, 2001), which
has been used in many studies as seen in the previous
section. This index is obtained from Equation
(Amirnejad et al.ﬁ,‘ 2015):

ij

X Xij
RCAs = Ty ®
XL jXij

In this equation, Xi; is the value of exports of goods i
by country j, >iXj is the total value of exports of the
country under study, YjXij is the value of exports of the
goods 1 in the world and Y;i>X; is the total value of
world exports. In other words, the numerator of fraction

is the share of export goods i from the total exports of
the country under study and the denominator is the
deduction of the share of global exports of goods i from
the total exports of the world. The value of the RCA;
index in the range of zero to one indicates a lack of
advantage and in the range of one to infinity illustrates
the existence of comparative advantage and the move
towards trade specialization (Mehrparvar Hosseini et
al., 2013). The growing trend of this index demonstrates
the improvement of a country's competitive position in
the global market of that product. In addition, large
fluctuations in this index over time can be considered a
measure of instability in a country's trading system.
Changes in comparative advantage may be due to
reasons such as changes in the relative cost of producing
goods, exchange rates, domestic trade barriers, or
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countries that want those goods (Salami and Pishbahar,
2001).

In this article, the revealed comparative advantage
for exporting tomatoes and tomato paste to the target
countries of Iran is also calculated. Thus, using
Equation (3), this time for Xj; the value of Iran’s exports
of goods i to country j, for Y iXj; the total value of Iran’s
exports of goods i, for YjX; the value of exports of
goods i from all over the world to country j, and for
>i>iX is the total value of exports of goods i in the
world.

Considering that in the revealed comparative
advantage index for export, the absence of comparative
advantage in the range of zero to one and the existence
of comparative advantage in the range of one to infinity
are defined, to symmetrize this interval, the revealed
symmetric comparative advantage index can be used
next to this index, which is calculated from Equation (4)
(Aminizadeh et al., 2014).

RscA, = 2c4;— 1
9T RCA; + 1 @

The range of changes in this index is between

negative one and positive one. If the RSCA is between
negative one and zero, it represents that there is no
comparative advantage, and if it is between zero and
positive one, it indicates the relative advantage.

In this study, the data required to calculate the
comparative advantage and investigation the market
structure has been extracted from the website of the
International Trade Center for the years 2010-2018 and
Excel 2019 software has been used to compute the
indicators.

Result and discussion

The most important export target markets for Iranian
tomatoes and tomato paste in the years studied in this
article (2010-2018) are lIraq, Russia, United Arab
Emirates,  Afghanistan, Turkmenistan, Oman,
Kazakhstan, Azerbaijan, Armenia, Pakistan, Georgia,
Qatar, Kuwait, Turkey and Ukraine, which most of
them are neighboring countries of and Central Asia
region. For this goal, first, the indicators of the market
structure were calculated based on the literature, which
the results can be seen in Tables (2) and (3).

Table 2- Tomato market structure & Iran’s situation in it in 2010-2018

5 5

o o I &£ 5 5

Year Leaders of market P} Pyl I I Market structure - «

= - - =z = s

1] <

a e
2010 Netherlands, Mexico, Spain, Turkey 21 59 011 871  Open Oligopoly 1.80 13
2011 Mexico, Netherlands, Spain, Morocco 23 61 0.13 7.92  Open Oligopoly 1.20 12
2012 Netherlands, Mexico, Spain, Morocco 21 61 0.12 8.19  Open Oligopoly 1.60 13
2013 Netherlands, Mexico, Spain, Morocco 20 60 0.12 8.37  Open Oligopoly 0.90 14
2014 Netherlands, Mexico, Spain, Morocco 21 59 011 8.74  Open Oligopoly 1.80 12
2015 Netherlands, Mexico, Spain, Morocco 21 61 012 832  Open Oligopoly 1.50 13
2016 Mexico, Netherlands, Spain, Morocco 24 62 013 7.87  Open Oligopoly 1.50 13
2017 Mexico, Netherlands, Spain, Morocco 21 62 0.12 8.12  Open Oligopoly 1.70 13
2018 Mexico, Netherlands, Spain, Morocco 24 63 0.13 7.91  Open Oligopoly 2.50 10
Average 22 61 0.13 8.23  Open Oligopoly 1.61 12
Minimum 21 59 0.11 7.87  Open Oligopoly 0.90 10
Maximum 24 63 0.13 8.74  Open Oligopoly 2.50 14
Coefficient of variation 0.06 0.02 0.18 0.03 0.575 0.09

Source: Research findings

According to the Herfindahl index, the tomato
market structure has been open oligopoly on average in
the period of years 2010-2018, however, the share of the
top four competitors was more than 60%, which
demonstrated a tendency to the closed oligopoly
structure, and in fact, it states that the top four countries

have a significant market share and other competitors
are competing with each other with their small shares
(Tables 2, 3). Leading countries in the tomato market
for most of the year are the Netherlands, Mexico, Spain,
and Morocco, and in the tomato paste market are Italy,
China, Spain, and the United States, indicating that
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Spain has market power in both chains. Iran's average 1.61 and 5.30 percent, which in the tomato market
ranking in the period 2010-2018 in the tomato and paste showed more fluctuations compared to tomato paste.
market was 12 and 6, respectively, and Iran's share was

Table 3- Tomato paste market structure & Iran’s situation in it in 2010-2018

-

o o I & =

Year Leaders of market po) ps) T I Market structure 2 @

= -~ - I = s

15 <

a e

2010 China, Italy, Spain, USA 27 69 0.16 6.09 Open Oligopoly  3.70 7

2011 China, Italy, USA, Spain 29 70 0.17 5.88 Closed Oligopoly 5.00 6

2012 China, Italy, USA, Spain 29 68 0.16 6.14  Open Oligopoly  6.10 6

2013 China, Italy, USA, Spain 27 69 016 6.29 OpenOligopoly 490 6

2014 China, Italy, USA, Spain 26 68 0.15 6.65 Open Oligopoly  5.50 6

2015 China, ltaly, USA, Spain 26 68 0.15 6.70  Open Oligopoly 580 6

2016 Italy, China, USA, Spain 23 65 0.14 7.31  OpenOligopoly 640 6

2017 Italy, China, USA, Spain 22 64 0.13 7.54  OpenOligopoly 620 6

2018 Italy, China, USA, Spain 23 65 014 732 OpenOligopoly 4.50 7

Average 26 67 0.15 6.66 Open Oligopoly  5.30 6

Minimum 22 64 0.13 5.88 Closed Oligopoly 3.70 6

Maximum 29 70 0.17 7.54  Open Oligopoly  6.40 7

Coefficient of variation 0.10 0.03 0.09 0.09 0.17 0.07
Source: Research findings

Table 4 shows the results related to the revealed much greater comparative advantage for Iran, which
comparative advantage index for tomato and tomato illustrates that this processed product has had more
paste export of Iran, which Iran had a comparative competitive compared to fresh Iranian tomatoes in the

advantage in the export of both products in the period supply chain.
2010 to 2018. But the export of tomato paste has had a

Table 4- Iran's comparative advantage for export in the global markets of tomatoes and tomato paste in the period 2010-2018

Tomato Tomato paste

Revealed Revealed

Revealed symmetric Revealed symmetric

Year comparative . comparative .
comparative advantages comparative advantages
advantages advantages

2010 3.98 0.60 7.96 0.77
2011 2.92 0.50 12.27 0.84
2012 3.81 0.58 13.99 0.86
2013 2.74 0.47 13.70 0.86
2014 3.98 0.60 12.18 0.84
2015 3.50 0.56 13.11 0.85
2016 3.50 0.56 14.04 0.86
2017 3.98 0.60 14.62 0.87
2018 6.35 0.73 11.27 0.83
Average 3.87 0.57 12.57 0.84
Minimum 2.74 0.47 7.96 0.77
Maximum 6.35 0.73 14.6 0.87
Coefficient of variation 0.26 0.12 0.16 0.03

Source: Research findings
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Tables 5 and 6 show Iran's revealed export
advantage for tomato and its paste in the most important
target markets of Iran, most of which are neighboring
countries. Among the target countries, tomato exports to
Turkmenistan had the highest advantage on average,
and the growing trend of this index, regardless of its
fluctuations, represents an improvement in Iran's
competitive position in the market of this country. Iran
in Afghanistan’s tomato paste market, with an average
of 16.89 RCA, has the most competitive power among
other competitors in the market of this country. Also,

Iraq is in the third place of target markets in terms of
comparative advantage, contrary to the high volume of
imports of this product from Iran, compared to other
target markets of Iran. That is, despite the large volume
of tomato paste exports to Iraqg, Iran's competitiveness in
this market is less compared to its power in Afghanistan
and Turkmenistan. A number greater than one for RCA
in Afghanistan, Turkmenistan, Irag, Pakistan, and the
United Arab Emirates shows a comparative advantage
in exporting tomato paste to these countries.

Table 5- Revealed comparative advantage for exporting tomatoes to Iran’s target export countries in 2010-2018

[
=3
T —
o > c X >
=) 3 ) N > R ®
= 25 % 3 98 3 5 2 8 %
Year £ g & 3 8 2 z 5 3 7z §8 3
& m o bR S 28 =Y = o =. =
3 5 g 5 5 = =2 ®
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2017 448 10 31 6565 583 17 14 63 263 220 0.08 146
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Average 431 04 20 420 599 07 12 253 7.0 2.9 0.1 2.9
Maximum 542 14 70 749 915 34 20 481 263 220 05 146
Minimum 279 01 01 230 366 01 04 6.3 0.3 0.1 0.1 0.1
Coefficient of variation 021 11 11 04 03 16 05 05 11 24 10 20

Source: Research findings

As mentioned in the previous section, large
fluctuations in the RCA index over time can be
considered a measure of instability in a country's trading
system (Salami and Pishbahar, 2001). Based on the
number obtained for the coefficient of variance, the
revealed comparative advantage of Iran's exports of
tomatoes and tomato paste to Turkmenistan and
Afghanistan, respectively, had the least volatility, which
indicates stability in these two markets, while being
competitive. Therefore, penetration in these two markets

can be a priority for Iran, and also this country can
develop the market of other products in the tomato
supply chain, due to its branding and position in these
two markets. It is noteworthy that Iran's competitiveness
in the tomato paste market of Turkmenistan has had a
decreasing trend, despite the improvement of the
competitive situation in the tomato market of this
country, which necessitates attention to progress the
marketing activities of tomato paste with emphasis on
the Iranian tomato brand.
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Table 6- Revealed comparative advantage for exporting tomato paste to Iran’s target export countries in 2010-2018
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2013 992 1805 089 162 039 025 004 005 040 1147 0.01 0.03
2014 789 1548 128 169 022 090 010 0.17 3.87 819 0.06
2015 9.44 16.00 0.72 179 0.83 060 006 010 190 444 005 0.16
2016 840 1438 0.72 212 112 156 0.03 185 595 0.01 0.10
2017 842 1489 063 3.13 110 058 051 075 140 1426 0.02 0.9
2018 740 1929 045 326 0.89 036 102 051 009 9.9 0.02 048
Average 9.37 1689 080 289 061 054 031 018 128 1181 0.03 0.22
Maximum 1261 2251 128 6.74 112 156 1.02 0.75 3.87 2270 0.06 0.95
Minimum 740 1438 045 059 022 009 001 001 009 444 001 0.03
Coefficient of variation 0.17 0.16 032 0.67 061 0.86 119 148 096 047 070 1.41

Source: Research findings

selection of target markets, Iran's export advantages in
its important target markets for both products were
examined and the results demonstrated, the export of
Iranian tomatoes and tomato paste to Turkmenistan and
Afghanistan, respectively, have had the highest
advantage and the lowest fluctuation in the export
advantage index, which indicates competitiveness and
stability in these two markets. Therefore, penetration in
the markets of these two countries can be a priority for
Iran and according to the branding and the position of
the country in these two markets, the market of other
related products in the Iranian tomato supply chain can
also be developed in them. Due to the declining trend of
Iran's competitiveness in the tomato paste market of
Turkmenistan, contrary to the improvement of the
competitive situation in the tomato market of this
country, it is recommended to pay attention to the
improvement of marketing activities of tomato paste
with emphasis on the Iranian tomato brand. Also, due to
the higher comparative advantage of tomato paste
compared to tomatoes, its higher added value, the
possibility of more branding and capability of storage

Conclusion

Considering the role of non-oil exports, agriculture
and food processing industries in the country's foreign
exchange earnings, the objectives of this study were to
compare the global market structure of tomato and
tomato paste as two links in the tomato supply chain and
to calculate the revealed comparative advantage of the
export of these two products in the world and the target
countries of Iran. Based on the results, the open
oligopoly structure of tomato and tomato paste global
markets in the most years of the period 2010-2018,
despite the high share of the top four market powers,
illustrates a slight share of more competitors and more
competition between them. But given the large share
and stability of market leadership, it is unlikely that
small competitors will be able to capture large countries
of markets. Therefore, it is suggested that Iran, with an
average share of 1.61 percent in the tomato market and
5.30 percent in the paste market, prioritize a number of
markets in which it has more competitiveness for
market penetration, market development and branding.
In this article, in order to create a clear picture for the



Ghasemi et al., Iran's Export Competitiveness in the Supply Chain of Tomato Paste in the Target 405

priority to use the country's domestic production and transportation, it is suggested, with the development
resources such as water and energy and subsidies of investment in food processing industries and the
allocated to it in an efficient system by producing the completion of supply chain and marketing, development
most added value and foreign exchange revenue. of the export market of tomato paste should be given
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Abstract

Modern irrigation systems are considered as a way to both respond to the effects of climate changes and
improve the water security. Applying such systems, save the water used in farming activities and consequently
made some environmental challenges in terms of increasing energy consumption and greenhouse gas emissions.
Although some recent studies analyzed the relationship between water and energy in the agricultural irrigation
systems, considering the objectives on productivity, adaptation, and mitigation in a cropping pattern optimization
problem is necessary. Climate-Smart agriculture as a strong programming concept, addresses these three
objectives and has created the potential for a "triple-win" solution. This study is an effort to fill the study gap on
triple-win solution in modern irrigation by developing an integrated economic-hydrological-environmental
model called WECSAM at the basin level using a hydrological model called WEAP. For this purpose, a multi-
objective optimization model has been developed with the concepts of water footprint, energy footprint, and the
greenhouse gas emissions in the context of CSA. We applied the model to the northern region of Bakhtegan
basin called Doroodzan irrigation network located in Iran. The result of the WECSAM model indicated that by
simultaneously optimizing the conflicting objectives of maximizing profit and minimizing water footprint,
energy footprint, and CO; emissions, as compared to the single-objective model of maximizing economic profit,
the water footprint decreases by 8.2%, Energy footprint decreases by 21.2%, CO. emissions decreases by 6.9%
and profit decreases by 7.4%. The share of each system in irrigating the water-smart, energy-smart, and climate-
smart cropping pattern is as follow: 54% for drip system, 26% for semi-permanent sprinkler system, 11% for
surface systems, 8% for center-pivot, and <1% for classic permanent sprinkler system.

Keywords: Cropping Pattern, Climate-Smart Agriculture, CO, Emission, Irrigation Systems, Multi-objective
Optimization, Water Footprint

Introduction

Increasing world population and consequently
expanding demand for agricultural crops
associated with the pressure on water resources
caused by climate change, has made a major
challenge for agriculture to ensure food security of
communities (Escriva-Bou et al., 2018; Wang et
al, 2017; Galan-Martin et al., 2017). In recent

(*- Corresponding Author Email: Djahangirpour@shirazu.ac.ir)

decades, one of the main adaptation strategies to
respond to food security challenge is the
development of irrigated agriculture and improving
the water use efficiency (Garcia et al., 2014;
Tarjuelo et al., 2015; Hardy et al., 2012; Daccache
et al., 2014; Schwabe et al., 2017; Hanjra &
Qureshi, 2010). Irrigation cultivation area
worldwide has increased from 161,148,000 ha in
1961 to 338,710,000 ha in 2018. More than 70% of
the surface and groundwater are have been applied
for the agricultural application (Dehghanipour et
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al., 2020) while 90% of this amount is consumed
in arid and semi-arid regions (Tarjuelo et al., 2015;
Molden, 2013). Development of modern irrigation
infrastructure and pressurized irrigation systems, as
a strategy to improve both water and food security
through increasing crop yield and reducing
irrigation water use, plays a substantial role in
intensifying the production of agricultural crops in
arid and semi-arid areas (Fouial et al., 2016).

The modern irrigation technologies are
considered as a way to manage the effects of
climate change as well as to improve the water
security. Nevertheless, although some modern
irrigation  technologies may save the water
consumption volume (Playan & Mateos, 2006),
employing such systems as a single strategy to
respond to rising food demand contains a serious
challenge in terms of increasing Energy
consumption as well as greenhouse gas (GHG)
emissions, and even economic challenges
(Mushtaq et al., 2013; Schwabe et al., 2017). so
recently, many researchers has been paid attention
to study the performance of these systems
(Rodriguez-Diaz et al., 2007; Fernandez Garcia et
al., 2014; Daccache et al., 2014; Hardy and
Garrido, 2012; Levidow et al., 2014; Mushtaq et
al., 2013; Rodriguez-Diaz et al., 2012; Carrillo
Cobo et al., 2014; Zhao et al., 2020; Tarjuelo et
al., 2015; Mateos et al., 2018; Espinosa-Tason et
al., 2020). In this matter, world statistics indicate
that about 23-48% of the world's agricultural
energy is directly consumed by the irrigation
pumps (Mushtaq et al., 2013; Zhao et al., 2020). A
study conducted by Fernandez Garcia et al. (2014)
revealed that with the development of modern
irrigation systems, the water consumption has
decreased by 23%, while the water costs have
increased by 52%, mainly due to higher energy
requirements. Espinosa-Tason et al. (2020), by
creating “energized-water” term, showed that the
conversion of the furrow irrigation system to drip
and sprinkler irrigation systems in Spain, generated
600% increase in the energy consumption, tripled
the cultivation area in the 1950-2017 period, and
also doubled the water consumption for some
periods. They indicated the importance of paying
attention to choosing the irrigation methods in the
management of agricultural systems.

Although some recent studies provided valuable
analyses of the relationship between water and
energy in the agricultural irrigation systems, and
also highlighted the importance of extending these
studies in water-scarce areas, but a significant
number of them have resulted that there are some

gaps in this field that required to be supplemented
with more efforts. In this regard, Rodriguez Diaz et
al. (2011) by developing a water and energy
consumption assessment method in the pressurized
irrigation  networks in 10 sub-basins of
representative Andalusian, concluded that there is
a high requirement for energy to implement these
irrigation systems. Accordingly, they suggested
that water and energy should be optimized
simultaneously. Mushtaq et al. (2013) using an
integrated economic-environmental model,
surveyed the trade-off between water storage,
energy consumption, greenhouse gas emissions,
and economic benefits in sprinkler, drip and
surface irrigation systems. By emphasizing the
complexity of exploring the effectiveness of
modern irrigation systems to achieve the irrigation
efficiency on farms, they showed that in order to
optimize investment in new irrigation technologies,
items that should be considered simultaneously in
the crop system are adaptation, and mitigation
measures. In this way it’s possible to achieve the
most economic benefits, manage the effects of
climate change, and also minimize negative effects
on the environment.

Thus, to deal with the existing challenges, three
factors of productivity, adaptation, and mitigation
should be synthesized in management of
agricultural systems. The concept of climate-smart
agriculture (CSA) as a strong programming
concept has been able to solve these three
objectives simultaneously, which has created the
potential for a "triple-win" solution (Long et al.,
2016; Neufeldt et al., 2013). Here, the CSA is
resistant to the climate change by improving
productivity, sustaining farm incomes, increasing
the water use productivity, and reducing the GHGs
emissions. Water-smart, energy-smart, carbon-
smart and knowledge-smart technologies can
significantly, directly or indirectly, improve
productivity, increase flexibility, and decrease the
GHGs (Imran et al., 2019). It should be noted that
CSA contains a wide range of technologies and
practices, in which water and energy management
are the most important (Palombi & Sessa, 2013;
Olayide et al., 2016; Streimikis et al., 2020;
Bogdanski, 2012). Nonetheless, having in mind the
location-specific property of CSA (Palombi &
Sessa, 2013), the technologies and practices
employing in each region should be investigated to
confirm its accordance with the CSA objectives.

In recent years, irrigation of many crops has
been shifted towards modern irrigation systems
and the level of irrigated cultivation area has
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increased in types of:

e Classical permanent
system;

e Semi-portable sprinkler irrigation system;

e Center-pivot irrigation system;

e Drip irrigation system.

Supporting farmer’s livelihood, and,
simultaneously, decreasing in river inflow as well
as available water shrinkage, highlighted the
importance of the integrated agricultural
management.

It can be clearly concluded that regardless of
the technical factors, the selection of irrigation
systems in a region can meet the objectives of
adaptation, mitigation, and productivity
simultaneously only if its optimization take place
alongside with cropping pattern in the context of
CSA objectives. Although the importance of this
problem has been highlighted in many studies, but
in our knowledge, no study by now has presented
the problem to optimize the cropping pattern and
irrigation system based on CSA objectives. This
study is looking to fill the study gap by developing
an integrated economic-hydrological-
environmental model at the basin level using a
hydrological model called WEAP!, which is a
multi-objective optimization model synthesizied
with the concepts of water footprint, energy
footprint, and the GHGs emissions in the context
of CSA. We are trying to answer questions on the
necessity of converting to modern irrigation
systems for all crops in order to achieve the
objectives of CSA and what combination of crops
and irrigation systems can be acceptable to obtain a
smart farming system.

sprinkler irrigation

Methodology
The water supply challenges, by maximizing

the farmers' profits while ensuring the
sustainability of the natural ecosystem, require the
use of multi-objective optimization models
(Giupponi, 2007). In this study, in order to meet
the objectives of CSA to determine the optimal
cropping pattern and irrigation systems, these
following objectives are considered:

e Maximizing economic profit

Minimizing water footprint

Minimizing energy consumption

Minimizing CO, emissions
One of the most important parts of these
components is the water resource available in the

1- Water Evaluation And Planning System (WEAP)

basin, which should be allocated among urban,
industry and agriculture sectors using different
policy priorities and also between different crops.
In some studies, fuzzy methods have been applied
to deal with this uncertainty (Li et al., 2019;
Mardani Najafabadi et al, 2019). However, in
some other studies, it is suggested that basin
simulation models can be applied to facilitate
decisions related to complex irrigation systems that
depend on various variables, parameters,
processes, and uncertainties (Escriva -Bou, 2018;
Mirzaei & Zibaei, 2020). In this study, we utilized
the WEAP-MABIA model to determine the
amount of available water as well as simulating the
yield and water requirements of crops in the study
area. Likewise, by calculating the effective
evapotranspiration by WEAP, the water footprint
index was considered instead of the usual physical
requirement. Compared to physical water, the
water footprint is a more useful tool to achieve
cleaner production in real-world agricultural water
management practices (Dai et al., 2021). A
complete description of the general framework of
the model, the WEAP-MABIA model, multi-
objective mathematical model for obtaining water
and energy footprints, and CO. emissions are
described in the following sections.

Integrated Model Context

The general framework of the model is
provided in Fig. 2. In the first step, by entering the
climate data, land use, soil, water resources, plant
information, irrigation, and agricultural, city,
industry, and environmental demand sites and their
approved priorities in the region, finally calibrating
the WEAP model, we were able to simulate the
actual measures of water resources, water
requirement, and crop Yyield. Besides, with the use
of effective evapotranspiration, and reference
transpiration obtained from the WEAP model, the
water footprint index of the selected crops is
calculated in the region. The energy footprint per
hectare has been calculated for different irrigation
crops and systems by using information on the
irrigation systems and energy, water consumption,
and crops yield. Meanwhile, using the emission
data described in the section data, the emission
amount of each crop was assessed in different
irrigation systems. After these calculations, a
multi-objective hydrologic-economic-
environmental model was set. By solving the
multi-objective model using the genetic algorithm
(GA) method, we obtained the Pareto frontier
function. Then, by giving the same weights to our
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four objectives in TOPSIS method, the most
effective crop pattern irrigated with the best
combinations of irrigation systems was chosen as
well.

Water Evaluation and Planning System (WEAP)
The Water Evaluation and Planning System
(WEAP) is a useful and practical tool for the
comprehensive water management (Esteve et al.,
2015; Blanco-Gutiérrez et al., 2013), which was
developed by the Stockholm Environment Institute
(SEI). WEAP, in addition to being a tool for
forecasting and policy analysis, by considering the
supply and demand sides of water resources, can

provide a comprehensive delineation of the current
state of water supply resources as well as demand
side of the basin (Yates et al., 2005). By
employing the MABIA method in WEAP, the
processes of evapotranspiration, runoff,
infiltration, and irrigation requirements at the basin
can be simulated. The MABIA method is a daily
simulation of evapotranspiration, irrigation and
planed requirements, crop growth and yield, which
includes some modules to estimate reference
evapotranspiration and soil water capacity (Jabloun
& Sahli, 2012).

Land-use data
Soll data
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Fig. 1- Framework of the Water-Energy-Climate Smart Agriculture Model (WECSAM)

Table 1- Cropping pattern of the study area

Catchment Area (ha) Crop pattern

Main & Abarj 9317 Wheat (67.5%), Barley (1.8%), Tomato (6.7%), Rice (17.2%), Corn (3.1%)
Left side 14481 Wheat (64.6%), Barley (3.9%), Tomato (6.7%), Rice (2.6%), Corn (20.6%)
Ordibehesht 6015 Wheat (76.2%), Barley (4.2%), Tomato (2.4%), Rice (1.6%), Corn (9.3%)
Hamoon 16078 Wheat (74.6%), Barley (18.2%), Rice (1.1%), Corn (1.1%)

Continue of the left 7714
Continue of the right 3240

Wheat (64.2%), Barley (17.4%), Tomato (1.9), Corn (7.3%)
Wheat (88.9%), Barley (11.1%)

Total 56845

Wheat (70.5%), Barley (90%), Tomato (3.3%), Rice (4.0%), Corn (8.0%), Others (4.3%)

In order to simulate evapotranspiration,
effective rainfall, water requirements of crops,
yield, and water available for agriculture in this
study, city demand node with priority 1, industrial
demand node with priority 2, and agricultural
catchments and the environmental demand of
Bakhtegan wetland with priority 3 were defined.
Since Doroodzan irrigation network is divided into
6 regions, 6 agricultural catchments are defined so
that available water resources and cultivation areas
and other information can be carefully entered into
the model. However, as the decisions are made for

the multi-objective model at the level of the
irrigation network, the whole area has been
aggregated. Information on the cultivated areas are
reported in Table 1.

The model was calibrated by comparing the
observed and simulated values of variables like
river flow, yield and water requirement. Plant
parameter including basal crop coefficient were
used for calibration, and the values of calibrated
water need and yield is presented in Table 2.
Model accuracy is measured using the standardized
bias score that showed a good level of accuracy
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with a bias of less than 20% (see Esteve et al.
(2015)).

Table 2- WEAP calibration parameters

Parameter Barley Forage crop Rice Tomato Wheat
‘basal’ crop coefficient, Keb” 0.50 0.67 0.92 0.68 0.55
Net water requirement™ (m?) 2759.93 3113.49 11333.55 8889.42 3332.16
Yield (tons) 2.88 58.44 5.35 67.72 455

*Average of three stages of plant growth
** Weighted average of irrigated catchments

then were included in the proposed model. In the
following, the objectives and constraints of the
model are described and also the definition of the
symbols used in the model are available in table 3.

The profit of the agricultural system. The
most important criterion that many decision
makers consider to choose the cropping pattern at
different scales from a farm to region, is the profit
obtained from the agricultural activity, which
reflects both economic development (at regional
scale) and farmers' livelihoods and income (on a
farm scale) (Li et al., 2019). The profit function is
explained using Eq. (1).

Profit™* = ¥ ¥ (Income_, — Cost.) xx., (1)

Income,. = F. =¥, (2)
Cost,, = (WN./effi) = CW + QE,, x CE+
C5V5,.. + 0IC, (3)

Water footprints. In this study, instead of
minimizing the physical volume of water
consumption, minimizing water footprint per
hectare was considered. By minimizing the water
footprint index, several objectives can be achieved
simultaneously: decreasing water consumption,
increasing water efficiency, and reducing pollution
per unit of crop (Hoekstra, & Chapagain, 2011,
Hoekstra et al., 2009).

WFP™" = ¥ ¥ WF, % x,, 4)

Energy footprint. The energy footprint index
is calculated with the aim of determining the
amount of energy consumed (Li et al., 2015). Due
to the importance of reducing energy consumption
in applying modern irrigation systems, minimizing
the energy consumption (energy footprint) per
hectare, was entered in the proposed model as an
objective:

EFP™" =¥, EE, X %, 5)

CO; emission. The energy used for pumping
and irrigation emits the significant carbon
emissions, which accelerates the process of climate
change and global warming. As such, this is one of
three scopes of CSA to reduce or eliminate the
greenhouse gas emissions in the agricultural sector.
Thus, minimizing CO, emissions was considered

Water Footprint

To effectively manage water resources as well
as to minimize the water consumption, it is
essential to define appropriate criteria and integrate
them into support tools and decision-making
models. The concept of water footprint, first was
introduced by Hoekstra as a quantitative measure
of the water volume consumed per unit of crop as
well as the volume of water required to dilute
pollution (Hoekstra and Chapagain, 2011). Green,
blue, gray, and white water footprints for wheat,
rice, tomato, barley, and forage corn in the study
area were estimated using the proposed framework
developed by Ababaei & Etedali (2014). The green

water footprints represent part of the total
evaporative flow allocated to human purposes,
whereas the blue water footprints represent the
volume of groundwater and surface water
consumed for the human requirements. Besides,
the volume of water required to dilute wasted
manure (using runoff or deep infiltration) indicates
a gray water footprint. In this study, following
most studies, the gray water footprint was
calculated only for nitrogen fertilizers as the most
important source of agricultural land pollution in
Iran (Ashktorab & Zibaei, 2021). At the end, the
white water footprint was also calculated based on
the proposed method by Ababaei & Etedali (1).

Multi-objective Model

A multi-objective optimization model was
developed to determine a Water-Energy-Climate
Smart Agriculture Model called “WECSAM’. For
this purpose, some conflicting but vital objectives
were set for the smart allocation of water and land
resources between wheat, barley, rice, tomato, and
forage corn in the study area. In this model, the

system profit, water footprint, CO, emissions, and
energy footprint can be optimized with regard to
water and land resources constraint in different
irrigated water seasons. Each crop was entered into
the model in six separate activities, depending on
the irrigation system. Besides, the technical
coefficients and available resources for water and
land inputs were calculated by planting season, and
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reproductive process of genetic algorithm was
described by the following steps: producing a
population of chromosomes, evaluation of the
fitness, forming a loop to generate new population,
repeating the process of selection, crossover,
mutation, and accepting until the population is
completed, running the algorithm using new
generation, evaluation of stopping criteria
(Khoshnevisan et al., 2015). MATLAB
optimization program finds the minimum of each
objective function when it solves an optimization
problem. So, objective functions ought to be
maximized should be multiplied by (-1)
(Elsoragaby et al., 2020). More details about GA
can be found in the literature (Collette & Siarry,
2004).

TOPSIS

After solving the multi-objective model and
achieving the optimal Pareto frontier, the most
effective Pareto solution can be chosen based on
the different attitudes of decision makers and
stakeholders, which is implemented in the TOPSIS
method. This is an easy way to rank available
options based on different criteria. Mentioned
method that chooses the shortest distance from the
ideal point as the best alternative, is one of the
compromise methods (Mirzaei & Zibaei, 2020).

as another objective of this study:

CE™n = Eszr COpz-2pe (6)
0., =CEF-QF + CEP-QF. + CEPD -QFPD, + CET -
QEI. + COI

(7

Constraints. Due to the differences in the
planting season in the cultivation pattern of the
region, the constraints of water and land resources
were defined in different planting seasons (eq.8-
eq.13). Eq. 12 is the constraint of economic output
to guarantee the livelihood of farmers and
economic development.

Y. Y. LANDS1,, % x ., < TL51 (8)
Y. 2. LANDS2,, x x ., < TL51 (9)
Y. E WATS1_ x x_, = (SW51 + GWS1) (10)
Yo WATS2, x x ., < (SW51 + GWS1) (11)
Y. Y. 6M,, % x . = Prof™" (12)
Hozys £ 0

Genetic algorithm

Multi-objective economic-hydrologic-
environmental problem solved by Genetic
Algorithm (GA) method using MATLAB toolbox.
Collette & Siarry (2004) refer to genetic algorithm
as a "comprehensive heuristic search" that often
solves complex problems that are not possible to
be solved with conventional methods. The

Table 3- The nomenclature of the parameters and variables used in WECSAM model

Symbol Definition

Indices

c Index of crop

S Index of irrigation system
Max Superscript for maximum
Min Superscript for minimum

Decision variable

XKes Land use allocation to crop c irrigated with system s (ha)

Objective functions

Profit™ma Maximum system profit (10 Rials)

WFPmMin Minimum water footprint (m%ha)

EFpmin Minimum energy footprint (Kw.h/ha)

CEMin Minimum CO2 emission (kg)

Parameters

Incomecs Income of crop c irrigated with system s (10 Rials)

Cost csys Costs of crop c irrigated with system s (10 Rials)

Pc Price of crop c (10 Rials)

Yes Yield of crop c irrigated with system s (tons)

WNc Water required for crop ¢ (m3/ha)

Effs Efficiency of irrigation system s

CwW Costs of water utilization (10 Rials)

QEcs Quantity of energy use for crop c irrigated with system s (kw.h/ha)
CE Costs of electricity utilization (10 Rials)

CSYSes Costs of system for system s implemented for crop ¢ (10 Rials/ha)
OIC:. Other inputs costs for crop ¢ (10 Rials)

WFes Total water footprint of crop c irrigated with system s (m3/ha)
EFcs Energy used per ha for crop c irrigated with system s (kw.h/ha)
COcs CO2 emissions of crop ¢ irrigated with system s (kg co2/ha)

CEF Carbon emission coefficient of fertilizer utilization for crop ¢ (kg co2/kg)

QF: Fertilizer utilization amount per unit area of crop ¢ (kg/ha)
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CEP Carbon emission coefficient of pesticide utilization for crop ¢ (kg co2/kg)
QP. Pesticide utilization amount per unit area of crop c (kg/ha)

CED Carbon emission coefficient of diesel oil utilization for crop ¢ (kg co2/L)
QD¢ Diesel oil utilization amount per unit area of crop ¢ (L/ha)

CEl Carbon emission coefficient of electricity (kg coz/kw.h)

QElc Electricity utilization amount per unit area of crop ¢ (kw.h/ha)

Cl Carbon emission coefficient of irrigation area (kg coz/ha)

LANDS1¢s Land coefficient for winter crops irrigated with system s (ha)

TLS1 Total land available for winter crops (ha)

LANDS2¢s Land coefficient for summer crops irrigated with system s (ha)

TLS2 Total land available for summer crops (ha)

WATSLes Water need of winter crops irrigated with system s (m?ha)

SWS Total surface water available for winter crops (ha)

GWS Total ground water available for winter crops (ha)

TWATS1 Total water available for winter crops (ha)

WATS2cs Water need of summer crops irrigated with system s (m®/ha)

TWATS2 Total water available for summer crops (ha)

GMcs Gross margin of crop c irrigated with system s (10 Rials /ha)

Profmin Minimum expected profit (10 Rials)

Areacmn Approved minimum area allocated for crop ¢ (ha)

Data collection and processing

The data needed to implement the WECSAM
model were collected from a variety of sources,
including local specialist organization, statistical
yearbooks, interview with farmers and experts, and
the experimental studies. The data required for the
WEAP model, including climatic information of
the region (maximum and minimum temperature,
precipitation, relative humidity, wind speed and
sunny hours) were collected from the information
of Doroodzan and Zarghan synoptic stations
(Meteorology Organization of Iran (IRIMO),
2020). Land use and water consumption for
agriculture, industry and urban, and also soil types
and groundwater resources were extracted from the
reports of Fars Regional Water Organization
(Regional Water Company of Fars, 2020).
Information on planting and harvesting dates,
irrigation and potential yield of the region was
obtained from interviews with farmers and
specialists of the regional agriculture department.
The minimum area under cultivation for each crop
is an amount approved by the Agriculture-Jahad
Organization for this region, which is set at 2160
for barley, 3200 for forage corn, 2000 for rice, 960
for tomatoes, and 14400 for wheat.

The energy required to extract one cubic meter
of water in different irrigation systems in the study
area and the cost of each irrigation system per
hectare were calculated and updated from the
results of a research project conducted by Liagat et
al. (2012). Distribution and transfer efficiencies of
the region and on-farm application efficiencies by
different irrigation systems were extracted from the
reports of Fars Regional Water Organization
(Regional Water Company of Fars, 2020) and from

the study of Abbasi et al. (2014), respectively.
Information on prices and production costs of
products was obtained from the Database of the
Ministry of Agriculture-Jahad (MAJ, 2020). The
amount of CO2 emissions for each product was
calculated based on the study conducted by Li et
al. (2019) which were equal to 0.9 kgCOy/kg for
chemical fertilizer, 4.93 kgCOy/kg for pesticide,
2.73 kgCO./L for diesel oil, 0.85 kgCO2/kW-h for
electricity, and 740 kgCOy/ha for irrigation.

Study area

The study area, irrigation network and drainage
of Doroodzan, include six construction units
located in the north of Bakhtegan basin on the Kor
River and its gross area is 78553 hectares (as
illustrated in Fig. 2).

More than 90% of the cultivation area in this
region is allocated to wheat and barley crops in
winter and rice, tomatoes and forage corn in
summer. Fig. 1 depicts the geographical location of
the study area.

Results

Irrigation systems, CO2 emissions, water footprints
and energy footprints

Table 4 reports the values of efficiencies for
different irrigation systems. In Doroodzan region,
transfer and distribution efficiencies are 0.88 and
0.78, respectively, but the application efficiency at
farm level varies depending on the irrigation
system used in the field. The efficiency of the
surface irrigation system in this area is calculated
0.58, whereas it is equal to 0.71 for the drip
irrigation system, and is equal to 0.52 for the
classic permanent sprinkler irrigation system.
Semi-portable and center-pivot sprinkler irrigation
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systems are 0.65. In the improved surface
irrigation system, due to the improvement of
distribution efficiency up to 90%, the total
irrigation efficiency could reach at 0.46, known as
the highest efficiency among different systems

after drip irrigation. The amount of electricity
consumption per cubic meter of water in each of
the different irrigation systems is provided in the
last column of Table 4.

e

= e

Table 4- Transfer, distribution, farm irrigation and total efficiency and energy use of per m3 water extraction

Fig. 2- Location of study area

Irrigation systems Transfer Distribution Farm Total Energy (kw.h)
Sysl  Surface 0.88 0.78 058 040 0.30
Sys2  Surface-improved 0.88 0.90 058 046 0.30
Sys3  Drip 0.88 0.78 071 049 0.70
Sys4  Sprinkler-permanent 0.88 0.78 052 036 1.33
Sys5  Sprinkler-semi permanent  0.88 0.78 0.65 045  1.09
Sys6  Sprinkler-center pivot 0.88 0.78 0.65 045 0.89

Source: Regional water Company of Fars

The highest energy consumption is related to
the classical fixed sprinkler irrigation system,
followed by semi-portable sprinkler irrigation.
Moreover, the lowest energy consumption is
related to the surface irrigation system that is
considered 0.4 less than drip irrigation system,
based on literature (Zhao et al., 2020).

In Table 5, the total water footprint per ha
calculated for each crop and each system. The
highest and lowest amount of water footprint were
obtained for rice and barley, respectively. Tomato
was ranked the second in terms of water footprint.
Comeparison of water footprints between crops and

irrigation systems shows that the highest water
footprint was obtained in the surface irrigation
system, whereas the lowest one was for drip
irrigation system. Regarding that both the yield and
the amount of water consumption were involved to
calculate the water footprint, we could expect that
the drip irrigation system potentially has the lowest
amount of water footprint among different crops.

The results of energy footprint per ha are listed
in Table 6. The rice and barley contained the
highest and the lowest energy footprint per ha
respectively.

Table 5- Total water footprint of selected crops by different irrigation systems (m3/ha)

Irrigation systems Barley  Forage corn Rice Tomato  Wheat
Sysl Surface 8866.25 9754.34 30401.95 24262.63 10303.61
Sys2  Surface-improved 794191 6780.05 24674.64 19353.89 7256.08
Sys3  Drip 5657.40 6381.86 23299.66 18291.49 6904.39
Sys4  Sprinkler-permanent 7794.24 8782.90 31768.71 25007.10 9467.31
Sys5  Sprinkler-semi permanent  6345.07 7138.74 25591.14 20104.54 9416.43
Sys6  Sprinkler-center pivot 8131.89 8925.56 27377.96 21891.36 9416.43

Source: Research Findings
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Table 6- Energy footprint of selected crops under different irrigation systems (Kwh/ha)

Irrigation systems Barley Forage corn  Rice Tomato  Wheat
Sysl  Surface 2079.77  2346.19 8540.48 6698.68  2510.97
Sys2  Surface-improved 1802.47 474453 17270.74 13546.22 5077.75
Sys3  Drip 3958.68  4465.80 30886.65 24225.79 9080.94
Sys4  Sprinkler-permanent 10264.45 11579.36 42150.50 33060.53 12392.61
Sys5  Sprinkler-semi permanent  8240.02  9295.61 33837.31 26540.12 6657.24
Sys6  Sprinkler-center pivot 5514.00 6220.37 22643.01 17759.93 6657.24

Source: Research findings

Table 7- COz emission of selected crops under different irrigation systems (kgCO2/ha)

Forage corn  Rice

Tomato  Wheat

Irrigation systems Barley
Sysl Surface 3058.58
Sys2  Surface-improved 2822.87
Sys3  Drip 4655.65
Sys4  Sprinkler-permanent 10015.55

Sys5  Sprinkler-semi permanent  8294.80
Sys6  Sprinkler-center pivot 5977.68

3641.68
5680.26
5443.35
11489.87
9548.68
6934.73

8601.83  7266.48  3500.45
16022.56 13086.89 5682.21
27596.09 22164.53 9084.93
37170.36 29674.06 11899.85
30104.14 2413171 7024.78
20588.99 16668.55 7024.78

Source: Research findings

The results for CO, emission per hectare for
crops with different irrigation systems are reported
in Table 7. A comparison between the emission of
per hectare of different crops shows that rice has
the highest and barley has the lowest amount.
However, all crops reach their maximum emission
amount when irrigated with the permanent
sprinkler irrigation, and the use of improved
surface irrigation diffuses the lowest emission
compared to other irrigation systems.

Results of single-objective models

Four objective functions were considered to
determine the optimal cropping pattern, which
simultaneously involved the choice of irrigation
method. To obtain a clearer analysis, we first
implemented four single-objective  model in
GAMS software separately. The results of single-
objective models are depicted in Table 8. As can
be observed, if the cropping pattern of this region
is determined only with the objective of
maximizing economic profit then products like
barley, forage corn, and rice will enter the pattern
at the minimum approved cultivation area for the
region, and therefore only tomato and wheat
compete with each other in allocation of the
cropping area. The results indicate that in order to

maximize profit, the total cultivation area of the
selected crops will be 54,295 hectares, in which
4% will be allocated to barley, 5.9% to forage
corn, 3.7% to rice, 11.2% to tomatoes, and 75.2%
to wheat. To irrigate this pattern, 3.7% improved
surface irrigation system, 21.1% the drip irrigation,
and 75.2% the semi-portable sprinkler irrigation
would be utilized. The rice will be irrigated with
the improved surface irrigation, whereas barley,
forage corn, and tomatoes will be irrigated with the
drip irrigation, and finally wheat will be irrigated

with semi-portable sprinkler irrigation.

If the objective of cropping pattern selection in
the study area, is to minimize the greenhouse gas
emissions, then 2160 hectares of barley with the
improved surface irrigation system, 13298 hectares
of forage corn, 200 hectares of rice with surface
irrigation system, 960 hectares of tomatoes with
the drip irrigation system, and 34281 hectares of
wheat with the surface irrigation system are
included in the cropping pattern. As such, in this
case, most of the cultivation area is irrigated using
a surface irrigation system. In this case, 52698.8
hectares of the region's arable lands are cultivated
with the selected crops, in which 68.8% are
irrigated with the traditional surface irrigation
system, 4.1% with the improved surface irrigation
system, and 27.1% with the drip irrigation system.

Wheat includes for 65.1% of the cultivation area,
followed by forage corn (25.2%), barley (4.1%),
rice (3.8%) and tomatoes (1.8%). Another very
important objective in the current situation of the
world and also study area is to minimize the water
consumption. In this regard, if the cropping pattern
is determined only by minimizing the water
footprint, 2160 hectares of barley, 9339 hectares of
forage corn, 2000 hectares of rice, 3302 hectares of
tomatoes, and 14400 hectares of wheat will be
included in the pattern. However, all crops except
rice are irrigated using the drip irrigation system,
whereas only rice enters the pattern using the
improved surface irrigation system. In this case,

the total cultivation area of these crops will be
31201.3 hectares, in which wheat contains the
highest share with 46.2%, whereas rice with 6.4%
obtains the lowest share in the cropping pattern.
Besides, 29.9% of this area is forage corn, 10.6%
is tomato, and 6.9% is barley.
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The fourth considered objective is to minimize
the energy consumption in the selected cropping
pattern of Doroodzan region. To do so, the
problem is solved with the aim of minimizing the
energy consumption and water and land
restrictions, as well as the constraint of minimum
economic profit. The cropping pattern to meet this

objective for cultivation includes 28,667 hectares
of barley with the improved surface irrigation,
12822 hectares of forage corn with the drip
irrigation, and 2000, 960, 19468 hectares of rice,

tomato and wheat crops with the traditional surface
irrigation, respectively. In this cropping pattern, a
total area of 63,916.6 hectares is allocated to
cultivate these crops, in which 48,135 hectares are
allocated to winter crops including wheat and
barley, while 15,781.6 hectares to summer crops
including forage corn and rice. The share of
surface, improved surface and drip systems will be
35.1, 44.9, and 20.1 percent, respectively. As a
result, the sprinkler irrigation systems are not
proposed to minimize the energy consumption.

Table 8- Optimized cropping pattern in single objective models

o sysl sys2 sys3 sys4 Sys5 Sys6
5 £ Barley - - 2160.0 - - -
5 Sg g Forage corn - - 3200.0
S Rice - 2000.0
= £ Tomato - - 6094.6 -
Wheat - - - 40840.4
o Barley - 2160.0 - -
& 55 Forage corn - - 13298.3
€ 3E Rice 2000.0 -
SEE  Tomato - 960.0
= Wheat 34280.7 -
- Barley - 2160.0
® . &  Foragecomn - - 9339.2
] SE Rice - 2000.0
S=E  Tomato - - 3302.1
= Wheat - - 14400.0
o Barley - 28666.7
¥ _§  Foragecom - - 12821.6
ELE  Rice 2000.0 -
S~ E Tomato 960.0
= Wheat 19468.3

Results of Multi-objective WECSAM Model

After comparing the results of four single-
objective models, we considered the results of
multi-objective models obtaining from the GA
implementation. By running this model in
MATLAB, the Pareto frontier curve was obtained
with 70 solutions, in which the most effective
Pareto solution was selected using the TOPSIS
method and equal weighting of each objective as
criteria (Fig. 3).

The energy-smart, water-smart, and climate-
smart cropping pattern was obtained for
Doroodzan region contains 59% wheat, 11.6%
tomatoes, 4.7% rice, 7.5% forage corn, and 17.2%
barley. The results of WECSAM model suggest
that only 54.5% of the arable lands in Doroodzan
region should be irrigated with the drip irrigation
system. After the drip irrigation, the semi-portable
sprinkler irrigation contains the largest share of the
irrigation area in the region. The improved surface
irrigation system will irrigate 10%, whereas the
center-pivot sprinkler will irrigate 8% of the
cultivation area.

At the meantime, the traditional irrigation

Source: Research Findings

system and the permanent sprinkler irrigation will
contribute less than one percent to the irrigation of
the cultivation area. A general comparison between
the obtained results indicates that the most
selective irrigation system is the drip irrigation
system, which is the predominant irrigation
method for forage corn, rice, tomato, and wheat
crops, while the predominant irrigation method for
barley is the improved surface irrigation system.
On the other hand, the predominant irrigation
method after the drip irrigation is the semi-portable
sprinkler system for wheat. Besides, the center-
pivot irrigation system is the second choice for
irrigation for barley and tomatoes. Overall, the drip
irrigation system, semi-portable sprinkler irrigation
system, and the improved surface irrigation system
obtain the highest cultivation area, respectively. In
addition, the classical fixed sprinkler irrigation
system, the surface irrigation system, and the
center pivot sprinkler system obtain the least share
in the irrigation of the chosen cultivation pattern.
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Fig. 3- Allocated land to selected crops under different irrigation systems in WECSAM

Comparing the values of different objective
functions in four single-objective models can
provide a trade-off analysis between different
objectives (Fig. 4). Obviously, the highest
economic benefits are obtained in Model 1,
whereas in other models, the objectives are to
minimize the water and energy footprints and CO,
emissions, the solution is determined in such a way
that can provide the minimum profit constraint,
because the increase in profit is the result of
increasing levels of agricultural activity, which is
not possible except at the cost of more water and
energy consumption, and more CO; emissions.

Regarding the amount of CO; emissions, the
highest value is related to the profit maximization
model, whereas the lowest one is related to the
emission minimization model. In models 3 and 4,

the amount of emission is near to the model 2, but
in the case where the objective is to minimize the
water footprint, the emission is higher than the
case of the energy minimization. Thus, it can be
concluded that water footprint and CO, emission
are inversely related to each other.

The highest amount of water footprint belongs
to model 4, followed by models 1, 2 and 3,
respectively, so that the difference between the
amounts of water footprint in model 3 with other
models is very large. Eventually, the amount of
energy consumed was the highest in Model 1 and
the lowest in Model 4. It can be seen that after
model 1, the highest energy consumption is in the
case where our objective is to minimize the water

footprint. Accordingly, achieving the minimization
of the objectives of water footprint and energy
footprint can move against each other.

Conclusion

An integrated hydrological-economic-
environmental model so-called WECSAM was
developed to ensure the obtaining a climate-smart,
water-smart and energy-smart cropping pattern.
This model included the WEAP hydrological
model as a basin database, a multi-objective model
in the context of CSA for simultaneous
optimization of profits, CO2 emissions, water and
energy footprint, and a multi-criteria model called
TOPSIS .This model contains the following

advantages:

¢ Simultaneous optimization of cropping pattern
and irrigation system so that it includes
adaptation, mitigation, and  productivity
strategies, simultaneously.

e The use of a hydrological simulation model for
a basin to more accurately calculate uncertain
parameters, including available water, water
requirements, and crop yield.

e Applying the concept of water footprint instead
of the physical amount of water in order to
achieve multiple objectives (decreasing water
consumption, increasing water efficiency, and
reducing pollution per unit of crop) by
minimizing one objective.

e Determining the allowable Ilimit for the



418  Journal of Agricultural Economics and Development Vol. 35, No. 4, Winter 2022

development of new irrigation methods so that
the benefits of improving efficiency and the
disadvantages of increasing energy
consumption, and CO, emissions are adjusted.
e Balancing the consumption of water, energy,

MOGA M
min. efp |
min. wip |
min. emission
max. prof

0.00 100.00 200.00

max. prof ml?
emission
mefip 476.91 189.70
=wip 578.04 533.60
wemission  481.50 236.96
profit 628.42 45556

and land resources in the agricultural system in
different growing seasons

e The possibility of trade-off analysis between
four objectives of the model.

300.00 400.00 500.00 600.00 700.00

min. wip  min. efp MOGA
295.56 181.33 44423
280.99 594.18 45541
296.95 243.04 442.01
455.56 455.56 438.99

Fig. 4- Comparison of objective values in single-objective and multi-objective models

the conflicting manner of the proposed objectives.
This result is in accordance with ones obtained by
Daccache et al. (2014) and Jacobs (2006). The
result of the WECSAM multi-objective model
indicates that by simultaneously optimizing the
conflicting objectives of maximizing profit and
minimizing water, energy, and CO, emissions, as
compared to the single-objective model of
maximizing economic profit, the water footprint
decreases by 8.2%, Energy footprint decreases by
21.2%, CO, emissions by 6.9%, and profit
decreases by 7.4%. In this pattern, the share of drip
systems is 54.5%, and for semi-permanent
sprinkler system it is 26.2%, whereas the classic
permanent sprinkler system contains less than one
percent of the irrigation of the chosen cropping
pattern. The selection of irrigation systems resulted
from WECSAM model is in accordance with the
results of the study conducted by Mushtaq et al.
(2015). Thus, deciding based on an integrated
WECSAM model can well support the decision to
adopt more efficient irrigation technologies at
basin level and to manage it in a way that the
potential negative effects (such as CO, emissions
and more energy consumption) along with positive
effects (reducing water footprints) be considered.

The WECSAM model was implemented for the
northern region of Bakhtegan basin called
Doroodzan irrigation network. First, the water
footprint was calculated for different crops using
the results of the simulation of the WEAP-MABIA
model for the region. In the surface irrigation
system, the highest amount of the water footprint
per hectare is for rice and then tomatoes, in which
the barley crop contains the lowest amount of the
water footprint per hectare. The obtained results
for the water footprint of the crops are in
accordance with the results of Ashktorab & Zibaei
(2019). Comparing the water footprint of each crop
in different irrigation systems, the results indicate
that the lowest amount of this index is attained for
all crops in the drip irrigation system, which is due
to higher yield and less water consumption in this
system. This result of the effect of the drip
irrigation system on reducing the water footprint is
in accordance with the study of Nouri et al. (Nouri
et al., 2016).

Trade-off analysis between objectives using a
comparison of the results of single-objective
models reveal that the values of the energy
footprint and water footprint in the respective
models change against each other and this appears
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such as rice and tomatoes are very rare to grow
using a sprinkler irrigation system. Hence, the
justification for this choice using a mathematical
model lacks any technical support. In an
experimental analysis, it can be explained that in
the area of maximum allowable cultivation area
using mentioned irrigation methods that can be
allocated to these crops, will be equal to these
values. Nevertheless, it can be recommended that
in future studies, technical principles for choosing
the appropriate irrigation system for each crop

The results of WECSAM show that achieving the
climate-smart agriculture goals in the Doroodzan
irrigation network is not necessarily possible by
changing the irrigation technology of all crops to
the modern irrigation system, but by optimizing
cropping patterns under different irrigation systems
and determining allowable limits to develop
modern irrigation systems at the basin level can
achieve the goals of climate-smart agriculture.

As can be observed, the GA selects the
cropping pattern in such a way that all crops enter

should be included in the model.

the pattern using all irrigation systems. Some crops
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