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Abstract
[bookmark: _Hlk76724106]The 17 Sustainable Development Goals (SDGs) and 169 targets proposed in 2015 are wide ranging and achieving them before 2030 may require extraordinarily high costs. Prioritizing a more manageable and logical sequence of SDGs targets based on national conditions is critical to reduce the complexity of SDGs, lower costs, ensure transitions are efficient, and accelerate implementation. Researchers have proposed a range of methods to rank the prioritizations of SDGs from different perspectives. Unfortunately, prioritizations of SDGs arising from different methods are not entirely consistent due to the limitations of each method. Therefore, an integrated methodological framework is required to reconcile these inconsistencies. To fill this research gap, we synthesized several methods to create a new composite assessment framework to prioritize SDGs targets. The framework consists of assessment models from three perspectives, including the impact of targets in a network composed of the interactions between targets, the gap between the targets’ current and ideal performances, and the urgency of improving participation by government and society in achieving the targets. We then tested the effectiveness of this assessment framework empirically by ranking prioritizations for six targets of SDG 6 (clean water and sanitation) in Southeast Asia. Empirical results show that target 6.5 has the highest priority, followed by targets 6.4 and 6.6, while the lowest ranking target is 6.1. Finally, we outlined the advantages and limitations of each assessment method to assist stakeholders in using and broadening this composite assessment framework in the future.
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1. Introduction
In 2015, 193 countries committed to 17 Sustainable Development Goals (SDG/SDGs) and 169 targets (United Nations 2015). SDGs aim to guide countries towards sustainable development, providing a globally endorsed normative framework to address some of the most pressing challenges facing humanity (International Council for Science 2017).
The costs and requirements of achieving SDGs may be extraordinarily high (Lozano et al. 2018). The question isn’t which SDGs and targets should be achieved, but how we might achieve them all effectively and quickly (Leitner 2017). For example, without a clearer direction, large-scale and long-term investments for SDGs (e.g., international aid, philanthropy, and impact investing) may be spent inefficiently and, potentially wasted. Countries that adopt arbitrary or politically convenient approaches to setting priorities may undermine the transformative potential of the SDGs (Allen et al. 2018), that is, they may prioritize those targets and values that are easy to achieve and overlook targets that are equally important and require more in-depth transformation. They may embark on pathways for achieving some SDGs that inadvertently compromise or preclude others. Therefore, prioritizing a more manageable and effective sequence of steps towards SDGs and targets based on national conditions is critical (Allen et al. 2018). 
Rationalization of conflicts between the SDGs has many potential benefits; it can 1. simplify understanding and application of action towards the SDGs; 2. provide crucial insight into which SDGs facilitate other SDGs to generate the best overall results; 3. help funding flows to be more even and efficient; 4.  guide regulation and inform and support SDG-related policy formulation and implementation; and 5. encourage private investment to address the top challenges to achieving the SDGs. Overall, prioritizing SDGs and targets and deploying resources accordingly is not a revolutionary concept, but it promises to accelerate the implementation of SDGs.
Several relevant studies for prioritizing SDGs effectively and comprehensively have emerged. A few studies select experts and ask them to use their own criteria to rank the prioritizations of SDGs. For example, Leitner (2017) surveyed 85 developmental economists, political scientists, and social scientists around the world, asking them to identify the sequence for achieving SDGs targets (117 in total) in way that promotes social stability. However, without specific and strict assessment criteria for experts, this approach is hampered by the limited numbers of experts, the diversity of the pool of experts and experts' own professional and personal biases (Burgman et al. 2011), and the methods for elicitation of expert judgements (i.e., whether the methods are well-structured) (Blas et al. 2016). 
Several countries have used an approach involving the systematic mapping of the SDG targets against existing national strategies, reflected in the Voluntary National Reviews submitted to the High-Level Political Forum from 2016 to 2020.[footnoteRef:1] In this, researchers prioritized SDGs based on the extent to which national policies cover SDGs (e.g., Fourie 2018; Guan and Xue 2019; Forestier and Kim 2020; Jiménez‑Aceituno et al. 2020; Sebestyén et al. 2020; Allen et al. 2021). Those SDGs with less policy coverage are given higher priorities. However, such gap analyses cannot provide information regarding the relevance or importance of these gaps (Allen et al. 2018). [1:  Countries have commenced implementation of the SDGs and their efforts are documented in Voluntary National Reviews submitted each year to the High-Level Political Forum on Sustainable Development. A total of 94 countries submitted Voluntary National Reviews in 2019 and 2020.] 

[bookmark: _Hlk75033536]Since most researchers agree that the SDGs will be achieved best by minimizing the trade-offs between different goals and maximizing the synergies between them (Pham-Truffert et al. 2020; Warchold et al. 2020), most studies tend to use the assessment of interactions between SDGs to rank priorities (e.g., Le Blanc 2015; Collste et al. 2017; Kumar et al. 2017; Weitz et al. 2018; Hickel 2019; Breu et al. 2021). Those SDGs with more positive interactions with others have been given higher priorities. Such studies also aim to identify a more effective order of prioritizations for SDGs (i.e., an SDG given higher priority level can promote an SDG at the next priority level in turn) (e.g., Dawes 2020). However, existing globalized knowledge about interactions between targets generally does not account for regional or country-specific issues (Pham-Truffert et al. 2020); and assessments that use data from specific countries to analyze the interactions between targets also have some limitations, such as biases due to data availability (e.g., Pradhan et al. 2017; Putra et al. 2020).
Some researchers have ranked prioritizations of SDGs using indicator-based assessments of progress towards SDGs (e.g., Kroll 2015; Allen et al. 2017; Schmidt-Traub et al. 2017; Sachs et al. 2019; Benedek et al. 2021; Linnerud et al. 2021). SDGs with worst performance were given higher priority. However, some of these indices lacked data, limiting their application (Diaz‐Sarachaga et al. 2018). In addition, most of these assessments provided only a snapshot of progress towards SDGs and did not consider interactions between indicators, providing limited insights into the multiple, interacting forces that drive progress towards SDGs (Huan et al. 2021a). 
Since the suite of different approaches (or assessment perspectives) outlined above were proposed by multiple stakeholders, and prioritizations of SDGs arising from them might not be consistent due to the limitations of each approach, a few researchers have aimed to combine some of these approaches to create co-knowledge and provide support for national decision-making, using an integrated assessment to prioritize SDGs. For example, Allen et al. (2018) used a multi-criteria analysis decision framework to prioritize SDG targets based upon their levels of urgency, systemic impacts, and how they align with existing policy strategies. However, their study screened targets subjectively, then mapped the interactions between the remaining targets, instead of assessing all targets simultaneously. They used only qualitative methods to conduct the systematic analyses of targets, which may lead to subjective bias; in addition, when assessing the urgency of the targets, the progress towards SDGs to which they belong were not considered. Therefore, their approaches need to be further refined, and other integrated assessment frameworks and more practical experience (i.e., case studies) could be developed (Bennich et al. 2020).
This paper aims to address this key research gap. To do so, we constructed a new multi-perspective composite assessment framework (Section 2), which is composed of three assessment models: 1. assessing the impacts of targets in the network composed by the interactions between targets; 2. assessing the gap between the targets’ current and ideal performance; and 3. assessing the urgency of improving participation by government and society in achieving targets. This composite assessment framework aims to rank the prioritizations of targets for any region, regardless of whether these targets belong to any one SDG or all SDGs. To illustrate the approach, we ranked six targets of SDG 6 (clean water and sanitation) in six Southeast Asian countries to test empirically the effectiveness of this composite assessment framework (Section 3). Finally, we discussed in detail the advantages and limitations of this new assessment framework (Section 4). To be clearer, the main contributions of this paper are that we constructed a multi-perspective composite assessment framework, a contribution to the construction of a coherent, structured, and comprehensive method to solve the shortcomings of single perspective prioritization of SDG targets.
2. Methods
We construct a multi-perspective composite assessment framework (Figure 1) based on the methods of Allen et al. (2018). Specifically, first, we build a network of the interrelationships between SDG targets (section 2.1.1); then, the centrality of each target in this network is assessed quantitatively, and we score each target according to its centrality ranking, representing its potential network impacts (section 2.1.2). Second, we use a quantitative assessment of each target’s performance and trends to score the gap between the current and ideal performance towards achieving each target (Section 2.2). Third, we assess qualitatively the urgency to improve government and society participation towards achieving each target in the study region, and score this urgency for each target (Section 2.3). Finally, we aggregate these three scores for each target, and use the final score for each target to set priorities for them (Section 2.4).
Figure 1
2.1 Perspective 1: impacts of targets in the network
In the first assessment perspective, we outline an approach to assess the interrelationships between targets (Section 2.1.1), and then to assess the centrality of each target to measure its potential network impact (Section 2.1.2).
2.1.1 Interactions between SDGs targets
[bookmark: _Hlk74348607]Singh et al. (2018) constructed a framework for rapidly assessing the interrelationships between SDGs. Inspired by them, we construct a similar framework including three levels of assessment (Table 1). The final interrelationships between targets are scored based on the method of Nilsson et al. (2016). There are 7 interrelationships, scored from -3 to +3. Interrelationships scored as -3 to -1 can be classified as negative interactions, and interrelationships scored as 1 to 3 can be classified as positive interactions.
Table 1
[bookmark: _Hlk75201139][bookmark: _Hlk75201772][bookmark: _Hlk75201535]Expert elicitation has been used widely to assess the interrelationships between SDGs or targets (e.g., International Council for Science 2017; Singh et al. 2018; Weitz et al. 2018; Nerini et al. 2019). Thus, we use the experts’ judgments to assess qualitatively the interrelationship between each target pair. The general method includes three steps (see details in Supplementary Information). The first is handpicking experts from different research area to ensure their expertise can cover at least the main contents of 17 SDGs. Second, each expert is instructed to use Table 1 to individually assess and score the interrelationships between targets. Third, workshops or telephone conferences are used to discuss the differences between the results of independent assessments by experts and determine, by consensus, the final judgements of the interrelationships between targets (i.e., experts agree following discussion). 
[bookmark: _Hlk74340183]Notably, subjective assessment based on generalized, globalized knowledge and circumstances may be inaccurate when applied to the interrelationships between SDGs in a given region. Thus, we use results of targets interrelationships acquired through a quantitative method (calculating Spearman correlation coefficients (Warchold et al., 2020; Huan et al. 2021b)) to help the experts make judgements (see detailed steps in Supplementary Information). 
Finally, results (scores representing interrelationships between target pairs) are recorded in a cross matrix in Excel with SDGs targets as headings along all rows and columns. This cross-impact matrix can be seen as a network (e.g., Scharlemann et al. 2020). The rows represent the influence of each target on all other targets. The columns represent the influence experienced by each target.
2.1.2 Centrality of targets in the network
We then assess the centrality of targets using network analysis methods (e.g., Borgatti et al. 2009; Steketee et al. 2015; Pham-Truffert et al. 2020). Overall, this network consists of interactions (links/ties/edges) between targets (nodes/vertices). These interactions are signed (positive, neutral, negative), directed and weighted (the interactions are not only present or absent, but also of different intensity) (Weitz et al. 2018). 
We define the absolute value of the score of the interaction of (the effect of) target A on B as the weight of the interaction in this single direction. Thus, the sum of the absolute values of the scores in each row (ignoring signs) represents the weighted out-degree (i.e., the sum of the weights of all interactions (positive and negative) from each target toward all other targets). The sum of the absolute values of the scores in each column represents the weighted in-degree (i.e., the sum of the weights of all interactions (positive and negative) affecting each target from all other targets). 
The degree centrality of a node is a direct measure of the node’s centrality, defined as the sum of the number of ties belonging to that node (Eq. 1) (Freeman 1987). We use Eq. 1 to calculate the sum of the number of all interactions outgoing from each target toward all other targets (), and the sum of the numbers of all interactions incoming to each target from all other targets ().
 (1)
In Eq. 1,  is the given target;  is the degree centrality of the target ;  is all other targets;  is the total number of targets;  is the adjacency matrix, in which the cell  is defined as 1 if target  is directly linked to target , and 0 otherwise.
Degree centrality can be extended to weighted centrality, in which the strength of a node is represented by the sum of the weights of the ties belonging to that node (Eq. 2) (Barrat et al. 2004). We use Eq. 2 to calculate the sum of the weights of all interactions outgoing from each target toward all other targets (, i.e., weighted out-degree), and the sum of the weights of all interactions incoming to each target from all other targets (, i.e., weighted in-degree).
 (2)
In Eq. 2,  is the weighted centrality of the target ;  is the total number of targets;  is the weighted adjacency matrix, in which  if the target  is directly linked to target , and the value represents the weight of the interaction.
Since both degree and strength can be used as indicators to assess the level of involvement of a node in the network, we combine them as the weighted degree centrality (Opsahl et al. 2010), that is, we assess a target’s centrality based on the relative importance of the numbers and weights of ties of that target (Eq. 3). We use Eq. 3 to calculate the weighted degree centrality of a target when it exerts influence on other targets () and receives influence from other targets (), respectively.
 (3)
In Eq. 3,  and  are same as in Eqs. 1-2.  is the weighted degree centrality of the target .  is a positive tuning parameter that can be adjusted to reflect relative importance of the numbers and weights of ties of a target. The value of  is generally set as 0, 0.5, 1 or 1.5 (it can also be other numbers greater than 0). When the values are 0 and 1, Eq. 3 is same as Eq. 1 and Eq. 2, respectively. Opsahl et al. (2010) tested the impacts of different values on the results. According to them, when , the increase in both the numbers and weights of ties of a node will increase the weighted degree centrality; when , the increase in the weights of ties of a node will increase the centrality, whereas the increase in the numbers of ties of a node will decrease the centrality. We set the value of  to 0.5.
Finally, we use Eq. 4 to calculate the total weighted degree centrality of a target in the network.  
 (4)
In Eq. 4,  is the final weighted degree centrality of target . The magnitude of its value indicates the level of centrality of a target in the network.
We rank each target according to the value of . The larger the value, the higher the rank. Finally, we convert the rank order of each target into the score of the "network impact" (). The highest rank is assigned the highest score (the highest score is the total number of targets assessed), and the lowest rank is assigned the lowest score (1 point). Thus, the higher score of a target, the higher its priority,
2.2 Perspective 2: the gap between current and ideal performance
Assessing the spatial-temporal progress of achieving SDGs and targets can help countries to identify the differences in progress towards sustainable development progress (Huan et al. 2021a), and to analyze the gap between each target’s current and ideal (target is achieved) performance (Allen et al. 2018). We assess this gap as follows. 
[bookmark: _Hlk66261708]First, the average “composite achievement performance” of each SDG over time (e.g., 20 years) is calculated quantitatively, with the average value of each SDG being between 0 and 1. We divide values in this interval ([0,1]) into three equally spaced regions, where each value in the interval represents a stage of the average “composite achievement performance” (unfavorable, transitional or favorable) (Table 2). Based on this category standard (Table 2), after assessing the “composite achievement performance” of each SDG every year (e.g., 20 years in total) for the study region (each SDG is assigned a score in each year) and calculating the average score of each SDG, each SDG and its targets are categorized into one of the three stages. 
Next, the average performance of each target over time (e.g., using the same 20 years as in step one) is calculated quantitatively, with the average value for each target lying between 0 and 1. We divide the interval ([0,1]) into three equally spaced regions. Each value represents average performance (bad, medium or good stage) (Table 2). Based on this category (Table 2), after assessing the achievement performance of each target in each year (e.g., same 20 years in total as in step one) for the study region (each target is assigned a score in each year) and calculating the average score of each target, each target is categorized into one of the three stages. 
Thirdly, based on the scores of the start and end years of the period assessed, the trend of the achievement performance of each target can be classified as one of three types (downward, fluctuating or upward) (Table 2). 
Finally, based on the three levels of assessment above, each target is assigned a score (), representing the gap between the current and ideal performance (the score is from 0 to 26) (Table 2). The higher the score of a target, the more urgent it is, and the higher its priority. If the study region consists of several countries, the final "gap" score for each target in the study region is obtained by calculating the sum of the scores of each target in each country.
Table 2
We use the assessment of the progress of achieving one of the SDGs and its targets to provide an example to introduce the specific methods (including the following five steps). The first is to develop an indicator framework to assess the SDGs targets performance. Indicators can be chosen from many existing recommended indicator lists, such as the SDGs Global Indicator Framework provided by the United Nations Statistics Division (Inter-Agency and Expert Group on SDG Indicators, 2018; United Nations, 2019). Based on the indictor framework, we collect the data from the study region. Complete time-series data are critical for our models (Little and Rubin 2002). Thus, we need to interpolate missing data (Sachs et al., 2018). Since there is no unified standard for interpolation, we recommend researchers to use a combination of several interpolation and prediction simulation methods (Supplementary Information). 
After analyzing the attributes of indicators (positive (higher value of an indicator reflects better sustainable development performance), moderate (value close to a moderate value reflect better sustainable development performance), and negative (lower values reflect better sustainable development performance)), we normalize the data using linear extreme values (Zhu et al. 2019) (Eq. 5).
 (5)
In Eq. 5,  is the value of indicator  for country  in the year  after normalization;  represents the value of the indicator  for the country  in the year ;  and  represent the minimum and maximum data values of the indicator  for all countries in all years, respectively;  is the value of the moderate indicator.
Second, since different SDG assessments have not reached a consensus on weighting (Huan et al. 2019), for simplicity, each target contained in an SDG is given equal weight, as is each indicator in a target. The arithmetic mean is used to calculate the score of the general performance of each target () and the SDG () every year in each country.
Third, different dimensions of sustainable development (e.g., economy, society and environment) have different interactions (synergies or trade-offs). If each dimension of sustainable development inhibits every other, the “composite sustainable development” progress will be hindered (Yang et al. 2014). Thus, a range of sustainability studies have used a measure of coupling coordinated degree to assess the degree of harmony between different dimensions within a country (Jiang et al. 2017). Similarly, since the overall achievement of SDGs depends on the degree of coordination between each SDG (Warchold et al. 2020), Huan et al. (2021a) further developed the assessment of the coupling coordinated degree of SDGs. However, the development of different targets in one SDG also influences others. Therefore, based on Eqs. 6-7 (Huan et al. 2021a), we assess the coupling coordinated degree of one SDG (the score is from 0 to 1).
 (6)
 (7)
In Eqs. 6-7,  is the coupling degree of an SDG;  is the number of targets contained in that SDG;  is the coupling coordinated degree of that SDG. 
Fourth, we assess the “composite achievement performance” of the SDG by aggregating its general performance () and the coupling coordinated performance (). To reduce the fungibility between these two indices (i.e., considering the inherent difference between them; see, for example, Li et al. 2012; Yang et al. 2014; Huan et al. 2021a), we use Eq. 8 to assess the “composite achievement performance” of an SDG in each year. Then, we use the arithmetic mean to calculate the average score of the “composite achievement performance” of the SDG. As noted above, according to Table 2, we can further divide the SDG into one of three stages (unfavorable, transitional or favorable).
 (8)
In Eq. 8,  is the composite performance towards achieving an SDG.
Fifth, we use the arithmetic mean of the  calculated in the second step to calculate the average score of the performance of each target. As noted above, according to Table 2, we can further divide each target into one of three stages (bad, medium or good). Based on the , the trend of each target’s achievement performance can be assessed (according to Table 2, these trends include downward, fluctuation or upward). 
To assess the sensitivity of the SDG scores to different values of variables that affect those scores (Turner et al. 1994), we use a widely used sensitivity index (Liu and Ashton 1998) (Eq. 9).
 (9)
In Eq. 9,  and  are the normalized data values and modified normalized data values of the indicator  for country  in the year , respectively;  and  are the “composite achievement performance” of the SDG for the country  in the year  under the original condition, and under a modified condition caused by the change in the data value of indicator  for the country  in the year , respectively.  is the change in the score of the SDG due to the change in the data value of an indicator. We separately decrease and increase the value for each indicator by 10% for countries and recalculate their scores of the SDG.
2.3 Perspective 3: the urgency of improving participation
The multi-partnership mechanism advocated by the "2030 Agenda" implies that achieving the SDGs is a co-governance process (United Nations 2015). Although governments play a leading role in the establishment and coordination of SDGs, achievement is a process of joint participation and interactions between governments and society (non-governmental departments, enterprises, and the public). Therefore, based on the research of Guan and Xue (2019), we construct a framework aimed at assessing the degree of government and society participation in the SDGs in different countries. These qualitative assessments and analysis may be undertaken by analysts applying the assessment framework, or by a panel of specialists.
Government participation is assessed by whether the national-level action plans (strategies or policies) explicitly cover the intent and scope of the SDGs targets; and whether indicator frameworks for achieving targets have been constructed (including values of the baseline and targets). Society participation is assessed by whether there are relevant coordinating or consulting agencies established by social organizations for achieving targets; and whether there are relevant reports on the SDGs targets by non-governmental organizations, research institutions, or enterprises (i.e., the reports not commissioned by the government or completed by UN related organizations). 
Thus, for one country, its degree of participation on each target is assessed qualitatively from these aspects. We set three categories to measure the degree, including good, partial, and very limited or no participation (Table 3). These categories of degree of participation can be seen as grades of urgency (low, middle, and high); that is, the lower is government and society participation on a target, the higher is the urgency of improving participation (the higher is the urgency of the target). We score these three types of urgency (Table 3). The higher the score for the target, the higher its priority.
Table 3
Overall, for one country, each target is given 4 scores (2 for government participation and 2 for society participation). The total score is between 0 and 8. If the study region contains several countries, each target in each country has 4 scores. Finally, scores are added to obtain the total urgency score () of each target in the study region.
2.4 Multi-perspective composite assessment framework: prioritizing targets
After obtaining each target’s scores for network impact (), performance gap () and urgency of improving participation (), we separately normalize these three score (Eq. 10) (Allen et al. 2018). 
 (10)
In Eq. 10,  is the normalized score;  is the score of a target (i.e., , , or );  and  are the minimum and maximum scores of all targets’ scores in one assessment perspective, respectively. Finally, the weighted arithmetic mean (Steele et al. 2009) is used to combine the three scores for each target (Eq. 11).
 (11）
[bookmark: _Hlk66319900] In Eq. 11,  is the final score for each target (out of 100). The higher the target score, the higher its priority (ranking). , , and  are each target’s three normalized scores, respectively. , , and  are weights for three normalized scores, respectively. Since there is no unified standard to set these weights, we set them equally. To test the sensitivity of targets rankings to different weighting schemes, we use Monte Carlo simulations (Resce and Schiltz 2019; Saches et al. 2019), using 1000 sets of randomly generated simulated weights from a uniform distribution (between 0 and 1) to calculate possible final scores () and rankings of each target under different weighting schemes. The sum of three simulated weights for each set is 1. This sensitivity test means that we assume uncertainty about the most appropriate value of each of the individual weights assigned to construct the final scores of targets (Arndt et al. 2015). The outcomes of simulations can create an interval of values reflecting the range of possible scores and rankings for each target (Drago 2021).
[bookmark: _Hlk75018698]3. A case study of the multi-perspective composite assessment framework
The multi-perspective composite assessment framework we constructed aims to rank the prioritizations of targets for any region, regardless of how many SDGs are involved. To illustrate the application of this assessment framework, we used an empirical case study of priorities for six targets of SDG 6 in six countries in Southeast Asia (Figure S1).[footnoteRef:2] These countries have broadly similar characteristics (natural, cultural and economic) and strong ties (United Nations Development Programme and China Center for International Economic Exchanges 2017). They have faced challenges in providing food security (SDG 2), clean drinking water and sanitation (SDG 6), and sustainable energy (SDG 7) without degrading the ecosystem (SDG 15) for growing populations with changing lifestyles (Putra et al. 2020). In 2018, these six countries’ land area (2.269 (million km2)), total population (273.517 (million)), and gross domestic product (GDP) (1229.003 (billion $)) accounted for approximately 1.72%, 3.60%, and 1.42% of the world, respectively (World Bank, 2020a). Table S1 shows further information. [2:  SDG 6 is defined as ensuring availability and sustainable management of water and sanitation for all. We prioritized six targets of SDG 6, including target 6.1 (achieve universal and equitable access to safe and affordable drinking water), 6.2 (achieve access to adequate and equitable sanitation and hygiene and end open defecation), 6.3 (improve water quality), 6.4 (increase water-use efficiency and ensure sustainable withdrawals and supply of freshwater), 6.5 (implement integrated water resources management), and 6.6 (protect and restore water-related ecosystems). ] 

3.1 Empirical methods
For this case study, we used the multi-perspective composite assessment framework constructed in Section 2. The following two sections describe additional details. 
3.1.1 Details of the assessment of perspective 1
SDG 17 (Partnerships for the goals) involves international policy cooperation and capacity building needed to achieve the other SDGs. Thus, it aims to create an enabling environment to support other SDGs (UN-Water 2016). We did not consider targets of SDG 17 (19 in total) in this empirical research. The remaining 16 SDGs include 150 targets. Among them, there are 107 numeral-targets (e.g., target 6.1) and 43 lettered-targets (e.g., target 6.b (support and strengthen the participation of local communities in improving water and sanitation management)). Since the 43 lettered-targets only focus on the means of implementation and do not include achievement dates or specific actions, additional explanations are needed for the meaning of achievement (Pham-Truffert et al. 2020). We did not consider these 43 lettered-targets in this empirical assessment. Only the remaining 107 targets were considered (Table S2). For the expert elicitations, 48 experts participated in assessing the interactions between targets (Supplementary Information).
3.1.2 Details of the assessment of perspective 2
[bookmark: _Hlk74408800]Through three widely used indicators sources (SDGs Global Indicator Framework provided by the United Nations Statistics Division (Inter-Agency and Expert Group on SDG Indicators, 2018; United Nations, 2019), the World Development Indicators provided by the World Bank (World Bank, 2020b), and the Sustainable Development Report 2019 (Sachs et al., 2019)), we constructed an indicator framework (8 indicators are shown in Table S3) that can be used to assess progress towards SDG 6 and its targets. Based on this indicator framework, we collected data for the period 2000 and 2019 from the six countries (also from the above three sources). Overall, among all six countries, Vietnam has the greatest data availability (72.5%), while Cambodia has the least (67.5%) (Table S4). To interpolate the missing data, we used a combination of interpolation and prediction simulation methods (Supplementary Information).
Notably, due to data availability, we could not use an indicator to assess target 6.5 (integrated water resources management). Thus, when calculating the scores of “composite achievement performance” for SDG 6, target 6.5 was not included. The average score of the remaining 5 targets of SDG 6 was used to replace the score of achievement performance of target 6.5. Furthermore, the trend in achievement performance of target 6.5 was also defined as fluctuating.
3.2 Empirical Results
3.2.1 Assessment perspective 1: network impacts of targets
3.2.1.1 Interactions between SDGs targets
Through the experts’ judgements, the interactions between 6 targets of SDG 6, and between the 6 targets of SDG 6 and the 101 targets of the other 15 SDGs (except SDG 17) were assessed. The interactions between targets include positive, negative, and no interaction (Table S5). Since it is a directed network, we analyzed the results from two aspects (Supplementary Information). 
Target 6.5 has the greatest positive influence on other targets, and target 6.4 has the least; only target 6.1 and 6.6 have negative influences on other targets. Target 6.2 receives the most positive influences from other targets, and target 6.4 receives the least; three SDG 6 targets receive negative influence by other targets, especially targets 6.4 and 6.6, which receive the most.
3.2.1.2 Centrality of targets in the network
Based on the assessment results of the interactions between targets (Table S5), we calculated the weighted degree centrality score of each target of SDG 6 to reflect the centrality of each target in the network. Based on the rankings of the targets’ centrality, we scored each target of SDG 6 to reflect the network impacts (from 1 to 6) (Table 4, Figure 2). The higher the centrality ranking of a target, the greater its network impacts, the higher its score, and the higher its priority. 
Overall, for the entire directed network composed of two-directional interactions between targets, among the 6 targets of SDG 6, target 6.5 and 6.2 have the largest network impacts, followed by target 6.3 and 6.1, and target 6.4 has the smallest network impacts (i.e., its score of the weighted degree centrality is the smallest) (Supplementary Information).
Table 4
Figure 2
3.2.2 Assessment perspective 2: the gap between current and ideal performance 
We used a dashboard tool (Table 2) to assess the performance of achieving SDG 6 and its 6 targets over time (2000-2019) (Table S6), and the gap between the average performance over the last 20 years and the ideal performance (i.e., targets are achieved) (Table 5). The urgency of each target of SDG 6 was represented by scoring such “gap” of each target (from 0 to 26). The lager the gap, the more urgent the target, the higher its score, and the higher its priority.
Overall, for each target’s gap between the average performance over the last 20 years and the ideal performance (i.e., targets are achieved), target 6.4 has the largest gap, meaning that the urgency to improve its achievement performance is the highest; target 6.1 and 6.2 have the smallest gap (Table 5) (Supplementary Information).
Table 5
3.2.3 Assessment perspective 3: the urgency of improving government and society participation
We assessed the degree to which Southeast Asian governments and society participate in targets achievement from four aspects (Section 2.3), and scored each target according to different participation degree (from 0 to 48) (Table 6). Scores represent the urgency of each target. The lower the participation degree on a target, the higher the urgency of the target, the higher the target's score, and the higher its priority.
Overall, among 6 targets of SDG 6, Southeast Asia has the highest participation degree towards achieving target 6.1 and 6.2, while target 6.4 and 6.6 are the lowest. Therefore, the urgency of improving participation for these two targets is the highest (Table 6) (Supplementary Information).
Table 6
[bookmark: _Hlk74258127]3.2.4 Multi-perspective composite assessment: prioritizing targets
We integrated three scores for each target from three perspective assessments into one score to reflect the final prioritization of each target. The higher the final score, the higher the priority of the target. Results show that target 6.5 has the highest priority, followed by target 6.4 and 6.6 (the scores of these are very close), while the lowest ranking is target 6.1 (Table 7). 
[bookmark: _Hlk66320469]We assessed the sensitivity of targets rankings to different weighting schemes. Results (Table S7) show that for study region, no matter what weighting scheme is used, the average rankings of target 6.1, 6.4 and 6.5 will not change, and the average ranking of each of the other 3 targets fluctuates up or down by 1 place.
Table 7
3.2.5 Analyses of empirical results
The empirical results highlight prioritizations of SDG 6 for the Southeast Asia. In particular, the highest priority target 6.5 arises because the target aims to create an enabling environment to support other targets and the lack of a specific definition of the target’s implementation makes it difficult for countries to set its achievement standard and to engage deeply. Interestingly, the prioritization of targets obtained through the "network impacts" assessment is substantially different from the priorities obtained through the assessment of the “gap between the current and ideal performance", especially the rankings of targets 6.2, 6.4 and 6.6 (Table 7). It confirms what we mentioned in the Section 1 (Introduction); prioritizations of SDGs arising from different approaches might not be consistent, which may confound decision-making. The method outlined here of prioritizing targets based on aggregated, multi-perspective assessments provides one solution to this impasse.
4. Discussion
This study aims to construct a general composite methodological framework to rank the prioritizations of SDGs targets. The assessments and analyses in Section 3 are merely an example of this methodological framework. The discussion focuses on the strengths and weaknesses of the methods themselves.
4.1 Advantages of the assessment framework
The three models in the assessment framework used several complementary evidence-based and science-based methods. They build on the assessment methods in existing, related studies (e.g., Allen et al. 2018).
We selected experts from a variety of research areas to minimize overconfidence biases, which may occur when experts with similar research backgrounds are selected (Fish et al. 2009). We encouraged experts to consider explicitly the possible alternative features and interrelationships in the assessment. Such strategies challenge participants’ preconceptions and enable expert groups to make better contributions (Speirs-Bridge et al. 2010).
Spearman’s rank correlation coefficient is insensitive to non-linear correlations between variables and to outliers (Hauke and Kossowski, 2011). To help experts make judgements of interrelationships between targets, we use Spearman correlation coefficients between all indicator pairs to assess the interrelationships between targets. Even though the use of indicators as proxies to describe complex interactions cannot exclude confounding factors or spurious associations between indicators, this approach provides a relatively robust quantitative overview of the interrelationships. It is inappropriate to assess interrelationships between SDGs in a specific region based on generalized, subjective and especially globalized knowledge and context. Therefore, we use the data of a specific study region to calculate Spearman correlation coefficients.
A consensus has emerged amongst researchers to emphasize interactions between SDGs targets in policies aimed at achieving the SDGs. The assessment perspective 1 (Section 2.1) comprehensively uses several typical methods for assessing the interactions between targets. In particular, the calculation of the value of the weighted degree centrality (Eq. 3) allows the assessment of the network impact to consider the relative importance of both the numbers and weights of interactions.
We continued the practice of integrating the index for the coupling coordinated degree of the SDGs into the comprehensive assessment index (e.g., Huan et al. 2021a) to assess the composite performance of achieving SDGs (Section 2.2). The comprehensive assessment index () reflects the composite performance of achieving an SDG through the level of the performance of achieving an SDG, and the coupling coordinated degree of its targets. Overall, using Table 2 to integrate such indicator-based assessment into the multi-perspective composite assessment framework, provides evidence of its practicality, and supports the prioritization of SDGs targets in specific regions.
The different interactions between governments and society can, to a certain extent, make SDGs appear to be implemented differently in various regions. The method constructed to assess participation towards achieving SDGs can be used to further distinguish the different implementation models of SDGs across countries and the extent of engagement (e.g., government-led, society-led, co-governance, or implementation blocked).
4.2 Limitations of the assessment framework
The definition of expertise could be broader than that used in this study (Burgman et al. 2011). There is an unavoidable potential for errors in the use of experts’ judgements, such as the possibility of incomplete understandings of interactions, and dependance of the assessment results on the particular experts. Currently, more structured methods for elicitation of expert judgements exist and could be used to minimize the expert biases and improve the accuracy and reliability of their assessments (e.g., Sutherland and Burgman 2015; Singh et al. 2019). More specific methods (e.g., Delphi-based approaches) could be applied to reach consensus amongst experts (Blas et al. 2016). 
We use the indicator-based methods to assess the performance of achieving SDGs and targets. Therefore, a different selection of indicators may affect the assessment results. Since we construct the indicator framework based on the data availability, the lack of data will be a critical challenge for indicator selection in any applications. Thus, we recommended selecting indicators from multiple indicator databases, rather than only using the recommended indicator list proposed by the United Nations. However, indicators in other databases may be highly subjective, and thus, may devalue the analyses.
Interpolating data may increase the uncertainty of assessment results (e.g., scores of the targets achievement performance), and various interpolation methods have different focuses and potential errors, which may have different effects on the assessment results (Huan et al., 2019). Thus, we used a combination of various interpolation and prediction simulation methods to fill in the missing data. The methods above should consider the most appropriate mix of methods for each application.
When assessing the targets’ network impacts, we consider only the influence of a target on the "neighboring" targets that have direct interrelationships, without considering how a target's influence further fluctuates or spreads in the network. Therefore, although the assessment method that only considers the first-order interactions between targets is informative, and the first-order interactions usually have greater impacts on the assessment results (Allen et al. 2018), the assessment results of the centrality may be more accurate, if the net second-order influences of targets are considered. Weitz et al. (2018) and Toth et al. (2021) made preliminary effective attempt to incorporate higher-order network influences. In the future, such approaches may be combined with the composite assessment framework we constructed. 
Selecting assessment perspectives and scoring methods require researchers to make personal decisions, which can affect results and may bias them. We recommend resolving these issues through extensive experts consultation and literature review.
5. Conclusion
Due to the extensiveness and complexity of SDGs, countries have been prioritizing their own SDGs and targets. With the start of the second five-year phase of the SDGs, a more effective and robust prioritization process is a critical step in the new SDGs-related policy formulation and implementation cycle. This study constructed a new multi-perspective composite assessment framework to rank the prioritizations of regional targets. The framework consists of assessment models from three perspectives, and it develops and combines several methods. We selected six targets of SDG 6 in six Southeast Asian countries to provide an empirical illustration of the effectiveness of this assessment framework.
Although this study aims to construct an assessment framework at the regional level (more than two countries), it may be applied to the assessment of other levels based on data availability. It can be applied to prioritize targets of any one SDG, or all SDGs. This assessment framework is an attempt to construct a coherent, structured, and comprehensive method to solve the shortcomings of single perspectives on the prioritization of targets. In the future, each element of the assessment framework may be improved, such as considering the net influence of targets on second-order network links when assessing the centrality of each target and the framework may involve related perspective such as prioritizing targets based on assessing the impacts of policies on SDGs. This framework can be used by multiple stakeholders, including governments, civil society, and the private sector. 
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Figure 1. The multi-perspective composite assessment framework.
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Figure 2. Full network of interactions between each target of SDG 6 (clean water and sanitation) and the other 106 targets. Among 107 targets, 16 targets have no interactions with 6 targets of SDG 6, thus, they are not showed in the network. Arrows show the direction of influence. According to Table 1, interactions range from negative interaction (orange (-1) and dashed links) to positive interaction (dark green (+3) and solid links). The sizes of 6 nodes (6 targets of SDG 6) reflect the magnitude of weighted degree centrality scores (i.e., the lager node represents higher network impacts of the target), and the sizes of other 85 nodes are same. 
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