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Abstract
As COVID-19 shows a heterogeneous spreading process globally, investigating factors associated with
COVID-19 spreading among different countries will provide information for containment strategy and
medical service decisions. A signi�cant challenge for analyzing how these factors impact COVID-19
transmission is assessing key epidemiological parameters and how they change under different
containment strategies across different nations. Focusing on �nding factors that cause heterogeneous
spreading results among different nations, we utilize a COVID-19 spread simulation model to estimate the
core COVID-19 epidemiological parameters. We also analyze the correlation between these core COVID-19
epidemiological parameters and the times of publicly announced interventions among three speci�c
countries, China (strictly containment), the USA (moderately control), and Sweden (only suggestion without
containment). We �nd out that all three countries �nally have similar and close to zero spreading rates in
the third period of COVID-19 transmission. However, the three countries' recovery rate is different, leading
to a distinct COVID-19 transmission process in the three countries. We further discover an epidemic
fundamental diagram between COVID-19 “active infections” and “current patients." By combining the
epidemic fundamental diagram with the COVID-19 spreading simulation model, we can quantify the
country's COVID-19 medical capacity and make containment strategies. We propose hypothetical policies
for Sweden and the USA and �nd out that these policies could decrease the con�rmed infections by 90.5%
and 42.6% and increase the recovery population by 78.6% and 87.5% for Sweden and the New York state
of the USA. Our code is free open source, and our framework is easy to be applied to any country or region.

Introduction
During the outbreak and spreading of COVID-19, government containment policy and medical services are
keys to constrain the spreading of this pandemic (1–5). In the initial outbreak period of COVID-19, there are
three challenges for crisis mitigation: (1) Estimating central epidemiological parameters, such as the
spreading rate and recovery rate of COVID-19, which can be used for short-term forecasting; (2)
Implementing containment control policies such as city lockdown, close school and restaurant, self-
isolation suggestion, and so on to restrict the contact between people; (3) Provide su�cient medical
service to heal infected people.

In this paper, we �rst estimate the main epidemiological parameters of COVID-19 among three different
countries, i.e., China, the USA, and Sweden. To achieve this goal, we build a discrete Susceptible-Infected-
Recovered (SIR) model (6–10) that simulates the spreading process of COVID-19 for the three countries,
respectively (Methods). Similar to the detection of changing point in the spread of COVID-19 in Germany
(10), we also detect changing point and corresponding containment policy data in the three countries.
What’s more, we use the estimated parameters to the cross-national comparison of COVID-19 spreading
among the three countries. The three countries' epidemiological parameters denote that all three countries
have shallow spreading rates, except the recovery rates are different. China has the most considerable
recovery rate, followed by the USA and Sweden. Such a difference in recovery rate denotes that the Chinese
government provided better medical service to help people recover than the USA and Sweden. The recovery
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rate also helped China form a positive cycle to constrain this virus. China met the in�ection point of COVID-
19 and constrained the second outbreak in April and May.

We investigate what caused the difference of recovery rate among the three countries. We �nd out a linear
relationship between current patients and active infections; we name this relationship as epidemic
fundamental diagram (EFD) as this relationship is very similar to the fundamental diagram (FD) of tra�c
�ow (11, 12). The "stable state" part of the EFD represents the scenario when active infections are under
the medical service capacity that current patients increase linearly with the rise of active infections. In
comparison, the "unstable state" of the EFD denotes that current patients decline rapidly with the increase
of active infection when active infections are over capacity. Both the USA and Sweden met the “unstable
state of” their EFD while China only had the “stable state of” its EFD.

The cross-national comparison of COVID-19 points out the importance of medical service and
heterogeneous space-time utilization in controlling the spreading process. Based on such outcomes, we
make two hypothetical policies that assume that the government can provide the medical service
continuously and limit the pandemic in a particular area, for the USA and Sweden, respectively. The
simulation results demonstrate that if the Swedish government provides medical service to help cure
infections continually, the in�ection of active infections will appear in June. The total con�rmed infected
population is reduced to 41,912 with a 90.5% decrease, while the total recovered population is increased to
40,783 with a 78.6% increment. While if we take the lockdown policy to limit the pandemic in New York and
provide satisfactory medical service all the time, the total con�rmed population is reduced from 1,023,897
to 561,315 with a 42.6% decrease, and the total recovered population is increased from 142817 to 406873
with an 87.5% increase. Also, the active infections of the USA will appear in late May.

Our research is designed to investigate the effects of containment policy and medical service on COVID-19
spreading in different countries. In the following, we estimate the central COVID-19 epidemiological
parameters among three different countries, followed by a cross-national comparison of these parameters.
We then investigate what causes the difference of epidemiological parameters among China, the USA, and
Sweden. Our research �nally proposes Hypothetical policy for the USA and Sweden. Our method can be
applied to other countries or regions. The code, data and �gures are available on GitHub (13).

Estimation Of Central Covid-19 Epidemiological Parameters
1. China

China suffered from COVID-19 since December 2019 and began to take steps to constrain the spreading of
the COVID-19 virus since January 2020. The spreading process is divided into three periods based on the
E-Divisive with Medians (EDM, 14, 15) technology (Fig. 1A). The �rst period starts on Jan 23, 2020, and
ends on Jan 31, 2020, followed by the second period, which begins on Feb 1, 2020, and ends on Feb 21,
2020. The last period starts on Feb 22, 2020, and ends at the end of the research time range. The main
epidemiological parameters of China all follow a normal distribution in each period, as Fig S1 shows.
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When analyzing the spreading rate, effective spreading rate, and the recovery rate in Fig. 1A, we found out
that the effective spreading rates in Period 1 �uctuate at a high level, ranging between 0.07 to 0.22. In
contrast, the effective spreading rate dramatically decreases in Period 2, i.e., the date boundary between
Period 1 and Period 2 is the in�ection point of effective spreading rate. At the end of Period 2, the effective
spreading rate is close to zero and �nally becomes negative. 

It is important to note that the three periods’ date boundary and control policy implementation dates agree.
For instance, Wuhan municipal government locked down the city and closed train stations, airports, and
highways on Jan 23 (the start date of Period 1) (16). Subsequently, the other 13 cities in Hubei province
closed highways, train stations, airports and �nally implemented a "lockdown" policy before Jan 31 (the
end date of Period 1) (17). Further, Period 2 spans from Feb 1 (when all the provinces in the mainland of
China have ordered "self-isolation" policy) to Feb 21 (when the �rst province in China lowered the emergent
level from level 1 to level 3, Fig. 3) (18). It is worth mentioning that the control experience in January and
February means a quick and effective containment policy ("lockdown" and "self-isolation") and a high level
of medical service (high recovery rate in Fig. 1A). The �uctuation of the effective spreading rate in Period 1
demonstrates that the Chinese government spent some time (almost the length of Period 1) to learn
effective containment policy to reduce the effective spreading rate. The medical service also takes time to
rise to a high level.

In comparison, the dramatic decline of the effective rate and the rise of recovery rate in Period 2(Fig. 1A)
veri�es containment policy and medical service effectiveness. Since the effective spreading rate is minus 0
after Period 2, the active infected population decreases continually until late May. The active infected
population is close to 0, and the total con�rmed infected population is become saturated (Fig. 1B). Fig. 1A
also demonstrates that in June, the active infected population and effective spreading rate have a second
rise, but bene�t from the low active infected population after Period 2. This second rise is under control
and over quickly. Generally speaking, Period 1 is the “response period” when the government responds to
the epidemic and takes containment policy into effect. While Period 2 is the “recovery period” when the
containment policy is taken into effect, and the effective spreading rate keeps decreasing. Period 3 is the
“post-recovery period” when the recovery rate is higher than the spreading rate (effective spreading rate is
near zero or negative) that the epidemic is under control. Like China, we will further divide the three periods
in the USA and Sweden based on the effective spreading rate properties. 

2. The USA

The effective spreading rate in Fig. 2 shows that the outbreak of COVID-19 in the USA happened in Jan
2020. Meanwhile, travel restriction policies have been implemented since February for suspending �ights
between the USA and China (19). Moreover, on Mar 20, travel restrictions have been implemented on many
foreign nationals, including China, Iran, and many European countries. USA citizens were asked not to go
abroad, and those who are abroad should "arrange for an immediate return to the USA" (20). Self-isolation-
related recommendations are �rst released on Mar 16 by the Center for Disease Control and Prevention
(CDC). Mar 21, governors of New York, California, and other large states (21) had ordered the most
business to close and for people to stay inside, with limited exceptions.
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Like the three periods in China, we also classify three distinct periods based on the USA's change of
effective spreading rate (Fig. 2A). Period 1 ranges from Jan 22 to Mar 20, 2020, when the effective
spreading rate �uctuates in a high range (Fig. 2A). On the contrary, Period 2 (Fig. 2A, Mar 20 to Apr 20) had
a signi�cant decrease in effective spreading rate, which may be attributed to the order of "self-isolation"
related recommendations (22). The effective spreading rate in this period is close to 0 at the end. However,
the in�ection point did not appear (Fig. 2B). Unfortunately, the active infected population had a second
rapid rise in October (Fig. 2B). Because the active infected population is high during that time range, the
second outbreak rises rapidly.

3. Sweden

Like China and the USA, the spreading process is divided into three periods based on the evolution of
effective spreading rate (Fig. 3A). The effective spreading rate �uctuated around 1.0 in Period 1 and
continually decreased in Period 2. After Period 2, the effective spreading rate is close to zero. Like China
and the USA, the three periods' date and control policy implementation date agreed. For instance, Period 1
spans from Jan 22 to Mar 10, when the Public Health Agency of Sweden (PHAS) advised everyone with
respiratory infections, even mild cases, to refrain from social contacts where there is a risk of spreading the
virus (23, 24). Period 2 starts on Mar 11 when the Swedish government passes a new law at the PHAS
request, limiting freedom of assembly by banning all gatherings larger than 500 people, with the threat of
�nes and prison (25, 26). Then, Period 2 ends on Jun 30, when the self-isolation recommendations
contribute a lot to reduce the effective spreading rate.   In late June, unlike the USA, the effective spreading
rate in Sweden keeps continually reduce, and the active infected population grows slowly (Fig. 3B).
However, the recovery rate also decreases in Periods 2 and 3. Even the total recovered population rises; the
Sweden government cannot make the effective spreading rate minus 0. The in�ection point never appears
(Fig. 3B), and the outbreak of pandemic is not effectively controlled.

Cross-national Comparison
The transmission of the COVID-19 virus in the three countries shows a distinct process. We further
compare the spreading rate, recovery rate, and effective spreading rate of these countries in Fig. 4. The
violin chart demonstrates no signi�cant difference in COVID-19 spreading rate among these three
countries, i.e., the spreading rates are all similar and keep low. The similarity of spreading rate among the
three countries denotes that the three countries' containment policies function well. Among the three
countries, Sweden has the most prominent �uctuation of spreading rate. The USA has the second-largest
�uctuation of spreading rate, and China has the smallest �uctuation of spreading rate.

The comparison of the recovery rate among the three countries shows opposite property compared to the
spreading rate. Fig. 4 shows that China's recovery rate is more signi�cant than the USA's recovery rate,
which is bigger than Sweden's recovery rate. Besides, China's recovery rate �uctuation is also more
extensive than that of the USA and Sweden. The �uctuation of China’s recovery rate agrees with the fact
that the recovery rate is low in the response period and decreases in the recovery and post-recovery period.
The recovery rate is an index that re�ects medical service, such a difference in recovery rate denotes that
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the Chinese government provided better medical service to help people recover, compared to the USA and
Sweden. Moreover, the higher recovery rate also helped China lower the effective spreading rate to less
than 0. The in�ection point appeared in February, and the active infected population �nally decreased. 

All three countries had a second outbreak of COVID-19 that China had the second outbreak in late June,
the USA and Sweden had the second outbreak in October. However, the second outbreak in China was
already under control. The active infected population was reduced to almost 0 between August and
December, a de�cient level (Fig. 1B), so the second outbreak did not cause secondary damage. On the
contrary, the second outbreak in the USA caused a signi�cant rise in the active infected population (about
128,000 active infections per day after the second outbreak, Table S1) even though the effective spread
rate is close to 0 (Fig. 2A). That is because the infected population and con�rmed infected population in
the USA is large, meaning a signi�cant base of the infected population. Thus, a minimal effective
spreading rate will cause a signi�cant rise of the active infected population. Meanwhile, the medical
service is not able to cure infected people. Thus, the rise of the USA's active infected population has never
met an in�ection point so far.

In Sweden, the government applied loose policies to constrain the pandemic. When the “self-isolation” and
“banning all gatherings” related recommendations were taken into effect, the spreading rate began to
decrease. The spreading rate keeps decreasing since Mar 20. Finally, the spreading rate was decreased
close to 0, recognized as the government has successfully prevented the spreading of COVID-19 in
Sweden. However, the recovery rate is relatively low, so the active infections will keep growing at a low
speed. We can see the growth of active infections becomes gentle from the beginning of July to the end of
September in Fig. 3 A, but the in�ection point never appears. So at the beginning of October, since the
weather becomes cold and people began to slack off on self-protect, the second rise of COVID-19 arrives,
and because the active infections are still large, this second rise will be hard to handle. As a result, the
second outbreak in Sweden caused a signi�cant rise in the active infected population (about 3,400 active
infections per day, Table S1)

            The difference of time boundary and periods' duration in the three countries (Table 1) agree with the
containment policies. China has the shortest duration of the response period (7 days) and recovery period
(17 days). The USA has a more extended response period (30 days) and recovery (30days). Sweden
implemented a slack containment policy, and it has a 17 days’ duration of Period 1 and 110 days’ duration
of Period 2. It seems that Sweden has a better COVID-19 containment policy effect than the USA in the
response period. However, Sweden takes a much longer time in Period 2 than the USA, which may be
attributed to the recovery rate difference between Sweden and the USA (Fig. 4).

Based on the above discussions, it is clear that the three countries all applied containment polices to
constrain the COVID-19 spreading rate effectively. The main difference in the three countries' spreading
parameters is the recovery rate, which may explain the distinct difference in the three countries' medical
services.  Besides providing containment policies to constrain the virus spreading, the government should
also provide adequate medical service to help the recovery of infected people, which can also reduce the
active infected population and the effective spreading rate.
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Table 1. Cross-national comparison of periods duration

Nation Start of Period
1

Start of Period
2

End of Period
2

Data end
time

Period
1

Period 2

China Jan 23 Jan 31 Feb 17 Dec 12 7 Days 17 Days

USA Feb 20 Mar 20 Apr 20 Dec 12 30
Days

30 Days

Sweden Feb 24 Mar 10 Jun 30 Dec 12 16
Days

110
Days

Why the recovery rates in the USA and Sweden are small?

As discussed above, the recovery rate is vital to reduce the active infections and �nally eliminate the
COVID-19 pandemic. This section will investigate why the USA and Sweden's recovery rates are much
lower than China's and what we can do to prevent the pandemic's spreading.

The Public Health Agency of Sweden (PHAS) provides the intensive hospitalizations data of Sweden (27),
which shows that the current patient of COVID-19 from July to October is relatively small in Sweden (Fig
S3). When the active infections and the current patients in Period 1 and Period 2 are plotted together in Fig.
5A, we can discover that the scatters can be naturally clustered into two parts (blue scatters and red
scatters). In the left part of Fig. 5A, the current patients increase with active infections since the medical
service are adequate. While in the right part, the current patients decrease with the increase of daily active
infections, which means the medical services are not enough and the newly increased intensive infections
cannot be hospitalized, so the recovery rate eventually decreases in Period 3 (Fig 3A). 

The two-part phenomenon discussed in Fig. 5A is analogous to the fundamental diagram (FD) in tra�c
�ow (Fig. 5B): when the density of road is under a critical density, the road can be operated under its
designed capacity, tra�c �ow will increase with the density, that is, the “stable �ow” in the left part (Fig.
5B). Moreover, when the density exceeds the critical density, the road will be congested, the roads’ capacity
also dropped, and the �ow will decrease, and that is the “unstable �ow” in the right part (Fig. 5B). So if we
want to effectively control the COVID pandemic, ensuring active infections in the “stable �ow” part is
critical.

We further analyze Sweden’s control policies, as Cubeloadan et al. (29) shows that the medical service-
related policies were applied well before April. However, such policies were decreased after April when the
effective spreading rate is small, and the active infections grow slow. One possible explanation is that the
Sweden government did not provide su�cient medical services for infections. In fact, by the research of
Kavaliunas et al. (30), the main overarching aims of the Sweden government are “a) to reduce the mortality
and the morbidity in the population, and b) to minimize various negative consequences for individuals and
society.” That is to say, the Sweden government tried to make a balance between constraining COVID-19
and reducing social and individual cost. Thus, the government did not devote all its resources to supply
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medical service cure the infections. Fig. 3B demonstrates that the active infections are still growing,
making the second rise in October harder to control than the �rst one.

On the contrary, the Chinese government provides su�cient medical services for infections. We got the
current patients from the National Health Commission of the People’s Republic of China (4) and compared
the data with active infections, as Fig. 5C shows. In Fig. 5C, the current patients grow as active infections
grow, and when the active infections decrease, the current patients also decrease. So different from
Sweden, the current patients did not show a decrement while the active infections are still growing. This
phenomenon veri�es that in China, the current patients and active infections are always kept in the left
“stable state” of EFD. Thus, infections can always get needed medical service and the recovery rate can
keep relatively high.

Fig. 5 D shows the scatter of active infections and current patients in the USA, which present apparent
different parts in this �gure. Interestingly, there are two EFDs in Period 1 and Period 2 in the USA rather
than one single EFD in Sweden. The �rst EFD in Fig.5D is the EFD for New York between Feb 2020 and Jun
20, 2020, while the second EFD is for Florida between Jun 21, 2020, and Sep 21, 2020. Such difference is
attributed to the heterogeneous distribution of the COVID-19 pandemic in the USA.  It �rstly happens in
New York and then spread to Florida and other states (Fig. S4). 

The two EFDs in Fig. 5D presents that the current patients decrease while the active infections are still
growing from April to late June and from July to late September. The decline of current patients means
that the active infections bypassed the "capacity" of the EFD in New York and Florida, respectively. Thus,
some patients may not get medical service during these two periods. For this reason, the USA's recovery
rate cannot keep at a high level, and the in�ections of active infections will not appear. Because there is
not su�cient medical service, both states meet the unstable status of their EFD. Finally, in October, all
these states have a second rise, and current patients have the third rise, like Fig. 2B shows.

Fig. 5D demonstrate two COVID-19 spreading features in the USA: a) some of the patients cannot get
adequate medical service; b) there exists a time-space heterogeneous of the spreading process of COVID-
19 in the USA. The COVID-19 �rst outbreak in one place, like New York state, and then spread to other
place, like Florida state. In China, COVID-19 also shows heterogeneous, but the lockdown policies helped
prevent the pandemic quickly spread out of Hubei. Fig. 6 shows that most of the active infections were
limited in Huber (74%) on one exact day, outer Huber, the active infections are relatively small. Moreover,
thanks to the heterogeneous, the other provinces can quickly control their pandemic and share the
redundant medical service to help Hubei cure infections (31). According to the research of (32), the medical
service in Hubei has a shortage at the beginning of the pandemic. So, other provinces’ help is just critical
for China to control the pandemic fully. Otherwise, the pandemic will, just like Sweden, have a second rise
later, and Hubei will not control the pandemic, �nally, cause much cost.

Hypothetical policy for the USA and Sweden
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The above analysis veri�es the critical difference between Sweden and China is the medical service. To
ensure the active infections in Sweden is always in the left “stable state” part of the EFD, the Swedish
government should provide su�cient medical service to keep the capacity of the current patients is always
larger than the real current patients. Thus, we assume that the Swadesh government’s policy is: “providing
satisfactory medical service that the recovery rate at its high level” (Fig. 7A). Based on this policy, we
simulated the SIR model in Sweden, and Fig 7B demonstrates that the total con�rmed population is
reduced from 437,379 to 41,912, with a 90.5% decrease (Fig. 7B). In comparison, the total recovered
population is increased from 8,727 to 40,783 with a 78.6% increment (Fig. 7C). Finally, the in�ection point
of active infections will appear in May without a second rise (Fig. 7D). This hypothetical control policy will
signi�cantly control the pandemic in Sweden.

As for the USA, it is crucial to prevent COVID-19 from spreading around the whole country by establishing
lockdown policy and concentrate all other states' medical service to help severe pandemic areas. So we
make two hypothetical containment polices like this: (1) implement lockdown policy to limit pandemic
outbreak in New York”, then (2) provide more medical service to keep the recovery rate at its level in May
(Fig. 8A). The simulation result in Fig. 8B demonstrates that the total con�rmed infected population is
reduced from 1,023,897 to 561,315 with a 42.6% decrease. The total recovered population is increased
from 142,817 to 406,873 with an 87.5% increase (Fig. 8C). The in�ection point of active infections will
appear in May (Fig. 8D). However, from Fig. 8D, we can see that the active infection is still too high when
the second rise comes, and it will be hard to control it in the second rise. So for the USA, providing
su�cient medical service for infections is of critical importance. Another good thing is that the lockdown
policy help other states control the pandemic quickly and can share their redundant medical service to help
New York.

Discussion
We presented a SIR simulation-based approach to investigate the impact of containment policy and
medical service on COVID-19 spreading in different countries. Using the example of the COVID-19 outbreak
and transmission in China, the USA, and Sweden, we apply this approach to infer the
core epidemiological parameters and different periods of the COVID-19 pandemic. We found an exact
comparison of spreading rate, recovery rate, and effective spreading rate among the three countries (Fig.
4). It is concluded that: (1) the spreading rate of the three countries are similar and low during the
transmission process; (2) the recovery rate of the three counties is signi�cantly different, which (3) leads to
a signi�cant difference in effective spreading rate and active infected population.

Our research indicates that medical service is the key to keep a high recovery rate to constrain the
spreading of COVID-19. We further �nd an epidemic fundamental diagram (EFD) between active infections
and current patients in Sweden. This EFD describes that the current patients linearly increase with active
infections in the �rst “stable” stage. It linearly decreases with the increase of active infections in the
second “unstable” stage. The boundary of the two stages determines the “capacity” of the national
medical service. Further analysis reveals that the Sweden government did not provide su�cient medical
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service for infections after April. Thus, the "capacity" was constrained at a low level, and the recovery rate
also keeps low.  Our research also �nds out similar EFD between active infections and current patients in
the USA, except that the USA has more than one EFD, attributed to the heterogeneity of COVID-19
spreading in the USA. Unlike Sweden and the US, China only has the "stable" stage of a EFD, which states
that China has good medical services.  It is worth noting that China also has the same problem as the USA,
i.e., China has a heterogeneous distribution of COVID-19 infections among its 31 provinces (Fig. 6). The
medical resources in the very early outbreak period in Wuhan are very scanty. Due to the Wuhan and Hubei
province lockdown, the other provinces have time to prepare for the coming transmission of COVID-19,
which constrains the virus well. Meanwhile, the other provinces supported Hubei and sent medical
resources, including doctors, nurses, and medical equipment. Hubei had su�cient medical sources and
kept a slow rise of recovery rate (Fig. 1A) and �nally constrains the spreading of COVID-19 in Hubei and
China.

Our framework can be easily applied to other countries and enables future prediction of COVID-19
transmission. For other countries, the government and academic administrations need to record accurate
data, such as daily active infections, recovery population, and current patients, to build the proposed SIR
model and plan hypothetical containment policies. The framework presented here can �nd critical time
boundaries, the EFD, and medical resources’ current capacity to constrain COVID-19 or other pandemics.
The EFD reveals the fundamental relationship between medical service and pandemic infections; once the
active infections exceed this country’s medical capacity, the medical resources cannot heal the infected
people. Thus the current patients decrease. Such phenomena are very similar to the tra�c �ow theory.
When tra�c �ow exceeds the road capacity, the tra�c �ow will dramatically decline and results in a
"gridlock" situation that no vehicle can move on the road. The model outputs state that the USA and
Sweden's active infections bypass their capacity. The government did not supply su�cient medical
resources (capacity), which explains why both countries' active infections keep rising, even the spreading
rate in the USA and Sweden are meager. Both countries are in the "unstable" stage and stuck in a vicious
circle, making a second outbreak or third outbreak quickly happen. 

Based on our model outputs, we build hypothetical policies for the USA and Sweden. The recovery rates
are kept at a high level (Fig. 7A and Fig. 8A), and the government did not lower the medical service. The
simulation of the SIR model in Sweden demonstrates that the total con�rmed infections population was
reduced from 437,379 to 41,912 (90.5% reduction), and the total recovered population is increased from
8,727 to 40,783 (78.6% rise). The in�ection point appeared in May. Similar results are obtained for the USA.
The total con�rmed infections population in New York was reduced from 1,023,897 to 561,315 (42.6%
reduction), and the total recovered population in New York was increased from 42,817 to 406,873 (87.5%
rise). The in�ection point also appeared in May. 

In conclusion, our modeling approach reveals and quanti�es the epidemic fundamental diagram of
national COVID-19 pandemics and medical service’s capacity. Our analysis highlights the importance of
supplying su�cient medical resources. It also stresses the importance of containment policy such as
lockdown policy for big countries like China. The lockdown policy cut off the human mobility between the
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�rst pandemic outbreak and another safe area and ensures other areas have time to deal with the coming
pandemic, and supply medical resources to the �rst pandemic outbreak area. The lockdown policy in
Wuhan city and Hubei province helps China build a virtuous cycle for pandemic prevention.

Methods
We build a model to measure control policies' strength based on the simple Susceptible-Infected-Recovered
(SIR) model (6-9). In our model, we divide the total population N into three compartments: Susceptible
compartment (S), Infected compartment (I), and Recovered compartment (R). A susceptible individual will
become infected at a spreading rate if he is contacted with an infected individual. Besides, an infected
person can be recovered at a recovery rate . Our model uses differential equations to dynamically simulate
the spreading process of COVID-19 in different countries or regions. More details of the model can be
found in the SI.
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Figure 1

Spreading process of COVID-19 in China (A: main epidemiological parameters: the spreading rate and
effective spreading rate are both high in Period 1, while they both decreases in Period 2; In Period 3, the
spreading rate is near-ly 0 and the effective spreading rate is minus 0; the recovery rate keeps raising in the
whole time range; B: the evolu-tion of total con�rmed infected population, active infected population and
total recovered population: the active infect-ed population raises in Period 1 and 2, and it decreases after
Period 2; the total recovered population raises in the whole time range, and the total con�rmed population
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reached saturation and stable state after Period 2; there is a short time the second rise of the active
infected population in July but the Chinese government quickly controlled it.

Figure 2

Spreading process of COVID-19 in the USA (A: main epidemiological parameters: the effective spreading
rate in Period 1 is high, while the effective spreading rate decreases in Period 2; However, the effective
spreading rate in Period 2 is not reduced to 0, leading to a continuous increasing of active infected
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population and total con�rmed pop-ulation; B: the evolution of total con�rmed infected population, active
infected population and total recovered popula-tion: the active infected population and total con�rmed
infections both keep growing even the total recovered popula-tion raises, which is attributed to the
immense amount of active infected population and the none negative effective spreading rate in the whole
time range.

Figure 3

Spreading process of COVID-19 in Sweden (A: main epidemiological parameters: the effective spreading
rate in Period 1 is high, while the effective spreading rate decreases in Period 2; However, the effective
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spreading rate in Period 2 is not reduced to minus 0, leading to a continuous increasing of active infected
population and total con-�rmed population; B: the evolution of total con�rmed infected population, active
infected population and total recov-ered population: the active infected population and total con�rmed
infections both keep growing before Jun 30, 2020. Like the US, the effective spreading rate in Sweden
keeps continually reduce, but the active infected population also grows.

Figure 4

Spreading rate, recovery rate, and effective spreading rate in China, the USA, and Sweden.
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Figure 5

Current patients and active infections (A: epidemic fundamental diagram; B: tra�c �ow fundamental
diagram (28); C: the current patients and active infections in China; D: the current patients of COVID-19 in
the USA.)
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Figure 6

The proportion of total con�rmed infections of different provinces in China on Feb 24, 2020
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Figure 7

Simulated results of hypothetical containment policy in Sweden. (A: the recovery rate; B: the total
con�rmed infec-tions; C: the total recovered population; D: the active infections.)
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Figure 8

Simulated results of hypothetical containment policy in Sweden. (A: the recovery rate; B: the active
infections; C: total con�rmed population; D: the total recovered population.)
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