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Abstract

As an integrated and indivisible agenda encompassing the realms of economics, society,
and the environment, the sustainable development goals (SDGs) manifest intricate interac-
tions and uncertainties. These complexities pose numerous challenges for nations in their
pursuit of the SDGs, including the need to harmonize SDGs (co-benefits or trade-offs),
prioritize SDGs, and shape forward-thinking and coordinated development pathways. Con-
sequently, this study introduces a systematic scenario modeling approach, founded upon
the CIA-ISM framework, to assess SDG priority and analyze development pathways. The
approach is a scalable and generic modeling approach that can effectively addresses the
interactions between the SDGs while accounting for uncertainty. Modeling with the focus
on the 17 SDGs, the implementation of the CIA-ISM framework initially engages the
experts to estimate the occurrence likelihood and interaction degree of SDGs, thereby facil-
itating priority assessment, causal scenario generation, and sensitivity analysis. This study
utilizes China as a demonstrative application for the proposed framework and validates
the outcomes through expert feedback and pertinent literature. Based on the outcomes,
three SDG implementation pathways of China are recommended with the most robust and
foundational causal loops G1 and G5 as the starting point: G1+G5—G8—G3—G7;
G14+G5—-G2—-G13—Gl5, and G1+G5—G2—G6+Gl12. Overall, the CIA-ISM-
based scenario modeling approach proves adept at capturing the prioritized and hierarchi-
cally clear causal pathways of the SDGs, arising from their intricate interaction, while fac-
toring in uncertainty.

Keywords Sustainable development goals - Priority assessment - Interaction - Uncertainty -
Systematic scenario modeling - CIA-ISM

1 Introduction

The Sustainable Development Goals (SDGs) represent a global agenda adopted by the
United Nations in 2015 to tackle the diverse social, economic, and environmental obstacles
confronting the world (UN General Assembly, 2015). These objectives encompass 17 pre-
cise targets spanning a broad spectrum of areas, including poverty eradication, healthcare,
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education, gender equality, and sustainable energy. The goals possess universality and
apply across nations and regions, irrespective of their size or developmental stage, as they
encapsulate global concerns, offering a shared vision and reference framework for address-
ing global challenges (Allen et al., 2018). This common aspiration stimulates nations to
foster collaboration, exchange experiences, implement best practices, and enhance global
cooperation to address shared challenges. It is worth noting that due to differences among
countries in terms of development levels, resource distribution, culture, and political back-
grounds, the implementation of SDGs becomes complex and diverse, requiring customiza-
tion based on each country’s specific circumstances. The attainment of SDGs contributes
to ensuring a harmonious and enduring well-being, encompassing economic, social, and
environmental aspects, for both present and future generations.

However, nations encounter numerous hurdles in realizing the SDGs, such as harmo-
nizing interaction (co-benefits or trade-offs) among the goals, prioritizing and integrating
them with integrated objectives, and aligning national strategies with the actual internal
and external circumstances of each country, thereby shaping a forward-thinking and cohe-
sive development vision (Messerli et al., 2019; Plag & Jules-Plag, 2020). These challenges
primarily stem from the integrated and indivisible nature of the SDG framework, with intri-
cate interactions spanning economic, social, and environmental dimension (Nilsson et al.,
2018; Swain, 2018). Specifically, there is potential for synergy and mutual reinforcement
between different SDGs, commonly called “co-benefits.” However, conflicting objectives
or “trade-offs” may also arise. Furthermore, uncertainties arising from complex interac-
tions between SDGs and their implementation across varying scales, encompassing diverse
societies, cultures, and policies, pose significant challenges to achieving the SDGs (Cre-
spo Cuaresma et al., 2018; Georgeson & Maslin, 2018). Consequently, policymakers must
leverage decision-support techniques and methodologies to enhance analytical capabilities
and bolster the credibility of decisions (Aly et al., 2022). In this context, ideal techniques
and methodologies for SDG policy analysis and formulation necessitate the application of
systems thinking to address the multifaceted interactions and contradictions among eco-
nomic, ecological, and social components while accounting for the uncertainties inherent
in SDG analysis, planning, and implementation (Moon, 2017; Scherer et al., 2018).

Currently, researchers are actively exploring modeling techniques and methodologies
to capture the intricate interactions and interdependencies within the SDGs, represented
by network modeling, Bayesian network modeling, and system dynamic modeling
(Almannaei et al., 2020; Aly et al., 2022). Network modeling has emerged as a preva-
lent technique for studying these interactions, representing the SDGs as nodes and their
interactions as linkages (Le Blanc, 2015; Mainali et al., 2018; Newman, 2006). How-
ever, the current focus of network modeling primarily revolves around capturing the
complex interactions among SDGs while overlooking the causal relationships between
the (Allen et al., 2021). This gap in research hampers the formulation of effective poli-
cies and strategies for achieving the SDGs. Additionally, most SDG network modeling
approaches fail to adequately address uncertainty, which is crucial for assessing the
likelihood of realizing the SDGs and associated risks (Aly et al., 2022). In addition,
Bayesian networks and system dynamics are also common approaches for SDG asso-
ciation modeling (Aly et al., 2022). Bayesian network modeling focuses on capturing
the causal logical relationships and uncertainties among SDGs (Kelly et al., 2013; Qazi
& Al-Mhdawi, 2023). System dynamics modeling captures the dynamic behavior and
feedback responses of the SDG system (Collste et al., 2017; Elsawah et al., 2017). How-
ever, they have limitations, such as the need for prior knowledge, data requirements,
and assumptions that may not fully capture the complex interactions and feedback
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mechanisms among SDGs. Specifically, the assumptions made in BN modeling may
result in an incomplete representation of interactions (Requejo-Castro et al., 2020),
while SD models may struggle with the complexity of SDG interactions and parameter
estimation (Pedercini et al., 2020). Therefore, it is promising to develop an integrated
framework that effectively captures the interactions, uncertainties, and causal relation-
ships within the SDGs.

In summary, this study focuses on modeling approaches that account for SDG inter-
actions. The primary objectives of this research are as follows: (1) to propose an inte-
grated framework that effectively captures the interactions and uncertainties inherent in
the SDGs while simultaneously extracting the causal relationships within their intricate
linkages; and (2) to examine various scenarios and causal logics pertaining to the attain-
ment of the SDGs in China using the proposed methodology, thus providing recom-
mendations for the developmental pathways necessary to achieve the SDGs in China. To
accomplish the above objective, this study introduces a systematic scenario modeling
approach based on CIA-ISM for assessing the priority of the SDGs. First, the study con-
siders the 17 SDGs as the core event set and constructs the critical feature set of SDGs
as the foundation for subsequent assessment. Subsequently, experts with diverse profes-
sional backgrounds in the field of SDG research are invited to estimate the probabilities
of SDG occurrence and the degree of interaction among the SDGs, utilizing the Global
Sustainable Development Report 2019 (GSDR 2019) and the aforementioned critical
feature set as references. These estimates are input into the CIA-ISM model for SDG
priority, causal scenario generation, and sensitivity analysis. These estimations are input
into the CIA-ISM model to prioritize the SDGs, generate causal scenarios, and conduct
sensitivity analysis. Finally, recommendations for the path to achieving the SDGs in
China are provided based on the CIA-ISM results.

This study represents a pioneering effort to integrate the CIA-ISM method into SDG
priority assessment. The key innovations and contributions of this paper are outlined
below: Methodologically, this paper presents an integrated framework for assessing
SDG priorities and formulating development policies, utilizing the CIA-ISM systematic
modeling approach. The framework adeptly captures the interactions and uncertainties
inherent in the SDGs while simultaneously extracting the intricate causal relationships
among them. By utilizing a systematic scenario modeling approach, it offers a scien-
tifically sound method for assessing SDG priorities. Practically, the proposed approach
serves as a generic modeling technique for SDGs, enabling the integration of goal inter-
actions, generation of causal derivations under diverse scenarios, and sensitivity analy-
sis of outcomes. These findings serve to guide decision makers in their pursuit of SDGs
by aiding the formulation of corresponding development pathways and offering decision
support to achieve the SDGs.

The remaining parts of this paper are organized as follows: Sect. 2 conducts a litera-
ture review of modeling approaches concerning interactions among SDGs. In Sect. 3,
the research process for assessing the priority of SDGs using the CIA-ISM modeling
approach is presented. Section 4 outlines the process of modeling China’s SDGs based
on CIA-ISM, encompassing event definition, data collection, and CIA calculation. Sec-
tion 5 analyzes the results derived from the CIA-ISM modeling of China’s SDGs, focus-
ing on SDG priority, scenario generation, and sensitivity analysis. Section 6 primar-
ily validates the outcomes obtained through the CIA-ISM modeling of China’s SDGs
and offers policy recommendations for attaining China’s SDGs based on these find-
ings. Lastly, Sect. 7 presents the conclusions and outlines directions for future research
endeavors.
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2 Literature review

The SDGs represent an integrated and indivisible agenda of universal scope, covering eco-
nomic, social, and environmental dimensions, with interactions that cannot be ignored (UN
General Assembly, 2015). Within this framework, understanding and managing the inter-
actions (including co-benefits and trade-offs) among the SDGs is crucial for assessing SDG
priorities and formulating development policies that foster integration, coherence, and
efficacy (Allen et al., 2018). Consequently, an increasing cohort of researchers is actively
exploring and advancing modeling methodologies that capture the intricate interactions
and interdependencies inherent within the SDGs (Almannaei et al., 2020). The most main-
stream modeling approaches that currently consider the interactions between the SDGs
include: network modeling, Bayesian network (BN) modeling, and system dynamics (SD)
modeling (Aly et al., 2022).

Network modeling has emerged as a prevalent technique for studying the interactions
between the SDGs (Bennich et al., 2020). The SDGs are depicted as nodes in network mod-
eling, while the linkages represent interactions (Le Blanc, 2015; Newman, 2006). Notably,
these linkages possess directions, weights, and signs that gauge the direction and intensity of
associations between co-benefits (positive) and trade-offs (negative) among the SDGs (Main-
ali et al., 2018). The critical advantage of network modeling for the SDGs lies in its abil-
ity to efficiently process and integrate data from diverse sources into multiple types of sys-
tems (e.g., social, economic, and environmental systems) (Lim et al., 2018; Sebestyén et al.,
2019). Moreover, network modeling enables the examination of SDG priority by analyzing
node properties or network structures that emerge from complex interactions (Weitz et al.,
2018). For instance, Swain and Ranganathan (2021) constructed an SDG network utilizing
TAEG-SDG data, wherein they assessed the priority of SDGs based on eigenvector centrality,
betweenness centrality, and closeness centrality, subsequently conducting community detec-
tion (Swain & Ranganathan, 2021). Similarly, Dawes (2022) devised a comprehensive net-
work modeling approach encompassing all 17 SDGs as nodes (Dawes, 2022). This approach
incorporates association strengths derived from ICSU reports, GSDR 2019 reports, and IAM
surveys as network linkages, exemplifying its universal applicability in priority, robustness,
and sensitivity analysis. However, network-based modeling of SDG primarily focuses on
capturing the complex interactions among SDGs while overlooking the causal relationships
between them. These causal relationships encompass both direct and indirect links between
SDGs, elucidating how one SDG’s attainment facilitates or impedes others’ achievement.
Analyzing these causal relationships assumes paramount importance in formulating effective
policies and strategies (Aguilera et al., 2011). In addition, the majority of SDG network mod-
eling fails to provide adequate treatment of uncertainty (Aly et al., 2022). Given the multitude
of intricate factors and variables involved in SDGs, uncertainties often arise in their interac-
tions. Effectively addressing and accounting for uncertainty constitutes a crucial aspect of the
modeling process, as it furnishes valuable insights into the likelihood of realizing SDGs and
associated risks (Allen et al., 2021). Overall, SDG network analysis falls short in exploring
the causal paths toward achieving SDGs, while focusing on examining the interrelationships
among SDGs. The CIA-ISM-based SDG prioritization scenario modeling framework pre-
sented in this study, however, adeptly captures the interactions among the probabilities of
realizing the SDGs and subsequently illustrates their causal paths.

Bayesian networks (BN) and system dynamics (SD) are common SDG association mod-
eling approaches (Aly et al., 2022). BN depicts the causal relationships among SDGs as a
directed acyclic graph (Aguilera et al., 2011). Within this graph, the SDGs are represented
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as nodes connected by arrows, which denote the logical causal relationships between them
(Kelly et al., 2013; Qazi & Al-Mhdawi, 2023). For instance, Requejo-Castro et al. (2020) pro-
posed a data-driven BN modeling to discern the interconnections of SDG 6 (Clean Water and
Sanitation) with other SDGs (Requejo-Castro et al., 2020). Using BN modeling in the con-
text of SDGs allows for effectively capturing causal logical relationships while considering
uncertainties (Benjamin-Fink & Reilly, 2017; Ekici & Onsel Ekici, 2021). However, the mod-
eling process of BN necessitates prior knowledge and parameter estimation (Requejo-Castro
et al., 2020). This typically involves analyzing historical data, leveraging expert insights, and
calibrating model parameters (Hosseini & Sarder, 2019). Thus, constructing an accurate SDG
BN model may impose a substantial workload and data requirements. Moreover, the intricate
interdependencies and feedback loops among SDGs pose additional challenges to BN mod-
eling (Cronk & Bartram, 2018). It is important to note that BN assumes conditional independ-
ence in their modeling process, implying that each variable is independent given its parent
node. This assumption can result in an incomplete representation of the complex interactions
and feedback mechanisms among SDGs, thereby limiting the credibility and reliability of the
obtained BN modeling results. This assumption can result in an incomplete representation of
the complex interactions and feedback mechanisms among SDGs, especially the causal loops
within the SDGs, thereby limiting the credibility and reliability of the obtained BN modeling
results. In contrast, the CIA-ISM-based framework proposed in this paper can explore the
causal coupling relationships and development pathways between the SDGs without requiring
prior knowledge of the causal directions between them, even in cases involving causal loops.

Regarding SD modeling of SDGs, it primarily focuses on capturing the dynamic behavior
and feedback responses within the evolving SDG system (Elsawah et al., 2017). For exam-
ple, using a system dynamics model, Collste et al. (2017) explored the impact of PV capacity
investment in Tanzania on SDG 3 (Good Health and Well-being), SDG 4 (Quality Education),
and SDG 7 (Affordable and Clean Energy) (Collste et al., 2017). However, SD models may
face difficulties in handling the complexity of SDG interactions due to simplifications and
assumptions that may not fully capture the existing system’s diverse complexities and feed-
back mechanisms (Ding et al., 2018). Similar to BN modeling, SD models also require numer-
ous parameter estimates to describe the behavior and interactions of the system (Pedercini
et al., 2020). However, determining these parameters is often challenging as many may not be
directly observable and need to be inferred or fitted to the model. Inaccuracies in parameter
estimation can lead to biased predictions by the model. Instead, the CIA-ISM-based frame-
work proposed in this paper can capture the prioritization and causal coupling between SDGs
through heuristic estimation by experts in the absence of objective data.

To the best of our knowledge, this is still a brand-new research field to propose an integrated
framework that effectively captures the interactions and uncertainties inherent in the SDGs
while extracting the causal connections within their intricate linkages. Consequently, this study
introduces a systematic scenario modeling approach for the priority assessment of SDGs based
on CIA-ISM and applies it to assessing SDG priorities and development path in China.

3 Methodology
3.1 Cross-impact analysis (CIA)

Cross-impact analysis (CIA) is widely applied to analyze the impact of relationships
between events on resultant events and to minimize future uncertainty (Baifiuls et al., 2013).
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CIA analyzes the coupling relationships between factors through a cross-impact matrix to
provide forecasts on possible future trends, emphasizing the interactions and nonlinear
effects between factors. Due to its effectiveness in analyzing complex scenarios with vari-
ous interactions, the CIA model has become one of the most common methods for generat-
ing and analyzing scenarios (Ramirez de la Huerga et al., 2015; Turoff et al., 2016; Wang
et al., 2022a, 2022b).

3.1.1 Event set creation and group estimation

The CIA model commences with identifying the event set, which serves as the fundamen-
tal building block of the CIA-ISM and forms the foundation for subsequent critical event
detection, scenario generation, and causal logic analysis. Specifically, events in the CIA
model can be defined as the smallest modeling units within the expected system analysis
scale, as determined by decision-makers in accordance with their research objectives. Each
event within the event set has a distinct probability of occurrence. The deterministic events
in the event set can function as crucial initial conditions and scenario assumptions for the
overall CIA model. The CIA model can simulate the effect of that event on other events
in the event set, by indicating the occurrence or non-occurrence of a particular event at a
given time. Each event within the set possesses three attributes: the likelihood of occur-
rence, the state of occurrence, and the degree of interaction with other events within the
set (Turoff, 1971). It should be noted that (1) the events analyzed by the CIA only exist in
two states: occurring or not occurring, and there is no intermediate state; (2) the selected
events occur at most once during the period analyzed by the CIA model, and there are no
repeated occurrences (Turoff, 1971). Apart from the event set, the concept of the external
environment is also crucial to the CIA model (Wang et al., 2022a, 2022b). The external
environment refers to the environmental conditions that are not chosen as part of the event
set but have an impact on the event set. The impact of the external environment is a pivotal
basis for assessing the soundness and validity of the constructed model in subsequent CIA
model calculations. The aim of this study is to investigate the priority of SDGs and analyze
their potential causal pathways. Therefore, this research will utilize SDGs as the “events”
for CIA modeling.

Expert group estimation is necessary to determine the probability of each event occur-
ring and the degree of interaction between events, once the event set has been established.
The probability of an event occurring and the degree of interaction between events can be
assessed through the analysis of relevant literature or by consulting experts in the perti-
nent field. The expert group estimation is a complex, multi-round feedback process, which
typically comprises three rounds during the application of the CIA-ISM: individual expert
opinion feedback, expert group opinion feedback, and opinion feedback based on the vali-
dation of the CIA-ISM model. The probability of an event occurring P; of event i and the
degree of interaction between events R; of event i on event j required by the CIA-ISM
model can be judged by the semantic interpretations in Tables 1 and 2 (Zhang et al., 2018).

3.1.2 Cross-impact analysis process
Conducting a cross-impact analysis is necessary to quantitatively analyze and forecast inter-

actions among various events after acquiring event estimates. Cross-impact calculations
facilitate the identification of potential associations between factors, comprehension of their
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Table 1 Semantic interpretation of the probability of occurrence of an event

Semantic interpretation Possibility (%) Semantic interpretation Possibility (%)
Very unlikely 5 Possible 60

Highly unlikely 15 Likely 75

Unlikely 25 Highly likely 85

Possibly not 40 Almost certain 95

Uncertain 50

Table 2 Semantic interpretation

of the degree of interaction Semantic interpretation Degree value

between events J has a significant positive impact on i 0.99
Jj has an obvious positive impact on i 0.9
Jj has a great positive impact on i 0.8
J has a certain positive impact on i 0.7
Jj has a slight positive impact on i 0.6
J has no impact on i 0.5
J has a slight negative impact on i 04
J has a certain negative impact on i 0.3
Jj has a great negative impact on i 0.2
J has an obvious negative impact on i 0.1
J has a significant negative impact on i 0.01

interaction patterns, and prediction of the effects caused by alterations in specific factors on
others (Bafiuls & Turoff, 2011). The process of cross-impact analysis entails establishing a
network of event coupling relationships. This is accomplished by effectively integrating event
occurrence probabilities and interaction degrees to form a comprehensive internal cross-
impact coefficient. Figure 1 depicts the implementation flowchart for this process.

The input data for CIA calculations will utilize the probability of occurrence and the degree
of interaction of events, which have been obtained through literature analysis or expert esti-
mates. The Fermi—Dirac distribution function is applied by drawing an analogy between event
occurrence and atomic excited states to compute the internal cross-impact coefficient matrix C
between these events, as presented in Eq. (1) (Turoff, 1971). This process essentially involves
decomposing the causality of events via subjective estimations of their likelihood of occur-
rence. Specially, this process depends more on a subjective understanding of the problem or
event, rather than probability distribution.

1 R; P;
Ci' = In —In (1)
U [ Pj 1 _Rij 1-P;

where C;; refers to the internal cross-impact coefficient of jth event on ith event. P; and P;
represent the estimated probability of occurrence for ith event and jth event, respectively.
Additionally, R;; represents the estimated degree of interaction of ith event given jth event.

Subsequently, the external impact coefficient can then be further calculated to meas-
ure the impact caused by events not included in the critical event set, as in Eq. (2).
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where G, denotes the external impact coefficient of the ith event and N represents the total
count of events.

In order to assess the model’s fitness and its explanatory ability with respect to the
event set, Eq. (3) is utilized to determine the fitness coefficient, denoted as 1.

,__ T
I I
2+ 3Gl

where the fitness coefficient / represents the share of cross-impact effect among the event
set, in relation to the overall impact of the events. The fitness coefficient / indicates the
extent to which the probability of an event’s occurrence can be attributed to the impact of
the event included, which reflects the amount of information in the model. Finally, a cou-
pling causal network C between CIA-based events can be then obtained.

Subsequently, this study proposes a measurement for critical event priority detection
based on the CIA model. Event priority assessment measurement based on the coupling
causal network C can be computed, namely centrality degree and causality degree. Prior to

3
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priority assessment measurement, the coupling causal network C must be normalized, as
demonstrated in Eqgs. (4-5) (Si et al., 2018).

5= max{maxZiIC,-jI,maxziIC,»jl “4)

N = )

C
S
where C;; denotes the element within the coupling causal network C, specifically the inter-
nal cross-impact coefficient.

The next step is to transform the normalization matrix N into a comprehensive impact
matrix 7, which is calculated as in Eq. (6), taking into account the transferability of
impacts. This can be calculated using Eq. (6) (Singh & Bhanot, 2020). The comprehensive
impact matrix 7 is important as it fully captures the extent of the impacts.

T =|N|d - N (6)

where I denotes the unit matrix.

The influence degree D and the influenced degree B for each event are computed using
the formulas presented in Eq. (7), based on the comprehensive impact matrix 7 (Khan
et al., 2021). The influence degree D quantifies the combined direct and indirect influence
exerted by an event on all other events. Conversely, the influenced degree B measures the
cumulative direct and indirect influences of all other events on the event.

n
D; = Ztr}i
j=1
n
B;=)1
=1

By calculating the overall impact level of each event, namely the centrality degree M,
and the net impact level, known as the causality degree R, the extent of their influence on
the system can be measured, as shown in Eq. (8). The centrality degree M encompasses
both the event’s influence on other events and the influence of other events on it. On the
other hand, the causality degree R considers the remaining impact level of the event after
accounting for its influence on other events. Events with a causality degree R greater than
0 are called causative events, and events with a causality degree R less than O are called
resultant events. By assessing the centrality degree M and causality degree R, the signifi-
cance of events within the coupling causal network can be assessed, aiding decision-mak-
ers in identifying the events that exert substantial influence on the system.

)

M, =D, +B,

R, =D, +B, ®)

Lastly, the priority of events can be quantified through the computation of event causal-
ity degree and centrality degree from the coupling causal network.
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3.2 Interpretive structural modeling (ISM)

John Warfield developed interpretive structural modeling (ISM) in 1973 as a valuable tool
for examining intricate socioeconomic system (Warfield, 1974). One of ISM’s greatest
strengths is its ability to scrutinize and expose intricate relational structures, breaking down
the complicated elemental relationships in a system into a simple and methodical multi-
level recursive network model (Chand et al., 2020). ISM offers potent tools to streamline
the outcomes of CIA and pinpoint crucial events as the CIA model is compatible with
other visual analysis techniques and easy to compute (Baiiuls & Turoft, 2011). The process
of utilizing ISM for structured generation of the coupling causal network generated by CIA
is depicted in Fig. 2.

The coupling causal network serves as the initial reference point for ISM operations,
which are subsequently employed to generate causal scenarios and conduct evolutionary
analyses. As the coupling causal network incorporates both positive and negative effects
(i.e., positive and negative values of link weights) among events, and since the ISM model
necessitates input data in the form of a matrix comprised of non-negative elements, all
internal cross-impact coefficients within the coupling causal network are initially trans-
formed into positive values using the procedures specified in Eq. (9) (Wang et al., 2022a,
2022b).

7 N {fu),w) = |Cy| and fyiy -y = |Cy|s 1 C; <O )
OO\ Fiiep = |Gy a0d Fnap = |Gl 665> 0

Table 3 illustrates the ISM input matrix obtained from the aforementioned procedures
as shown in Eq. (9). Positive event impacts can be denoted by (+i, +j) and (—i, —j), whereas
negative impacts can be represented by (+i, —j) and (—i, +j).

The system employs different thresholds to establish a more succinct causal relationship
to mitigate the impact of noise on causal relationships between events, as demonstrated in
Eq. (10). Analyzing the ISM causal hierarchical network structure with varying thresholds
enhances managers’ comprehension of the cause-effect connections between events.

Select

Developed coupling Matrix splitting threshold A Ad_] acency
causal network C » processing obtaining matrix A
matrix f
Link-merged Point-merged
reachable matrix <—M‘.3rge— reachable matrix <—Me.rge— Reachable
, link , point matrix U
SX UX
|
Bring in a directed line segment
Result-based Result-based
causal hierarchical [« hierarchical extraction [«
network structure R(U), O(U), T(U;)

Fig.2 Steps of ISM structured generation
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Table 3 The transformed ISM

. . Occurrence of events (+j)  Non-occur-
input matrix

rence of events

=N
Occurrence of events (41, +)) (+i,—j)
(+0)
Non-occurrence of (=i, +) (=1, —))
events (—i)
o [ liff>2
A=lagl= { 0 else (10)

The adjacency matrix A is then used as the input to the ISM to calculate the reachable
matrix U (Wang et al., 2022a, 2022b).

A+D'"£#A+D =@A+D"" =U (11)

In order to construct the causal hierarchical network structure diagram for the CIA-ISM
scenario, a series of steps must be taken. Firstly, the reachable matrix U needs to be decom-
posed and a recursive hierarchy needs to be built. Then, a structure analysis of the reach-
able matrix is conducted to obtain the reachable set R(U,), prior set Q(U;), and common
set T(U;) in sequence (Liu & Li, 2020). The reachable set R(U,) refers to the functional set
of elements in the reachable matrix U that contain 1 in the corresponding rows of the ele-
ments U; corresponding to the columns. The prior set Q(U,) represents the functional set
of matrix elements in the reachable matrix U that contain 1 in the corresponding columns
of the elements U; corresponding to the rows. The common set T(U;) is the intersection of
the reachable set Q(U;) and the prior set Q(U;). Finally, to obtain the causal hierarchical
network structure diagram for the CIA-ISM scenario, the cascade extraction is repeated
according to the condition T(Ui) = R(U;), which is named as result-based hierarchical
extraction.

The ISM system structure can be simplified by merging redundant nodes and eliminat-
ing superfluous edges. The SCCs algorithm can be employed to merge the nodes within the
reachable matrix R to obtain the point-merged reachable matrix U/ (Tarjan, 1972). Addi-
tionally, duplicate paths can be removed by implementing Eq. (12) to obtain the general
skeleton S.

S=U—UI-=0n*-1 (12)

where [ is the unit matrix.

The integration of the general skeleton with the causal hierarchy extracted from the
ISM leads to the formation of a network of event-coupled causal hierarchies. By utiliz-
ing the ISM algorithm, which involves selecting the CIA threshold, performing hierarchi-
cal extraction, and executing merging of redundant nodes and elimination of superfluous
edges operations, the cluttered coupling causal network can be converted into a structure
that possesses a clear hierarchy and significantly reduced complexity. The use of CIA-ISM
allows for a more comprehensive and systematic analysis of the complex relational struc-
tures found within socio-economic systems.
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4 Scenario-based SDGs priority assessment construction
4.1 Events definition

One of the objectives of this study is to employ the proposed CIA-ISM framework to assess
the prioritization of SDGs and analyze potential developmental pathways. Therefore,
according to the definition of the event in the CIA model mentioned in methodology sec-
tion, the 17 SDGs are considered as events, but relying solely on expert estimates for their
occurrence probabilities may result in unreliable reliability during the event definition. It
is necessary to further quantitatively define the critical features of each goal for a more
accurate estimation of the likelihood of achieving the SDGs. Then, the critical features can
be used as the basis for measuring the probability of goal attainment. Comparability and
practicality should serve as fundamental principles while selecting the critical features of
the SDGs. Comparability requires that the selected critical features of the SDGs reflect the
critical differences in implementing the goals across different regions or countries, ena-
bling cross-regional or cross-national comparisons (Iyer et al., 2018). Practicality demands
that the chosen critical features possess a broad statistical foundation and reliable data sup-
port, facilitating quantitative and comparative analysis (Jain et al., 2021). This paper pre-
sents 39 critical features for the achievement of the SDGs based on literature analysis and
expert opinion, considering 232 SDGs indicators that (1) are applicable to cities; (2) are
consistent with development indicators in national five-year plans or urban plans; and (3)
have a broad statistical base, taking China as an illustration (Guo et al., 2021; Liu et al.,
2015; Schmidt-Traub et al., 2017; Wang et al., 2020; Xu et al., 2020). The critical fea-
tures of the SDGs are initially screened based on a literature analysis and then ultimately
determined through collective expert discussions based on above principle. The core data
is primarily sourced from the "Earth Big Data Support for Sustainable Development Goals
Report (2022): China Chapter," officially published by the Chinese government. Table 4
gives the critical features of the SDGs. Experts can utilize this as a benchmark to assess the
likelihood of China achieving its SDGs in 2030. Importantly, the achievement of the SDGs
is influenced by various global crises (e.g., shifts in the global economy, political unrest,
severe natural disasters, etc.), which often defy prediction, making it challenging to include
them as part of critical events.

4.2 Data collection and cross-impact estimation

The data collection and cross-impact estimation process primarily involves estimating the
numerical probability of achieving the SDGs by 2030 and determining the degree of inter-
action between the SDGs. This study invites five experts with diverse research and con-
sulting backgrounds from the Chinese Academy of Social Sciences, China International
Engineering Consulting Ltd., and the Development Research Center of Shandong Provin-
cial People’s Government to participate. Their expertise spans the domains requisite for
estimating the probability of achieving SDGs. This helps to obtain a more precise estima-
tion of the probability of achieving the SDGs. Specific information on the participating
experts is shown in Table 5. Notably, this number of experts meets the number of estima-
tors required by the CIA-ISM (Baiiuls & Turoff, 2011).

The experts are provided with research reports concerning the SDGs in China from
recent years as the foundation for their estimation (Guo et al., 2021). Moreover, the critical
features of SDGs outlined in this paper serve as the basis for judgment guidelines for the
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Table 5 Specific information on the participating experts

Expert Working experience  Title Institution
(years)
1 5-10 Associate Chinese Academy of Social Sciences
2 5-10 Senior Chinese Academy of Social Sciences
3 >10 Senior China International Engineering Consulting Ltd
4 5-10 Associate Development Research Center of Shandong

Provincial People’s Government

5 >10 Senior Development Research Center of Shandong
Provincial People’s Government

Table 6 Estimated probability of attaining SDGs in China by 2030

Gl G2 G3 G4 G5 G6 G7 G8 G9 GIO Gll Gl12 GI3 Gl4 GI5 Gl6 Gl17

085 0.7 06 0.7 085 055 06 075 06 04 06 055 07 065 055 075 0.6

experts to assess the probability of attaining SDGs in China by 2030. An online meeting
is conducted among the experts to arrive at the probability estimation of China’s SDGs
achievement in 2030, using Table 1 as a probability estimation reference. Table 6 presents
the resulting probability of achieving SDGs.

This study first determines the degree of interaction between SDGs through literature
analysis, and then invite experts to assess its validity. To be specific, this study identifies
semantic representations of specific linkages between SDGs based on GSDR 2019 and
a comprehensive literature survey on studies exploring SDG interactions (Dawes, 2022;
Pham-Truffert et al., 2020). The degree of SDGs interaction R; is derived in accordance
with Table 2, and its rationality is assessed by experts. The final matrix of SDGs interac-
tion degrees is presented in Table 7.

4.3 CIA calculation

Upon obtaining the probability of attaining China’s SDGs in 2030 and the degree of inter-
action between SDGs, this study has constructed a cross-impact matrix of SDG estimations
(refer to Table 8). The rows (i) and columns (j) in Table 8 represent the SDGs, and the
values within the matrix indicate the internal cross-impact coefficients C;;. A positive C;;
value suggests that the occurrence of the ith SDG has a positive influence on the jth SDG,
whereas a negative value denotes a negative impact. G, represents the external impact coef-
ficient, denoting the likelihood of SDGs being influenced by factors beyond SDGs them-
selves. Based on the aforementioned parameters, the model fitness coefficient I can be cal-
culated to assess the effectiveness of the SDG CIA-ISM model established in this study, as
shown in Egs. (13-16).

ISDGs impact| = ZZ] Z,l; IC;1 = 200.79 (13)
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|External environmental impact| = ZZI |G;| = 123.66 (14)

, 17 17 17
|Total impact| = Zi=12j=1lcl7| + Zi:llGil =324.45 s5)

|SDGs impact|

=61.89%
| Total impact| ‘ (16)

The fitness coefficient I for the SDGs CIA-ISM model developed in this study has
achieved a level of 61.89%. This signifies that the data collected via literature analysis and
expert interviews are robust. The SDGs and their internal cross-impact coefficients have
been encapsulated into an SDG coupling causal network, illustrated in Fig. 3. The solid
lines connecting the SDGs represent a positive relationship, while the dotted lines indicate
a negative relationship. Furthermore, subsequent priority measurements and causal hier-
archy generation for SDGs will be conducted based on the SDG coupled causal network.

5 Result
5.1 SDGs priority analysis

To quantitatively analyze the priority of SDGs, it is necessary to calculate the results of the
comprehensive impact matrix 7' of the SDG coupling causal network based on Eqs. (4-6),
as shown in Appendix 1.

The influence degree D, influenced degree B, centrality degree M, and causality degree
R of each SDG are then calculated, as shown in Table 9.

Furthermore, a scatter plot illustrating the analysis of SDG priority is generated by
plotting the centrality degree M on the x-axis and the causality degree R on the y-axis,
as shown in Fig. 4.

{ ) 69
’_/‘/l"ﬂ“‘\\\\}'?- .
' '\\gl\\}\s’///jﬂ

T | S—
i A . !4‘7‘2"‘\;?‘4\/%

)

Fig.3 SDG coupling causal network
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Table 9 SDG priority

measurement calculation results

D B R M Ranking of M Event type
Gl 1.33  0.28 1.05 162 1 Causative event
G2 058 0.36 022 094 3 Causative event
G3 040 0.14 026 054 10 Causative event
G4 0.14 019 -005 032 15 Resultant event
G5 049 0.22 027 072 8 Causative event
G6 032 063 -032 095 2 Resultant event
G7 026 061 -035 087 5 Resultant event
G8 0.66 0.28 038 093 4 Causative event
G9 010 025 -0.15 035 14 Resultant event
G10 0.09 0.13 -0.04 021 17 Resultant event
GI1 0.15 024 -0.08 039 13 Resultant event
GI2 0.17 039 -021 056 9 Resultant event
GI13 031 042 -0.11 073 7 Resultant event
Gl4 0.12 036 -025 048 11 Resultant event
GI5 026 054 -028 080 6 Resultant event
Gl6 0.16 025 —-0.09 041 12 Resultant event
G17 002 026 -024 028 16 Resultant event

The centrality degree of SDGs ranges from 0.21 to 1.62. G1 (1.62), G6 (0.95), and
G2 (0.94) rank as the top three SDGs, playing a crucial role in accomplishing the entire
sustainable development agenda. Conversely, G4, G10, and G17 possess relatively low
centrality degrees, falling below one standard deviation from the mean and occupying

A Gl
1.0 4
0.8 -
0.6 -
0.4 Py
G5
S < G2
0.2
0.0 Glo CAG1'1G16 T T T T T T T T —>
] G§ 0.6 Gl3s 1.0 1.2 1.4 1.6
G12
0.2 G17 Gl4
Gl15 G6
] G7
0.4
M

Fig.4 The scatter plot of SDG priority quantitatively analysis
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marginal positions within the overall SDG coupling causal network. Based on the causality
degree results, most SDGs are resultant events, with only 5 identified as causative events:
G1, G2, G3, G5, and G8. This implies that these 5 SDGs exert a significant impact on the
entire SDG system and can directly contribute to the attainment of other goals. G6 and G7
exhibit the lowest causality degree, indicating a strong dependence on other SDGs for their
achievement. Notably, G1 demonstrates both a high causality degree and centrality degree
within the SDG coupling causal network, signifying its substantial influence on the entire
SDG system, which deserves focused attention. In summary, analyzing the causality degree
and centrality degree of SDGs provides a quantitative understanding of priorities for SDG
achievement. However, these quantitative measures fail to depict the logic relationship and
causal path of SDG accomplishment, hindering the promotion of specific SDGs in a com-
prehensive and targeted manner. Therefore, it is necessary to further analyze the causal
relationships evidenced by the SDG coupling causal network, which will be presented in
Sects. 5.2 and 5.3.

5.2 Scenario generation

After obtaining the SDG coupling causal network, the SDG coupling causal network is
processed by splitting, selecting the threshold, hierarchical extraction, general skeleton cal-
culation, and finally generating the SDG causal hierarchical network structure. The CIA-
ISM generated SDG causal scenario directed graphs can show the direction and degree of
impact among the SDGs. By choosing different thresholds of the CIA-ISM internal cross-
impact coefficients to observe the changes in logic occurring among the SDGs, manag-
ers can deepen their understanding of the degree of interaction between the SDGs and the
causal connections between the SDGs. In contrast to the static assessment of SDG priority
measurement, this process focuses on the transmission of the causal logic of SDG occur-
rence which is a developmental perspective on SDG priorities. In order to select the appro-
priate |C;;| value as the threshold for generating the SDG achievement scenarios, this paper
first counted the distribution of |C;;| (without zero value), as shown in Fig. 5. When count-
ing the quantile distribution of impacts, repeated impact values are recorded only once.
Subsequently, the SDG causal hierarchical network structures corresponding to different
thresholds are generated, and the features corresponding to different structures are shown
in Appendix 2. Referring to the Pareto two-eight principle, the 20% with the highest impact

strength in the SDGs coupling causal network is selected as the threshold (i.e., |Cu| = 2.06),

as an example of scenario generation in this study, as shown in Fig. 6.

As depicted in Fig. 6, G1 and G5 emerge as the foundational SDGs pivotal to attain-
ing China’s SDGs. By virtue of their causal connections with SDGs at each tier, the entire
SDG framework assumes a profound role in regulating their realization. G6, G7, G11,
G12, and G15 represent the outermost stratum of SDGs within the SDG framework, with
their accomplishment being impacted by the attainment of other SDGs. Positioned in the
intermediate layer of the SDG causal hierarchy, G2, G3, G8, and G13 are subject to the
impact of the fundamental SDGs while simultaneously exerting impact on the achievement
of surface-level SDGs. The causal hierarchy illustrated in Fig. 4 aligns, to a large extent,
with the outcomes of SDG priority measurement, establishing (G1, G5) in L4, (G2, G8) in
L3, and (G3, G13) in L2 as causal relationships among the events. The SDGs that do not
appear in the figure are isolated due to their weak causal associations with other SDGs in
the ISM selection threshold when generating the causal structure.
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2008 —— 10,5026 (hightest 90% of impact)——————-
— @ |C;>0.35 (hightest 80% of impact)——»

¢——|C;{>0.49 (hightest 70% of impact )=
y

150
¢—(C;>0.63 (hightest 60% of impact)—>

¢——C;{>0.85 (hightest 50% of impact)——9>

Frequency
=
(=]
|

D ~<¢—C;>1.18 (hightest 40% of impact)———»>

i

50 DD<—|C,-1-|>1.47 (hightest 30% of impact)————»>

DD ;—|C,-j|>2.06 (hightest 20% of impact)y———9
o D<—|C,-j|>3.07 (hightest 10% of impact)—#>

Fig.6 Digraph for the threshold |cl.j‘ =2.06
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The causal transmission of the SDGs is subsequently analyzed, drawing upon the over-
arching causal hierarchy delineated above. An interactive and mutually reinforcing rela-
tionship between G1 and G5 emerges within China’s pursuit of the SDGs, playing a piv-
otal role in supporting the accomplishment of other SDGs. The direct implementation of
G1 and G5 contributes significantly to the attainment of G2 and G8. G2 and G8, in turn,
serve as direct enablers for realizing G6 and G12. Simultaneously, the fulfillment of G6
and G12 exhibits interdependence and mutual reinforcement. Furthermore, G8 facilitates
the realization of G3 and subsequently bolsters the achievement of G7 and G11. Similarly,
G2 manifests a comparable causal transmission effect, encompassing G13, G14, and G15.

The most noteworthy finding is the robust causal relationship between G1 (eradicat-
ing poverty) and G5 (attaining gender equality), which forms the most robust causal loop
within the entire SDG framework. It has emerged as the fundamental driver behind China’s
SDG accomplishments. The eradication of poverty assumes paramount importance in the
pursuit of gender equality (Patel, 2019). Poverty disproportionately impacts women and
girls, impeding their access to education, healthcare, and economic opportunities. Gender
parity can be achieved by eliminating poverty, specifically by addressing gender dispari-
ties and ensuring equitable allocation of resources and opportunities for women and girls.
Additionally, empowering their involvement in decision-making and development pro-
cesses is crucial. Simultaneously, advancing gender equality contributes to poverty reduc-
tion objectives. Providing women and girls with equal access to economic opportunities
and resources and elevating their income levels and financial autonomy helps mitigate the
multi-generational effects of poverty. Enhancing the economic status of women uplifts
family and community income levels, reduces the risk of poverty, and fosters better pros-
pects for overall development, thereby driving the realization of the SDGs.

5.3 Sensitivity analysis

In order to deepen comprehension of the causal interdependencies among the SDGs, this
study undertook an analysis of the causal framework of SDGs employing various impact

thresholds as part of a sensitivity analysis. In addition to using |Cij| = 2.06 for scenario
generation, this study selects |Ci/'| = 2.59 (top 85% highest impact), ‘C,—j| = 3.07 (top 90%
highest impact), and ‘Cij| = 3.92 (top 95% highest impact) as threshold values for conduct-

ing the sensitivity analysis.

Figure 7 portrays the causal scenario aligned with the SDG impact threshold of the top
85% highest impact. When comparing Fig. 7 with Fig. 6, it becomes apparent that Fig. 7
exclusively exhibits a causal loop between G1 and G5, whereas the causal loop involving
G6 and G12 is disassembled. This underscores the paramount significance of the interplay
between (causal loop “G1 and G5”) in the overall process of SDG accomplishment, war-
ranting concentrated attention. Additionally, G12 assumes an isolated position within the
causal hierarchical network structure. Furthermore, contrary to Fig. 6 where G8 directly
impacts G3, G6, G7, and G15, Fig. 7 demonstrates that G8 directly impacts G3, (G6, G12),
and G15, while indirectly influencing G7 and G11 through G3. This discrepancy arises
primarily due to the diminished degree of cross-impact from G3 to G7 and G11, falling
below the threshold in this causal scenario. As a result, this causal relationship is disentan-
gled, leading to the formation of an adjacent causal structure comprising G3, G7, and G11,
thereby causing an upward shift in the causal hierarchy of G8. Additionally, the causal
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Fig.7 Digraph for the threshold |cl.j‘ =259

relationship between G14 and G13 is disentangled in Fig. 7 and is directly influenced by
(GI and GS).

In comparison with Fig. 7, the causal hierarchical network structure representing the top
85% highest impact (Fig. 8) showcases a reduction in the number of layers from the original
4 to 3. This phenomenon primarily stems from the impact degree of G2—G13—G15 in
Fig. 7 falling below the designated impact threshold, leading to the dissolution of this par-
ticular causal path. Within this causal scenario, only two causal paths persist: (causal loop
“G1 and G5”)—(G8)—(G3 and G15) and (causal loop “G1 and G5”) — (G2) — (G15).
The remaining SDGs (i.e., G6, G7, G13, and G14) directly experience the influence attrib-
uted to the causal loop “G1 and G5”. Furthermore, G11 assumes an isolated position.

L5

-------------------- 392 -3 085 - =345 === ==fmmcmm oo ee et

Fig.8 Digraph for the threshold |cl.j‘ =3.07
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Figure 9 depicts the causal hierarchical network structure of the SDGs at a specific
impact threshold (’Cij) = 3.92). The structure displayed, focusing on the top 95% highest

impact, exhibits enhanced conciseness and clarity compared to the aforementioned struc-
ture. Within this causal scenario, only one causal path, namely G1 — G8 — G3, persists,
demanding concentrated attention in the pursuit of SDG accomplishment. Moreover, G2,
G3, G7, G14, and G15 directly experience the beneficial influence of G1’s promotion
effect.

Scenario generation and sensitivity analysis convert the intricate and disorganized cou-
pling causal network of the SDGs into a well-defined causal hierarchical network struc-
ture, showcasing distinct causal relationships across various impact thresholds. The meas-
urement of SDG priority offers comprehensive macro-quantitative indicators to assess
the attainment of the SDGs. By integrating the SDG priority measurement with the SDG
causal hierarchical network structure, managers can elucidate the causal significance of the
SDGs, as well as the underlying causal pathways linking the achievement of these goals
within the intricate SDG landscape.

6 Discussion
6.1 Model validation

The validation process for the CIA-ISM model proposed in this study, which assesses SDG
priority assessment in China, consists primarily of two components: initial expert vali-
dation and literature validation. The initial expert validation entails inviting experts who
were involved in the initial data research to complete a questionnaire gauging their satisfac-
tion with the model’s outcomes. The questionnaire employs a Likert scale ranging from 1
(indicating complete disagreement) to 5 (indicating complete agreement). Table 10 pre-
sents the questionnaire items and the arithmetic mean of the expert responses. Notably, all

4.69 554 412 431

Fig.9 Digraph for the threshold |cl_.,“ =39
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Table 10 Expert satisfaction questionnaire and feedback results

Question Feedback
The CIA-ISM method is a suitable tool to generate a causal structure for the SDGs 5
The SDG priority measurement identifies the importance of the SDGs and their degree of 4.8

impact on other SDGs
The SDG causal structure demonstrates a structure that is consistent with my opinion 4.8

The SDG priority assessment based on CIA-ISM can provide insight for developing pathways to 5
achieve the SDGs

participating experts unanimously affirmed the validity of the CIA-ISM approach employed
in this research, both in elucidating complex cause-effect relationships among the SDGs
and in formulating pathways towards attaining sustainable development.

The literature validation primarily involves examining the correlation between the find-
ings presented in this paper and those derived from other scholarly sources. To assess the
ranking of SDG causality degree in the CIA-ISM model proposed herein, a comparison is
made with the ranking of SDGs in the GSDR 2019 network as reported by Dawes (2022).
The Spearman correlation coefficient is employed as the foundation for this comparative
analysis, owing to its nonparametric nature, ability to account for diverse variable relation-
ships, and limited susceptibility to outliers. Based on the computations, the Spearman cor-
relation coefficient between the outcomes of this research and the relevant literature stand
at 0.815, thereby confirming the soundness of utilizing the CIA-ISM approach for SDG
priority assessment in this study.

6.2 Policy recommendations

Utilizing the causal loop “G1 and G5” as a foundation, this study integrates the measure-
ment of SDG priorities with the hierarchical network structure of SDG causality, yielding
three distinct paths for SDG priority development. These paths are as follows: (causal loop
“G1 and G5”)— G8—G3—G7; (causal loop “Gl and G5”)—G2—G13—G15; and
(causal loop “G1 and G5”) — G2 — (causal loop “G6 and G12”).

In the first development path, eradicating poverty and attaining gender equality play a
vital role in fostering economic growth and promoting inclusivity (G8). They contribute
to a more significant labor force and expanded markets while fostering a more equitable
and inclusive environment, facilitating sustainable economic development. G8 facilitates
enhanced access to healthcare coverage and essential services by generating employment
opportunities, raising income, and improving living conditions (G3) (Pan et al., 2023; van
Zanten & van Tulder, 2021). Economic growth, in turn, provides financial resources and
support to enhance the quality and availability of healthcare facilities and infrastructure,
thereby promoting healthy lifestyles and well-being (G3). Furthermore, G3 contributes
to realizing G7 (affordable and clean energy) by improving environmental well-being,
reducing pollution-related diseases, ensuring a reliable energy supply for healthcare ser-
vices, enhancing the quality and accessibility of healthcare services, and creating sustain-
able employment opportunities in the energy sector (Shaheen et al., 2022; Wang et al.,
2022a, 2022b). This developmental trajectory commences with poverty eradication and the
achievement of gender equality and ultimately leads to the promotion of sustainable energy
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through the facilitation of economic growth and the establishment of inclusive and healthy
lifestyles that prioritize well-being.

For the second development path, the development trajectory encompasses reducing
poverty, eradicating hunger, implementing climate action, and preserving terrestrial eco-
systems. Poverty elimination stands as the primary objective in attaining zero hunger.
Through providing economic opportunities and enhancing living conditions, G1 estab-
lishes the fundamental basis for individuals to escape the poverty cycle and achieve a sus-
tainable food supply. Simultaneously, gender equality serves as a pivotal determinant. By
empowering women with equal rights and opportunities, G5 enhances their participation in
agriculture and food production, thereby increasing food production capacity and promot-
ing rural community development. The collective efforts of G1 and G5 create an equitable,
inclusive, and sustainable environment that supports the achievement of zero hunger (G2)
(Pakkan et al., 2023). G2 significantly contributes to Climate Action (G13) by promot-
ing sustainable agricultural practices, addressing the linkages between hunger and climate
change, and ensuring the harmony between environmental sustainability and food produc-
tion (Khanal et al., 2021). Simultaneously, G13 contributes to G15 (life on land) by reduc-
ing carbon emissions, advancing sustainable energy and urban development, and adapting
to climate change and disaster risk management (Coenen et al., 2022). The second devel-
opmental trajectory synergistically combines poverty eradication, food security assurance,
climate change mitigation, and preservation of terrestrial ecosystems, thereby playing a
crucial role in fostering sustainable development, achieving global food security, and pre-
serving biodiversity.

The third path shares similarities with the second path as it is built upon the causal loops
of “G1 and G5”, and G2. Attaining G2, which represents zero hunger, becomes a prereq-
uisite for realizing G6, ensuring sustainable water resource management and sanitation.
By guaranteeing adequate access to food and water, improving agricultural production and
irrigation techniques, and providing safe drinking water and sanitation facilities, we can
establish sustainable systems for water resource management and sanitation, thus signifi-
cantly contributing to achieving the SDGs (Banerjee et al., 2019). Furthermore, hunger is
often linked to overconsumption and wastage of resources (Hasegawa et al., 2019). Insuf-
ficient and unstable food supplies in impoverished areas challenge meeting basic needs.
However, when resources are excessively consumed and wasted, this imbalance exacer-
bates the issue of hunger. By achieving zero hunger, we can reduce food waste, enhance
agricultural productivity, and promote sustainable land utilization, laying the foundation
for sustainable consumption and production patterns (G12) (Fonseca et al., 2020). Notably,
G6 and G12 are mutually reinforcing and interconnected (Pradhan et al., 2017). Promot-
ing sustainable water resource management and sanitation helps mitigate excessive utiliza-
tion and pollution of water resources, thus facilitating the conditions required to achieve
sustainable consumption and production patterns. Additionally, fostering sustainable con-
sumption and production patterns minimizes resource wastage, reduces environmental
pollution, and enhances resource efficiency, thereby contributing to water resource man-
agement and sanitation sustainability. This developmental approach highlights the interde-
pendence of poverty eradication, gender equality, economic growth, urban and community
development, and responsible consumption and production.

The described sustainable development pathway exemplifies an amalgamation of inte-
grated goals and priorities, offering a comprehensive solution to advance sustainable devel-
opment by converging multiple sustainable development goals. This pathway harmonizes
objectives and policies across various domains, fostering a cohesive advancement and mul-
tifaceted transformation. Simultaneously, it embodies a forward-looking developmental
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perspective, interlinking the goals and underscoring the sequential nature of their attain-
ment. Thus, sustainable development is an incremental journey necessitating the progres-
sive realization of objectives across diverse realms. Consequently, the trajectory posited
within this paper inherently manifests logical coherence and interconnectedness, epitomiz-
ing the integration of goals, policy coordination, and the pursuit of a long-term develop-
mental horizon.

7 Conclusion

This study demonstrates a groundbreaking attempt to incorporate the CIA-ISM approach
into the evaluation of SDG priorities. The core objective is to unravel the intricate cor-
relations and causal logic underlying the assessment process. Embracing a comprehensive
approach, this study employs seventeen SDGs as pivotal events within the CIA-ISM frame-
work while constructing critical features of SDGs to serve as the foundation for expert
estimation. Consequently, experts specializing in sustainable development and possess-
ing diverse backgrounds are invited to assess the probability of each SDG’s occurrence
in China by 2030. Their estimations further verify the degree of interaction among the
SDGs obtained from GSDR 2019. Through the application of CIA-ISM, expert estimates
are processed to yield SDG priority measurements, generate causal scenarios, and conduct
sensitivity analysis of the causal structure under various impact thresholds.

This study incorporates an initial expert questionnaire and a comparative analysis of
existing literature to ascertain the feasibility and applicability of the proposed CIA-ISM-
based SDG priority assessment. The initial expert validation results, derived from the ques-
tionnaire, demonstrate a high level of agreement, with all model validation questions scor-
ing 4.8 or above on a scale 5. Moreover, the Spearman correlation coefficient between the
ranking of reasons in the SDG priority measurement of this study and the ranking of SDG
importance in related literature reaches 0.815. Hence, CIA-ISM emerges as a robust tool
for SDG priority assessment and causal scenario analysis, exhibiting the potential to drive
sustainable development initiatives forward.

Based on the results of this study, it can be inferred that in the context of China, the
attainment of the SDGs heavily relies on the synergistic impact of G1 (no poverty) and
G5 (gender equality), with G1 playing a more predominant role. By combining G1 and
G5 with the causal hierarchical network structure of the SDGs, this research puts for-
ward three paths for achieving the SDGs: G1 (no poverty) and G5 (gender equality) — G8
(decent work and economic growth) — G3 (good health and well-being) — G7 (affordable
and clean energy); G1 (no poverty) and G5 (gender equality) — G2 (zero hunger) — G13
(climate action) — G15 (life on land); and G1 (no poverty) and G5 (gender equality) — G2
(zero hunger) — G6 (clean water and sanitation) and G12 (responsible consumption and
production). These sustainable development pathways’ internal coherence and intercon-
nectedness signify an amalgamation of objectives and priorities, offering a comprehensive
solution to propel sustainable development by harmonizing goals, aligning policies, and
pursuing a long-term vision of progress.

This study represents a pioneering effort to integrate the CIA-ISM method into SDG
priority assessment. The key innovations and contributions of this paper are outlined
below: Methodologically, this paper presents an integrated framework for assessing SDG
priorities and formulating development policies, utilizing the CIA-ISM systematic mod-
eling approach. The framework adeptly captures the interactions and uncertainties inherent
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in the SDGs while simultaneously extracting the intricate causal relationships among them.
By utilizing a systematic scenario modeling approach, it offers a scientifically sound
method for assessing SDG priorities. Practically, the proposed approach serves as a generic
modeling technique for SDGs, enabling the integration of goal interactions, generation of
causal derivations under diverse scenarios, and sensitivity analysis of outcomes. These
findings serve to guide decision makers in their pursuit of SDGs by aiding the formula-
tion of corresponding development pathways and offering decision support to achieve the
SDGs.

Future research can expand the application scenarios of the CIA-ISM method, consid-
ering external environmental impacts and broadening the scope and expertise of expert
groups. This will facilitate a more thorough, accurate, and beneficial assessment of the
SDG priorities. Subsequent studies should concentrate on extending the application sce-
narios of CIA-ISM-based SDG priority assessment to encompass a wider array of nations
and regions. This will enable an understanding of the performance and priorities of diverse
regions regarding sustainable development, providing guidance for policy formulation and
action plans. Simultaneously, incorporating external environmental influences, such as sci-
entific and technological advancements, climate-related disasters, and local conflicts, will
permit more extensive research and a comprehensive assessment of SDG achievements.
Furthermore, enlarging the size of interview panels and expanding the coverage of areas of
expertise can yield more comprehensive and valuable insights. These insights will support
decision-makers in making well-informed choices regarding sustainable development.

Appendix 1

See Table 11.
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