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4.3 Three scenarios of epidemic dynamics

We predicted changes of infected cases and removed cases of each city up to March 2, 2020
under three different scenarios (scenario 1 - keeping the trend; scenario 2 - controlling the
disease as successfully as SARS in 2003; and scenario 3 - increasing person-to-person contacts
due to work/school resuming). Our prediction shows that the whole mainland China will have
10,529,530, 148,137, and 411,082 people infected up to March 2, 2020 under the above three
scenarios respectively. To provide an intuitive picture about epidemic dynamics in different
scenarios, we showed in Figure 7 the number of active infections (S variable in our model,
Appendix Table 3) in each city on February 15 and March 2 respectively. The infected people
will mainly distribute in the central and eastern provinces, the number of western cities at a
relatively low level under all scenarios. Different scenarios lead to different spatial and temporal
changes. A significant increase between February 15 and March 2 is observed in nearly all cities
under scenario 1, especially for Hubei and adjacent provinces (Figures 7.a and d). In scenario 2,
active infected cases in many cities will be lower than 100 by March 2, although the number of
infected people in Hubei province is still quite high (Figure 7.b and €). In scenario 3, if the
government does not restrict increasing transportation post to the Spring Festival holiday, the
cities close to Wuhan will face a severe situation that the active infections will be over 5000 on
March 2 (Figure 7.c and f). Other regions such as the Pearl and Yangtze River delta will also be
influenced by the increasing person-to-person contact.

Figure 7. Mapping of predicted number of infected people on February 15: (a) scenario 1, (b)
scenario 2, (¢) scenario 3 and March 2: (d) scenario 1, (e) scenario 2, and (f) scenario 3
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To better understand the specific attributes of epidemic dynamics under different scenarios, we
investigated the temporal changes of active infections across all cities in mainland China. In
Figure 8, we show the results in provinces with large number of confirmed cases, first-tier cities,
and cities within Wuhan one-hour economic circle. If there is no reduction in transmissibility
(scenario 1), the active infections in Wuhan will grow exponentially during the whole period of
prediction, while in other provinces and cities the epidemic peak will emerge in late February.
With strict restriction on the movement of people and isolation (scenario 2), in all these
provinces and cities, the active infections will decrease around middle February. The comparison
between results of scenario 1 and 2 demonstrates the urgency and effectiveness of city-level
quarantine to Hubei province. In scenario 3 where transmissibility rebounds after the public
holiday in all cities, the peak of active infections will postpone ten days and the magnitude will
increase by about 50% compared with scenario 2. Our simulation suggested that strict quarantine
of inner- and inter-city population movement during February would have a significant effect on
the suppression of virus spreading.
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Figure 8. Temporal change of active infections in representative provinces and cities based on
the modified SIR model
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Another critical attribute of epidemic dynamics is the net daily increase of infections, i.e., the
difference between new infections and removal in one day. Figure 9 shows the temporal changes
of net daily increase of infections in three scenarios. Among all three scenarios, Hubei provinces
will contribute the majority of increments in mainland China. Under different scenarios, the peak
of net daily increase of infections emerges at different time. With no strict restriction (scenario 1),
the peak point was not observed during the prediction period. The peak point will appear around
February 10 with strict restriction (scenario 2), but it will shift to middle February or later with
work/school resuming (scenario 3).
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Figure 9. Net daily increase of infections in Hubei and other provinces under three scenarios

We consider the net daily increase of infections lower than one case as the signal of effective
control of coronavirus outbreak. Among all 333 cities in mainland China, our modelling shows
that 67%, 100%, and 91% will successfully control the disease by March 2 under the three
scenarios respectively (Appendix Table 3). For those 17 cities within Hubei province, 0%, 100%,
and 53% will control the disease by March 2 under the three scenarios respectively. We mapped
the date when a city successfully controls the coronavirus outbreak in Figure 10. The results
show that some western cities will have no possibility of virus outbreak, as the predicted net
daily increase is always lower than one in all scenarios. The spatial pattern of successful control
date is similar across three scenarios, a distinguished gradient decrease from central region
(Hubei, Henan, Hunan and Chongging) to the peripheral regions. The urban agglomeration along
the coastline would have late dates of successful control, especially in scenario 3 with
work/school resuming after the Spring Festival.
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Figure 10. Dates when the coronavirus outbreak will be controlled in each city of mainland
China under scenarios: (a) keeping the trend of early stage, (b) controlling the spread as
successfully as SARS, and (c) increasing person-to-person contacts due to work/school resuming
after Spring Festival

5. Discussion

In this study, we modeled the epidemic trend of 2019-nCoV for each individual city in mainland
China and used the model to predict the future scenarios under different conditions. Compared
with other recent modeling studies, our study has some strength. First, the unique characteristics
of the novel coronavirus were taken into account, and a modified version of the original SIR
epidemic model was established for each individual city. Considering that the new coronavirus
originating from Wuhan and the majority of the local infected patients outside Wuhan had
Wuhan travel history before the Spring Festival, we extended the SIR model to make it suitable
for the transmission characteristics of the novel coronavirus in mainland China. The proposed
model estimated the transmission rate 8 for the Wuhan inflows and local residents separately to
describe the spreading pattern of the coronavirus in a more realistic way. Second, our proposed
spatially explicit model is able to obtain fine scale prediction result. Different cities have
different transmission rates due to their own conditions (for instance, population density and
human mobility characteristics). If the transmission rate in national scale is used to model the
epidemics of different cities (Wu et al., 2020), the prediction of epidemic trend of all major cities
is similar to Wuhan (see Figure 4 in Wu et al., 2020). In this study, different transmission rates of
different cities were estimated using the city-level migration data and reported confirmed cases,
then the epidemic prediction results at the city scale were obtained to provide references for
undertaking more balanced and efficient control measures.

Our predictions of three future scenarios, namely failure of outbreak control, successful control,
and considering work/school resuming, provide information for decision makers to allocate
resources for stopping the disease spread. Generally speaking, densely populated cities and cities
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in central China will face severe pressures to control the epidemic, since the increase of infected
people is inevitable in all three scenarios in the near future. By comparing predictions of the
three scenarios, it is obvious that reducing the transmissibility is a critical approach to decline the
net daily increase and controlling the magnitude of epidemics. Fortunately, the latest number of
confirmed diagnoses (Figure 1) is lower than that of free propagation of the virus assumed in
scenario 1, indicating current control measures implemented by Chinese government are
effective, including controlling traffic between Wuhan and other regions, isolating suspected
patients, canceling mass gatherings, and requiring people to implement protective measures.
However, once the Spring Festival travel rush appears recently as scenario 3 designed (as most
provinces plan to resume work on February 9), it will inevitably cause considerable growth in
transmissibility and further re-increase of epidemic. In addition, current insufficient supply of
protective equipment may exacerbate this situation. Therefore, public health interventions should
be performed continuously to obtain the best results of epidemic control. The following measures
are recommended to implement continuously in the near future, such as, postponing work/school
resuming, arranging work-from-home, instructing enterprises to implement epidemic prevention
measures. Essentially, all measures are for reducing population mobility and person-to-person
contact, and there is no panacea for all conditions, hence interventions in different regions should
be adapted according to local epidemics.

Our modeling work has several limitations. First, due to the limited prior knowledge for this
sudden Wuhan 2019-nCoV outbreak, the infection rate and recovery rate in this study are
regarded as the same for different age groups, which may result in errors of predication for cities
with different age structures. Second, the model parameters were estimated using the reported
confirmed cases that may be lower than the actual number of infections, so the parameter
estimation may not represent the real situation. Third, besides the transmission between Wuhan
and other cities, we do not consider other inter-city transmissions. Although the Chinese
government strictly controlled the traffic between cities, the inter-city transmission may
contribute to the epidemic dynamics in the future days, especially during days of work and
school resuming.
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