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Abstract  Between controlling the virus and boosting the economy, it has become a “President’s Dilemma”, in which 

determining the optimal time to open-up the economy while still being able to contain the virus is the president’s top priority. 

In this study, we utilize game theory examples to illustrate various scenarios of the President’s Dilemma and provide possible 

game theory tools to obtain the optimal solutions. For the normal simultaneous game, the Nash equilibrium is at (Open-up, 

Lock-down). For the GDP vs mortality game, Open-up is a more cost-effective option. In the Bayesian game, if the 

proportion of the governors siding with the president q>=1/3, the President would choose Open-up while if q<1/3, he would 

choose Lock-down. The Stackelberg game point out the possible study path to figure out the leader-follower roles and related 

factors. 
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1. Introduction 

Since the eruption of the 2019 Novel Coronavirus 

(COVID-19) in Wuhan, Hubei, China in late 2019, it has 

quickly become a global pandemic. As of April 29, 2020, 

there have been over three million confirmed cases with  

over 218,000 deaths in 185 countries. In the United States, 

there have been over one million confirmed cases and over 

60,000 deaths. [1] [2] [3] COVID-19 has already materially 

surpassed other coronaviruses such as SARS and MERS in 

infected cases and mortality. This pandemic has not only 

taken many lives but has also significantly impacted the 

economy. While fighting to control the virus is important, 

getting the economy back onto its normal course is also vital 

for the country.  

To control COVID-19, countries across the world have 

utilized various tactics. Aside from fast testing and tracing, 

these tactics also include social-distancing, stay-at-home 

orders, quarantining, and total lock-down. These methods 

have shown great efficacy in containing the virus, with China 

already have ended its lock-down in early April. [4] In the 

United States, where the president has imposed travel 
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restrictions and all 50 states are under a major disaster 

declaration and are practicing social distancing and various 

other mechanisms, the country is currently in a state of 

lock-down. Although these steps have proven effective in 

“bending the curve” and slowing down the virus 

transmission, they also have slowed down the economy 

significantly. For example, China’s economy shrank 6.8% in 

the first Quarter of 2020 compared with the year-ago period, 

the first such contraction since Beijing began reporting 

quarterly gross domestic product in 1992. [5] According to 

Morgan Stanley, there will be a 38% drop in second-quarter 

U.S. GDP. [6] So, between controlling the virus and 

boosting the economy, it has become a “President’s 

Dilemma”, in which determining the optimal time to 

open-up the economy while still being able to contain the 

virus is the president’s top priority. The president has since 

touted the idea of opening-up the economy on May 1st [7] 

while the majority of state governors and public health 

experts still believe it is best to keep it “locked-down” for a 

longer period of time so that the virus will be better 

contained. Considering that this is an election year, the 

overall economic performance (GDP growth, stock market 

performance, and unemployment rate) is a top priority for the 

president but conflicts with procedures to control COVID-19 

(in terms of tested cases, confirmed cases, and mortality). On 

the other hand, governors may prefer to first prioritize 

controlling the spread of the virus to limit mortality. The two 

parties’ priorities are seemingly in conflict. However, 

without the cooperation of the other party, the decisions of 
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the president or the governors can only have partial efficacy. 

Presuming that the vaccines are at least one-year away [8] 

and that there are no effective bio-medications to treat the 

cases in the foreseeable future [9], this dilemma will likely 

not be resolved quickly. 

The aim of this study is to illustrate various scenarios of 

the President’s Dilemma and provide possible game theory 

tools to obtain the optimal solutions. We think this is a topic 

of great importance as we are creating useful guidelines for 

other countries that are, or will be, impacted by COVID-19 

and for policymakers and researchers to prepare for future 

pandemics.  

2. The President’s Dilemma 

In a simplified game theory setting, we have two players: 

the president (P) and the governors (G). Each player has two 

strategies: Open-up or Lock-down. Their preferences may 

vary from maximizing the probability of winning re-election 

(the president’s) to controlling the virus and minimizing the 

mortality (governors’). These strategies are time-sensitive 

(Open-up may mean to open up on May 1st, 2020 and 

Lock-down may instead mean to keep it locked down at that 

point) and are illustrative of the current situation. Figure 1 

shows a portrayal of this game setting.  

Governors (G) 

 Open-up Lock-down 

 

Open-up 

 

President (P) 

𝑈𝑃(1,1), 𝑈𝐺(1,1) 𝑈𝑃(1,0), 𝑈𝐺(1,0) 

 

 

Lock-down 

𝑈𝑃(0,1), 𝑈𝐺(0,1) 𝑈𝑃(0,0), 𝑈𝐺(0,0) 

Figure 1.  Strategies and Utilities 

Given their different preferences, the players have 

different utilities (U) corresponding to each strategy pair, 

while using 1 to denote the Open-up strategy and 0 the 

Lock-down strategy.  

The following Figure 2 is a simple example of this game 

with demonstrative utility numbers. 

Governors (G) 

 Open-up Lock-down 

 

Open-up 

 

President (P) 

(3, 1) (2, 2)* 

 

Lock-down 
(2, 2) (1, 3) 

Figure 2.  Demonstrative Utility Levels 

In this situation, since Open-up is a dominant strategy  

for P and Lock-down is a dominant strategy for G, the   

Nash equilibrium (*) will be at (Open-up, Lock-down) with 

utilities at (2, 2).  

3. Cost-Effectiveness Analysis 

We can also look at the two key elements impacted by the 

strategies as proxies of the utilities: GDP and Mortality. GDP 

encompasses stock market and unemployment, and can be 

used as a proxy for the overall economy. Mortality can 

proportionally represent the confirmed cases and thus the 

loss of quality adjusted life year (QALY), such that QALY 

equals mortality times a factor f, where f is an annualized 

factor related to the loss of QALY due to mortality and 

treatment of the infected cases, with f>>1. Figure 3 is an 

example to show the corresponding GDP (trillion $) and 

mortality (million deaths) based on some projections. [10] 

[11] [12]   

Governors (G) 

 Open-up Lock-down 

 

Open-up 

 

President (P) 

(20, 2) (19, 1)* 

 

Lock-down 
(19, 1) (18, 0.1) 

Figure 3.  GDP vs Mortality 

That is to say, the (Open-up, Lock-down) pair will yield 

$19 trillion GDP in 2020 with 1 million COVID-10 related 

deaths. Thus in a way we can also calculate the 

cost-effectiveness of the two strategies with the incremental 

cost-effectiveness ratio (ICER) for each player. For example, 

knowing these possible outcomes, for the president, we have:  

ICER(Open-up) = (20-19)/(2f-1f) = 1/f  

and similarly 

ICER(Lock-down) = (19-18)/(1f-0.1f) = 1/0.9f.  

Thus ICER(Open-up)< ICER(Lock-down). 

Thus, for the president, Open-up is a more cost-effective 

option. If f=20, ICER (Open-up) = (1 trillion dollars)/(20 

million QALY) = $50k.  

Obviously the projections may not be accurate and the 

numbers here are a bit arbitrary for illustration reasons. With 

different projections, the outcomes and utilities might vary. 

Thus the corresponding solutions might change.  

4. Bayesian Game Setting 

Given that certain governors may have political reasons to 

side with the president, the final strategy might be a mixed 

one. For example, in a Bayesian game setting, we have two 

types of governors: a certain percentage q of the governors 

who would prefer to be consistent with the president’s 

strategy, whereas 1-q of the governors will still be focusing 

on the virus control. With incomplete information of a 

governor’s type and an incentive to avoid conflicting 

strategies, the president’s payoff levels may be different 
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from the numbers shown in Figure 2. First, for those 

governors who choose to focus on virus control 

(Lock-down type), the utility levels may look like the 

following (Figure 4a).  

Governors (G) 

 Open-up Lock-down 

 

Open-up 

 

President (P) 

(3, 1) (1, 2)* 

 

Lock-down 
(1, 2) (2, 3) 

Figure 4a.  Utility Levels with the Virus-Control-First Governors 

Whereas, for those governors who choose to side with the 

president (Open-up type), the utility levels might look like 

the following (Figure 4b): 

Governors (G) 

 Open-up Lock-down 

 

Open-up 

 

President (P) 

(3, 3)* (1, 2) 

 

Lock-down 
(1, 2) (2, 1) 

Figure 4b.  Utility Levels with the President-First Governors 

Since in each of the situation, there is a dominant strategy 

for the governors, we can combine them as in the following 

(Figure 4c):  

Governors (G) 

 
Open-up 

(with prob. q) 

Lock-down 

(with prob. 1-q) 

 

Open-up 

 

President (P) 

(3, 3) (1, 2) 

 

Lock-down 
(1, 2) (2, 3) 

Figure 4c.  Utility Levels with Two Types of Governors 

In this case, the President’s expected utility level for 

Open-up would be: 3q+1*(1-q) = 2q+1 and his expected 

utility level for Lock-down would be: q+2*(1-q) = 2-q. Thus 

if q>=1/3, the President would choose Open-up while if 

q<1/3, he would choose Lock-down.  

5. The Stackelberg Model 

Based on the situation, another useful game theory tool  

to solve the President’s Dilemma is the Stackelberg model. 

We assume both the president (P) and the governors (G) 

choose a strategy that is rational and maximizes their utility. 

Decisions are influenced by the current status of COVID-19, 

economic factors, as well as other variables such as elections 

and international considerations. A decision prevails if its 

utility level is the highest among all the possible choices. In 

our current study, we assume that the players make their 

decisions not only with their own utility in mind, but also 

with consideration of the other player’s strategy as well.  

Following Bjorn and Vuong, [13] Hiedemann, [14] 

Kooreman, [15], and Wang [16], we put our study into a 

Stackelberg framework. A Stackelberg model is a two-player 

non-cooperative game model, with one player behaving as a 

leader while the other behaving as a follower. The leader is 

the person who makes the first decision (decision rule), while 

considering the follower's possible decisions (reaction 

functions). Once the leader makes his or her decision, the 

follower then makes his or her corresponding decision. This 

is a sequential process.  

We denote the following states: 

 Yp:  = 1 if president (P) chooses Open-up 

     = 0 if P chooses Lock-down 

 YG:  = 1 if G chooses Open-up 

  = 0 if G chooses Lock-down  

The above is defined as a joint decision. 

Following McFadden’s random utility hypothesis, [17] we 

define the utility functions here. 

P’s expected utility level corresponding to (𝑌𝑃,𝑌𝐺): 

𝑈𝑃 (𝑌𝑃,𝑌𝐺) = 𝑌𝑃,  𝑌𝐺  
𝑃′

 + X
𝑌𝑃

𝑃
+ 𝑌𝑃

𝑃       (1) 

G’s expected utility level corresponding to (𝑌𝑃, 𝑌𝐺): 

𝑈𝐺  (𝑌𝑃, 𝑌𝐺) = 𝑌𝑃 ,𝑌𝐺
𝐺  + X

𝑌𝐺

𝐺
+ 𝑌𝐺

𝐺       (2) 

Where X are all the related exogenous variables.  

We have  

𝑌𝑃=  
1 𝑖𝑓 Δ𝑈𝑃 > 0
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

              (3) 

𝑌𝐺=  1 𝑖𝑓 Δ𝑈𝐺 > 0
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

              (4) 

If  0
 𝑃=  1

 𝑃  and  0
 𝐺=  1

 𝐺  then the model collapse to a 

Bivariate-Probit Model, where there is no leader-follower 

relationship. This makes the bivariate-probit model a special 

case of the Stackelberg model.    

Assuming the President is the leader, the extensive game 

is displayed in Figure 5. Utilizing the backward induction 

method, we can obtain a sub-game perfect Stackelberg 

equilibrium. The same can be done with the governors as the 

leader. 

We can then derive the likelihood function as the 

following: 

Ln L = {𝑌𝑃𝑌𝐺 ln Pr(1,1) + 𝑌𝑃 (1-𝑌𝐺 )ln Pr (1,0) + 

(1-𝑌𝑃) 𝑌𝐺 ln Pr(0,1) + (1-𝑌𝑃)(1-𝑌𝐺 )ln Pr(0,0)}  (5) 

Where (𝑃, 𝐺) ~ BVN(0,0,1,1,) 

With enough information about the preferences and 

factors for various events and time points, we can utilize this 

process to obtain the Stackelberg equilibrium, to test the 

leader-follower roles, and to evaluate the factors impacting 

the optimal decisions.  
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Figure 5.  The Extensive Form of the Stackelberg Game 

6. Discussion 

Game theory can provide great tools for public health and 

clinical studies. In the past, we have studied optimal 

strategies for EHR vendors and providers for system 

upgrades [18], identifying the leadership roles in decision 

making, [16] [19] and we working on projects to use game 

theory for medical studies. In the era of big data, game theory 

provides very effective and accurate methods for public 

health and clinical studies. For example, as we have shown 

earlier, the Stackelberg model includes the conventional 

bivariate-probit model a special case.   

The methods we used in this study can be applied to other 

research areas such as the shared decision making between 

doctors and patients. For example, for prostate cancer 

patients, there are two options: active treatment or active 

surveillance. What factors impact the final decision making, 

who is the leader in that decision between the doctors and 

patients, which is the optimal decision that leads to the best 

outcomes in various subgroups? These are all legitimate and 

critical questions that we are working on to get them 

answered. Another scenario is cancer treatment between 

procedures (CT/RT) and medication (Tamoxifen etc.).   

The third project that we are working on is to build a 

Bayesian game theory model to study the decision for 

non-symptomatic patients with small unruptured intercranial 

aneurysms. Current guidelines recommend radiographic 

follow-up of small UIAs at regular intervals with CTA or 

MRA to assess change in size and/or morphology.   

Patients might not always agree with their physician’s 

recommendation. Herein, we employ game theory to   

study the interactions between physicians and patients to 

determine how conflict and cooperation affect the care of 

small UIAs. Even for the COVID-19 cases, with enough data, 

we would like to know the decision making process behind 

certain drugs such as hydroxychloroquine, [20] and their 

effectiveness among different patient groups.    

7. Conclusions 

In this study, we have illustrated various scenarios of the 

President’s Dilemma, including a normal simultaneous game, 

a cost effectiveness analysis in a game theory setting, a 

Bayesian game, and a Stackelberg game. For each of the 

scenarios, we have provided game theory tools to reach the 

optimal solutions. For the normal simultaneous game, the 

Nash equilibrium is at (Open-up, Lock-down). For the GDP 

vs mortality game, Open-up is a more cost-effective option. 

In the Bayesian game, if the proportion of the governors 

siding with the president q>=1/3, the President would choose 

Open-up while if q<1/3, he would choose Lock-down. The 

Stackelberg game point out the possible study path to figure 

out the leader-follower roles and related factors. With the 

possibility of multiple open-up and lock-down cycles, we 

may utilize more game theory tools (such as repeated game) 

to study this dilemma. This is a topic of great importance as 

we are creating useful guidelines for other countries that are, 

or will be, impacted by COVID-19 and for policymakers and 

researchers to prepare for future pandemics. 

 

REFERENCES 

[1] Coronavirus COVID-19 Global Cases by the Center for 
Systems Science and Engineering (CSSE) at Johns Hopkins 
University (JHU). Johns Hopkins CSSE. April 29, 2020. 

[2] Coronavirus Update (Live). www.worldometers.info. April 
29, 2020. 

[3] Cases of Coronavirus Disease (COVID-19) in the U.S. 
CDC.gov. April 29, 2020. 

[4] CNN, China lifts 76-day lockdown on Wuhan as city 
reemerges from coronavirus crisis. April 8, 2020. 

[5] WSJ, China Records First Ever Contraction in Quarterly GDP 
on Coronavirus. April 18, 2020. 

[6] Market Watch, Morgan Stanley forecasts 38% drop in 
second-quarter U.S. GDP. April 3, 2020. 

[7] NYT, Torn Over Reopening Economy, Trump Says He Faces 
‘Biggest Decision I’ve Ever Had to Make’. April 10, 2020. 

[8] USA Today, Health officials tell Donald Trump that 
coronavirus vaccine is at least a year away. March 10, 2020. 

[9] The Washington Post, Stock markets show hunger for a 
coronavirus treatment. But don’t expect a magic bullet. April 
16, 2020. 

[10] Imperial College COVID-19 Response Team, Report 9: 
Impact of non-pharmaceutical interventions to reduce 
COVID-19 mortality and healthcare demand, March 16, 
2020. 



12 Jason J. Wang:  The President’s Dilemma: Open-up versus Lock-down Amid COVID-19 -  

Using Game Theory to Study the Optimal Strategies to Combat the Pandemic 

 

[11] LifeScience, More than 100,000 Americans may die from 
COVID-19, US officials say. April 1, 2020. 

[12] REUTERS, U.S. GDP will contract 30% in second quarter,  
5% in 2020: PIMCO. April 8, 2020. 

[13] Bjorn, Paul A. and Vuong, Quang H. (1985) Econometric 
Modeling of a Stackelberg Game with an Application to 
Labor Force Participation. Social Science Working Paper, 
577. California Institute of Technology, Pasadena, CA. 

[14] Hiedemann, Bridget, 1998. "A Stackelberg model of Social 
Security acceptance decisions in dual career households," 
Journal of Economic Behavior & Organization, Elsevier, vol. 
34(2), pages 263-278, February. 

[15] Kooreman, Peter. Estimation of Econometric Models of 
Some Discrete Games. Journal of Applied Econometrics, 
June 1994. 9(3): 255-68. DOI: 10.1002/jae.3950090303. 

[16] Wang, Jason J. Identify the Leadership in Decision Making - 

a Practical Stackelberg Model Approach. Proceedings in the 
28th Stony Brook International Conference on Game Theory. 
Stony Brook, NY. July 21, 2017. http://www.gtcenter.org/Ar
chive/2017/Conf/WANG2669.pdf. 

[17] Manski, C. F., & McFadden, D. (1981). Structural Analysis of 
Discrete Data with Econometric Applications. Cambridge: 
The MIT Press. 

[18] Wang, Jason J. Change or Wait: A Game Theory Exploration 
of Strategies for Vendors and Providers for the EHR Incentive 
Programs in 2015. APHA Annual Meeting, Chicago, 
November 4, 2015. 

[19] Wang, Jason J. Using a Game Theory Model to Identify the 
Leadership in Decision Making. AcademyHealth Annual 
Research Meeting, Seattle, WA. June 24, 2018. 

[20] The Guardian. Trump touts hydroxychloroquine as a cure for 
Covid-19. Don't believe the hype. April 6, 2020. 

 

http://www.gtcenter.org/Archive/2017/Conf/WANG2669.pdf
http://www.gtcenter.org/Archive/2017/Conf/WANG2669.pdf
http://www.gtcenter.org/Archive/2017/Conf/WANG2669.pdf
http://www.gtcenter.org/Archive/2017/Conf/WANG2669.pdf

