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Figure 1 SEIHRD epidemic dynamics model
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Figure 2 Change curve of daily and cumulative donations from the public
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Table 2 Paired z-test results between function fitted value of daily social donations and actual data
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Figure 3 Analysis of cumulative number of infected individuals and isolated beds
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Table 5 Paired z-test results between model predicted daily number of new infected individuals and actual outbreak data
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Figure 4 Cumulative number of infected individuals and proportion of emergency budget allocation corresponding
to different social donation investments
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Figure 5 Cumulative number of infected individuals corresponding to different intervention start dates
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Optimization of budget allocation for emergency epidemic controlling

with considering social donations
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Abstract: Epidemic outbreak not only seriously endangers human health and life safety, but also causes great damage to global
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economic development. As of 7 January 2022, the number of confirmed cases has reached 300, 838,232, and the death toll has
reached 5,485,853 due to the spread of the epidemic outbreak in the world. After the outbreak of the epidemic, the Communist Party
of China and the state take actions immediately, and mobilize a lot of manpower, materials and financial resources for the emergency
rescue. In addition, people around the world have also donated to the local Red Cross Society, of which the total amount reached 1. 748
billion yuan. These social donations play an important role in prevention and control of this epidemic. However, due to the lack of
scientific and effective emergency budget allocation method in the early stage of the outbreak, the distribution of social donations was
uneven and chaotic, which led to strong dissatisfaction of the public. Therefore, after the sudden outbreak of a major epidemic, how to
allocate emergency resource reasonably and scientifically is a key problem that needed to be solved urgently by the academic
community. However, the emergency budget allocation of the government is usually of fixed amount in most existing literature, and it is
scarce to consider the significance of social donations in the prevention and control of the speedy outbreak of a major epidemic.

In view of this, this paper constructed an optimization model for the allocation of variable emergency budget (fixed emergency
budget and social donations) under the background of the epidemic outbreak. First, combined with the characteristics of the spread of
the epidemic, the SEIHRD model is constructed to describe the evolution rules of its spread. And then, the social donation function is
proposed by fitting the data of public donations to the Red Cross Society when facing the sudden outbreak of a major epidemic. On this
basis, comprehensively considered the fixed budget of the government and social donations, the mixed integer nonlinear programming
(MINLP) model for allocating emergency budget of variable total amount is constructed, with the objective of minimizing the total
number of infected cases who are not hospitalized for treatment. Based on the characteristics of the model, a global optimization
algorithm is designed in this paper to solve the problem. Moreover, sensitivity analysis experiments are performed to further study the
impact of initiation time of intervention and the cost of hospital isolation beds on the epidemic development and emergency budget
allocation.

Through the testing and analysis, the following notable findings are obtained in this paper: 1) Social donations play an important
role in emergency response to an epidemic, while the diminishing marginal utility exists in the overall emergency budget investment.
When the total emergency budget exceeds a threshold value, the increased investment will not bring about the corresponding decline in
the number of infected individuals again. 2) With the increase of the total emergency budget, the allocation proportion of emergency
funds gradually tends to be stable. 3) The intervention start date is of great significance. With each week of delay, additional
emergency investment required multiplies. 4) In response to a major outbreak, controlling the similar behaviors of a run on banks in
the field of medical resources and stabilizing the price of medical services also play a significant role in controlling the development of
the epidemic.

In summary, this paper integrated social donations into the emergency budget allocation model under the environment of the speedy
outbhreak of a major epidemic, which is more in line with the actual situation of emergency rescue for major epidemic outbreaks in
China. At the same time, this paper realized the dynamic coupling relation between epidemic transmission evolving model and
emergency budget allocation model through the introduction of the state variables/( ) . This innovative decision-making framework has
important guiding significance both theoretically and practically, which also provide a basic decision-making reference for emergency
prevention and control of other epidemic diseases (such as influenza, SARS, etc. ).
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