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(English)

Adaptive management consists of feedback control and adaptive learning, and is a means of managing
systems with uncertainty. The purpose of this paper is to use adaptive management to make valid
decisions and strategies for social issues that have uncertainty and affect many people. In particular,
the control of infectious disease caused by the novel coronavirus SARS-CoV-2, which has spread
since the end of 2019, and the fishery management of the Pacific stock of Japanese sardine (Sardinops
melanostictus), an important small pelagic fish stock with large fluctuations in abundance, are taken up
as examples of the application of adaptive management. Common to both infectious disease control
and fisheries resource management is that the true number of infectious cases or stock abundance
cannot be accurately estimated, management actions do not always have the desired effect, and the
mechanism of population dynamics may be unclear and affected by environmental changes. While
adaptive management has traditionally been applied in the field of the fishery management, the
prevalence of infectious diseases among people involves a similar element of uncertainty, and medical
or non-pharmaceutical interventions implemented as infection control measures can also be viewed as
an implementation of adaptive management. Chapter 1 provides an overview of adaptive management.
Subsequently, Chapters 2 and 3 present specific issues and discuss proposals for infectious disease
control and harvest control rules, and Chapters 4 and 5 present the actual results of the evaluation.
Chapters 4 and 5 discuss the evaluation framework and criteria based on actual results and historical
data. Chapter 6 proposes a framework for developing strategies and decision making against emerging
infectious diseases in the future from a population management perspective. Chapter 7 concludes this
study with a synthesis of adaptive management.

In Chapter 2, an infection control rule against COVID -19, an emerging infectious disease caused
by the novel coronavirus, is proposed. Non-pharmaceutical interventions in the absence of a vaccine
or specific medicine were considered for the control of the COVID-19. Trade-offs were considered
by providing not only the number of infected deaths but also the number of home and other isolation
cases, the number of hospitalizations, the number of tests, and socio-economic costs as indicators for
evaluating the control rule. The advantages and disadvantages of a multilevel behavioral control policy
were explored. The novelty is that this research showed that the proposed infection control rule is
effective even when the detection rate of those exposed or infected with the virus and the proportion
of asymptomatically infected persons who are infected but recover without developing the disease are

uncertain.



Chapter 3 presents a harvest control rule using the Pacific stock of Japanese sardine. For the Pacific
stock of Japanese sardine, a new harvest control rule that combines current output and input controls
is proposed. The effectiveness of the proposed rule was demonstrated by simulating the two-year time
delay between the calculation of the allowable biological catch and its implementation, as well as by
reproducing errors in the observation of abundance indices and the implementation of fishing pressure.
Average stock abundance and average catch over the most recent decade and average annual variavility
over the management period were used as evaluation indices.

Chapter 4 examines the COVID-19 measures to date using publicly available data from a
comprehensive public health and socio-economic perspective. In response to the novel coronavirus, for
which cases of infection were confirmed at the end of 2019 and which spread worldwide from 2020
onward, the Japanese government allocated approximately 100 trillion yen to the countermeasures
in 2020 and 2021 (fiscal year), apart from social welfare expenditures. However, during the period
when measures against the novel coronavirus are being taken, an increase or decrease in deaths due to
other diseases has also been reported. The necessary preparations for the next outbreak of emerging
infectious diseases are proposed, including consideration of the economic situation compared to G7
countries other than Japan, as well as Australia and South Korea.

In Chapter 5, new recommendations are made based on a review of the fisheries-related budget
and the basic plan for fisheries in Japan, as well as a summary of previous studies on three themes of
fisheries resource management that have been important. The conclusions obtained include: (1) the
evaluation and verification of the fisheries basic plan announced in the past should be conducted on a
regular basis; (2) an effective monitoring system should be established by increasing the allocation of
monitoring costs for fishing activities from the budget for the appropriate operation of exit management
such as TAC; (3) resource management of fish species considered important for Japanese consumption
and trade in Japan should be reviewed and improved if necessary; (4) the management of fish
species considered important for consumption by Japanese people and for Japan’s trade should be The
management of fish stocks considered important for Japanese consumption and Japanese trade should
be reviewed and improved if necessary; and (5) economic indicators such as fishing profit per person
per day should be introduced and set as key performance indicators in the basic plan for fisheries if
necessary.

In Chapter 6, we propose adaptive management and strategy design in the areas of public health

and fisheries resource management. In public health, there is evidence based public health, a



decision-making framework that emphasizes scientific evidence, and in fisheries resource management,
Management Strategy Evaluation (MSE), a strategy-making framework that assumes the existence of
uncertainty. Considering the characteristics of these frameworks, we conducted a computer simulation.
We show that MSE, which is used for strategy making for uncertain problems, can be applied to
infectious disease epidemics.

Public health and fisheries resource management are both critical areas of public policy, although
they have different stances and policies in policy making and decision making. When viewed within
the larger framework of population management, what is important in common between the two fields
is that mathematical models are somewhat powerful in dealing with highly uncertain issues, that there
are decision-making mechanisms that can adapt to new knowledge as it becomes available, and that
there is a system for monitoring trends in the number of people infected with the virus and in the

amount of fish stocks.
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Abstract

We provided a framework of a mathematical epidemic modeling and a countermeasure against
the novel coronavirus disease (COVID-19) under no vaccines and speci ¢ medicines. The fact
that even asymptomatic cases are infectious plays an important role for disease transmission and
control. Some patients recover without developing the disease; therefore, the actual number of
infected persons is expected to be greater than the number of con rmed cases of infection. Our
study distinguished between cases of con rmed infection and infected persons in public places
to investigate the effect of isolation. An epidemic model was established by utilizing a modi ed
extended Susceptible-Exposed-Infectious-Recovered model incorporating three types of infectious
and isolated compartments, abbreviated as SEIIIHHHR. Assuming that the intensity of behavioral
restrictions can be controlled and be divided into multiple levels, we proposed the feedback
controller approach to implement behavioral restrictions based on the active number of hospitalized
persons. Numerical simulations were conducted using different detection rates and symptomatic
ratios of infected persons. We investigated the appropriate timing for changing the degree of
behavioral restrictions and con rmed that early initiating behavioral restrictions is a reasonable
measure to reduce the burden on the health care system. We also examined the trade-off between
reducing the cumulative number of deaths by the COVID-19 and saving the cost to prevent the
spread of the virus. We concluded that a bang-bang control of the behavioral restriction can reduce
the socio-economic cost, while a control of the restrictions with multiple levels can reduce the

cumulative number of deaths by infection.

Keywords: non-pharmaceutical intervention; feedback control; epidemic model; isolation of

asymptomatically infected persons; optimal control

License
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1 Introduction

The number of novel coronavirus (COVID-19) cases, caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has been increasing worldwide since late 2019. The actual numbers of
infected persons, isolated persons, and infection-related deaths depend on the effective reproduction
number, which is de ned as the average number of people infected by an infectious person by
the time of his or her recovery. Reducing the reproduction number is necessary to suppress this
epidemic. Previous studies have shown that this can be achieved by reducing three factors, namely: the
susceptibility of uninfected persons, contact rates in the population, or the infectiousness of infected
persons [15].

Regarding measures against infectious diseases undertaken by policymakers, two fundamental
strategies exist: suppression and mitigation [17]. The suppression strategy involves reducing the
number of cases to a low level and is used in diseases with high mortality rates and low infection rates.
In contrast, mitigation strategies involve slowing and reducing the peak of infections and are used in
diseases with low mortality rates and high infection rates. The vaccine against the COVID-19 has
been developed and released by some medicine companies since the outbreak. However, in the present
study, we focus on the period without the aid of vaccines or speci ¢ medicines and reducing contact
rates in the population by conducting non-pharmaceutical interventions. Anti-contagion policies and
measures have been discussed in some countries, and their effects, estimated, (e.g., [11, 15, 16, 24]).
The Japanese government undertook several countermeasures, such as declaring a state of emergency,
implementing priority preventive measures, and urging people to avoid the “ Three Cs,” which refer
to closed spaces, crowded places, and close-contact settings [8, 34].

The data obtained from observational research has revealed the features of the SARS-CoV-2
infection [22, 42, 43, 44, 64]. Nishiura et al. [43] reported that the serial interval of SARS-CoV-2
infection is close to or shorter than its median incubation period. This implies that transmission may
occur before the onset of clinical symptoms or during asymptomatic infection. Such transmission
may reduce the effectiveness of simple public measures, such as isolating symptomatic persons and
tracing and quarantining their contacts [18]. In addition, it is important to estimate the exact number
of infected persons in order to appropriately implement public health policies. Some studies assessed
cases of unobserved infection and argued that the pandemic had been more broadly spread than the
number of con rmed cases (e.g., [6, 7, 52, 63]).

Many researchers have proposed new epidemic models to describe the behavior of the

15



novel coronavirus, extending and modifying the Susceptible-Infectious-Recovered (SIR) or
Susceptible-Exposed-Infectious-Recovered (SEIR) models. The epidemic model was established
to design a strategy for managing the pandemic and studying the impact of non-pharmaceutical
interventions, such as lockdown [14, 47], testing [48], contact tracing, and isolation [23]. Senapati
et al. [54] revealed that greater intervention effort is required to control the disease outbreak within
a shorter period of time. Wood et al. [65] investigated the effectiveness of increasing healthcare
capacity and extending the period of isolation. Some studies distinguish between and incorporate both
asymptomatic and symptomatic persons, who play an important role in the COVID-19 pandemic (e.g.,
[3,9, 19,20, 25,29, 40, 54, 62]). Moreover, the infectiousness of asymptomatic infected cases has been
reported to be lower than that of symptomatically infected cases [22, 39]. Gevertz et al. [19], Kuniya
and Inaba [29], and Senapati et al. [54] incorporated the differences into their epidemic models.

The increase in detection and isolation of asymptomatically infected persons appears to be effective
as susceptible persons are prevented from being exposed to the virus from infected persons, including
those that are asymptomatic. We divided the non-pharmaceutical interventions into two parts, namely:
1) the detection and isolation of asymptomatically infected persons and 2) behavioral restrictions,
such as requesting restricted business hours and physical distancing. Some researchers use “social”
distancing; however, we use “physical” distancing to emphasize in-person contact.

There is a trade-off between the negative impact on the economy and the reduction of
infection-related deaths as a result of behavioral restrictions. Implementing behavioral restrictions
contributes to reducing the reproduction number and preventing the spread of the virus; however,
intense and prolonged restrictions decrease economic activities. To balance preventing the epidemic
and maintaining economic activities is important for policymakers [9, 26, 30, 58]. Thunstrém et al. [58]
conducted a bene t cost analysis of physical distancing measure to control the COVID-19 outbreak.
Lasaulce et al. [30] found the optimal trade-off between economic and health impact by solving the
optimization problem con ned to the number of Intensive Care Units patients with the SEIR model
given the duration of interest for the epidemic is six months. Accordingly, we prepared the following
indicators: the cumulative number of deaths by COVID-19, the socio-economic cost caused by the
behavioral restrictions, the total number of isolated patients, and the total number of tests taken to
detect infected persons.

This paper aims to reduce the damage caused by COVID-19 and provide some insights into the

pandemic by utilizing mathematical modeling, taking Tokyo, Japan as an example. We recommend a
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feedback controller approach to decide the degree of behavioral restrictions to be undertaken during
the epidemic management period, which policymakers can adjust based on observational data. The
feedback control system is expected to be a robust and effective means against uncertainty. Dias
et al. [13] proposed a control law of physical distancing within the SIR model, using the number
of hospitalized persons as the feedback signal. Furthermore, during an epidemic, it is necessary
to determine the proper timing during which to take preventive measures as well as establish the
appropriate degree of behavioral restrictions. Di Lauro et al. [12] investigated the optimal timing
of a one-time intervention using three indices, as follows: impact on attack rate, peak prevalence, and
timing of infections. We conducted simulations of the feedback control of the degree of behavioral
restrictions and demonstrated its effect and the timing at which to reduce the indicators by adjusting it.

We also investigated the effects of detecting and isolating asymptomatically infected persons.

2 Methods

2.1 Model

Our basic model is the SEIIIR model, which is a modi ed version of the model that Kuniya and
Inaba [29] proposed as an extended SEIR model. The infection spreads through asymptomatic
and symptomatic persons. We assume that some infected persons recover without developing any

symptoms, while others develop them later on in the course of their infection. Hereafter, the former
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and latter are described as asymptomatic and presymptomatically infected persons, respectively.

ey

where , , , , and represent the number of susceptible, exposed, asymptomatic,

presymptomatically infected, symptomatically infected, and recovered persons, respectively.  is the

total population size, including the number of deaths.

is the transmission rate of asymptomatic persons, while  is that of symptomatically infected persons.

is the recovery rate of asymptomatic persons, while  is that of symptomatically infected persons.

is the reciprocal of the latent period. is the reciprocal of the difference between the incubation period

and the latent period. is the proportion of infected persons who develop symptoms. In other words,
refers to those who were infected and recovered without the onset of any symptoms. Note that

those who are infected but do not have any symptoms are divided into ~ and , but they cannot be

distinguished by appearance. Figure 1 (a) shows a schematic diagram of Eq.1. The basic reproduction

number is as follows (see Appendix A for the derivation):

- - = @
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, ,and are not isolated and have the opportunity to infect susceptible persons. Let

— —, and — 3)

are the reproduction numbers for the asymptomatic and symptomatic infection, respectively. Note
that . According to He, X. et al. [22], 44 percent of infection cases arise from the
asymptomatic infection. Thus, in our context, we assume and . and

are calculated using Eq.2 and these equations.

, and _ 4
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The SEIIIR model is modi ed and extended into the SEIIITHHHR model by incorporating three

different compartments for isolation: , ,and

- &)

where . ,and  represent the number of isolated asymptomatic, isolated presymptomatically
infected, and isolated symptomatically infected persons, respectively. A schematic of Eq.5. is shown in
Figure 1 (b). The total population

is constant for any time ; is the degree of the behavioral restrictions. While represents the
absence of behavioral restrictions, means that some policies, such as restriction of movement,
are implemented.  is the reciprocal of the time from onset to isolation. The parameter denotes

the recovery rate. The reciprocals of  and are the mean time periods from symptom onset to
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recovery and the average isolation period for those who are isolated at home or in hotels, respectively.

People in compartment recover without the onset of symptoms, whereas people in develop
some symptoms and are transferred to . Note that those in and cannot be distinguished
in terms of appearance. The transition from compartment to  means that an infected person is

detected as a positive case and develops some symptoms later. The transition rate is assumed to be the
same as . In this study, we assume that isolated persons without any symptoms stay at home or in
hotels and do not occupy beds in hospitals or other healthcare facilities. The compartment includes
death. Note that for simplicity, the loss of immunity is ignored in this model within the management
period.

It is assumed that those who get sick die of infection at a rate. Let be the number of deaths by

COVID-19 in those who are newly con rmed cases from time to . we calculate it as follows:

(6)

where is the case fatality rate, de ned as the ratio of deaths to the number of con rmed infected

persons. There is a time lag between infection and recovery or death, but the difference is negligible.

2.2 Feedback control of behavioral restrictions

This study explored the effectiveness of the feedback control of behavioral restrictions. The degree of
behavioral restrictions is changed based on the number of isolated symptomatically infected
persons and its trend of increasing or decreasing . Pataro et al. [50] introduced a framework
for optimizing the required levels of public health policies and referred to the importance of nely
tuning the level of restriction on the population s mobility. In this study, we assume that the intensity
of the intervention, such as behavioral restrictions, can be divided into, at most, four levels. Hereafter,
the feedback control which has levels of behavioral restrictions is referred to as ” -level.” We de ne

as the mean degree of behavioral restrictions under the emergency state, which was executed in
Tokyo from April 7 to May 25, 2020. In our simulation, let from the utilization ratio of major
stations in the capital area [38]. We assume that the -level has situations and is discretely
changed: , , , ,and . For example, the 1-level uses only two
different situations: an emergency situation ( ) and its release ( ), whereas the 4-level

uses , , , ,and . The 1-level means the "bang-bang control” on the
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analogy of the control theory. The feedback control with is collectively denoted by “multilevel.”
Examples of dynamics of and different levels of feedback control are demonstrated in the

supplementary le. To mimic the actual transition, the maximum behavioral restriction is initially

implemented. In the multilevel feedback algorithm, , which is the increment and decrement of the
degree of behavioral restrictions, is narrowed when is changed to execute the appropriate degree,
while is constant in the algorithm of the 1-level. For example, if the 4-level is adopted, is

at rst and changes to , , , and . The transition of with different levels of

feedback control is demonstrated in the supplementary le.

Loewenthal et al. [33] argued that it is important to shorten the response time for initiating physical
distancing, rather than extending the period of lockdown. We introduce @ and  as the response
and execution times, respectively.  is the period from the time when reaches a criterion and

to the time when is raised or lifted. We assume that days is a valid response time
for administrative services in terms of feasibility and changeability.  is the period from initiating the
change in to restarting the monitoring of . We assume that days is a valid execution
time.

refers to the capacity of healthcare facilities or the number of beds for infected persons

who can receive suf cient healthcare treatment. We also introduce two thresholds and
as parameters determined by policymakers, and they satisfy and
Decreasing lowers the thresholds to raise the degree of behavioral restrictions and prevents

from exceeding . In contrast, increasing loosens the criteria to lower and
shortens their duration. Hereafter, we de ne as the ratio of to , and let

— (N

Then the condition that the behavioral restriction changes depends on . This means the
occupied rate of healthcare facilities at time . If , the capacity of healthcare facilities is
overwhelmed. When exceeds and , the state of emergency is initiated  days
later, and . The state continues  days after initiation, and then is lifted if falls
below and . Then, is raised or lifted discretely in response to and

The detailed algorithm of feedback control is described in Appendix B.
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2.3 Calculation of indicators

In 2020 ( scal year), the Tokyo prefectural government budgeted about two trillion JPY for the measure
against the novel coronavirus. The budget included four purposes: 1) to prevent the spread of the virus
(1,174 billion JPY), 2) to reinforce a safety net to support economic activities and civic life (990
billion JPY), 3) to balance the prevention of spreading the virus and economic activities (20 billion
JPY), and 4) to reform the social structure to adapt to the epidemic (55 billion JPY) [61]. The basis
for calculation is not so clear, and the use is various. Thus, we established the following ve indicators
which seem essentially important: the cumulative number of infected deaths by COVID-19 of during
the management period , the total number of people isolated at home or in hotels , those who
are hospitalized , those who undertake the reverse transcription-polymerase chain reaction (RT-PCR)
or antigen tests  , and the socio-economic cost caused by the behavioral restrictions

is calculated as the sum of isolated persons without any symptoms during the management
period. Symptomatically infected persons are hospitalized if . However, if the capacity
of healthcare facilities is overwhelmed ( ), we assume that persons are

also isolated at home or in hotels. Then they are added to

®)

is the sum of hospitalized persons during the management period and is calculated as follows:

€))

is the sum of the number of people who take the tests during the management period and is
calculated as follows:

_ (10)

In reality, the rate of positive results uctuates daily and may increase with the identi cation of
infection clusters. For simplicity, it is assumed that is based on the data obtained from
[59].

indicates the intensity of implemented behavioral restrictions and is calculated as follows:

— — (11)
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This indicator is an abstract non-dimensional measure and satis es . means
that the usual state is maintained and does that the state of emergency is executed during the
management period . is the nonlinear effect. We assume that in the manuscript and discuss
cases of in the supplementary le.

As two supplementary indicators, and  are introduced to indicate the status of healthcare
capacities. is the maximum ratio of the number of occupied beds to the number of available beds

for healthcare treatment during the management period, and is de ned as follows:

— (12)
If , then the state of emergency is not declared and there are no behavioral restrictions
within the management period. Moreover, if , then the capacity of the healthcare facilities is

overwhelmed at least once during this period.  is de ned as the number of days in which

is true. Table 1 shows the list of variables, indicators and parameters.

2.4 Management parameter

We conduct the simulation, assuming our policy is implemented in Tokyo, Japan. Let ,
which supposes the population in Tokyo, Japan, on October 1, 2019, [55]. Parameters in Eq.5 are
determined as follows. Let days [5] and days [35]. is calculated as the

ratio of those discharged from the hospital to inpatients, including death, in one day based on the data

by [36], and our simulation employs  =0.07. We assume that and

Let , and the sensitivity of and to is discussed in the supplementary le. The
asymptomatic ratio has been estimated by proposing various methods and using different data
(e.g., [4, 21, 42, 45]). The estimated values range from to ; therefore, we assume that ranges
from to  andlet . The latent period days [51], and the incubation period was
5.1 days [31]. Thus, let days. We assume that the management period is 500
days ( ) from January 1, 2020, to May 14, 2021, as the vaccination for people over 64 years

of age was issued in Japan on April 12, 2021, and the vaccine doses per capita have rapidly increased
since the middle of May [46].
In reality, the fatality rate depends on symptoms, age, and access to appropriate medical care [64].

However, it is assumed to be a constant in this paper. According to the data [36], the number of
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con rmed cases is from June 1, 2020, to May 31, 2021, while that of fatalities in the same
period is . Thus, we obtain
Some studies report that the estimated value of the basic reproduction number, de ned as the
average number of secondary cases generated by a typical primary case in an entirely susceptible
population, varies widely from country to country [32, 53]. The basic reproduction number for the
epidemic in Japan was also estimated (e.g., [28, 56]). Kuniya [28] reported that it was whose
con dence interval was 2.4 to 2.8, and therefore, we adopt in this paper. Table 2 shows
the list of parameters.
Table 3 shows the number of beds available for healthcare treatment in Tokyo, Japan. The number
of beds available for healthcare treatment has increased [37]. Although data on the number of beds is

missing from January 1, 2021, to April 30, 2021, we assume during this period.

2.5 Simulation

First, we investigated the behavior of the SEIIIHHHR model without feedback control over the degree
of behavioral restrictions. The simulations were conducted under , and the sensitivities of
and were analyzed in relation to . Second, we conducted simulations with different
combinations of and and veri ed whether feedback control can be effective in reducing
, ,and . Third, based on the combinations of and , we considered three different
scenarios: [A] to minimize , [B] to minimize , and [C] to minimize  under and
. Table 4 shows combinations of and which achieved the goal of the three scenarios
when and . The strategic planning for achieving scenario A is to initiate behavioral
restrictions early and maintain them until the occupied ratio of beds available for healthcare treatment
1s reduced. In contrast, behavioral restrictions in scenario B are reinforced when the number of
hospitalized people increases while scenario C is an intermediate strategy. Using these arrangements,
we investigated the level of feedback control that is more effective in reducing the indicators referred to
in the previous subsection with different values of . Finally, we explored the performance of feedback
control when is governed by a uniform distribution with different values ranging from to
varies on a daily basis and ranges from . Trials were carried out 1000 times and the
statistical values were obtained.
The simulation starts from , , and

. The rst deceased person due to COVID-19 was con rmed on February 26, 2020,
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[60]. In Tokyo, 2035 people died of the infection, and the total period of the state of emergency was
147 days by May 14, 2021, [36].

3 Results

Figure 2 shows and with different detection rate for during the management
period. Both and are monotonically decreasing with , and they are larger as the
symptomatic rate becomes higher. For as shown in Figure 2 (a), if throughout the
management period, will be lower than the actual data even without any behavioral restrictions.

Moreover, according to Figure 2 (b), the capacity of health care capacity will be overwhelmed if
for . This gure suggests that the detection of infected persons should be
strengthened to contain the epidemic when is high.

Figure 3 demonstrates the results of simulations with and different combinations of
and using three different indicators: , ,and . Since these simulations were conducted
under , the total number of those who take the test to detect infected persons, , s zero for any
combinations. Decreasing and contribute to reducing , as shown in Figure 3 (a), (d),
(g), and (j). When and are high, rises especially, in the 1-level.

When it comes to shown in Figure 3 (b), (e), (h), and (k), the same colored clusters radiate
from the origin. The gures show a combination of high and is effective in reducing
especially in the lower level feedback control. When , is large in all the levels of the
feedback control.

As shown in Figure 3 (c), (f), (1), and (1), a low reduces the risk that the capacity of health care
facilities is overwhelmed. In the case of , is favorable for keeping the health care
system with the exception of some combinations of the 1-level. In addition, the  of the 1-level trends

to be much longer than those in the other levels when

Combinations of and are selected so that the indicators can be reduced. Table 4 shows
the best combinations of and for each scenario when . Figures 4, 5, and 6 demonstrate
the sensitivity analysis in relation to for three different scenarios. The combinations of and

are xed regardless of the value of in the simulation. In each gure, panel (a), (b), (c), (d), (e),
and (f) show s s ,and , respectively.

For scenario A shown in Figure 4, the is under 100 persons in all the levels. The of
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the 1-level is lower than those of multilevel controls. In , behavioral restrictions are not

implemented and corresponds to the line of of Figure 2. The  and are increasing
as israised. The behaviors of  and are similar and is about three times larger than . In
addition, the behavior of the total number of hospitalized persons, , is also similar to that of

As becomes larger, the period of behavioral restrictions is shorter and its initiation is delayed. Thus,
the and  rise in . is maintained regardless of in all the levels and
the capacity of health care facilities is enough for scenario A.

For scenario B shown in Figure 5, the 1s under in all the levels, and however, the other
indicators are about 10 times larger than those of scenario A. In the 1-level, the 18 the lowest and
the other indicators are the largest of all the levels. The  of the 4-level is the same as those of the
2- and 3-level and overlaps with them in Figure 5 (f). When , 18 83 days in the 1-level and
is 31 days in the other levels. This implies that many symptomatically infected persons cannot be
hospitalized and are isolated at home or in hotels. The  is roughly decreasing with increasing , and
however, should be maintained to achieve during the management period. The

and  of the 3-level surge and drop sharply in

Figure 6 shows the result of scenario C. , , ,and of the 4-level are the smallest in

, while those of the 2-level are the smallest in . The of the 2-level exceeded

500 persons in . The  of the 4-level slightly decreases in and

keeps high, compared with the other levels. At , although the difference of of the 4-
and 2-levels is just persons, their  are and , respectively.

Figure 7 shows the sensitivity analysis in relation to  for three different scenarios when  uctuates
on a daily basis. , ,and are shown in the gure,and , ,and are discussed in the
supplementary le. For scenario A shown in Figure 7 (a), (b), and (c), means of are almost
constant and differences between the maximum and the minimum of are small in all the level.
Means of  are increasing and those of are decreasing with increasing . The mean of in the
1-level is the smallest and the is the largest. In contrast, the 4-level resulted in the largest  and
the smallest

For scenario B shown in Figure 7 (d), (e), and (f), means of in the 1- and 2-levels are
increasing as  becomes larger unlike scenario A. On the other hand, means of  are increasing as

becomes larger, like scenario A. Means of are also decreasing with increasing for multilevel

feedback controls. However, the mean of in the 1-level rises at
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Panels (g), (h), and (i) in Figure 7 show the result of scenario C. Means of and for the
4-level are the smallest with the exception of . The is higher in the 4-level, and however,
differences of the means between the 4-level and the other levels are decreasing with increasing .

According to ,  ,and ,the 4-level is relatively effective when is high.

4 Discussion

We established the SEIIIHHHR model as a mathematical epidemic model of the COVID-19 and
calculated indicators such as the socio-economic cost caused by the behavioral restrictions , the
total number of those who are isolated at home or in hotels , the total number of hospitalized
persons , and the total number of those who take the test to detect infected persons as well as the
cumulative number of infected deaths . We conducted numerical simulations of implementing
nonpharmaceutical interventions such as detecting infected persons in public spaces and restricting
people s activities. The RT-PCR testing is not only a monitoring but also an intervention measure. As
a result of simulations with different detection rate , and the burden on the health care system
are reduced as becomes larger. To develop a measure against the virus with uncertain symptomatic
rate, we proposed a feedback control of the degree of behavioral restrictions . The in the feedback
control is adapted for how many infected persons occupy the health care facility and its trend. We
concluded the feedback control of , rather than xing , can reduce and other costs to take
countermeasures against the virus.

One of the simplest feedback controls is the bang-bang control (1-level) which repeats the state
of emergency and the usual state. We explored a better way and suggested the multilevel feedback
control in which the band of changing is narrowed. Three different scenarios were prepared for
our simulations by exploring combinations of two parameters and . We came to some
conclusions from the simulations. We found out that increasing and reduces , whereas
decreasing and does . The number of days in which the capacity of health care
facilities is overwhelmed  depends on regardless of the number of levels for feedback control.
The result of scenario A implied that early initiating and maintaining behavioral restrictions can be
reasonable to decrease indicators except for . Furthermore, the in scenario A does not rise
so much if the proportion of infected persons who develop symptoms is high. Gevertz et al. [19]

investigated the best timing of initiating and canceling physical distancing and argued that it should
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start early and relax slowly. Our nding follows this research. According to Figures 4 and 5, scenario

A reduced , , ,and to about one tenth of those of scenario B. On the other hand, its
is larger by than that of scenario B. From these two scenarios, the bang-bang control seemed to
be better to reduce . However, it must be noted that is an abstract measure and the cost to raise

is assumed to be linear. The cost to increase includes the monetary compensation for businesses
damaged by the governmental interventions. A multilevel feedback control is preferable to reduce
, , ,and . In scenario C, the 4-level feedback control is effective when is high. As
becomes higher, is increasing and is decreasing. The , , and can be converted into
money by multiplying each cost per person. Depending on their unit costs, the favorable scenario may
be changed.

Our analysis has several limitations. This paper assumed the distribution of population is
homogeneous while that in reality is heterogeneous. We did not consider other important factors such
as the time delay for aggravation of symptoms, the age group of patients, the increase of the number of
suicides caused by recession, and the in uence of superspreading events reported in [44]. The Japanese
government counts the number of deceased individuals who were positive for COVID-19 reported by
jurisdictions, and de nes it as infected deaths by COVID-19 without specifying the cause of death.
However, we calculated the number of infected deaths in those who are newly con rmed cases in the
management period. We do not consider how or to what extent we can increase . The number of beds
in health care facilities for infected persons with symptoms is assumed to be the same as the
actual data during the management period in our simulation, but its increase may be also effective in
reducing indicators [10, 65].

The timing of reinforcing or relaxing the behavioral restrictions might be more effective by using
other indicators, such as the reduction in individual consumption due to the restrictions, the estimated
number of uncon rmed infections, the number of severely ill persons, the number of deaths, or the
positive rate of the test. Their combinations can be effective because indicators were sometimes
unstable as shown in in Figures 4, 5, and 6. In addition, we assumed a time lag of one week because
immediate executing or canceling behavioral restrictions may be impossible. If we could reduce the
time lag of policy change, we would manage the situation more effectively.

We ignored a possibility that a successive long strong behavioral restriction causes the bankruptcy
of business for which remote work cannot be substituted. The COVID-19 cases resurged in Japan from

November, 2020 to January, 2021, [1, 27], and the number of infected deaths also increased in Tokyo
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[60]. Karako et al. [27] argued that this was because people seemed accustomed to the situation of
this epidemic and their level of activity was not reduced during the period. In Japan, no legal penalties
are imposed for violating behavioral restrictions called for by the government. In this study, we didn t
consider such people s spontaneous behavior change and assumed the degree of behavioral restrictions
changes discretely and keeps constant during a certain period in the feedback control. However, people
may reduce their mobility restrictions by themselves even though some governmental interventions are
being implemented [41, 49]. From a point of view of behavioral science, Atkinson-Clement and Pigalle
[2] argued that a lack of trust towards government measures reduces compliance. The management
period of the simulation is from January 1, 2020 to May 14, 2021, but the outbreak of the SARS-CoV-2
Alpha variants, which has a higher transmissibility [57], was not considered.

The framework in the present study can be applied to another infectious disease against which
vaccines and speci ¢ medicines are not developed in the future. A feedback controller approach is an
effective way even after vaccines and speci ¢ medicines are developed because of the resurgence of
infection cases caused by the loss of immunity. However, the knowledge provided by these models can
only be understood in terms of the dynamical system. The structure of the model and its parameters
need to be validated and improved in response to the appearance of variants which have different
properties and the development of pharmaceutical interventions. Moreover, it must be stressed that if
the value of statistical life is not converted to economic loss, then there is no objective optimal solution
and that evaluations made during the decision-making process are arbitrary. The Japanese government
was late to start administering the COVID-19 vaccination, but the vaccine doses per capita have been
rapidly increasing since the middle of May, 2021 [46]. We will consider a better measure against
the epidemic under insuf cient data and cost-effectiveness of a variety of anti-contagion measures

including pharmaceutical interventions such as vaccination.

30



Appendix A. Derivation of basic reproduction number

The basic reproduction number is derived from Eq.1 as follows:

(1)
The linearized system at the disease-free steady state for Eq.1 is
- (A1)
where , , ,and denote the linearized formsof , , ,and ,respectively. And
(A2)

31



The next generation matrix with large domain  is calculated as

(A3)

The basic reproduction number  is equivalent to the spectral radius of

- - - (A4)
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Appendix B. Algorithm for the feedback control

I: , and denotes and at the th day. . , ,
, , s , and . denotes the oor function.
2: for to do
3. if then
4: if and then
5: R
6: end if
7. elseif and then
8: s s R
9: elseif and then
10: if s _— , and then
11: s
12: else if , _— , and then
13: R
14: end if
15:  elseif and then
16: s R R
17: if then
18:
19: end if
20:  elseif and then
21: . R
22: if then
23:
24: end if
25:  end if
26: ,
27: end for
28: return
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Erratum

After the original article was published by Springer Nature, a few errata were found. Thus, errors and
the corrections were given as follows: “shown in in” should be “shown in” at the fourth paragraph in

3

the Discussion, “ oor” should be “ceiling” in the Appendix B, and “Number of those who are isolated
into some health care facilities from time O to and die from infection” should be “the number of
deaths by COVID-19 in those who are newly con rmed cases from time O to " in Table 1.

and should be for the 4-level and the scenario C in Table 4. Results and gures are not

changed.
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Table 1: The list of variables, indicators, and parameters

Symbol

De nition

Number of susceptible persons at time

Number of those who are exposed to the virus at time

Number of asymptomatically infected persons (without being isolated)
at time

Number of presymptomatically infected persons (without being isolated)
at time

Number of symptomatically infected persons (without being isolated)
at time

Number of recovered persons at time

Number of isolated persons without any symptoms at time

Number of isolated presymptomatic persons at time

Number of isolated symptomatic persons at time

Number of those who are isolated into some health care facilities
from time to and die from infection

Degree of behavioral restrictions, such as the restriction of movement
and shortening business hours at time

Socio-economic cost caused by the behavioral restrictions

Total number of isolated persons at home or in hotels

Total number of hospitalized persons

Total number of those who take the test to detect infected persons

Occupied rate of health care facilities at time , de ned as

The maximum occupied rate in the management period, de ned as

Number of days in which the occupied rate of health care facilities is over 1

Coef cient to increase the degree of behavioral restrictions

Coef cient to decrease the degree of behavioral restrictions
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Table 2: The list of parameters (The blank in the Reference column

assumption.)

means that the value

is an

Symbol

De nition

Value

Reference

Total population in Tokyo
on October 1, 2019

[55]

Asymptomatic infection rate

(derived from Eq.4)

Symptomatic infection rate

(derived from Eq.4)

Recovery rate of asymptomatically
infected persons

Mean time from symptom onset to
recovery

[5]

Average isolated period

[35]

Discharge rate from hospital

[36]

Proportion of asymptomatically infected
persons in all the infected persons

[4, 21, 42, 45]

Median of latent period

[51]

Difference between the incubation period
and the latent period

2.54

[31, 51]

the time from the onset to hospitalization

Detection rate of those who are exposed
or asymptomatically infected

Basic reproduction number

[28, 56]

Number of beds for infected persons to
receive suf cient health care treatment
at time in Tokyo

[37]

Case fatality rate

[36]

Positive rate per RT-PCR test

[59]

during the emergency regulations of
April-May in 2020 in Tokyo

[38]

the maximum degree of behavioral
restrictions

Management period from January 1,
2020 to May 14, 2021

days

Response time

days

The shortest execution time

days

Nonlinear effect for
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Table 3: The number of beds for infected persons to receive suf cient health care treatment in Tokyo,

[37]

Day Date (yyyy/mm/dd) The number of beds
1 121 | 2020/01/01 2020/04/30 | no data (assumed to be 3300)
122 245 | 2020/05/01  2020/09/01 3300
246 399 | 2020/09/02  2021/02/02 4000
400 413 | 2021/02/03  2021/02/16 4900
414 434 | 2021/02/17  2020/03/09 5000
435 483 | 2021/03/10  2021/04/27 5048
484 500 | 2021/04/28  2021/05/14 5594
and for three scenarios: [A] To minimize the number of deaths

Table 4: Combinations of

, [B] To minimize the socio-economic cost

, [C] To minimize

under

Scenario [A]

[B] [C]

Level

1

2
3
4

0.05 0.05 0.95
0.05 0.05 1.00
0.05 0.05 1.00
0.05 0.05 1.00

0.60 045 0.25
0.95 0.35 0.70
0.60 0.65 0.35
0.65 095 0.15
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Figure 1: The epidemic model
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Supplementary materials

S1. Feedback control

Table 1 shows that the change of ~ with different levels of the feedback control. is narrowed down
as the degree of behavioral restrictions changes. Figure 1 demonstrates examples of the feedback

control and the number of isolated symptomatic persons at time

S2. The time from the onset to hospitalization

Figure 2 shows and  with different time from the onset to the isolation . According to
Figure 2 (a), shortening is effective in reducing . By isolating symptomatically infected
persons, the spread of infection can be prevented and the number of deaths becomes smaller. Figure
2 (b) indicates is also reduced by shortening . This gure implies that the herd immunity
is acquired earlier in a longer and a higher because more symptomatically infected people
contribute to the spread of the infection. The early acquisition of herd immunity can make  short,

and however, becomes larger then.

S3. Nonlinear effect for

We did not consider the nonlinear effect for Eq.11 and assumed in the main manuscrpt,
although it is a important factor for decision-making. In Figure 3, panels (a), (c),and (e) show the
for , and panels (b), (d), and (f) do for . Compared with panels (b), (e), (h), and (k) in
Figure 3 in the main manuscript, these results imply that the effectiveness of the multilevel feedback
controls may depends on the value of . The number of combinations of and for
increases, as the level of feedback controls becomes high. On the other hand, that for

increases in a higher level of feedback control. The multilevel feedback controls is more effective

when , whereas the bang-bang control (1-level) is better when

S4. Sensitivity in relation to

Figure 4 shows the resultof , ,and  for scenarios A, B, C. For scenario A shown in panels (a),
(b), and (c), means of  are decreasing and those of  are increasing with increasing . They become

smaller in a higher level of feedback controls. is always zero regardless of different . Increasing
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didn t enhance the risk of overwhelming the capacity of health care in this scenario, according to Panel
(©( )-

For scenario B shown in panels (d), (e), and (f), qualitative results of =~ and  with increasing
are roughly similar to scenario A. However, unlike scenario A, means of are also increasing as
becomes larger. That in 1-level becomes the largest of all the levels in . The increase in the
mean of  in the 1-level resulted in the increase in its  at

Panels (g), (h), and (i) show the result of scenario C. It results in the increase in  , and however,
the difference of means of  between the 4- and 2-levels is decreasing with increasing  with the
exception of . Similarly, that of ~ between the 4- and 2-levels also decreases from

persons at to persons at
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Table 1: The change of with different levels of the feedback control.

Level
1 0.6 | 0.6

2 06 03] 0.3

3 06104] 02 | 02

4 0603]0.15]0.15

55



o | — H -2 | — H -2
81---- f 1-level, [ 1---- f 2-level
o : :
L 8 3
=) - =) -
N L N L
o - g o -
o | — Ha 2 o | — Ha 2
1 ---- f 3-level Sl ---- f 4-level
~ _ L _ L
I 8| . S .
o o
N L N L
© LI A B S R B B P © T T T T T T T T 1°
0 100 250 400 0 100 250 400
Day Day
Figure 1: Dynamics of and with different levels of feedback control. ,
p=0.5 —— p=0.8 —— p=0.5 — p=0.8 ——
p=0.6 p=0.9 p=0.6 p=0.9
100000 P07 —— ‘D(‘T)1:2‘03‘5‘_‘E 400 — P —
= 300~ 4
8 | = 3
hals > L n
& 10000 = S 200 -
g F . = 0 ]
= N ] b L ]
= - ] 100~ .
1000 L ‘ 1 ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L 07 L ‘ L | L | L | L ‘ L ‘ L ‘ L :
0 1 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8
1/A 1/A
(a) (b)
Figure 2: (a) The number of cumulative deaths by COVID-19 and (b) with different
when and at any time

56



0 02 0.25 03 0.35 0.4 0 02 0.25 03 0.35 0.4
EEENTTT T T [ ) N B W |
o _ o _
o | o |
o o
[ 1 c 1
g o g o
T O T O
o | o |
< | <
o o
N N
o o
o o
o' T T T T 1 O T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
(a) 2-level ( ) (b) 2-level ( )
[ c
3 2
[e] o
© ©
) Q)
o T T T T 1 o T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
(c) 3-level ( ) (d) 3-level ( )
[ c
2 2
@] o
© ©
O] ©)

[S) <)
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Gup GUP
(e) 4-level ( ) () 4-level ( )

Figure 3: Heat maps of the socio-economic cost caused by the behavioral restrictions ~ when

and
57



2 — 3 — 4

T
0.6 0.7 0.8 0.9

(d)

2 — 3 — 4

1e+05

— 8e+04 +

Figure 4: Sensitivity of indicators for scenario A (panels (a), (b), and (c)), B (panels (d), (e), and (f)),
and C (panels (g), (h), and (1)) in relation to . The point shows the mean value. The upper and lower

(€9)

2 — 3 — 4

0.5 0.6 0.7 0.8 0.9

0.5 0.6 0.7 0.8 0.9

(e)

2 — 3 — 4

1e+06

—~ 8e+05 +

6e+05

C,(person

4e+05 -

2=
2e+05

0e+00 -

0.5 0.6 0.7 0.8 0.9

(b

bars show the maximum and minimum, respectively

58

cn(day)

cn(day)

cn(day)

2 — 3 — 4

05 06 07 08
p
(©

100

2—3—4‘

90
80
70
60
50
40
30
20
10 4

1
0.9

0.9

T T
0.5 0.6 0.7 0.8

®

0.9



Chapter III
HOSECREREFIROHBEAETHOEICLS
<1 7> (Sardinops melanostictus) @D
HBEEIREDNE

Combining output control and shing

pressure limitations improves the
management of the Japanese sardine

Sardinops melanostictus
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Abstract

The stock biomass of the Japanese sardine Sardinops melanostictus in the Paci ¢ Ocean shows
large uctuations in response to environmental variations and shing activities; this is re ected in
annual catch amounts. Harvest policy in Japan determines the current allowable biological catch
(ABC) by using catch data and marine resource indices. The total allowable catch (TAC) for
sardine is based on the ABC, but there is a time delay from the collection and analysis of data to its
implementation. We have developed a new harvest control rule (HCR) into which shing pressure
limitations are incorporated. The rule calls for shing to stop when sh landings reach the TAC
or the shing effort and the catchability of shing instruments reach the limit. We have validated
the performance of the proposed HCR against the implementation error for shing pressure and
the observation error for shing mortality. We conducted simulations using two stock recruitment
relationships and three historic starting years to investigate the effects of rule initiation timing. The
results indicate that this HCR could help to facilitate a recovery of the stock biomass and improve
annual catches of the Japanese sardine. Especially when the observation error is large, the HCR
is effective in maintaining stock biomass, increasing the average annual catch, and stabilizing the

overall annual catch.

Keywords: Japanese sardine; Harvest control rule; Allowable biological catch; Total allowable catch;

Fishing pressure
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1 Introduction

Forage sh such as sardines, anchovies, and herring are used for sh oil and meal as well as direct
human consumption. Konar et al. [19] assessed the values of forage sh resources in terms of the
environment, society, using qualitative and quantitative methods. They estimated the global economic
bene t provided by forage sh to be 18.7 billion USD per annum although they stated that their
data were limited. The abundance of forage sh uctuates greatly under the effect of environmental
conditions, and the management has been an important topic [3, 4, 9].

The stock biomass of the Japanese sardine Sardinops melanostictus in the Paci ¢ Ocean reached its
peak in the 1980s and was estimated to be over ~ million tons in 1987 as shown in Figure 1, with data
obtained from the Japan Fisheries Research and Education Agency (FRA) [14]. After this peak, the
biomass declined to below million tons in the 1990s. This was in part because the sh aged 0 years
had a small population, which was due to the environmental conditions at the time [13, 23, 28, 31]. The
recruit per spawning (RPS) was extremely low from 1988 to 1991 despite the stock biomass being large
(Figure 1). Nishikawa [23] noted that the spawning ground clearly shifted and the spawning season
was extended in the low stock period from 1995 to 2010, when compared with the high stock period.
Moreover, the stock abundance did not recover from the high shing mortality in the early 1990s,
and consequently, the stock biomass was approximately million tons in the 2000s. According to
Katsukawa [17], controlled shing could have prevented this stock collapse.

Fishing regulations are classi ed into three parts: technical measures, input controls, and output
controls [8]. Hereafter, we refer to the intensity of shing which is determined by technical measures
and input controls as shing pressure. The output control, which establishes a catch limit for a speci ed
period, has been adopted as the harvest policy for the Japanese sardine. The total allowable catch
(TAC) was legislated in 1996 in Japan and is based on the allowable biological catch (ABC). Previous
studies have identi ed the necessity of appropriate shery management and proposed improved harvest
control rules (HCRs) [11, 16, 32]. The current harvest policy in Japan determines the ABC to achieve
a maximum sustainable yield (MSY) through feedback control based on the amount of spawning stock
biomass (SSB) [35]. However, the SSB is forecasted using stock assessments obtained two years prior
in the management of the Japanese sardine. The time delay for the ABC calculation is recognized as
a problem in ABC decision making [2, 36], as the forecast may not actually be suitable based on the
most recent environmental conditions.

In the present study, we aimed to develop an effective HCR to achieve the following three objectives
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de ned by FRA [15].

1. Take uncertainty into consideration and conserve the stock biomass to avoid aggravating the

reproduction ability of resources.
2. Maximize the long-term (10-100 years) average catch.
3. Minimize annual catch uctuations.

We have developed the new HCR by combining the output control and shing pressure limitations. We
ran numerical simulations, considering the time delay from the stock assessment to the implementation
of the calculated ABC. To evaluate the performance, we observed the dynamics of the stock biomass,

the annual catch, and the average annual variability in catch.

2 Methods

2.1 Prerequisite

This section describes the population dynamics of the Japanese sardine, the detail of our new HCR, and
the design of numerical simulations. In simulations, we compared the performance of our proposed
HCR with the current rule. Hereafter, "historical” data refer to the historical stock biomass, annual
catch, and shing mortality coef cients estimated by the FRA, while ”simulated” values refer to the
values obtained by changing the HCR retrospectively. In this study and are the abundance
and the shing mortality of the Japanese sardine at age in year , respectively. In addition,  and

denote their stock biomass and SSB, respectively, in year . Hereafter, we distinguished between
their estimated, forecasted, and true values in the simulation, using the asterisk, prime, and tilde,
respectively. For example, , , and mean the estimated stock abundance, the forecasted
SSB, and the true shing mortality, respectively. Unmarked variables represent estimated, forecasted,
or true values. Note that we do not know the true values but use their estimated and forecasted values
when we consider the dynamics of stock management in the simulation. Throughout this article, the
starting point of a year is de ned as being immediately after the spawning season (spring). Variables

and parameters are shown in Table 1.
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2.2 Simulation

2.2.1 General approach

Figure 3 illustrates the fishery management in the simulation. The flow in one time step is as follows:
1. Plan regulates fishing based on HCRs.

2. Doing corresponds to fish landings, and the annual catch and the true fishing mortality are

determined.

3. Estimation corresponds to the stock assessment. The estimated stock abundance and fishing

mortality are obtained.
4. Forecast calculates the stock abundance and fishing mortality in the future.

5. Calculation determines the ABC.

@)

. Update renews the true value of the stock abundance and the time step in the simulation.

2.2.2 Population dynamics

The population dynamics are described as follows:
Na+1,t+1 = Na,t exp (—M — Fa,t) (0 S a S 3) (1)

N5,t+1 =N t €XP (—M —F ,t) + N57t exXp (—M - F5’t) (2)

where M is the natural mortality; N5, and F5,; are the abundance in number and the fishing mortality
coefficient at > 5 years of age in year ¢, respectively [14]. Eqgs.1 and 2 are utilized when forecasted
values are calculated by using N,;, and F;,. Furthermore, we assume that the true stock abundance is
updated by these equations with Nmt and ﬁw in the simulation.

The stock biomass in year ¢ is the total weight for all fish, including all ages, and is calculated as

follows:

5
By = wa:Nay 3)
a=0
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where w, ; is the average weight at age a in year ¢. The SSB in year ¢ is the total weight for all spawners

and is calculated as follows:

5
St - Z mawa,tNa,t (4)
a=1

where m,, is the maturity rate at age a. By definition, Fa,t satisfies the following equation:

Ca,t = Na,t (1 — €Xp <_Fa,t>> exp (—%> (5)

where C,, is the (true) catch-in-number at age a in year ¢.

2.2.3 Current HCR

The current Japanese harvest policy for the Japanese sardine is based on the output control, which
establishes the upper limit of the annual catch. It uses data for the annual catch and marine resource
indices in year ¢ to estimate the stock abundance and fishing mortality in year ¢. The ABC in year ¢,
denoted by ABCY, is forecasted two years prior, namely in year ¢ — 2. In other words, even though the
current true value is unknown, we need to forecast the stock abundance in year £ + 1 and in ¢ + 2 at the
time of year ¢, in order to determine the ABC in year ¢ + 2 by using Egs.1 and 2. The fishing mortality

coefficient in year ¢ + 1 is assumed to be the mean of the previous five years and is then given by:
/ ]' *
Fooni =2 Fii (©)
=0

When the abundance of the fish at age 0 in year ¢t + j (j = 1,2) is forecasted, the RPS is assumed
to be the median of the previous data from the past 30 years [14]. In our simulation, we assume the
forecasted RPS is 24.0(kg~!), according to the historical data. The average weight of fish at age a in

year ¢ + j is assumed to be the same as that in year ¢, namely, wq 14; = Wq 4.

5
Sty =Y mawa Ny, (G=1,2) (N
a=1
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The ABC in year is determined using the feedback control of and the forecasted with

Eqs.8 and 9, as follows:

@f )
@Gf ) (®)
@af )
where , , and denote the reference point of SSB for shery closure, the limit reference

point of SSB, and the shing pressure achieving MSY, respectively [14, 15]. We then obtain the

following:

— €))

It is assumed that
We de ne as the annual catch in year , and it corresponds to the TAC in year , denoted by

, under the current policy for the management of the Japanese sardine.

(10)

We assume in the simulation. In the simulation process of the stock assessment, it

is necessary to estimate the shing mortality. The true shing mortality at age in year |, , 18
determined implicitly so that it can satisfy Eq.11 (see Appendix A).

— (11)

2.24 New HCR

We propose a new HCR under which shing is suspended in the rest of the year when sh landings
reach the TAC or the shing effort and the catchability of shing instruments reach the limit. The
new HCR prepares the upper limit of the operating time, the number and size of vessels, the gear
type, and mesh sizes for the sardine shery as well as the TAC, at the beginning of the management
period. The manager monitors sh landings and the operation record and stops shing when either of
them is exhausted. For the numerical simulation, the upper limit of the shing effort and catchability

is converted into that of the shing pressure denoted by . We de ne as the expected
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yield when the shing pressure reaches in year . By operating in year , the is

determined as follows:

— (12)
(13)
where is the limit of shing pressure disturbed by the implementation error; is an independent
random number governed by the normal distribution , in which the average of
is 1. We then assume
Our proposed HCR stops shing when either or reaches their limit. In other words,
under the new rule, is determined by
(14)

remains constant during the management period regardless of the environmental variation and

the status of the stock.

2.2.5 Stock assessment

The stock abundance and shing mortality are estimated from the annual catch and the marine resource
indices in reality. In simulation processes of the current and new rules, the stock assessment is
reproduced by utilizing the estimated shing mortality and the annual catch in number. The estimated

shing mortality, , 1s determined as follows:

(if )
@if )

(15)

where is an independent random number governed by the normal distribution . We
consider the observation error that occurs when the shing mortality data are collected every year.

is estimated in the simulation process by using , and . The equation to nd is derived
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from Eq.5:

(16)

When , We assume

2.3 Study design
2.3.1 Stock Recruitment Relationship scenarios

Figure 2 demonstrates the SRR and implies that the productivity was high from 1976 to 1987 and
decreased since then. Many previous studies pointed out that a regime shift occurred in the late 1980s
in the Paci ¢ Ocean [20, 33]. The change in the climate and the ocean in uenced the recruitment
of the Japanese sardine. Thus, we divided historical data into two ages: the high productivity period
(1976-1987) and the low productivity period (1988-2019). In addition, we prepared two different
scenarios of SRRs: scenario A and scenario B.

Scenario A uses three representative SRR models such as the Beverton Holt (BH), Ricker (RI), and
Hockey Stick (HS) models by tting them into the historical data (see Appendix B). Using the Akaike
Information Criterion (AIC), we selected appropriate models and parameters to reproduce the plausible
SRR in our simulation. Table 3 shows the AIC and parameters obtained by tting. We adopted the RI

model (Eq.17) for periods of high and low productivity with different parameters.

(17)
The parameters are during the high productivity period
and during the low productivity period, respectively (Fig.4

().

Scenario B uses the method that Kawai et al. [18] proposed for the simulation of the SRR of
the chub mackerel. This method is based on the BH model and the coef cient is assumed to be a
time-dependent variable (Eq.18).

— (18)

where is the magnitude of the density effect. We interpreted the regime shift as the change in

the carrying capacity of the recruitment of Japanese sardine . We assumed that
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during the high productivity period and during the low
productivity period, respectively. Figure 4 (b) shows the change of and over time. The detail of
the method is described in the Appendix C.
In the supplementary le, we assumed and explored the three productivity ages: the high
productivity period (1976-1987), the low productivity period (1988-1991), and the middle productivity
period (1992-2019).

2.3.2 Design

We rst compared the historical data to the results obtained from our proposed HCR and the current
rule without implementation and observation errors ( ). Simulations were conducted
in cases of the current rule and our new HCR for and . The following relationship is
given instead of Eq.15:
(if )
af )

(19)

Next, we conducted the simulation in which the implementation error and observation error
of the shing mortality were incorporated. By incorporating these errors in the simulation, the
effectiveness of the new HCR is validated. We examined the sensitivity of the current rule and our new
HCRs with different from 0.1 to 1.0. We considered four different cases of error:
[#1] , [#2] , [#3] , and [#4] . Table 4 shows gures and the
corresponding scenarios and parameters.

Simulations started in three different historic years: 1976, 1996, and 2005. Fishing data were
available from 1976 onward. Although the biomass and the annual catch were small in the 1990s, the
historical RPS was comparably high in 1996 (Figure 1). In 2005, the stock biomass was the smallest
in the historical data (Figure 1). The stock biomass, the annual catch, and the shing mortality in the

rst and second year of the simulation are the same as those of the historical data. The simulation was
carried out 1000 times for each combination of errors and starting year . Note that the current rule
corresponds to the case without input regulation, i.e., when is suf ciently large. The maturity
rate, average weight, and natural mortality data were obtained from FRA [14]. The maturity rate is

assumed to be constant from 1976 to 2019 (Table 2). Let for any age and time.
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2.3.3 Indicators

The performance was evaluated using three measures: the average stock biomass, , the average
annual catch, , and the average annual variability (AAV). The and are the 10-year
means from 2010 to 2019.
— (20)
— 2D
The AAV is given as:
(22)

where  is the starting year of the simulation. The calculation starts two years later because the

historical data are used in the simulation until year

3 Results

We applied the proposed HCR and the current rule in simulations using two different SRRs and three
starting years. The changes in stock biomass and annual catch without implementation and observation
errors are shown in Figure 5. The expected yield is often adopted as the is larger, and the
simulated result for a higher is similar to that of the current rule.

Management with the control rules started in 1976, as seen in Figure 5 (a) and (b). The qualitative
behaviors of the stock biomass and the annual catch for scenario A were similar to scenario B during
the high productivity period from 1976 to 1987. During the period, annual catches with the simulated
current rule greatly varied for both scenarios. They exceeded 4 million tons in 1981 and 1982 and were
reduced to no more than 2 million tons in 1986. For scenario B, the simulated annual catch with the
new HCR for was limited, and its maximum was million tons in 1986 (Figure 5 (b)).
The stock biomass in 1986 was the largest during the management period at 25.5 million tons (Figure 5
(a)). The simulation for showed an intermediate result. For both scenarios, the reduction
in simulated annual catches in the early 1990s helped to prevent the collapse of stock biomass, when
compared with the historical data. After the middle 1990s, the simulated biomass became almost stable

in scenario A. In contrast, in scenario B, it was reduced until 2006 and recovered thereafter.
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The results from the cases in which the stock biomass was very small in the starting years are
shown in Figure 5 (c-f). Starting in 1996, the new HCR reduced the simulated annual catches when
compared with that of the historical data from 1998 (Figure 5 (d)). However, Figure 5 (c) and (d) imply
that keeping the stock biomass above a certain level contributed to its recovery. Scenario A showed a
quick recovery of the stock biomass and the annual catch because of its SRR, whereas the increases
for scenario B were gradual. The variation over time in annual catches with the current rule was larger
than that for in both scenarios.

For the simulation that started in 2005, shing was banned under the new HCR and the current rule
in 2007 and 2008 (Figure 5 (e), and (f)). The annual catches in 2009 were very small with the new
and current rules (3.0 kilotons for scenario A and 0.75 kilotons for scenario B). However, the shery
closure contributed to the recovery of the stock biomass, when compared with the historical data.

Next, we conducted simulations for our proposed HCR and the current rule including the
implementation and observation errors. The sensitivity of the average simulated biomass and annual
catches from 2010 to 2019 with different are shown in Figures 6 and 7, as well as the results with
the current rule and the historical data. The upper and lower bars indicate the 97.5 and 2.5 percentiles of
the results, respectively. The qualitative results for scenario B were like those for scenario A, whereas
its quantitative values of and were smaller because of the SRR. Moreover, for starting year
2005, they were smaller when compared with the other starting years.

The results of case [#1] for scenario A are shown in Figure 6 (a), (b), and (c). The implementation
and observation errors of this case are the lowest in all cases. Accordingly, differences between the
upper and lower bars of and were the smallest of the four different cases. For case [#2],
the differences between the upper and lower bars were larger with a lower because the

was often adopted and the implementation error was large (Figure 6 (d-f)). For cases [#1] and [#2],

means of and approached stability in (Figure 6 (a-f)). For cases [#3] and
[#4] with a large observation error, the shape of the mean of seemed convex, whereas is
decreasing with different (Figure 6 (g-1)). In , and with the new
HCR were improved when compared to the current rule. Means of and with the new HCR
at were larger than those with the current rule regardless of the starting year. However,
when the starting year was 2005, the difference of between the new HCR and the current rule
was small. For example, the mean of at was 457 kiloton and that with the current

rule was 449 kiloton for case [#3] (Figure 6 (i)).
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Figure 7 shows the performance of our proposed HCR for scenario B. The maximum values of
the mean of for scenario B were smaller than those for scenario A because of different SRRs.
They 438 kilotons starting from 1976 ( ), 435 kilotons from 1996 ( ), and 368
kilotons from 2005 ( ), respectively (Figure 7 (a-c)). When compared with the results for
the simulated current rule, the means of and improved with the new HCR. The shape of the
mean for also seemed convex and its peak was reached in for all the starting years,
whereas means of decreased with increasing . The observation error is large in cases [#3]
and [#4], and their results are shown in Figure 7 (g-1). The variance of and became larger
as increased, and was maximized with the simulated current rule.

The AAV is shown in Figure 8. Qualitative results were similar for both scenarios although their
quantitative results were different. The mean and the difference between the upper and lower bars
were the largest when the starting year is 2005 for both scenarios. When the implementation error was
large, the mean of AAV is large at a lower (Figure 8 ((c), (d), (g), and (h)). In addition, when
the observation error was large, the mean of AAV is large at a higher (Figure 8 (e), (f), (g), and
(h)). For cases [#1] and [#3] for both scenarios, the AAV gradually increased and was nearly stabilized
(Figure 8 (a), (b), (e), and (f)). For cases [#2] and [#4] for both scenarios, the mean of the AAV is
minimized at or (Figure 8 (c), (d), (g), and (h)). In . the mean for case

[#2] increased and was stabilized, whereas that for case [#4] was increasing in a higher

4 Discussion

We proposed a new HCR and conducted numerical simulations using two SRR scenarios and three
historic starting years. In the simulation, we distinguished between estimated, forecasted, and true
values to consider the time delay from the ABC calculation to its execution. Our HCR calls for shing
to stop when sh landings reach the TAC or the shing effort and the catchability of shing instruments
reach the limit. The results showed that the new HCR could satisfy the management objectives for the
Japanese sardine. They indicated that the new rule could have been used to stabilize the annual catch
as well as recover previous stock biomass and improve the average annual catches. Bastardie et al.
[1] evaluated a management plan that combined the total allowable effort (TAE) with TAC and argued
that shing control regulations based on the TAC provided an ef cient strategy for Baltic cod stock

recovery. The present study suggests that this combination would also be effective for the management
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of the small pelagic sh such as the Japanese sardine stocks.

An important lesson implied from Figure 5 is that the stock biomass should be recovered and
maintained to some extent for sustainable shery management. The early reduction of the annual
catch in the low RPS age contributed to the recovery of the biomass. The ABC determined by the
current harvest policy was implemented in Japan in 1996, when the United Nations Convention on the
Law of the Sea [30] came into effect. Its aim was to control sheries and maintain a relatively higher
stock biomass. Ichinokawa et al. [12] identi ed the great potential of Japanese sheries to exhibit
quick recoveries and therefore increase their yields if they adjust shing intensities to appropriate
levels. Suda et al. [27] argued that the sardine stock decline in the 1990s could not have been halted by
catch regulations; however, the slope of the decline could have been mitigated by a reduction in shing
mortality, as shown by their simulation. Our results suggest the importance of maintaining the stock
biomass and were thus in agreement with previous ndings.

We considered the implementation error of the shing pressure and the observation error of the

shing mortality. The results indicated that the uctuations in average stock biomass and annual catch
could be small if these errors were small. Using a new HCR where could effectively
help to address the uncertainty, especially when the observation error was large (Figures 6 and 7).
These results imply that shing pressure limitations can prevent over shing if the stock abundance or
the TAC is overestimated. The limitations contribute to enhance and stabilize the annual catch in a
long run. The simulations were also conducted with three different starting years to investigate when
the new HCR should be initiated. The performance of the simulation was good for the new HCR with
the earlier starting years, 1976 and 1996. The results from 2005 showed the smallest average stock
biomass and annual catch among the three different cases.

There are some limitations. We assumed Eqgs.1 and 2 could describe the population dynamics in the
simulation. We also assumed the natural mortality is constant; however, real natural mortality can also
be a function of predation [29], density dependence [26], and body length [6]. We also did not take into
account annual changes in age-speci ¢ body maturity rate. Limiting the shing effort and catchability
is the essence of the new HCR, but we did not discuss how they should be adjusted so that
can be optimized. This study focused on single species management, and consequently, we have not
considered the in uence of predators and competitors on the Japanese sardine. Previous studies have
proposed shing management strategies that consider the dynamics of the ecosystem [21, 25]. Matsuda

and Katsukawa [21] proposed a switching shery that depends on the abundance of the dominant
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sh species, focusing on three competitive pelagic species. Punt et al. [25] developed a model of
intermediate complexity for ecosystem assessment model including the Paci ¢ sardine (Sardinops
sagax) and evaluated the impacts of variable forage availability on adult predator reproductive success
and survival.

Both the current rule and our new HCR use only the abundance of the target sh species. The
virtual population analysis used in Japan s current harvest policy utilizes other marine resource indices
to estimate stock abundance as well as shing mortality [10, 14]. We utilized some parameters from
reports of FRA, such as biological reference points and shing mortalities at different ages to achieve
the MSY, and these values were not unique or trivial [16]. The new HCR assumes that remains
constant during the management period, but it is also thought that is determined by the state of
the resource [34].

Our proposed HCR worked well in the simulation; however, it does not always mean the rule is
accepted by stakeholders. Matsuda et al. [22] identi ed that the TAC of the Japanese sardine was
often much larger than the ABC in the 1990s and 2000s. In current practice in Japan, a target shing
mortality is used in the ABC decision rule and is set to be smaller than the shing mortality achieving
the MSY. However, the target shing mortality is only a means by which to calculate the TAC and not
a means of regulating the shing pressure before the TAC is reached. In addition to the TAC, there are
other sh species for which the TAE is set in Japan, but there are no penalties when this is exceeded.
This situation implies that stakeholders such as  shers, scientists, and political leaders have not reached

a consensus on an optimal management system for sustainable sheries.

5 Conclusions

In the marine food web, forage sh transfer energy from lower trophic levels to valued predators
[7, 24]. The stock biomass of the Japanese sardine in the Paci ¢ Ocean is important for Japanese

sheries and society and shows large uctuations in response to environmental variations and shing
activities. We developed a new HCR to provide a stable and sustainable annual catch and validated it
under two different SRR scenarios caused by the environmental variation. We found that considering
the output control and shing pressure limitations contributed to stock conservation and annual catch
improvements. This rule is a feasible solution to achieve objectives of shing management established

by the FRA. Future work will incorporate decision making among stakeholders into the management
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framework as well as developing the HCR based on shery science.

Appendix A

According to FRA [14], the selection probability at different ages varies from year to year. The range
of estimated shing mortality is assumed to be [14]. We assumed that this range
holds for in our simulations. When in the simulation, shing mortalities at different
ages are generated at random unless otherwise noted. We generate independent random numbers

( ) from a uniform distribution between 0 to 1. We then determine a real number

such that satis es Egs.A.1 and A.2.
( ) (AD

— (A.2)

Finally, we can obtain f exceeds by Eq.15 in the simulation, we assume

Appendix B

To reproduce the plausible recruitment, we used the BH model (Eq.B.1), RI model (Eq.B.2), and HS
model. However, for simplicity, we utilized a proxy for the HS model (Eq.B.3) which Froese [5]

proposed.

S (B.1)
(B.2)

— (B.3)

Data for the SSB and recruitment were tted using the least square method, and obtained parameters

are shown in Table 3.
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Appendix C

The method Kawai et al. [18] proposed is based on the Beverton Holt model (Eq.C.1). We tted
the equation into historical data for periods of high (1976-1987) and low (1988-2019) productivity,
respectively. We used the least square method between the historical data and the function value and
estimated parameters: for the high productivity period
and for the low productivity period. We then xed the

values of and made atime-dependent variable.  denotes inyear and is calculated as follows:
— (C.1)

Using two estimated s and the historical SSB and recruitment from 1976 to 2019, we determined
during the management period (Fig.4 (b)). By substituting into Eq.C.1, the recruitment in the

simulation is determined.
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Table 1: Parameters and variables.

Stock biomass of sh in year

Spawning stock biomass (SSB) in year

Abundance of sh atage in year

Fishing mortality at age in year

Annual catch of sh atage in year

Maturity rate of sh at age Table 2
Average weight of sh atage in year [14]
Natural mortality of the Japanese sardine 0.4 114]
Reference point of SSB for shery closure g [14]
Limit reference point of SSB g [14]
Fishing mortality achieving the MSY at age Table 2

Limit of shing pressure

Limit of shing pressure at age in year disturbed by
the implementation error

Random number at age in year

Annual catch of sh in year

Expected yield determined by operating in year

Total allowable catch (TAC, expected yield determined
by the output control) in year

Random number governed by the normal distribution
atage inyear

Random number governed by the normal distribution
atage in year

Average stock biomass from 2010 to 2019

Average annual catch from 2010 to 2019

Starting year of the simulation

1976, 1996, or 2005

parameters for RI, HS, and BH models

Carrying capacity of the recruitment for the BH model

Estimated value of

Forecasted value of

True value of . This value is unknown in reality
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Table 3: The AIC and parameters. The units of «, 3, and R are kg~!, kg~!, and million, respectively.

Table 4: Figures and the corresponding scenarios and parameters (see Appendix A and Egs. 13 and

15).

Table 2: Maturity rate and fishing mortality at different ages [14].

Age 0 1 2 3 4 5
Mg 0 02 1 1 1 1
Fysye | 018 018 024 050 050 0.50

BH RI HS
AIC « 6] AIC « I} AIC a Ry
1976 t0 1987 || 302.859 700 2.27 x 10-10 | 302226 567 1.00 x 10~10 | 302585 60.4 227952
1988102019 || 691223 700 256 x 10~? | 682.586 447 .9 x 10710 | 687.162 488 25780

Figure | Scenario Vart O, (Sheey
5 A and B | 1 (for any a and t) 0 0
6 A random N(—0.50%,0%) | N(—0.503,65)
7 B random N(—0.50%,0%) | N(—0.503,65)
8 A and B random N(—=0.50%,02) | N(—0.503,03)
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Figure 1: The historical data for stock biomass at different ages and the RPS from 1976 to 2019 [14].
Bar represents the stock biomass, whereas line represents the RPS.
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Figure 2: Scatter plot of the spawning stock biomass and the recruitment of the Japanese sardine [14].
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Figure 3: Illustration of the shery management in the simulation. Assumptions of current and new
HCRs are surrounded by red broken line rectangles.
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Figure 4: SRR scenarios of the Japanese sardine. The red line represents the high productivity period
(1976-1987), while the blue line represents the low productivity period (1988-2019). Panel (a) is a
scatter plot of the spawning stock biomass and the recruitment of the Japanese sardine [ 14] for scenario
A. The RI model is shown, and the parameters are (o, 3) = (56.7(kg™!), 1.00 x 1071%(kg™1)) (red)
and (o, 3) = (44.7(kg™'),4.94 x 10719kg~1)) (blue), respectively. Panel (b) is the time series of
parameters for the BH model for scenario B. The black line represents «o;, while red and blue lines
represent Ny, (= a;/B). S = 2.27 x 107(kg!) during the high productivity period (red) and
B =2.56 x 107%(kg~!) during the low productivity period (blue).
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Figure 5: Performance of the new rule (solid lines) with no implementation and observation errors from
different starting years in the past. The broken lines represent the current rule (CR) and the historical

data (HD).
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Figure 6: Sensitivity of the average stock biomass and annual catch from 2010 to 2019 with different
Fipput for scenario A. Each caption means ‘[scenario-case] starting year’. Point represents the mean
of results. Upper and lower bars indicate the 97.5 and 2.5 percentiles of results, respectively. Broken
lines represent the 10-year mean of the historical data.
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Figure 7: Sensitivity of the average stock biomass and annual catch from 2010 to 2019 with different
Fpput Tor scenario B. Each caption means ‘[scenario-case] starting year’. Point represents the mean of
results. Upper and lower bars indicate their 97.5 and 2.5 percentiles of results, respectively. Broken
lines represent the 10-year mean of the historical data.
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Supplementary materials

S1. Stock Recruitment Relationship scenarios

We divided historical data into three ages: the high productivity period (1976-1987), the low
productivity period (1988-1991), and the high productivity period (1992-2019). We prepared two
different scenarios of stock recruitment relationships (SRRs): scenario C and scenario D.

Scenario C is the counterpart of scenario A and uses three representative SRR models such as the
Beverton Holt (BH), Ricker (RI), and Hockey Stick (HS) models by tting them into the historical
data. Using the Akaike Information Criterion (AIC), we selected appropriate models and parameters
to reproduce the plausible SRR in our simulation. Table 1 shows the AIC and parameters obtained
by tting. We adopted the RI model for high and middle productivity ages with different parameters
and the HS model for the low productivity age. The parameters are

during the high productivity period, during
the low productivity period, and during the middle
productivity period, respectively (Figure 1 (a)).

Scenario D is the counterpart of scenario B and uses the method that Kawai et al. (2002) proposed
for the simulation of the SRR of the chub mackerel. This method is based on the BH model and the
coef cient is assumed to be a time-dependent variable. We assumed that
during the high productivity period, during the low productivity period, and

during the middle productivity period, respectively. Figure 1 (b) shows the
change of and over time.

We rst compared the historical data to the results obtained from our proposed HCR and the current
rule without implementation and observation errors ( ). Simulations were conducted
in cases of the current rule and our new HCR for and . Next, we conducted the
simulation in which the implementation error  and observation error ~ of the shing mortality were

incorporated. By incorporating these errors in the simulation, the effectiveness of the new HCR is

validated. We examined the sensitivity of the current rule and our new HCRs with different from
0.1 to 1.0. We considered four different cases of error: [#1] , [#2] , [#3]
, and [#4] . Table 2 shows gures and the corresponding scenarios and parameters.
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S2. Simulation Results

Figure 2 demonstrates the changes in stock biomass and annual catch without implementation and
observation errors. The stock biomass and annual catch greatly recovered after the low productivy
period (Figure 2 (a)) or starting years when the stock biomass was very small in both scenarios (Figure
2 (c) and (e)). When the starting year was 1976 or 1996, the stock biomass declined from 2010 or
2011, according to Figure 2 (a) and (c). This was re ected in annual catches in 2010s; however, they
remained larger than results for scenarios A and B in the same period (Figure 2 (b) and (d)).

Figures 3 and 4 show and with implementation and observation errors. The performance
at or is better than that of the current rule for both scenarios, especially when the
observation error was large. For scenario D, means of and at were improved
as the starting year was earlier (4), regardless of any combinations of implementation and observation
errors.

Figure 5 demonstrates the average annual variability. Qualitative results were similar to those of

scenarios A and B with exception of cases [#1] and [#2] for scenario D.
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Table 1: The AIC and parameters. The units of v, 3, and R are kg~!, kg, and million, respectively.

BH RI HS
AIC « 6] AIC « 6] AIC a Ry
1976 t0 1987 || 302.859 70.0 2.27 x 10710 | 302.226 56.7 1.00 x 10710 | 302.585 60.4 227952
1988 to 1991 || 81.9715  2.00 .00 x 10711 | 833459 1.92 2.00 x 1011 | 80.8417 1.86 50000
199202019 || 584.994 339 273 x 10710 | 584706 343 2.36 x 10710 | 584.832 34.1 69127

Table 2: Figures and the corresponding scenarios and parameters.

Figure | Scenario Vat O, S
2 Cand D | 1 (for any a and t) 0 0
3 C random N(—0.507,0%) | N(—0.503,03)
4 D random N(—0.507,60%) | N(—0.503,03)
5 CandD random N(—0.502,02) | N(—0.503,65)
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Figure 1: SRR scenarios of the Japanese sardine.

(a) Scenario C

(b) Scenario D

The red line represents the high productivity

period (1976-1987), the blue line represents the low productivity period (1988-1992), and the green
line represents the middle productivity period (1992-2019). Panel (a) is a scatter plot of the
spawning stock biomass and the recruitment of the Japanese sardine for scenario C. The RI and
HS models are shown, and the parameters are (o, 3) = (56.7(kg™'),1.00 x 1071%(kg™1)) (red),
(a, Roo) = (1.86(kg™"),50000(million)) (blue), and (v, ) = (34.3(kg™'),2.36 x 10719(kg™1))
(green), respectively. Panel (b) is the time series of parameters for the BH model for scenario D. The
black line represents oy, while red and blue lines represent 5. 3 = 2.27 x 107'%(kg~!) during the
high productivity period (red), 3 = 4.00 x 10~ (kg~!) during the low productivity period (blue), and
B =273 x 107 (kg™") during the middle productivity period (green). Ny, = /3.
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Figure 2: Performance of the new rule (solid lines) with no implementation and observation errors from
different starting years in the past. The broken lines represent the current rule (CR) and the historical

data (HD). 94
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Figure 3: Sensitivity of the average stock biomass and annual catch from 2010 to 2019 with £,
for scenario C. Each caption means ‘[scenario-case] starting year’. Point represents the mean of
results. Upper and lower bars indicate the 97.5 and 2.5 percentiles of results, respectively. Broken
lines represent the 10-year mean of the historical data.
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Figure 4: Sensitivity of the average stock biomass and annual catch from 2010 to 2019 with Fj,,,,; for
scenario D. Each caption means ‘[scenario-case] starting year’. Point represents the mean of results.
Upper and lower bars indicate their 97.5 and 2.5 percentiles of results, respectively. Broken lines
represent the 10-year mean of the historical data.
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1 Introduction

2019 4F 12 AD S BPEIERB R o FA aa F 7 £ )L X SARS-CoV-2 1T X % EPIE
(COVID-19) 2t L., tHFFTZHOEIIEE D E Lz, BEETBE (DU MHLW) [11]
W&k 2 e, HARENZ2022F 12 HRETIZ S22 NOBEREEZH LTz, BRERD D 2 I
o TRESHMUMAHEICEIZEL TZORBMD T 2 Z e 2RO MR LITT 5 L, 2022
ERETIZS DD D 722 B2 5N TE 2B (Figure 1), Table 1 125D & 2 D
FANO—HOFHGHEORAME L EZ SN2 FRERT, B LXOFMWLRERE LT, BIR
AR BHIIIEHA OIRE I X 2 BRI, AXURISH T 2 B8R E O I X 2 #akiEE
DRI DZETF O, IHILT 7 F U EREIIEB M L D ER L2 REORE S HORK e Xh
TW3 [14], ZD—F T, BUMIE 2020 (FH12) FEMETE, 2021 (FH13) FELYTE,
[FAEEMIETRICTHRER 25t L L, MBE (LT MOF) [13] TaAEhTtw2 HARED
ERTFE»OFHaaF 7 ALK D I DICEt EX NI TR E 20 5 b BB OB &
TN DONT-ESE % Table 2ICF L Dz, 2D S BIEEAIHO-DICERZFELN-TEE, £
ERRE SR YR D NI THE, BEYENEROINRO - Db TED H 5, P
FAI % SR 3 % 72 & IEGIE I ENZATEN NG D Akt & MAIAHI O H R 2 ThUX Jwds, NREA
ZEDNFEBERICN L THEROBORFHEO LB S FIRX ATV [21], BRAXNIRO &V
ROERDKD 25, —ERARICE U BRI L TORMRERAE T 2 2 2 IZHREHNZ <,
—iED 5 WIEZENLL EOIIMDHE DT DI B R25E5bH 5, FHOFHan v AL
AZMNRD LS ITHEBOMREZFAT L HEE. #ER e ORREGRORIE S #HE L v (6, 25], AFET
GAREE, BEO oML SR a v v A L ZIHROMREI R Z 1T 5. LU T OF#E
TXRABNIBESE D 2020 FF 2 2021 FE 2 Lz,

2 Review of countermeasures against SARS-CoV-2

2.1 Public health

INRIEATEF OFHEFERR & LT COVID-19 BRI H £ & BHRTETE (Excess mortality) 7% ]
3%, BEEETEIZ. » 2B OEBRORIETCER D SHIEDIECE B E HICHEE XN 55
CHEGIWEHE ER SN 5, COVID-19 BIIEELKIZ. RIDIERTLT L 72 o7 A23 COVID-19
BTS2 7258 S BRFEERUCE EX N T0 3 EA0H D, COVID-19 BEBEDIER I -
T NDAEET LTV ARARER V. Ko TEBIECEAD X h TGy CEf@ iR L 7 % [24],
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FEEFECHUTIE, COVID-19 12 & 2 EIEZMNRIELT, COVID-19 12 & % ERARF| DUNA I X
I, A Y 7Ny PR EHARERC X 2 @#EE LT, 3GEFHRP B CHRER TRV
L, BRGSO E R RIS X AT E NS [9, 10], Z 2T 2020 4ELLAET & X
FRIC X 2R DE(LERIET B, BEFE I D 7 — ZIIE L BEGERFZEAT (LT NIID) TAfi X
NTW2dDEFMALZ[15], EHICHANDRIECH L FEREZ MHLW O NOBIEHED 7 —
Z 121 B AF L. UTDZ & Z#MT,

1. % 5 FER O TEHEREEEDL—EBLLETH D 2020 F & 2021 FEOFETE DI HN
b L < EREA L 7=FER

2. K5 FROIRCERDZRDFIME L 2020 FEOZLRBEMD L < 13D L 7FEA

BRI, 112015 205 2019 F £ TOFREELBCEEEDL — I ALLETHD 2020 4 2 2021
FEORCERDP I FIEIT L, HFUEDLE EUTIRZR> TV AR EFHN, X
B2 212DWT, 2020 FEDFECTHE D (LR 2015 00 5 2019 FEF TOHTEEFE RO ELED
% ZHXEOINCD 2N EFANTZ, 22T EOREHEBOLNE EMUTORTERX

N5,
(1)

72U 3 EORCEREERT,

HAENZE T % 2020 F & 2021 FFOBEL T Z TR LR, 2hzh A&
ANe#olee FEDI0A 1 HRERORAOTREST 2 Z e TAOBEHT AN D OB CHZE
AET . Eheh AN AEkol, Ziun U THEAR O COVID-19 12 & % &
FEBIZ. 2hzh Q= ANTHo7z (Table 3)o HARADRIETHE L 2020 FITHF
BHER AL 50 CEMEAY <IE5>. mIMEEEZER ODEER, Z8, BMNEERE, %) 035t
D 2012 05 2021 FEZTOBE D ZH Y % Figure 2 121 T, HAADEFETEIZ 2020 F %
FRE 20122 MM LT TE D, FHICERBIC L AT HROMMNAEETH %, 7272 LIKINE
PR L T2 DFECENIIBAMETTDH %, FER LN 5 DDFETEHRIEDIETED 6 EILL L% (5D
T30, BERBPEATH S,

W2 S FERIOFERFIFECHE L 2020 4F K O 2021 FEDOFERFIFE CHBUE LA TG H % Table
4 ¥ 51TRT, FERSEa— FO T30 TWBdDERSEEEL, L2 LS
Ha—FORRZEFH LDDTH S, KRoBEERS &, 2020 F KX 2021 FFIZHEM L 7= DI,
BED IRV AEY) <>, RV VOoSBE, MENVEM CFHRIRIHORRENE. 7Y A4 v =k, Z

100



DO HFRR DR, BEBRR, B8, 2R, iRk CREBHKIME - BHERER
AT BEINBZNDD, THolk, T, WA LD, BMOHTEZE, MR TH o7,

WE S EROHTEBRDEEDFIIME L 2020 FEDE(LRILARAER%Z Table 6 & 7 1271
Fo ZALRIEMUZFERIE, EEY Vo5l ZofoEMEERR | ~v=7 R OIBGEZE,
HRTH o7, BID=DDFINIBEE 5 FEM LAMEANC D o 703, BRITIEER 5 ERIIFAER
ThHolze 72721 2020 F & 2021 FFO HEIC L 2 CHEFTEE S FEOFHME L D 13K - 72
(Table 6) ZALRDFA U7FERNE. KO EFRNT, BEOEMHAEY) <J85 >, MREEO BN
e <[EE >, AEOBEWFEM<EE>. 4 7Ly AERERE. WE, BEEk
O 1EEE. EREBRDOEKRAE. ZOMOEKRKAE KR VLY., KBEHNTH o7z, BWEKS
FE R INME T B - 7225 2020 ST IR U250 R, Bl o B Ay <>, FLEOR
MWFEY<EE>. 4 ¥ IV UF ZOMOERFTENUVOER TH o7z EHDIIAL Y7L
>PIE 2020 12 274% & KIEZEP R o0, FEEFEBUX 956 A (2020 4), 22 A (2021 )
THoT,

ERIEEAND 7 7 2D LT X0 Y UTHEANEREERD AR X3 TERE
BADOZANBREE A B L) o TBUIGHERR 30 2L L) 0FRr LT, &HbAE
LIRBAWITICREYR Do 72b D) LERIN, BHEEHEMT (LUT FDMA) 250X 0
TW3 [5], Figure 3 iZHAZEO—HEM Y72 ) ORAHERHEEREE —H 27 D OFHEE M
BROWRINT -2 %2R L T05, MEMERBEFEFRILFRLL2FROS b FantEoo
W OHBERIR LUz, ZHUT X b &, COVID-19 OFHRBGEERIE X TEREDEIIEZ 5 &
&, FIFFCRERERSEERB D EINT 2 22005, 2EROD S bIEan FREVofEu.
2021 4E 3 H 29 H HEH OBELENIEF S TWRWA, 2022 FELIED 7 — & (Figure 3 (b)) %
ZIRF 5 L., COVID-19 QRO L FRHICHEML TWa Z e el s 5,

2.2 Economics

oo v A L ZAORITIC X 2HEFHFITHOREL LT— A% ) 0% H GDP L EER
TREERERDT— & ZFH L. EE T 5 [17, 18, 19], fESRIE. HAREMSN O G7
AENCINZ. B ASEZD D COVID-19 BEREE BB HA L FUKE L BbI A - 57V 7
CEEEZBE L7z (Figure 4),

Figure 5 13— A%72 D D% H GDP Z/Rr L TE D, FETNTH2012 F5 5 2019 4 F THEMN
EFNC & 5 72, 2020 FiT1E. SARS-CoV-2 DIATICE D, KE, AF & 757 VR, &E, 1 &

VBT RN DR (9101) LA
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V7T I, FAYVEHARTHE. A—ZAbJ7 V7 L#EETHEME 2 o7z, 2021 FFIZTXRTD
ET—A47D D% HGDP ML o 7zhd, HADAIZIZEIX W TEEHIZ USD & L
EOMTIERIKTH D, 2021 FOELEIIH % TH o7

PIEHAE » D HADE H GDP & Z DNER % Figure 6 121 S &, RERKHE X HiH % H GDP
DEFPULEREDTWSE Z 95 % (Figure 6 (a) » FRBIERMIEE S HIX 2020 FE0H P9
W WA»S6H) WREREBAAD DD, FEE—LFEH (1 253 H) 2 56#25 IR
YU7o ZD% 2021 FFOEMMHEH (10 A5 12 A) 12 K E TEIE L 7225, 2019 4F
UMY H O JKNZ FTIREOVTWARWY, 1z 2020 F D5 PUEII @ & #A D
BT L. i SEAZ 5 O H & FESE — P S8 16 KA U7z (Figure
6 (b))

Xt GDP LLEEF TG (Figure 7) 1XBE & $12 2012 5525 2019 FF £ TIHIFMHX W T H
Do FAYDIR, A=A 7V 7HHIBETTH o7z, 2020 FITIIBIE U EEZFR $XT
DETHEMA R S50, 2021 FlFHA L #EDANDOETIZED Lz, HAODN GDP LhEEF
5% EE 2019 FELLRT 2> © 220% % Al > TWied3, 20204 (257%) D% 2021 4 (258%)
BEIEMSTB L 2o 72

Figure 8 I3PU-FHAZ & DRFERZIR T, 2015 F0 S EZ R ZEAMEN TH o 7223, 2020 4F
52021 FFETD ERICTRTOET LAV R SNz FHTH F X L KETHEERIEMDI D -
TP —RHICE = 7 IGE L TZORIFIRD L TWB, HAI 2015 FELURELSER D L E O R Tl
B/NTH DHElr, 2020 FELUEIC EF U72BRD 3% (2020 4E55 4 PUEHA) 2k TH D, g
NS SEDLERTWS,

3 Discussion

FilaaF v A L ZAMNEOFHEIE LT, BEFEEAREETEOIEL LT COVID-19 LT
B EEFE TR, HRREITOHEEE LT—AY2) 04 H GDP & BEERTRE &
REREE T 72,

2020 121 COVID-19 EYFEHEFDY 3459 NiC Lo 7228, HEIECIZATH - 72, 2020 FFik
fiR D K 5 I Fds R OB @R 5 FERNITHEARKIEIZE D, £ V7V I X 25EHD
1000 A\ % FlEl 5 7z, FTEIHIHIAMERRHI O & 5 B#ifl a v 7 4 L 2RI & 2 B2 DR
DWERE LTEZ SN S, Nomuraetal. [16] 12X % &, 47 #EMIRT 2020 4E 1 A2 5 9 A
FCTOGHERILZ TRz T A, BEDFE CREFIHART > Tz, 2 LEMNIDT 22D
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T, COVID-19 fifTHID TR TOIERZ E LB T O ZMICZ I R EREE L 5 A TDT
Tl e fEmitir Tn s,

HAIZ BT 2 G D VIR IZESS) DB WER RO FATHBII S N (2,7, 26], £ DR
BCRRE R & RERAFEERBIIIEM L. 2021 O HARD COVID-19 BERIEELL 14926 N2 1
D, HIEFETIX 48005 A& IEDEICEL U7z, Table 4 & 6 1T L /23R % £ & D 7=25, HEEY
YOSEIC X BFEEBUBE S FROFED 5 IHIBERDKRIFECLEFE LTV, Fi.
N % OHfE R OB ORI L8 e L THREROMIMP RIAEN S Zeh b, KRy
IR Z a2 2 IEAANDEL RIS E OB D BRI TV [22], Figure 3 oo v v
A NI &K B EBEERDEBEI /R XN S, COVID-19 BISEERMD & 5 REELFEE T TR
L FAREERCFHRERD DEBEEOZEEZ D X S RN EFRREOENM Y R 7 b EDTE R
TEEEROEID U TE2 T 20END 57, SBROFIEGREFRERADEGF L LCld, B
Brodboz@od e, HEIKK > TUIERREANDMEDO MR & 2 EEERDHiIK &
MERPZET BN 5,

HAREMD G7 HES A — R + 7 1) 7 L#E & FRRIC 2020 F O EfER TR 2 5
U THSRPRICIET, 2021 £33 S HICEEFITERESZHEL L, L L 2021 FidftEO X 5
I—AY72 D £ H GDP X3 Z 21 TE . 2019 FLLAT & IR 72 13 ¥ % -
TW3, 2020 1D 5 2021 FHEDOD FTEZREL TAHAS &, HARITEELTE 11925 N ¥
COVID-19 EHAEHEL 18385 N, —A%7= D D% H GDP & RFEHR % SARS-CoV-2 JitfTLA
RIFREEICER U725 24212, »f GDP LLEEFRITRE © /4 25% (K9 134 kM) BESI & Rk
HaZedTZx3,

Z DFFE TR TR Fl w22, @RS TR 2 E 4 2 HERZBIX, FECDOER
WHEL, HCHHIICDRBEZEDTTITI ZEAEE LWV WS EHLH 5 [1], £ DHHIE,
COVID-19 TUK 22 Z Do & LTHIERD R K finiz b, i D7 ¥ i mime a0
JENTETCLES 22D 27D, TNHRZOROATHOECEH BN EZ &7 dd
205 TH5, F72. Our World in Data [20] I2 & % & ANOE T ANH 72D OBEIEERIZ. 2022
E2AZHIA =X MZUTH, FE3 A 16 HIZEENZhZOHAZ LA -7, X -T 2020
D5 2021 FIZH T TRYSEERZ M Z THETT 52 BRD B RN R TRITIE D &
ORI & 2 N4 OEGRCATEIOZA ., REZIER LI NOZHCRERERIHAENLL S5 %
TR END,

Danger eld et al. [4] 1%, BREYEDTRITDEED v 4 )L 2 DRHESLELHIETTEI O NMER X2 5,
BURIZ & 2/ A DRI 22 FI%E & ARREDFHlICSRED B 2 Z & 216 L7z, COVID-19 ~D %
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K12 & % COVID-19 DA D EEFH DR O X 5 N 28%, fl X8 EEDBHF I
BAEH D D TR T 2ATREME D H 5 [23], X 512 Kanda et al. [8] X =E IR DHRIRE Kk O HEH
80 FADF — RN —Z2H 5, FlanF 7 4 L R FATHIRNC M EGYE OREFIES M L 7= 2 &
ZHOLPICL, ZOBENLRERE L TALDITHABRORE 2 ™R LT, SO an >
A NV ZADFTAT T, JRIKDOWERD 7= DI EREBICHE D S A Db Nz, & 2T b BRI
FERDERREDTATORRIC D BE TR b0 S DL DECROBEHNIR & Z 4k oMEEe, H
RO TR EHA o F 7 A L ADFIT L ZDOXEIC & BEIRNIZHELFHRZDEDND 5,
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Table 1: COVID-19 DEEHRITOI, FEIZNID [14] 2B L 7=, B XOZHLRER ¥ X,
HIRARLBE XA DIREIIC X 2 Eilkg= 1@, AU 25RO I X 5K
B DD ZE T, REORELIZ. V7 F TG X D EE LB 0RE R8T,

HAR —H DF R EE R Jer A
DI AMHE
1 | Mar. 2020 - Jun. 2020 644 | kD L WEZ oo ED 5 D

ATERIREHZIC L 27 A4 L RTRA

2 | Jul. 2020 - Sep. 2020 1597 | 1TEIH] (BEHERES) DM
3 | Oct. 2020 - Feb. 2021 8045 | Z=HiHY R EA
4 | Mar. 2021 - Jun. 2021 7244 | WRITEE AN OB (EEE). &
5 | Jul. 2021 - Sep. 2021 25975 | ZEEINRER, R
6 | Jan. 2022 - Jun. 2022 FHIN R ER, PR,
¥k BA.1 2 OF BA.2 Rt
7 | Jul. 2022 - Sep. 2022 DI, IR B
¥k BA.5 Zff
8 | Oct. 2022 -
Table 2: #Hfla v F v A NV AXRTE L HRREBEGRE (BEE - FlBESZS8) [13]
AR A. (597) B B. (RHIE) #7H D 5 b ERAHE] || cf.
aRFUAALR | anFUALR | O, G (EM) || R
PRTE (ER) | WRTE (B | EINNoRFEES ()
2019 0 0 0 341306
2020 0 734173 206570 () 356914
2021 50000 203746 189293 ( ) 358343
Table 3: HADEEIETE Y COVID-19 BHAEELL [11, 15]
G EKfgoe | HIFEOREERE D LI | @EFECH | AOEHTASZD | COVID-19
FEER (A) | HESHBFEEHR (B) ( ) OB | ERTEE R
2020 3459
2021 14926
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1 Introduction

ZOETEINE TOHAREDKEZREDFHE & LFEOFATHED S Rl s Zhh 50K
FEEREHICOVWTORAZ BN,

H2HITIINHT -2 ZHWTHAREOKEER RES, HAREO/KERMSEFHEITBEER
DFRERTHEI N, KET (LLTIFA) O = 794 b TRAIH TV [45], X HICHE
W EOKEEAGTEARER SN TE D [46]. MATHEEITBHRIOR T L OKERELDH %
[47]c F7z. BMKEDE (LT MAFF) 2VKERICEDODZBEDO T —X 2R ML TH D, fiE
WC—EKEHEE ATV TR TORFREAENRICLE —-FOHE (R¥EL HR) 0%
I [61,62], MFHBEIORITY LT, IZKEMALERRE (LT FRA) OEIFEFHEH 2
[17, 18] A& DD SIKEHAGTHE, /KEMBTHEEZRE L, BHICKEHIEE L L TOKEHE
DFAENT DN THREET 3,

RICH 3T, BIMEETLFREROKERFRERICY o TERLRBER L BHR L LT, mAH
fedE PEE  (Maximum Sustainable Yield, MSY). Ecosystem Based Fishery Management (EBFM)
SRR CBRELE R 28, ETHEE T D5, MSY ZHIETNEHEFKEDSEHL L (HE
BERHERTH D, FIHDOERICOWTRVEmFD D > 72 [55, 60], EBFM [FHIHO FHFETII7% <
ARREREZEET IR THD, IEFEZ L OMANRINT VWS [13, 39, 74], KUREK R
ZENIBEHAFTHEL Ko TED, KEBREHEOHTZOEDL Y 2 HET,

HAHT FRHOHA» 5EZ 5N IEROKEEFEHDOEE L MANEBERERE T %,

a7 — 22 EFEHE TORABLDOERLICOVWT, ULDBERILEDHE L H X H FEKiL
DGEDD BH, UTTREHI XA FRILITH —T 5, A7 X0 TV BHT 2588
HxDEEERTIH5EEERLT, WHAVIE, PN, JVHICRGIPEEHRZ 2, &
oo (A7 vy o&R5 8 IR5Y9RT 0 T A7 X T (Theragra chalcogramma) 123R50
ZH— LTV,

2 Review of the Japanese fisheries policy

2.1 IKEEXREH

IKEERAGHHNZ, IKEEHATES 11 521250 ZKEICH T 2 i O &R0 Dy e HEtE %
X2 7-DICBINARET 2D INTED, 2002 Fh 6 HEC—EOHEE CRENTTHONT
W3 [46], IKPEFEARFIETIX, KFEZFEITEBIT 2 F 8 1RSI R 72 ¥ ORFBUR,

117



M UOEFEERSBAEEHER COBROMABERD T E# A LC STV 5, 2022 FOKEHEA
FrEI2 5. 2 F T BB Z THi 7z 1 EHESEEFHTE1E (Key Performance Indicator, KPI) &
LT, Bk c—H Ao N\OME R e AEREE, $-mbEEEEEo B, BRE
(LR I2BE 3 2 BUARRENL AN 2 & 7z,

IKEEFEARGTHEI D W) D THEK X N/2 2002 0 6, HEROBMBEERE : L TANME2E. BH
fNE, EREz A ThcENAERBE. ENEEREEE. Z2roBxHXh 2 BiaREE
ERITCVE, ZZTOENAEERIGHAEICBY 2 ER L #HIVERZ & LEE T
%, 20024, 2007 FOTEEHIOBEBIE L T HEROEBEOBUYEZ LEATR, AMERE &8
RN, HEEOLER Y HBROHEZE TRERD T FICR>TW2 (Figure 1), il X
1. 2002 FFEO/KPEEEAGTET 2012 FORNMEREOEERHTEZ 682 /1 b Y EED TV DIZ
WU, FEEOEERITA33 7 P EFE 5T W5, KEERGHEHDIBE X NS Tz KB
O HIZEX FABEINTWL A, EEOENZ O HIZEE FE 2 FHEI N TWD, 51,
R DRR DK PERAFTHHE O TFEE LIER S e hr o 7 HEUSK L. BREDKPERAFTHE T D
KIZERA:  oidid b 47 &80,

Figure 2 {%. 2011 52 & 2020 4F £ TO M D ENEER O FEEDLS LA+ (KX TH
A, BN AV TV AVE ARITFATS AT MURI, AXE 7O W
V) ODRBOLEROBOEDY ERT, RXTHA, ¥, <A 7>, TVHE AV A%
EfiFfE L, Bt B AEOENAEERESARICHD 2EAEDRLTVWS, Thb0E
AIEFEIZ 2002 FH HIEIMERNC D D, 2020 Fi2iE B HECTENAEEED . b HAET

FHOD TNV IR TH 5, 2002 FFOENEFER L LN, <4 7> EIMER, &
NEDERIED 5 S OOHEIMEA, TVEHEME TH 7O L, RETHA, AVA ART
FATS, AT PURT AFE 7Y, BUVEBOERITH - T,

2.2 KEBERTHE

HARBUT O/KERRGRTEO YPIFREIE, 2012 FE2 & 2022 IR 2000 MR THE
LTW53 [45], PTRONFRIZOWTIE, TEDHBE ORI FELRETEEINDS H DR
HEEDOAJMPHVSNZ b DD 570, EIRFAE R O, S ERAT RS, RN
L AKE R O S F TEEPRE, gk, KEZHIFEREDO IS, MR LENRSE
. IKEEEMRRAHEE, T ot D L7z, /KEBGRTEIR. R[N pirEh
THED. NHERFCREK BRI K FE N, IENHEPT IR B IR & N ORI, A ERE AR
A, EHERDE, KR O S 3 F &M, Maoer R, KEZ AIRRE O %, sk
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FEE EXREED G LEN 5 (Figure 3) o ~NHLERFTIE 2009 FELARTIEF M 1300 (EFHL 25
U, 2010 LRI 2019 4 (1007 fEFH) ZBRWT 900 B %Z TEl>TWwa, ZOWiRIZE D
e 8 HILL EAKERBEHITETONT WS, IENHFFE, FMH 900 &2 & 1100 M D
F2HEE LT D, 2 FIDHENAZENRETTOHNATNS

IKPEEE IR D B IR K PRI DO T HIX 2018 4F £ THERM 30 (525> 5 S0 RS - oot
L. 2019 FED SN L . 2020 FLARFIZAER 90 (RN B2 & T 5T 3, 2018 AL DHIE
MaEIE CEIFHM R AR DILAAIET S, 2023 FEFE121% 200 FEFERE Z fHiif SR e § 5 0 —
K=y 7OFENERITH 5 [48]

RSB L TR, 2020 FFE D & PRI KIEICHEM L. 2020 413 330 &M, 2022 413 230
BH» T s TWb (Figure 3), ¥7-. Figure 412k % &, AER » EHEIZIBEEHEIANK
HEIEZ R E L ERloTW5, EERIE, BEHEET 1994 F0 1344 ¥ 1 © 2 &K A
D, PIKETHIRAERAITH 5, FEHEATIX, MFEEFET 1991 0D 6058 D> & BAMEM
RN T W2, 2010 FRFIDICEEFT B, 2019 121X 4802 EMI F TICREIE L7z, PI/KIET
DEHEED 2002 2 SEIMERNICHEE T TH D, 2019 FFI2 205 @ L o> T 5,

WK e O & F THF BB R, PKEREOFRN R EHOE D FOME. v FFHD
PKETEIR D [A118 » E# ) 2 E AR OE, 37 OEIFROM_FICHERBIRAHIA O, &
JRIERL - [MERN R OEWEELE - IREO TR, NREOERLEFEZSIRITTETHN S, 2013
EECIHERM 7 BHSEEOTERUETH o 7250, LIRIZER 10 EMEEEORSEE T & 1
Foh T (Figure 3),

TGN SR B F U 2015 AELLRTEAERE 20 (BN 7z 2202 o 72 b3, 2016 LR IZAER 50 &
A ETHRE L TWwa, fifficBL Tid. HARZEBEHSEEIS2 SRR L. 2019 457 A2
SEEMEEEMT 2 2 2E S L [75], 2019 £ & 341 & 2 SR L EHEEIZ A
BEL. 20194F1C 309 BE R O {EFT. 2020 FEIC 327 BE Y B RoTW3 (Figure 5),

23 IKERHE
231 E£EMN

MAFF D3R EFFTRE D 7 — & [65] & FWT, Figure 6 ICEFHE R H OE N EE DM
FXHOMREWHINADOBE D ZED D 2R T, B FEERAEEMAN D T — X & INEFE L7
THHD, XA, AXHE. 7 VET2016 F0 HHFHEHBOBNIEE XN, 43 LD 2015 F
AL BT 2 DTV, KX THA, HXH. 7 VEOWEHIG CRITIAD S %x
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Wz 0) REFEEELTED, 7VEESEXAIZFEC > TLEE»RDH 2, TVEHE XA
TIEZ X EE R ZHO KIS 2 HDTE D, I H e EHINADMES thofafE L b
REPol, ¥XA4DZIMIT2011 FH 5 EFMHFNCT D D, 2020 4F & 2016 FDITIAZF
2 (7111 FHE 7061 HH) 7Zo7icd20b 53, 2020 Fi3 2 2RO S TIPSR T
Zit ELTW3, 2016 0 7 VHEHOHEFINAD FHEIE. JUND S MRIETHRAE U 72RO R8N
#2503 [10], MOABOWRIZHONFICOVWTIE, A FHEIREAYE,. 7 VEZMEOH
BN Z Do Tz

HaTTFTS % B D IRSENEEF R L TN TRR U 72 & 0 2RISR D48 L L T Figure
TS, / VHEOFRERNEIZ 2006 55 2020 FF TROREMU LD, KX THA & H I
FEHE DL Y E o TV, 7T VHORSMERIEIN FHOZNE TH-TEBH, v X4
DRENRIZEIC & o TEFHKRZ W,

232 HEA

MAFF @ BMOKEY g AFER « SO 7 — & [66] 2 W T, il A S W7 /KEY OB %
Figure 8 ¥ Figure 10 127" 5, ZAUT X 2 &, i ABEHI 2020 FITHEBIAAD R 655, 2019
FETIEPPHIMERIC D o7z, Foo ZOWREAEZ TS, KEY) CEEE - 1D - 15T
EREKPEY), IKEETARLE, FURTBERH, ZoMic o S 3 v, SEIOKEY (R - W - B
H) BZDORKERE HDTND, KEY (CEEE - W HH) O ABEESCHMAERD LAifEr
LT, 3o~ AvA~rof, v, X7, A4, I=OWMAERY lkg H7zh OHfi%
ZNFNFigure 9 (a) & (b) ITRT, TEIWXDOWVWTIE, Y2V ¥, Ju—rRkifftzr, vy
AR = EBOEIAELZRLTVED, MAREREWMAREE DIZIFLALHY2) 7 To—
YTHHLNTVS, WINOAMDIHAERIZ 2012 F & ARVl DA R S
B0, WAL D L < IEEIMERITH -7z, (Figure 9), FHIH =1% 2012 £ED 985
M/kg 2> & 2021 D 3063 M/kg £ T3EULED EFED D - 7z,

Figure 10 12 & % &, /KEYIOEHGEIX, 2020 2R EEINMERDIHFENTWS, ZOWRE
AETWD M, KEY (A - A - DT - - 2 . KPERRELT, fUmiEE. B 2o
¥ T 2 &, FHIKEY) (& - /el - 1B - S5 - 5285 oS4 2021 4£12 2012 FFD
2 EICi2 o T3 (2012 4F 914 {5, 2021 4 1923 &), /KPEY) (LS - ek - 1 - S -
M) OEMHSESLHMHEEREO LMY LT, <R, AV AT PoNE TV
AT ORI, KRRTHA, A VHEHOEHHERY kg H7-H OHfiz ZHh 24 Figure 11 (a) &
b)) ITRT, MHERICEHT 2. VNE ATV A2 T4 EHIATHWE 2L
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Db, e AT NIRRT Y~ 2T 201205 2021 FFTARELFDY L, 2019
ESIZ T VEOEHERNE X 7203, WHSEHEBMIKIEICKT L, 3~ vt~
OISR IMERRI R S50, X7 b XTI, S A4 U BHIMER TN T H - 72,

24 HEDFERTE

FNELEOLEEREZ KRELLHIE LD, v~ 7>, ¥ rv, w79, =2 V0D
XSRS TH D, HATIEA 7Y e P ANFHOEERPEERO—E % Zh D TH
% (Figure 2), ARBROBIAD O S/ NURHAEIX, fRfA (forage fish) ¥ LTFF7 227 o
5 ENHREETI AN —2RET 2 RE LA S BERAMTDH S [15], ZOFRHHE LT
A NH ORISR E L T THEERDKESET T2 2 e —RNcEbhTtnd
[14,42], BRETAC WRAFMIIEEIN TV EDIE~YA T, PN, PN, v, v7
ITHb, vYNe IR YFANIFIOETH 275, fEHETIEZ L DGE T2 G bR
Y UTHEFINTED, HMHEARD SREREHE L, THPNOREREHEL TV 5 [25]
P FEBEERRTH D, ALFFEOBREHARLINC uy 7, BIE. BE. FE, X
TN Ko T NS [26], 2019 5EH 5 2021 FEDOEPFKAEIL MSY /KHED 43%TH 5 DI
D 5HF. 2020 F L 2021 FFOILKFERTBTORIBIERRERIX P YIERESINTWVWS, T
U, 200 FOGFTAEENN 14T oo e 2ifE 25, BIFICEINIHER X
DBHTACHRELSRESINTLE-oTWVWD, HAET Y U ~vD TAC HHRFICHES N8B K
D HRERMEICHE SN EAIHNTE D, TACEHEIEEL TORWEWDD 2, v 7T
BFRHCRFERBECB W THEESE E LVWKEL D &L, »2Oo&RFRESE F LUVIKEEX D un
IREEDFENT WS EHEE XN TWV S [27],

%% Figure 12 1232, WITNOEOADHBEL D2 Z e 0 bd, A4 7 IO T
B HHAMK <. 2020 FRIXTRIERE DY 70 77 b 0t LHAMIE 1kg 72D 2 TH o7z, ZHUTH
LY v <R R 3 2 B0 Z8hm s K x <, Biffi e R BERI T 2 &, HER
1T AT 5 e Bk FEFETBEMRPE LN, 272U 2019 F5 5 2020 F i34
¥~ DB RN T A g LA 25K D BEFIC/R D, 2020 FIXIREEDHI 3 T b T LHE
fifil¥ 1kg 72D 483 FHTH o7z, Figure 10 TH R HN 2 K5I, Y ANEHPA TIEHD XS /)
R FSHIZ BN S D DIHERIZZ W, BUWKETEE L -HER2H{2 DT
XL EEHOMNEMEIVRB XN S, Yatsu[99] 13/ NETZ SO IE B OWTLL T Do 1
R HEREL 72,

121



1. EHEIS LA (Management Strategy Evaluation, MSE) AR L —F 1 ' 77L& W,
FaZE L AL L 72 Bati 2 S O E IR (Harvest Control Rule, HCR) & B FEFAM /5 15 %
WET 5,

2. KOBENZIRV =T 4 Y7 BT IVEERD 2D, REFKR O O E A BIE O
SLERRDZ L LTS 5,

3. INRPEFRSED SR B DIEER IR BB T & 2 X 5 WA St 2 R T 2.
4. HARHg, Wi, HiZB 1T 2 RO BRFHlEELD 72 o O EERIY 2 Ml A 2 LS 5

RIEIC O AR SHIMT 2 . HEAANDEMAD S, Koy~ 2, hr it~
suf, TvEPHANC > TEEABTHL 2 2R T2 TE5 (Figure 9), /K
PERAGTHCTHIEIZBIBITIONTWS HHREDO LROBETRZ 2. 2o 0D HEAEEME
HEEEDDL IR —DODREK S,

IRROWTIE, B gL SO v HOENEERIZRAMERITH 2, HE7 Y7
FEE " HOITHEFRANIZ NI X £ ¥ Litopenaeus vannamei DEFEDEGEINATHONTE D, HA
Td Z D EEFHONRMN ZINERHAE EHA R » O HLFHE TN SNH23H % [80], 4
HBHARENTOEMIE, EEFESLR CHENN T 2 BMMEE RO Z 23T E 2003 EIC
%5,

AV A7 EOERICE L T, BB E EREI R E S 2 h 2 UER O E D
ML TWS [23]e AV A, XANF, AR LUFH, ruvre (RFIF3Ivrn) K2
NZENEHEREIFRT LN TE D, EHEKFHE (Management Strategy Evaluation) 733 X
TV DRI TD % [24],

AR AR R N &) & FHERFAROH T, H 7 v RFEOREHEERHIROBED 2912
TEIEID LB ToNTWS, BIED FRA ORFFHE TRV r~2AEOfEE LTHF 7 b X,
u¥r, B I ANEENRE Lo TW5 [17], 7272 LENR S OEJRFHED HiElE, Wi
B IERIIER DKHEL B (H 57 P~ RZIRBIMA THEEE T M X @b E
tp) DAT, BREEKCERZOHEEITHG SN TWRWN[19,20,21], 3MEE & EHEEIIHME
AR KB RZE T LTEBD, e i3k aE e LT2004 HE (64 77 b
V) LWIOEIEH I T WS A, 3FE 12 TAC MR TIX72 W\, Morita [69] (¥ 7 FHDE
BEF ORI OWTHE, SUEEE)., BUREZET. 205 biEOREIIOVWTHEDEHI
NBEZEDRNZ 2R LT, Z LU TIMELBGRZE L TEE Z 28R ZE (domestication)
DY R ZRFEE27-DICHRENZEHL-BREEZIEZE L, 20012/ EL
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727 OWER O LR ESPHEMOWELROE T, BMIRADORERD LRZIES Lz, BHE
WZBWTSH, Vo~ RHEOEERTGARICET 27— 2B 7V EHPCYX A DX IEHENT
Bo3. BRRARERRHIRD SN2,

HAD 50Tk, MHERNCEMEZHEATRE THADEEREMTH S Z 2 B0 h
% (Figure 11), BTER X T H 4 OEPEIIENE L EXH H1THN TV 50, FRA Q&R
WHEMRDRINTE S, AER L BERED T — XD MAFF [63] ICABINTWEDATH %,
X SISEETVEDEM e LToffifiz S TETED, 2L OEHLIEKETH % [66], 7V
DOEWNAEICBE L TR, RRD 7Y O4f (£ % ) HHEFHIICERIRTE 2 Z L AFAIRTH
b, LLIRAISH, FRA[22]12X % &, 2021 FFDEY v aFHEEUIFTED 2020 FH 5K = <
RO LU CGRERED 880 HETH 7228, Y ¥ aDFHHERICHY T 2/ 7— X235 2019
FELREA IR TORWZ eI TS, E7o. HAERELLOFHEE S OWH KR LT
T2 THIERIO 7 ) OREENEH T2 Z e PAMEINTVED, 2O XS RAREE
2 U 75E ) s BIRE B OFEEH KD S5 [81],

3 Review of scientific literature

3.1 Maximum Sustainable Yield

Maximum Sustainable Yield MSY) fx R¥FcEPERIE. Fife L TR gEZR /K EE B TR D& =
L TERDT O, ROPHPREER MG DY — 172 ¥ 2 { OREZRRHRIC L TEIN S
BTHoT, THUIH L Tid Larkin [55] DA HEHTH %, Mace [60] TIZ MSY DR D
ZIZOWTERINT WS, MSY 2T % & 5 RIFIERK QRIET) G EE AR
MR (FAO) DSFITT BERHA R4 VIEG L, TRV IDRITF VY« AT 4 —T
A% (Magnuson-Stevens Fishery Conservation and Management Act) (ZdfHAAEH, —DDH
Z, ZREE LTEHEATWS, HAREDHEEESE 2HE T & TH MSY BHIEITRZ AR
BOKEO—DLINTWVWS, MSY ZEERE L THETT 270120 () RHEE 3 E R
KOBFOBERL NV b 5REIEMICHET 2 22BN TE 522, (i) RIEEENETRD ]
BRI RN L NINZE L 22 IEEIERRRTE 5 2 &, (i) 2NH6DLNINMZEL L & ZIZBUM
PEERHIE S 2 72 DIREIATEN T2 Z . (iv) REEEDHREOEMEAREIC T 2 DI +707%
[EEL NV EEMICRETEZ 22, LW UDODIREICHE D K BEDDH 5 [16],

Walters et al. [94] {&, HFAREAD MSY BUR O [LEI/ZEA L, —MBIc AR RAEIE O TR 72
ft. FICTHEHAHBEEORA LS| SR I T 2R L, . BROAEEZIET 25512
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Lotka Volterra A2 ZHWTMSY ZEK L L5 35, HMBEWHBEERLBHFROVTH
WZBWTH—HOEMKIRT 2 AJHEMED D 2 & L AMER X T\ 3 [34, 57, 58], Legovic [58] 1&
Lotka Volterra B H HH EE R TR TD MSY ICOWTHNR, ERAMELE X722 & MSY
PHIEELTIUEL T2 2 2id, DEXR L 2 2 £ O RERE X D BN ORMEE 725 Ol
L AREED DS Z e BIR LIz, Ko TMSY OMER R ARBREHICEBEIADRETIERVE
#igm 1T\ 5, Takashina and Mougi [87] 1. YXETENS & logistic model (Schafer model) 12-%
FHE AR 2 & TIUENSE DA RO A — 2R L. 1RO MSY 13 K
ThHsrZ %Rl

WAETIE, MSY IZRD 2FEEBHIRRE XA T W3, iz, Hilborn [38] I Pretty Good Yield
("sustainable yield at least 80 percent of the maximum sustainable yield” & E#) &\ 5 {5iE%E
AU RE (steepness) WO BEEZEALTEREDNZITo7%, MRE LT, RENKEVAE
FEINEREDRZINI e, REPMERPIRZILILEZODIDRERNEREZDIFL L
#RLU7z. F72. Pretty Good Yield 3O E IO T 2 Z 2 B A[EETH 3 [40, 78, 881,
Hilborn et al. [40] (3 BRIZ 2IRIE & K2k & EVIZRRIEDOIRE L OMICE P L —FA 72D % & F
BRU. CORMLEIE L W0 ICRIEEIS IR AKRED | BAFIED N—t v M2
25 EFTEL T2 ePRBEE MM T2, EOLRCEFRBEDZWVIRE TR MR T2 221X
SURZEE)CUFER ML, SR DTRA L & OBRRZEF OB 2 I S . Ol E LMz
Lo THRWVWEEN L, Kempfetal. [52] 1%, ¥ & T ¥ saithe ZTHAEZE L LTET UL
7oA D A RERIT N LR BRI O (RIS B FERIS 2 L L. #fEm & LT Pretty Good Yield (Z D
X TCIER % MSY @ T2 EER) BRVOTIERVILHIREL TV,

3.2 Ecosystem Based Fishery Management

BAFREEICBWTHE—ABEIET 2 Z 2 Er AL, 2L OEIER O A% FRRIC
WEL TV L CERRIASDEDLD S [41], H5RMORMLBATERTZ2ETALDH
BRSO VAR 2R ZI A 2ET VDD D, Ecosystem Based Fishery Management (EBFM)
DIFFEINIHETEH XN TW 5, Pikitchetal. [74]12 & % &, EBFM O 2Kz X, #2kiE
HERBRPLZIND XA HWELHIFT A2 TH S, FICTEBFM IZIE. BREDOHESLAEERRDIR
REZIEECTHI D AR 2ET 2 2 . BARERRO NN Z(LD Y 27 Z2R/MLd
5, AREREELS e RN SFEAIE 2 EE Ltk 2 2 2. ARESHD
R HEET 2 - DERROBEOMAZEIN T2 RDOND, T H—HEILOH
HAS £ Vo Tt LTH ZRRFIEN RIS R WIS 2 Z@AE ENTHARL
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72, EBFM OB AR I N2 L WO BER S H 5 [39], ARRREMHIH A TREFEN R EE
H % A7z EBFM Ol d kA 50 TW3 [12, 13], 2D 5 5 Doyen et al. [13] 1ZEHDT 2 =
L—ya v oEFRROEMEEM LS F VU APEREZEN, BIFENY R 2 RELRL L
EBFM %2125 % £ SM& L7z, EBEM D & 5 12N A7 A% 4RA T 2B OEEE L LT3,
EBFM D X 3 #EEBH 5N TWiRWZ & EMIRIEEIHN TN S Z . BT LWHENDOTH
DD 5, ERRDPEMLRT-DIMORAD L K5 ZeBNEHINL TV S [59],

EBFM AND—DOD T Y LT, H—DEOE TR, ERRDKEEED LA 5 T
% CTHRED > E4ERY72 End to end (E2E) 7L 3% %, Fulton [30] &, ZHZ¥EMIIEET
1372 <, whatif DIREMRIRZS I 21— a Y CHET MK AR TR LTHEYRD 2
LKk L7 BE2EETNMICOWTIE, ERERZ MHERICHK S Atlantis [1, 31, 51, 83] % OSMOSE
[28, 29, 35, 36, 79]. Ecopath with Ecosim (EwE) [6,7,33]1 D & 3 2 EFLAMH %, ¥ HbiFEWE
WZOWTIE, HATH A NgEPTEE [95]. =R [100] ~NO@EHBI2H %, E2E E 7 MIIKE
DB F TR L7 IR > TAERBRREHRERILL X 5 LikA 3 [30] 25, RoEME
WHRDICONTRERT = XL 5 ZePHETHD [84]. T —X AR TZIUZEMERE
DREINRWZ LD DD VWHIERIND 2 [6], ZNHIIMA, ARREEELZEL OO
D ¥ 5 MEIZE T R D FE K % 2T 7 MICE (Model of Intermediate Complexity for Ecosystem
Assessments) ET VR EDD B [73, 77,911,

3.3 [UERUVRIRED

Williams and Brown [97] 1L ¥ 2 —i@ X DH CTXURZEE), [LEFHOHMBNEFOZEL, &Y
ZRME ORI DONR, Z L TOUUZMED Z LA BIREM O SURDOFTHER L. THIGHEFHD
BRICH 725382 52 T0W5 e B ML, REINGKERZS L ToMBKIREL & I 72
AEMZLE LTOLY—4> 7 PHBEREZHOH E LTETF LN 5,

WEDERD) ST THIT ELRWRIHNGRIREZ 22 8 L -5 ohTtn s, HIlZI3,
Tucker and Runge [90] IZPNETEN X 1P AT 4v 7B TN LEREIE TS L  IZHNBIRE 15
RHIFNZHE > Tn L & ik e BN 3 ETTE 2 & o LIROBFIREDOAZRIZOVWTE K
L 7zo Bryndum-Buchholz et al. [4] [Z5XUEZENINN T 2 RS EOHEEEICOWTHNR, HA
DIKEEZEZ & D Rl R IR EN R ZH) 3 5 KURICIEIG 3 2 MHIE D IZH5 5 BEEDRAT 2
ZtzTHRLZ,

Leeetal. [S6] ICKk 2L, LY =LY T MIOWTIEo B D & LAERIIZRVD, HEDKIRS
L I EYR R O a2 Z2 b2 fe 3, ALRPEFETIE 1960 FRAID & 1980 A D D 1z, K
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SEETIE 1925, 1945, 1977, 1989, 1998 FEICL Y — ALY 7 b Z o2& ¥#1%, Yasunaka and
Hanawa [98] (&1L ¥ — 4> 7 b+ % “the significant’ and ’systematic’ changes between the two quasi
steady states, continuing more than 5 years” £ EF L. 1910 fED 5 1990 FRETOL ¥V — 4>
7 F % 1925/26. 1945/46. 1957/58. 1970/71, 1976/77. 1988/89 ONEIEHFE LTze LT — L
¥ 7 b ORI A IR TR IRA BN T ETED [54,68, 711 HIEIHE S F5EIE. ALKRPETET
North Atlantic Oscillation Index (NAOI) & Gulf Stream Index (GSI). AF-i¥T ALPI (Aleutian Low
Pressure Index) & PDO (Pacific Decadal Oscillation) 23281F 5414, %7z, DeYoung et al. [10] I,
WEL Y — L7 FO=DDEERERZ, FEY T nt X AT ot R, B L OREEN
ARMOZENTH S L Lze TNH=DDEKIIZ, HEINIEHL., 202 liTsZ L
DR BARB X CNBNEIDE TG 5, HERRRR LS RGBT 2 KRR IRE)
728 DIFEYIRERE, —RINCR O BERITRE SN 5, EMNVERICIE, SUEISERT 2 &)
MDD ERERL, BEARICBI LAV AT T A7 OMEFRREO RO X 5 n FEME
DWNEBEAHEIRED & F 5, MHERVERMDIEIZ. NV 7 — YR D BRDIFEVINER.
F 72139 > 2T D dynamite fishing < > 70— 7HROKIR L BB, ZDHOY > aMEADH
RLY) 7 DK, SREDENTL D NI EDIERTH 2 AR H %,

Essington et al. [15] (3 ETFRAAEIZFBARBERDOEE DK TIIH L, HEEHEIEVEIGEZR-
TEFRLAETREISZZ2E R L. AENDETINS 2 HEEEFOITHZEOENDIE
R ZTHC e 25 h Uiz RIAVBXIREF L Y — 4> 7 MK 2EEEDOZRE, B LL
R R IRIEZ L 2 S EHICHAA DI I ETE L FEm SN, BITHAEDL L 2 =53
SNTE[53,76), BIZIE, Tanellietal. [43] ZHAN—Y X ZHDRT b U X FITOWT, Aif&
ZEENCBE S 2 BUR AL IPCC) DXURE 74 7% W TRUIREFID 2 W5 E L 5 2581080
 THRIERE IS O LB U BURHERF O B BRI TIOR3 5 Z L Z/R L7z, Chavez
et al. [5] 1% 1970 FEAHIXITHE D>\ anchovy regime 72> & sardine regime NNDZA{LB3H D, ZDif
231990 AP OB PICDH o 72 e BN L. 2o ORBIRL BRZEENI N LI R KUIEEE) %
HBEAEROEHEOBEERICANZITINI R SRV iR L7z, 7272 L. Kingetal. [53] &,
RMAMKIRD & 5 RIRFAEE 2 B EHL — VI ZGA DI AIZ I N T E 208, BHEOEMM
THIEHEOHBEEROEREMEARHEICENTRDNS Zt b D50, EAMIZ Lvweis
L7z, Puntetal. [76] 1%, BURZENZ &t & 5 I EMEIRZAE L CHEMBELERT 56
N%&ZUTE A EE R0 e T 7z

126



4 Discussion

41 BAEREDKEZECKEERER

IKEEFEAGT I K DK EEBAR T HICOWTHER L, IKEZEOREF N RETNC OV THRAEZ 1T -
7o WMEDEFER, HEE., BHROHEMEZVINDERINTES T, BIERED HHMEE
FTIATONLBER, 25 WHEHREZOH ODOEYIZDORELNKETDH 5, ENOAERICD
WTIX, Ichinokawa et al. [44] IZHATHIEX N2 AFD 5 5 37 RO EIRFH 21T o 72 F5 51
37D S BRPEDDEEESKE T EBIRET, LEoPBRENLEE LWKHEER TE->TW3
YE|RLUZ. LA L. fa¥ERTRERE (Total allowable catch, TAC) %#iREL-EHEEHOBEMED
MU HAROWIEIGHEY) 72 SR CHEETIEERERE L2 D BRI L) TE 2
T 72 ZOFRDPZ Y2 513, 2017 EDQKERERGED S8BT S0 R EEEL
D7D DETFRIIER T Z 2133 TH %, Figure 32T & 512, 2018 FDIAZEELUELIBKPEE
MO FEIZEMA R SNz, T Z 2k, EIFRFHET R AR O TAC MRFABOILK %
R T2 5%4TIED 5,

TAC O k5 R OBHEADBEOREL LT, RENIRILO & 2 #Y)E2ZE LRV
B RIS 2L [93] . HEBICLIES-AD0W EE R BB T oS, T,
TAC TEDEDOH DR L ZRXRDED TAC HFIEI D B TR Z 23, EEZECT
TLORITFTBIENTELD, G BFEEDOKT., HERDKT, HERDELFHDY X~
EEODTLED Z & [96] DM X TUWS, Fultonetal. [32]  TAC @ & 5 2 HOEHIIHE X
N WHEZFR L TL 2., BFFHMEONEEELE X 2 REDVD 5 & 5 M L7, Tokunaga
etal. [89] 1%, HOBHICHEREEE DL 572012, FLEZIEE T 2 BUFORE (Gfho s
BRI ) &, HEEROBEICH->7-d 0 (OB VWE L, %%, B, $UTR
D) IBITLTWL 2 28E LTz,

Sumaila et al. [86] X AFAIRER 2013 2 5 2019 FE F TOXEDOWEMBIED 7 — 2 25
», fHR%EHLE (beneficial) . ERESI DIE K (capacity-enhancing) . BEEE (ambiguous) 12=4%7
L7z, ZORRT Y 7HIBOE A THF2EOFMBIEEEHD 55%2ME LTk, dt
Ke At 7 =7 Mgz bR < 2 TOHIR CHERE S DR D7D DM R b EIEHKRED 72
T RIERI LTz, Clark etal. [8] 1%, BUFIC X 2 fERE N ORBIELMMOEWE L (buyback)
3, WP IIERE )RR L T LE S 2 2 THEIRORECEFNREEICAOHELE5ZTL
FHIEEREE LTHEIFTCW5, ¥/, Makino and Matsuda [67] (& H A E D 7K PE & J5E FE D
B2 %D, HADIFHREDRHMTH 2 HFABREHDOMD L HIZONWTHEKRLL, 56
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WIKEBETREFE DB X5 % information costs (TC-1), The Collective Fisheries Decision-Making
Costs (TC-2), The Collective Operational Costs (TC-3) {27738 L THIE)IIRZHIcZETF, RO
MZzDFEL. fme LT, B, $UT. 20774 7 Y ROERANFE LR & 2L 72,
BHNRNR 35 K FERMED B 2 BEAHlORZ L ERNEEN 5,

WKER O T ETEHEREFEMNRO—D20FHEL LT, VIHFEFEOEEDLDITTREIMZL
5NTWVWS, LA L Kaifu [S0] 3 & N7z v F FHEFADIIESR & FNEIEND 7 F FHEA DB
HFREPOVFFHADWMARZIIWEEDPORONLIEENRE BiRo T\ I L 2
L. @Y7 —ZINES AT L2 RRICHET 2083 H 5 L TR L,

RCEICBE L Tld. 2019 20 HHfEZEIC X 2 IS FERE & AEH BRI S L 2 D ., fififiaiu
RYB L HARLGERX T2 ORBICIE KTV, Thd & DIRDILH D #H A 7% & B 1 3
MEES 2 Z D ETH %,

2022 FEDIKPEREAGT D S 1 IEIHRK DR EFR(UDIHEE S . ~— 7 v b A Y RIEEE O
. ICT FziEH L EEEom B, REARDR, WHOIERFELZTE e L. 2020 F5 513
FIHRANDTEIKBIHEML TW5b, 7272 LEEXR2ROIER IV MEIERATH D,
TVHE XA TIE—A—HY ) OFFTFIFIEANLETD %, ffin () IOV TIE,
HEEBGICE DY - A~ — MKERIN ORI & Bl ELE, BIRZEEOZIZE)S R BE R =
OB OMIRFE L, NET 2FEAMOMRPEFICE TN TVWS, £z, 2020 4F
Ot A BEHDZEFEM L FHEIEL 2019 AR A 5 D SARS-CoV-2 12 & % COVID-19 DIftfTIZ & %
& ZTHMWREV, COVID-19 DFUTIIKEEZEFEE ., FHIEIRORE ITEXEE KL LT 5
WD D B [85]

42 RBE

Hilborn et al. [41] &, 7KEZEIZE > TORHHAIEEM: (Sustainability) DEFRIIANIZ K - THRR
D, IREEDMEEMET 20 TERIED D L E KR Uz, EHRERI MSY 2= L7z D MSY I
FET 2HEE R 2 LEEICR 2P, 20 X5 RELESHARNWLHEEATEE LVWEHEDH 20
LTH D5, KEEDOERFH, FHFN. 20, HIENRIEOFEIE. FtraERBREIcE 5T
HETHID, BHTDH S (3], KEBRICHET 2EEREDHICE VT, MES, EHE, B
e YRR E THIRCRM DTS H 5 Z A E M SN TV [37], HAREDKESEFD
WFZeA%EE T H 2 FRA X, BIFRE R OFHliE 372 2 552 LTEB D, /KEZORFHE TDHHT
FAT LD ZDOREITIER N, F, MERKERIHAERANOEABEHEO MG & WS REI 2
U TES K ZOFTHBIEREL Ko T e &b, KEEDBEEED & 5 2iEFES e LTH
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EOIRINCHT B I SN D VIEFIT R0 TH L TH 5, ZhbDHAKEDKEXDFERED T
DT, BER 72 H %2 % B L 72 bioeconomic & T LSRR ARFEEEDOH A RD SN 5 [11],

N TOHAREOKEBFEEMOFHE &5 FDEITHEDL» 6E X 5 2BERO Mk Z1EE
L. fiimme T %o

o BRITFHERE U T/KEERAGHE O RFIAREL 2 EHARICAT 56

e TAC D X 5> HOEHOBEYI/ER D012, TE» SIEEFOBGRERHOEI Y YT
W3, T/, R ERIAR] 23 5,

s HRANDHEKRVHADE Y FEE L RO 2 fHOBEREMZ RE L. HEIDHUIKL
BT 5, BIZRZ T T CIHEEEFIGZR L /¥ 7 ~ RO HFEHZHAET 2,

« ~A—HHD OIiFE (Flag) O &5 WREFTEEDEA L, DEDDHIUIKEIEAE!
ECHEHEE UTRET %,

. BER IR AT E 2 KEMDEBENICHR I TS e, A RITAETH 5
T, HENEFHENRDD0ZINDE L TH DS, RESNIHEIIOWTHEEST 2 HIZ L 72
FHEPFET DI EDEF LU,
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1 Introduction

FEUEGYEDRRE L2 EOFED—DOIX., BYYEDOHE R T X — XD AREENTH 5 [22,
38, Hr7=75 2 BEUBSYAE AT T Kubo [22] 13V A 72 0BlE» 50O By LT, HEE

WA LS BROBIEDILRICB TR I D 5 2 BERINRERE A X -8, ZAUTHIG L2
MR =2 —HZRRUMEZZ LTI ZePEETH L L FEN LTS, KEEJREH
DT, PEEMED D 2 FENDHED o Fik & L T Management Strategy Evaluation (¥
HRISRTAT, MSE) 23 % [14,33,40,42], ZAUITTA A OMEERTED LiF o hii&aT
H% 3173, FIAFILLTOEBHTH S [42].

1. Identify management objectives EHHEHWZHHSNIZT S

2. Identify critical sources of uncertainty AEFEEDOBEE R AR ZRIE T 5

3. Construct operating model(s) A XL —7 4 V7 ETNLEHET 3

4. Select operating model parameters %7 X — X ZER T 3

5. Identify management strategies to implement 1T 3 RN X BRI ZHH 520123 %
6. Simulate application of management strategies ‘& EEHERE 2 5 H 5 2

7. Summarize and interpret outcomes, refining process fERE BN LIRS 2, Z L CafEr
KET B

MSE (ZARFEFEMIT U CHEB R EEEIRZE2 Z e 2 HINT 2D TH D, FHEFEEDBIRI N
2 VWHIRED T THREOEISE RO 2 Z 2 TlERWZ 2R TH 5 [33],

RETIE, BYYENEE — D OEAFOEH X BERED 72D OIEIED OFHA
LU CREAYEHIEAD MSE DIGHZIER T 5, LUF TR, AR 2 BT, JRATHL dsHad
2T %o BEEATENE Y A VAOWHEORE, BUHEE DB TON S, Tl THNIEEE HI
MU, BRI OBYAREC D, oV s F o MOINEERER ¥ OEENN ATFEHENIREE
DORHAY T2, BIRENIY 7 F > R OEFRIER ¥ OBEENN AFENEITITRET, 74 LV ZADH
TR EBMIFEAET 2R T3, SRHHOBEEEN Y LT, BRI IBLREROBIN X 2
BAE O HIREE, TRATHIEH SREE A 20 2 DD BB BE 72 3B RSEE R 0 5N % |
T5Z., HNZEZNNAZEAL THIITHERCENZR T Z e 2% F 5, LITOIT
. 2019 4F 12 A D & BEREEEFIHAFEA L, 2023 4 1 AFBTE S BEIRITHHE < SARS-CoV-2 12 &
% COVID-19 NO{ffTHION K Z MSE OFHIZH - TIT 5,
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2 MSE approach

2.1 Identify management objectives

BEMHEM Y LT, BPFEHEROWH, EEEROTWR, BEEHOMR LT 5, Lo THl
OFHEifEE & U TR ER. BEFREEE . AiER. MER. H2BFERzHAV5, 0
R 32 NIFHAEOFFHE O AN O 1400 5 N ZREET 5 [45], 2020 4E 3 A 27 H SN
DRI DED B AEDEEIE N2 v, FE4HIHIA XY R, 7 XY A, hEE\REME
26D AEPREIEINZ . ROFAFE4 A 1 HREOHEFEHOFHEEEE (67 N, 7H
RS EN 213 AN [46]) ZBIRL T, UTOWRITHHDY I 2L — a v OREELRIZX 2020 4F
4H1H»52021 3 31 HETD 365 HE 33,

2.2 Identify critical sources of uncertainty

AEFMEDFAEPE LTid, BB B L THIIEYE 3I12EIE S 2 FElRMEREEE
HE, BEC L2 EREoBmER, BREHEES O L S RITEHH OINELE T 6N %,

2.3 Construct operating model(s)

ARV =T 4 YTETNEANT AR L TRIFHHE Z L ITREPREL, BZMNZ %
CEDPEELLV, 32— arDRdDETILVOMEICKEL T Currie et al. [9]1FKE <Y
DD %E L TW5, —2 HIZEm N ORI oMy TR TR OKRMZEL ZHE 2 72 System
dynamics, D BIZEHOF DENDIR 2 #WLHEIEHICHE B L7 Agent Based modelling,
=DOHRE® 2HFROFEET 2 RFEMERS D 2 1EENCH0 2 IE DL E) %2 % J& L 72 Discrete event
simulation, YO HIZZFNSZIBEELZET NV TH 5, TifTHIOEIEE T /L D—F| 2 LT Watanabe
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and Matsuda [47] THW SN2 XD EGRM D HRERET LV ERHA T %,

_ €]

ZZ T, 37 A N RTEEZ 2 RO NDE 3T A VRICHREEE L 72 N B4
B S ATV R WIREfR MG DL BRI N TB S 3. SRR EZETWRY (FFER
FAET %) RE DR FREBE S N TORWERD D DREREHE DR FREE X T
W B SRR R G DL FRERES TV AR 2T VR (FERFBIES 2) &G
HDOH BREE X TV 2 AEIR D D DREGHE DL FEE L THRZEZER LI AOB %

#£3 (Table 1), F7z, 37 X —&R& Table 2 IT/RT,
Al DEITET 7= S E A & R T E & B . BEEREEER . ABSER . BmER .
HSREER 322, UTOXSIKENTES, 72770 1X2020E4 1 H., 132021

153



F£3H31 HERT, R s ORNTEREL. ZAWDRERTIHC LA ER T,

x 2)
E HELCIE AR FREE X L7 R E D BETH 5, WERFZ 12 BT B EH R E O HE

PRIFIRE 2 2R3
{ - } 3)

FABE LSRR E DR TH %,

{ } “)

EHHMICREZRZ I NDORBABTH 5,

_ &)

BHEEFREHZ LT, A2RFEHR I I CTREAFRESORTINLHEE T2,

2.4 Select operating model parameters

Wr b D372 WIR D o5 X — &% Watanabe and Matsuda [47] £ RO b D& W3 (Table 2) o
U MTOY 3 a L= a v CIdEEN SR eLTW5, #ifEE %
%2020F 4 H 1 HRREDOEDBEREERIZ, Eq.l DB 6 R BB TREI DU TORXERMZT L1

. . WIEE DB ZEID BT 5,

(6)

MNEEREREDEIE — 13 25 EFTO—FEEEE L. BRZELT 3, BB X 3K
FEOHHEE X 25 FTO—HEEE Y L, FEZELT 5, FRHZ . BAHEES
DREGTIN TV S HIRIX M- ENTW3 235 [32],
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2.5 Identify management strategies to implement

EHINE . U IR CITEHISI 21T 5, BEERNNADTE 2 K 51272 % £ THHHY D
U < \EWriery 7z YA EERE (physical distancing) D3@0EE [18] & W\ 5 HijHE D & LU T DMK ZE % 1F
FR U720 JRIRTE R TREIND,

L RIRER R 10% 2B A2, HOBEIMERO & ERAHRESHS . WKEHRED 10%%
TED, HOBPHEAED & & fRER,

2. IR R 60%% 2. HOWEINMER O & *RAHETSHES . WKRFEHEN 10%%
TEY, HORBAED & = kR,

3. 3T 7 HEOFHRERELRD 100 N2 - 0BAHETESHKS . BT 7 HEOHT RS
FHR DI 50 N% T3 & R,

4, B 7 HEOFHRBERERD 350 N2 B2 -0 RAHETSHS . BT 7 HE O HEG:
FHRDI100 N % T E 3 L kR,

5. WIRMEFR L ERE 7 HEOFRBEAEROW A 22 Rm e 35, DRIKFEHE 30%% @
Z. BohEmR ) & TEE 7 HEOFHHEREERD 100 N\2B 22 L 2 RAHEE
SRS, RIKEREN 10%% FEbh, BHoRAER) BHo NER 7 HE O HHUEGE
D10 N2 THE %) & ZfERR,

UITFTidnB{HDOEME % Sn E &S (B 213 1 FH OERSIX S1),

2.6 Simulate application of management strategies

BEFEIE S 2121000 [ T2 I 2L — 3 YETWV, FBROEEHEIEs xR 2, 13
5O X IEHXEREERZE., ARV OMEMIEIH 2D DD, = 2 TlIEERF?E%
W7z,

2.7 Summarize and interpret outcomes, refining process

FTEMESE % Table 3 12T, BRI NHIEDOHTIX, S1 23 ¢ DFHEEERD /N
T BZELNTE, v DFEIL SS DN TH o2 T2, 5ODFEEDIESOE D S1
DER/NTHoTz, 72721 DOFEHEIEXSI L S50 b ICHRAT. hoiklg 2 B7-355 v

155



ZOMDIEET L —RAIDBDH 2305, S4lx  OFHfE%E 22 HIECIZ 32 Z &
TEH, ZOMOIEEDFIHIIMOIEORER L D 2RO RKREL Ko TLE S,

HRRE R D LLERICIZETE L 72l % 2 D % LT 2 ftuc, SHEEE SEICIRE L CHg S 2 51k
BB, FlZIR, BEYIEE RO ESHFEIIIHE YA MME (Value of Statistical Life, VSL)
[11 ZFF LD, fTEIHISNC X 2 HESREE IS E O a v 7 4 L ADFRT FTEH
SN AER NI Z DMDRENSE T2 5, 1272 L. BASEHORERHEO ML IE—EIZ
REZDDTERIGEITED I LITERET %,

3 Discussion

FEGSERIGE 2 AR E HEORME L I8 2. BIBIED OFE e L'TMSE 2@ L7z, MSE OF|&
F. HUSIEERTHE T 3720 T PHlEFEED D 2H TV L Oh OEEIE O Z AR L.
EHMHNZERBL U HMETEE R LERE Z e N TE /M TH 5, HliTERENI RS E B IEE K
I THRAMDBEFENLBADEL I e TE S, KERZ 2IE, BHACHIZ BERER T 5
L FETL D AEREERY S 2 e TYEEM ((TBL W5EE. BRE2M) OE#EBFRE L
itk b,

MSE TIIBHETFTNVDORED—DDRELFEL LB, T MIROFMZ RS 5 7=
DITEAEMETD 20, MR TERVETILE RO 2 22 20T RITIUER S0
[21], BOHET /UL T, SERHW: b OLSNC b EIHE € 7 VBB 2R 2 5 F
B H 2 [48], £/ ZEKEADBZIDOYRU 7 F U R AEROBFEE &, BEL0ED
R Z BRI DE T D3B3 [2, 10, 13,24], Sheaetal. [41] 1ZEHDE T LLLE
TEH D72 OEERE DA ZIRR LTz, MSE TIIEHOETF LV EFRIFICERT 2 22132
AUFEBHRENTOVRVA, 2 dH L VEREMNREBICE T 2 e EX b b, FHEMERS b
VL—FAT7DRLGD, RCLEDL—K—F vy — 2T REF A LRI 2a=F—
YaYEiRe L TRPBETH S [39].

RNREEBORICBO T, REEERRIFEENTT ) ¥ 7RO B b iR OHEE
2TV, BERTRE#E 2 BV O BIENEN % FiE U BN R UEME & B2 oA TR T 2
CYHNEETH S (15, 19,27, FEEDNBERIEOETE 2 2, FHMESLHEFOBGR 2133
ZHHZEZEELTLESBREREDH S [8,39], HfTHETHERINDS L 51T, BEIYE
SERIIZBEAIAGR & BV PN S L O RRE 2 A G DY, BEREYSPIIa=r—va
¥ R F IV E ETRE A I 2EBER e BRI T B B [16, 211, RO FTEEGSE I [ TR
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HY BRI REOROBE RO I 2= — a v e B R ERIARETH 255, SHE
O a v F 7 4 N AFUTIE, FROFNKD =D DBEDHKINTD 5 3 [22], 7272 L. ZaH
Bt D TH U < B FNBIRE 2 IR T 2 BEROREE L 7242 HENICE3 2 50 K 5 EEH
NETH 5,

oo v A VAR OREREOKME L RET 2. 4 ¥ 7Lz v PR IEE
8815 SR IRHNTH B o v 7 A )L ZEGHERAE (LUFASRAER) 2B ERE (BUF CAS)
ICRRIE X7z [6]0 2020 £E D EFSETRI TN IIRRAE O T IcHH o v F 7 4 )L ZEGYER K
HREH (UTHEHMRSH) HRE SN, 202042 H 16 HOFIRED 63 17 BO #0365
iz, EMRRFE 202047 A3 HICBEIL &b, FHHR 2 v -7 A LR EGEN R DR
2 (UTHRE) wcdE ., A v 7L o PEEHEERFE O TIch BT S,
FRE S HIRRHETIIERIEZ HF L T 2MAEDHOLTDH o 725, DR OWN B I EGIE
DHEMFITI A, BEFRRFEFER, BEEER HEHHEDEZATVS, 2O CAS R EA 57 #
A (AT MHLW) Oftirx A2 e Hian - v A4 LV ATITIIELZ K ORESPH RN
[7,31], FANRBIRD & 2 AN~ EMThz b D, il B & O faifR i
DMEDTHBMHE BEL TV LEAHBEE Ebh2d0bH 5, flziE. MHLW it
LS - NREL DB OEMW - SR EIEICOWTHE § 5 -8 an + 7 4 L ZEGYE
W7 AL PV —FR—F (FIREE2020F2 A7 H) PEYSERITOIHD SFRE SN T\
B, THEEHMREFBRFDERE L TV ERA NS, £z, 20224 10 HIZHE L HH
and - 4 ¥ IAERRITRRZ R 7 7 4 — A3 202 FLOF R avnF oA VA e HilL > 7
NI Y DORIFRITICHA S DT H 20, ARED XS ITHHEA VI FENFHER
ROHNZALE DT HT WS 513 2022 1 12 AR DI R THERR T 28 o 7o iU THHRERBUR

REDT-DITHER £ BEEDFIEZ S 2 LABRIVERIE 2R 5 2 & 25 BURHYEFE A K
B T22725 5,
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Table 1: ZEBU% O FHIHETR
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Definition

Bl 2B 274 L A= EEZ S ADEK

B 1CBI 2394 NRICIEBRE L ADOK

X 2B 2 BRlE S LTV R WIRRE R PR DX

KZ 1CBT2REES N TE L3, JERD FZH TV
CRERFERES %) ERE DR

B 1CBI RN TOEWERD D OREEDEK

R B 2EE L CTHREZES L ADOK

Rl 1TBT 5 RS AT 2 IE MR MRS DL

B4l BT3RS TV AIERS T HE TV RN
CREEFIES 2) EE DR

X 2B 2REES TV AIEIRD D DRSS DL

Rzl 25 ORNCEERL., ZODEKRTHT L7 ADK

IR 12350 B R Ehiil R R0k SEIRF R AE O & 5 AT D 25

TEMIHNC X 21t 2R E M

H 018 1A R S PRl S L7 TG O AR

ABE U 7= FEE RS D RAHEL

BN %2 2 7e AR AR
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Table 2: 5 X — & Y {H (Reference BZEHD b DIFREDETH 3)

Symbol Definition Value Reference
20194F 10 A 1 HRE D [45]
HEES D AN
T M R DRG] [47]
FEIRD D BRGE D RFT) [47]
T 1 R D [o] R 2R ~
FRIEL T HEET2ETOD [4]
FEHE
- b S R [28]
FEIR D D RFE DIRFER [29]

— EREGHE D S b IIEREEREE OH S [5, 17, 34, 35]
L Th SRR 2 FD [36]
F COHMDOHHE (latent period)
BARHAR (incubation 2.54 [25, 36]
period) ¥ latent period D7
FAED B APt % T DIR#f] 2
EE DR

R SR PERL [23, 43]
FEZ 2B 2 HEHESD [30]
TECRIR IR EX
HmElS (Case fatality rate) [29]
RT-PCR #H D5 1ER [46]
>Ial—3arofitsH 2020/04/01
(yyyy/mm/dd)
Ial—>arD&TH 2021/03/31
(yyyy/mm/dd)

Table 3: {ATHIOBEHEIES I 2 L —2 a YIZ X DG SN BIEEDFE, RN OBFIX

EERAE 2 R T, NUIYTD EIFTERRL TV, B

FHBETH D, Z2ALUNIANET

b5,
Strategy
1 93 (4) 19599 (8969) 74424 (9572) | 45303 (18233) | 62 (11)
2 248 (32) 55183 (30721) | 201182 (14869) | 125375 (64492) | 59 (13)
3 357 (76) 65325 (13323) | 285424 (97774) | 157997 (25423) | 37 (12)
4 900 (225) | 396805 (119185) | 479521 (143639) | 391929 (67561) | 22 (13)
5 101 (35) 18806 (9400) 82877 (326069) | 44957 (21013) | 62 (15)
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NEFCHYE TR 2 P 4 & FIRICIh - TGEA 3 2B, BARMICREICR 2 D3RRI 2D A
r b 2 IR CVEEERICH 2, 2B H 3B TIIEFE TV R U 7 BYSERIfE
Al e W EEHAIZ IR L, MAE L, ¥B56d 74— FAvZ7ay ba— i llAAATH
. WREICIIARGAL D EETH 2 NESHEID D 2, 52 EOBGYEFIFANIHIKOEHEE S
L TITEMHOESWEFR L, 53 Bo@EEHHRANIFHAERRD 2 0 THlEZ SR
U TN RRERZRE Lz, ZRAZNOIFCEZTD (e.g[3,9D. HEERD
D (e.g[2,5]) KT2EZSTbH2H, AL TEEZEOFANZMEL Ebh s b D EIIR
L7,

FHEFMED K Z R FICE Y TR S BERE S VITEARERICRD 5 20, Zh T HE
anF A LAD XS ICERTHARNETERIC R > THDTHEL R 2ERDDH 2, % ZTIHE
JERPEEBTER SN, KR D 5 2MEANDM A2, HA4BELESHETHEEZLER
FRHEL, PHIZEHNE UTHEREINLBET SV TIRERNCEZ 2 2 L R Bbi 2 5%
BEHR L7ze WOTUTHE Z 2 D3 PHEFETRBIYEICDOWTIE, £ DBYYEZ D D DN\ DG
FERIERIEFFR & D ROSRZ S 720 OFR 2 FHiifR e L THERL TBL 2 245 L.
2022 FEHUE D i < SARS-CoV-2 DFUTICN L. EEFITRE DA L & 5] SR -REAIRRE
DBLRHERFZ 1T T K. OIS SRD S %, X SICBEFHT 2 HAEEED D 2 EJFICOW
T, PMFAOREETH 2~ A VS 2l URRIEEERAN Y rh RN 72K PE B 5 H %S
DR LIRS LT 55| R ZKEE L RIS O ICHE X 5 72D IIZREE AN
MZTERBEOMEN R RE L DD DIRENLETH 5,

Allen and Gunderson [1] (I NEJCHYEB OFREIZOW TN ZED FiF7=,

1. RIEEEDE A REBOUREE 2B L TV RWZ b, LR ERREEIEEFHTE 2
Tz ieft s 2 W EE 2R L TV aRnZ e

2. BREPVEEDIRSHEHESNELRBEHZHEEL TWiRnwZ

3. EE T 2 BB IEGE MG E R i T 2 BELHRICERL TRV L
4. B—DRRDOBERMMEENEZ 52 5 &5 BHEBEOER

5. IES TR 2 RET 2EH2 T o 2220 —&X—2 v FORAN

6. MZERIZE D7 DEHEHED R - HLD

7. BB L OCBUANAMES ZBORER LTHMAT 2 2 &
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8. ZRELAEMREORTHE I NHR e IHE XIN-EERE LR T 2 12010 E i
FEZsmdd L7z D iEREMIT 2 Z & DRl

9. SEBR7% 8 U CHEMLKRERVBIfR 2 HIE 5 2 RE 1 255k T 2 RIEEE O
10. FEED ITEZEMTH L

1. ZEZHEERICHRT 5 Z e pHE L X

12. THHROUNER & F BB § 2 B H L BT

13. IECHEHOFEDSHAE T 2028 5 D O TN

14 RBEBROMRZHE X T 2 7- DI EREHEZBLT 27D DEEHI AT TDH
52t

RESCTIE. NREEICB 2 BYEN R L KEEFREHICOWTEI D o 7225, AkEDOHE
BROD & 5 I S NESEHIIEARNZEZ 2725 [4,6], ZHOORENRETZEI L
2 IS EBOFIRICEOE, H4 DBERZERGER LTV 2 itz 30, Lido#E%z
WA DZLIIFEICREL 5725 5, Williams et al. [7]1&, X TORAEIR ORI NESTTE
HAE L TWA2HOITIERVWETERHL, fle LTEAREHITHINS N EARKERIELN
2 DIEIEAHERED L WIHE. RIS EIES 2 e BN TERWEE, BHEEIEANO
PARTAED 7 4 — F Ny TN IR WG 231 72, £7-. Williams and Brown [8] 1. SUEZ
B, JLHIFE OISO 2L, EVZRIEOREDNE, 2 L UL R AMiEE O Z LA &
EHOXROFTIER L, MESHEHOBEHICH - RHEEZ 52 T05 LIBT3,

AFHSLTHD o 7 ERI D NI DOWT, AREAEZBERIVE N ORISR D & ORI %2 H
AU BEB RN RAREERICE T 200EXENZ L Ao, KEBFREMIMRTER
WAHEEMEICHN 3 2 B30 FECHIE 2 8K 3 2 At ARohiz, EERFOERE WS
RKEBHATRIZE 2, BOORHTBZERRI2HADH 2 Bbh b, ZOD58icHE
L CEHEELZ AR, THEEEOE VI L CHOHEEET VI 2EBEEITHE Z L,
FLVHIR RS- 2 ICEGTE 2 BRATVEDMEMAN D2 2. Z LT AL ADBRLEEE
RKEBFROEMEER T 2REIDFET 228 TH S, RiiXH, Z0D0HF, X 5I12idfth
DI DI L FEEROZHREZR L. AVORMZED» L. XY ANRERAROBEICHFS T
52 xMFs 5,
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