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Abstract: Problem Definition In emerging economies and countries such as India, during COVID 19, 

health facilities across  the globe especially in India do not have the capacity to handle the number 

of patients. This  research aims to reduce health disparities in Indian context through funding 

mechanisms to  service providers who wish to serve the nation during crisis that critically affect 

economic  growth.  Academic Relevance  In India PPP has been a viable solution when the 

government-led public sector formed a  synergetic partnership with the technically advanced and 

innovative private sector. Through this  study, we are taking a step towards modelling PPP 

contracts where the government is planning to  integrate emergency services that may provide 

insights into research in health service sector and  academicians/practitioners in emergency medical 

services in developing and emerging  economies.  Methodology  In this study, we are taking a 

step towards analytical modelling of PPP contracts where the  government is planning to integrate 

emergency services and examine various scenarios applying  the principal-agent model by 

characterizing the equilibrium contracts among the Government  and the Service provider.  

Results  Results imply that the government needs to develop policies that require immediate action 

to aid  service providers who have a reputation for providing quality emergency health services to 

survive in a circular economic situation thereby providing a solid foundation to the newly  

integrated emergency medical services in emerging economies like India.  Managerial Implications  

During COVID 19, management of emergency service providers in India have to decide the  

capacity to handle the number of patients. Apart from this, during this crisis and scarcity, public  

private partnerships (PPP) bids can decide the type of service provider (Non Profit or Corporate)  

that can help to ensure optimal health outcomes with quality, equity, access and fair distribution.   

Keywords: Covid-19; emergency health services; game theory; principal-agent model; PPP, 

renegotiation 

 

1. Introduction   

Medical emergencies occur anywhere, at any time, in any country irrespective of whether it is a  

developed, developing or an underdeveloped country. These emergencies occur by the hour,  

consuming a lot of resources and sometimes, without even achieving the desired results, i.e., to  save 

lives. Medical emergencies have been around since the start of human civilization, however,  they 

gained recognition as a specialty only around 30 years ago (Chung, 2001). An emergency  medical 

system’s goal should be to provide universal and integrative emergency care right from  the time it 

receives information from an emergency user. Further, in a country like India, which is  the second 

most populous country in the world with high-income disparity, the implementation  and context 

of the emergency medical system should, in every way, try to increase health equity  and not worsen 

current health disparities. This challenge faced by India and developing countries  similar to India 

can be attended to by promoting systematic development of an evidence-based emergency medical 

system that would be more cost-effective than the ones in developed  countries like the USA, 

Canada and certain European countries where there is lesser income  disparity. To design an 

effective emergency medical system, there is a need to address questions  such as how it would 

integrate with the current health-care infrastructure, local communities as  well as their values, and 
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the financial resources that would be needed to augment the services  step by step. These questions 

are well addressed when the rationality of promoting emergency  service systems is evaluated from 

the financing point of view. Further, deficiencies in healthcare  can be overcome only by reform. The 

emergence of Public Private Partnerships (PPP) in India  has provided a viable solution. In this 

model, the government-led public sector forms a  synergetic partnership with the technically 

advanced and innovative private sector. The  government set up 108 partnerships in 2005 with 

private organizations, such as GVK, Ziqitza  Health Care Ltd., to deal with fatal medical 

emergencies to diminish the number of lives lost, for  instance, as in the case of the Fani cyclone, 

which caused havoc in Odisha in 2019. However, the  emergency services are fragmented in India, 

with many private services coming into play without  regulation. Though this may be interpreted 

as a good social and altruistic sign, in the long run, it  could hamper the progress of emergency 

services across the country. In this study, we propose a  model for the funding of PPP contracts 

which the government can use in its plan to integrate all  emergency services including fire, police 

with emergency health services under a common  number, 112. Scenarios that were built to handle 

situations where there is an unprecedented  demand increase, similar to that of COVID 19 are 

considered in this study. In the following section, we have a detailed literature review on emergency 

health services in developed and  developing countries. Section 3 describes the base model, its 

assumptions, strategic decision  variables that have been considered for the model. Section 4 

considers the different scenarios that  can occur during emergency situations like COVID 19. In the 

final section, we discuss the  takeaways and results that make sense during COVID 19 times, when 

the economy in developing  nations need to become more circular due to limited support.   

2. Literature Review 

2.1. Game Theory Models 

The modeling approach in this study lays its foundations on studies by Ramy Elitzur and Arieh  

Gavious, (2001) who had provided a game theory-based model that involves a start-up company  

with three players, an entrepreneur, an angel, and a VC. Their studies addressed important gaps  in 

the literature that addressed relationships between VC and entrepreneurs by introducing  angels. 

Further, one of their (Rami Elitzur and Arieh Gavious, 2001) key findings was that the  opportunistic 

behavior between entrepreneur and VC leads to moral hazard problems. Evidence  is available that 

there are rules, roles, strategies, and pay-offs governing PPP procedures. Thus,  modeling them as 

complex games can help better understand the failures and difficulties. (Peter  Scharle, 2002). Hart’s 

approach (Hart, 2003), states that if the characteristics of the facility are easier to specify, the 

government should provide the service. Hart (2003) studies also indicate  that if the quality of the 

service is easier to measure, then the choice is between public provision  and partnerships. Public 

provision is preferred when worker’s effort is very relevant for the  success of the service. Studies 

(Gregory Michael Kennedy, 2013) have successfully managed to  apply the game theory model 

retrospectively to the Metronet - London Underground case and  were successful in influencing 

decision making in their renegotiation process. Julie De Brux,  2010 has shown that social surplus 

improving renegotiations can often exist when parties  cooperate which is often known as ‘‘bright 

side of renegotiation’’. Studies by Besley and Ghatak  (2001) considered how the state and the 

voluntary sector interact in delivering public projects.  Ho (2009) developed a model for financial 

renegotiation in PPP projects and its policy  implications from a game theory perspective. Medda 

(2013) studied the “allocation of risks in  PPP transportation projects using a game theory 

approach.” Ho (2005) also modeled a “bid  compensation decision process as a non-cooperative 

static game.” Akintoye et al. (2004) also  applied game theory in PPPs, especially in the phases before 

and after a preferred bidder is  selected. Barr (2007) points out several elements that should be 

considered when evaluating the  effectiveness of a PPP. Hence suitable elements need to be 

considered when modeling the  effectiveness of a PPP.   

2.2. Principal-Agent Model  
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The principal-agent problem helps in stating a few policy problems that are fundamental in an  

integrated framework, when the outcome of the activities of the agent, Q depends on the action  

taken by agent and state variable S  

, i.e. “Q= f (A, S)” (Bergman and Lane, 1990)   

Allocation of Public services creates Principal-agent relationships between Government and the  

electorate (Bergman and Lane, 1990). Studies (H. P. Tserng et al., 2012) treated “the national  PPP 

unit as an institution by defining it as an endogenous equilibrium outcome of the game in  the view 

of New Institutional Economics (NIE).”   

2.3. Models Based on Simulation   

The agent-based model helps in modeling complex systems that are adaptive to circumstance,  

situations, environment, etc.(MacAl & North, 2010). Jennings (2000) considers an agent as one  object 

that emphasizes autonomous behavioral characteristics. Bonabeau (2001) regards an  agent to be any 

type of independent software or model component. Empirical studies indicate  that humans are 

boundedly rational, and as the rules change in a game, with complex social  structures and 

interactions (Gigerenzer and Selten, 2001; Janssen and Ostrom), agent-based  modeling in 

combination with game theory has been applied since the early 1980s (Axelrod,  1984). The next 

section presents a conceptual and theoretical framework that would provide sensitivity to various 

aspects of a PPP contract, including that of policy levers in an EMS that we  had discussed in earlier 

sections. This framework lays a foundational basis for agent-based  simulation of various aspects of 

the game in the contractual cycle. The agents need to understand  that in COVID 19 like situation, 

the circular economy can become complex. Further the agents  may indicate that liberalization may 

happen due to vaccine development which may lead  developing nations to a path that may involve 

agents that were in a circular economy to an  economy that need support of nations that have 

crossed the COVID 19 era successfully.   

2.4. Recommendations from Literature   

1) The following are the recommendations from the literature and the real world that would 

help  the Indian EMS to progress further from its current position to serve its citizens better.  2) The 

emergency medical services in India needs to sustain the population growth and in order  to supply 

emergency medical services that consistently meet the demand of Indian  population, the EMS 

system needs to come up with an integrated approach of pricing and  costing mechanisms (contract 

design) between the governments and emergency service  providers that would aid the service 

providers (agents) and government (principal) to provide  quality, efficient and effective service to 

the patients. 3) Integrated Approach of EMS system with competitive allocation – location approach 

of  emergency medical services (ambulances) would be mutually beneficial to service providers,  

government, communities and users of emergency health services as it would improve the  quality 

of services like appropriate ambulance allocations, minimizing response time etc.  offered by the 

service providers in a competitive situation where there are many service  providers in action.  4) 

Suitable performance measures like delay of emergency services (ambulance services) for  different 

types of incoming calls (long distance, short distance), average waiting time for  these incoming calls 

needs to be brought in practice along with input measures like call  arrival rates, average service 

times, mileage of travel for the different service providers of the  integrated system with suitable 

incentives designed for the extra mile achievers.  5) The EMS system with a suitable triage and cut 

off dispatch rule analogous to that as  implemented by western countries, but keeping Indian 

context in mind, along with an  accurate mathematical model deploying queuing strategies that 

need to address performance  characteristics like Overcrowding at hospitals would aid the much-

needed integration of the  fragmented EMS system in India.   

3. The Model   
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3.1. Key Players  

 The key players are   

• Service Provider (/Social Entrepreneur) (SP)(Corporate/Non-Profit)   

• Government   

• Investor   

3.2. Setting   

Our setting involves an EMS provider (SP) who is risk neutral and can be of two types  

(corporate/ non-profit) and is in a PPP contract with the central government, who is also a risk  

neutral player. The goal of SP and government is to offer a high-quality equitable emergency  health 

service for the welfare of its citizens. A total of 5 scenarios occur in this principal  (government)-

agent (service provider) game. One of these scenarios involve another party, an  investor who funds 

the SP when renegotiation efforts fail between government and SP due to  unprecedented rise in 

demand. The timeline of the game is given below.   

3.3. Timeline   

The timeline is given in 1(a) and 1(b) below.  

 
(a) 

 
(b) 

Figure 4. (a) - Event Timeline. (b) - Ordered play of Events in Timeline. 
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3.4. Assumptions   

• All the players are risk neutral. (It's easy to change the model to include risk averse  players 

or a combination of risk-averse and risk neutral players).   

• All the players emphasize equally service output as EMS is more humanitarian.   

• If the Service Provider (SP) needs further funds and Investment, due to nature/change in  

demand, it can approach a VC firm with the help of the government.   

• The government can take into account some target rate of Investment for post contract  

investment, (Mason & Harrison, 2002).  

• VC takes into account a specific rate of return, (Manigart et al, 2002).   

• Effort e is observed only by social entrepreneurs / (Service Provider (SP)).   

• The agent operates in perfect competition and has a reservation utility  • The 

government can monitor the benefits/outputs.   

• There are two types of effort, observable effort a and unobservable effort e which is  given as 

below   

• z≡e + a  

• Unobservable effort two levels, where denotes effort at higher  level and 

denotes effort at lower level   

• is the probability for executing High Effort by the service provider who is risk  neutral. 

We have assumed = 0.5 based on a binomial short rate model. ( Ho, T.S.Y &  Lee, S.B. (2004) )   

• Effort is costly and follows the following quadratic equation:   
• C (e, a) = γ * a when e < e = ( when 2ρ) * (e − e)2 + γ * a e≥e  

• a is contractible effort, e is not contractible but efficient non verifiable effort is  cost effective. 

(Aghion & Rey, 2000)   

• The tax rate is t and can change over time. In numerical, we have taken t as 20% (0.2)  

according to the current corporate taxes levied in India on corporations.  

• The charge for emergency services by government is k= m*r. Here m has been taken as 3  

according to a survey report by EMRI and Health Ministry of India (2012).   

• The production function/Output function taken here is that of Cobb-Douglas Function  

having the form where is the elasticity of effort and is the  elasticity of capital/ 

Investment. denotes the efficiency. Value for Efficiency for  Emergency Health Services (in India) 

=0.7 (Found by averaging monthly efficiencies  for all states for the year 2014 EMRI Report, 2014)   

• Cost is quadratic function of demand elasticity (The values of a, b,  c. 

In the current study undertaken, we have found a, b and c by regressing expenditures  against 

demand elasticity for the years 2014, 2015, 2016, 2017, 2018.), a= 4652586,  b=-8152965, c= 3620336)   

• Production/ Output is a decreasing function of demand elasticity i.e. here we have  taken 

it as (Here exp = 2.718)   

• In contractual situations which involve only government and service provider,  π (I, 0) = π (0, 

e) = 0 i.e. payoff of SP becomes zero, SP does not provide any service  if the government does not 

make any investment I or the SP does not exert any  unobservable effort e.   

• In contractual situations that involve the investor apart from government and service  

provider, we have  π (I, 0, I ) π (Elitzur and Gavious, 2001). In other V C = (0, e, I ) V C = π (I, e, 0) = 0 

words the payoff of SP becomes zero. Thus, SP does not provide any service if the government does 

not make any investment I or the investor does not make any  investment I or the SP does not exert 

any effort e. V C  

3.5. Strategic Decision Variables   
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 e = Unobservable effort needed by the social entrepreneur i.e. SP, has two levels   

 I = Investment by the government   

β = Share retained by social entrepreneur/ SP on renegotiation   

 = share retained by investor (VC) in the case renegotiation fails   

Ivc = Investment by the Investor (VC)   

The base principal-agent model between government and service provider can be described as  

the following Principal-Agent (PA) problem: the objective function for the service provider i.e.  the 

agent is given by   

Maximize -------------------------------------- (1)   

where-as the objective function of the government is given by   

Maximize ------------------- (2)   I  

Subject to following constraints.   

The first constraint is incentive compatibility constraint  

---(3)   
And   

 -----------------------------------------------------(4)  which is 

the participation constraint   

The objective function has to be optimized with reference to effort….. The values of eh and el  

decide whether the service provider has a probability to get into the action of moral hazard.   

So in a PPP contract, when the service provider bids, he has to provide that optimal value of the  

effort that gives him the correct Investment capital and this is high effort. This is because the  

government assumes that the service provider is clean and moral hazard does not take place.   

Further any value higher than this optimal eh may not be practical because the government  

would select the lowest bidder and the service provider would not risk with higher effort levels as  

he may lose the contract.   

Finally, there is a space and leverage for the Service provider to put an effort lower than this  

effort to become more profitable which need not be shared with the government. The risk with  

which he can afford to do this is with a probability of 0.5. This leads to moral hazard.   

Solving the above PA Problem using the principle of backward induction, we solve agent's  

(SP’s) problem first subject to the two constraints using Karush Kuhn Tucker (KKT) conditions  to 

obtain optimal and then substituting the value of in Principal's unconstrained 

problem we obtain overall optimal conditions and solution for I and . Thus we have, 
from the agent’s  (service provider’s) problem   

---(5)   
Solving the Principal's i.e. the Government’s problem which is an unconstrained optimization  

problem   

 -------------------

------- (6)   
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Applying the first order and second order conditions which indicate that the objective function 

is  concave   

We have   

 -------- (7)  

 

Figure 2. (a) (b)  Higher Changes in effort or investment is required for changes in its respective elasticities as  

shown from Figure 2. As demand for this scenario is assumed to be constant, the equilibrium lies  at the 

intersection of effort and investment curves. Following this, we arrive at the following  proposition . 

Proposition 1   

There are only two type of equilibria in this game for the given real situation   

1) e*= I*=0 at   

2) (e*, I*) where e*>0, I*>0) at  

 
Equilibrium 1 is the situation where there is no service. This is obvious since there will be no  

payoffs at this point.   

Equilibrium 2 (Refer Figure 2(b)) is the situation where the equilibrium investment by the  

government and the entrepreneur’s are positive, leading to a positive payoff to the service  provider 

at the end of the contract. This is a situation, which benefits both the service provider  and the 

government in a PPP leading to a successful PPP contractual venture.   

Proposition 2   

For the second equilibrium when the service exists,   

i.e. (e*, I*) where e*>0, I*>0) at   
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As   

Despite the payoffs being positive, there is a possibility of opportunistic underinvestment by the  

government despite the high effort exerted by the service provider, leading to lower payoffs.   

3.6. Scenarios occurring in COVID 19 Era   

3.6.1. A COVID-19 Like Pandemic and Corporate Service Provider - Government  Renegotiation  

Let be the investment made during renegotiation. Then the objective function for the  

service provider is given by   

---------(8)  And the objective function of the government is given by   

------- (9)  Subject to following constraints of the service provider   

 
------------- (10)   

 
---------------- (11)   

Solving the agent’s problem applying KKT conditions we have   

  
Now solving the Principal's Problem i.e. the government’s problem which is an unconstrained  

optimization problem for the objective function   

------ (12)  Solving the first order with reference to , by back substituting the value of e  

 
And then solving the first order with reference to I,   

We have   

When we have   
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Where is substituted from prior equation.   

For the objective function to be concave we see that first principal minor is negative and second  

principal minor needs to be positive at the stationary point (optimal point). Also as 

We have   

And we also obtain all values of   

From figure 3 we see that as <=0.1, we see that the plot of effort vs elasticity intersects 

at a  point where   

 

Which gives us the equilibrium conditions.  

 

Figure 3. 

Following this, we arrive at the following proposition   

Proposition 3   

There are two distinct equilibrium conditions in the current scenario.   

They are   
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The first is an equilibrium point when I>0, e>0 and the payoffs are positive for both the SP and  

Government. The second is a set of equilibrium points where the firm ceases to exist, as both I=0  

and e=0 for this set of points as seen from Figure 3.  

Proposition 4   

In equilibrium conditions under the current scenario, the payoffs would not be lower, as both 

the  players, government and service provider may tend to exhibit opportunistic behaviour, unless  

there is risk of terminating the service.   

3.6.2. A COVID 19 Like Pandemic When an Investor funds the Corporate Service  Providers   

The Agent's Problem i.e. the service provider’s problem becomes   

----

-- (13)  ST   

 - ---

- (14)  The KKT conditions are   

----- 

(15)  --- 

(16)  ---------------------------- (17)  

Solving in similar way to the previous situations   

--------------------- 

(18)  The investor's problem is as follows:   

 ----------------------(19)  

Substituting in above unconstrained optimization problem   

we have the above set of equations as   

------------------------------------------------------------------(20)  

Solving we have   

 

If the investor turns down reinvestment due to the low returns then and  

 
Furthermore, we see that the objective function is concave as the double differential is negative  

For the Government Problem, the objective function become  

 ------------

-(21)   
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Substituting from the previous equations in the above equations and simplifying it 

we  have the equation simplifying to the following form   

 -------------------------------------------------------(22)  

Where is a constant not effecting the optimal decision variable.   

As this is an unconstrained optimization problem and as the second differential of the objective  

function is negative, the function is concave.   

The above unconstrained optimization problem leads to following optimal solution  

 

As we have , for which the concavity conditions are satisfied.  The 

equilibrium is obtained at two points as shown in the Figure 4 (a) and 4(b) below.  
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Figure 4. (a). 

 Series1= Effort, Series 2= I vc Series2=I vc, Series3= Effort   Figure 4 (b)  

Based on the above figures, we arrive at the following propositions   

Proposition 5   

There are two equilibrium conditions for which I vc > 0 and e > 0, as shown in Figure 4  1) The 

first equilibrium occurs at   

 
2) The second equilibrium occurs at   

 
At these equilibrium points, we see with increase in elasticities, effort increases whereas  

investment decreases and both these equilibrium conditions provide positive payoffs to service  

provider, investor and the government.   

3.6.3. Base Model for Non - Profit Service Providers   

--------------------------------------------------------------- (23)  

----------------------------------------------------- (24)  

 --------------------------------------------------------------------- (25)  Applying 

the KKT Conditions we obtain the optimal for the agent’s problem  

 
Solving the Principal's problem, i.e. the government's problem, which is an unconstrained  

optimisation problem and substituting the Value of e, the Principal's objective function becomes   

---------------------------------------------------------- (26)  

Taking the first differential and equating it to zero, we obtain optimal solution as   

 
The second derivative is negative, therefore the objective function is concave.  

  
Series1= Effort Series 2= Investment   
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Figure 5. 

The above figure 5 shows the plot of investment and effort, leading to the following proposition.  

Proposition 6   

There is a unique equilibrium in this game for the given real situation   

1) (E*, I*) where E*>0, I*>0) at   

 
for constant returns of scale   

Equilibrium situation occurs at I > 0, e>0 leading to a positive payoff to the service provider at  

exit of contract.   

Proposition 7   

For , both players tend to exhibit opportunistic behaviour around the equilibrium  

position for constant as well as decreasing returns of scale.   

3.6.4. A COVID-19-Like Pandemic with Renegotiation by a Non-Profit Provider   

The objective function of the service provider becomes   

----------------------(27)  

Whereas the objective function of the government becomes   

 ------------- (28)  

Applying KKT conditions for solving the agent i.e. the agent’s problem first, we have   

The optimal value of e=   

Substituting the above value of e in Principal problem i.e. Government Problem we have  

 --------------------------------------------------- (29)  

Where   

 
Solving the above unconstrained optimizing problem for the government with reference to the  

decision of Investment I, we have   

 
Similarly solving for , we have  
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The conditions which satisfy are   

The objective function’s Hessian's 1st principal minor is negative and the second principal minor  

is positive, demonstrating it is concave function with reference to both I and .   

 

Figure 6. 

Figure 6 shows that with an increase in elasticity the effort increases and investment increases 

for  the region . This is followed by the following proposition.   

Proposition 8   

For e>0, I>0, there exist a unique equilibrium for which the service provider successfully  

renegotiates and executes the contract, as follows   

 
Proposition 9   

For I>0 and e>0, both players (the government and service provider) tend to exhibit  

opportunistic behaviour around the equilibrium point.  

4. Conclusions   

The financing of service providers (Corporate or Non Profit) depends on availability of  

resources at any particular point of time. During crisis situations like COVID 19, India has met  

realities in life that need to be addressed accordingly. Covid 19 has created a vacuum in  healthcare 

with vaccine development still in its testing stage. Such critical situations need to be  addressed by 

the government strategically. Reputation for emergency medical services in India  which depend on 

service providers that were primarily NGOs like GVK EMRI need circular  economy based funding 

mechanisms. These financial mechanisms can primarily be addressed by  PPP that may aid in 

acquisition of resources which may not be available. The government thus  has to rely on service 

providers, either private or NGO’s that can operate solely on the capital  provided jointly by 

government and investors through PPP mechanisms based on the reputation  of the service 

provider. Situations may arise where the service provider’s identity(Private or  Public) needs to be 

hidden by the government in a PPP partnership due to differences that may  arise between two due 

to factors like equity, access and service related information. These  situations can be addressed 

through advertising strategies which may aid the citizens as well as  the government in a way that 

may help the health sector when the epidemic situation ceases and  the overall economy is set for 

liberalization.   
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