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Background and Purpose: In the early 21st century, the coronavirus alone has ravaged the world three times. Public health 
emergencies have caused a tremendous negative impact on public health, daily life, and global economic development, for having the 
characteristics of complexity and great harm. To tackle these problems, a pre-generation of emergency reference plan model of public 
health emergencies is proposed to better deal with the outbreak and spread of public health events.
Methods: The method is divided into three stages. First, the modified SEIR model is used to predict the attribute values of the target 
case. Then, the similar case sets are extracted and filtered by calculating the similarity through the cross-efficiency evaluation method 
with the parallel system. Finally, the multi-stage emergency effect evaluation model is conducted so that the emergency plan with the 
best response effect at this stage can be made for reference.
Results: We collected 25 typical events of COVID-19 that occurred in 11 cities in China as historical case bases and target cases, 
respectively. The result of the experiment verified the feasibility and effectiveness of the proposed method.
Conclusion: This paper presents a new perspective on making a public health emergency plan, which could improve the decision- 
making accuracy and efficiency, maximize the emergency effect and save precious time for emergency response. This model can 
provide rapid decision supports for decision-making for public services such as government departments, centers for disease control, 
medical emergency centers and transport authorities, etc.
Keywords: public health emergencies, case-based reasoning, data envelopment analysis, modified SEIR model, life cycle model

Introduction
Public health emergencies refer to major infectious diseases, unexplained diseases, major food poisoning, and occupa-
tional poisoning that occurs suddenly and causes severe damage to the physical and mental health of the public, as well 
as those caused by natural disasters, accident disasters or social security events. These seriously affect the physical and 
psychological health of people. In recent years, there have been frequent public health events around the world, such as 
Severe Acute Respiratory Syndrome (SARS), Avian Influenza, Middle East Respiratory Syndrome (MERS), Influenza A 
(H1NI), and Coronavirus Disease 2019 (COVID-19) that has been raging since the end of 2019.1 These public health 
emergencies have had a significant negative impact on people’s health and everyday life. COVID-19 is the most severe 
infectious disease pandemic in the world in a century. It is also a major public health emergency with the fastest spread, 
the widest infection range, and the most challenging prevention and control.2 At the same time, the epidemic has also 
profoundly exposed many shortcomings in the decision-making methods and emergency plans for responding to public 
health emergencies.3

Whether major public health emergencies are handled appropriately, emergency decision support is critical.4 

Untimely access to information, limited knowledge and case reserves, difficulty in judging the development trend, and 
increasing complexity and difficulty of evidence-based decision-making5 are also tricky problems that are difficult to 
solve in the face of major public health emergencies around the world. At the same time, a common problem faced in the 
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decision-making process of public health emergencies is that decision-makers cannot collect all relevant information 
within a limited time.6 If an ideal decision-making result were to be obtained by collecting all relevant decision 
information, the implementation effect of the emergency plan would be greatly reduced, for the best implementation 
time has been missed. The occurrence of public health emergencies is uncertain, so it is necessary to prepare in advance, 
strengthen strategic planning, and ensure sufficient material reserves. Conversely, if an emergency occurs, it will be 
difficult for decision-makers to ensure the scientificity, rationality, and efficiency of decisions made in a short time. To 
sum up, how to pre-generate effective emergency plans and measures for the next period based on available information 
in a short time is an essential issue with great practical significance and research value.

The methods that have been used to deal with emergency decision-making include group decision-making (GDM),7 

D-S evidence theory,8 multi-objective decision,9 model based on decision-tree,10 Prospect theory,11 evolutionary game,12 

the fault tree analysis (FTA) based method,13,14 and case-based reasoning (CBR),15 etc. CBR has the widest application 
and significant advantages among the numerous emergency decision-making methods. CBR is a problem-solving 
paradigm derived from artificial intelligence, which includes the following four steps: retrieve, reuse, revise and retain.16 

CBR solves problems by imitating the thinking process of human reasoning, which can effectively apply previous 
experience to provide decision-making reference for current incident cases. Moreover, CBR is an incremental learning 
model, that is, throughout successive learning processes, the knowledge domain that the system can handle is expanding, 
and the generated emergency decision-making scheme is gradually improving.

The application of CBR in the field of emergency decision-making is very multitudinous. A large number of examples 
show that CBR is suitable for solving related problems in this field. For instance, Raskob et al16 applied CBR to the 
analytical platform to support the management of nuclear events in different accident phases. Zhang et al17 designed a 
system framework for the traffic monitoring and management system according to its characteristics and provided a 
traffic emergency aid decision-making method by integrating the CBR specific to the traffic emergencies. Wang et al18 

analyzed the scenario evolution mechanism of environmental emergencies and constructed an emergency decision- 
making model for environmental emergencies based on CBR. Liao et al15 designed the CBR-Oil Spill Response and 
Preparedness System as an emergency reference for environmental emergencies. Shao et al19 proposed a demand 
prediction method called intuitionistic fuzzy case-based reasoning (IFCBR) for the characteristics of relief supply 
demand prediction of the environment. Yao et al20 proposed a dynamic geological disaster emergency plan selection 
scheme based on CBR. Based on the theory of geographical CBR, Li et al21 presented an expression framework of urban 
emergency planning cases based on integrating subjective humanistic factors and objective geographical environment 
factors. Wang et al22 introduced risk source identification and emergency classification and developed an emergency 
decision model based on scenario retrieval and case-based reasoning. By fully mining the spatial features, Zhao et al23 

proposed a novel spatial case-based reasoning method for landslide risk assessment.
Most of the current research on CBR in the field of emergency decision-making focuses on improving the retrieval 

efficiency of similar cases,24–28 optimizing the case base,29–32 and combining with various intelligent algorithms.33–37 

Although the above methods have advanced and refined the application of CBR in emergency decision-making, there are 
many problems such as low retrieval accuracy, complex retrieval steps, and long response time. And emergencies such as 
earthquake disasters and fires have the characteristics that once these occur, the negative impact will reach a peak 
immediately. Therefore, their emergency response focuses on the follow-up disaster relief work and the resettlement of 
victims. Yet the public health emergency has different peculiarities. When the authorities respond to the event, it is often 
still in an early stage of development,38 so the follow-up emergency response measures are critical to put the brakes on 
the deterioration of the epidemic. At the same time, researchers often ignore the characteristics such as rapid evolution39 

and the difficulty of judging the development trend by personal experience. So, the situation changed dramatically when 
decision-makers developed emergency plans for the current phase. This will inevitably lead to a lag in emergency 
decision-making, so the selected emergency scheme will not be reasonable and effective. In the end, the critical 
prevention and control timing will be delayed, and the situation will further deteriorate. Therefore, formulating scientific 
and accurate prevention and control plan40 in advance by predicting the development trend of public health emergencies 
is imperative for further control of the development of the epidemic. The development of public health emergencies is 
phased with different characteristics in different phases. Hence, its decision-making problems and goals will also change 
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with the evolution of the situation. Consequently, the emergency effect can be significantly improved by judging the 
stage of the current epidemic, giving priority to solving the critical problems in this stage, and taking corresponding 
means and emergency measures.

To address these problems, we propose a method to pre-generate an emergency plan for public health emergencies 
based on CBR, combined with the modified susceptible-exposed-infected-removed (SEIR) model and life cycle theory. 
First, the modified SEIR model is used to predict the attribute values of the target case. Then, the DEA model for parallel 
system cross-efficiency evaluation model is used to retrieve similar case sets. Finally, we build the multi-stage emergency 
effect evaluation model to calculate the implementation effect score of similar cases. The emergency plan of the effective 
similar historical case with the highest score is extracted as an emergency reference plan for the target case. The flow 
chart is shown in Figure 1.

The Problem Description
In the study on making public health emergency references, a case usually consists of three parts: scenario description, 
emergency plans, and the results of plan implementation. Since the high complexity and individual differences of public 
health emergencies, it is difficult to retrieve cases with high similarity and validity for application. Recent studies have 
shown that emergency decision support should be based on the scenario, and the key to solving the difficulty of case 
retrieval is to transform case-based reasoning into scenario-based reasoning. At the scenario level, there are similar 

Figure 1 Decision-making Framework Model of Public Health Emergencies.
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scenarios even between two different types of public health emergencies. For example, major infectious disease 
outbreaks and unexplained mass diseases involve a scenario in which there is an urgent need to isolate the incidence 
population from this scenario.

Therefore, the representation of emergency cases in this paper uses the multi-dimensional situation space representa-
tion model,41 and the scenario description is divided into two parts: plot and situation. A plot, consisting of attributes, 
refers to a segment that describes a real case. It presents detailed information about the time and space of a case. The 
situation, the core of a case, can show the development process of emergency events composed of elements.

To sum up, the basic symbols for emergency cases are stipulated as follows:
C ¼ C1;C2; . . . ;Cnf g represents the historical case set of public health emergencies in the emergency case database, 

and C0 is the target emergency case. Y1
r ¼ Y1

r1; Y1
r2; . . . ; Y1

rn

n o
denotes the set of the attributes, in which Y1

rk represents the 

value of the rth attribute with regard to emergency case Ck. Let Y 2
r ¼ Y2

r1; Y2
r2; . . . ; Y2

rn

n o
be a set of elements, in which 

Y2
rk represents the value of the rth element with regard to emergency case Ck. S1

r ¼ S1
r1; S1

r2; . . . ; S1
rn

n o
denotes the set of 

the attribute similarity, in which S1
rk represents the value of the kth attribute similarity with regard to emergency case Ck. 

S2
r ¼ S2

r1; S2
r2; . . . ; S2

rn

n o
represents the set of elements similarity, in which Y2

rk represents the value of the rth element 

similarity with regard to emergency case Ck. μr ¼ μr1; μr2; . . . μrnf g is the weight vector of the attributes or elements, 

where μrk denotes the weight of the rth attribute or element with regard to emergency case Ck. Zk
f ¼ Zk

1 ; Zk
2 ; � � �Zk

f

n o

represents the set of evaluation indicators, in which Zk
f denotes the value of the fth indicator with regard to emergency 

case Ck. Let Wh
f ¼ Wh

1 ;Wh
2 ; � � �Wh

f

n o
represents the weight vector of evaluation indicators, where Wh

f is the value of the 

fth indicator in the hth stage.

Methods
Stage 1: Predict Attribute Values Based on Modified SEIR Model
Unlike other disaster events, public health emergencies have the characteristics of long duration, fast evolution and 
severe impact. Preparedness ensures success and unpreparedness spells failure. If key attributes of public health 
emergencies are not predicted timely, the resulting emergency reference plans may not apply to the current scenario, 
thereby delaying critical decision-making opportunities. Therefore, forecasting the development trend of the epidemic is 
crucial for making practical prevention and control measures, controlling the development of the epidemic, and curbing 
the expansion of its adverse effects. The modified SEIR model42 is a relatively recognized method for predicting the 
development trend of the epidemic, so this method will be used to predict the values of related attributes.

The original SEIR model assumes that the number of susceptible populations is constant, but in practice, this number 
changes dynamically due to the flow of people. So we modified it to account for a dynamic Susceptible S½ � and Exposed E½ �
population state by introducing the move-in, In tð Þ and move-out, Out tð Þ parameters.42 This model is presented in Figure 2.

The modified SEIR model is given by:
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We assume that latent E½ � population is asymptomatic but infectious, and I½ � refers to the symptomatic and infectious 
population. Here, S t½ � is the number of susceptible people in a city. E t½ � refers to the number of exposed people. I t½ � is the 
number of infected people in a city. R t½ � is the number of the recovery or death. Sin=out t½ � is inflow or outflow of 
susceptible people based on the publicly available daily Migration. Ein=out t½ � is the number of inflowing/outflowing 
exposed people. Pout t½ � is the probability of the outflowing exposed people. In t½ � is population inflow to a city, and Out t½ �
is population outflow from a city.

β1 refers to the transmission rate for the susceptible to infection. β2 denotes the rate of transmission for the susceptible 
to exposure. The incubation rate, σ is described as the rate by which the exposed individual develops symptoms. γ is the 
probability of recovery or death.

Stage 2: Calculation of Similarity
Calculate the Similarity of Attributes
To calculate the similarity between historical cases and the target case of public health emergencies, it is mainly to 
calculate the similarity of scenario descriptions. The similarity between target case C0 and historical case Ck with respect 
to attribute r is defined as the following formula.

Ordered Enumerator 
When the attribute value has a fixed value range with a certain order, it belongs to an ordered enumeration type. The 
values of an ordered enumeration type are sorted in a certain order within a fixed range of values. It is obvious that the 
closer the distance is, the higher the similarity becomes:

Here, f represents the number of enumerations. ðYr0Þj and ðYrkÞj are the order of attribute r of the target case C0 and 
the historical case Ck.

Crisp Number 
When attributes Yr0 and Yrk are crisp numbers, their similarity is given as follows:

Figure 2 The Modified SEIR Model.
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Here, Yþr is the maximum value of attribute r, and Y�r is the minimum value of attribute r in all cases.

Interval Number 
When attributes are interval numbers, the attribute similarity is given as follows:

Considering the values of a, b, c, and d, a simplified formula can be written as follows:

Here, a; b½ � and c; d½ � are two interval values of attribute r. And β and α are the maximum and minimum values of 
attribute r in all cases, respectively.

Calculate the Similarity of Cases
DEA is a nonparametric evaluation method based on the relative comparison between the evaluated objects. The 
comparative effectiveness of the decision-making unit can be evaluated by input data and output data without the 
intermediate process and data from input to output. Therefore, it has the advantages of simplicity and convenience.

In calculating the similarity between the target case and the historical case, the determination of attribute weights is 
the key point. The expression of emergency cases in this paper is based on the multi-dimensional situation space 
representation model, and the situation description is divided into two parts: plot and scenario. The plot and the situation 
are independent of each other, so they are regarded as two parallel subsystems with parallel structure.43 In cross- 
efficiency evaluation, each decision-making-unit (DMU) gets a self-appraised score obtained by its own most favorable 
weights and n � 1ð Þ peer scores obtained using the other DMUs’ most favorable weights. Then, all these efficiencies are 
aggregated into a final efficiency for the DMU under evaluation.44 Compared with the traditional DEA calculation 
method, the cross-efficiency evaluation method has fewer constraints and the assessment is more objective.

To sum up, we propose a new case retrieval method based on the cross-efficiency evaluation method with the parallel 
system to calculate the similarity between the historical case DMUk and the target case DMU0, as shown in Figure 3.

The similarity of attributes and elements can be derived from Equations (9–12). Then, we determine the similarity of 
attribute as S1

rk , where subscript denotes the attribute r of the historical case Ck. Similarly, S2
rk is the similarity of element. 

Thus an attribute similarity matrix of size k � 2t will have k DMUs and 2t outputs, and it is shown in Equation (13).

Figure 3 Calculate the Case Similarities with the Structure of the Parallel System.
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Each row of the attribute similarity matrix is viewed as a DMU, and each column of the attribute similarity matrix is 
viewed as an output. In the meantime, we employ a dummy input with a value of 1 for all the DMUs.45 Thus, a DMU 
will have one constant input and 2t outputs. Equation (14) is applied for the similarity of self-evaluation.

When ∑
q

p¼1
xp

ik ¼ xik are introduced in Equation (14), the objective function can be rewritten as ∑
t

r¼1
μrks1

rk þ μrks2
rk

� �
. 

Let the self-appraised similarity between the historical case Ck and the target case C0 be given by:

We define α as the importance of the plot, and thus (1–α) be the importance of the scenario. The μrk and νik are the 
weights of the rth output and the ith input, respectively. The μ�rk, ν�ik, e1�

k and e2�
k calculated by Equation (15), where 

asterisk indicates optimal solution. Hence, the plot similarity of Ck occurs when p = 1, and the scenario similarity of Ck 

occurs when p = 2.

The self-appraised score θ�kk , as shown in Equation (15), that is, the self-appraised similarity between the historical 
case Ck and the target case C0. Thus, we calculate the efficiency scores of each DMU n times, obtaining n weights of 
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output by Equation (15). Then, the unit’s peer scores can be obtained by Equation (17). In this way, (n-1) peer scores and 
one self-appraised score are obtained for each DMU.

Here, θkj is the average cross-efficiency of Cj calculated by Equation (18), and Sj represents the value of integrated 
similarity of the J–th case to the target case. Clearly, the greater the value of Sj, the more similar the historical case Cj is 
to the target case C0, and the corresponding solution is considered to be a better alternative, where Sj satis-
fies 0 � Sj � 1.

Stage 3: Calculate the Implementation Effect of Similar Cases
Life Cycle Model of Public Health Emergencies
In 1986, Steven Fink, an American management scholar, first proposed the crisis life cycle model. He divided the 
development process of crisis into four stages: prodromal, outbreak, chronic and resolution.46 Public health emergencies 
often demonstrate periodic changes. Its development is also a dynamic and continuous process, which will experience the 
life cycle from occurrence to recession. The whole life cycle is also divided into several stages, and each stage has 
different performance, impact and characteristics. Therefore, as it has illuminated in Figure 4, the life cycle model of 
public health emergencies can be obtained by applying the crisis life cycle model to public health emergencies.

The first stage is the prodromal period. It refers to when factors and dangers triggering public health emergencies 
have emerged in some areas, or individual cases have occurred. During this phase, the event evolves rapidly. If not dealt 
with immediately, the crisis may further increase, and the scope and intensity of its impact may further expand. At this 
time, if policymakers have a strong sense of crisis and actively adopt effective prevention measures, potential crises will 
be nipped in the bud. At this point, the effect of resolving the crisis is the best, with the lowest cost and the least harm.

The second stage is the outbreak period. It refers to a period when the negative impact of a public health emergency is 
expanding, and an inflection point is imminent. At this time, the impact and loss of emergency events reach the highest 
point, and the number of occurrences also shows a gradually decreasing trend, which seriously affects the stability of 
society. Although this stage usually does not last for a long time, it is the stage that produces the greatest harm. Because 
of its dramatic effect, some scholars equate this stage with the whole process of crisis events. At the same time, this stage 
is also the most arduous one in the emergency process, and the follow-up work is arranged and launched from this.

The third phase is the resolution period. During this period, the epidemic is effectively managed and contained, so the 
epidemic is effectively controlled, and the situation tends to be stable In the meantime, the secondary hazards caused by 

Figure 4 The Life Cycle Model of Public Health Emergencies.
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the epidemic should be minimized with the premise of ensuring the orderly progress of the prevention and control work. 
It is necessary to remain vigilant to avoid the recurrence of the crisis, although the impact of the crisis events during this 
period gradually subsided, and the production and life of people gradually returned to normal. At this stage, except for 
decision-makers doing the relevant aftermath work, they should also summarize the experience in the process of 
responding to this public health emergency, analyze the reasons for the outbreak of the crisis, and think about how to 
avoid the recurrence of the crisis. This is a long-lasting phase.

Therefore, the characteristics of the three stages of the life cycle model are illustrated in Figure 5.

Evaluation Index System for the Effect of the Emergency Plan
The evaluation of the implementation effect of an emergency plan involves a large number of influencing factors, so the 
process is complicated. To ensure the accuracy and objectivity of the evaluation results, it is necessary to establish a 
scientific evaluation index system. We consult the relevant literature47–49 and refer to the practical experience to construct 
an evaluation index system for the implementation effect of the emergency reference plan. Therefore, H = {Prevention 
and control of the epidemic (h1), Reduction of property losses (h2) and Reduction of the impact on daily life (h3) make up 
the first-level indicators}. The secondary indicators are defined as W = {Control the mortality rate (w1), Control the 
infection rate (w2), Reduce the impact on the industry economy (w3), Reduce the impact on the public economy (w4), 
Reduce the impact on the social order (w5), Reduce the impact on daily traffic (w6), Reduce the impact on education 
(w7)}. As can be seen in Table 1, we utilize D-AHP to calculate the weights of indexes based on five experts.

The implementation effect of the emergency reference plan of the historical case Ck is shown in Equation (19).

Clearly, the higher the value of Ek, the more the implementation effect of the emergency plan of the historical case Ck 

can be considered the best.

Illustrative Example
In this section, an illustrative example of an application is proposed to demonstrate the effectiveness and efficiency of the 
method for generating emergency solutions. We collected 24 historical cases that occurred in 11 cities in China. A typical 
COVID-19 epidemic in Dalian City of Liaoning Province, China, on November 6, 2021, is considered the target case.

Collection of Case Index and Data
Selection and Collection of Case Index
Referring to relevant literature, 60% of the confirmed COVID-19 cases were found in places where the air temperature 
ranged from 5°C to 15°C, and the number of confirmed cases was significantly related to relative humidity.50 The 
nitrogen dioxide (NO2) concentration can be used as an environmental lockdown indicator to evaluate the effectiveness 
of lockdown measures,51 that is to help policymakers effectively monitor and manage non-pharmaceutical interventions 

Figure 5 The Characteristics of Evolution of Public Health Emergencies.
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in outbreaks. At the same time, the number of new confirmed cases and the number of existing confirmed cases reflect 
the development of the epidemic and the treatment of patients. Since the number of close contacts is less affected by 
changes in statistical caliber, it can more objectively reflect the evolvement trend of the epidemic. Asymptomatic 
coronavirus carriers as “invisible” infected persons have important epidemiological significance.

As discussed earlier, we have four attributes for calculating the similarity of plots, including the temperature (Y1
1 ), 

relative humidity (Y1
2 ), NO2 concentration (Y1

3 ), and weather (Y1
4 ). We regard indicators reflecting the development of the 

epidemic as elements for calculating the similarity of scenarios, containing the number of new confirmed cases (Y 2
1 ), 

number of existing confirmed cases (Y2
2 ), number of existing close contacts (Y2

3 ), and number of existing asymptomatic 
coronavirus carriers (Y2

4 ).

Collection of Case Data
Corresponding observational data of air temperature and relative humidity were obtained from the Weather 
Underground website,52 and the data on NO2 concentration came from the World’s Air Pollution website.53 The 
relevant data on COVID-19 was acquired from the latest reports of the National Health Commission of the People’s 
Republic of China and the Health Commission of the Province.54–56 The total population of Dalian came from the 
communique of the seventh time national census in Liaoning Province.57 The solutions and specific measures for 
each historical case came from the policies issued by the National Health Commission and relevant local govern-
ments. To sum up, we have constructed a historical case database containing 24 cases, whose specific information is 
shown in Table 2.

Predict Attribute Values Based on Modified SEIR Model
As has been shown in Table 3, the values of the parameters can be obtained by referring to relevant literature 
research42,58–60 and measures of plague prevention and control in Dalian.

We use the modified SEIR model to re-evaluate the value of elements through the data and parameter values in Tables 2 
and 3. Using Equation (3), we can determine I 1½ � ¼ 33, that is, the number of existing confirmed cases (Y2

2 ) is 33. The I 0½ � is 
given as 26 in Table 3, so the difference between I 0½ � and I 1½ � is 7, that is, the containing the number of new confirmed cases 
(Y2

1 ) is 7. According to Equations 2, 7, and 8, the E 1½ � is obtained as E 1½ � ¼ 42, that is, the number of existing asymptomatic 
coronavirus carriers (Y2

4 ) is 42. The number of existing close contacts (Y2
3 ) is 1385, calculated by Equations 4–6.

To sum up, we can predict the value of elements in the target case, that is, Y2={7,33,1385,42} and the actual value is 
Y2={20,45,1582,43}. By comparing two sets of data, it can be seen that the predicted number is slightly lower than the 
actual number. However, the accuracy of the results is relatively excellent.

Table 1 The Weights of Evaluation Index System

Primary Indices Secondary Indices Weight

Prodromal Outbreak Resolution

Epidemic Prevention and Control (Q1) Death Reduction Rate (w1) 0.1943 0.1925 0.176

Infection Reduction Rate (w2) 0.2424 0.2425 0.1707

Property Loss (Q2) Industrial Economy Loss (w3) 0.1227 0.1331 0.1788

Self-employed Businesses Loss (w4) 0.1289 0.1169 0.1478

Daily Life (Q3) Social Order (w5) 0.1273 0.1313 0.1149

Daily Traffic (w6) 0.0977 0.0919 0.1083

Education (w7) 0.0867 0.0918 0.1035
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Table 2 Problem Attributes and Elements for the Historical Cases and the Target Case

Case Y1
1 Y1

2 Y1
3 Y1

4 Y2
1 Y2

2 Y2
3 Y2

4

C1 [22,25] [0.41,0.70] 6 Overcast 14 41 3704 36

C2 [6,14] [0.59,0.82] 17 Cloudy 6 6 958 1

C3 [5,14] [0.81,0.93] 24 Overcast 9 26 1871 6

C4 [26,32] [0.49,0.84] 6 Sunny 12 35 1235 18

C5 [14,19] [0.56,1] 21 Overcast 3 11 320 11

C6 [24,34] [0.57,0.78] 6 Sunny 58 211 3522 1

C7 [10,23] [0.22,0.72] 28 Sunny 4 4 254 254

C8 [6,14] [0.18,0.37] 10 Sunny 8 30 1952 11

C9 [5,18] [0.42,0.67] 8 Sunny 8 68 2289 7

C10 [24,30] [0.66,1] 6 Cloudy 18 205 1785 24

C11 [13,21] [0.56,0.82] 25 Cloudy 6 48 697 66

C12 [3,5] [0.81,0.93] 6 Snow 323 958 4904 1041

C13 [22,28] [0.8,0.98] 10 Cloudy 18 525 1954 1

C14 [24,34] [0.18,0.54] 15 Sunny 36 43 3009 1

C15 [23,35] [0.28,0.89] 38 Overcast 12 41 797 40

C16 [24,34] [0.7,0.89] 16 Cloudy 1 65 1113 40

C17 [5,18] [0.39,0.93] 22 Sunny 2 14 379 10

C18 [26.37] [0.59,1] 8 Rain 32 45 688 4

C19 [22,32] [0.16,0.39] 6 Sunny 41 178 3795 170

C20 [25,34] [0.64,0.85] 4 Sunny 36 163 2063 1

C21 [26,33] [0.49,0.79] 11 Cloudy 6 38 3279 50

C22 [3,7] [0.87,1] 10 Cloudy 8 168 2456 0

C23 [26,33] [0.56,0.89] 4 Rain 11 35 1425 3

C24 [2,13] [0.29,0.61] 22 Sunny 0 0 1544 164

C0 [4,17] [0.64,0.94] 19 Cloudy 9 26 1015 33

Table 3 Parameter Values of the Modified SEIR Model

Parameter Description Value Setting

S(0) The initial value of susceptible people. 7,450,725

E(0) The initial value of exposed people. 33

I(0) The initial value of infected people. 26

R(0) The initial value of the recovery or death. 1

In(0) The total number of people entering Dalian. 143,856

(Continued)
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Calculate the Similarity of Cases

Using Equations (15–17), we can determine the efficiency scores of plot similarity (θ1) and scenario similarity (θ2). 
According to Equation (18), the average cross-efficiency scores of case similarity (Sj) are obtained. The decision-makers 
determined the value of α as 0.4. The computation results can be found in Figure 6.

Table 3 (Continued). 

Parameter Description Value Setting

Out(0) The total number of people leaving Dalian. 171,396

β1 The rate of transmission for the susceptible to infected. 0.045

β2 The rate of transmission for the susceptible to exposed. 0.017

σ The rate by which the exposed individual develops. symptoms 0.25

ϒ The probability of recovery or death. 0.07142

ϒ1 The probability of death. 0.01994

ϒ2 The probability of recovery. 0.05148

r The number of contacts per person per day. 10

Table 4 The Computation Results of Attribute Similarity Between Historical Cases and 
the Target Case

Historical Cases Attribute Similarity Element Similarity

S1
1 S1

2 S1
3 S1

4 S2
1 S2

2 S2
3 S2

4

C1 0 0.7642 0.6176 0.8 0.9783 0.9916 0.5013 0.9942

C2 0.8941 0.8868 0.9412 1.0 0.9969 0.9718 0.9082 0.9606

C3 0.8900 0.8542 0.8529 0.8 0.9938 0.9927 0.8955 0.9654

C4 0 0.8496 0.6176 0.8 0.9845 0.9979 0.9677 0.9769

C5 0.6781 0.8727 0.9412 0.8 0.9876 0.9770 0.7710 0.9702

C6 0 0.8705 0.6176 0.8 0.8421 0.8142 0.5404 0.9606

C7 0.7971 0.6789 0.7353 0.8 0.9907 0.9697 0.7568 0.7963

C8 0.8941 0.4850 0.7353 0.8 0.9969 0.9969 0.8781 0.9702

C9 0.8740 0.7549 0.6765 0.8 0.9969 0.9635 0.8056 0.9664

(Continued)
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Among all attributes and elements, Y1
1 and Y1

2 are interval numbers, Y1
3, Y2

1, Y2
2Y2

3, Y2
4 are crisp numbers, and Y1

4 is an 
ordered enumerator, whose enumerator set is Y1

4 ¼ sunny; cloudy; overcast; rainf g. Using Equation (12), we can deter-
mine the similarity of interval number attributes, including temperature S1

1
� �

and relative humidity S1
2

� �
. The similarity of 

crisp attributes is calculated by Equation (10), which includes NO2 concentration S1
3

� �
, the number of new confirmed 

cases S2
1

� �
, the number of existing confirmed cases S2

2
� �

, the number of existing close contacts S2
3

� �
, and the number of 

existing asymptomatic coronavirus carriers S2
4

� �
. For the ordered enumerators, the similarity of weather S1

4
� �

is calculated 
by Equation (9). We list the similarity of attributes or elements in Table 4.
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The case similarity threshold given as 0.7 by the decision-makers. It is indicated from the computation results that the 
retrieved historical cases C2, C3, and C11 have the most resemblance to the target case.

Calculate the Implementation Effect of Similar Cases
Combined with the actual situation, we can judge that the target case is in the prodromal period, so the weight vector of 
practical effect is W ¼ 0:1943; 0:2424; 0:1227; 0:1289; 0:1273; 0:0977; 0:0867f g. The score vector of similar emergency 
plans for historical cases C2, C3, and C11 provided by the experts of decision-making are Z2={10,8,8,9,6,7}, 
Z3 ¼ 9; 10; 9; 8; 8; 7; 8f g, and Z11 ¼ 9; 8; 6; 8; 7; 7; 8f g.

Using Equation (19), we can determine the final score of three similar emergency solutions, that is, E2 ¼ 7:9808, 
E3 ¼ 8:7041, E11=7.7239. It is obvious that C3 is the best one. Therefore, it can be used as an emergency reference plan 
for the next epidemic period. After the end of this epidemic, the emergency measures will be optimized and modified 
according to the experience and stored in the historical cases library as a reference plan. Figure 7 lists the specific 
emergency reference measures.

Discussion
Implications
It is well known that one of the challenges in generating emergency reference plans for public health emergencies is how 
to quickly and accurately generate an effective reference plan for the development of an outbreak so that government 
departments, health systems, and hospitals can respond in advance to contain the deterioration of the outbreak. As 
discussed earlier, most existing methods for generating emergency reference plans using CBR do not consider the 
forecast of target cases or the phase of public health emergencies. The majority of researchers base their reasoning on a 
complete case, which does not facilitate case retrieval and reuse.

Table 4 (Continued). 

Historical Cases Attribute Similarity Element Similarity

S1
1 S1

2 S1
3 S1

4 S2
1 S2

2 S2
3 S2

4

C10 0 0.8882 0.6176 1.0 0.9659 0.8205 0.9140 0.9827

C11 0.7417 0.8751 0.8235 1.0 0.9969 0.9843 0.8520 0.9769

C12 0.8139 0.8542 0.6176 0.4 0.0217 0.0344 0.2432 1.9597

C13 0 0.8578 0.7353 1.0 0.9659 0.4864 0.8776 0.9606

C14 0 0.5700 0.8824 0.8 0.9102 0.9896 0.6508 0.9606

C15 0.0659 0.7665 0.4412 0.8 0.9845 0.9916 0.8735 0.9981

C16 0 0.9136 0.9118 1.0 0.9814 0.9666 0.9415 0.9981

C17 0.8740 0.8198 0.9118 0.8 0.9845 0.9802 0.7837 0.9693

C18 0 0.8791 0.6765 0.6 0.9226 0.9875 0.8501 0.9635

C19 0.1105 0.4850 0.6176 0.8 0.8947 0.8486 0.4817 0.8770

C20 0 0.9060 0.5588 0.8 0.9102 0.8643 0.8542 0.9606

C21 0 0.8375 0.7647 1.0 0.9969 0.9948 0.5927 0.9923

C22 0.8379 0.7481 0.7353 1.0 0.9969 0.8591 0.7697 0.9597

C23 0 0.8824 0.5588 0.6 0.9876 0.9979 0.9914 0.9625

C24 0.8657 0.6600 0.9118 0.8 0.9783 1.0344 0.9658 0.8828
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This paper developed a new approach to pre-generate emergency plans for public health emergency events to better 
cope with the epidemic. The proposed method has three contributions compared with existing methods for generating 
emergency plans. Firstly, a method for predicting some attribute values based on the modified SEIR model is proposed 
according to the characteristics of public health emergencies, such as fast changing speed and long development period. 
This method solves the problem that existing methods for generating emergency plans have a lag compared with the 
development of actual events, thereby realizing intelligent prediction and making the generated solution more forward- 
looking and pertinent. Secondly, through the cross-efficiency evaluation model of the parallel system, the similarity 

Figure 6 Case Similarity Calculated from the Cross-evaluation Methods for 24 Historical Cases.
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calculation based on case reasoning is transformed into the calculation based on the scenario and plot. In this way, the 
scale of case information retrieval is reduced, and a more scientific similarity calculation fusion method is constructed, so 
that the retrieval results are more objective, detailed and accurate. Finally, considering the multi-stage evolution of public 
health emergencies and the differences in decision-making objectives at each stage, we established a multi-stage 
emergency effect evaluation model combined with the public health emergency life cycle model to make the most 
effective alternative for reference.

Limitations
There are still some limitations that should be noted for future research. First, we determine the stage of the target case in 
the life cycle model of public health emergency by the judgment of experts. So, the following issue needs to be 
addressed: build a function to fit the life cycle curve of public health emergencies to accurately divide each stage, define 
key decision points, and scientifically judge the stage of the target case, thereby generating more accurate and effective 

Figure 7 Emergency Reference Measures of the Target Case.
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emergency reference plans. Second, as the COVID-19 epidemic evolves, medical decision-making departments have 
proposed prevention and control measures such as “dynamic zero-Covid policy” and “zero community transmission 
policy”. In future work, these policies will integrate with predictive models to make the final decision more accurate. 
Third, it has to be discussed the influence of psychological factors on the generation of emergency reference plans, such 
as the mood of the population, their psychological state and the expectations of decision-makers regarding the effec-
tiveness of the response. This would be a significant research problem for future research.

Conclusion
In the outbreak of a major public health emergency, this research can provide rapid decision support and corresponding 
management recommendations for public services such as government departments, centers for disease control (CDC), 
medical emergency centers and transport authorities, etc. During a pandemic, government departments can achieve 
relevant measures by applying the pre-generation of emergency reference plan model, which provides suggestions to 
managers on deploying remedies in the medical, economic and livelihood areas in advance, reducing public panic and 
avoiding secondary harm to the population due to lagging emergency plans. For medical institutions, it is possible to 
allocate and dispatch medical staff and resources more quickly and accurately according to the scale of the current 
epidemic, so that they can better respond to the development of the epidemic and reduce the risk of physical and mental 
health of the population. As for some areas with a relatively low level of emergency management, this method can be 
used to quickly integrate emergency resources, conduct emergency command and dispatch, rationally allocate emergency 
supplies, and minimize the consequences of disasters.

This article provides a new idea and perspective to deal with public health emergency events. The method proposed in 
this paper improves the level of intelligence and precision of decision-making in public health emergencies while 
considering the speed and quality of decision-making. This provides a reliable basis for generating emergency plans for 
public health emergencies in real situations and offers a corresponding reference for decision-making in other similar 
public health emergencies, thereby reducing or avoiding the negative influence of public health emergencies. The 
numerical example proves that this methodology with practical application value can support emergency decision- 
making of relevant departments.
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