
29 June 2024

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Recovery agenda for sustainable development post COVID-19 at the country level: developing a fuzzy action priority
surface / Ranjbari, M.; Shams Esfandabadi, Z.; Scagnelli, S. D.; Siebers, P. -O.; Quatraro, F.. - In: ENVIRONMENT,
DEVELOPMENT AND SUSTAINABILITY. - ISSN 1387-585X. - ELETTRONICO. - 23:11(2021), pp. 16646-16673.
[10.1007/s10668-021-01372-6]

Original

Recovery agenda for sustainable development post COVID-19 at the country level: developing a fuzzy
action priority surface

Publisher:

Published
DOI:10.1007/s10668-021-01372-6

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2968827 since: 2022-06-28T14:16:11Z

Springer Science and Business Media B.V.



Vol:.(1234567890)

Environment, Development and Sustainability (2021) 23:16646–16673
https://doi.org/10.1007/s10668-021-01372-6

1 3

Recovery agenda for sustainable development 
post COVID‑19 at the country level: developing a fuzzy action 
priority surface

Meisam Ranjbari1  · Zahra Shams Esfandabadi2,3  · Simone Domenico Scagnelli4 · 
Peer‑Olaf Siebers5  · Francesco Quatraro1,6 

Received: 23 August 2020 / Accepted: 23 March 2021 / Published online: 3 April 2021 
© The Author(s) 2021

Abstract
As a response to the urgent call for recovery actions against the COVID-19 crisis, this 
research aims to identify action priority areas post COVID-19 toward achieving the tar-
gets of the sustainable development goals (SDGs) within the 2030 Agenda for Sustainable 
Development launched by the United Nations (UN). This paper applies a mixed-method 
approach to map the post-COVID-19 SDGs targets on a fuzzy action priority surface at the 
country level in Iran, as a developing country, by taking the following four main steps: (1) 
using a modified Delphi method to make a list of the SDGs targets influenced by COVID-
19; (2) using the best–worst method, as a multi-criteria decision-making tool, to weight 
the COVID-19 effects on the SDGs targets achievement; also (3) to weight the impact of 
the SDGs targets on the sustainable development implementation; and finally (4) design-
ing a fuzzy inference system to calculate the action priority scores of the SDGs targets. 
As a result, reduction of poor people proportion by half (SDG 1.2), development-oriented 
policies for supporting creativity and job creation (SDG 8.3), end the pandemics and other 
epidemics (SDG 3.3), reduction of deaths and economic loss caused by disasters (SDG 
11.5), and financial support for small-scale enterprises (SDG 9.3) were identified as the 
highest priorities for action, respectively, in the recovery agenda for sustainable develop-
ment post COVID-19. The provided fuzzy action priority surface supports the UN’s SDGs 
achievement and implementing the 2030 Agenda for Sustainable Development in Iran. It 
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also serves as a guideline to help the government, stakeholders, and policy-makers better 
analyze the long-term effects of the pandemic on the SDGs and their associated targets and 
mitigate its adverse economic, social, and environmental consequences.

Graphical abstract

Keywords Sustainable development goals · COVID-19 · Best–worst method · Multi-
criteria decision-making · Iran · Action priority

1 Introduction

Since March 2020, the novel coronavirus-caused infectious disease (COVID-19) has 
become the most challenging topic to deal with for governments, industries, businesses, 
and people on a global scale. In March 2020, the World Health Organization (WHO) 
announced COVID-19 as the first pandemic caused by Coronavirus, which, as of March 
14, 2021, has led to 119,220,681 confirmed cases and 2,642,826 deaths records in 235 
countries, areas, or territories across the world (WHO, 2021a). This pandemic has been 
considered the most serious global health catastrophe of the century and the most chal-
lenging issue that the world is facing since the Second World War (Chakraborty & Maity, 
2020). A wide range of business activities and the global economy are struggling with the 
COVID-19 restrictions and how to respond to the pandemic as fast as possible. During the 
COVID-19 crisis, most attention has been paid to the medical aspects of the pandemic, 
while the economic, social, and environmental consequences of the pandemic deserve to 
be investigated more in-depth (Gautam & Hens, 2020). However, the considerable implica-
tions of this pandemic have been increasingly studied by many scholars for a variety of dif-
ferent areas and disciplines such as transportation (Mogaji, 2020), renewable and sustain-
able energy (Hosseini, 2020), air pollution (Bherwani et al., 2020; Gautam, 2020; Gupta 
et al., 2020), health risk assessment (Ambade et al., 2021; Changotra et al., 2020; Gautam 
& Trivedi, 2020), tourism (Sigala, 2020), commodity markets (Rajput et  al., 2020), and 
economic anxiety (Mann et al., 2020).

Such a crisis with global scope will also severely affect the achievement of the long-
term global agreements between countries with shared action plans such as the 2030 
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Agenda for Sustainable Development launched by the United Nations (UN) in 2015 and 
the Paris agreement within the UN Framework Convention on Climate Change (UNFCC) 
signed in 2016. In September 2015, the UN General Assembly adopted the 2030 Agenda 
for Sustainable Development including 17 Sustainable Development Goals (SDGs) con-
sisting of 169 targets on a variety of perspectives as a shared blueprint to address environ-
mental, economic, and social dimensions of sustainable development (General Assemly, 
2015). The SDGs offer a major opportunity for inclusive and transformative change (Siegel 
& Bastos, 2020) as well as a normative framework (Kumi et al., 2020) toward sustainabil-
ity and creating dignity, peace, and prosperity for people and the planet (UN, 2018). The 
2030 Agenda not only calls upon the governments but also industries and businesses from 
the private sectors to support the achievement of the SDGs (Van der Waal & Thijssens, 
2020).

Sustainable development and the achievement of the SDGs and their associated targets 
are complex, broad, and integrated (Kumi et al., 2020) on the account of its interconnected 
goals and targets, which affect each other by nature (Ranjbari et al., 2019). The situation 
has become even more complex in light of economic pressure and difficulties emerged 
by the COVID-19 crisis. Therefore, the role of researchers for supporting governments 
and policy-makers in the global community has become more highlighted than before to 
respond to the urgent call for action as effectively as possible to this recent global shock.

Although limited research has been conducted within the sustainable development 
context considering the COVID-19 effects (Alibegovic et  al., 2020; Barbier & Burgess, 
2020; Bherwani et al., 2021; Yoshino et al., 2020), the lack of inclusive research on the 
effects of COVID-19 on the achievement of the targets of the UN SDGs at a country level 
is still a big issue. Moreover, the recovery strategies and planning for post-COVID-19 2030 
Agenda for Sustainable Development for any country need to be in line with its resources 
and capacities, economic situation, and technological competencies and infrastructure. Iran 
is one of the highly impacted countries by COVID-19 in the world with 1,739,360 posi-
tive cases and 61,142 death records by March 14, 2021, reported to WHO (WHO, 2021b) 
and is experiencing a new wave of diagnosed cases starting from February 2021. Accord-
ing to the report provided by the World Bank Group (2020), the hardest-hit sectors by the 
COVID-19 pandemic in Iran are oil sales, travel, tourism, retails sales, manufacturing, 
and construction. Consequently, the achievement of the SDGs and accomplishment of the 
2030 Agenda for Sustainable Development have been significantly challenged by the newly 
emerged situation. Therefore, an urgent priority action plan for Iran’s government and sus-
tainable development policy-makers within various domains is highly needed to support 
sustainable development blueprint after the pandemic.

This research aims at providing a post-COVID-19 recovery agenda toward sustainable 
development in Iran, as a developing country. In this regard, an action priority surface con-
sidering COVID-19 restrictions for achieving the SDGs targets is proposed by addressing 
the following four questions: (RQ1) Achieving which targets of the SDGs at the country 
level have been affected by COVID-19? (RQ2) How much is each one of those targets 
affected by COVID-19? (RQ3) How much does each one of those targets affect sustainable 
development? and finally (RQ4) Considering COVID-19 implications, what is the prior-
ity of action for each of the SDGs targets? The first question will be answered using a 
modified Delphi method, and the best–worst method (BWM) will be applied to respond to 
the second and third questions. Finally, for answering the fourth question, we will build a 
fuzzy inference system (FIS) and plot the action priority surface.

The remainder of the paper is arranged as follows: Section 2 briefly reviews the limited 
research on the SDGs and the COVID-19. Section  3 overviews the research design and 
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explains the data analysis methods used. Section 4 presents the results of the analysis and 
discusses the main outputs and key findings. Finally, Sect. 5 concludes the research and 
delivers recommendations for future research on the COVID-19 implications for the 2030 
Agenda for Sustainable Development.

2  SDGs and COVID‑19: an overview

Due to the recentness of the COVID-19 crisis, the research conducted on its impact on the 
achievement of the SDGs within the 2030 Agenda for Sustainable Development is still in 
its infancy. Only limited research has been carried out to study the effects of this current 
pandemic on the shared blueprint of SDGs focusing on the economic, social, and environ-
mental pillars of sustainable development.

As an outcome of their research, Barbier and Burgess (2020) proposed three progress 
policies for developing countries toward several SDGs post COVID-19, including adopting 
subsidy swap for fossil fuel, implementing subsidy swap for irrigation to enhance sanita-
tion and clean water, and a tropical carbon tax on fossil fuels to fund natural climate solu-
tions. A qualitative analysis was conducted by Alibegovic et al. (2020) to investigate the 
impact of COVID-19 on the SDGs in Italy. They identified SDG 1 (no poverty), SDG 4 
(quality education), and SDG 8 (decent work and economic growth) as the most impacted 
SDGs by COVID-19. In a theoretical study without any real data, Yoshino et  al. (2020) 
highlighted the importance of government support and optimal portfolio allocation by 
institutional investors for the achievement of the SDGs in the post-COVID era. Moreover, 
Ranjbari et al. (2021) outlined the severe impacts of COVID-19 on the triple bottom line 
of sustainability and 2030 Agenda for Sustainable Development and highlighted the urgent 
need for actions to support SDGs achievement, particularly on the following directions: (1) 
sustainability transition opportunities in the wake of COVID-19 with a focus on SDG 12 
and SDG 9, (2) innovative solutions for economic resilience to support SDG 1, SDG 8, and 
SDG 17, and (3) in-depth analysis of the COVID-19 long-term effects on social sustain-
ability to achieve SDG 4, SDG 5, and SDG 10.

A statement made by the General Assembly (2015) postulates that many sectors in a 
country should work in harmony together to implement the 2030 Agenda for Sustainable 
development with a set of 17 wide-ranging SDGs and 169 targets from “No Poverty” to 
“Peace and Justice Strong Institutions.” Achieving the SDGs requires significant financial 
input (Ike et al., 2019) by governments and all other relevant stakeholders. Moreover, the 
recent financial burden imposed by COVID-19 on the global economy has made the issue 
more challenging, especially for developing countries. Therefore, effectively prioritizing 
the actions for sustainable development has become very crucial to overcome these newly 
emerged financial limitations. Consequently, the need for defining recovery strategies and 
identifying SDGs that should be prioritized for investment is currently at the highest level 
of importance for sustainable development policy-makers.

As the brief review of the literature indicates, there is an urgent need for a comprehen-
sive study to prioritize the SDGs targets within the 2030 Agenda for Sustainable Develop-
ment considering implications of COVID-19. In response to this need, our research, to our 
knowledge for the first time, investigates the COVID-19 implications for the achievement 
of the SDGs targets at the country level in Iran, as a developing country to prioritize them 
for action. The proposed action priority ranking considerably contributes to the recovery 
agenda for implementing sustainable development post COVID-19 in Iran.
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3  Research design and methodology

The research framework we developed for our study adopts a mixed-method approach 
that consists of three stages, as shown in Fig.  1. These are Stage I: Using a modified 
Delphi survey to identify the SDGs targets whose achievement has been affected by 
COVID-19; Stage II: Using best–worst method (BWM) to calculate the weights of 
the COVID-19 effects on the achievement of the identified SDGs targets, and also the 
weights of the impact of these SDGs targets on the sustainable development; and finally, 
Stage III: Using a fuzzy inference system (FIS) to plot the identified SDGs targets on 
a three-dimensional (3-D) fuzzy action priority surface. The methods applied in these 
stages are described in the following subsections.

UN SDGs targets

Identifying the SDGs 
targets at the country level

Experts panel selection

First Delphi round

First feedback 
consolidation

Second Delphi round

Finalizing the SDGs 
targets affected by 

COVID-19

Decision criteria

Choosing the “Best” and 
the ‘Worst” criteria

Determining the preference 
of the “Best” criterion over 

the other criteria

Determining the preference 
of the other criteria over the 

“Worst” criterion

Calculating the optimal 
weights

Clustering the SDGs targets 
and building the hierarchy 

for the pairwise comparisons 
to be used in STAGE II

Decision criteria

Choosing the “Best” and 
the ‘Worst” criteria

Determining the preference 
of the “Best” criterion over 

the other criteria

Determining the preference 
of the other criteria over the 

“Worst” criterion

Calculating the optimal 
weights

STAGE I STAGE II STAGE III

Crisp input

Experts’ opinions

Designing the rule base

Fuzzy “if-then” rules

Fuzzification

Inference engine

(Mamdani)

Defuzzification

Action priority scores

3-D fuzzy action priority surface 
for SDGs targets affected by 

COVID-19

Fig. 1  Research framework
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3.1  Modified Delphi survey

The Delphi method is a scientific process to collect, manage, and analyze opinions from 
expert panels (Ahmad & Wong, 2019; Esfandabadi & Esfahani, 2018) in an interactive but 
anonymous multistage forecasting structure (Fritschy & Spinler, 2019). For the first stage 
of our study, the modified Delphi survey helps to effectively identify the main targets asso-
ciated with the UN SDGs, whose achievement toward sustainable development has been 
impacted by the restrictions imposed by the COVID-19 crisis. The term “modified” in the 
Delphi we used compared to the classic Delphi refers to the use of a pre-generated list of 
the items in the first round (Varndell et  al., 2020), which includes SDGs targets whose 
impact focus at the country level.

The Delphi survey in our research is conducted in two rounds to reach a consensus 
among the expert panel. In the first round, the questionnaires are sent to the experts and 
their responses are gathered. In the second round, the statistical results of the first round 
survey are given to the experts to give them the chance of rethinking and therefore making 
it potentially easier to reach a consensus (Chen et al., 2020; Esfandabadi et al., 2020) on 
the SDGs targets selection. The six steps of the modified Delphi survey conducted in this 
research are as follows:

• Step 1. Identifying the UN SDGs targets whose outcome focus at the country level.
• Step 2. Selection of the expert panel in the three main areas of sustainable develop-

ment.
• Step 3. First Delphi round: send the online questionnaire to the experts.
• Step 4. Consolidation and integrating the experts’ responses.
• Step 5. Second Delphi round: send the integrated feedback and statistical results of the 

first Delphi round back to the first round experts to make potential changes.
• Step 6. Finalize the list of the verified affected SDGs targets by the experts.

The outcome of the modified Delphi method at this stage is the list of SDGs targets 
whose achievement has been challenged by COVID-19 implications. These targets are then 
clustered to make the pairwise comparisons within the next stage BWM models easier for 
the expert panel.

3.2  Best–worst method

The recently developed BWM by Rezaei (2015) to solve multi-criteria decision-making 
(MCDM) problems has been used for the second stage of our study. The BWM has been 
widely utilized by scholars for MCDM in different areas of sustainability research, including 
sustainability assessment (Ren et al., 2017), sustainable supplier selection (Ecer & Pamucar, 
2020), sustainable manufacturing (Malek & Desai, 2019), and social sustainability of sup-
ply chains (Badri Ahmadi et al., 2017). In comparison with other pairwise comparison-based 
MCDM methods such as analytic hierarchy process (AHP), BWM (1) performs remarkably 
better, which becomes obvious when looking at the evaluation criteria, such as consistency 
ratio, total deviation, minimum violation, and conformity; (2) requires less pairwise compari-
son data compared to a full pairwise comparison matrix used by AHP; and (3) produces more 
reliable results by generating more consistent comparisons (Rezaei, 2015). As we expect to 
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evaluate quite a few UN SDGs targets, BWM was selected among MCDM methods to benefit 
from the advantage of less pairwise comparisons by experts with more reliable results.

For the second stage of this study, the BWM is applied two times to weight COVID-19 
effects on the SDGs targets and to weight the SDGs targets on sustainable development, 
respectively. The five steps of the BWM (Rezaei, 2015, 2016) applied in our research are pre-
sented as follows:

Step 1. A set of decision criteria is identified. The set of SDGs targets whose achievement 
has been affected by COVID-19 has been extracted from the Delphi method output generated 
in the previous stage as the decision criteria set for this step. To facilitate the pairwise compar-
isons by the experts, these targets were put into clusters of sub-criteria, and the main cluster 
themes were considered as the main criteria, forming a hierarchy.

Step 2. The best and the worst criteria are chosen. In this step, for each cluster of the first 
BWM model (weighting COVID-19 effects on the SDGs targets), the most impacted SDGs 
target by COVID-19 (best) and also the least impacted SDGs target by COVID-19 (worst), 
and for each cluster of the second BWM model (weighting the SDGs targets on sustainable 
development), and the most important SDGs target toward sustainable development (best) and 
the least important one (worst) is identified by the decision-makers without any comparison.

Step 3. The preference of the best criterion over all the other decision criteria (SDGs tar-
gets) is determined using a number between 1 (which means equal preference) and 9 (which 
means maximum preference) for each cluster and theme group. The resulting best-to-others 
vector in this step would be: AB =

(
aB1, aB2,… , aBn

)
 , where aBj indicates the preference of 

the best criterion B over criterion j, and accordingly aBB = 1.
Step 4. The preference of all the criteria over the worst criterion is determined using a num-

ber between 1 and 9 for each of the clusters and the group of main criteria. The resulting oth-
ers-to-worst vector would be: AW =

(
a1W , a2W ,… , anW

)T , where ajW indicates the preference 
of the criterion j over the worst criterion W, and accordingly aWW = 1.

Step 5. Finally, the optimal weights 
(
w∗
1
,w∗

2
,… ,w∗

n

)
 for the criteria are determined. The 

ideal solution for each pair of wB∕wj and wj∕ww would be where wB∕wj = aBj and 
wj∕ww = ajw . Therefore, the maximum among the set of 

{
|||
wB − aBjwj

|||
,
|||
wj − ajwww

|||

}
 should 

be minimized, and the following formulation can be considered for the problem (Eq. (1)):

This problem can then be translated into a linear programming problem as Eq. (2):

(1)

minmaxj

{
|||
wB − aBjwj

|||
,
|||
wj − ajwww

|||

}

s.t.
∑

j

wj = 1

wj ≥ 0, for all j
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The optimal weights 
(
w∗
1
,w∗

2
,… ,w∗

n

)
 and the consistency indicator �L∗ would be obtained 

by solving Eq.  (2). The value �L∗ shows the reliability of the comparison, and the nearer 
it is to zero, the more desirable it is. The computed weights are considered as the local 
weights for the sub-criteria. Therefore, to compute the global weights of the sub-criteria, 
the local weight of each sub-criterion is multiplied by the weight of its corresponding main 
criteria.

3.3  Fuzzy inference system

The weights obtained from the two BWM models in the previous stage provide a two-
dimensional matrix consisting of COVID-19 effects on the SDGs targets and the SDGs 
targets achievement effects on the implementation of sustainable development. This matrix 
can be helpful for the decision-makers to prioritize their managerial actions to focus on 
each target. However, dividing the matrix into different zones with crisp borders is not 
sufficiently reliable for classification when experts’ opinion denotes a considerable range 
(Guðlaugsson et al., 2020).

To overcome this issue, based on the fuzzy logic, a FIS is designed to map the pairs of 
calculated weights for each SDG target in the BWM models on a 3-D fuzzy action priority 
surface and obtain its priority score. As illustrated in Fig. 2, the designed FIS in our study 
works based on the following three main steps: (1) fuzzification of the received crisp BWM 
weight values as the input, (2) processing the inputs through Mamdani’s rule-base inference 
engine (Mamdani & Assilian, 1975) that is supplied by rules based on the experts’ opinion, 
and (3) defuzzification of the results and presenting a crisp value as the priority score of each 
SDG target. Since Gaussian distribution is a reliable option for representing the distributions 

(2)

min �L

s.t.

|||
wB − aBjwj

|||
≤ �L, for all j

|||
wj − ajwww

|||
≤ �L, for all j

∑

j

wj = 1

wj ≥ 0, for all j

Mamdani 
interface engine

Set of fuzzy 
“if-then” rules

BWM (1) 
calculated weights

BWM (2)
calculated weights

Priority scores for 
the SDGs targets

Membership functions for 
COVID-19 effect on SDGs targets

Membership functions for SDGs 
targets effect on SD

Membership functions 
for action priority

Fig. 2  Designed FIS for ranking the priorities of action for the SDGs targets
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and uncertainties in real-world problems (Tan et al., 2017), Gaussian membership functions 
are used for the input and output variables to represent fuzzy sets in the designed FIS.

The final calculated crisp values as the priority scores of the SDGs targets are plotted in a 
3-D fuzzy action priority surface, which is explained in detail in Sect. 4.4.

4  Results and discussion

To clearly report the results to address the research questions, the results are presented and 
analyzed in four sections, including expert panel (Sect. 4.1) to answer RQ1, BWM for weight-
ing the SDGs targets affected by COVID-19 (Sect. 4.2) to answer RQ2, the SDGs targets and 
sustainable development (Sect. 4.3) to answer RQ3, and finally, post-COVID-19 action prior-
ity toward sustainable development (Sect. 4.4) to answer RQ4.

4.1  Expert panel

The expert panel of our study consisted of 19 experts from academia, industry, research cent-
ers, media, and government sectors in Iran. The experts were identified and invited to partici-
pate in the research based on their main field of activity, qualification, and work experience. 
The responses were gathered using questionnaires from groups of experts in the four rounds 
of the survey in our research including Delphi round 1 (R1), Delphi round 2 (R2), first BWM, 
and second BWM from June 27, 2020, to July 14, 2020. Table 1 shows the characteristics of 
the expert panel and their contribution to our research.

4.1.1  Delphi results

The focus of our research is on the SDGs targets whose outcome focus at the country level in 
Iran. Therefore, as the first filter for target selection, before using the modified Delphi method, 
we just considered 94 out of 169 SDGs targets which work at the country level based on the 
research conducted by McArthur and Rasmussen (2019). The list of these 94 SDGs targets 
was used to build a questionnaire for the Delphi survey to find the targets, whose achievements 
have been affected by COVID-19. During two rounds of Delphi, involving 12 experts in the 
first and 9 in the second round (Table 1), the final list of 26 SDGs targets affected by COVID-
19 was identified. The selected 26 SDGs targets and their description based on the UN’s 2030 
Agenda for Sustainable Development are presented in “Appendix A.”

Adopting the SDG clusters proposed by Kostoska and Kocarev (2019) and the UN General 
Assembly (2015), the 26 identified SDGs targets were assigned by a group of two experts 
to four clusters including basic needs, economic growth and industrial infrastructure, social 
sustainability, and environmental sustainability. Therefore, the hierarchy of the SDGs tar-
gets affected by COVID-19 at the country level was built (Fig. 3), including the four clusters 
as main criteria, each of which including some sub-criteria (SDGs targets) to be used in the 
BWM models in the next stage of our research.

4.2  BWM for weighting the SDGs targets affected by COVID‑19

Following the BWM steps explained in the methodology section, the first BWM model 
was solved based on the data gathered from the participating experts (Table 1) to weight 
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the SDGs targets affected by COVID-19 in Iran. The calculated weights of the four main 
criteria are presented in Table 2.

The obtained mean values show that economic growth and industrial infrastructure is 
the most affected main criterion of SDGs targets followed by basic needs. The third and 
fourth positions refer to social sustainability and environmental sustainability, respectively, 
with a considerable distance from the first- and second-ranked items. However, environ-
mental sustainability, as the least affected main criterion, has also the lowest value for the 
standard deviation, which conveys that the expert’s opinions are very close to the mean. 
Moreover, the �L∗ values indicate the consistency of the comparisons made by the experts. 
Since the �L∗ values for the comparisons made between pairs of the main criteria reported 
in Table  2 are very close to zero, high consistency of the comparisons can be inferred, 
which makes the results reliable (Rezaei, 2015, 2016).

SDGs targets 
affected by 

COVID-19 at 
the country 

level

Basic needs

Economic 
growth and 
industrial 

infrastructure

Social 
sustainability

Environmental 
sustainability

SDG 1.1: Eradicate the extreme poverty
SDG 1.2: Reduce the proportion of poverty
SDG 1.3: Social protection systems
SDG 1.4: Equal rights to economic resources
SDG 1.5: Vulnerable population resilience
SDG 2.1: End malnutrition
SDG 3.3: End the pandemics
SDG 3.5: Prevention of narcotic drug and alcohol abuse
SDG 3.8: Expanding health coverage

SDG 8.1: Sustain per capita economic growth
SDG 8.2: Empowering labor-intensive industries
SDG 8.3: Development-oriented policies for supporting creativity
SDG 8.5: Decent employment
SDG 8.9: Sustainable tourism development
SDG 9.1: Sustainable infrastructure
SDG 9.2: Sustainable industrialization
SDG 9.3: Financial support for small-scale businesses
SDG 9.5: Innovation research

SDG 4.1: Quality education
SDG 4.4: Increasing skilled youth
SDG 10.1: Income growth
SDG 11.1: Safe and affordable housing
SDG 11.5: Reduction of deaths and economic losses caused by disasters

SDG 6.2: Equitable sanitation and hygiene
SDG 6.3: Improving water quality
SDG 7.2: Increasing the share of renewable energy

Fig. 3  The hierarchical tree for the identified SDGs targets affected by COVID-19

Table 2  Weights of the main criteria for the first BWM model

Basic needs Economic growth and 
industrial infrastructure

Social sustain-
ability

Environmental 
sustainability

�L∗

Mean 0.357 0.409 0.181 0.054 0.087
Median 0.302 0.440 0.152 0.050 0.084
Standard 

deviation
0.110 0.100 0.052 0.010 0.018
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In addition to the weights for the main criteria, the local weights for the sub-criteria 
were also calculated. The mean, median, and standard deviation values of �L∗ for each of 
the clusters of sub-criteria are presented in Table 3, indicating the reliability of the results.

After computing the weights for the main criteria and also the local weights for the sub-
criteria, the global weights of the sub-criteria were calculated as the multiplication of each 
sub-criteria local weight and the weight of its corresponding main criteria. Table 4 presents 
the mean, median, and standard deviation of the global weights of the sub-criteria, and 
Fig. 4 visualizes the standard deviation of the calculated weights.

Based on the obtained global weights (Table 4), SDG 3.3 is the most affected SDG tar-
get by COVID-19, followed by SDG 9.3, and SDG 1.2. Moreover, the least affected SDGs 
targets by COVID-19 are SDG 11.1, followed by SDG 3.5, and SDG 6.3.

In the basic needs cluster, SDG 3.3, which refers to ending the epidemic and pandemic 
of any communicable diseases for societies has been determined as the most impacted 
SDG target by COVID-19 within the 2030 Agenda for Sustainable Development. On the 
other side, SDG 3.5 representing strengthening the prevention of narcotic drug and alcohol 
abuse has been identified as the least impacted SDG target by COVID-19.

In the economic growth and industrial infrastructure cluster which is the most affected 
cluster, SDG 9.3 and SDG 9.5 are the most and the least impacted targets by COVID-19, 
respectively. SDG 9.3 focuses on the access of small-scale businesses to financial services 
and supports, which has been restricted due to the economic pressure of COVID-19 on 
the global community and business activities. SDG 9.5, referring to the encouragement of 
innovation, research, and development activities in the industrial sector in Iran, has been 
identified to be less affected than the other targets in this cluster.

SDG 11.5, as the most impacted target of the social sustainability cluster by COVID-
19, points to the reduction of deaths and economic losses caused by disasters, while SDG 
11.1, which indicates the access to safe and affordable housing for all people, is the least 
impacted one. The number of SDGs targets affected by COVID-19 in the environmental 
sustainability cluster is less than the other three clusters. This cluster has not been affected 
considerably by COVID-19 based on the calculated weights for COVID-19 effects on the 
SDGs targets. The access to equitable sanitation and hygiene for all people, representing 
SDG 6.2, is the most impacted target, while improving water quality, representing SDG 
6.3, is the least impacted one by COVID-19 in the environmental sustainability cluster.

4.3  SDGs targets and sustainable development

The same process as for the first BWM was used for the second BWM, this time to 
weight the effects of the 26 identified SDGs targets achievement on the implementation 
of sustainable development in Iran. Table 5 presents the mean, median, and standard 

Table 3  Consistency ( ξL* ) of the clusters of SDGs targets for the first BWM model

Basic needs 
cluster

Economic growth and industrial 
infrastructure cluster

Social sustainabil-
ity cluster

Environmental 
sustainability 
cluster

Mean 0.055 0.051 0.084 0.085
Median 0.051 0.050 0.084 0.082
Standard 

deviation
0.013 0.004 0.019 0.030
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Table 4  Global weights of the 
sub-criteria for the first BWM 
model

Sub-criteria Mean Median Standard deviation

SDG 3.3 0.086 0.076 0.037
SDG 9.3 0.072 0.064 0.030
SDG 1.2 0.064 0.048 0.040
SDG 11.5 0.061 0.057 0.032
SDG 8.3 0.060 0.060 0.020
SDG 8.9 0.060 0.057 0.028
SDG 10.1 0.054 0.056 0.029
SDG 8.2 0.051 0.046 0.024
SDG 1.1 0.045 0.045 0.021
SDG 3.8 0.044 0.041 0.024
SDG 9.2 0.044 0.027 0.039
SDG 8.1 0.038 0.028 0.021
SDG 9.1 0.033 0.031 0.016
SDG 1.3 0.033 0.030 0.009
SDG 8.5 0.032 0.026 0.022
SDG 4.1 0.030 0.025 0.021
SDG 1.4 0.030 0.022 0.023
SDG 4.4 0.023 0.020 0.008
SDG 1.5 0.021 0.017 0.006
SDG 2.1 0.020 0.017 0.008
SDG 9.5 0.020 0.012 0.018
SDG 6.2 0.020 0.012 0.014
SDG 7.2 0.019 0.014 0.015
SDG 6.3 0.015 0.013 0.009
SDG 3.5 0.013 0.011 0.004
SDG 11.1 0.012 0.011 0.007

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

SD
G

 1
.1

SD
G

 1
.2

SD
G

 1
.3

SD
G

 1
.4

SD
G

 1
.5

SD
G

 2
.1

SD
G

 3
.3

SD
G

 3
.5

SD
G

 3
.8

SD
G

 8
.1

SD
G

 8
.2

SD
G

 8
.3

SD
G

 8
.5

SD
G

 8
.9

SD
G

 9
.1

SD
G

 9
.2

SD
G

 9
.3

SD
G

 9
.5

SD
G

 4
.1

SD
G

 4
.4

SD
G

 1
0.

1
SD

G
 1

1.
1

SD
G

 1
1.

5
SD

G
 6

.2
SD

G
 6

.3
SD

G
 7

.2

Fig. 4  Visualization of the global weights of the sub-criteria (mean and standard deviation) for the first 
BWM model
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deviation for each of the four main criteria of the pairwise comparison hierarchy and 
also the consistency of comparisons. As shown in this table, economic growth and 
industrial infrastructure has the highest weight for sustainable development among the 
four considered criteria, followed by basic needs and social sustainability. Moreover, 
environmental sustainability has the lowest mean value, and the least standard devia-
tion showing more concentration of the expert’s opinions around the mean.

For each of the clusters of sub-criteria, the values referring to mean, median, and 
standard deviation of the consistency ( �L∗ ) are reported in Table 6. These low values 
of �L∗ (near to zero) indicate the high consistency of the comparisons taken place in 
each of the four clusters and therefore highlight the reliability of the obtained results 
(Rezaei, 2015, 2016).

The local weights computed for each of the sub-criteria (SDGs targets) in each 
cluster were multiplied by the relevant weight computed for its main criteria, and the 
global weights as reported in Table 7 were obtained. As can be seen in this table, the 
highest weights belong to SDG 1.2, SDG 8.3, and SDG 1.1, while the lowest ones refer 
to SDG 3.5, SDG 4.1, and SDG 11.1, both respectively. Noticeably, SDG 11.1 and 
SDG 3.5 had been appeared as the least affected targets in the first BWM, as well.

Moreover, the visualization of the standard deviation of the calculated weights, as 
in Fig. 5, shows that the expert’s opinions are much near to each other regarding the 
SDG 3.5, which is strengthen the prevention of narcotic drug and alcohol abuse, while 
there were many diverse opinions regarding SDG 8.3 representing development poli-
cies for supporting creativity and innovation.

Finally, the calculated weights of the SDGs targets affected by COVID-19 obtained 
from the first BWM and also the calculated weights of the SDGs targets achievement 
toward implementing sustainable development obtained from the second BWM were 
used to build the FIS in the next stage to prioritize the action toward the SDGs tar-
gets within the 2030 Agenda for Sustainable Development considering COVID-19 
implications.

Table 5  Weights of the main criteria for the second BWM model

Basic needs Economic growth and 
industrial infrastructure

Social sustain-
ability

Environmental 
sustainability

�L∗

Mean 0.343 0.383 0.155 0.119 0.056
Median 0.267 0.466 0.172 0.103 0.052
Standard 

deviation
0.118 0.127 0.043 0.034 0.012

Table 6  Consistency ( ξL* ) of the clusters of SDGs targets for the second BWM model

Basic needs 
cluster

Economic growth and industrial 
infrastructure cluster

Social sustainabil-
ity cluster

Environmental 
sustainability 
cluster

Mean 0.056 0.054 0.081 0.055
Median 0.057 0.054 0.084 0.049
Standard 

deviation
0.008 0.006 0.018 0.016



16660 M. Ranjbari et al.

1 3

Table 7  Global weights of the 
sub-criteria (SDGs targets) for 
the second BWM model

Sub-criteria Mean Median Standard deviation

SDG 1.2 0.065 0.070 0.031
SDG 8.3 0.064 0.051 0.053
SDG 1.1 0.062 0.053 0.025
SDG 11.5 0.058 0.046 0.022
SDG 9.3 0.054 0.055 0.031
SDG 9.5 0.051 0.044 0.017
SDG 3.8 0.050 0.037 0.033
SDG 7.2 0.048 0.048 0.023
SDG 8.1 0.047 0.042 0.022
SDG 8.5 0.041 0.040 0.028
SDG 6.2 0.040 0.032 0.024
SDG 8.2 0.037 0.028 0.028
SDG 1.3 0.034 0.033 0.014
SDG 3.3 0.034 0.018 0.040
SDG 10.1 0.033 0.029 0.019
SDG 9.1 0.032 0.022 0.023
SDG 6.3 0.031 0.027 0.022
SDG 1.5 0.030 0.024 0.015
SDG 9.2 0.030 0.016 0.032
SDG 1.4 0.029 0.028 0.019
SDG 2.1 0.028 0.021 0.020
SDG 8.9 0.027 0.022 0.018
SDG 4.4 0.025 0.026 0.012
SDG 11.1 0.024 0.021 0.019
SDG 4.1 0.014 0.009 0.012
SDG 3.5 0.011 0.012 0.005
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4.4  Post‑COVID‑19 action priority toward sustainable development

At this stage, a FIS was built to weight and rank the priorities of the SDGs targets for 
action toward the UN’s 2030 Agenda for Sustainable Development. In the development of 
this FIS, Gaussian membership functions were considered for the effect of COVID-19 on 
the SDGs targets, the effect of SDGs targets achievement on the implementation of sustain-
able development, and also for the action priority. Based on the experts’ opinion and con-
sidering the results of the two BWM models of the second stage, four membership func-
tions in the range of [0, 0.09] were set for the effect of COVID-19 on the SDGs targets, and 
three membership functions in the range of [0, 0.07] were set for the effect of the SDGs tar-
gets on the achievement of sustainable development. Five Gaussian membership functions 
were also set for the action priority in the range of [0, 1]. Moreover, to make the Mamdani 
engine work, 12 “if–then” rules according to the expert’s opinions were fed into the model, 
linking various levels of input variables with the output, as presented in “Appendix B.”

The surface developed in the designed FIS, as shown in Fig. 6, shows the action priority 
scores of the SDGs targets (Z-axis) based on the effects of COVID-19 on the SDGs targets 
(X-axis) and the effects of SDGs targets achievement on the implementation of sustainable 
development (Y-axis). The results obtained from the two BWM models were plotted on 
this surface to better illustrate the location of each SDG target on the surface. The surface 
colors ranging from blue to yellow denote the increase of action priority scores from zero 
toward one.

To provide crisp values for the action priority scores and rank them accordingly, the pair 
of values for the SDGs targets obtained from the two BWM models were entered as inputs 
to the rule viewer of the FIS, as shown in Fig. 7. The system maps the input values on their 
relevant fuzzy membership functions and provides the crisp value of action priority of the 
SDGs targets. By following this procedure for all the 26 SDGs targets, their action priority 
scores were obtained and are ranked as shown in Fig. 8. 

In fact, Fig.  8 presents the main output of our research, which is the priority values 
calculated for the SDGs targets considering the restrictions imposed by the COVID-19 
pandemic crisis on the 2030 Agenda for Sustainable Development in Iran. Government, 
stakeholders, and policy-makers can better decide about the modification of the sustainable 

Fig. 6.  3-D fuzzy action priority surface for the SDGs targets
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development action plan based on the presented guideline and research framework for pri-
oritizing the SDGs targets for action.

The SDGs targets are ranked based on the priority scores in Fig.  8. The first five 
SDGs targets in this figure including SDG 1.2, SDG 8.3, SDG 3.3, SDG 11.5, and SDG 
9.3, which have been also plotted in the yellow area of the fuzzy surface (Fig.  6), are 

Fig. 7  Rule viewer of the FIS
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identified as the high priorities for action in the recovery agenda for sustainable develop-
ment post COVID-19.

The highest priority for action refers to SDG 1.2 from the basic needs cluster of the 
SDGs. The focus of this target is on reducing the proportion of poor people at least by half 
based on the national definition in Iran. SDG 8.3, which belongs to the economic growth 
and industrial infrastructure cluster, is the second priority for action. This target represents 
development-oriented policies that support innovation and creativity for productive activi-
ties in small- and medium-sized enterprises. Then, making efforts to end pandemics, epi-
demics, and infectious diseases is the third priority for action toward sustainable develop-
ment, which is denoted by SDG 3.3 from the basic needs cluster. This target has attracted 
much attention compared with the past due to the serious threats for global health caused 
recently by COVID-19. SDG 11.5 from the social sustainability cluster is ranked as the 
fourth priority for action. This target concentrates on the reduction of deaths and economic 
losses caused by disasters. COVID-19, as a shocking disaster, has led to serious economic 
losses for many people especially those who are in a vulnerable situation, which should 
be considered by the government and policy-makers for providing support. The last high 
priority for action goes to SDG 9.3 that refers to increasing the financial services for small-
scale industrial enterprises and belongs to the economic growth and industrial infrastruc-
ture cluster. During the economic pressure and restrictions caused by COVID-19, small-
scale industrial units have been facing many challenges, and the financial support provided 
by the government is vital for their survival in the industry. Therefore, these SDGs targets 
(SDG 1.2, SDG 8.3, SDG 3.3, SDG 11.5, and SDG 9.3) should be put in priority for action 
by all sustainable development stakeholders and policy-makers in the sustainable develop-
ment recovery agenda post COVID-19.

The SDGs targets that have been plotted in the light green area of the fuzzy surface 
(Fig.  6) between light blue and yellow are considered as the upper-middle priorities for 
action including SDG 1.1, SDG 3.8. SDG 8.9, SDG 10.1, SDG 8.2, SDG 8.1, and SDG 
9.2. SDG 1.1 and SDG 3.8 belonging to the basic needs cluster specifically highlight the 
efforts for eradication of the extreme poverty in the society and expanding health coverage 
that has been affected by COVID-19. In the economic growth and industrial infrastructure 
cluster, SDG 8.9, SDG 8.2, SDG 8.1, and SDG 9.2 have been identified as upper-middle 
priorities for action. SDG 8.9 refers to sustainable tourism development, which is one of 
the most impacted areas by COVID-19 due to the loss of many jobs and local businesses. 
Empowering labor-intensive industries by technological diversification to achieve higher 
economic productivity and sustain per capita economic growth, as stressed in SDG 8.2 and 
SDG 8.1, are the next priorities within this cluster. The last upper-middle priority for action 
within the economic growth and industrial infrastructure cluster goes to SDG 9.2, denoting 
the importance of sustainable industrialization to increase the gross domestic product. The 
achievement of SDG 10.1 as the only identified target from the social sustainability cluster 
in the upper-middle level of priority, which stands for faster income growth of the bottom 
40 percent of the population compared with the national level, has become much difficult 
than ever considering COVID-19 crisis and needs more investment.
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The light blue area of the priority surface (Fig. 6), including SDG 8.5, SDG 9.5, SDG 
1.3, SDG 9.1, SDG 7.2, SDG 1.4, SDG 6.2, and SDG 1.5, represents the lower-middle 
priority level for action. Achieving decent employment for all people (SDG 8.5), enhancing 
innovation by expanding scientific research for industries (SDG 9.5), and supporting eco-
nomic development by developing reliable sustainable infrastructure (SDG 9.1) from eco-
nomic growth and industrial infrastructure cluster have been identified as the lower-prior-
ity for action in comparison with the other SDGs targets in this cluster. SDG 1.3, SDG 1.4, 
and SDG 1.5 are the lower-priority targets of the basic needs cluster, which denote imple-
mentation of social protection systems and equal rights to basic services and economic 
resources. According to the results, the environmental sustainability cluster has been less 
affected by COVID-19 than the other clusters. The COVID-19 has not seriously challenged 
the achievement of SDG 6.2 and SDG 7.2 from this cluster which concentrates on equi-
table sanitation and hygiene for all people especially women and girls and also increas-
ing the share of renewable energy. Although Iran is a rich country in terms of renewable 
energy resources, the required infrastructure for proper deployment of these resources is 
not well established (Fadai et al., 2011). While the experts think that the environmental pil-
lar has been less affected by COVID-19 in comparison with the economic and social pillars 
of sustainability, policy-makers should keep caring about the SDGs of the environmental 
pillar, as well.

The rest of the SDGs targets which have been plotted in the bottom of the fuzzy surface 
(dark blue area in Fig. 6), including SDG 4.4, SDG 2.1, SDG 6.3, SDG 4.1, SDG 11.1, 
and SDG 3.5, are considered as the lowest priorities for action, respectively. These targets 
have been mostly less affected than the other SDGs targets by COVID-19. Among these 
SDGs targets, SDG 4.1 and SDG 4.4 from the social sustainability cluster highlight the 
quality education and increasing use of the capabilities of young generations with relevant 
skills. Even though the effect of COVID-19 in Iran has not been critical in this area, policy-
makers and education officials should make effort to support e-learning and online educa-
tion with a special focus on vulnerable children. Table 8 summarizes the priority levels for 
action for all 26 studied SDGs targets.

Table 8  Summarizing SDGs targets priority levels

Priority level SDGs targets (sorted from high to low priority)

High SDG 1.2, SDG 8.3, SDG 3.3, SDG 11.5, SDG 9.3
Upper-middle SDG 1.1, SDG 3.8, SDG 8.9, SDG 10.1, SDG 8.2, SDG 8.1, SDG 9.2
Lower-middle SDG 8.5, SDG 9.5, SDG 1.3, SDG 9.1, SDG 7.2, SDG 1.4, SDG 6.2
Low SDG 1.5, SDG 4.4, SDG 2.1, SDG 6.3, SDG 4.1, SDG 11.1, SDG 3.5
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5  Conclusion

Since the announcement of COVID-19 as a pandemic by WHO in March 2020, its wide-
spread adverse implications for the global community and business activities have been 
increasingly paid attention to across the world. The shared blueprint of the 2030 Agenda 
for Sustainable Development adopted by the UN in 2015 has been significantly affected by 
the restrictions imposed by COVID-19 on the economy and societies. The 2030 Agenda 
for Sustainable Development needs to be supported by governments and sustainable devel-
opment stakeholders for providing significant financial resources. Moreover, the financial 
burden caused by COVID-19 on the global community has faced the achievement of the 
SDGs and their associated targets a significant challenge, especially in less-developed and 
developing countries. In such a situation, effectively prioritizing the actions for sustainable 
development plays a vital role to overcome these newly emerged financial limitations and 
support the SDGs achievement.

This research was conducted, as a response to the urgent call for recovery action against 
the COVID-19 crisis, with the main aim of mapping the effects of COVID-19 on the sus-
tainable development roadmap in Iran focusing on the UN’s SDGs targets whose outcomes 
appear at the country level. Applying a mixed-method approach, including the Delphi 
method, BWM, and FIS, a fuzzy action priority surface was built. As a result, the 26 iden-
tified SDGs targets (out of the 94 at the country level) affected by COVID-19 were prior-
itized for action toward implementing the 2030 Agenda for Sustainable Development.

Economic growth and industrial infrastructure was identified as the most affected clus-
ter of the SDGs targets by COVID-19 followed by basic needs, social sustainability, and 
environmental sustainability, respectively. The SDGs targets within the clusters, which 
were considered as the sub-criteria in the hierarchical tree for the MCDM approach in this 
research, were weighted according to their importance in the implementation of the 2030 
Agenda for Sustainable Development, and also according to the impact of the pandemic 
crisis on them. Building a fuzzy surface based on the experts’ opinion and mapping the 
weights of the SDGs targets on the surface, four priority levels for action from high to low 
were proposed for them. Based on the results, Reduction of poor people proportion by half 
(SDG 1.2), development-oriented policies for supporting creativity and job creation (SDG 
8.3), end the pandemics and other epidemics (SDG 3.3), reduction of deaths and economic 
loss caused by disasters (SDG 11.5), and financial support for small-scale enterprises 
(SDG 9.3) were identified as the highest priorities for action, respectively.

5.1  Policy and managerial implications

This research contributes to the implementation of the 2030 Agenda for Sustainable Devel-
opment post COVID-19 in Iran by providing a guideline to prioritize the actions that must 
be taken by the government and the involved stakeholders considering the pandemic impli-
cations for society, the economy, and the environment. The results draw a comprehensive 
map of the COVID-19 impacts on different areas of the sustainable development action 
plan and support the relative authorities, and practitioners by presenting a post-COVID-19 
agenda to effectively prioritize and manage the targets of the SDGs, within the context of 
developing countries, Iran in particular. Moreover, due to the financial pressure imposed 
by the pandemic on the organizations and industries contributing to the 2030 Agenda 
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for Sustainable Development, prioritizing the actions has become more critical than 
ever. The proposed fuzzy action priority surface structure in our research can serve as a 
policy response at the country level to guide managers and decision-makers to (i) better 
plan for allocating the financial and non-financial resources to the SDGs targets affected 
by COVID-19 to alleviate the adverse environmental, economic, and social impacts of the 
pandemic, and (ii) adopt more effective strategies to support the SDGs achievement within 
the tough journey toward the implementation of the 2030 Agenda for Sustainable Develop-
ment in the post-COVID-19 world.

5.2  Limitations and further research

Our research comes with some limitations which deserve to be more investigated in future 
research. First, although the presented research framework in our study for mapping the 
COVID-19 effects on the sustainable development pathway and its associated SDGs targets 
was based on evidence from Iran, as a developing country, it could be used as a pattern to 
be customized for any other developing or developed country. The same research for the 
other developing or developed countries using different panels of experts is recommended 
to compare the results and evaluate the generalizability of our proposed research frame-
work. Second, our research was focused only on the SDGs and their associated targets 
within the 2030 Agenda for Sustainable Development and did not consider their relevant 
indicators. Further study is recommended to investigate the effects of COVID-19 on the 
specific indicators of those SDGs. Third, our research mapped the effects of COVID-19 
on the SDGs targets whose outcomes are focused on the country level and excluded the 
international ones. Additional research is needed to address the targets excluded from our 
research, such as SDG 17 which reflects the global partnership between countries for all 
the other 16 SDGs. Third, the main focus of our study was on prioritizing the SDGs tar-
gets for action considering COVID-19 effects. Further investigation regarding policy and 
strategy development based on the obtained action priority in our research is encouraged 
for future research. And finally, although this research presented a general picture of the 
COVID-19 implications for the achievement of the SDGs targets, more detailed studies 
focusing on every single one of the 17 SDGs are deserved to be conducted considering the 
COVID-19 crisis.

6  Code availability:

MATLAB software is used for Fuzzy Inference System (FIS), and the rules applied in FIS 
are provided in “Appendix B” of the article.

Appendix A

See Table 9.
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