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Background: The integration of disparate emergency resources and the improvement of emergency response teamwork are the underlying trends and shared requirements for building resilience in an era of multiple global public health crises.

Objective: This study investigated the emergency response with emergency collaboration networks of each functional module and the overall Joint Epidemic Prevention and Control Mechanism (JPCM) network in China’s COVID outbreak prevention and control.

Methods: The study employed a scholarly framework of “the integration of JPCM coordination and emergency collaborative modularization” to explore the attributes of JPCM using social network analysis. The data were obtained from administrative records from JPCM’s official website, spanning January 2020 to December 2022.

Results: The study examined the JPCM coordination and found several functional working modules of JPCM, such as Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility modules. The network structure indicators showed that the Manage Supply module had the most extensive network connectivity, the shortest communication distance, and the most consistent collaboration. The E-I index of the overall JPCM network and the Manage Supply network were − 0.192 and − 0.452, respectively (at p < 0.001 and p < 0.05), indicating more internal relationships than external relationships. The E-I index of the Medical Rescue and Implement Responsibility collaboration networks were 0.122 and 0.147, respectively (at p < 0.001 and p < 0.05), indicating more external relationships than internal relationships. The QAP regression analysis showed that the most vital driver on the overall JPCM network was the Interrupt Spread module, followed by the Implement Responsibility and Medical Rescue modules.

Discussion: The Interrupt Spread module initiated emergency coordination with most departments and agencies. The Manage Supply module ensured the flow of medical supplies and survival essentials, while the Medical Rescue module addressed the core aspects of the health emergency response. The Restore Work and Production module repaired the halt in production and livelihoods caused by the outbreak, strengthening and developing emergency coordination and roles across emergency organizations. The Implement Responsibility module provided more heterogeneous emergency response resources for the overall JPCM coordination, complementing the COVID cross-organizational emergency response coordination.

Conclusion: The study on the JPCM case in China improves public health emergency management and aids informed decision-making.
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1 Introduction

Efforts to increase knowledge of the frameworks for COVID emergency management have been ongoing in many countries (1–6). For example, public health departments in developed countries can comprehend comprehensive plans and response frameworks by combining response planning efforts during the outbreak, such as surveillance, epidemiology, laboratory, community mitigation, medical care, vaccine, risk communication, and so on (7, 8). Even though they have robust infrastructure, formal procedures, and resources to deal with the emergency, some countries still struggle to solve the issue (1). The study suggests this is due to many existing flaws extending beyond traditional health emergency management systems (2). From this perspective, structural issues in emergency management have become apparent according to studies on COVID response experience (3).

Notably, due to the structural problems in government emergency management systems that have been led by the disruptive events of the COVID emergency, new challenges with ripple effects were mounting rapidly as well (9). Especially when the viral epidemics appear to be in transition, many governments face challenges in prioritizing emergency response plans and optimizing measures for future surges (4). In investigating China’s COVID emergency response measures, apart from the typical systems that have emerged and accumulated due to socio-economic and political development, most have been explicitly developed based on lessons learned from emergency relief efforts in recent decades (10). The government keeps changing how emergency management agencies and operations work so that material, organizational and system resources can be combined and utilized as quickly as possible.

According to scholars following China’s most recent policy developments, the Joint Epidemic Prevention and Control Mechanism (JPCM) has become an essential component of COVID emergency management in this country (11). The official definition of the JPCM is a multi-ministerial coordination working mechanism established by the State Council of China. The Chinese government has responded to the increasing scale of comprehensive emergencies by enhancing JPCM. This has entailed the establishment of cross-organizational collaborative emergency response networks, cross-level governmental interaction and coordination channels dedicated to COVID response, and the developing of extensive grassroots community mobilization capacities. JPCM operates at various levels of government hierarchy across the country, which are supported by the General Office (GO) (also called emergency rescue headquarters) as a standing department (5, 6). In this manner, cross-level collaboration entities have evolved into a loosen-structured mechanism that divides tasks and assigns them to JPCMs at different levels. Then, each JPCM at a given level facilitates emergency health response tasks by promoting cross-organizational collaborations. As a critical case in emergency management, JPCM provides a complement for studying the advancing emergency management systems.

On this basis, it is essential to discuss JPCM’s response to COVID emergencies to complement a more comprehensive emergency management system. This study aimed to understand public health emergency management from the perspective of cross-organizational collaborative relationships and collaboration patterns in JPCM emergency response. This paper began with a literature review on collaborative emergency management. The study then analyzed the network structure of the JPCM emergency response network and the modular collaborative network using social network analysis. It also examined the cross-regional characteristics of the network using the E-I index. Finally, the impact of different emergency collaboration modules on the overall JPCM network was analyzed through QAP correlation analysis. Specifically, the text focused on three academic questions: (1) What network parameters defined the JPCM emergency response coordination? (2) Which modules participated in integrating JPCM emergency response coordination, and what kind of linkages were established among entities from various jurisdictions during the integration process? (3) How did the functional modules of emergency response impact the development of JPCM emergency response coordination? By answering these questions, this manuscript showed that in JPCM emergency response coordination, the Interrupt Spread module initiated emergency coordination with most departments and agencies. The Manage Supply module ensured the flow of medical supplies and survival essentials, while the Medical Rescue module addressed the core aspects of the health emergency response. The Restore Work and Production module, by repairing the halt in production and livelihoods caused by the outbreak, allowed coordination and roles between emergency organizations to be strengthened and developed. The Implement Responsibility module provided more heterogeneous emergency response resources for the overall JPCM coordination, complementing the COVID cross-organizational emergency response coordination.



2 Literature review

Scholars have researched cross-organizational emergency collaboration from various perspectives.

(i) Collaboration in emergency management. Generally speaking, several academics have noted that the field and profession of emergency management have evolved into one that is more collaborative (12–15). This entailed addressing issues that were large in scope, affected a significant population, or needed enormous resources beyond the traditional hierarchical boundaries (16–18). According to Waugh and Streib, the conventional bureaucratic, hierarchical paradigm has changed into a more flexible and dynamic network model that facilitates cooperation across several organizations, the government, and other sectors (19, 20). Different roles or players must carry out the decision’s subtasks in order for coordination to occur. Both horizontal and vertical cooperation were necessary for an efficient response to major catastrophes, enabling various forms of cooperation between the federal, state, and local governments (21). This brought us to the work of Bullock et al., who described inter-governmental relations as how various tiers of government coordinated and collaborated, focusing on cross-organizational collaboration for the effective implementation of policy decisions (22).

(ii) Networks in emergency management. Researchers studying disasters have shown interest in the network approach while examining emergency response activities (23–25). According to studies, creating and maintaining emergency management networks was crucial to modern disaster management techniques. One effective tool for reducing natural hazards and disasters was policy—networks and partnerships (13, 21). Researchers have employed a social network analysis approach to determine critical players, examine inter-organizational relationships, evaluate network architectures, compare official emergency management plans with pre-existing networks, and evaluate the effectiveness of emergency management networks (24–27). According to the study, the degree of accuracy in the collective judgments of network participants was considerably and positively associated with the centrality of the leading agency. Agencies possessing important positions in communication networks also wield more significant effects (28). The features of networks, which showed how much each member retained their independence and autonomy, dictated where those networks fall on a continuum (29). Additionally, as a disaster response mechanism, Kapucu et al. used networks, partnerships, and collaborations in inter-governmental connections (30).

(iii) Entities in emergency response. Organizations were so dependent on one another when it came to cooperation that, as Mandell noted, the collaboration process might result in creating a new entity (29). Kapucu et al. noted in their study that certain areas used the Emergency Operations Center as the central hub for response operations. It was a place where representatives from multiple sectors came together to ensure the timely distribution of critical information, including public safety, fire and rescue, law enforcement, city, local health agencies, and local water districts (30). Press conferences were held to inform the local population of the current situation and provide additional instructions. In order to support the community, public, private, and non-profit organizations align themselves with each other according to their goals and communicate through the Emergency Operations Center to work together in a coordinated way (30).

JPCM for COVID emergency response in China, as a critical case in emergency management, provided a complement for studying the method of collaboration between emergency organizations. JPCM remained prominent in the Chinese government’s emergency management apparatus facing the COVID recovery phase (11). Hence, there was a need for a differentiated investigation of how emergency management coordinating organizations among JPCM enable speedy reaction during sizeable public health emergencies in a country.



3 Materials and methods


3.1 Research design

This study gave a research framework for “the integration of JPCM coordination and emergency collaborative modularization” to evaluate the experience of cross-organizational networks to COVID emergencies and address theoretical research concerns. The following were the primary components of the research framework:

1. The emergency organizations participating in COVID cross-organizational emergency networks were organized by collecting and sorting data according to international, national, provincial and municipal, cross-regional, residential, third sector, and cyber jurisdiction criteria. Among these groups of emergency organizations, the World Health Organization, which monitored risks to global public health and coordinated responses to a wide range of health emergencies, was an example of an international emergency organization. National emergency organizations were a collection of central government agencies and departments. Some examples of national emergency departments included the National Health Commission, the Ministry of Emergency Management, and the Ministry of Public Security. Provincial and municipal emergency organizations were the collection of provincial and municipal agencies and departments that had jurisdiction over the location where the emergency occurred. Some examples of provincial and municipal emergency organizations included the Provincial JPCM, the Municipal JPCM, the Provincial Health Commission, and the Municipal Health Commission. Cross-regional emergency organizations, such as Disaster Medical Assistance Teams (DMATs), provide rapid-response medical rescue when public health and medical emergencies overwhelm the resources available in a region. Residential emergency organizations included the area’s streets (townships), communities (villages), and hospitals. Third-sector emergency groups pursued specific goals, frequently associated with particular social and political perspectives. In this study, one such association was the China Welfare Institute, which served as an example of one that can participate in the production and livelihood aid of people whose lives have been disrupted due to major natural disasters or severe public accidents. Cyber emergency organizations referred to the Network Resiliency Platform, where ICT regulators, policymakers, and other interested parties can share information. They viewed what initiatives and measures have been implemented to ensure that communities and individuals remained connected during the COVID-19 crisis.

2. The study examined the structure and characteristics of the overall JPCM coordination and the modular emergency collaboration network. The cross-organizational collaborative relations between emergency organizations were extracted, and the corresponding matrix was created. As a result, the overall JPCM coordination, Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility collaboration networks can be derived. Moreover, these networks’ network density, centralization, average path length, network cohesion, and clustering coefficient were evaluated. It was then possible to derive the characteristics of network intensiveness, aggregation trend, network connectivity, and network independence. In addition, the overall JPCM and the functional modules were compared in terms of the similarities and differences that exist.

3. The external–internal (E–I) index was presented to discuss the flow of resources and the interaction between emergency organizations operating in different jurisdictions. Additionally, in the overall JPCM and module emergency collaboration networks, the collaborative trends of the international, national, provincial and municipal, cross-regional, residential, third sector, and cyber emergency organizations were compared.

4. The quadratic assignment process (QAP) analysis was used to conduct correlation and regression analyses between the emergency modules and the overall JPCM coordination matrix. The study examined how the emergency modules contributed to the development of cross-organizational emergency collaboration and explained how the emergency collaboration within each module affected the overall JPCM coordination.



3.2 Methods of network analysis

The study considered emergency organizations participating in COVID cross-organizational emergency collaboration as network actors. It used the links between actors to represent the collaborative relationships between emergency organizations. After that, the networks for COVID emergency collaboration can be mapped. To obtain a comprehensive enumeration of the organizations participating in COVID emergency response and their corresponding abbreviations, please refer to Supplementary Appendix.

Network density ([image: image]) is the ratio of the actual number of node connections to the theoretical maximum number of connections (23, 31). Equation (1) can calculate [image: image] values for a network with [image: image] nodes and [image: image] lines connecting them.

[image: image]

where [image: image] and [image: image] are the numbers of nodes and connections between nodes in the network, respectively.

Network diameter ([image: image]) and average path length ([image: image]) measure the communication distance between emergency organizations in the emergency response coordination network and indicate the network’s overall connection. The network diameter measures the distance between the most distant emergency response groups that are collaborating. The average path length equals the average collaboration distance between all emergency organizations (23). The expressions for [image: image] and [image: image] can be found in the following Equations (2) and (3).

[image: image]

[image: image]

where [image: image] denotes the maximum distance between nodes; [image: image] represents the distance between each pair of nodes; and n is the number of nodes in the network.

Network centralization ([image: image]) indicates the degree to which a network tends to cluster around its central node, whose values are computed using Equation (4). There are three types of network centralization: degree centralization, betweenness centralization, and closeness centralization (23, 32). This study employs degree centralization to determine whether the emergency response coordination network has a central emergency organization.

[image: image]

where [image: image] for the highest possible centrality value at each network node; [image: image] for the centrality of node [image: image].

The clustering coefficient ([image: image]) is a metric to assess how well organizations in an emergency response coordination network are developing stable collaborative or modular organizational relationships (32). Equations (5) and (6) presents the density coefficient of node [image: image] ([image: image]) and the [image: image] of the network.

[image: image]

[image: image]

where [image: image] is the number of network nodes, [image: image] is node [image: image]s density coefficient, [image: image] is the number of nodes immediately surrounding node [image: image], and [image: image] is the total number of connections between nodes immediately surrounding node [image: image].


3.2.1 External–internal (E–I) index

The study introduces the E-I index to explain the linkages of interaction and resource flow among the international, national, provincial and municipal, cross-regional, residential, third sector, and cyber groups. The E–I index measures the relationship between factions and the number of factions in a network (33). The relationships between groups (external links, or ELs) and within each group (internal links, ILs) make up the cross-organizational emergency collaboration network’s primary relationships. Specifically, the E–I index is computed using Equation (7). The E–I index has a value range of [−1, +1] (34).

[image: image]

where [image: image] and [image: image] stand for the number of external and internal links, respectively.



3.2.2 Quadratic assignment procedure analysis

QAP is a technique for comparing the similarity of every element in two matrices. It is crucial to explain how “relational” data interacts with and influences one another (35, 36). QAP analysis is based on the permutation of matrix data and may implement the non-parametric test of coefficients (37). This study uses two stages—QAP correlation and QAP regression—to investigate the effects of the emergency collaboration relationships of different modules on the overall JPCM coordination relationship. QAP regression analysis aims to examine the regression relationship between multiple matrices and a single matrix and assess the importance of the decision coefficient R2. Thus, a model of the overall JPCM coordination’s influencing mechanism using Equation (8) (38).

[image: image]

the independent variables [image: image] stand for the matrices of the emergency collaboration of Interrupt Spread module, Manage Supply module, Medical Rescue module, Restore Work and Production module, and Implement Responsibility module, respectively.





4 Case and data

On January 14, 2020, the National Health Commission held a teleconference, proposing for the first time the establishment of a coordinated mechanism for the prevention and control of epidemics, and on January 20, the General Secretary again gave instructions on the comprehensive prevention and control of epidemics. At the executive meeting of the State Council, the Premier proposed a “multi-sectoral joint prevention and control mechanism and emergency plan.” The National Health Commission held a meeting on the same day to convey the spirit of the General Secretary’s instructions and the Premier’s request. The next day, the Joint Prevention and Control Mechanism for the epidemic was formally established. The official documents of the JPCM can be found on its website and the website of the NHSC website. Documents were collected when the website was regularly updated, and new documents can be accessed online. The data was collected from January 2020 to December 2022. Based on the above data, all the information was formatted into a list of edges, generating 1,396 edges. In this study, network diagrams were generated using Gephi 0.0.9 software, network parameters were evaluated using Ucinet 6.232 software, and statistical analysis was performed using SPSS 26.0 software.



5 Results


5.1 Structure analysis of the JPCM network

As depicted in Figure 1, the overall network of JPCM was drawn to illustrate the panoramic framework. Where nodes represented the sectors or agencies participating in the network, lines reflected the collaboration between the joint prevention and control group nodes. Meanwhile, the larger the size of the JPCM node, the more nodes were connected to it. In Figure 1, the JPCM of the State Council (JPCM), the JPCMs of provincial and municipal governments (exJPCMs), medical facilities (exHospitals), departments at provincial and municipal levels (exHCs, exMCAs, exMHSs, exMOTs, exMPSs, exMOEs, exCAAs, exNRAs, exMCTs, exMFAs, exMIIs, exAMRs, etc.), the Disaster Medical Assistance Team (exDMAT), and street (township) and community (village) (exCMTYs) were represented by purple, orange, blue, and green nodes.

[image: Figure 1]

FIGURE 1
 The overall JPCM coordination.


As indicated in Table 1, the network structure indicators were calculated here for each module and the overall JPCM network. The overall network size of the JPCM was 85, indicating that there were a total of 85 departments or agencies participating in the joint control mechanism for the response to the COVID outbreak. Different types of member departments performed different duties in the JPCM and occupy different positions in the collaborative governance network. This study examined the characteristics of different functional working modules. The Interrupt Spread module, Manage Supply module, Medical Rescue module, Restore Work and Production module, and Implement Responsibility module were depicted in Figures 2A–E. As in Figure 1, nodes and lines indicated the participating departments and collaborative relationships. The sectors involved in the Interrupt Spread network are mainly transportation departments, the State Council’s JPCM, and provincial and municipal governments’ exJPCMs. Meanwhile, the exJPCMs of provincial and municipal governments, industry and information technology departments, market regulation departments, and health departments of provincial and municipal governments constituted the fundamental structure of the Manage Supply network. In addition, the health departments, civil affairs departments, and JPCMs of the State Council, as well as these departments at provincial and municipal levels, made up the majority of the departments and agencies in the Medical Rescue network. The representative nodes of the Medical Rescue network also included associations and social organizations for healthcare provision. The representative nodes of the network for the restoration work and production network were the JPCMs and market regulation departments at the State Council and provincial and municipal government levels. Finally, the implementation responsibility network had participating entities such as JPCMs, the State Council’s health departments, emergency management departments, human resources and social insurance departments, and the provincial and municipal governments. The key nodes of the Implement Responsibility network also included market regulation, development and reform, industry and information technology, customs, border inspection, public security, transport, education, and culture and tourism departments of the provincial and municipal governments.



TABLE 1 The structure indicators of the emergency response network.
[image: Table1]

[image: Figure 2]

FIGURE 2
 The modularization network of the emergency response. (A) The Interrupt Spread module. (B) The Manage Supply module. (C) The Medical Rescue module. (D) The Restore Work and Production module. (E) The Implement Responsibility module.


The network structure indicators of each module were calculated in Table 1. In the collaborative governance for the COVID pandemic, the Interrupt Spread network, the Manage Supply network, the Medical Rescue network, the Restore Work and Production network, and the Implement Responsibility network had 73, 55, 60, 47, and 66 member departments and agencies, respectively. There were 78, 62, 127, 46, and 286 collaboration partnerships among the member departments and agencies. There was a significant increase in the scale and quantity of the Implement Responsibility module compared to other functional networks. This phenomenon was related to the diversity and complexity of emergency departments and agencies that in the Implement Responsibility functional network. The network densities of the Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility modules were 3.0, 4.2, 7.1, 4.3, and 17.2%, respectively. The Implement Responsibility and Medical Rescue modules had a higher network density, whereas the Interrupt Spread, Manage Supply, and Restore Work and Production modules had relatively lower network densities. This demonstrated that the departments and agencies in the Implement Responsibility and Medical Rescue modules collaborated frequently and had the closest synergistic links. The Interrupt Spread, Manage Supply, and Restore Work and Production modules primarily had collaborative relationships with a relatively low number of departments and agencies; therefore, the overall collaboration density among the departments and agencies was relatively low. Overall, the Implement Responsibility module had a higher network density and network cohesion than the overall JPCM emergency coordination network, indicating a higher degree of sharing among the same emergency response departments and agencies in the Implement Responsibility module network.

The network centralization of the Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility modules was 11.72, 23.46, 11.04, 18.48, and 11.76%, respectively, indicating the presence of prominent core emergency response in the Manage Supply module. Similarly, in the Restore Work and Production network, there was a clear tendency for the network to cluster toward the core emergency response agencies, with a relative concentration of network power. However, in the Interrupt Spread, Medical Rescue, and Implement Responsibility modules, the position of different emergency response departments and agencies was generally balanced, as was the distribution of power among emergency response departments and agencies. The collaboration networks of the Interrupt Spread, Medical Rescue, and Implement Responsibility modules typically exhibited the characteristics of a homogeneous structure.

The network diameters of the Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility modules were correspondingly 2, 3, 2, 2, and 3. Correspondingly, the network average path lengths of the Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility modules were 1.97, 1.99, 1.93, 1.96, and 1.93, which indicated that the Manage Supply module had the best collaboration network connectivity, the collaboration and communication distance between the departments and agencies was the shortest, and collaboration between the departments and agencies was more consistent. Despite having a network diameter of 3, the Implement Responsibility module’s average path length was also low. This indicated that the implemented responsibility collaboration network had convenient connectivity and that communication between the emergency agencies was efficient and smooth.

The clustering coefficients for the modules of Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility were 0.762, 0.286, 0.537, 0.000, and 0.459, respectively. Therefore, the emergency departments and agencies involved in the Interrupt Spread and Medical Rescue modules had established a number of stable and cooperative links. The emergency departments and agencies with a cooperating connection had higher agglomeration levels. Additionally, the clustering coefficients of the Interrupt Spread and Medical Rescue modules were higher than those of the overall JPCM network, illustrating that the JPCM network had not yet established a stable clustering organization model. However, due to the high degree of heterogeneity among the emergency departments and agencies in the network, all of them were more likely to have access to heterogeneous emergency resources and had higher emergency resource transfer efficiency.



5.2 Cross-regional characteristics of networks

The E–I index was introduced to explore the resource flow and faction structure among departments and agencies in the emergency response network. To assess the E-I index’s effectiveness and determine whether each network’s E-I index is random, we performed 5,000 random permutations of the same nodes and relational links. According to Table 2, the overall JPCM and Implement Responsibility networks passed with a value of p < 0.001, while the Manage Supply and Medical Rescue networks passed the significance test with p < 0.05. Therefore, the E-I index observations for the four networks were statistically significant.



TABLE 2 Observed E–I index with random permutations.
[image: Table2]

According to Table 2, the E–I index for the Medical Rescue and Implement Responsibility networks were 0.122 and 0.147, respectively. The finding suggested that there were more external relationships than internal ones. Cross-group emergency response coordination was at a higher level. In addition, it was found that within the Medical Rescue and Implement Responsibility networks, different departments and agencies had a stronger sense of identity and were better able to respond to emergencies. In contrast, the E–I indexes for the overall JPCM and Manage Supply networks were − 0.192 and − 0.452, respectively. This showed that each group of departments and agencies in these networks was likelier to engage in intra-group than inter-group collaboration.

Further, the external and internal links were calculated for each group of departments and agencies. Drawing chord diagrams of the relationships between groups of departments and agencies (see Figures 3A–F) allowed us to discuss the collaborative relationships, frequency of interactions, and resource transfers between groups of departments and agencies in the overall JPCM network and in the different emergency response modules. The E-I indices for each group of departments and agencies in the overall JPCM network and the Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility modules were given in Tables 3–6 (networks with statistically significant E-I indices).

[image: Figure 3]

FIGURE 3
 Chord diagrams of the relationships between groups. (A) The overall JPCM coordination. (B) The Interrupt Spread module. (C) The Manage Supply module. (D) The Medical Rescue module. (E) The Restore Work and Production module. (F) The Implement Responsibility module.




TABLE 3 Interactions in the overall JPCM network.
[image: Table3]



TABLE 4 Interactions in the manage supply module.
[image: Table4]



TABLE 5 Interactions in the medical rescue module.
[image: Table5]



TABLE 6 Interactions in the implement responsibility module.
[image: Table6]

Table 3 displayed the external and internal links and E–I index for several groupings within the overall JPCM network. The E-I index for the international group was 1. International cooperation within the JPCM network referred to the link with the World Health Organization (WHO), which notified the epidemic and, in January 2020, established a support team to respond to the early outbreak. Therefore, the international group’s partnership with the JPCM network was an external link. The national, provincial and municipal E-I indexes are −0.172 and −0.197, respectively. This suggested that although the national group issued orders to the provincial and municipal groups, and the provincial and municipal groups were then required to receive and execute those orders, there were slightly more collaborative relationships within the same jurisdiction than between the external emergency response agencies of these groups. The E-I indices for the cross-regional, residential, and third-sector groups were −0.333, −0.429, and −0.478, respectively. This indicated that the departments and agencies within these groupings were more inclined to collaborate internally and provide resources. In the JPCM network, the cross-regional groups mainly referred to the Disaster Medical Assistance Team (Emergency Medical Teams (EMTs) as classified by WHO), which was dispatched to the center of a pandemic to assist in health emergencies. Residential groups consisted of local hospitals, communities, and neighborhoods. After receiving direction and resources from external relationships, the residential group primarily engaged in emergency response coordination through internal operations. Moreover, this also occurred in the third sector group. In addition, the cyber group mainly coordinated with external offline emergency response organizations.

Table 4 demonstrated the external/internal links and E–I index for each group in the Manage Supply module. The E-I index of the national group was −0.452, indicating that national emergency response organizations were more inclined to engage in internal collaboration and resource provision in the Manage Supply module. The E-I index of provincial and municipal organizations was −0.091, indicating that their synergistic relationship with external emergency organizations was almost random. In the Manage Supply module, the E-I index for the residential and the third sector group was 1, suggesting that residential and online departments and agencies relied exclusively on external collaboration and resource provision.

Table 5 presented the external/internal links and E–I index for each group in the Medical Rescue network. The E–I index of a national group was 0.255, which can improve the coordination and direction of heterogeneous nodes in the Medical Rescue collaborative network. The E–I index of the provincial and municipal group was −0.182, indicating that provincial and municipal emergency agencies preferred internal collaboration and resource provision for Medical Rescue tasks. Furthermore, the E-I indexes of the cross-regional and third sector were − 0.333 and − 0.130, respectively, indicating that when it came to Medical Rescue tasks, information and resources flew more within the cross-regional and third sector groups. In addition, the E–I indexes for the residential and cyber groups were 0.143 and 0.333, respectively. This indicated that the residential and cyber agencies were connected to external nodes for obtaining resources and carrying out rescue activities.

The external/internal links and E–I indices of the groups in the implement responsibilities network were shown in Table 6. The E-I index of the national group was 0.222, and that of the provincial group was 0.019. This was because the activities of receiving administrative instructions and creating a connection between the diverse nodes in the implement responsibilities module were primarily moved from higher-level to lower-level departments. The E-I index for the residential group was −0.333, indicating that more internal nodes were responsible for improving the implementation of emergency management at the residential level. The E-I index for both the third sector and cyber groups was 1. The collaborative relationships between the third sector and cyber participants in the implement responsibilities module were provided exclusively by external entities of administrative power.



5.3 The influence of the modular networks on the overall JPCM network

The JPCM emergency response coordination model was diverse and had complex tasks, including interrupting the spread of the epidemic, managing the logistics and supply of emergency supplies, providing medical care for infected people, safeguarding economic stability and the order of work and production, and reinforcing the implementation of instructions in all segments. The emergency coordination model consisted of several emergency function modules, which affected the construction and development of JPCM’s overall emergency coordination network. For this reason, QAP analysis was applied to study each emergency response functional module in JPCM emergency response coordination to elucidate each module’s driving mechanism and influence on the construction of overall emergency response coordination.


5.3.1 QAP correlation analysis

In this study, 5,000 permutations were used to investigate the link between the overall JPCM emergency response coordination matrix and each module’s emergency response coordination matrix. The correlation coefficients between the overall JPCM collaboration matrix and each module’s collaboration matrix were displayed in Table 7. The correlation analysis results showed a significant correlation between the collaboration matrix of each emergency response module and the overall JPCM matrix, with a significance level of p < 0.001. The correlation coefficients corresponding to the Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility modules were 0.985, 0.636, 0.898, 0.559, and 0.956, respectively. It can be seen that the Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility modules all positively influence the development of the overall JPCM emergency coordination network.



TABLE 7 QAP correlation analysis results.
[image: Table7]



5.3.2 QAP regression analysis

A QAP regression analysis using 2,000 random displacements was performed to test the effects of each module’s matrix on the total JPCM matrix. The results were given in Table 8. The regression model based on the Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility matrix strongly explained the overall JPCM matrix, with a value of 0.993 (r-squared) for the QAP regression test. This demonstrated that a change in the Interrupt Spread, Manage Supply, Medical Rescue, Restore Work and Production, and Implement Responsibility modules would change the overall JPCM network. In addition, the matrix of the Interrupt Spread, Medical Rescue, and Implement Responsibility modules had a positive effect on the formation of the overall JPCM matrix, i.e., an increase in the variance of the collaborative network of any of the three individual emergency response modules would increase the variance of the overall JPCM network. There was a negative effect of the emergency response coordination matrices of the Manage Supply and the Restore Work and Production modules, but all passed the significance test at p < 0.01.



TABLE 8 Regression analysis results.
[image: Table8]

In this case, the most vital driver on the overall JPCM network was the Interrupt Spread module, with a standardized regression coefficient of 0.664. The following two modules were the Implement Responsibility and Medical Rescue modules, with standardized regression coefficients of 0.212 and 0.198, respectively. These results suggested that the emergency response coordination generated by the Interrupt Spread, Implement Responsibility, and Medical Rescue modules was the major factor in the increased scope and variability of the JPCM emergency coordination. However, the matrixes of the Manage Supply and Restore Work and Production modules were negatively associated with the development of JPCM collaboration.





6 Discussion

In recent years, due to the complexity of health emergencies and the establishment of emergency management operational systems, emergency management practice has taken on a distinctly cross-organizational character. From this point of view, the study in this paper extended the theme of cross-organizational collaboration in previous emergency management literature (14–16, 19). From a network-centric vantage point, this study explored the synergy between the emergency collaboration networks of the various functional modules and the overall JPCM network in the case of China’s COVID outbreak prevention and control. When responding to COVID, departments and agencies from different jurisdictions have worked together. However, they had a unique collaborative approach and coordinated their limited resources. Additionally, the construction of the overall JPCM emergency response coordination network was influenced by the role of the synergistic network of each emergency functional module interaction.

The JPCM collaboration network began as a cross-organizational collaborative practice through the Interrupt Spread module and established a holistic emergency response coordination with most emergency response departments and agencies (39). We found that much of the literature on China’s epidemic prevention and control focused on transportation and logistics measures to interrupt the spread of epidemics (6, 11) This manuscript emphasized the role of the Interrupt Spread module. The synergistic relationship of the Interrupt Spread module had the most positive impact on establishing the JPCM emergency response coordination network. The Interrupt Spread module enabled the activation of the overall efficiency of JPCM collaboration.

The key to the Manage Supply module was to ensure the flow of medical supplies and survival necessities (40, 41). To this end, the departments and agencies involved in the collaboration in the Manage Supply module were closely linked. It was highly centralized, although in this case, the involvement of the Manage Supply collaboration network was smaller, for example, the Manage Supply network was centrally dominated by the emergency response departments of the national, provincial, and municipal emergency response departments. This study stood out from previous emergency management studies by using a diagrammatic approach to illustrate the specific situations in which departments collaborate in emergency supply security and how this collaboration developed (42). It was also discovered through this study that based on managing the delivery of supply collaboration, emergency organizations might be more cohesive in their coordination areas within the overall JPCM network, and the overall collaborative relationship could be strengthened.

The Medical Rescue module established a diversified and intensive collaboration model between governmental, third sector, residential, and cyber emergency organizations (43). This was because the Medical Rescue process addressed many core aspects of a health emergency response, such as early disposal, infected treatment, vaccine management, and on-site vigilance, which continued throughout the pandemic response (44). This study found that the E–I indexes of the national, residential, and cyber groups in the Medical Rescue collaboration network were > 0, and the E–I indexes of the provincial and municipal, cross-regional, and third sector groups in the Medical Rescue collaboration network were < 0. This meant that in the Medical Rescue functional module, departments and agencies of the national, community, and cyber groups could not realize their functions through intra-group links. They had to send out-of-group links to realize in-group cooperation in the provincial, municipal, cross-regional, and third sectors. From this perspective, the Medical Rescue module broadened the JPCM network framework regarding emergency organizational relationships and collaboration densities. Therefore, it significantly impacted the creation of JPCM collaborative relationships.

Restore Work and Production includes functional emergency organizations centered on restoring production, stabilizing employment and the economy, and sustaining routine work after the epidemic (45, 46). The departments and agencies involved in the collaboration were centralized, and the delivery of the Restore Work and Production module allowed for the increase and development of the scope and depth of synergies between emergency response organizations on modules of the Interrupt Spread, Medical Rescue, Manage Supply, and Implement Responsibility modules could be increased and developed.

In the Implement Responsibility module, the different groups of functional emergency departments and agencies have established a rich synergy around the assurance aspects of the Interrupt Spread, Medical Rescue, Manage Supply, and Restore Work and Production functional networks, which comprised essential support for the effective transmission and stable operation of the overall JPCM network and the achievement of the ultimate efficiency of the overall emergency response coordination (47). JPCM’s GO leadership organization often issued red-tape documents titled “Responsibility for Implementation” (39–41, 43, 46). In this paper, through network analysis, we further concluded that the network density, network concentration and network cohesion of the Implement Responsibility coordination network were larger; in the chord diagram analysis, we also noted that the Implement Responsibility module provided more heterogeneous emergency response resources for the overall JPCM coordination network, which was an important complement to the COVID cross-organizational emergency response coordination. Finally, the regression analysis in this text found that the Implement Responsibility module positively impacted the formation of the JPCM collaborative network.



7 Policy recommendations

Initially, when responding to sudden public crisis events, it is imperative to establish multiple working groups with distinct professional duties. For example, in the context of COVID in China, in addition to the departments that sustained the medical rescue, the joint efforts of working groups on, for example, transportation, materials, and economic life are needed. Simultaneously, due to their extensive scope, these working groups can be shared by some functional departments to carry out specific tasks related to incident response. For instance, during the COVID outbreak in China, multiple functional working groups incorporated the efforts of the transportation, health and finance departments.

Furthermore, it is imperative to establish a central command structure that would facilitate communication with various working groups, give consistent directives, and coordinate the efforts of many working groups. Due to the various institutional and cultural settings, this effort can also be reflected in official documents/decrees that enhance emergency response implementation. In the case of COVID in China, the GO of JPCM assumed the role (the leading group) Additionally, the issuance of the JPCM’s Implementation Responsibility document also played a crucial role in enhancing the coordination of emergency response efforts across various regions and strengthening the overall collaborative relationship.

Lastly, medical rescue efforts require the establishment of cooperative frameworks involving the government, the non-profit sector, and the local community. The COVID situation in China demonstrates the need to strengthen multi-party dialogue among the medical industry, government, and community to maximize the efficiency and efficacy of medical rescue activities.



8 Conclusion and limitations

This study used social network techniques to identify collaborative behaviors among emergency response organizations in China’s Joint Prevention and Control Mechanism (JPCM) working groups. The COVID health emergency response capacity was assessed under the analytical framework of modularization of emergency collaboration network and integration of overall emergency response network. The findings of the study can provide guidance for improving public health emergency management and developing cross-organizational public health emergency management. In addition, the study can assist emergency management organizations in making sensible emergency judgments in light of various emergency response functions. It can also be used to help emergency management organizations in making informed decisions in various emergencies.

This study had limitations. On the one hand, it focused on macro-level mechanisms, although the involvement of local groups of emergency organizations in prevention and management was noted. There is a need to integrate more examples in the following research. On the other hand, this study explored emergency coordination from the perspective of functional emergency response networks. Nonetheless, there is a need to investigate the structural characteristics further and influencing factors of cross-organizational collaborative networks from a temporal perspective, taking into account the full life cycle characteristics of emergency response networks.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: https://www.gov.cn/zhengce/gwylflkjzwj.htm.



Ethics statement

This research does not require ethical approval because it utilizes accessible public information. And informed consent for further analysis of datasets has been obtained from disclosure when the original data was collected.



Author contributions

The author confirms being the sole contributor of this work and has approved it for publication.



Funding

The author declares that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the National Social Science Fund of China Youth Project (Grant no. 21CGL043).



Acknowledgments

The author is grateful to the reviewers for their useful comments and suggestions to the original version of the manuscript.



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1244769/full#supplementary-material



References

 1. Alberti, PM, Lantz, PM, and Wilkins, CH. Equitable pandemic preparedness and rapid response: lessons from COVID-19 for pandemic health equity. J Health Polit Policy Law. (2020) 45:921–35. doi: 10.1215/03616878-8641469 

 2. Cunningham-Erves, J, Parham, I, Alexander, L, Moss, J, Barre, I, Gillyard, T , et al. African Americans and the COVID-19 pandemic: a qualitative inquiry of preparedness, challenges, and strategies on how we can move forward. Soc Sci Med. (2022) 307:115185. doi: 10.1016/j.socscimed.2022.115185 

 3. Kachali, H, Haavisto, I, Leskelä, R-L, Väljä, A, and Nuutinen, M. Are preparedness indices reflective of pandemic preparedness? A COVID-19 reality check. Int J Disaster Risk Reduct. (2022) 77:103074. doi: 10.1016/j.ijdrr.2022.103074 

 4. Lee, S, Yeo, J, and Na, C. Learning from the past: distributed cognition and crisis management capabilities for tackling COVID-19. Am Rev Public Adm. (2020) 50:729–35. doi: 10.1177/0275074020942412

 5. Yan, J, and Zhao, D. Administrative mechanism of joint participation and cooperation in the early stages of the COVID-19 outbreak in Wuhan. Risk Manag Healthc Policy. (2020) 13:723–31. doi: 10.2147/RMHP.S251389 

 6. Yan, J, and Zhao, D. Institutional diversity in response to the COVID-19 emergency. Healthcare. (2020) 8:515. doi: 10.3390/healthcare8040515 

 7. CDC. Coronavirus disease 2019 (COVID-19). Centers for Disease Control and Prevention (2020). Available at: https://www.cdc.gov/coronavirus/2019-ncov/index.html (Accessed February 20, 2023).

 8. MHLW. Government actions including policies, economic measures, supplementary budget. (2020). Available at: https://www.mhlw.go.jp/stf/covid-19/seifunotorikumi_00003.html (Accessed February 21, 2023).

 9. Wilkins, CH, Friedman, EC, Churchwell, AL, Slayton, JM, Jones, P, Pulley, JM , et al. A systems approach to addressing Covid-19 health inequities. NEJM Catal. (2021) 2:CAT.20.0374. doi: 10.1056/CAT.20.0374

 10. Luo, G-L. A research and defects analysis of the disaster relief system of China. J Risk Res. (2014) 17:383–404. doi: 10.1080/13669877.2013.815651

 11. Kong, F. A short note on four different emergency management mechanisms in the Chinese government disaster response. J Contingencies Crisis Manag. (2022) 30:222–4. doi: 10.1111/1468-5973.12407

 12. Roberts, PS, Ward, R, and Gary, W. “Evolution of emergency management in America: from a troubling past to an uncertain future.” In: Ali F, editor. Theory and Practice. (2nd Edn.) New York: Routledge (2017). p. 167–88.

 13. Sylves, R. Disaster policy and politics: emergency management and homeland security. Washington, DC: CQ Press (2008).

 14. Ge, YG, Kapucu, N, Zobel, CW, Hasan, S, Hall, JL, Wang, H , et al. Building community resilience through cross-sector partnerships and interdisciplinary research. Public Adm Rev. (2023) 83:1415–22. doi: 10.1111/puar.13697

 15. Hu, Q, An, S, Kapucu, N, Sellnow, T, Yuksel, M, and Freihaut, R. Dynamics of interorganisational emergency communication on twitter: the case of hurricane Irma. Disasters. (2023) 47:267–97. doi: 10.1111/disa.12547 

 16. Drabek, TE. Strategies for coordinating disaster responses. Boulder, CO: Institute of Behavior Sciences (2003).

 17. Comfort, LK, Çelik, S, and Erkan, BBB. Learning from stress: transforming trauma into sustainable risk reduction. J Des Resil Archit Plan. (2023) 4:25–38. doi: 10.47818/DRArch.2023.v4si107

 18. Rosenthal, U, and Kouzmin, A. Crises and crisis management: toward comprehensive government decision making. J Public Adm Res Theory J. (1997) 7:277–304. doi: 10.1093/oxfordjournals.jpart.a024349

 19. Waugh, WL, and Streib, G. Collaboration and leadership for effective emergency management. Public Adm Rev. (2006) 66:131–40. doi: 10.1111/j.1540-6210.2006.00673.x

 20. Hertelendy, AJ, and Waugh, WL. Emergency management missing from the pandemic? J Emerg Manag West Mass. (2021) 18:149–50. doi: 10.5055/jem.0526

 21. Drabek, TE. The sociology of disaster: fictional explorations of human experiences. Routledge. (2019). Available at: https://books.google.com/books?hl=zh-CN&lr=&id=obutDwAAQBAJ&oi=fnd&pg=PP1&dq=Drabek+TE&ots=b3wz7iUH01&sig=Bi_ysLeWKV0O2EpAy3WeVCfSExU (Accessed February 26, 2024).

 22. Bullock, JB, Greer, RA, and O’Toole, LJ. Managing risks in public organizations: a conceptual foundation and research agenda. Perspect Public Manag Gov. (2019) 2:75–87. doi: 10.1093/ppmgov/gvx016

 23. Du, L, Feng, Y, Tang, LY, Kang, W, and Lu, W. Networks in disaster emergency management: a systematic review. Nat Hazards. (2020) 103:1–27. doi: 10.1007/s11069-020-04009-5

 24. Robinson, SE, Eller, WS, Gall, M, and Gerber, BJ. The core and periphery of emergency management networks. Public Manag Rev. (2013) 15:344–62. doi: 10.1080/14719037.2013.769849

 25. Kapucu, N, and Demiroz, F. Measuring performance for collaborative public management using network analysis methods and tools. Public Perform Manag Rev. (2011) 34:549–79. doi: 10.2753/PMR1530-9576340406

 26. Nowell, B. Profiling capacity for coordination and systems change: the relative contribution of stakeholder relationships in interorganizational collaboratives. Am J Community Psychol. (2009) 44:196–212. doi: 10.1007/s10464-009-9276-2 

 27. Silvia, C, and McGuire, M. Leading public sector networks: an empirical examination of integrative leadership behaviors. Leadersh Q. (2010) 21:264–77. doi: 10.1016/j.leaqua.2010.01.006

 28. Choi, SO, and Kim, B-T. Power and cognitive accuracy in local emergency management networks. Public Adm Rev. (2007) 67:198–209. doi: 10.1111/j.1540-6210.2007.00828.x

 29. Mandell, MP. Partnerships, networks, and collaborations: do the differences matter. Seattle, WA: National Conference of the American Society for Public Administration (2004).

 30. Kapucu, N, Augustin, M-E, and Garayev, V. Interstate partnerships in emergency management: emergency management assistance compact in response to catastrophic disasters. Public Adm Rev. (2009) 69:297–313. doi: 10.1111/j.1540-6210.2008.01975.x

 31. Kim, J, and Hastak, M. Social network analysis: characteristics of online social networks after a disaster. Int J Inf Manag. (2018) 38:86–96. doi: 10.1016/j.ijinfomgt.2017.08.003

 32. Otte, E, and Rousseau, R. Social network analysis: a powerful strategy, also for the information sciences. J Inf Sci. (2002) 28:441–53. doi: 10.1177/016555150202800601

 33. Krackhardt, D, and Stern, RN. Informal networks and organizational crises: an experimental simulation. Soc Psychol Q. (1988) 51:123. doi: 10.2307/2786835

 34. Comfort, LK, and Zhang, H. Operational networks: adaptation to extreme events in China. Risk Anal. (2020) 40:981–1000. doi: 10.1111/risa.13442 

 35. McFarland, C, McConnell, JK, and Hoene, C. Commentary on “competitors and cooperators: a micro-level analysis of regional economic development collaboration networks”. Public Adm Rev. (2012) 72:263–4. doi: 10.1111/j.1540-6210.2011.02542.x

 36. Bai, C, Zhou, L, Xia, M, and Feng, C. Analysis of the spatial association network structure of China’s transportation carbon emissions and its driving factors. J Environ Manag. (2020) 253:109765. doi: 10.1016/j.jenvman.2019.109765 

 37. Krackardt, D. QAP partialling as a test of spuriousness. Soc Netw. (1987) 9:171–86. doi: 10.1016/0378-8733(87)90012-8

 38. Dekker, D, Krackhardt, D, and Snijders, TAB. Sensitivity of MRQAP tests to collinearity and autocorrelation conditions. Psychometrika. (2007) 72:563–81. doi: 10.1007/s11336-007-9016-1 

 39. JPCM. Notification on the strict prevention of novel coronavirus pneumonia spread by public transportation. (2020). Available at: http://www.gov.cn/xinwen/2020-01/25/content_5472106.htm (Accessed February 27, 2023).

 40. JPCM. Notification on the utilization of medical suits and protective clothing during the COVID-19 pandemic. (2020). Available at: http://www.gov.cn/xinwen/2020-02/05/content_5474881.htm (Accessed February 27, 2023).

 41. JPCM. Notification on stabilizing production and maintaining supply of agricultural products. (2020). Available at: https://www.gov.cn/xinwen/2020-02/13/content_5477980.htm

 42. Kong, F. Understanding government’s role in integrated disaster risk governance. J Public Aff. (2020) 20:e2452. doi: 10.1002/pa.2452

 43. JPCM. Notification on strengthening community prevention and control of the outbreak of novel coronavirus infection. (2020). Available at: https://www.gov.cn/xinwen/2020-01/26/content_5472235.htm

 44. Wu, J, Wang, K, He, C, Huang, X, and Dong, K. Characterizing the patterns of China’s policies against COVID-19: a bibliometric study. Inf Process Manag. (2021) 58:102562. doi: 10.1016/j.ipm.2021.102562 

 45. Wu, Y, Chen, F, Sun, Z, Zhang, Y, Song, Y, Feng, W , et al. Impact of the pandemic of COVID-19 on emergency attendance for stroke and acute myocardial infarction in Beijing, China. J Thromb Thrombolysis. (2021) 52:1047–55. doi: 10.1007/s11239-021-02385-8 

 46. JPCM. Notification on restoring work and production. (2020). Available at: http://www.gov.cn/xinwen/2020-02/09/content_5476550.htm (Accessed February 27, 2023).

 47. JPCM. Notification on further strengthening the implementation of responsibilities in prevention and control. (2020). Available at: https://www.gov.cn/xinwen/2020-02/07/content_5475951.htm


Copyright
 © 2024 Yan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1244769-e035.jpg





OPS/images/fpubh-12-1244769-e034.jpg
E-1

_ELs-ILs

" ELs+1Ls

@)





OPS/images/fpubh-12-1244769-e037.jpg
G = f (intr.supl.resc.resp.impl)

®)





OPS/images/fpubh-12-1244769-e036.jpg





OPS/images/fpubh-12-1244769-e031.jpg





OPS/images/fpubh-12-1244769-e030.jpg





OPS/images/fpubh-12-1244769-e033.jpg





OPS/images/fpubh-12-1244769-e032.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Coordination and modularization:
the experience of the joint
prevention and control
mechanism to COVID
emergencies in China








OPS/images/fpubh-12-1244769-e028.jpg






OPS/images/fpubh-12-1244769-e027.jpg







OPS/images/fpubh-12-1244769-e029.jpg
ny







OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-12-1244769-e024.jpg
CC





OPS/images/fpubh-12-1244769-e023.jpg





OPS/images/fpubh-12-1244769-e026.jpg
cC= ZiiPCn





OPS/images/fpubh-12-1244769-e025.jpg
(5)





OPS/images/fpubh-12-1244769-e020.jpg





OPS/images/fpubh-12-1244769-e022.jpg





OPS/images/fpubh-12-1244769-e021.jpg
CC





OPS/images/fpubh-12-1244769-e017.jpg





OPS/images/fpubh-12-1244769-e016.jpg





OPS/images/fpubh-12-1244769-e019.jpg





OPS/images/fpubh-12-1244769-e018.jpg
Ciain





OPS/images/fpubh-12-1244769-e013.jpg
3





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Coordination and modularization: the experience of the joint prevention and control mechanism to COVID emergencies in China



		1 Introduction



		2 Literature review



		3 Materials and methods



		3.1 Research design



		3.2 Methods of network analysis



		3.2.1 External–internal (E–I) index



		3.2.2 Quadratic assignment procedure analysis















		4 Case and data



		5 Results



		5.1 Structure analysis of the JPCM network



		5.2 Cross-regional characteristics of networks



		5.3 The influence of the modular networks on the overall JPCM network



		5.3.1 QAP correlation analysis



		5.3.2 QAP regression analysis















		6 Discussion



		7 Policy recommendations



		8 Conclusion and limitations



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpubh-12-1244769-e012.jpg
ND = Linax

)





OPS/images/fpubh-12-1244769-e015.jpg





OPS/images/fpubh-12-1244769-e014.jpg
-





OPS/images/fpubh-12-1244769-e011.jpg





OPS/images/fpubh-12-1244769-e010.jpg





OPS/images/fpubh-12-1244769-t008.jpg
Variable Unstd.-ized Std.-ized

coefficient coefficient

Intercept ~0.018989 0.000
Interrupt spread 1408%%% 0.664
Manage supply ~0.532%%+ —0.035
Medical rescue 07787+ 0.198
Restore work and.

—0.557%% —0.035
production
Implement

08037+ 0212
responsibility
Resquare 0993 AdjR-Sqr 0993

*p<0.05, **p<0.01, and ***p<0.001.





OPS/images/crossmark.jpg
©

2

i

|





OPS/images/fpubh-12-1244769-e005.jpg
1)





OPS/images/fpubh-12-1244769-e006.jpg





OPS/images/fpubh-12-1244769-e003.jpg





OPS/images/fpubh-12-1244769-g002.jpg
4






OPS/images/fpubh-12-1244769-e004.jpg





OPS/images/fpubh-12-1244769-e009.jpg





OPS/images/fpubh-12-1244769-e007.jpg





OPS/images/fpubh-12-1244769-e008.jpg





OPS/images/fpubh-12-1244769-t005.jpg
Internal External Total

links links links

International 0 0 0 !
National 57 96 153 0.255
Provincial and

municipal 26 18 44 —0.182
Cross-regional 4 2 6 —0.333
Residential 6 8 14 0.143
Third sector 13 10 23 —0.130

Cyber 2 4 6 0333





OPS/images/fpubh-12-1244769-t004.jpg
Internal External Total

links links links

International 0 0 0 /
National 90 34 124 ~0452
Provincial and.

el 2 10 2 ~0.091
Cross-regional 0 0 0 /
Residential 0 2 2 1.000
“Third sector 0 1 1 1.000

Cyber 0 0 0 /





OPS/images/fpubh-12-1244769-t007.jpg
Functional network Observed value Std. dev.

Interrupt spread 0,985+ 0029
Manage supply 06365+ 0036
Medical rescue 0,898+ 0026
Restore work and

0,559 0034
production
Implement responsibility 0.956%+ 0031

*p<0.05, **p<0.01, and ***p<0.001.





OPS/images/fpubh-12-1244769-t006.jpg
Internal

links

External
links

International
National

Provincial and

‘municipal
Cross-regional
Residential
“Third sector

Cyber

133

103

209

107

342

210

0222

0.019

-0333

1.000

1.000





OPS/images/fpubh-12-1244769-e001.jpg





OPS/images/fpubh-12-1244769-t001.jpg
Indicators Overall JPCM  Interrupt ~ Manage Medical Restore work Implement

network spread supply rescue and production  responsibility
network network network network network

# of network size (nodes) 85 73 55 60 47 66

# of collaboration relationships (links) 374 78 62 127 46 286

# of network density (%) 97 30 42 7.1 43 132

# of network cohesion 010 003 004 0.07 0.04 013

# of network centralization (%) 951 172 2346 11.04 18.48 1176

# of average path length 194 197 199 193 196 193

# of network diameter 3 2 3 2 2 3

# of clustering coeffcient 0.485 0762 0.286 0537 0.000 0459





OPS/images/fpubh-12-1244769-e002.jpg





OPS/images/fpubh-12-1244769-g003.jpg
fevonen

Residential

levonen

Jeonen

J01295 payL

feuonen

Third sector

Jeuonen






OPS/images/fpubh-12-1244769-t003.jpg
Internal

links

External
links

International
National

Provincial and

municipal
Cross-regional
Residential

Third sector

Cyber

25

149

a18

249

1000

~0172

~0.197

-0333

—0.429

—0.478

0.143





OPS/images/fpubh-12-1244769-t002.jpg
Observed E-lindex Min E-l index in Average E-I index in Max E-l index in

permutations permutations permutations
Overall JPCM network ~0.1925%* -0.231 001 0276
Interrupt spread network 0013 ~0.091 0012 onz
Manage supply network ~0452% ~0.484 ~0.132 0516
Medical rescue network 0122¢ ~0545 ~0.038 0382
Restore work and production network. 0565 ~0.565 ~0326 0.609
Implement responsibility network aves ~0.477 ~0.03 029

*p<0.05, **p<0.01, and ***p<0.001.





OPS/images/fpubh-12-1244769-g001.jpg
exPOBs
MOE MNR

exASSOCs
exHaspitals
mes MRD exChAs MAR
Mot
] ogsP exMPSs -
exMOCs % exJPCMs e
exMCTs exMEES exDMAT
MR MB
exMHSs NRT
eXOMTYs exMEMs AR BOS
ex80s MOJ
c GOVs AOS B
exMOFs.
exMOEs
exMHDs
Y ey eo e msT
exsMs \ngt exTBS
GO o excs
Ds
oeps S oaRs
Mt exMCAs
exPBs exFDAs
e YoE aAc
exNAOs DRC
ax% exHSAs STA
exNCSs Mss N Is
MYA L exMSTs
exGACs GAC exHCs
GOA
exEIQs MeA exMOTs N

og
o exiFAs





OPS/images/fpubh-12-1244769-e038.jpg
intr,supl,resc,resp,impl





