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Introduction

Global environmental changes have become a significant challenge for humanity, highlighting the need for
robust support for environmental projects across all dimensions, including financial and economic. Integrating ethics
and human and social values with environmental concerns in economic activities creates a new approach for sectors
such as banking, manufacturing, industry, and insurance, reshaping their operations in response to these challenges.
It is necessary to put aside the purely market-oriented approaches focused on the rapid development of financial
markets at any cost, so that other policies with greater health can replace them. Meanwhile, the concept called
"green banking" is one of the most important examples of this support. This kind of banking, as an important part of
ethical banking, plays a special role in protecting the environment. With a comprehensive explanation of green
banking and by using theoretical studies and international experiences and obtaining opinions from relevant experts
and experts, this research identified the factors affecting the trend of the country's banking network towards green
banking by using the Delphi method, questionnaire analysis and Friedman's test.

Materials and Methods

The current research is completely practical in terms of its purpose and qualitative and descriptive-analytical in
terms of implementation method. First, by using the Delphi method, the factors affecting the tendency of the
banking to implement green banking are identified, and then the relevant data is collected using a questionnaire. In
the following, the known factors are ranked and prioritized with Friedman's test. The statistical population of this
research was all managers and banking experts in Tehran. In the Delphi method, a standard statistical sample
typically ranges from 10 to 30 questionnaires, with 28 initially considered for this research. After follow-up, 23
questionnaires were completed and included in the analysis. Additionally, 142 questionnaires were prepared and
collected for Friedman's test implementation. At this stage, a Likert scale was used for the research questions, scored
by managers, branch heads, and banking experts. A combined method has been used in the collection of research
statistical data. At first, the concepts of green banking and ethical banking have been explained by using the library
method and conducting free theoretical and field studies. In the following, with the Delphi technique and obtaining
the opinions of relevant experts and experts, the most important factors affecting the tendency of the banking
network to implement green banking have been calculated. In the following, the remaining important factors have
been added to the set of factors with the method of intellectual generation.

©2024 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

Based on the results of the research, four main economic, structural, managerial and social criteria were
identified in order to influence this tendency. In the sub-criteria section, the high inflation rate, the relative
cheapness of energy prices and the presence of profitable parallel markets along with green deposits are mentioned
as the most important reasons for the low tendency towards green banking. Also, the laws and regulations and the
legal system, the recruitment system, the promotion and encouragement of bank managers and employees, the
central bank's supervisory system, the senior managers' attitudes towards environmental issues, corporate
governance, the bank's internal supervision, the attention to green banking in the selection and decision Customers,
society's attitude towards environmental issues and the culture of demand among the most important sub-criteria
affecting the trend of the Iranian banking towards green banking have been evaluated and introduced.

Conclusion

This research tried to identify and analyze the factors affecting the tendency of Iranian banking network towards
green banking with a more comprehensive explanation of green banking and by using theoretical studies and
international experiences and obtaining opinions from relevant experts and experts. Based on the research results,
four main structural, economic, managerial and social factors influencing this trend were identified. Surveys showed
that in the first place, economic factors were more effective than other factors in the trend of the banking towards
green banking. Among the study factors categories, structural, managerial and social factors have the most influence
on the trend of the country's banking network towards green banking. It is suggested that for the greater desire and
tendency of the banking to implement and realize green banking, it is necessary to improve the economic
components with the aim of more stabilization, inflation control, strengthening of supervisory dimensions and
balance sheet reform of the banking network. Also, reforming the legal system in the supervision and support of
green bankers, reforming the incentive and recruitment system, strengthening the attitude of senior bank managers
and the general public to the necessity of protecting the environment, as well as reviewing the frameworks and
processes of corporate governance in banks with a green perspective to encourage Iranian banking, is necessary
towards green banking. In the meantime, undoubtedly the role of the central bank as the supervisory body and
upstream regulatory body in reforming the general structures of the banking system and improving the management
situation of the public sector of the banking network can be useful and effective in increasing the tendency of banks
to establish green banking and comply with its criteria.

Keywords: Economic factors, Ethical banking, Green banking, Iran
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Table 1- Macro criteria and sub-criteria effective in the tendency of banks to implement green banking
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environmental issues

5 Bl )3 s (g )laSSL 4 d g5 59 - performance evaluation

Ol puie o

The importance of paying ke

attention to green banking in the

choice and decision of customers

S e § gaelols Sy -
Demanding culture

Lo sledpspe slaglojle slolis -

Demand of related NGOs
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Staff training system
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Implementation of employee
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The attitude of senior managers
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Internal supervision in the banking

Mandatory facilities - Sl
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Inflation Rate encouragement of managers and bank
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banking Laws and the legal system
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Profitable parallel markets
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Tax system
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Table 2- Descriptive statistics and distribution of data

s oy (ST Mo yd
Number  Percentage  Cumulative percentage
Sz 1 gl S0 3y 65.5 65.5
The first sector: sex Male
o) 345 100
Female
S 142 100
Total
T 33.8 33.8
Bachelor
A el lS 444 78.2
Master
e ipg2 i o 31 218 100
The second sector: Education Ph.D
o 142 100
Total
300 ol sisle
Source: research findings
wadlze (139 Jlo b Curdg (o) 2 =Y g
Table 3- The normality of the components
B ,lzo ool dlawi g,ll il Skewness Kurtosis
Factors N Statistic Mean statistic  Std. error Statistic Std. error Statistic
L3 Lo
& 142 4.103 0.130 -0.201 0.260 -0.194
Structural
dbw'_ 142 4.516 0.130 0.193 0.260 0.161
Economic
e 142 4.393 0.130 -0.108 0.260 -0.156
Managerial
UCL’_Z?‘ 142 4.254 0.130 -0.089 0.260 -0.187
Social

suios slaazsl, sisle
Source: Research findings
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Table 4— T-test of structural factor

slass ol 315! Bl 51 RV |
N Statistic Mean Standard deviation Mean deviation
142 4.103 0.285 0.026
. .j sy |
09 u*’u_ Sig = 0.05 (p-value)
6,8l Jolge (Test Value) =3
Structural factor OUsob! s
ojbof oo T4 ¢ 1sline pdaw Osle YS! 0.95 (cl)
T (df) p value (md) RN Jslas
Max Min
34.689 141 0.000 1.103 1.134 1.072
§uins clnasdl, (sl
Source: Research findings
@dUall Jolge (51aig0icSS (5 (19031 -0 g
Table 5- T-test of economic factor
slas Sl 35 bi] Bl 51 R P |
N Statistic Mean Standard deviation Mean deviation
142 4516 0.188 0.019
. .j A, |
090 ) Sig = 0.05 (p-value)
Ul Jolgs (Test value) =3
Economic factor Oluob! o
oylof e T4 g hsline daw Osle V! 0.95 (cl)
T (df) p value (md) Sl Jalas
Max Min
41.066 141 0.000 1.516 1.545 1.487
e slaassly is Lo
Source: Research findings
Rt Jolgs (gla50iST (F (903l -5 g
Table 6- T-test of managerial factor
alass oSl 3,5 tu! 1y RVCH W JE |
N Statistic Mean Standard deviation Mean deviation
142 4.393 0.203 0.013
49031 p93,1= 3
090 ) Sig = 0.05 (p-value)
e Jolgs (Test value)
Managerial factor obaeb! maw
oylol a4 g Iline ptaw sl BB 0.95 (cl)
T (df) p value (md) RN Jilas
Max Min
39.840 141 0.000 1.393 1.425 1.361
550 glaabl 135l
Source: Research findings
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Table 7— T-test of social factor

Slasy
N Statistic

ke 315kl B ol

Ol Sl !
Standard deviation Mean deviation

142

0.297 0.022

093 U835

Sig = 0.05(p-value)

slaial Jolgs (Test value) =3
Social factor Oluob! o
sjbof e 120> il o el SN 0.95 (cl)
T (df) p value (md) Sl Slas
Max Min
47.338 141 1.254 1.280 1.228

5850 cladl 15l
Source: Research findings
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Table 8- Friedman's ranking test

oo 4,
Mean Rank

Managerial
sl
Social

“t3) u’;l-:’“
Rank Criteria
1
2
3 (e
4

oLl
Economic

sl
Structural

3.94

3.67

3.55

3.19

3.0 sloassl, sisle
Source: Research findings
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Table 9- statistical test
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o 142
N statistic
Al s 49.88
Chi-square
NPT
[EL DI 3
(df)
< bln 0.000
Asymp. sig.
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Source: Research findings
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Table 10— The rank of the subcriteria in the structural factor

&) Jxe s ke 4
Rank Subcriteria Mean Rank
1 o> pllai g &l yhe g (yle8 3.43

Laws and the legal system
S QIS 5 e 321945 9 )l (o5 pllas

2 Recruitment system, promotion and 311
encouragement of managers and bank employees
The central bank's supervisory system
4 o el pllss (om0 S 278
Bank-oriented financing system
5 3 e 9 (.39’5> (’Ué;' 2.76

Payroll system

3uio0 sloazal, sisle
Source: Research findings
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Table 11— The rank of the subcriteria in the economic factor

ad) PSS ol 4
Rank Subcriteria Mean rank
Inflation rate
2 Si ot 3.97
Energy price
3 3 Slse ol 3.83
Profitable parallel markets
4 I e 3.25
Mandatory facilities
5 e pl 3.02
Tax system

S A glaslil 5 sy
Balance sheet status of the banking

2.83

Geios sbazsl, s le
Source: Research findings
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Table 12— The rank of the subcriteria in the managerial factor
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Rank

Subcriteria

OoSbe 4,

Mean rank

1

Jxnane S 4y s 58 e 5

3.38

The attitude of senior managers towards environmental issues

b aS

3.23

Corporate governance

Sl B o)l

3.16

Internal supervision in the banking

oS, 5 Sdas (o)l sl

2.87

Implementation of employee performance evaluation

OIS ol plis

2.36

Staff training system
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Source: Research

findings

S Jole 3 By ylno o5 4y - VY Jgur
Table 13— The rank of the subcriteria in the social factor
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A Sbre s
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Subcriteria

ol 4,

Mean rank

Obyidie paeuad 9 QL] )3 juw (6)ISSL 4 a5 (459

1

The importance of paying attention to green banking

2.94

in the choice and decision of customers

e Jlus 4 Cuns dnsls (5,5

2,61

Society's attitude towards environmental issues

sl g sulols Kin s

2.40

Demanding culture

L po legpase sl lojle slolis

2.05

Demand of related NGOs
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Source: Research
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Introduction

Given the rapid process of industrialization, expansion of agriculture, increased reliance on fossil fuels, and the
intensification of climatic conditions, air quality has rapidly deteriorated in recent years. One of the most important
issues and challenges facing the world today is air pollution, particularly PM;s pollution. This problem has evolved
into one of the most complex and serious dilemmas affecting the lives of people worldwide. Exposure to high levels
of air pollution has negative health implications. The present study aims to measure the willingness to pay of
Mashhad city residents for the improvement of PM_s pollution and identify the factors influencing this willingness

to pay.

Materials and Methods

This study used contingent valuation and the multiple-bound discrete choice model to calculate individuals'
willingness to pay. The research focused on the certainty level of "definitely yes" and generated 13 different
proposals ranging from 10,000 Toman to 200,000 Toman. The ordered logit regression model was employed to
analyze the factors influencing the willingness of Mashhad citizens to pay for air quality improvement. The study
collected 343 questionnaires from Mashhad city residents, considering variables such as education level, age,
gender, marital status, family size, presence of children, chronic respiratory diseases and individuals' income. The
dependent variable was the public's willingness to pay for improving air quality regarding PM2.5.

Results and Discussion

The study found that a significant portion of respondents were willing to pay for air quality improvement. About
22.45% were willing to pay less than 10,000 Toman, 60.06% were willing to pay between 45,000 and 58,000
Toman, 5.83% were willing to pay between 95,000 and 120,000 Toman, and 11.66% were willing to pay between
155,000 and 200,000 Toman. The average willingness to pay for PM2.5 pollutant improvement in Mashhad was
estimated to be 55,488 Toman. Education, age, respiratory diseases, income, and family size were found to affect
willingness to pay.

@ @ ©2024 The author(s). This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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Conclusion

Improving air quality and reducing pollution requires costly efforts and collaboration from society. This research
examines individuals' willingness to financially contribute to air quality enhancement. Factors influencing their
willingness to pay are also studied. Based on the findings, it is recommended that the government and municipal
authorities impose taxes and levies on polluting sectors, considering the calculated value of air pollution and its
sources. Educational programs tailored to diverse educational backgrounds, along with technology and social media,
can raise environmental awareness among Yyouth. Developing cost-effective public transportation systems and
providing discounts for low-income individuals can also help reduce pollution. Financial programs and incentives
for cleaner resources are another solution for improving air quality.

Keywords: Mashhad, Multiple-bound discrete choice method (MBDC), PM2.5, Willingness to pay
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Table 1- Multiple-bounded discrete choice format

Waluin Jor molie A Lalad
Monetary values of offers

aly Yol
Definitely yes  Probably yes

& Ylois! & ks
Probably no  Definitely no

Not sure

Olegi e Ve
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13 Thousand Tomans
Oln;?)l}m \\%
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Source: Research findings
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Table 2- Describing study variables
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Dependent variable

i 5
Definition
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Willingness to pay for air quality

W I 5l alisee zolaw 4> odd sandid "l edad" el zolw b cabyy 4 bl
The Willingness to pay, classified under the certainty levels of "definitely yes," categorized

improvement across different levels from 1 to 13
e (1 o i By y25
Independent variables Definition
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Education

Classification of individuals' educational levels (llliterate= 0, Primary school= 1, Diploma=

2, Bachelor's degree= 3, Master's degree and above = 4)

0l )3 S2gS" g
Child's presence in the family
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Marital status
Gender
C)"“

Age
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Family size
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= 0= b
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Income Classification of individuals' monthly income (No income = 0, less than 4 Million = 1,

between 4 and 8 Million = 2, between 8 and 12 Million = 3, between 12 and 16 Million = 4,
between 16 and 20 Million = 5 and above 20 Million = 6)

suio0 sboassl, sisle
Source: Research findings
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Table 3- Descriptive results of independent variables

Lwgn (W patio oSSl shro Bl ool Jslas PSlas
Continuous variables Average Standard deviation Minimum Maximum
o 39.97 14.71 18 80
Age
(IS
Iy 3.77 1.33 1 7
Family size
Discrete variables Category Relative frequency
s 4.66
Iliterate
. S 13.7
Primary school
a2 ok 43.44
Education Diploma
o 33.82
Bachelor's degree
Master's degree and above
ab
: 35.28
0lgls ;5 355"yl Yes
Child's presence in the family > 64.72
No
& 75.22
Jab Counsg Yes
Marital status gus 24.78
No
. 41.4
Coin Male
Gender o) 58.6
Female
ab
) 11.95
Solos Yes
Disease > 88.05
No
e 16.03
No income
Less than 4 Million
oo A T o 50.73
Between 4 and 8 Million
T . .
Lol yd Ooske VY JIA u*’ - 15.45
Income Between 8 and 12 Million
uy.Ln \& ‘_Jl W 6.12
Between 12 and 16 Million '
Ooses Yo JINVE 0 175
Between 16 and 20 Million '
oska ¥ 146

and above 20 Million

suios slaazil, sisl
Source: Research findings
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Table 4- The results of frequency distribution of the dependent variable

381 Cals 2 el s RN VRN JRCERERE
People's Willingness to pay levels Frequency Relative frequency Cumulative frequency

Vog)S
(Ologs sl Ve 5l yieS) 77 22.45 22.45
Group 1
(Less than 10 Thousand Tomans)
VoS

(clogisljo OA JITD (1) 206 60.06 82.51
Group 2
(Between 45 and 58 Thousand Tomans)
Yoy

(g a7 1% o) 20 5.83 88.34
Group 3
(Between 95 and 120 Thousand Tomans)

Yoy

Slogs i Voo JIVOD
(ologofiaTee SN0 o) 40 11.66 100
Group 4
(Between 155 and 200 Thousand Tomans)

S 343 100
Total

Geios gloasl, (sl
Source: Research findings
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Table 5- Results of brant test of parallel regression assumption

- o
u’_'“'m C_h' °’.l°'_ P-Value
Variables Chi? statistic
e 0.78 0.676
Education
et ey 5.31 0.07
Child's presence in the family
Jabi Condy 3.27 0.26
Marital status
S 0.71 0.7
Gender
ol 3.09 0.214
Age
S e 0.07 0.967
Family size
olos 259 0.224
Disease
el 4.96 0.084
Income
&S ©god 22.88 0.117

saios ol sl
Source: Research findings
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Table 6- The results from estimation of ordered Logit model

CAly 4 Jlod il piio Cy o 3 )luiliuw! Bl ol Z oyl p-Value
Dependent variable: Willingness to pay  Coefficient The standard deviation  Z statistic
[F9 L;l.m)ﬁ;:a
e 0.525 0.153 3.44 0.001
Education
ol S el 0.082 0.263 0.31 0.755
Child's presence in the family
Jabl Cons 0.063 0.354 0.18 0.858
Marital status
S -0.088 0.253 -0.35 0.727
Gender
o 0.024 0.0106 2.33 0.020
Age
Pl e
o -0.194 0.098 -1.98 0.047
Family size
“_”L*' 0.989 0.38 2.6 0.009
Disease
el 1.02 0.118 3.66 0.009
Income

Log Likelihood=150.87
Prob > Chi2 =0.0000

Pseudo R2

=0.2079

suio0 sboazil, sisle
Source: Research findings
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Table 7- Marginal Effects Obtained From Estimating The Ordered Logistic Regression Model

1 it Jgl 09,5 P93 895 P 09,5 o)l 095
Variables Firstgroup Second group Third group Fourth group
e -0.065°* 0.0152 0.022°** 0.027%
Education
olgls )3 S3gS" jquis )
Child's presence in the family 0.01 0.002 0.003 0.004
S0 oy -0.007 0.002 0.002 0.003
Marital status
e 0.011 -0.002 -0.003 -0.004
Gender
o -0.003** 0.0007* 0.001* 0.0013*
Age
- 0.024°* -0.005 -0.008* -0.01*
Family size
Solest -0.093%* -0.031 0.051% 0.073%
Disease
sel -0.126%* 0.029* 0.043*** 0.053*=
Income

Lbd o Ll 1y doyd Vg B Ve aw )0 (gl gime ey i o

Guios sbaanl, isle
Source: Research findings
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Introduction

During the last decade, due to the increase in food prices, the cost of a healthy diet in Iran has greatly increased.
Although the government's support policies have aimed at improving the living conditions of households, but the cost
and income information of the Iranian Statistics Center shows that due to inflationary conditions and its impact on
real income and purchasing power of consumers, these programs have not had the necessary effect in reducing poverty
and food insecurity. Reducing poverty and increasing the food security index is a requirement for independent
countries like Iran. In this regard, knowing the current situation of poverty, food insecurity and factors influencing it,
is not only the main condition for preparing future plans, but is necessary to continue this work with the aim of
monitoring and evaluating the results of implemented plans and actions.

Materials and Methods

In the present study, the spatial distribution of poverty and food insecurity in the urban areas of Iran in 1401 has
been investigated and then the factors affecting food insecurity have been identified. In order to achieve these goals,
the nutritional performance matrix was drawn and calculated per capita calories in 1401 using the household income-
expenditure information of Iran Statistics Center. The Aggregate Household Food Security Index (AHFSI) and the
Foster, Greere and Thorbeke (FGT) poverty index were calculated and based on these indices, the spatial distribution
of poverty and food insecurity in urban areas of Iran was analyzed. Finally, the impact of economic and demographic
variables on food insecurity was analyzed in the framework of the logit model.

Results and Discussion

According to the results, the urban areas of the country are in low food security conditions; so that, only 45% of
people have food security and about 55% of the residents of urban areas are either facing food insecurity or are on the
border of food insecurity. On the other hand, the per capita calorie intake in the urban areas of the country is 2540
kcal, and generally these calories are supplied from cereals. In addition, there is inequality in the intake of calories in
different provinces of the country, and the average intake of calories varies between 1988-3196 kcal among the
provinces. Examining the status of food poverty indicators also shows that the average head count, gap and intensity
of poverty in urban areas are 55.1%, 15.2% and 6% respectively. Based on these indicators, it can be said that 55.1%
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of the population of the urban areas of the country had food poverty in 1401 and the calorie intake of the poor
households in these areas was 15.2% less than the minimum required daily calories; therefore, to eliminate poverty,
the caloric intake of poor households should be increased by 15.2%. Finally, the results of the logit model estimation
showed that the variables of age, employment status, working hours of the head of the household, subsidy, income
and food diversity have a positive and significant effect on the food security of the households, but the Family size
has a negative effect on the food security. In addition, the two variables gender and literacy of the head of the
household did not have a significant effect on the food security in urban areas of Iran.

Conclusion

In this regard, although the long-term solution is to increase household purchasing power, stabilize and reduce
commodity prices through strengthening production and supply, but in the short-term, increasing salaries and wages
in line with the inflation rate and increasing social support programs for the low income deciels and weak society
should be taken into consideration. In other words, income policies that can directly or indirectly increase the level of
income and thus the purchasing power of the household, can be considered as a scientific and effective solution for
food security. Moreover, the social support and poverty alleviation programs should be targeted and applied according
to the needs and deficiencies in different geographical, demographic and income conditions. Finally, it should be
acknowledged that improving the nutritional literacy of households can increase the nutritional knowledge and
awareness of households, and therefore, by improving the variety and quality of the food they consume, it can lead to
an increase in food security in urban areas of Iran.

Keywords: Aggregate household food security index, Food poverty indicators, Food insecurity, Logit model,
Urban areas of Iran
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Figure 1- Food security status of residents of urban areas of Iran in 2022
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Table 3- per capita calorie intake in urban areas of Iran in 2022

Ot By B bugle $AE 51 5 U e

Province Average calorie intake (kcal/person/day)  The share of bread and cereals in calories
South Khorasan s ol 5 3196 63.2
Semnan b 3194 63.9
Ilam s34 3086 63.1
Kermanshah slssle S 2914 56.6
Zanjan ;lss; 2812 59.5
North Khorasan s bl 2809 64.0
Chaharmahal and Bakhtiari )Ly ¢ Joe ks 2807 51.7
Sistan and Baluchistan ks gh ¢ b 2776 67.9
Marhazi ;S 2735 50.3
Kurdistan ks ,s 2700 59.4
Lorestan ) 2671 58.8
Khorasan Razavi sss, olls 2601 56.5
East Azarbaijan 3,5 ;bob,dl 2597 60.7
Mazandaran .,k 2572 55.5
Bushehr s 2564 55.2
Fars .l 2556 63.3
Kerman ;L 2505 58.5
Tehran ;|5 2496 52.0
Khuzestan :lusjes 2485 56.3
Ardabil ., 2457 712
Hamedan ;)lia 2416 54.4
Yazd >3 2408 50.1
Isfahan la.o! 2390 54.2
Golestan k.8 2352 56.8
Guilan /M5 2240 59.0
Qom 8 2240 58.0
Western Azerbaijan ¢ b, 2143 417
Hormozgan (5., 2119 48.2
Alborz ;,Ji 2119 52.6
Qazvin 438 2074 56.1
Kohgiloyeh and Boyerahmad seslyss 5 45k 1988 54.1
Average country ;5.8 lawgio 2540 57.6

Geios slvazsly s le
Source: Research findings
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Table 4- Status of food poverty indicators in urban areas of Iran in 2022

ol )33 cr )3_9 SIS )33 S )53’.“’
Province Poverty Poverty gap Poverty gap
rate squared
Kohgiloyeh and Boyerahmad sesl, g5 9 46k S 78.5 22.3 9.1
Qazvin ;yg3 75.7 22.6 8.6
Western Azerbaijan ¢ Lol 69.1 245 11.7
Hormozgan 5., 68.6 24.4 11.3
Guilan ;M5 66.8 19.7 7.7
Qom 3 66.3 20.1 8.3
Hamedan ;)i 65 235 11.2
Alborz ;! 64.5 24.2 11.9
Yazd 55 63.6 20.2 8.5
Tehran 45 62 16.1 6
Isfahan il 61.9 16.2 6.2
Golestan ks 61.3 18.7 7.8
Khuzestan ;lwsjes 57.6 12.2 4
Fars .6 57.6 15.2 5.6
Mazandaran ;b 57.3 13.5 4.3
Ardabil )l 56.2 12.7 4.5
Kerman ;s 55.1 11.8 3.8
Markazi ;S ,e 52.8 15.7 6.5
Khorasan Razavi sss, ol s 51.9 12.1 4.4
East Azarbaijan 5,5 o, 51.3 13.8 54
Bushehr y.s4 50.6 133 5
Lorestan k) 50.4 10.5 3.2
Zanjan ;\bx; 45.1 11.2 4.2
Sistan and Baluchistan ke ob g b 44.4 12.3 53
Chaharmahal and Bakhtiari ¢,liseg Jiee s 44 10.2 3.5
Kurdistan ks s 43.4 10.8 4.1
North Khorasan Jls el s 40.8 9.9 3.4
South Khorasan g el 3 354 9.3 3.5
Kermanshah oLl 5 32.7 5.4 1.4
llam M) 326 5.1 11
Semnan b 22.8 4.0 11
Average country )5S lawgis 55.1 15.2 6
Gaios glaaiil, sl
Source: Research findings
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Figure 2- Atlas of food poverty for urban areas of Iran in 2022

65% >

Gblie 3 b)lgls gl cuisl o 350 Jalge (o) yglaton;

el 028 LD Jouo )3 gl 9 3yl Can¥ Jao ioll 08
29530 Joda bl 3 4 caaY ol (i liel sloadlse
ol p J...Sgo b, 63)51).3 SN YL el Wlos s 3,158
Moisine 5 9 PSRUD (s oy (s (29l 4 425 | ol
oV sllad a5 50,00 5 el jasle el ool (1355
—elie (Bjlp I ySls dalllae Jus a5 85 axis lyie

S s loline laygol ) )3 5 o ealitsl 5,0 9ol g giial yosle 90l | Usano sobotr Bl 5 sy St o g s Ay o b slao 15 -
oAb (e 9 (Sly polie (p ST S1.0,8 (0 )3 () 3)90 ilises (slaog)S )3 dianly pusite (HBly ke 5 0 (S e duglie B2l I (ige Sy o

el Jao culia (55 ) L A8L5 0L 5 dtly e



YVE Ol e 3L 33 0T 2 Fgo Jolge 9 i (alli 88 S0 2395 ()50 5 (509 pg5 001505l

Sl (gpieS olie el wiwn o 3YL selyd gl b g uiS e
Hashemitbar ) -|,\\Kes 5 ;L5 so—ile Oldllas zols b gols oyl
Shabanzadeh-) s g (639,555 03l5,Lad o (et al., 2018
ol qu—dgi )d )l gl (Khoshrody & Hosseini, 2021
b alie slojl el 3 bl Ul oS 3903 ool bl 4
Ol Lowly cpl )2 0yl pudiwe bl laylgls o 8l ) e
Qmd il 1) lgils aayd a8 Az )3 g dalyd pda s ASlg
a2l coial Sl g ele Sl SO plgeay wllg e
ol p oliE g4 amd o LS gl 55 cols il s
Caably cnl sbsS ot ol )3 JIine 5 Cute S )lgls (olAe
e EFS s as ol s Gble Sl slalgls el
Al bl el 53 a0l 6508k (olie (ol it (61 b
it 53l 5 55555 ol oy sl sl o 3503 e
2l OIgien b rman 213 Slga g5 4 o 98 L LS 45 i
el e potie (2l @) o )8 Biboy |y il lajls
plod cdlyy g ooy Liulidl |y Llie caas o 5L 250 (53!
o &S 3> ol).o.m L o d‘)’. Iy by gdaocc 5y 5 by gdsogy,

ol s i el gy Gl 5ol ol

Woalodudins 9 (6 5 a2

Jeloe yili s ) 3 (2l dlge Caasd bl and Ko b

) Wi ol > ol Alily (aljdl gy (SS9 (S
sl bl ) s el 58l )33l s 4y 498 )3 s ol
Py daalyd s @ de g b g S Gl g )8 45 39
Olal3l g 58 (ials oS ol 4 drgi b adl eas (bl Ol
@ Ol lal Jiine slyguiS sl pll o (e el ol
shol byd s & 3290 Cumdg calid dialy nl 53 95000 sled
Uil Bua Lyl pl Canl (6908 aSh cnl ST gbvdol y a5
ol ol ol pglss o Lyl bl g ol golis byl g
2 Fpe Jolse g 2lie el B8 Sl @iy Sl adllas
e i oy VEoN Ul 3 ol 630 blie )3 sl zoll
ol > a2 )b leMbl I ookl b Il wlaal ol 4 olows
SHS Wlyo g o3 (51435 3 Shas pu 5lo ol Jlol 35 50 lgis
SleMbl 1 oolasiwl b aslsl 5o s aciolee V¥V Jlw o 8L,
S padls jo g (AHFSI) gl olis cosl (S jadli o5 a
o pas L ol polasl 1 g dslxs (FGT) Syg5 g 525 ¢piussd
5 2l ol et gblio 3 (ol all g 8 S a5
e all (S5 503 5 o3latdl (gl pito 13b 5 coles
SRS Fhle @bt (ol p b s coa¥ Jas 0g2 )l 5

5 (Hashemitbar et al., 2018) J,Se2 5 L5 o—ila (2012
Shabanzadeh-Khoshrody & ) s g (639,595 005yl
a8 3903 lgie Lb alaly ol jd 5l el e (Hosseini, 2021
4Bl o ooy oy s (o 38y Y L & 2900 it
L oS o o S0l D9t )l (s 08 Copmidg e )3 9 Jlao
@25 ipll (S5 5 4l & SYL Grnw 3 81 05 4 a2
CadeS 5 2 Dlgo S5 51 Il sy S e s g
Ol cpl il algs (ulidl gl e w > (8 ne YK
3590 9o o yy Ll gt 3l il g (BT 15 g 0ls,
S8 I3 dw SlS 5 Cwyd ik g OBl 4 @l b
o3 e gl gl plie col a3 9 waledee Olsl
SRS Bblio 3 Il Sy S a5 w3 o LS gl
&S ] ems il A sl s gxe Sl gl olie cusal p oyl
Slows o aS My oo Hlaiay i cudel lodl sl yas |S]
35U gl olie cuiol a6l 3 Slgas g ()35 ,3T L Wb
ol ybls dalllas uls wyp 2939 oyl b bl sl Hlo sxe
Slgw }Sd iyl (s HId Sxe Jdo ;0 dlgw psiio Sl aS" a0
i Coal dgsy 4zt )3 9 3081 (gl dss dlp 1 ()3 sine S
Ao b 4o opl vl a5l ol (o y0—d bl slojlgils
Shabanzadeh-) .—ws 5 (59, —dgs odlj )l aslllas
o ol 4l p )b ceulie (Khoshrody & Hosseini, 2021
Olear )l ydne g (ite Sl b)lple olie casial p )lgls 2
e Lbd 188 ) e bl (S chaodlgls K
b lo ool )l gt (He (all ittn (6555 2 >
{Sharafkhani et al., 2012) |, Kan 5 Sl )i Oldllas zls
{Saadi & Vahdat Moadab, 2013) oge dsg g (gdz—w
odl5lxs o (Hashemitbar et al., 2018) 4, g L5 ol
Shabanzadeh-Khoshrody & Hosseini, ) _iuws g (639,95
5 e Cuiel Cuxdy oy b, s (5 o) cpulin (2021
(Bl lojls gl e il Ldges oledl a3k )lpls e
CadeS g 2 B 09800 o ol Sl oo G181 (2li8 Slge
Db oy plie ll g yials el uxws 5 olié slee
llusg szman (slojag bl )b cod ol (Koo & o o
Cdge b cwd jlade a4 b g Siuli8l  S13e dlae caoyd o L iad
2l Gl S ans adsldlge 4y lgls iy (ISl ¢ s
2 e Hlade il iy edlgls o]yl slasy dx o 55 bal s oyl
o a3 o s gl 503 (ggw | dg-Bin S BB oy
9 )l (8L all IS celo Gl sy Jliil sl it
) e 5 Cate 1 algls lié col  lgls auly
i el byl Caspyw o8 60 sbodlgls 3o ©)leay

Bl )y (g it Al WS o (9,8, By o ]y (o o)



VPe¥ 5l o o )lod FA ul> (559l arwgi g obaiBl s piis  YVY

VWA 4md §l 4 a2 o ol ysSio lallas by, bls asllas
$AE @l 5 00 Dbl (6 J dilyas > (6 Konin pus (yeST
L plSen (55 slodals Casd Sl 8l a8 a0 )l 4y ala
(a8l gl >0 £o8g daail)ly 0,8 Liadin 6 (ol ]
Y guame Gl o Codgame ¢ 55 sladal)d g Cd Cuasd ialS
Ol s 5yl 5 (Rl 5 93kidy50 YIS CI3lg o (3D
@ 1))l isme Sladysn g 0l LY (s S g p)55 £
5 d30iwd i ol cpl bl odly iolil aagi LB b
a3 o o SIS 5 4Bl il 5l (6 a8 Hla s b el
g bhwgie dib 3 (ogad 4 b3 05 Al Cage dija g
ol el o oly 4 STl wly cpl 50wl aa i dol> 0l
9 M ol Bk Sl Y Cued als g (s Ol gt
b cawlize adjoiuwd g o> il 38l cutoolisS” ;o Lol cowl asye
sbaaelip Glalfl 15 g p3ye b 0y i lp p) £
Sy 495 3590 Wb drels Caunss g del )38 LSl I eloin] coles

25

OUS L 5l o yd 0O D5 5 0095 J3y55 1 olie el 51 01,8] Moy
oIl 530 3 b g Wit gy (288 (2elb L L Glpl s 0ed GbUe
e ldllas y ,sls adllae ol A gl iyl 8 lie
Mehrabi Boshrabadi & ) (co—wga (sioma g (o3l, iy
(Heidary, 2018) (s,s> 5 (Mousavi Mohammadi, 2010
bl > olie ol sl amd g3 b oS cl ol s Lis
2 e VU ool bl 1 lasg e g 00b yidi 59l (5 o
@S olaol 2 3503 (gp Sl S L8 plie (il el Ll
ol (5SS YO+ 108 (5 0 Folia > (85 (5 ) &l
SErae $JE Sl 5:Ske o5 amd o (LS by gy g S Sl
Jls 35 JE6LS YA+ 4 VA5 damd o (g 5SS YYF 5l wiljg,
adljg) 31 2y90 U JBlas (535 e > L a5 JSLS
Ol (S Gijsel 9 yloyd ccbliagy &ylie laiwgi oad pMel
Sl bwgio b 4ol adlas gl dglio g IS 5LS YE- <)
2P 8l as & an o0 (LIS (59 > SIS VA )
2l dalio & 1 e el 5ol Sl gt i o)

Cun¥ 5951390 51 hols gl -0 Jguo
Table 5- Results of logit model estimation

yeiio b L S Y e !
Variable Coefficient Z-Test p-value Marginal effect
I Cow :
I TR O 0.015 7.476 0.000 0.005
Age of household head
(7205 5 123,2) Jlyls oy oz 0.039 0.478 0.632 0.013
Gender of household head (male = 1 and (female = 2)
(1= Sl 5 1Z3lgl) Iyl oy Dy -0.055 -0.650 0515 0,018
Literacy of household Head (literate = 1 and illiterate = 2)
|5
o -0.489 -17.639 0.000 -0.165
Family size
e g5
i 0.199 2.980 0.029 0.067
Food diversity
Igls 28l 3 il o
IF s DY ke 0.00001 5.470 0.000 0.000001
Amount of subsidy received by the household
(7= 5 12 JEL3) i oy Jlt] g 0.291 3.010 0.026 0.098
Employment status of household head (unemployed = 1 and employed = 2)
I Gy poo 1S sl
I e 2 =S 0.018 2.017 0.043 0.006
Working hours of household head
lgsls e
7 ’\“ » g 0.00001 9.40 0.000 0.000001
Household income level
PSEUdo (yus oy 057 owbgd 470052)
Pseudo R-Squared Deviance
(AN) pogls gyl ess 05 071 0%t 84(0.81)
Aldrich Nelson R-Squared Pearson
e St Moy 71.3% LR 19.1 (0.55)

Percentage of correct predictions

guing claasl 135l
Source: Research findings
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Introduction

The shortage of freshwater resources is one of the primary crises the world faces, despite the constant availability
of renewable water sources. As a result, the rising risks associated with water scarcity are a critical concern. The water
crisis reduces crops production and negatively affects food security. Due to the increase in demand for food,
agriculture section is under more pressure because of both water crisis and more demand for food. Agricultural sector
has been also facing with water shortage due to climate changes caused by the more global warming and low
precipitation. Water crisis and climate changes leading to a decrease in the crops production. Now, agriculture and
livelihood of villagers has become unstable more than any time. Considering the importance of irrigated farming in
Mazandaran province in the country's food security, the present study was conducted with the aim of identifying the
most important variables that affecting water security in Mazandaran province.

Materials and Methods

The statistical population of the research included 16 subject experts with research or executive experience in the
fields related to water studies, water security and climate change. The selection of them was done in a purposeful way.
The data collection tool was a researcher made questionnaire and the data collection method was face-to-face
interview. At first, to identify the variables involved in water security a subject literature review and several semi-
structured interviews with subject experts were conducted. Then, the experts were asked to evaluate the cross-effects
of the identified variables through pairwise comparisons and in the form of the MICMAC questionnaire. Finally, the
data were analysis using MICMAC software.

Results and Discussion

According to the results, among the studied variables, "knowledge and environmental literacy of villagers" and
"reduction of precipitation due to climate change" (input variables) are two important key variables that directly and
indirectly affect water security and therefore should be considered. The variables "best management of appropriate
farm operations", "volume and diversity of water resources" and "good management and governance of agricultural
water" are intermediate variables, with high impact and high dependence. Based on the direct influence network

intensity of the key variables involved in water security, variables such as “best management of suitable farm
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operations”, “good management and governance of agricultural water”, “the degree of resilience of farmers to adapt
to climate change” play a central and sensitive role. Based on the indirect relationships, “best management of
appropriate farm operations”, “the degree of resilience of farmers to adapt to climate change”, “risk management of
ecological hazards and climate change” have the greatest indirect effect on other variables and should be considered

by policy makers and planners in this field.

Conclusion

Water crisis is a major challenge for agricultural activities and consequently for food security. Considering the
vital role that Mazandaran province plays in the agricultural products production and as a result food security, the
present study examined the most important variables affecting food security. The findings of this study showed that
"good management and governance of agricultural water" has the most direct impact on water crisis management.
Good water governance can be taken into consideration with the relative strengthening and synergistic participation
of public and private sectors and non-governmental organizations in line with the planning and implementation of
food security policy with the water-energy-food nexus approach. The role of increasing the environmental knowledge
and literacy of villagers by providing effective educational-promotional services such as farm filed school is very
important on the farmer's resilience and adaptability. On the other hand, variables such as good water management
and governance, development of new irrigation systems and technologies, zoning of agricultural lands and the
explanation of the appropriate cultivation pattern for each zone (such as planting crops with low water demand and
high added value include medicinal plants) are undeniable impact on the livelihood resilience of the farmer's family
and adaptation to climate change conditions. Diversify the livelihood resources of farming households with the
participation of household women, promoting climate-oriented businesses that are compatible with climate changes
(such as agricultural tourism and handicrafts), using drought-resistant species, changing the date of cultivation,
developing greenhouse cultivation, medicinal plants and modernization of irrigation, change of history and cultivation
pattern play important roles on the resilience of farmers to adapt climate change.

Keywords: Food security, Water and food nexus, Water crisi, Water policy, Water resources management
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Figure 1- Types of variables based on the influence network and their dependence
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Figure 2- The position of the study variables on the influence- dependence diagram in the direct effects matrix
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Figure 3- The position of the study variables on the influence-effectiveness diagram in the indirect effects matrix
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Introduction

Considering being located in arid and semi-arid regions of the world, Iran is influenced by the most severe
impacts of drought. Drought is considered a major threat to the livelihood of rural households. During the recent
drought, rural households faced significant losses and hardships, underscoring their lack of preparedness for this
natural hazard. Consequently, every society must take proactive measures to manage changes, mitigate threats, and
respond effectively. A review of the country's drought management programs reveals that policymakers have
consistently prioritized increased production, even amid the critical conditions of recent droughts. This focus on
boosting production to meet the basic needs of a growing population has taken precedence over enhancing rural
households' livelihoods and resilience. However, improving rural households' resilience in drought conditions
hinges on prioritizing their capacity for adaptability and flexibility. Therefore, considering the sensitivity of the
issue of resilience as a dominant approach effective on the dimensions of life and livelihood of rural households on
the one hand and the lack of a comprehensive study on its underlying factors, on the other hand, this research seeks
to answer two questions: First, what is the resilience level of rural households against drought? Second, what factors
influence the resilience levels of rural households in drought conditions?

Materials and Methods

The statistical population of this study is 16,817 rural households in Zehak city, located in Sistan and
Baluchistan province, which are strongly influenced by different climatic events such as drought, excessive heat,
low rainfall and 120-day winds. A stratified random sampling method was used to determine the sample size.
According to Cochran's formula, the sample size is estimated to be 376 households. Data were collected by
completing multidimensional questionnaires along with semi-structured interviews from households in 2023. To
measure the resilience capacity of rural households, the theoretical framework of TANGO based on the estimation
of the three capacities of absorption, adaptation and transfer was used through the factor analysis method, in which
attitudinal and mental aspects of resilience are also taken into account. Finally, partial proportional odds model has
been used to evaluate the influencing factors on the resilience capacity of rural households.

Results and Discussion

©2024 The author(s). This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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The results of the state of resilience capacity of rural households in the region indicated that the average value of
their resilience capacity is 26.27, which shows the low level of resilience capacity in the region. Also, the
households of the region are in a bad situation based on the absorption, adaptation and transmission capacities, and
the households of the region have a stronger transmission capacity than the absorption and adaptation capacity
against drought. The results of grouping the resilience capacity of households reveal that 32.45% are in the
vulnerable group, 28.19% are in the relative resilience group, 22.61% are in the resilient group and 16.76% are in
the high resilience group. The results show that more than 60% of households are at very low levels of resilience.
Finally, the partial proportional odds model results demonstrated that the variables of education of the head of the
household, skill level in agricultural activities, savings, household income, number of household contacts with
agricultural extension, membership of the head of the household in social groups and access to microcredits have a
positive effect and variables of the value of the loss of agricultural products and the number of livestock lost have a
negative effect on the resilience capacity of rural households against drought.

Conclusion

According to the findings, policy-makers should prioritize strengthening the variables that determine the
resilience capacity and its dimensions in the implementation of drought management programs so that households
can absorb drought shocks without damaging their basic components. Policy-makers should also target specific
categories of risks, dimensions of vulnerability and resilience in different time periods (before, during, and after
shock) in order to choose comprehensive strategies to build and increase resilience. For instance, before a shock,
better access to early detection of emerging climate risks could help farmers plan their cropping activities
accordingly. Access to climate information allows for forward-looking adaptation that reduces the impact of shocks
and increases resilience.

Keywords: Absorption capacity, Adaptation capacity, Partial proportional odds model, TANGO theoretical
framework, Transfer capacity
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Table 2- Summary of estimated values RCI and its components in the study area
Bliwg, Sans  blgils slaws b (a3 LS

dilzio g URES 85 Jus!
Region Nu_m ber of Number of 9= Absorptive  Adaptive Transformative
villages households RCI
SF e o 28 278 25.43 27.38 28.41 29.65
Central District
Kj g 20 212 24.48 25.39 26.35 28.31
Zahak Rural District
el phas 8 66 26.37 29.38 30.47 30.99
Khajeh-Ahmad Rural District
Sz piSy 16 98 29.08 32.78 33.65 34.82
Jazink District
Sob gl 9 53 30.39 33.83 34.16 35.92
Khamak Rural District
(S o> 7 45 28.78 30.72 32.13 3171
Jazink Rural District
bagy S5 44 376 - - - -
Total rural
e J5 ols 44 376 27.26 29.38 30.53 32.63

Average of total observations
Slialie S jleel Jsls
Minimum scores of total 44 376 0.00 0.00 0.00 0.00
observations
olialie JS bl xSl
Maximum scores of total 44 376 100.00 100.00 100.00 100.00
observations

g gloanl, tisle
Source: Research findings
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Table 3- The frequency distribution of household Resilience levels

JPB Sy9lob z gl Slgly s (gl oS Syl
The household Resilience levels Freq. Percent Cum.
] 122 32.45 32.45
Vulnerable (RCI < 10)
Gl Sogleob 102 28.19 60.64
Moderately resilient (10<=RCI < 25)
A 85 22,61 83.24
Resilient (25<=RCI < 50)
o Chilet 63 16.76 100
Highly resilient (RCI > 50)
S 400 100 .
Total

Oidgh sanl sisle
Source: Research findings
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Table 4- Results of Parallel Regression Assumption (Wald test)

L puiio &yolxo mhw FUIR W - 3,51 31 cowlio 551
Variables Significance level Null hypothesis  The appropriate estimation model
JPB Sy (0 0.890 b iy caY g8
Age of household head Acceptance Ordered logit model
gl oy yus s 0.785 b 5 Y S
Education of household head Acceptance Ordered logit model
)ly'l& a)‘l.xs\ 0.940 .x,..:l} ‘;.u).; w\/ d9§”
Family size ' Acceptance Ordered logit model
baog 539U slacalled , & .
Skill in agricultural activities (Moderate : A dered lodi del
level) cceptance Ordered logit mode
Skill in agricultural activities (High level) Acceptance Ordered logit model
Sl £ 5 0.900 Aol w5y Y 8
Dependency ratio Acceptance Ordered logit model
S g 0.616 Aol P Y g8
saving Acceptance Ordered logit model
Jgls sl 0.385 Al iy ceY oSl
Household income Acceptance Ordered logit model
Sy 20 0376 2 w5 Y S
Experiencing shocks ' Acceptance Ordered logit model
Frequency of agricultural extension Contact Reject Generalized ordered logit model
celez] glrog )5 ) llgls Cuwjyyuw Capgus 0.005 ) Bl mrasd o5 Y 55
Membership of HH in social groups Reject Generalized ordered logit model
oMl slacS o 0.012 ) Al ol o Y (565!
Livestock shocks ' Reject Generalized ordered logit model
ShsliS slaSss 0.039 ) 4Bl pras o Y (g6S]
Agricultural shocks ' Reject Generalized ordered logit model
Cultivated crops Reject Generalized ordered logit model
Access to formal loans Reject Generalized ordered logit model
Access to informal loans Reject Generalized ordered logit model
PN 0.958 b iy Y o8
All Acceptance Ordered logit model

Oigl sl isle
Source: Research findings
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Table 5- Results of partial proportional odds model

j L Y
e ) s e ¥ s Multicollﬁe:rei:;/ test
Variables Model 1 Model 2 Model 3 VIF INIE
lgils Cow : -0.045
I oo
1.150 1.070
Age of household head (0.030)
S o 3N 0.247 1.420 1.190
Education of household head (0.076)
[IMEPI Rt -0.367
'y )
1.090 1.050
Family size (0.222)
. (L‘“’?‘*"Cjﬁ“’) d})stﬁ.s .d'L”"A:JL@ 2 S)lee 0.345 1.904 1.525
Skill in agricultural activities (Moderate level) (0.109)
[ ) 59l sloclle > e 0.672" 2.810 1.680
Skill in agricultural activities (High level) (0.112)
Sungly &5 -0.145
1.06 1.030
Dependency ratio (0.172)
P 0.206™
* 1.150 1.070
Saving (0.050)
(IESRWIN 0.390™
'y )
2.870 1.690
Household income (0.064)
Sy 412 -0.184 1.310 1.140
Experiencing shocks (0.212)
$529UES gy b wled dlass 0.162 0.046™ 0.219™ 1.052 1.022
Frequency of agricultural extension Contact (0.185) (0.012) (0.057) ' '
welesn! (laog )3 )3 b lgils o sy Coguie 0.334 0.103™ 0.169™ 1311 1142
Membership of HH in social groups (0.438) (0.034) (0.035) ' '
haels elaS 55 -0.327" -0.240" -0.700"
1.410 1.190
Livestock shocks (0.162) (0.093) (0.255)
$5y9liS S g -0.123™ -0.021™ -0.052™"
1.090 1.050
Agricultural shocks (0.053) (0.008) (0.017)
s OV game go35 0.123 0.212" 0.766™
1.040 1.020
Cultivated crops (0.379) (0.110) (0.325)
sy (£lnpy & s 0.377 0.459 0.578"
1.050 1.030
Access to formal loans (0.250) (0.328) (0.296)
o) il J-Lmrhlg & (g plawd 0.235 0.224 0.402 1510 1.230
Access to informal loans (0.104) (0.100) (0.142)
b g -2.314™ 4317 -5.950" ) )
Constant (0.586) (0.779) (1.069)
oSLVIF - - - 142 -
Mean VIF
s oge) 58.97"
Wald test
O i &8 0.354
Pseudo R?
Slaalie slis 376

Number of observations
(Juopd Vo 500y 0 chuoyd N graw )3 (gl ime i iy g %
Source: Research Findings (x#*, #*,  imply 1%, 5% and 10% level of significance, respectively)
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Table 6- Results Marginal effects of partial proportional odds model

S5l zokw
Resilience levels

W puiio Oy .
Variables Changes JEROw e 910 it sb; 5,9l
Vulnerable Mroe‘;?;gt]‘i'y Resilient Highly resilient
I ey o e -0.0724 -0.0085 -0.0234 -0.0498
Age of household head Marginal Effect
gl Canw py yar SMuass syl _ ox _ ke ke
Education of household head Marginal Effect 0.0313 0.0037 0.0101 0.0215
I ol e 0.0591 0.0070 -0.0191 -0.0406
Family size Marginal Effect
(bwgie gaw) (55y9liS Gl 13 )lee 10) 2(1 } ox wox ek
Skill in agricultural activities (Moderate level) 0 =2(1) 0.0247 0.0766 0.0743 0.0962
(215 cdaus) (55518 (slaelled > &)l 1(0) —3(1) -0.0373" 0.0383™" 0.0137" 0.0198™

Skill in agricultural activities (High level)

Kl &5 ) 0.0111 -0.0013 -0.0036 -0.0076
Dependency ratio Marginal Effect

Sl il

‘ - -0.0244™ 0.0029 0.0789™" 0.0168™"
Saving Marginal Effect
JSESRWN sy ) ok ok ok ok
Household income Marginal Effect 0.0753 0.0089 0.0244 0.0518
S 25 e 0.0167 -0.0020 -0.0054 00115
Experiencing shocks Marginal Effect
SIS 9 b oples Slad ) -0.0619** -0.0073 0.0201™ 0.0426™
Frequency of agricultural extension Contact Marginal Effect
el (laog )5 )3 byl sy pos o giae e . = o o
Membership of HH in social groups Marginal Effect 0.0011 0.0131 0.0360 0.0764
b sl Sss e 0.0477" -0.0056 -0.0154" 10.0328"
Livestock shocks Marginal Effect
dj)?w dh“{}‘:’ @LG{)J‘ Kk _ _ ok _ ——
Agricultural shocks Marginal Effect 0.0029 0.0034 0.0094 0.0200
=hj Y gae g5 sl ) ) o o
Cultivated crops Marginal Effect 0.0232 0.0027 0.0075 0.0160
(s oty & st 01 -0.0135 0.0016 0.0044 0.0929
Access to formal loans
et slaply & o> 01 -0.0497"" 0.0059 00161 0.0342"

Access to informal loans

(Moy3 Vo 5 2oyd O coyd Vb 5D ()1 ine i &y o g ik i) g (slaadl isle
Source: Research Findings (xxx, %, * imply 1%, 5% and 10% level of significance, respectively)
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Introduction

Every country in the path of sustainable development needs capacity building and empowerment of human
resources, organizations and environmental and ecological conditions, for this reason capacity building has a
significant impact on the empowerment of people and groups. Smart climate agriculture is a method that focuses on
agriculture and seeks to improve the productivity and income of farmers, in order to increase the productivity and
adaptability of agricultural products in Iran, it is necessary to implement smart climate farming methods by building
the capacity of human resources to make decisions and take action. Agricultural extension system is considered as
one of the key tools for realizing sustainable development and has capabilities such as improving livelihoods, training
farmers, establishing social justice, empowering farmers, and increasing production and productivity. Considering the
importance of building capacity in the food supply and security sector, which is facing many threats day by day, the
role of extension training in promoting agricultural innovations and new perspectives and training farmers in order to
improve their knowledge, information and skills are considered the important and effective factors in capacity building
and development of the agricultural sector of Iran.

Materials and Methods

In this research the statistical population of the research was formed by extension experts in the northwest of the
country, which includes the three provinces of East Azarbaijan, West Azarbaijan and Ardabil, with 4256 people. The
sample size was also calculated based on Cochran's formula (n=354). In this way, according to the number of centers
in each province and proportionally to the size of the statistical population and the sample size from each province,
the required sample was randomly selected according to the number of employees in that provinceTo address the
research problem and objectives, a questionnaire was developed as the primary research tool, consisting of four
sections, seven items, and 31 questions tailored for experts in agricultural promotion and development. Aside from
questions on personal and professional characteristics (gender, age, major, education level, work history,
organizational position, employment status), all items were presented on a five-point Likert scale (1: very low, 2: low,
3: moderate, 4: high, 5: very high). In this research, to determine the face validity of the questionnaire, it was approved
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by the opinions of the research committee as well as managers and experts of agricultural extension and education
after several stages of modification and revision. In order to measure construct validity, average variance extracted
index (AVE) was used using SmartPLS software. To determine the reliability of the questionnaire, Cronbach's alpha
and composite reliability coefficients were used, and for this purpose, 25 questionnaires were completed by a group
identical to the research group. In this research, two main and secondary independent variables were investigated. Our
dependent variable in this research is "smart climate agricultural development” (12 items) which are influenced by
two independent variables including educational factors and promotion factors. Structural equation modeling (SEM)
method was used in this research.

Results and Discussion

Education, promotion, and capacity building of human resources are essential strategies for sustainable
development (Sulaiman, 2021). Therefore, building human resource capacity is critical for the economic growth and
prosperity of any country (Notenbaert et al., 2017). In analyzing the eight hypotheses, Table 8 shows that the path
coefficients for infrastructural, economic, social, organizational, cultural, educational, legal, and technical factors in
the capacity building of extension experts for the development of smart climate agriculture are 0.120, 0.115, 0.114,
0.168, 0.143,0.132, 0.147, and 0.104, respectively. Additionally, the t-statistics for these coefficients are 3.087, 3.120,
3.123,7.17,2.710, 2.468, 4.002, and 3.267, all exceeding the threshold of 1.96, indicating significance at the 5% error
level. The model estimates suggest that infrastructural, economic, social, organizational, cultural, educational, legal,
and technical factors have a positive and significant impact on capacity building among extension experts in
developing smart climate agriculture. In general, based on the results obtained in the current research, it can be said
that the identification of factors that create and facilitate the development of extension experts' capacities is very
necessary and necessary for the development of smart climate agriculture. Research findings show that infrastructural
factors, economic factors, social factors, organizational factors, cultural factors, educational factors, legal factors and
technical factors have an effective and significant role in building the capacity of extension experts in the development
of smart climate agriculture. In fact, increasing and improving the capacity of extension experts has direct and indirect
benefits for the members of the Jihad Agricultural Organization and the villagers, and increases cooperation and
interaction between them. The findings of this research help the policy makers and planners to identify the weaknesses
and shortcomings to improve the performance of the Agricultural Jihad Organization and achieve the objectives of
the Extension Unit. The analysis of the factors in this study helps to get a better understanding of improving the
capacity of extension experts and consequently, it helps to increase the income, productivity and food security of the
people with the development of smart climate agriculture.

Conclusion

For data analysis, the method of structural equation modeling with the approach of partial least squares based on
PLS3 software was used. Therefore, first, in order to enter the structural equation modeling test, it is necessary to
make sure that the data is normal or not. By using the Kolmogorov-Smirnov and Shapiro-Wilk tests, the normality of
the data can be checked, and this test is performed at the 95% confidence level, in other words, it is our significance
level. According to the findings in Table 6, the significance level (p) for each variable is less than the threshold of
0.05 (P < 0.05), indicating that the null hypothesis (HO) is accepted, while the alternative hypothesis (H1) is rejected.
This suggests that the research variables do not follow a normal distribution. To assess normality, the Kolmogorov-
Smirnov and Shapiro-Wilk tests were employed, conducted at a 95% confidence level, aligning with the significance
level of the study. Before proceeding with factor analysis, it was necessary to confirm the adequacy of the data. The
Kaiser-Meyer-Olkin (KMO) index and Bartlett's Test of Sphericity were used for this purpose. As shown in Table 7,
the sample size adequacy (KMO = 0.988) and the significance of Bartlett's test (652.537) both indicate that the sample
is suitable for factor analysis. To investigate causal relationships between the research variables and assess the fit of
the data to the conceptual model, structural equation modeling (SEM) was applied. Specifically, this research utilized
partial least squares (PLS3) for hypothesis testing and model fitting. Figures 2 and 3 present the results from the
software output, following the testing of the conceptual model. According to the results of Table 8, the results of the
significant coefficients for each of the hypotheses, the standardized coefficients of the paths related to each of the
hypotheses, and the results of the examination of the hypotheses are presented. According to Figures 2 and 3, it can
be said that the standardized coefficient (path coefficient) between the variables (educational, infrastructural,
economic, social, technical, organizational, legal, cultural factors with smart climate capacity building) is significant,
so at the 99% confidence level Hypothesis HO is rejected and hypothesis H1 is confirmed, and it can be concluded
that educational factors; infrastructural; economic; social; technical, organizational; legal; culture have significant
effects on the capacity building of extension experts in the development of smart climate agriculture, and therefore
the eight hypotheses are confirmed. GOF criterion: To evaluate the model, the GOF criterion is used, which three
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values of 0.01, 0.25 and 0.36 are introduced as weak, medium and strong values for GOF. According to Table 6, the
GOF is 0.865, confirming the very good fit of the overall model.

Keywords: Agricultural development, Capacity building of human resources, Smart climate
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Table 1- Summary of ideas raised about the design of human resources capacity building model

L) &8 L . .
(J )d’”“’u‘ (W uiio ) W3l
Researcher's name - .
findings (variables)
(year)
S8l Gl glio e 9 S Sl g )hcaesSs «leMbl (55glgiss
Information technology, electronic governance and electronic human resources management,
(B dng g o pae Sl (5500 Syl el glocany 5 Juoy
Personnel and strategic positions, Strategic motivation, knowledge management and development,
LB g slezel (5 pialgins odlad (Sl ! e tld 3Slae (il 0 by S8 CudS Co e ( Sim gly 5 S8

Ve o) b cultural transformation and innovation, total quality management, payment for meritorious performance, global

(V¥ ) jhzadon executives, transparency, accountability, trust and ethics.
Hoshmandyar (2020)

(i J95 solKiy o e ¢ cogas (ol Cud )b (()131sSl duome (adilejle g SNl IS (695 e &Syl plos]
Conducting the participation of the manager, the workforce, reforms and reorganization, modeling, the capacity of
public enterprises, Management of government enterprises,
Aol 18 e byl ¢ ] ayloyes gl dmsgs g (ilonsd (atipd S s BB S o (siltiailys (035 Jos (x5 S8 e
The capacity to manage contracts, human capital, team building and their development, council management system,
empowering the capacity of roles, thinking globally and acting locally.

(VF+) Oen 5 (5 ppai
Nasiri et al. (2020)

Lod (il 38l (IS 6l j8 6,55 coaldl ol s
Climate change, adaptation, greenhouse gases, temperature increase

(3799) sblsese (g pmd g (Slidl
Afshani & Shiri

(SIS whisl wlyd oy culS o 4 olid Ol o8 cutS il o de ol el
Government credits, replacement of low-water-demanding cultivation instead of high-water-demanding cultivation,
construction of a greenhouse,
gty lylS (610l J5L ¢ Bye (o)l (sl 4 oy (sylel 358 (Sl

Moh:z;or?g()jabad Substituting drip irrigation instead of flood irrigation, ineffectiveness of government-oriented works,
A2 sl cglodre «ulog) opallae 5 (fj)slaS « elosal slocd b
Social capacities, farmers and informants, clergy, teachers, non-governmental organizations,
263l i b (65y5liS gmg s 39 (S gyl Lo atloile wilbg g Bl gk ¢ gy sbrogad o Colay Sl wgrge lacd )b daslisiol 5 eyl
(I739) olen 5 5y

Tayuri et al. (2019)

Capabilities and talents, existing capacities, selection of promotion methods and approaches, formulation of goals and
tasks, organization of structures and organizations, existence of agricultural promotion with an institutional role.

(1729) aslig 3 5 ol gL
Malkootikhah &
Farajzadeh (2019)

coolail wdy o Jaxe Conj dlo o g (Sl oy o lain] dlo o (il do 3«65 )5liS drwgd (golaidl Wby cuald] pos
Climate change, economic growth, agricultural development, temperature, social capital, human capital and
environmental capital, economic growth.

(WWAA) (3l yb g i xuids
Shafii Thabit &
Farhadi (2018)

(S9SN g £y318 (839l it alieo (8,98 Slacleb (B8 g dng asipgldS by g Oty (slesially
Empowerment of villagers and agricultural operators, development and expansion of agricultural activities, agricultural
transformation industries, processing of agricultural products,

il 5 b ()l sne (Sl ulio & g yiod ()l g IS oty (BT 5 il ¢ plinng) (SloolSEgSen dngs grbans o185 golual — elozz i
bl g slas]

Socio-economic benefits,Improving the development level of rural settlements, education and awareness, knowledge
and skills, access to resources, competence, meaningfulness, impact and effectiveness, trust and confidence.

ol @l cylae i Gial3al g (jgel (o8 le Camyd Ll IS g oS dgue 3 Ll Gl diely 51 g Ul &) gl o8 clbls )58l
Increasing the ability of people to improve their ability and expand the scope of their choices in improving business,
increasing the opportunity for participation, training and increasing the skill level of people,
drnngs 4 litod (sl 5 )glS (s3ldiallys adlhe o ol (slatil (lacio bl oalial (gl S8 (saieily Slinyge gl slacus b slgl b loxe (slasles
Lakg,

Local institutions by creating the necessary educational opportunities, empowering people to use economic
opportunities, improving the level of the farmers' empowerment component to achieve the development of villages.
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Table 1- Summary of ideas raised about the design of human resources capacity building model, continued

L) & U . .
(Jlw) @ie 0 (W o ) Lrasily
Researcher’s name .. .
findings (variables)
(year)
st 3L g lblre (lajls «ygliS oy QU (GBS lyy silusialls 4 s Gl (3 (slagSl
The mental models of managers regarding the psychological empowerment of agricultural extension workers, The needs
of the audience in the traditional structure,
(3o ) Gldl 5935 anwogs (53,318 gy (25l g saelS
Efficiency and effectiveness of agricultural promotion, Human force development (capacity building),,
(WW34) ohlen 5 ol (silocad b) (Sl glo dnngs i3 caa (B0l jlusialys

Basami et al. (2018)

Psychological empowerment to realize the development of human resources (capacity building),
«5h9kiS gy QSIS (BLB0lsy silwiailys (lajle QLSS (2955 5 (63,8 laally 5 Leud bl oslitul 5 (5y90 500 ol
Increasing productivity and using individual and group capacities and abilities of the organization's employees,
Psychological empowerment of agricultural promotion workers,.

(2% 5 G)BLe (aee (sl olgs
Background, environmental, structural and personal factors

(VF+ ) oDl
Jaloliddin (2021)

omlo Sl SIS e bigel 5 ibing slacudle (oLl dnug ¢ Sl (giloced )b puslSo dguae ¢ Sl (gjloced b
human capacity building, improvement of human capacity building mechanism, economic development, health care and
education, Highly skilled workers,,
Sl (gym Ay ol Gilisee by iz > eS8l oo b
opportunities to participate in different sectors of society, human resources growth

(Y+¥V) o, an g 1gal,
Ranadewa et al.
(2021)

3, gaw ol (Gludl ilucad ke )b il
Empowerment through human capacity building, individual level strategies,
&y o2l S Slusl QU e b obgl cas o e 5 Slojle
organizational and environmental in order to create pure human capacities, critical thinking, leadership,
5290 bbb Sl edlitul 5 (583 ¢ bjel el b slaced b lsie 4 JolS Gl 5 ) U] o S Sl o it (sla 2SS
Positive attitudes, teamwork skills, work ethics and complete knowledge as pure human capacities, training, learning
and using existing capacities.

(Yo%) oy Sam 4 1yg)
Laura et al. (2021)

(63:53L ol ¢ oaldl Sl b SogS Sl (csy5lb) (6,8 5ke cud s
The adaptation capacity (resilience) of smallholders to climate change, learning outcomes,
($5)9UaS Anwgi gl —as 50 o)le g (Lo Pl (345 1 (e (56 Slop il ¢ ol Syt (31 &) (g i
access to knowledge, climate change, Learning platforms based on collaborative action research and farm-farmer
schools, agricultural development,
o j bagme I cblis (65,0liS” 920 (glacunlw (ooal8l lysd b ()85l gz la )3 pimgST Lais
Preservation of the ecosystem in the framework of adapting to climate change, agricultural transformation
Environmental protection. , policies,
o8l i b ke sl s I8 asLa o e g0liail clano 3551 conldl lpusis b (6,5 5o
climate change adaptation, economic incentives, climate change compatible investments.

(V7)) Glosks
Sulaiman (2021)

Ol olatl dnog 9 45) ¢ Sl (G5locd B ol drgs sl ol — o (Ko sl il siloced b
Capacity building, industry-university cooperation strategies for sustainable development, human capacity building,
Sustainable economic growth and development,,
e $Cs )8 3ol g baoliain] deng dangi g Baid Cd b )lae
skills, research and development progress, talent development and green opportunity creation.

(\'~\’~) ohSen g Bgilel
Emmanuel et al.
(2020)

e oass Slae G5l ¢ ludl 4o p dgut0 0, Shos dguts i SgS g3 (36 oS b (Sl sjlocud b
human capacity building, micro and small technical companies, performance improvement, human capital
, improvement,Increasing higher educational qualifications,
Sl o Sacdled )3 55 505 (sl (oBjgel SlaolS S oy byl
increasing the frequency of attending educational workshops to focus on capacity building activities.
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Table 1- Summary of ideas raised about the design of human resources capacity building model, continued

(JUo) 3o o
Researcher's name
(year)

(L o ) Lraidly
findings (variables)

(Y1) oS 5 i,
Rajesh et al. (2019)

S 9 dnog )l (gilocud b slacld (b )l g Lal i p b ()l siboced b
capacity building, evaluation, design, implementation and monitoring, design of efficient capacity building activities,
workforce development,,
N o 5555 prensi 5 LIS Canlias (63,3 cud b sl )3 3590l £33
the type of training in building individual capacity, high-level policy makers and decision makers,
(b el (025 3 (ilecd b Class (3850 silucd b Slaclld grbs sbas)glid
Emerging technologies, successful capacity building activities, capacity building services, experiential, social, cultural
learning,
kS Jlo 0 o Pl Slojls cud b glaie byl 5o (silucad b 35S0 «sjye 5)9ld 5l oozl
Use of frontier technology, effective capacity building approach, regular evaluation of organizational capacity at least
once every 5 years.
iocad b bags wilain 3 gjlucad b Sla B (sloygs by o)l
Monitoring the periodic impact of capacity building efforts in the region, aspects of capacity building.

(Y~ \‘\) ol)%
Yudan (2019)

ilotizt Wl wlyglys g SBIS o6 )S50,5 (slalis) dngs 13 s fSom 5 I Sl (s3lil SE slapl & silcud o (Gludl o S e iloced s
Capacity building of human resources management, capacity building in the name of critical thinking, creative
communication and cooperation in the development of tourism villages, creative and innovative, skills, optimization of
village potential.

(2019) K.t
Fasika (2019)

0ldy S9ut0 5 e (S gl sl o 3 Sladl oy Ghjoel i
The role of human resources training in capacity building, education, better life and welfare improvement.
S5 sl Ol g I byl I3l syg0 00 5 JU) el cangs olatz] — golaidl o o ygige cloie 4 (bjgel
Education as an economic-social engine, development, increasing employment and productivity, increasing the capacity
of knowledge and skills for work.

(2018) Llo o LLlS

Camelia & Maria
(2018)

g 2l g ol b ¢ s 95 03aS (o2l ik slal o )0l Il dmog (silucdybo
Capacity building, sustainable development, innovation, analysis of country's institutional capacity needs, biodiversity,
executive capacity and implementation, development.

(2017) o)lSam 5 1955
Bergeron et al. (2017)

215 650k ws)9ls L] (6595 (silacud b sl Sy (sl
Implementation of capacity building approaches, innovation diffusion theory, transformative learning,
x5k ogly jlpgk anaib 5 siluesly Jae g slaml sl (ol slapians Co)le ((SejsST Jalse
,ecological factors, Interactive systems framework for dissemination and implementation model and Bloom's
classification of learning framework..,

(FW)g2 ool (o 51
ICSU (2017)

Sla bigel g oyl g bjgel «liiog plogl dacdlu 5l Coles «galanl (glnsly sl (slyy p5Y Sl B cpole 5 (sluced o
Capacity building in science, necessary efforts to create critical comprehensives, infrastructure support, conducting
research, education and counseling and professional training.

(V1Y) gilKen 5 (V555
Ikupolati et al. )
(2017

byl il adgs Cad il (YU (6 yalgp o sl dolo p o Slusl @lin <o 5 GBieel csldys Clods iyl ¢ slad o lass 5 SleMbl (65l o Sl (sjlocad b
sl

Human capacity building, information technology and professional services, providing professional services, education

and training, human resources, human capital, innovation of activists, production capacity, increasing human capacity.

(YY) o San g Lol
Emilia et al. (2017)

Vb 1ol)3 b (sl oy Sladl @lie 5 (02185 s3loced o (gl S pio (oSl ¢ pjgel 28l oIS
Initiative, partnership, training, joint model for institutional capacity building and human resources among high-income
countries.
Sdajld iyl yolate 4 (35 Cud )b Cughl (lngh Cud )b drugi sl
Research capacity development programs, strengthening institutional capacity for long-term progress.

(Vo V2) hlSan 5 5y
Yasuhiro et al. (2016)

«5S Calos (o351 e Blanl oyl (g5lcadyl (Bygy 9 GBigel ecsilucad o 5 obiel L2l
Educational framework and capacity building, education and training, capacity building priorities, important educational
goals, Key policy,
laced )l olulid silucad b 5 Jooo alby S yide lal(gjlucad )b slaojsn b donl sl dnsg 9 olal g lSen (Lol
Economic cooperation and development organization for capacity building, capacity building projects, joint
implementation of transformation and capacity building tasks, identification of capacities.

(Y10) ;)|
Arslan (2015)

OlS plo b &Vl () CuiS (S it iol)) gl eiedgn waldl (6555l
Smart climate agriculture, crop rotation, mixed cultivation, row cultivation of pulses with other plants
)8l Il e iblin (65)5lS (ol s bl b ()3l 5 cpgleols b o sl o Slas i 2ol (sla)dy  eolinl
The use of improved seeds, yield, building resilience capacity and adaptability to climate change conditions,
conservation agriculture, increasing adaptability.
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Figure 1- Conceptual model of the research (made by the researcher)
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Table 2- Distribution of statistical sample in each province

P (543)31,81 JS slaxs (545) agod dluxs
bl o
. Total number of Number of samples
Province name
people (people)
By Ob‘.’.b)g
East Azarbaijan 1920 161
& [)l’.‘ilt)ﬂ
14 12
Western Azerbaijan 80 0
Jud)l
Ardabil 8% &
L% ) o 4256 354

Total (people)

5o (slmazily tpiie
Source: research findings
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Table 3- Extracted average variance test

b e
Variables

215l il g nbe
AVE

Sajle Jelge

Organizational factors

Blopj Jalse
Infrastructure factors
higel Jelge
Educational factors
S8 Jolse
Legal factors
oLl J,obs:
Economic factors
oelez! Jolse
Social factors
Sn b Jalse
Cultural factors
B Jelge
Technical factors

siadgh ol ) gilucad s
Capacity building in a smart climate

0.790

0.782

0.776

0.791

0.756

0.773

0.772

0.754

0.672

3uios slaazil Bl
Source: Research finding
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Table 4- Fornell and Larcker test

Jolgs Jolgs Jolgs . . Jolgs . Jolgs
" Lal gy | S berideles o Flojle delgs o Rl o
550 e & nfrastructure  Organizational <> Technical = <¥
Educational social Economic factors factors Culturl factors Legal
factors factors factors factors factors
higel Jalse 0.881
Educational factors
etz Jelpe 0.807 0.879
social factors
23] ol
ol Jolse 0.810 0.821 0.870
Economic factors
55-Lysj ol
o Jelye 0.721 0.784 0.867 0.885
Infrastructure factors
"_JLA)'L_"J Jels= 0.753 0.765 0.801 0.824 0.889
Organizational factors
Sind ol
2 Jelse 0.716 0.733 0.832 0.851 0.869 0.878
culturl factors
5 Lol
‘_j‘}"?‘ 0.648 0.679 0.725 0.754 0.767 0.795 0.869
Technical factors
i ol
P Jelse 0.579 0.659 0.710 0.741 0.755 0.794 0.845 0.889

Legal factors

suios b ansl sl
Source: Research finding
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Table 5- HTMT test

Jolge Jolge Jolgs . . Jolge . Jolse
I T Y I
"“’_"’ o o ¢ . Infrastructure  Organizational 2 Technical ¥
Educational ~ social ~ Economic factors factors culturl factors Legal
factors factors factors factors factors
539l Jolss
Educational factors
oeleiz! Jolge 0791
social factors
cobatl alye 0.798 0.698
Economic factors
5Ly ol
o Jelye 0.600 0.753 0.649
Infrastructure factors
Lol ol
lesb Jalpe 0.781 0.741 0.745 0.704
Organizational factors
S Jelpe 0.701 0.704 0.711 0.691 0.645
culturl factors
5 ol
"‘_a Jels= 0.784 0.766 0.676 0.667 0.575 0.684
Technical factors
558 ol
P el 0.692 0.693 0.607 0.656 0.548 0.696 0.660

Legal factors

s el 5o
Source: Research finding
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Table 6- Research reliability tests

ElissS SWlcups

@S ¥ 2l o

O ] (Koo g & STyl bl o g

o9 dl‘?’“ * Cronbach’s alpha Composite reliability Spearman correlation Reliability coefficient shared
Local variables coefficients (Alpha>0/7)  coefficient (CR>0/7)  coefficient (Rho-A> 0/7) (COMUNALITY>0/5)
el Jelse 0.904 0.933 0.914 0.776
Educational factors
Jct_w Jelss 0.927 0.945 0.928 0.773
Social factors
5 Lol
wobal el 0.919 0.939 0.920 0.756
Economic factors
s Jelye 0.930 0.947 0.931 0.782
Infrastructure factors
“_élojl_w Jels= 0.911 0.938 0.912 0.790
Organizational factors
Lz yd ol
2 el 0.926 0.944 0.926 0.772
Culturl factors
‘5“_3 Jels= 0.891 0.925 0.893 0.754
Technical factors
il Lol
S8 Sl 0.868 0919 0.868 0.791
Legal factors
Koo wmaldl )> (gilwcad b
0.969 0.972 0.971 0.672

Capacity building in a
smart climate

suios slaazl Bl
Source: Research finding
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Table 7- Data no rmality test

o - R ‘:l&.ao@a.w L T K1 .
W oo Shig gl 905! “Ssl’ nificance Bl o] —Bg 55 90lsS" (390 ] Sl
Local variables Shapiro-Wilk test 9 level Kolmogorov-Smirnov test  Significance level
‘-’“ﬁf."" Jelse 0.938 0.000 0.115 0.000
Educational factors
W]
etz Jelge 0.920 0.000 0.113 0.000
social factors
Lazsl Jol
csobadl e 0.918 0.000 0.119 0.000
Economic factors
5l 5 ol
Blons Jelye 0.926 0.000 0.133 0.000
Infrastructure factors
lojl ol
e Jels= 0.918 0.000 0.131 0.000
Organizational factors
e s L
i Jelye 0917 0.000 0.134 0.000
culturl factors
5 ol
‘-ffe Jels= 0.924 0.000 0.116 0.000
Technical factors
358 ol
I Sl 0.937 0.000 0121 0.000
Legal factors
diedn alf] 3 (sjluce,b 0.944 0.000 0.092 0.000

Capacity building in a smart climate
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Table 8- KMO and Bartlett test

KMO sl i )b (905 o3l anyd &bz law
KMO index Bartlett's test Degrees of freedom  Significance level
0.988 652.537 595 0.000

e (ladl islo
Source: Research finding
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Figure 2- Structural model in standard coefficient estimation mode
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Table 9- Significance test of research hypotheses

Hypothesis coefficient (T- (P- Test
B Value)  Value) result
Sollins 5 Mg @Bl (g59liS dnngs 3 g HLolis ) (Silucud b ) by Jelge
)l 0.120 3087 0002 b
Infrastructural factors have a significant effect on the capacity building of
extension experts in the development of smart climate agriculture
)iz 35U Mobgn uldl (65)9LiS” dmmgs )3 g i GLolid ) (gjlwcad b > (oLl Jalge
) 0.115 3120 0.002 b
Economic factors have a significant effect on the capacity building of
extension experts in the development of smart climate agriculture
5Pls 55 siagn waldl (65,958 dmngi 3 g Gl lS (il b > slozal Jalge
)l 0.114 3123 0002 b
Social factors have a significant effect on the capacity building of extension
experts in the development of smart climate agriculture
D)3 (g5blee 13U Nalgr waldl (65)sLiS drwgs )3 gy L) gilucud )b > Slojle Jelse .
Organizational factors have a significant effect on the capacity building of 0.168 7.717 0.000 b
extension experts in the development of smart climate agriculture
)3 5 )boline b diadgn oaldl (g5ysliS Amgi )3 gy Lol (Gilucad b )3 (Simyd Jelgs )
Cultural factors have a significant effect on the capacity building of extension 0.143 2.710 0.007 b
experts in the development of smart climate agriculture
2 g olino 5L Siadgn oldl (5,5l dmogi )3 g lolid ) (gilucd o 5o (Bjgal Jelse .
Educational factors have a significant effect on the capacity building of 0.132 2.468 0.014 b
extension experts in the development of smart climate agriculture
)1 (gyblize 55U Madgr waldl (65y5LiS drwgs )3 gy Gl il )l 3 (S Jelgs .
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Introduction

In recent decades, the issue of climate change has become one of the global issues and has affected the agricultural
sector. The continuation of agriculture regardless of the water shortage crisis has had an inappropriate effect on the
sustainability and growth of this sector. On the other hand, the destructive effect of excessive use of chemical fertilizers
and pesticides on water, soil, health of ecosystems, humans and other living beings is undeniable. For this reason, the
void of using an efficient model that can provide all economic and environmental aspects at the same time was
completely felt. The aim of this study was to provide an optimal cropping pattern using the integrated method of Goal
and Grey planning. For this purpose, the farmers of the agronomy sub-sector of Tajan Basin were selected as the
statistical population. In this regard, time series information was collected from the aggregation of the average data of
401 settlements located in this area during the years 2017-2021 from the annual reports of experts.

Materials and Methods

The Linear Programming (LP) Model quantifies an optimal way of integrating constraints to satisfy the objective
function to optimize crop production and profits for irrigation farmers. To use LP, one must convert the problem into
a mathematical model. To do this, an objective such as maximizing profit or minimizing losses is required. The model
must also include decision variables that affect those objectives, and constraints that limit what user can do. Therefore,
the LP Model is a single-objective method. Goal Programming (GP) is an extension of LP in which targets are
specified for a set of constraints. GP is used to perform three types of analysis: Determining the required resources to
achieve a desired set of objectives. Determining the degree of attainment of the goals with the available resources.
Providing the best satisfying solution under a varying amount of resources and priorities of the goals. Thus, the GP
model is a multi-objective method. The Grey system theory is identified as an effective methodology that can be used
to solve uncertain problems with partially known information. Grey modelling approach uses accident data for
estimating the model parameters. The model can reflect the dynamics, balance the conflicting the multidimensional
targets of cropping patterns, and promoting the sustainable use of cultivated land. For achieving different goals in
unstable economic and environmental conditions, we used a Goal-Grey model that was obtained from the integration
of Goal programing and Grey Programing. The Goal-Grey model, by considering the uncertainty in the data, leads to
overlap between the economic and environmental goals and provides the scope of cultivation for the selected products.
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Results and Discussion

By estimating the Linear Programming (LP) Model, crops like wheat and canola are removed from the cropping
pattern, while the cultivation areas for barley and high-yielding long-grain rice increase by 644% and 31%,
respectively. In contrast, the cultivation areas for high-quality long-grain rice and maize decrease by 89% and 10%,
respectively. Implementing this model boosts the gross profit of farmers in the Tajan region by 14% solely through
adjusting the crop composition, without altering the current input levels. Additionally, the findings show that applying
the LP Model results in fertilizer savings of 5%, 13%, and 10% for phosphate, nitrogen, and potash, respectively. The
amount of herbicide and fungicide consumption in the LP Model is exactly equal to the current model of the region.
However, the implementation of this model will lead to a 5% increase in the consumption of insecticides poison. The
amount of irrigation water consumption in the LP Model was calculated to be 2% less than the current model of the
region. In addition, the results indicate that by estimating the Goal-Grey Model, only canola is removed from the
cropping pattern. Also, in order to achieve the defined goals in this study, the cultivation area of wheat and maize
should be equal to 208 and 7356 hectares respectively. However, the flexibility of input usage enables adjustments to
other crop cultivation areas, facilitating high-quality long-grain rice production on 970 to 18,157 hectares. Plus, the
cultivation area of long-grain rice can vary from 7654 to 9995 hectares. In this model, barley can be removed from
the crop composition like the linear pattern or cultivated on a maximum of 2553 hectares. The implementation of the
Goal-Grey model will lead to a maximum 2% increase in the gross profit of the farmers of Tajan region compared to
the current model of this region. Also, by implementing the Goal-Grey Model, on average, phosphate, nitrogen, and
potash fertilizer consumption is saved by 16, 27, and 20 percent, respectively. In addition, with the implementation of
the Goal-Grey Model, the consumption of agricultural pesticides will decrease from 733 to 355 thousand liters on
average.

Conclusion

The LP Model is designed based on current regional conditions; however, as a single-objective model with fixed
parameters, it lacks the flexibility to offer an adaptable program for farmers during drought or wet periods or when
inputs are limited. Findings indicate that under current conditions, there is excessive use of chemical inputs and
irrigation water. By accounting for data uncertainty, the Goal-Gray model addresses these limitations, balancing
economic and environmental objectives and defining a cultivation range for selected crops.
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Table 2- The cultivated area of selected crops in different cropping patterns
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Figure 4- The consumption of agricultural pesticides in different cropping patterns
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Figure 5- The consumption of agricultural pesticides in different cropping patterns
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Figure 6- The range of cultivation area of selected products of Tajen region in different cropping patterns
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