Supplemental online materials

Supplementary material – S1
In the case of disruption, the profit function of the whole supply chain in the centralized setting is as follows:


= 


To reach the optimal price decision (,), let us prove that the afore-mentioned profit function is concave. To do this, we use the Hessian matrix:

 

where,

Hence, the profit function  is concave. Differentiating with respect to each decision variable and putting it equal to zero, we obtain the following equalities:



By solving the above equations for, we can obtain optimal decisions as suggested in equations (11) and (12).
When no disruption exists in the SC, the profit function of the whole SC is calculated by the following equation:


=

Like the previous scenario, we first prove that the profit function is concave for (). The related hessian matrix is:



where 

So, the concavity of the profit function , when no disruption (ND) occurs, is proved. By differentiating each variable and setting it equivalent to zero, the following equalities are obtained:

 

Solving the above equations for  we find equations (9) and (10). Hence, the equations (9) and (10) are proved.

Supplementary material – S2
The suppliers (Hakim and Tehran Shimi) are leaders in the decentralized setting with no disruption. Therefore, company X and drugstores are followers. The leader tries to maximize the profit function as elucidated in the reaction functions. Thus, for Hakim, we optimize the following equation:

 	
We obtain the following expression when we put (15) in the above equation:




We have to prove that the preceding expression is concave with respect to . To do that, we take the second-order derivative of , and we obtain:

 < 0
This says that the profit function of Hakim is concave. To find the optimal wholesale price of Hakim, we solve the first-order derivative and put it equal to zero:

 
Solving the above Equation, we get:


Therefore, equation (17) is proved.  We get:
	


	



To prove equation (18), we adopt a similar approach, and we have:

 
By substituting (16) into mentioned equality, we obtain:


To demonstrate the concavity of this function, we take the second-order derivative:

< 0

Now to find the optimal wholesale price of Tehran Shimi, we take the first-order derivative of , and we obtain:



Solving the above equation for , we obtain:


Thus, equation (18) is proved. Then we get:
	


	




Supplementary material – S3

To prove equation (27), we first put the drugstores’ and distributor's reaction functions into the third supplier's profit function.  Therefore, putting (24) and (26) in , and we obtain the following equation:

 

To maximize the above profit function, we must first prove the concavity of the expression. Hence, taking the second derivative forwe obtain:

 < 0

So, the concavity of the third supplier profit function is proved. For optimizing this profit function, we get the first derivative from, and we get:

 
From the above equation, we obtain the optimal wholesale price of the third supplier during the disruption risk:


Therefore, equation (27) is proved. We obtain the optimal decisions of the followers through the following equations:
	


=

	


=

	


=

	


=


Supplementary material – S4

To prove equations (36) and (37), we put the reaction functions (34) and (36) into   , and we obtain:




The drugstores optimize their profit function. In this regard, we must prove that the concavity of the above equation for. Thus, we calculate the Hessian matrix (H):

H= 


< 0, det |H|= > 0

The concavity is proved above. Now we must take the first-order derivative with respect to:

 
By solving the above equality, we reach (36):

  
Moreover, the optimal prices of the followers are obtained sequentially:
	


= 

	


= 



To prove equation (37), we take a similar approach and take the first-order derivative with respect to, and we obtain:


By solving this equation, we obtain the optimal price of Glibotex in case of no disruption:


Consequently, the optimal decisions of the followers are obtained as follows:



= 



= 

Supplementary material – S5

The drugstores maximize the profit function by replacing (46) and (47) into, and we obtain the following expression:

 


Then, the drugstores take the first-order derivative for, and obtain the following equations:




However, before solving the above equations, we must prove the concavity of the profit function:

H=


< 0, det |H|= > 0
Now, solving the above equations, we obtain:


 and 
[bookmark: _GoBack]Therefore, the optimal decisions of the followers are as follow:
	



	

=

	

=


Supplementary material – S6


When disruption does not occur in the PSC, Theorem 1 is proved as the upper bounds of the customer surplus integral are equal to  and  for DRS and SS, respectively. For lower bounds, we have:


	
Hence, the customer surplus value in DRS is always higher than in SS as the lower bounds of the customer surplus integral are always lower in DRS than in SS.

Supplementary material – S7
When disruption strikes, the customer surplus value of SS is higher than DRS if:



Where 
Supplementary material – S8
Again, the upper bounds of the integral values are equal for both DRS and CS. Therefore, the lower bound with a smaller quantity will have a higher value of the customer surplus. DRS will have more customer surplus quantity (in both disruption and no disruption cases) since we have:


and   

Supplementary material – S9
To prove Theorem 4, we show that lower integral bounds in CS are always lower than their counterparts in SS. Hence, just like the previous analysis, we have:


 and 
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