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Smartization of rural areas, as an emerging approach to rural infrastructure
development, plays a crucial role in economic empowerment and in reducing the
vulnerability of rural households. Accordingly, the present study aims to identify
the key factors and driving forces influencing the economic resilience of rural
households in the face of climate change. In terms of purpose, the research is
applied, and in terms of nature, it is descriptive analytical, adopting a futures
studies approach. Data were collected through documentary review and field
surveys using a structured questionnaire. The statistical population consisted of
35 experts and specialists in the field of rural development. The validity and
reliability of the questionnaire were confirmed through expert judgment, and data
were analyzed using MICMAC software. The findings revealed that among 50
examined indicators, 16 key driving forces were identified. In the dimension of
supportive policies, the most significant factors included improved access to
financial markets, increased income from agriculture-related activities and strong
government support with adequate access to support facilities. In the dimension
of post—climate shock recovery policies, key variables included the provision of
loans and financial assistance to affected households, the capacity for business
creation and development and access to suitable employment opportunities in
rural areas and surrounding cities.
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EXTENDED ABSTRACT

Introduction

Global trends indicate that, despite the gradual decline in rural populations, these areas still host a
significant portion of the world’s population and play a crucial role in food production, environmental
protection, and economic development. However, rural regions particularly in developing countries face
serious challenges such as poverty, weak infrastructure, limited access to services, degradation of natural
resources, and most notably, climate change. These challenges have placed rural households' livelihood
security under substantial threat. In response to these issues, the concept of "smart villages" has emerged
as an innovative model in rural development. By leveraging modern technologies, participatory
governance, and locally driven solutions, this approach seeks to enhance economic resilience and improve
the quality of life for rural residents. In this study, the concept of smart villages is referred to as
smartization, emphasizing the systematic integration of smart technologies, governance, and innovation
in rural development. While preserving traditional lifestyles, smart villages enable flexible responses to
environmental and social risks. Within this context, the economic resilience of rural households-their
ability to cope with the consequences of climate change-holds a central position. This study, adopting a
foresight approach and focusing on the three counties of Ferdows, Boshrouyeh, and Sarayan, aims to
identify the key drivers of smartization and examine its impacts on the economic resilience of rural
households in the face of climate change.

Material and Methods

This study is applied in terms of its objective and descriptive—analytical in nature, adopting a foresight-
oriented approach. The required data were collected through both documentary and field methods.
Documentary data consisted of library resources, scholarly articles, and policy documents related to smart
development, economic resilience, and climate change. Field data were gathered through a structured
expert questionnaire based on the Cross-Impact Analysis method (MICMAC).

The designed questionnaire focused on two main dimensions: first, supportive policies and measures
influencing the economic resilience of rural residents in the face of climate change; and second, key
components of economic recoverability following climate-related shocks. The statistical population
consisted of 35 experts and knowledgeable professionals in the fields of smart village development,
economic resilience, and climate change. Participants were selected based on criteria such as research
experience, involvement in applied projects, and familiarity with the socio-economic conditions of
Ferdows, Boshrouyeh, and Sarayan counties. The sample included faculty members from Shahid Beheshti
University and Ferdowsi University of Mashhad, as well as local experts from relevant executive
organizations such as municipalities and district governorates. To validate the research instrument, expert
opinions from academic specialists were employed, and the necessary revisions were made according to
their suggestions. Data analysis was performed using MICMAC software. Initially, the relationships
between variables were assessed on a scale from zero (no influence) to four (very high influence), and
the cross-impact matrix was subsequently completed. Finally, the key variables with the highest levels of
influence and dependence were identified and introduced as forward-looking drivers for enhancing the
economic resilience of rural households.

Results and Discussion

The findings of this study examine the impact of smart village development on the economic resilience
of rural households in the face of climate change in the three counties of Ferdows, Boshrouyeh, and
Sarayan. Descriptive results showed that 80% of respondents were male and 20% female. In terms of
educational background, 75% held a PhD, 20%had a Master's degree, and 5% held a Bachelor's degree.
Based on data obtained from field surveys and literature review, the factors influencing economic
resilience were identified in two main dimensions: supportive policies and components of recovery
following crises. Using the MICMAC structural analysis model, the level of influence and dependence of
these variables was assessed. In the 25x25 matrices for both dimensions, approximately 85% of cells
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were filled, indicating numerous interrelationships among the variables. A total of 533 relationships were
examined, of which 92 had no influence, 202 were weak, 238 were moderately strong, and 80 were very
strong. Additionally, 13 potential relationships were identified in the dimension of supportive policies. In
the analysis of direct influences, eight key drivers were identified in the dimension of supportive policies.
These included: government support and access to backup services, increased investment in rural areas,
development of communication infrastructure, growth in agricultural income, targeted regional
policymaking, diversification of income sources, entrepreneurship development, and access to financial
markets. These factors exerted the highest levels of influence on other variables. Regarding indirect
influences, variables such as increased agricultural income, rural investment, government support, income
diversification, financial management, entrepreneurship, electronic marketing, and access to financial
markets showed the highest levels of indirect impact. The matrix of direct and indirect influences revealed
that key factors such as government support, private sector investment, communication infrastructure,
agricultural income, and regional policymaking ranked highest in terms of influence. In terms of
dependency, the five variables with the greatest direct and indirect dependency were rural investment,
agricultural income, government support, financial management, and income diversification. In the
second-dimension components of recovery following crises six key drivers were identified: access to
alternative income sources, regaining suitable employment, development of non-agricultural activities,
utilization of government assistance, poverty reduction, and access to smart economic systems. These
variables play a vital role in the post-crisis economic reconstruction of rural communities. In the area of
indirect effects within the recovery dimension, variables such as reduced use of chemical inputs and
increased compost usage, job recovery, alternative income, access to smart systems, and government
support demonstrated the highest levels of indirect influence. Moreover, in the direct influence ranking
matrix, variables such as financial empowerment, increased satisfaction with rural living conditions,
development of non-agricultural businesses, alternative income, and job creation contributed the most to
economic recovery. These factors played key roles in both direct and indirect impacts. Ultimately, the
findings indicate that integrating intelligent supportive policies with effective recovery components can
significantly enhance the economic resilience of rural households. The identified key drivers provide a
foundation for policymakers to develop effective strategies for adapting to climate change and ensuring
the economic sustainability of rural areas.

Conclusion

This study aimed to identify the key factors and drivers influencing the economic resilience of rural
households in the face of climate change, with a focus on the role of smart technology in this process, in
the counties of Ferdows, Sarayan, and Boshrouyeh. The findings revealed that supportive policies, such
as government support, increased investment opportunities, the adoption of new technologies, electronic
marketing, and support for entrepreneurship, play a significant role in enhancing the economic resilience
of rural communities. Additionally, factors such as access to loans and financial facilities, the
development of non-agricultural employment, the creation of diverse job opportunities, and the use of
smart economic systems were found to be crucial in recovery following climate crises. The findings
suggest that smart technology can improve technological infrastructure, strengthen information flow, and
develop digital markets, thereby increasing the capacity of rural communities to adapt to climate change.
These results align with previous domestic and international studies and emphasize the role of dual-driven
factors in enhancing economic resilience. Based on these findings, it is recommended that policymakers
prioritize the development of smart infrastructure, targeted financial support, the enhancement of digital
skills, and the promotion of technology driven businesses to strengthen the economic resilience of rural
areas. Furthermore, the design of participatory local policies focusing on empowering rural residents and
encouraging them to remain in rural areas could pave the way for the sustainability of rural economies in
the face of climate-related risks.
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1- Engineering resilience

2- Evolutionary or adaptive resilience
3- Resistance

4- Recovery

5- Re-orientation

6- Renewal
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Table 2- Characteristics of rural households within the study area
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Fig.3. Analysis of the influence and dependency of the reference variables

oy g s
S5l adleagy o5 byl o ys Yo g ang ye o] dopo A o fruly ggeme 5 45 ams o (lis Gibgh (nog slaaidl
0L Pl 3o )0 B 5 Widg Wyl (ol 5T S o (gl)ls woys Ve ilosgy (6550 Syde (5l bgSEwl doye VO lDass fiae
Gaglol (s losintsgn )3 156 Lelge o s (SIS OLS g lae Slalllas 4 a g5 b (iangls ol 1o gy (wilan) S0 g1l
Sle> lacalin) dn 93 53 (blyw 5 digrds (908 Glaplin gl ;5 (ooeldl Sliii b agzlye jo (oliwy) slojlgils goladl
alge 3 am libing, olaidl 6,5lol clin Ll 4y Stk (sloailse 5 conldl Sl b agrlse p ldbins, solaidl (s 5l
sl o a5 S 2 blie 31 (MICMAC) (6 kil ¥les Jow 5l ool sy alo o 5 . bl (ooeldl @i L
J592) Wgd (Ll (o 090 olal jo (28 Sl 2 b jeite (52305630 5 (0 IS 230 B el ouls aslllas o) 3550 55530
bl (6,5l ol Ll 4 a8 3l (slaadlia 5 (YOXY) (golamdl (5 glob (oo (slacunliw slom lo slal 4 4295 L (T
Sl w255, (5oL Lu.w; J»b ooy Sl Jolge ams co jlis a5 el oy (ADIYA B A/5Y) 0 LaaQT S My a5 (YOXYO)
Sder b fele cpl ams oo lis (pl a8 Cal il 3929 yao Jlade b abaly A (s slo cpl o oLl BB alal ) OYY gg02es



133 Vo0 5l o) 0,lods VO ol o laummo &l pbolis g Ll yao a4y 2

Soded p oS 5l alse ol S i oo 45 Cansl 039y S jlissae alay Yo Y alal) OYY ggecne 5l g lodgs iy il g 08 56
Olboae alaly A g ol 03y Jloe ! s (58 l.....w Ls)l.&fﬁ.‘}‘i: abal ) 5 lias aS sl 009y ¥ ylisae wlal, YYA yuoren g alacils
5 G50 5| Jelse (nl S i oo g el LB 392 (598 Sl alaly 39250 (SIS (sla el (e el ] 5] Sl oS sl 005, ¥
Al VY o8l 5 b ag2lg 5 lliang (solaidl (65l oo slaclons dnr 15 Zolgs 5o 5 1logs 13,955 (635 (53 3T
(Y Jgoor) sl aiisls 09 05ally alaly o Jale oyl o a0 co )lis oS ool alils 9929 P Jlada b
(soalBl Syt b Agrlgo 3 iy y (53Ul (59Tl (S los U Cumslons diamo 3l (SIS Slo ! iy

b agzlye 5o it (g3l (55l alo (slaceslin e Sl () T S (2,3 (S8 (25 4 4255 L
STy @i e () F IS8 Billae peditne 8 AT (o) 2 58 (izred el 002 JS5 oS ol YO 5 (oocddl i
Jole Y o 8B (slapuitin 5 ¥ IS 55T (sl it Jale £ (i) 1l o8 Jole (10) (s 59 sl itin o a0 |, laas s

abliie &Sl g gy slo loosls Julow Y Jgu
Table 2- Matrix Data Analysis and Cross-Impact Effects
solaidl ‘5)5.‘—95" Cawlo dayl ol g Gl 5L slaadd g solaidl ‘5)5]—5.:5‘ b sbewbw oy b oledb!
Returning to Suitable Ec ic Resilience Components Supportive Policies for Economic Resilience Matrix Information
25 25 Matrix Dimensions o Pl olal
2 4 Number of Repetitions I ;55 olaai
121 92 Number of Zeros o olasi
263 202 Number of Ones S olasy
201 238 Number of Twos 99 dluxy
28 80 Number of Threes A Slusy
12 13 Number of P p olax
504 533 Total o
80.64 85.28 Degree of Density Sas y 4z 58
Indirect influence/dependence map Direct influence/dependence map
|supom|g22|Q [suporting7| N N - aportg[* ]
! — 1 Tiportingd| |
m q suportngl2
Q suport‘ngll' _ Q i ]
[suportng15] [suportng10 fupormgis] fuportingt[supormgl1]  uporting6]
9 suporing10| & . supormg17]
) N -
3 , gt g
: — : g
o suportng24 Q <
= 3 2 suporing24
5 *__
= Qe = - i suportings
[suportings] suporing
. 2 R
suportng20 5 (J.supomlglé suporglé Eu}m ey
su onungI . 99
‘__supormglz B suportngl?
o ; i p
: suportng2s :
g
‘ dependence A dependence

e o ST i

oiionne Ol 3G 2l

Fig.4. Direct and indirect effects of supportive policies on the economic resilience of rural households in the face of climate
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Table 3- Analysis of the direct and indirect effects of supportive policy factors on the economic resilience of rural households
in the face of climate change
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Dol a5 e 5 S35 Y paen (sl Mo (8lo i & i o s
Better access to financial markets for production against climate change (1)
Blagisn plo & coms (55,5185 (150 & iy slacglled walys 2ol
income from agricultural-related activities compared to other sectors (3)
(Alag b po s liSalor & sosas (25 hled 5 bs) 55 6 IS ale o 2ol
Increased rural investment and private sector willingness to invest in projects (4)
(Ds3losin 5 s3lucags bl 4o il Glad jl angy ool
Optimal use of the Internet for identity building and branding (9)
(22)JaisJom a2 Lsiye slaazn (oS johaiety (L)l lacsbo 5 sl
Creating communication infrastructure to reduce transportation-related costs (22)
(D)sadds Ngams 2ouyil s Jlo )l jshaien b jo oy e 3504
Improving cost management for financial sustainability and production efficiency (2
(5) el Syt L gz lse ol 55 (il (o2 (1o 4 4259)
Considering indigenous knowledge of villagers when facing climate change (5)
(6)wl§\ Slpass ly 50 babiwg, 5o 5lail e g sl yo lio 4y Lisugan Sl
Possibility of diversifying income and savings sources in villages against climate change (6)
(Nsloe a3z o)l5 5 S (slailely 5 (o B 4>, Sl
Enhancing entrepreneurial spirit and launching new local businesses (7)
(17)s3,5155 s 35,5 5 39 250 b 5 53815555 3 oolisad il
Increasing the use of technology, e-marketing, and sale of agricultural products (17)
(21)ksg o 2ol iyl &y (G5Sme slaamly (oo i 1l sl colin iy ol
Creating appropriate infrastructure to increase fixed internet access for rural households (21)
(24) o 00 Sloas a4y (yloling, s Sgz Slbls,l 5 Sledlbl 5 ,5ks 5,5 54

(S y) (4390 W juiio
Bi-directional (Risk)
Variables

(Bu2) (4993 Sl it
Bi-directional (Goal)
Variables

Applying ICT to provide rural communities access to management services (24)
(8) 5Sms (s3ksi 5 (s3lopslin gz Sl lzel 5 Lagly 5l oolial L oo 50 32923 ol (sl puiio
Encouraging people through loans and credits for housing reinforcement and renovation (8) Regulatory Variables
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Fig.5. Direct and indirect effects of key factors following supportive policies for the economic resilience of rural households
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POV 0 P

in the face of climate-related food changes (from very weak to very strong effects)
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Variable

4 - suporting4

3 - suporting3
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5 - suporting5 +

17 - suportng174
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Variable

4 - suporting4

7 - suporting?

3 - suporting3

4 - suporting4

7 - suporting?

22 - suportng22+

B - suportingb

3 - suporting3 +«

2 - suporting2

23 - suportng23

10 - suportngl1

B - suportingb

17 - suportngl 7

10 - suportng114

9 - suporting9 4

1 - suporting1 4

5 - suportingS

1 - suporting1 +

1 - suporting1

15 - suportng15+

e

21 - suportng21

11 - suportng10

22 - suportng22

24 - suportng24+

18 - suportng184

14 - suportngl4

8 - suporting8

9 - suporting9

9 - suporting9 +

21 - suportng21

11 - suportng1 04

11 - suportng10

17 - suportng17+4

=

22 - suporthg22

21 - suportng21

18 - suportngl18

2 - suporting2

24 - suportng24

24 - suportng24

14 - suportngl 4

5 - suportingb
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14 - suportng14
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7 - suporting?

4 - suporting4

3 - suporting3

22 - suportng22

23 - suportng23

B - suportingb

15 - suportng15

10 - suportngl1

1 - suportingl

17 - suportngl 7

9 - suporting9

11 - suportng10

21 - suportng21

2 - suporting2

24 - suportng24

5 - suportingb

23 - suportng23

19 - suportngl9

8 - suporting8

14 - suportng14

15 - suportng1 5+

23 - suportng23

18 - suportng18

8 - suporting8

16 - suportng16+4

16 - suportng16

16 - suportngl16

18 - suportng18
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20 - suportng20

15 - suportng15

19 - suportng19

16 - suportngl16

13 - suportng13

20 - suportng20

20 - suportng20

19 - suportng19

25 - suportng25H+

13 - suportngl3

12 - suportng1 24

20 - suportng20

12 - suportngl 2

25 - suportng25+

25 - suportng2b

]

12 - suportngl 24

[

25 - suportng25
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Fig.6. Ranking of Variables Based on Their Impact Level
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Fig.8. Direct and indirect effects of the components influencing the recovery of rural economic resilience after exposure to
climate change in the study area
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Table 4- Analysis of the direct and indirect effects of the components influencing the recovery of rural economic resilience

after exposure to climate change in the study area

abg o s Ll
Related Indicators

¥lo £5
Type of Variable

Byl yze 585 51 o pollael SN C31s 5 sy oo SLL alS
Reduction of tax deadlines for granted facilities after the crisis (3)
(19) ICT) okl )  Sledbl (5,58 sl ) damgs & axs

Attention to the development of information and communication technology infrastructure (ICT) (19)

(20)labins; 1o (55,5LaS ot 5 (55,5l 00,8 udlad e il
Increase in intensive agricultural and non-agricultural activities in villages (20)
2Dy 5l )5 ol 5 plsdl Jbo Colax 5l lslinssy oolicl o520
The extent of villagers’ use of financial support from relatives outside the village (24)
(25) (o 32d axwgs colan (sl 55k bawgs lajlugedlo » o)l il
Increased supervision of construction by rural management to guide physical development (25)
(13) gl (sloolSiisSi 1o (s piyions 5l aiacals, o)
Enhancement of satisfaction with livability in rural settlements (13)
(Dol o wpd JB 5 oadasias Ol &y (g yiws Sl 0ig)
Increasing access to purified and potable water in rural areas (9)
(1) bls )l sl s 51 simo i pslaios (2 )5 slapls 558k sln iboaiss
Creating opportunities for learning foreign languages to benefit from communication platforms (14)
(16) ool 5l cblas gz ;0 CangaaS 5l oolitul g slond Slgo Brae als
Reducing chemical use and promoting compost to protect farmlands (16)
2D lakiss, 55 ooslol 5 eyl oliy jos B b S 3 0l 5 ol 581
Enhancing housing attractiveness and welfare for secure and essential rural shelter (21)
(5) ol 585 5l dms plimg)y G wdccl & 2lss GlacSles jloolizal 5
The level of rural victims’ use of government aid after crises (5)
(Nege socus b slml 5 Gsalrer Slojed 5 by, 53 conlin Jid 4y (oo s
Access to suitable jobs in villages and surrounding towns and creation of diverse opportunities (7)
(B)cspimlims slasises 5 Lagl o s b el o ¥ola il
Increasing interregional financial exchanges by strengthening rural-urban linkages (8)
(10)solazdl slaclas ;o (555 Aal33l § camlio Jads S5k Ul
Ability to regain suitable jobs and enhance innovation in economic activities (10)
(1) bwg, slojlgls oo 5o 53 1als Xy, 4 a5
Attention to poverty reduction trends among rural households (11)
(12) ssladl slacdlas aloxil sl wiasign sbaailols 4 oo yiws 2l
Improving access to smart systems for conducting economic activities (12)
(23) 5501 0ol (s 58 Sla gl § (S5 y9a (sl g3lwatens;
Facilitating the presence of elites and think tanks for governance (23)
(D) o8l @l ol 51 56 Sl e sl o (s3lusiallys
Financial empowerment to compensate for damages caused by climate change crises (1)
(2) soelll ol bl 51 G ol 4 D 5 ply (sllae
Providing loans and facilities to those affected by climatic hazards (2)
(6) ol o sz s 5l sosioo g 9 (Sl al
Alternative income and benefit from new income sources (6)
(15) 590 ol 31 U585 aiaign (s,lal sbooseds 51 (5 e e Sl
Enhancing the use of smart and remote irrigation methods (15)
(17) ol Sy b Gl agzlpe ol 50 siadign (55)5L88 slocud,bb 4y az g
Considering smart agricultural capacities when villagers face climate change (17)
(18)labiass; )0 2y 5 (o) Sy slongs il 51 ooliial g, il
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Influential
Variables
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Affected Variables
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Independent
(Leverage)
Variables
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(Risk) Variables

S99 G yuiiio
[(ERVY)
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(Goal) Variables
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Increasing the use of clean (green) and renewable energy in villages (18)
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Considering managerial and professional characteristics in selecting village councils and chiefs (22)
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Fig.9. Direct and indirect effects of key factors on the recovery of rural economic resilience after exposure to climate change
in the study area (from very weak to very strong effects)
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Classify variables according to their influences Classement par dépendance
Rank Yariable YWariable R ank YWariable YWariable
1 E - Returning? = 10 - Returnng10 1 1 - Returmingl 1 - Returningl
z 10 - Returnngl Dl>_<:l E - Returning? 2 13 - Retunng] 3= 3 - Returning3
3 3 - Returning3 = 12 - Returnngl2 3 3 - Retuming3 |:>_< 13 - Returnngl 3
4 5 - Returnings 5 - Returnings 4 E - Returning? = 7 - Returninge
5 11 - Returnng1i 11 - Returnng1i 5 7 - Retumings |:>_< E - Retuming?
E 12 - Returnng1 24 a3 - Returning3 E 5 - Returnings 5 - Returningb
7 1 - Returningl = x5 - Returnings 7 10 - Returnngl1 O 10 - Returnng10
= 7 - Returninge >< 7 - Returninge 8 2 - Returming? 2 - Returning2
g 8 - Returnings = 71 - Returning g 2 - Retumings = 11 - Returnng11
10 23 - Returnng23 23 - Returnng23 10 11 - Returnngii |:>_< S - Returnings
11 2 - Returning2 2 - Returningz 11 12 - Returnngl 2 12 - Returnngl 2
12 15 - Returnng1 54 n 20 - Returnng20 12 15 - Returnngl 5= 17 - Returnngl 7
13 19 - Returning1 9+ i 24 - Heturnng24 13 17 - Returnngl ?l& 23 - Returnng23
14 20 - Returnng20+ s 19 - Returnng13 14 23 - Returmmng23s 15 - Retunng15
15 4 - Returningd = n 22 - Heturnng22 15 18 - Returnngl S 22 - Returnng22
16 22 - Heturnhg22s s 15 - Returnng15 16 22 - Fietumngz2a:>_< 18 - Retunng18
17 24 - Returnng24+ s 4 - Feturningd 17 4 - Returmingd 4 - Returningd
12 25 - Returnhg2h 25 - Returhng 25 18 20 - Returnngz0s= 14 - Returnngl 4
19 17 - Returning1 7+ s 13 - Returnng13 19 9 - Returmingd I% 20 - Returnng20
20 13 - Returnngl 31&- 21 - Returnng21 20 14 - Returnngl 4+ 9 - Retumingd |z
21 21 - Returnng21 + s 17 - Returnng1 7 |3 21 21 - Returnng21 = 19 - Returnngl9 5
22 9 - Returningd + # 14 - Beturnngl4d |[F 22 19 - Returnngl Ell:>_< 21 - Returnngzl %
23 14 - Returnngl 4|>_<:l 9 - Returningd :;; 23 1E - Returnngl G 24 - Returnng24 E
24 18 - Returnhg18 18 - Returnngl 2 (2 24 24 - Fietulnngz4|:>< 16 - Returnngl16 |
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Fig.10. Ranking of Variables Based on Their Impact Level Fig.11. Ranking of Variables Based on Their Level of influence
Dependence
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Table 5- Key drivers of the impacts of smart technologies on the economic resilience of rural households in the face of
climate change
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