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Table 1- Village Information and Sample Size

aigod gLl

) W oLl slaws -o1,15 90
: oLl JS olasd  olyloy0 4 Sl ghe sample village OIEREe
LRI : Cor Do ! P diged
- Total number of Number of : Y 115 120 o Dai
Rural districts villages farmers Number of selected Village Number of Sample
villages 9 farmers
name farmers
S 78 2402 2 e BLer 29
North .
Kouhdasht St 186(20)
bo,S csul;l 84(9)
s CiingS gl ety 106(11)
South 55 3410 2 CE 82(9) 68
Kouhdasht Lgolidgh 277(30)
ool s 88(9)
EIIN 224(24)
) 5 ol 212(23)
S 48 2631 3 U5 US oigeus 161(17) 83
Gulgal
Shadll 5l 93(10)
Jeallo paS 81(9)
) e Sglyud 76(6)
5 20 701 3 IRV 70(7) 17
Darb Ghonbad <
o o2 42(4)
ol b 41(4)
5L 3l pus 93(10
e 22 1389 4 ol 9) 36
Cohenani oses 101(11)
S S 104(11)
s ek 27 1831 1 o Caglis 172(19 19
West Tarhan i e 19)

wad oo LS |y buwgy o (sdiged 1 oy dlaws sly 51 slasl*
*The numbers in brackets represent the number of sample farmers in each village.
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3- Pesticide EIQ

4- Fertilizer and Pesticides
5- Soil Organic Carbon

6- Crop Rotation
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Table 2- Mean and standard deviation of economic and social characteristics of the studied farmers

Slasule ke slre 1yl RAO RPeS O oS g o>
Charstristics Mean Standard deviation Maximum Minimum Variation coefficient
() o 48.39 14.27 88 22 0.29
Age (years)
() &3 6.8 5.1 15 0 0.75
Education (years)
() il 2552 135 60 3 0.53
Work experience (years)
(52) 42)jo colus 8.4 46 52 05 0.55
Farm Area (ha)
() it (slael slas 5.8 6.12 13 2 1.055
Number of household members (n)
405 leab shas 3.82 3.46 30 2 0.91

Number of farm pieces

Source: Research findings
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Table 3- Observations and average crop area of agricultural systems in Kouhdasht

Olaalio daxs ClS 5 o

Lh -
Svstemns Abb. Number of Area under
y observations cultivation
(U )3 o5 4 Vb3 Shee b puiS) ol cely5-1 1 pus
Irrigated cultivation (wheat with a yield more than Wheat 1 20 8.25
4 tons per hectare)
(o 53 o5 4 50 Slee b puss) J ceelyj -2 2 puis
Irrigated cultivation (wheat with a yield of less than Wheat 2 18 4.55
4 tons per hectare)
Lk 3 05 60V 3, Shos b yaiin) Jf cely; -3 1 555,000
Irrigated cultivation (Beet sugar with a yield more Suaar bee1 1 12 6.1
than 60 tons per hectare) 9
(HUSa 55 560 pj3,8dee b yaiin) o cely; -4 2 1 i
Irrigated cultivation (beet with a yield of less than Sugat beeE ’ 10 4.8
60 tons per hectare) g
b . I cely; gudls
N T ewl: 2l -5 ™9 5 B
gl ey G . Combine irrigated and rain fed 25 9.2
Combine irrigated and rain fed farming farming
(=3 5 ol slacalld 51 95) 2l 55 -6 AR 19 706
Activity diversification (crop -livestock) system Activity diversion
1) e lyjp sloculled o3 b w el il 7
5 Sosneb) =hind (:m:&: ) o> sly) 3l it s
. . = . Combine rainfed cultivated systems 112 6.6
Combine rainfed cultivated systems with other with non-agricultural activities
non-agricultural activities (livestock and services)
w2 cely; -8 w2 cely; 57 59

Rain fed cultivated systems Rain fed cultivated systems

Source: Research findings
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Table 5- Sets of weights for sustainability criteria
39 sWeg,S

Weighted Group
wy Wi wy
Environmental la>eces; 045 0.4 0.33
Economic ¢slail 04 045 0.33
Social el 0.15 0.15 0.33

GBS ol e
Source: Research findings
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Table 6- Sets of weights for sustainability sub-criteria

Bl y
Sub criteria

Indicator abbreviation

ol sl 39 oy

Weighted groups

wy W2 wy

Environmental _laseco;

Water use ol G juae

heee 3l giS1s
Environmental impact quotient
Pesticied USE pgow b yuno

w 0.09 0.09 0.083
EIQ 0.06 0.06 0.05

0.06 0.06 0.04

Fertilizer use _slows 358 & pae F 0.08 0.05 0.04
Crop rotation _cl; gl 2o, CR 0.09 0.06 0.06
Soil organic carbon S JT S ao s ocC 0.07 0.08 0.06
Economic  ¢slassl

Gross margin b s¢u GM 02 022 015
Direct COSt puiime (s4is 32 DC 011 012 0.1

Area cultivation cus’ 55 aaw A 0.09 0.1 0.087

Social _clozs!

Employment ¢;,5lis Juesl ol e N 0.09 0.09 0.17
Education ratio slgw o 4 dlgwl ol bl e E 0.06 0.06 0.16

5800 (gladidly 1xiie
Source: Research findings
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Table 7- Values and rank of stustainability of the agricultural system based on wl

Agriculture system ;,9LiS" piuww oU

1pu5
Wheat 1
Wheat 2
(RRVCIRTER
Sugar beet 1
PARVIRVN
Sugar beet 2
Combine irrigated and rain fed farming s.» ¢ ol ceely; 585
b g9
Activity diversion
=hint sacdld plo b o
Rainfed cultivated systems with r non-agricultural activities
2 cely;
Rain fed farming

n=1 n=2 =100

3% a9, o) Lp) o) a3,
Value Ranking Value Ranking Value Ranking
0.623 1 0.679 1 0.972 5
0.502 4 0.637 4 0.952 7
0.514 3 0.672 2 0.988 1
0.366 8 0.497 8 0.943 8
0.479 6 0.615 6 0.986 3
0.567 2 0.669 3 0.966 6

486 5 0.629 5 0.982 4
0.426 7 0.598 7 0.987 2

Source: Research findings
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Table 8- Values and rank of stustainability of the agricultural system based on w2

n=1 T =2 =100
Agriculture system ;,9liS" piuww oU o5 iy 33 Ay 33 4,
Value Ranking Value Ranking Value Ranking
Lpss 0.621 1 0.679 2 0.972 5
Wheat 1
2 pus 0.470 6 0.616 6 0.952 7
Wheat 2
1oy 0.516 3 0.668 3 0.988 1
Sugar beet 1
2 w8 yiz 0.346 8 0.476 8 0.939 8
Sugar beet 2
sl ol _ 0.488 4 0.617 5 0.985 3
Combine irrigated and rain fed farming
il 0586 2 0685 1 096 6
Activity diversion
_ it sl ol o 0482 5 0619 4 0982 4
Rainfed cultivated systems with r non-agricultural activities
S 0.400 7 0.579 7 0.987 2

Rain fed farming

Source: Research findings
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Table 9- Values and rank of stustainability of the agricultural system based on w3

n=1 =2 =100
Agriculture system (5;,9WiS" gphumsw oU o3yl ad, oyl ad, oyl ad,
Value Ranking Value Ranking Value Ranking
Lpss 0.565 3 0.642 4 0.970 6
Wheat 1
2 p35 0.492 5 0.638 5 0.950 7
Wheat 2
L8 0.596 1 0.731 1 0.989 1
Sugar beet 1
2 28y 0.366 7 0.511 8 0.939 8
Sugar beet 2
el by gl _ 0516 4 0646 3 0988 2
Combine irrigated and rain fed farming
_“?""Jw & 0.575 2 0.684 2 0.976 5
Activity diversion
_ o ohin glecdld plo b 0415 6 0.564 6 0.980 4
Rainfed cultivated systems with r non-agricultural activities
" 0.338 8 0.531 7 0.985 3

Rain fed farming

Source: Research findings
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Table 10- Total sustainability index for village

Ol oU Total sustainability index Js gl asbs
Rural district name n=1 =2 7t =100
(Jlod Cudang 0.442 0.653 0.905
North Kouhdasht
S ed 0.423 0.663 0.808
South Kouhdasht
SF 0.439 0.728 0.829
Gulgal
S 0.442 0.740 0.722
Darb Ghonbad
Fags 0517 0.857 0.982
Cohenani
@ ok 0.210 0.676 0.621
West Tarhan
(Jlod CudangS 0.284 0.456 0.517
North Kouhdasht
Bloran ), 0.284 0.430 0.508
ZirTangXs 0.364 0.718 0.972

Source: Research findings
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Introduction: Agricultural sector plays a vital role in Iran’s economy but this sector has pursued an
unsustainable route mostly because of land and water resources degradation resulting from inefficient use of
irrigation water and intensive use of inorganic inputs. However, increasing production is not the only relevant
goal in farming systems. It is important to consider the effects of agriculture on soil productivity, pollution,
water and energy use efficiency, Greenhouse gas emissions and social aspects. In fact, there is a strong interest
for redefining production systems looking for a balance between high productivity and the protection of the
environmental services provided by these farming systems. In thisregard, current study evaluated
environmental, economic and social impacts of agricultural systems in Kouhdasht area as one of the important
regions of Lorestan province using multi-criteria compromise programming (CP) and a set of different weights.
Gross margin, direct expenses and crops acreage were the indicators considered for economic sustainability
analysis. The environmental indicators were water use, EIQ (environmental impact quotient), use of fertilizer,
insecticides and pesticides, soil organic carbon and crop rotation. The social indicators considered for analysis
were employment and education level. The basic idea in compromise programming as a well-known multi-
criteria decision-making method, is to identify an ideal solution that can be obtain from the available options.
This ideal solution is a point reference for decision maker and options or alternatives are ranked based on how
far they are from it. The findings of this study include the identification of a set of agricultural systems based on
different views or weights. These optimal agricultural systems are compared to the current agricultural systems.

Materials and Methods: In current study a compromise programming optimization model was solved to
find efficient agricultural systems, according to economic, environmental and social criteria, for crop/livestock
farms. An agricultural system can be shown as a linear combination of activities. Each activity is characterized
by the resources and inputs employed, the type and quantity of the output produced and the environmental
impacts. Generally, eight agricultural systems corresponding to different crops and livestock production were
considered for analysis. The evaluation of sustainability of agriculture requires determination of attributes or
indicators covering economic, environmental and social dimensions. In fact, the concept of attribute or indicator
is fundamental in multi-criteria models. In this study, three economic, six environmental and two social
indicators are included as attributes. Selection of indicators was based on relevance of the indicators, the
frequency of using the indicator in previous studies and availability of data. The solution of CP entailed of
finding the lowest distance to the ideal for all the criteria. Decision-maker preferences were simulated using nine
scenarios, which combine three distance functions (n = 1, 7 = 2 and © =100), and three different weights based
on the importance of different dimensions.

Results and Discussion: The results showed that, based on the first weight group (environmental view) and
at the low and high weight for deviations (x =1 and ® = 100), wheatl and sugar beetl systems are the most
sustainable system respectively. But sugar beet2 system is the most unstable agricultural system at all levels of ©
and in all areas. Overuse of groundwater for irrigation, fertilizer and pesticide in some areas further reinforced
agricultural unsustainability. In the second weight group (economics view) and for @ = 2, activity diversification
(crop -livestock) system was more balanced than continuous crop farming. In the third weight group (equal
weight to all dimensions) and for @ = 2, sugar beetl and the rain fed cultivated systems were the most
sustainable. In other values of m, the sugar beet2 had the least sustainable index. The findings of this study
indicate instability in Azadbakht Korapa and Cham Sangar villages in all weight groups, while Katkan village is
most sustainability for © = 2. Results also showed that for = = 1, Kohnani and Eastern Tarhan rural district are
most sustainable and most unsustainable rural district respectively. The lack of sustainable agricultural
production in Eastern Tarhan in « = 1, was due to limited economics performance in rural district. However, in
high levels of sensitivity to deviations from the ideal level, the rural district of Boluran and the Western Tarhan,

1, 2 and 3- Master of Science, Professor and Assistant Professor of Agricultural Economics, Shiraz University,
respectively.
(*- Corresponding Author Email: azeinoddin@shirazu.ac.ir)
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are most unsustainable rural district, and North and South Kouhdasht, Golgol, Darb Gombad and Ziretang are
the most sustainable rural district in the region. Finally, by putting different dimensions of sustainability, this
study extracted ten independent and distinct patterns of sustainability using data mining. Farms in patterns 5 and
8 were experienced relative sustainable, and farms in the pattern 6, were unsustainable in all dimensions.

Conclusion: It was inferred from the results of this study that there are regional differences in agricultural
sustainability in Kouhdasht. As a result, it is suggested that effective agricultural policies be adopted in
accordance with local research.

Keywords: Agricultural systems, Compromise programing, Kouhdasht area, Sustainability assessment
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Table 1- Employed in off-farm activities
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Table 2- Average and standard deviation of some of the variables between different groups
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Table 3- Factors Affecting Off-Farm Activities in Marvdasht County
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Variable G b S glad L
Coefficient Standard error Marginal effect
Bee o2 2427 7.66 -
Constant
o 0.58" 0.24 0.09
Age
O 9 -0.006™ 0.002 -0.001
Agen2
aisls
- -0.03 0.05 -0.005
Experience
s 0.54" 0.20 0.10
Education
(ESa) s 0.16™ 0.07 0.02
Area
((sslone i) fasl -2.92" 1.32 -0.31
Livestock
ey JS 4 (o (e 206" 1.50 0.33
Own-Area to total area
9P K -0.54™* 0.20 -0.10
Promotion
JiS o 0.45™ 0.17 0.07
Family
el 0.01 0.004 0.002
Expenditure
LS 20> 5 2 gte 3.4 134 0.54
Expenditure to revenue
() SIS 5, -0.95" 0.51 0.15
Family Worker
Pl -0.06" 0.04 -0.01
Loans
Jffas' 33 -0.39™ 0.14 -0.06
Price of car
(oghs) e b abt 0.11 0.05 0.02
Distance
McFaddan 0.74 LR chi2 153.8 (0.00)
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Coefficient Standard Marginal Coefficient Standard Marginal
error effect error effect
[AWSE
e o2 -35.0" 10.04 - 22,01 7.87 -
Constant
o 1.0 0.38 0.02 0.48™ 0.25 0.05
Age
O 03 -0.01™ 0.004 -0.0002 -0.005™" 0.003 -0.001
Age”2
il ke
4”'_ -0.09 0.06 -0.002 -0.02 0.05 -0.002
Experience
EMoass xk .
T 0.53 0.22 0.01 0.51 0.21 0.05
Education
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Area
Sxe piie) g ylkel
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Livestock
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Own-Avrea to total area
5 S x .-
TP O -0.46 0.22 -0.01 -0.55 0.22 -0.06
Promotion
Jass m 0.60™ 0.23 0.01 0.43™ 0.18 0.04
Family
(E58
@ ] 0.01™ 0.004 0.0002 0.01™ 0.004 0.001
Expenditure
TARIERW] [es
Singtis 2l I gy 3.03™ 1.39 0.05 3.46™" 1.37 0.36
Expenditure to revenue
() Sl 5, 172" 0.72 -0.03 -0.84* 0.56 -0.09
Family Worker
|
9 -0.03 0.04 -0.0002 -0.16™ 0.07 -0.02
Loans
51 %)l - .-
Jesal ) 0.6 0.19 -0.01 -0.36 0.15 -0.04
Price of car
" 5 alols
(""’l"“s_ e 0.08 0.06 0.001 0.11 0.05 0.01
Distance
Percent of correct 0.74 McFadden 0.62 LR chi2 177.5(0.00)
prediction
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Table 5- Analysis of income inequality by income source
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Index

W, sl e coms 0.06
Ratio of sources of income
CV, clypuss cops 996
Coefficient of variation
(YY) sl o (Stson 0.08
Correlation between income
cv,
—— . CJ‘ or
cV 2.26
Relative changes
_ i
G =hx cV e 0515 0.06
Relative density

Dispersion coefficient analysis
ol giie opl b lalgils as )y
Percentage of households with this 29
source of income
Lal)3 it ol b ol al)s (Sl
Average household income with this 3.53
source of income

a0y 5l @)l syl
LS b b VI Ceelyg
$399kee 7 B0 Livestock Agriculture
Related to agriculture
0.09 0.12 0.74
4.59 2.69 1.12
0.50 0.21 0.89
4.59 2.69 1.12
2.37 0.57 1.01
0.19 0.066 0.75
13 24 100
8.9 7.35 11.55
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Introduction: Off-farm activities have become an important component of livelihood strategies among rural
households in most developing countries. According to available evidence, off-farm income is an important
source of income for most rural households, which is important for economic, governmental and
nongovernmental organizations, and international representatives of development and advancement. Several
studies have reported a substantial and increasing share of off-farm income in total household income. Reasons
for this observed income diversification includes declining farm income and the desire to insure against
agricultural production and market risks. Non-agricultural activities, which are referred to as off-farm activities,
are part of the rural economic sector, which is essential for improvement and assistance that can be referred to as
an economic incentive for activities as well as field activities. Due to the development of off-farm activities in
rural areas, its share of income has slowly increased and off-farm incomes appear as a contributing factor to the
flow of income, which is due to its low income variation. Off-farm activity is a factor in creating diversity in
activities and strategies to increase incomes, especially in the time of farm production decline among rural
households. Using the theory of time allocation of households, \ incentives to allocate time to out-of-field
activities, which not only relate to wage factors but also family structure and individual preferences, are
identified.

Materials and Methods: In order to investigate the effect of various factors on having an off-farm activity,

regression models with a dummy dependent variable are required. Farmers' time allocation to different activity is
a function of some variables, such as individual, regional and family characteristics. The model used in the
present study is as follows:

kK
Yo=c+) BX;  i=12..n
j=L

In which the dependent variable is a multiple choice that in this study shows employment in various activities
including agriculture, activities related to agriculture and non-agricultural activities. The multinomial logit model
was used to investigate the factors affecting the time allocation of farmers in Marvdasht. Another objective of
the present study is to answer the question of whether off-farm activity will increase or decrease income
inequality. To measure the inequality created by each source of income, the income-resource variance was used.
The percentage of total inequality decomposition is obtained from the following formula. It shows the extent to
which inequality is created for each source of income.

Results and Discussion: Based on the results, comparing the results of the Logit model and the multinomial
logit model indicate that the type of non-agricultural activities is important in the allocation of time and the
establishment of various policies for the development of off-farm activities. The level of education has a positive
effect on off-field employment due to its effect on creating more job opportunities for individuals. The amount
of land owned by the farmer was another important factor in the implementing off-farm activities unrelated to
agriculture. According to the results in Marvdasht County, variables such as age, education, livestock breeding,
number of extension classes, number of dependent persons, household expenses, expenditure to agricultural
income, family labor force and car value have a significant effect on the probability of time allocation to outside
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Resources University
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activities related to agriculture. Regarding agricultural activities, all variables except for the history of land use
and land use ratio have a significant effect on the dependent variable. Also, based on the results, the lowest and
largest share of income inequality in households are related to the off-farm activities which is unrelated to
agriculture and farming, respectively. Creating the necessary facilities to increase the level of education of
households, encouraging off-farm activities for small farmers, along with investing in the development of off-
farm activities in rural areas can help to allocate their time to non-agricultural activities along with agriculture
and increase income equality.

Keywords: Income inequality, Multinomial logit, Off-farm activities, Time allocation
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Figure 3- Security Market Line
Source: Sharp, 1964
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Table 1- Cost items per hectare of different farm crops
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Plow Seed purification Packaging and shipping to warehouse
4 - 15 i Jo> 26 ) o
Disk Seed Carriage work force
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7 P PV 18 oS K 29 b 4 plo
Animal Fertilizer Thinning Other costs
Slos 355 Jo o
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Carrying Ammal Pesticides
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Animal Fertilization Spraying
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Table 2- Systematic Risk Factor and Risk Compensation Index of Wheat Crop in Total Country Portfolios
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Continue to Table 2- Systematic Risk Factor and Risk Compensation Index of Wheat Crop in Total Country Portfolios
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Figure 5- Comparison of wheat yield risk indices in different provinces
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Table 3- Correlation coefficient between systematic risk factor of wheat and its effective factors
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Table 4- Comparison of current and expected returns of two Hamarisk provinces
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Introduction: Risk is considered as a negative factor in producing agricultural products. Yet, the presence of
risk is not restraining producers from production as long as the generated revenue is proportional to the
perceived risk and thereby, the cost of the risk is compensated. The purpose of this study is to measure
systematic risk of wheat production in Iran's provinces, and evaluate how the risk is offset in these regions.

Materials and Methods: According to Markowitz, there is a tradeoff between risk and returns in considering
alternative investment by rational investors. That is, investors expect higher returns for accepting higher risk in
considering any investment. Capital Asset Pricing Model (CAPM) is an equilibrium model based on this theory
which measures systematic risk of an investment (activity) and shows how an asset is priced according to its
perceived risk. Thus, this model can be used to examine the systematic risk of producing wheat in different
regions and the relationship between the risk of producing this crop and the expected price to generate
appropriate returns to compensate the undertaken risk by producers. According to Sharp, by regressing the
returns of an investment on the returns of market portfolio, the systematic risk factor for such investment is
obtained. The risk factor which takes different values from zero to greater than one is a measure of systematic
risk of an activity relative to the risk of overall portfolio. This risk factor is used to compute the returns required
to compensate the risk associated to the activity.

Results and Discussion: Results reveal that Yazd province with 0.45 beta coefficient is the least risky
province and Mazandaran province with 1.26 beta coefficient is the riskiest province for wheat production in
Iran. In fact, based on the results, 20 percent of the wheat producing provinces are classified as high risk in
production of this crop. Ardebil, Zanjan and Alborz provinces with systematic risk coefficient of 0.96, West
Azerbaijan and Isfahan with systematic risk coefficient of 0.90 are grouped as risky ones. Gilan, Semnan and
Hormozgan with systematic risk factor of 0.73 and Bushehr and North Khorasan provinces with systematic risk
factor of 0.72 that have similar risk factor are classified as other risky zones. As the results indicate, with 15
percent risk-free rate on investment in the country, wheat producers expect a minimum return of 18 percent in
producing wheat in Iran. On the other hand, if the risk-free rate of return on investment rises to 20 percent, wheat
producers expect a minimal rate of 19.5 percent. Based on these calculations, prices of this product, and
consequently the generated revenues, are in such a way that the returns offset the risk of wheat production in 14
provinces. From this point of view, wheat production in Kurdistan province has the best condition while the
production of wheat in the southern province of Kerman shows the worst situation. In addition, results revealed
that uncompensated risk in most of the provinces is the result of low yield per hectare and consequently, high
average cost in these regions. Thus, focusing on improving productivity is suggested for the specified provinces.

Conclusion: According to the results, uncompensated risk in most of the provinces is the result of low level
of yield per hectare and consequently, high level of average cost in these regions. Therefore, it is expected that in
the long run, crops with higher yield will be replaced for the wheat and this crop will gradually be removed from
the cultivation plan in such provinces. Since wheat is a strategic crop in Iran and to guarantee its production,
improving productivity of this product is recommended for the specified provinces.

Keywords: Capital asset pricing model, Iran, Risk compensation, Systematic risk, Wheat
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Figure 1- The three-year trend of malnutrition prevalence in Iran over a period of 1999-2018
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Table 1- Classification of Dietary Diversity Levels by Berry Index
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Moderate downward dietary diversity
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Table 2- Classification of Dietary Diversity Levels based on food group count index
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Table 3- Descriptive variables used in ordinal logit patterns

yio T sl Caodls
Variable Description Expecting sign
Y=omb  V=omb ke

Bottom=2 VeryLow=1
Y=omb 4 9) bwgte
Average downward = 3

0=YL ¥=YU 4 4 bauwgio
High =5 Average upward =4

(50 pa3Ls) 2lie g9
dietary diversity (Barry index)

o= (W) Aowg +/-
Age (Year) Continuous
o> =0 V=30 4
Gender Female=0  male=1
(Year) Education According to years of schooling
O Comdg =il V= e +
Housing ownership Leased=0  Owned=1
el olydl olass (,5) Loy B
(person) Household size Continuous
(olegt) & siale 25 Kgy .
(Toman) Monthly costs of food Continuous
N 3008 sl Visbad cppeSt Y isjltel e .
Indicator of household purchasing power  High score=7  Low score=1
¥ostael oo P
28T jasls High score=3 N
Awareness index o bl op 5S
Low score=0
3k 4 (e =p V=aly +
Market access No=0  Yes=1
il slacses =5 V= .
Food aids NO=0 Yes=1
30 5150 b Aol (j2esk) "
Distance to shopping centers (kilometer) Continuous -
A sjlsel o 5k
liedlge oy asli High score=8 _
Food Inflation Index <33kl o S
Low score=0

3uio0 sbaaisl, sl
References: Research findings

Joi 4 dogi bl (qw)p 3)90 diged )3 (A8 Cutel 5 (2l
P Eran 2PBE laog)S Al sl b jlgls oS S g e
Gy e 355 31 Lol 10 41,5 e cantel Lawgie pdaw
L aebsl o i (3L, 4 ) bawgie gdaw )3 (ol (slaog)S
d oS Dgd o aBby dliue (pl 4 w5 CunY (66 5l eolatl
A5 156 Loy, S lpls wpes o) 2 oloizl 5 (oolial Lalge

Al oo

g glog S oyled (adls (1 SSle F Jgi> @5 3

Lol 3,138 (2gllae g Lawgio o 3 (2l Coal o 5 41
u«:t—wl)) ol '/AY‘ aaJllas ))9._‘41 daslaio P 23] ua>lm uﬁi:l.yo
4 9y bawgio o 3 olie Cutal o @5 4 g 0I5 45 (S0Le
e ojlul yiSTus g Jalas @ols .5yl5,1,3  agllas Ly i 9 il
&9—"’ Jl—’) M| °M>Ow @R D)9 5‘59“3 22 u‘»l“’ 9 2



1¥A9 50l Vo lod FF ul> ((65,9LaS drwgi g Slasdl 4 pii Y4
ailaio ) (52 9 (I W09 S ilend pad LD gl 8 Mo pd puje5 € Jgaa
Table 4- Frequency percentage distribution of food group count and Berry index in the region
,lgils olae cbog,S wislowd
Counting households food groups il SSla Jilas
"Eb ‘—3"\"' & bugio (21d8 £ YL lie g4 Average  Maximum  Minimum
ow dietary . o . . .
diversity Moderate dietary diversity High dietary diversity
46 40 14 6.08 12 3
b ylgls g sl
Households Berry Index
&
Sl gg e g e g bugie glid £o0 Li}[, oSl Sl Jsloo
3 e ol 0l 4 5) st eay, o Average  Maximum  Minimum
oF Low Moderate Moderate High
Very low dietary - - - dietar
diversity dietary downward dietary ~ upward dietary
diversity diversity diversity Y
diversi
ty
9.5 6 29 47.75 7.75 0.83 0.92 0.41
o ol s le
References: Research findings
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Figure 2- Dietary Diversity status based on Berry index and food groups count in the region
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Table 5- Results of ordinal logit model estimation

e calp sbre Bl 50l z 5] Jlois! mlaw o o905 515 sxe phaaw
v " bl C ’ﬂ”. jent Standard VA probability Probability level of Brant
ariable octlicients deviation statistics level test
Ai)w -0.041 0.012 -3.46*** 0.001 0.931
ge
N 0.686 0.324 2.11%* 0.035 0.665
Gender
©Hpazd 0.056 0.031 1.78* 0.075 0.620
Education
e Saxdy 0515 0.237 2.17%* 0.030 0.075
Housing ownership
losls 51,30 slass
cancaien 0.063 0.084 0.76ns 0.45 0.617
Household size
lie alale 4}
i e 0.004 0.0006 6.49%xx 0.000 0.201
Monthly costs of food
gl 3y 5cya8 asls
Indicator of household purchasing 0.896 0.186 4.82%** 0.000 0.594
power
Umlf] oasls
. 0.572 0.181 3,14%** 0.002 0.71
Awareness index
“ -
4 s 0.43 0.236 1.82% 0.069 0.891
Market access
e cla
i M 0.607 0.317 1.91* 0.056 0.712
Food aids
S 5STie 5 alold
. 2 Sl i -0.002 0.0004 -5.65*** 0.000 0.867
Distance to shopping centers
305 g8 ol -0.375 0.079 -4.74%%* 0.000 0.467
Food Inflation Index
S 0.532
Total
gl e 0.922 1.113
First Cut
Py bl 1.788 1.102
Second Cut
pye i 4333 1.109
Third Cut
Pl b 8.814 1.210
Fourth Cut

Pseudo R?= 0.30

McFadden's R?= 0.304
Cragg & Uhler's R?=0.591
McKelvey and Zavoina's R>=0.621

Log likelihood= -362.38

LRchi2(12)= 317.29
Prob>chi2= 0.000

a3 o Ui 1y (g)bline pas NS g ao)d N g 0 Ve o )d (g3 Gze a5 a4y

s kL G0 glaasl TN

Reference: Research findings. *, **, and *** showed significant difference respectively at the 10, 5 and 1% level and ns indicates no significant.
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Table 6- Parallel regression test results for ordinal logit model

o kol 9= bl 65 xe e
Statistics Statisticsx”  probability level
A5 s 30.58 0.724
Wolfe Gould
< 34.66 0532
Brant
S 42.75 0.204
Score
9t SV 4561 0.131
Likelihood ratio
s 38.6 0.353
Wald

3.0 gboaisl, sl
References: Research findings
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Table 7- Estimated marginal effects for different groups of households in terms of dietary diversity

95 S e s T el ) e
e ! Marginal £ 0
Variable Marginal effect of Marginal Marginal Marginal
effect of 2 effect of effect of effect of
group.
group 1 group3 group4 group5
o 0. 09" 0. 112%*** 0. 804™" -0. 94 -0.066™"
Age
N -0.0148™ -0.0184" -0.132" 0.154"™ 0.0109"
Gender
EMaass * * * * *
o -0.0121 -0.015 -0. 108 0. 126 0.008
Education
‘3, =5 . -0.0122" -0.0149" -0.0983™ 0.1179™ 0.0076™
Housing ownership
Sl 231l -0. 013" -0.017"s -0. 122" 0.143"™ 0.01"
Household size
i slale 4 Jesese sesese sesese kk kk
uE e dujn -0. 009 -0.012 -0. 087 0.101 0. 007
Monthly costs of food
)‘9;& Aﬁ)&Q)Jé ‘Pu Kkk Kkk Kkk Kkk Kkk
|ndicator Of househ0|d purchasing -0.0194 -0.0241 -0.1729 0.2022 0.0142
power
BT esls
o ‘J” -0.012™" -0.0153"" -0.11™" 0.129™ 0.0091™
Awareness index
15L . " * *
At -0.01m -0.0123"s -0.0823 0.0982 0.0064
Market access
e
e slases -0.011 -0.0142" -0.1147* 0.1286™ 0.0115"
Food aids
L S0 5 alold
oo Bl ) 0. 005" 0. 006™* 0. 049" -0. 057" -0.004™**
Distance to shopping centers
1isl 5 as s
A POy 02> 0. 081" 0.1 0.723™" -0. 846™ -0. 059™

Food inflation index

A3 oo b 1y (o alins A NS 9 0o yd Y 9 B Vv prbaws )3 ()3 sine Gl 5 4y b g st it LGS (gloandly 1o
Reference: Research findings. *, **, and *** showed significant difference respectively at the 10, 5 and 1% level and ns indicates no
significant.
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Introduction: Food security not only requires an adequate supply of food, but also manages the equitable
distribution of food and income. The FAO estimates that about 98% of the world's food insecure and
malnourished people live in developing countries, with the largest number of malnourished people living in Asia
and the Pacific. Given that the majority of the populations of developing countries live in rural areas, improving
the level of food security of rural households is a very prominent goal in developing countries. In Iran also, the
ratio of severe malnutrition is 4.9% of the total population. The poverty line in Khorasan Razavi rural areas has
increased by 28.4% in the summer of 2018 compared to the spring of 2018, which may indicate that more people
are below the poverty line in 2018 than in previous years. Also, in comparing the rural and urban poverty line in
Khorasan Razavi, the rural poverty line had a higher growth compared with the urban poverty line during this
period, that indicate an increase in poverty in these areas. So, it is important to examine food security situation
especially in these areas and identify the variables that determine it. The aim of current study is to analyze the
nutritional status of rural households in Khorasan Razavi province.

Materials and Methods: Data for the study are prepared by collecting 400 questionnaires from 40 villages
selected by multistage cluster sampling in 2019 in Khorasan Razavi province. In this study Berry index and food
group counts were used to assess dietary diversity. Using the FAO classification and the human nutritional
pyramid, consumed foods were pooled into 14 groups. These include bread, vegetables, fruits, meat, fish and
seafood, oils and butter, pastries, spices, cereals, nuts and seeds, eggs, milk and dairy products, Potatoes, drinks
and rice. In the Berry Index, dietary diversity is measured by the number and distribution of food consumption
and in the food group index, food scores are measured using the 24-hour dietary method. In order to investigate
the factors affecting the equal share of rural households' food consumption, the Ordinal Logit model was used.
The dependent variable was divided into five groups: very low food diversity, low food diversity, downward
average food diversity, upward average food diversity and high food diversity.

Results and Discussion: Based on results, average index of food groups in the region is 6.08, which indicate
that dietary diversity is at a moderate and favorable level, but the average of the Berry index in the study area is
0.83. On average, dietary diversity, and consequently food security, is moderately lower and almost desirable.
The difference between the minimum and maximum numerical values of both indices in the sample showed a
significant difference between dietary diversity and food security in the studied sample. Thus, the studied rural
households are in a moderate level of food security in terms of number of consumed food groups but in
moderately low level in terms of share of food groups' consumption. Using the ordinal logit model, variables
including gender, education, housing status, monthly food cost, household purchasing power index, awareness,
market access and food aid all positively influence household dietary diversity. In other words, increases in the
level of these independent variables increase the likelihood that households will be at higher levels of dietary
diversity. Parallel regression tests were used to determine whether the ordinal logit model is a suitable model and
after performing the relevant test, the ordinal logit model provided the parallel regression condition and the
ordinal logit model provided a suitable model.

Conclusion: According to the results of the study, improving the food security of rural households in the
region requires providing suitable employment opportunities for female-headed households and providing
facilities such as micro-credit for setting up and developing household businesses. It is also needed to provide
food aids in a variety of food baskets for rural households.

Keywords: Berry index, Counting food groups, Food security, Khorasan Razavi, Ordinal logit
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Table 1- Impacts of climate change scenarios on climate parameters and crop yield in Hamedan-Bahar plain

Jgazo [ o8] ol by Bl g2, luw

A2 9w RCP26 g2 s RCP8.5 g liuw

Climate parameter/Crop  Scenario B1  Scenario A2  Scenario RCP2.6  Scenario RCP8.5

Ak -6.75 -17.14 -5.18 -18.44
Precipitation
Le> 8.39 12.13 75 13.06
Temperature
N -0.81 -2.07 -0.62 -2.22
Alfalfa
7 2.32 -4.66 -1.92 -5.01
Barely
ks 2.8 -4.51 -2.45 -4.85
Bean
r 2.28 4.21 1.93 453
Cucumber
e -1.63 -3.66 -1.31 -3.94
Garlic
Sgle 2 0.88 0.78 0.85 0.84
Forage maize
257 -3.46 -5.51 -3.04 -5.93
Pea
) e -1.05 3.41 0.72 -3.67
Potato
el -1.27 -1.64 -1.16 -1.77
Rapeseed
i 1.21 275 0.97 2.95
Sugar beet
s 2.88 471 252 5.07
Tomato
o
R 17 2.01 157 217
Watermelon
P -1.44 -2.29 -1.26 -2.46
Wheat
ke 2.97 6 245 6.46
Rain fed barley
hatCoull 041 042 0.38 -0.46
Rain fed lentil
.I .
| m e 0.56 11 0.46 118
Rain fed watermelon
Rkl 145 355 112 -3.82
Rain fed wheat
2 257 -0.41 -0.42 -0.38 -0.46

Rain fed pea

Source: Research findings
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Table 2- Impacts of climate change scenarios on crop cultivation pattern in Hamedan-Bahar plain

Jyasn b oyl s Bl ¢l A2 4 L RCP2.6 ¢ L RCP8.5 ¢ L
Crop Current conditions  Scenario Bl  Scenario A2 Scenario RCP2.6  Scenario RCP8.5
s 8482 7967.8 7172 8088.1 6995.9
Alfalfa
'l 10361 9069.8 7071.3 9371.8 6628.8
Barely
Ly
9 15 6 6.1 6 6.1
Bean
Ls
i 357 353.9 349.2 354.6 348.1
Cucumber
= 1935 19175 1890.3 1921.6 1884.3
Garlic
ool 2 303 295.7 284.4 297.4 281.9
Forage maize
5 69 56.2 36.4 59.2 32.1
Pea
) e 9601 9529.3 9418.2 9546 9393.7
Potato
1 216 197.1 167.7 201.5 161.2
Rapeseed
e 132 122.3 107.3 124.6 104
Sugar beet
P 2 18 18.2 185 18.2 186
Tomato
o
e 301 290.7 274.8 293.1 271.2
Watermelon
P 13341 11537.1 8745.2 11959 8127.1
Wheat
. 2 9 15660 16863.2 18721 16582.5 19132.3
Rainfed barley
Lo 57 59.9 64.3 59.2 65.2
Rainfed lentil
st 6 8.4 11.9 7.8 127
Rainfed watermelon
35
_"’*‘D F 82935 85451.5 89337.2 84864.4 90197.4
Rainfed wheat
w2 297 1135 11795 1248.1 1169.1 1263.3
Rainfed pea
(’ts“_) Jg S ) e 144924 144924.1 144923.9 144924.1 144923.9
Total cultivation area (hectare)
ol o Lol 1 & s @l i Aoy il S5 olael Guins claasily sisle
Numbers in parentheses are the percentage of changes compared to the current conditions Source: Research findings
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Table 3- Impacts of climate change scenarios on production, cultivation area and water use of total and basic food crops in
Hamedan-Bahar plain

shd byl Bl ¢l A2 4 L RCP2.6 ¢ L RCP8.5 ¢ L
Current conditions Scenario B1 Scenario A2 Scenario RCP2.6 Scenario RCP8.5
Production (Thousand tons) (o ,/52) ssi ,lade

Total ggexe 859.7 829.8(-35%)  782.2(-9.0%) 836.9(-2.7%) 773.49(-10%)
;g ?‘;"I" 798.5 769.8(-3.6%)  724.6(-9.2%) 776.6(-2.7%) 716.3(-10.3%)
238 ota
) & i
4 3 s 660.5 628.9(-4.8%)  579.1(-12.3%) 636.5(-3.6%) 569.5(-13.8%)
= 8 Irrigated
3 O
33 2 138 140.9(2.1%) 145.5(5.5%) 140.1(1.6%) 146.8(6.4%)
b Rainfed

o i
Y gase yolws
Other Odﬁct 61.2 60(-2.1%) 57.6(-5.9%) 60.3(-1.5%) 57.1(-6.7%)
r products
Cultivation area (hectare) (isa) cuis ) alaw
Total ggeoxe 144924 144924.1 144923.9 1449241 144923.9
[2]
'ié %‘;‘I‘ 140899 140912(0.01%) 140917(0.01%)  140911(0.01%) 140918(0.01%)
7 O
) g i
43 e 42304 38597(-8.8%)  32859(-22.3%) 39464(-6.7%) 31589(-25.3%)
~ 8  Irrigated
3 O
%ﬂ 3 Ra?;:‘ed 98595 102315(3.8%)  108058(9.6%) 101447(2.9%) 109330(-10.9%)
o
Y gae ylw
* 4025 4013(-0.3%) 4007(-0.5%) 4013(-0.3%) 4006(-0.48%)

Other products

Water use (Million m3) (caseo yio sake) o b puna

Total products
Basic food products

272.8 254.3(-6.8%)

253.8 235.8(-7.1%)

225.8(-17.2%)

208(-18.1%)

258.6(-5.2%)

240(-5.4%)

219.5(-19.5%)

201.8((-20.5%)

] b byl 1 &y o Sl s oy il 805 Sl

Numbers in parentheses are the percentage of changes compared to the current conditions

Geins claasly sisle
Source: Research findings
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Table 4- Impacts of climate change scenarios on gross margin of total and basic food crops in Hamedan-Bahar plain

A2 g b

RCP2.6 g2 )luw

RCP8.5 g9 )l

Scenario A2 Scenario RCP2.6 Scenario RCP8.5

6483(-6.2%)

6787(-1.8%)

6422(-7.1%)

(Jb, 3,4be) (gl s 8330 lad byl B g2,luw
Gross margin (Billion Rials)  Current conditions  Scenario B1
Total ¢gazxe 6912 6748(-2.4%)
'i S Eoe2x 6261 6101(-2.6%)
=38 Total
) S i
43 “ 5194 5015(-3.4%)
Yy 9 Irrigated
=N 2 1067 1086(1.8%
Y8 Rainfed (1.8%)
S pae plo 651 647(-0.7%)
Other products

5842(-6.7%)
4726(-9.0%)
1115(4.6%)

641(-1.5%)

6139(-1.9%)
5057(-2.6%)
1082(1.4%)

648(-0.5%)

5782(-7.6%)
4660(-10.3%)
1122(5.2%)

640(-1.7%)

ol ad byl 1y Cad Sl s duopd il 815 olae]

Numbers in parentheses are the percentage of changes compared to the current conditions

suis glaansl, 1o
Source: Research findings
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Table 5- Impacts of climate change scenarios on physical productivity of water in Hamedan-Bahar plain (Kg/m?3)

Jgmazxo ohed Ly Bl gy,bs  A2g4,lw  RCP26 g,k RCP8.5 g9,
Crop Current conditions Scenario B1  Scenario A2 Scenario RCP2.6  Scenario RCP8.5
g
1.65 1.63(-1.2 1.61(-2.4 1.64(-0.6 1.61(-2.4
Alterta (12) (-24) (-0.) (24)
” 1.14 1.12(-1.8) 1.09(-4.4) 1.12(-1.8) 1.09(-4.4)
Barely
Ly
29 0.32 0.31(-3.1) 0.3(-6.3) 0.31(-3.1) 0.3(-6.3)
Bean
Ls
¥ 3.74 3.82(2.1) 3.89(4.0) 3.81(1.9) 3.91(4.6)
Cucumber
= 2.21 2.17(-1.8) 2.13(-3.6) 2.18(-1.4) 2.12(-4.1)
Garlic
ke =P 12.52 12.63(0.9) 12.62(0.8) 12.63(0.9) 12.62(0.8)
Forage maize
;”‘J 0.61 0.59(-3.3) 0.58(-4.9) 0.6(-1.6) 0.58(-4.9)
ea
() e 5.0 5.04(-1.0)  4.92(-3.3) 5.05(-0.8) 4.9(3.7)
Potato
l.
# 1.01 0.99(-2.0) 0.99(-2.0) 0.99(-2.0) 0.99(-2.0)
Rapeseed
- 5.56 5.63(1.3) 5.71(2.7) 5.61(0.9) 5.72(2.9)
Sugar beet
e 4.07 4.19(2.9) 4.26(4.7) 4.17(2.5) 4.28(5.2)
Tomato
o
Core 6.35 6.46(1.7) 6.48 (2.1) 6.45(1.6) 6.49(2.2)
Watermelon
P 1.05 1.03(-1.9) 1.03(-1.9) 1.04(-1.0) 1.02(-2.9)
Wheat
4 2 oY
§ =S 3 yaze J5 2.64 2.71(2.4) 2.82(6.5) 2.69(1.8) 2.85(7.9)
3 5 S5 % Total crops
% 232 | lié oY gase
X & 8 ol 2.6 2.67(2.5) 2.78(7.0) 2.65(1.9) 2.82(8.5)
\%3 =3 Basic food crops

] od byl 1y Cad Sl s oy il 805 Sl

Numbers in parentheses are the percentage of changes compared to the current conditions

5o slaasdly sl
Source: Research findings
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Table 6- Impacts of climate change scenarios on economic productivity of water in Hamedan-Bahar plain (Rials/m?)

Jgpaw shxé byl i Bl g1 ,lw A2 g ,Lw RCP2.6 g1 L RCP8.5 g1 ,Lw
Crop Current conditions Scenario B1  Scenario A2 Scenario RCP2.6  Scenario RCP8.5
N 1350.7 1339.1(-0.9) 1321.1(-2.2) 1341.8(-0.7) 1318.9(-2.4)
Alfalfa
” 1200.3 1169.9(-2.5)  1139.3(-5.1) 1175.1(-2.1) 1134.7(-5.5)
Barely
[
B;;Jn 1065.9 1034.7(-2.9)  1016.1(-4.7) 1039.4(-2.5) 1012.6(-5)
Ls
¥ 4400.5 4536.5(2.4)  4590.6(4.3) 4487.9(2.0) 4650(4.6)
Cucumber
Gg;; ic 3599.8 3539.5(-1.7) 3464.8(-3.8) 3551.4(-1.3) 3454.7(-4)
i
5l Q’D, 2062.4 2081.7(0.9)  2079.5(0.8) 2080.9(0.9) 2080.9(0.9)
Forage maize
;’:; 1432.6 1380.7(-3.6)  1350(-5.8) 1387.1(-3.2) 134.4(-6.2)
e e 3712.1 3672.1(-1.1) 3581.9(-35)  3684.7(-0.7) 3572.1(-3.8)
Potato
].
s 1852.1 1827.7(-1.3)  1820.5(-1.7) 1829.9(-1.2) 1818.1(-1.8)
Rapeseed
- 1539.0 1558.7(1.3)  1583.6(2.9) 1554.8(1.0) 1587 (3.1)
Sugar beet
GNP 2 2199.0 2263.3(2.9)  2303.9(4.8) 2255.1(2.6) 2311.9(5.1)
Tomato
.l .
S 2391.8 2433.4(1.7)  2440.9(2.1) 2430.2(1.6) 2444.7(2.2)
Watermelon
- 1162.2 1143.9(-1.6) 1133.2(-2.5) 1146.2(-1.4) 1131 (-2.7)
Wheat
= 2 RAPWLN
¥ _‘Zj E S I o 2138.4 2220.8(3.96) 2369.4(11.1) 2200.6(2.98) 2406.7(12.6)
NS B & Total crops
kN S S = -,
— e | ol &Y gz
Rl ,_,SJS c “”L“_‘f"'\; 2046 2127(3.86) 2273(10.8) 2107(2.9) 2310(12.9)
=3 Basic food crops

ol J=d byl i Cand Ol s duoyd 0l J515 olae]

Numbers in parentheses are the percentage of changes compared to the current conditions

suis gbaaisl, 8L
Source: Research findings
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Introduction: The potential impacts of climate change on water resources and food security are receiving
growing attention especially in regions that face growing challenges like water demands for agricultural,
domestic and environmental uses. The anticipated climate change are likely to impact water resources (surface
water and groundwater) by altering precipitation patterns and change in nature of rainfall regimes. Apart from
the effects on water availability, climate change is expected to adversely affect crop productivity, food security
and food producers' income. Climate changes could affect the four dimensions of food security; food
availability, access, utilization, and stability. Therefore, this study aims at investigating the economic effects of
climate change on the agricultural sector (including the yield of crops, water resources, food security and
profitability) in Hamadan-Bahar plain. The hypothesis tested in this research is that climate change has negative
impacts on the agricultural sector in the study area and it is necessary to present solutions to reduce these effects.
Accordingly, the question answered in this study is whether climate changes in the region reduces crop yields,
the profitability of the agricultural sector, and aggravate the scarcity of water resources. For this purpose in this
study, the effects of climate change in different scenarios on regional cultivation pattern, basic food cultivation
pattern, gross profit of farmers, physical and economic productivity of water and food security in Hamedan-
Bahar plain have been investigated and then various suggestions to these problems have been presented.

Materials and Methods: For this purpose, the physiological, hydrological and meteorological aspects of the
problem were integrated into an economic model and the changes in cultivation pattern of the plain were
projected in counterfactual climatic scenarios. Accordingly, the outputs of the HadCM3 model under the
scenarios of B1 (optimistic) and A2 (pessimistic) were utilized for the fourth report; additionally, the outputs of
the ensemble model under RCP 2.6 (optimistic) and RCP 8.5 (pessimistic) scenarios were used for the fifth
report of IPCC. Then, the variables of rainfall and temperature for the horizon of 2070 were predicted under
scenarios B1, A2, RCP2.6 and RCP8.5 using the Lars-WG model. In this regard, the yield response functions of
the products with respect to climatic parameters by the Generalized Maximum Entropy method (GME) were
estimated and the elasticity of the yield of the products with regard to temperature and rainfall were calculated.
Then products yield changes on the 2070 horizon under different climate change scenarios were predicted and by
including it in a positive mathematical programming (PMP), the impact of different climate change scenarios on
regional cultivation pattern, basic food cultivation pattern, gross profit of farmers, physical and economic
productivity of water and food security were examined. To estimate the yield response regression model and
predict climate changes by LARS_ WG model, the data on the period 1982-1982 were used. Also the data and
information of farmers were obtained using a two-stage cluster sampling method in 2018 (baseline).

Results and Discussion: The results indicate an increase in temperature, a decrease in precipitation, a
decrease in the supply of water resources, and consequently a decrease in the yield of most basic food products
and an increase in the yield of some vegetable and summer crops were anticipated in all scenarios. The results
also showed that the occurrence of the mentioned consequences has negative effects on the total production of
crops, the amount of production of basic food products and the gross profit of farmers in the region. And in this
regard, in the most pessimistic scenario on the horizon of 2070, it will impose a loss of 490 billion rials on
farmers. The increase in the physical and economic efficiency of water in different scenarios shows that water is
becoming more valuable due to the decrease in the quantity of water due to climate change. Therefore the
economic value of water would increase in the future decades in Hamadan-Bahar plain, which itself represents
the severity of water scarcity in the agricultural sector.

Conclusion: The occurrence of climate change by affecting water resources, crop yields, cultivated area,
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food production and ultimately farmers' incomes, in addition to imposing economic and environmental losses,
would affect various aspects of food security such as food availability, access, stability and utilization.
Accordingly, in order to maintain and improve the yield of crops and reduce the possible losses imposed on
income and food security of the region, it is vital to adopt appropriate strategies compatible with climate change,
including the use of new irrigation technologies, deficit irrigation methods and to reform the cultivation pattern
by selecting products with higher economic value in order that increase water productivity. Finally improving
management of water resources and farmers' income at the plant, farm and region levels, is crucial.

Keywords: Climate change, Cultivation pattern, Food security, Hamedan-Bahar plain, Positive mathematical
planning, Water productivity
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Table 1- Summary of some demographic and economic characteristics of farmers

L puiilo JRVCE WA VPP | JE B T KPS Pl
Variables Mean SD Min Max
Ld .
(o) = 60.475 14.766 30 93
Age (year)
(oo JLo) 3o gl 9.12 5.231 0 18
Level of education (academic year)
(Js) 2y 2,25 34368  15.948 5 70
Production experience (year)
A 2454 1862 2 8
Number of family members (persons) ' '
() €2 8 59,0 2 5.235 0.984 2 7
Number of workers in the garden (person)
(ise) gl ol 0.354 0.253 0.1 2
Garden Size (hectare)
S B e Jpame dlg lawss
(P’S’J’s)_“J 5d ey mere 664.982 524.131 100 3650
Average production of Cornelian Cherry crop (kg)
(Oleg? Oelsn) il el e 8.368 2881 055 201
Average annual income (million tomans)
(C'&l“’) @L)I)L’ L’ """)"° u*")?‘QT dl.bb)}b 22 L"s)"“’ O 585 2 017 O 12
Participate in marketing-related training courses (hours) ' '
L) ol Cogac ablw
(Jbu) gl 2 gt o 11793 10.923 0 26
Cooperative membership history (year)
el Olalad dluss
ot R e 1.568 0.157 1 6
Number of garden pieces
(0ley Ggae) csolail slocllsd 500 J el bugie 1.357 0.024 0.7 25
Average income from other economic activities (million tomans)
(Dleg? O] 55 sl iz oot 0.883 0.436 0.1 5.1
Average production costs (million tomans)
Amount of loans received (million tomans)
YT ppile coSlo slas
Opile coflle slass 0.693 1.093 0 4
Number of machine ownership
Lesks) a2 ikl € bt 5.408 0.339 1 25

Garden distance from the market (km)

3uios sbhanl Bl
Source: Research findings
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Table 2- Ranking of the effectiveness of 4Ps components among respondents

Cogdyl e Bldl SSle aailso

Rank SD Mean Components

2 0.421 2.998 Jyame
Product

4 0.422 1.536 o
Place

1 0.445 4,025 o
Price

3 0.520 oa73  @sF s slacdlé
Promotion

3bj s =0 ol —F dawgio =¥ (oF =Y o Ld ) n =+ 1 pwlide
Scale: 0- None, 1- Very low, 2- Low, 3- Medium, 4- High, 5- Very high
Source: Research findings oo slaasl: sk

Jya.’xo
Product
5.0
4.0
3.0
95 9 =) b ol

. @.0
Promotion Place

Price

oYY 514Ps sadlio g pmis wil Y JSS
Figure 1- Influence of 4Ps components from brokers
Geins sbhanl: isle
Source: Research findings
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Table 3- Ranking of items related to selected marketing methods

gyl Hlme Bldl (e a5
Rank SD Mean Items
1 1.106 3.346 _ OV & &l o Pt
Selling the head of the garden through brokers
2 1.107 3.328 O3 & sy Jpame )2

Sale of manufactured products through brokers
e85 L bal)ls 5 laojlie & puine & )jg0d (39,8
Sell directly to shops and factories or companies

4 0.923 2.767 _ Spas & §)ga> g millis (59,0
Direct and face-to-face sales to the consumer

3 0.757 3.000

5 1388 1.939 Jpaze (25 s fte
Pre-selling the product
6 0.865 0.660 OB g g el Ko b (Sl g0 gy
7 0850  0.464 _ I
Sales in partnership with other gardeners and growers
8 0.346 0.139 9o sl b laglojlo 4 43,3

Sales to government organizations or institutions
9 0.00 0.00 Jpazee 5] 292
Internet sales of the product
3L k=0 ol —F dawgio =V (o =Y o (LS =) gur =+ i wlie
Scale: 0- None, 1- Very low, 2- Low, 3- Medium, 4- High, 5- Very high
Geios gbaal isle
Source: Research findings
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Brokerl, Broker2, Factories and
Broker... workshops
76 %27 7 66f |4 7 69
- _\ - * .
sy | FA2 | g eses b e
Producers Wholesaler 737 P Retailer
425
A 18 o.l;isg_é)..a.a

Consumer

M5 I prmo s g GBI Jguanno (213 3a%k0 (51 pramo =Y S5
Figure 2- Multiple routes of Cornelian Cherry marketing and determining the dominant market direction
Geios claail sl
Source: Research findings
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Table 4- Frequent distribution of grouping of transactions with economic brokers

XKL dlolro wuo )d Zobaw Sl KW R R W
Recoding Percent of transaction levels Frequency  Percent  Percent cumulative
1 o 54 19.28 19.28
Low
2 o b 31 11.07 30.35
Relatively low
3 ke 43 15.36 45.71
Relatively high
4 2L 152 54.29 100
High
&= 280 100.0 -
Sum

suis slaanl Bl
Source: Research findings
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Table 5- Average equality test of groups

(KWWY . 3,10t | 5955 Cu g il
o o G oL 2 ap G @9-' et dﬁf
7 by 2 yeolji Yol Sig. o Sl
; . ) [L13) .
Variables Wilks' F a1 a2 Standardized Structure
Lambda canonical functions matrix
o 0.986 1.305 3 276 0.273 -0.072 0.104
Age
S 0950** 4793 3 276 0.003 0.048 0.231
Education
iy 3 olows .
it 0.994** 0.601 3 276 0.615 0.371 0.059
Number of workers
d””” 0.982 1.639 3 276 0.181 0.375 0.119
Experience
el Colwo "
& == ] 0.783* 25.517 3 276 0.000 0.237 0.566
Garden size
b Olalad olows
£ Slabad St 0.994 0.590 3 276 0.622 - 0.064 - 0.004
Number of garden pieces
Sy bagie (e
Average amount of 0.774%* 26.839 3 276 0.000 0.047 - 0.590
production
; i " "
wleale el Loy 0.806** 22087 3 276 0.000 -0.210 0.544
Average monthly income
el o 5l sl bwgie
sl 0.754**  30.051 3 276 0.000 -0.512 - 0.640
Average income from other
economic activities
e 0.834**  18.303 3 276 0.000 0.034 0.494
Average production costs
ks slaply Gl
The amount of |0ans 0.958** 3997 3 276 0008 0081 0165
received
S 8 Cugac able -
History of cooperative 0.887** 11.667 3 276 0.000 -0.098 0.397
membership
VT ile oSl slows
ownership
5ieel clao W -
e ST 4R 0.701*  39.227 3 276 0.000 0.754 0.735
History of training courses
P9 L 5l gl alols -
Garden distance from the 0.771* 27.332 3 276 0.000 -0.234 0.605
market
Jyams bl 4 cos 555
marketing

Eigen value = 0.773; Canonical correlation = 0.660; Wilks’ Lambda = 0.472 and Sig.: 0.000; Chi-square : 201.711 and df: 48; % of
variance = 80.6

Jop ) maw jd (g5 gz b
##. Significance at the level of 0.01 (2 tails)
Sing slaadl? sl
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Source: Research findings
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Table 6- Grouping results

89,5 15 Cugls (S
OB S udgi gy )5 GrouE) membership pregiiction 5 o>
Pruducers Groups S5 &5 s 55 U sL;  Sum
Low Relatively low Relatively high high
i 33 8 6 7 54
Low
”.5 ) 6 15 6 4 31
olass Relatively low
Number b s 6 8 24 5 43
Relatively high
LS 10 23 19 100 152
high
i 61.1 14.8 111 131 100
Low
s
”_5 : 194 48.4 194 12.9 100
Loy Relatively low
s
Percent b5 o 14.1 18.6 55.8 116 100
Relatively high
b .
% 6.6 15.1 125 65.8 100
high

The prediction accuracy of the groups in this analysis is 61.4%.
Gos glaadlyl sl
Source: Research findings
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Introduction: Cornelian Cherry (Cornus mas L.) is one of the most important medicinal and organic
products in East Azerbaijan Province which is recognized as the most cultivated area of this crop in Kaleybar
county (More than 135 ha of gardens). While due to lack of proper marketing management and lack of
complementary industries, it has failed to find its true place in improving the productivity of its producers and
economic boom of the region. Influence of brokers in different dimensions of the market and especially the
possible future product prices, financial needs and low knowledge of producers in relation to the correct
marketing principles and conditions of rapid product corruption are considered in order to maximize profits.
What is certain is that brokers, if the right conditions arise, are considered as one of the determining and
influential factors in creating a selling price bubble. The influence of brokers on marketing can be explained via
4Ps marketing, which is the most common and at the same time the most widely used type of marketing mix in
the field of marketing of agricultural products. Therefore, the aim of the study was to analyze the market
structure and marketing methods of this product (4Ps components, marketing routes and marketing methods)
with emphasis on the role of brokers in marketing producers in Kaleybar county (in 2018) to create optimal
knowledge of the dimensions of brokers' influence in the market.

Materials and Methods: The statistical population included all active producers of Cornelian Cherry in
Kaleybar county (N=1010), which sample size was determined by multistage sampling method with the help of
Bartlett's et al. (2001) table. First, five major production areas (Cornelian Cherry gardens) were selected from the
research areas. Then, in each region, a number of gardens-villages (7 gardens-villages) were determined
randomly and among them, 280 producers (n=280) were selected and interviewed by appropriate proportion. In
calculating the reliability of the study instrument, Cronbach's alpha method was used, which confirmed the use
of study variables (coefficients above 0.7). For content and appearance validity of the study instrument,
suggestions and corrections of a panel of faculty members in economics and agricultural management of
Mohaghegh Ardabili University, experts of agricultural jihad organization of the province and executive experts
of Kaleybar County were considered. To determine the dominant market direction, the producers were asked to
state or outline the available paths in Cornelian Cherry market from the producer to the end customer. Then, by
examining the frequency of responses, the dominant path was determined.

Results and Discussion: The findings showed that the preferred method of marketing among producers was
to sell in farm to brokers. Also, the first priority of the influence of 4Ps components from brokers was related to
the price component. According to the findings, dominant direction of market was achieved as "producer—
brokers— wholesalers— factories and workshops— retailers— consumer". Also, the most important
distinguishing variables of producers based on the amount of transactions with brokers were the variables of the
history of training courses (0.735), The amount of income from other economic activities (-0.640), and the
garden distance from the sales market (0.605). Therefore, while emphasizing on educational programs, with the
prosperity of Cornelian Cherry production cooperatives in the region, it is possible to organize the warehousing
and transportation management of the produced crop to the market. Also, planning for government supporting
purchases and creating a support office for Cornelian Cherry marketing in the region could diminish the role of
brokers in the dominant market direction.

Conclusion: The predominant path of Cornelian Cherry marketing in the region often begins with brokers
(sometimes up to a few brokers) and reaches at the end to the consumer in a few steps, and brokers are effective
in determining the price of the product. The brokers appear to have full control of the Cornelian Cherry market
in the studied region and they always have the upper hand in economic bargaining with producers and buyers;
and control the pricing in the market. Also, the lack of knowledge of producers of Cornelian Cherry in various
fields of marketing, including customer acquisition, advertising, storage, the right sales routes and new

1, 2 and 3- Assistant Professor, Master Graduate and Professor, Department of Water Engineering and Agricultural
Management, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili, respectively.
(*- Corresponding Author Email: msookhtanlo@gmail.com)
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marketing methods, are major obstacle to the prosperity of Cornelian Cherry marketing in the region. The special
characteristics of production and sale of Cornelian Cherry (such as seasonality, corruption, lack of insurance and
government facilities in the region and problems related to proper storage and maintenance facilities and
knowledge and lack of industrial and semi-industrial processing and conversion workshops in the region) seem
to lead producers to trade with brokers. Meanwhile, the existence of many intermediaries between the producer
and the consumer also increase the basic marketing problems of this product. Rising prices, through the number
of brokers and intermediaries in the marketing paths, will also have a negative impact on the marketing boom of
the region and improve the productivity of Cornelian Cherry production. It is obvious that laying the government
financial and executive support for the construction of processing industries and production of Cornelian Cherry
in the region can reduce the negative and active presence of brokers in the dominant marketing paths, and
increase the profitability of Cornelian Cherry producers in the region. Therefore, in order to improve Cornelian
Cherry marketing in the region, the study findings introduce a clear path for the gradual elimination of the
position of brokers.

Keywords: Brokers, Cornelian Cherry, Marketing, Medicinal herbs
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2- Water Evaluation and Planning System (WEAP)
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1- Soil and Water Assessment Tool (SWAT)
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Figure 2- Comparison of observational data of river flow volume with simulation data
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Table 1- The effect of A2 climate change scenario by applying the protection policy of limiting the consumption of
groundwater resources on the amount of water available in different areas during the period 2011-2039

& Wlhao 83945 (p) p+A2+sl
Case study (m3) (m3)
(Najafabad) sl 16508 13520
(North Mahyar) Jes ,Lee 11945 10551
(Lenjanat) el 11730 9510
(Koohpayeh-Segzi) ¢ ;5uw—alags 13630 11837
(Esfahan-Borkhar) jlss - el 15335 13111
(Ben-saman) ;lolu—y 11842 9711
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Source: Research findings
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Table 2- Water allocation between different consumer sectors in Zayandehrood Basin

BAS B e s piSy
User

M dpae A Gpae

(Urban) o,
(Agriculture) (¢;,slss
(Industry) caws

(Total) o ise JS

Currentuse Optimal use
(MCM) (MCM)
334 321
3615 2509
152 104
4101 2934
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Source: Research findings
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Table 3- The effect of climate change and the implementation of water conservation policies on farmers' program yields
(million rials per hectare)

oWl 83905

p A2+sl  A2+s1+s2  A2+s1+s2+s3
Case study

(Najafabad) s\i s 73 68(-%7)  68(-%7) 59(-%19)
(North Mahyar) Jls ;lee 22 19(-%14) 36(-%64) 27(+%23)
(Lenjanat) bl 49  45(-%8)  45(-%8) 35(-%29)
(Koohpayeh-Segzi) ¢;%—alassS 58 58(0) 61(+%5) 53(-%09)
(Esfahan-Borkhar) jlos - kéo! 71 68(-%4)  77(+%8) 66(-%7)
(Ben-saman) ;lobo—p 82 78(-%5)  78(-%5) 71(-%13)
(Total basin) avgs JS ggoxe 62 59(-%5) 62(0) 53(-%15)
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Source: Research findings
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Table 4- Effect of Climate Change and Application of Water Resources Protection Policies on Economic Efficiency of Water
Consumption (Rials per m?)

o7 lhe 03gace P A2+sl  A2+sl+s2  A2+sl+s2+s3
Case study

(Najafabad) sblcass 7529 7010 7010 6120
(North Mahyar) Jlus jiee 1461 1307 4090 3090
(Lenjanat) el 4199 4728 4728 3273
(Koohpayeh-Segzi) ¢ 5w—alasS 4600 4922 5261 6425
(Esfahan-Borkhar) jlss - kaw! 5567 5186 7516 7117
(Ben-saman) :jlolu—y 11391 10495 10495 9495
(Total basin) ase> JS ggome 5209 5283 6002 5901
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Source: Research findings
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Table 5- Results of calibration and validation of nitrate losses in Varzaneh station

(Test) 051 (R?) i qups (NS Gl
(Najafabad) ol 0.72 0.70
(North Mahyar) s el 0.68 0.65
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Source: Research findings
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Table 6- Total crop erea, Cost of Nitrate losses and Cross margin in economic optimal pattern and bio-economic

o s gg000 2 Ol OB Ay 0 gl ol
Wl 539500 “g:foji e eas ok 5 (b, oske) 55
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Introduction: The increase in water demand and the expansion of water pollution due to the development of
agricultural, urban and industrial activities have led to a serious risk of water quality in many places. Therefore,
its rational and logical management has become very difficult and complicated. In recent decades, concerns
about water pollution from agricultural activities and its consequences have been growing. The existing
regulations are not sufficient to limit the water pollution of the agricultural sector and to achieve the desired
environmental consequences. Thus, economic tools have increasingly been proposed as an affordable way to
limit pollution. Therefore, the side effects of water consumption in agriculture are vital issues for controlling and
managing water pollution. The recent challenges in water resources of the Zayandehroud basin have led to the
fact that this area has not been safe from water pollution and also the supply of high quality water is a major
challenge in this basin. Therefore, providing a purposeful cropping pattern by reducing the side effects of water
pollution caused by agricultural activities for the Zayandehroud basin can play an effective role in the
quantitative and qualitative management of watershed resources.

Materials and Methods: In this study, the water resources management system of Zayandehroud basin has
been modeled based on a multi-objective programming model. This model includes hydrological functions, land
allocation, resource transfer and exploitation capacities, and the objective function is to maximize the net present
value of the total benefits at the basin level. Also, the amount of water available in different sub-basins, the crop
yield and net water requirements was simulated using the WEAP model for the 2040 horizon. This data was used
as input in the economic model. In the next step, the side effects of water pollution are estimated and internalized
in the economic model using permissible limit of water pollution in constraint and the cost of water pollution in
the objective function. The mechanism designed to internalize the side effects of water pollution is simulated
using the SWAT model and added to the integrated water management model of the basin as environmental
constraint and cost of nitrate losses in objective function. Therefore, by comparing the results of these two
models, it is possible to evaluate the internalization of the side effects of water pollution on farmers' livelihoods
and the cropping pattern in the basin.

Results and Discussion: Cropping pattern under basic conditions was applied in WEAP software for
different regions. Yield and net water requirements of products were simulated using MABIA tools. The results
were extracted by each region and then estimated at basin level. The results of the optimal cropping pattern after
simulating the hydrological parameters of the basin showed that the gross margin compared to the current
conditions for Najafabad, North Mahyar, Lenjanat, Kuhpayeh-Segzi, Isfahan-Borkhar and Ben-Saman regions
was 14, 5, 15,18, 15 and 20 million Rials per hectare, respectively. The increase in the share of irrigation
technologies in the economic model compared to the current model for Najafabad, Lenjanat, Kuhpayeh-Segzi,
Isfahan-Borkhar and Ben-Saman regions was 40, 57, 35, 45 and 91 percent, respectively.Therefore, it can be
expected that by changing the cropping pattern and also increasing the use of new irrigation systems, it is
possible to improve the livelihood of farmers in the basin according to the current and future hydrological
conditions. But these changes have increased the side effects of pollution on the basin. Therefore, it is necessary
to provide a model that, in addition to improving the benefit, also reduces the cost of nitrate losses. The results of
the optimal bioeconomic model indicate that with the application of this model, the rate of gross margin and the
cost of nitrate losses have been obtained at 58 and 28 million Rials per hectare, respectively. Comparison of this
model and the optimal economic model shows that farmers' gross margin and nitrate losses have decreased about
3 and 2 million Rials per hectare, respectively. Comparison of the current and optimal bioeconomic model also
shows that while improving the gross margin by 12 million Rials, the rate of nitrate losses below the allowable
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level in the basin can be realized.

Conclusion: Zayandehroud basin is one of the most important watersheds in the country, which is facing the
challenge of quantitative and qualitative water shortages. The main purpose of this study is to quantitatively and
qualitatively manage water resources and evaluate the consequences of internalizing the side effects of water
pollution on this type of management. The results of the study showed that using the optimal economic cropping
pattern will increase the farmers' gross margin and improve their livelihoods. Also, comparing the results of the
economic model with the multi-objective bioeconomic model showed that considering the side effects of water
resources pollution in some areas is effective and in others is ineffective. Therefore, it is recommended that in
future studies, considering the effective role of different policies in the field of water resources quality, the
effects of different scenarios of climate change, drought, population growth, etc. be examined and analyzed.

Keywords: Hydrological simulation, Integrated bioeconomic model, Optimal cropping pattern, Water
pollution
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