Online Supplemental Appendix: Proofs

Proof Proposition 1.




Based on the benefits functions  and , the first-order conditions with respect to  and , the best reaction functions are obtained:



from there, the optimal prices are deduced  given:




 The second order condition is verified and the condition  for  is met for: .

Proof Lemma 1.


The first-order conditions  are given by the system :


in which it is equivalent to:


, 


, 







It is verified that the system  has no solution (the two incompatible equations), while the solutions of the two systems,  and , do not meet the restrictions , , the resolution of the system  results in , , by which the sufficient condition is met.
Proof Proposition 2.









Considering , is verified  and ; therefore, there is  and  and how  is defined in ; therefore, the equilibrium  is obtained by 




,  and , .

Proof Proposition 3.




Calculating the derivative of the social welfare function  given by expression (31),  is obtained because the optimum is reached for  when .

Proof Proposition 4.



Using the necessary condition of the social welfare function  From expression (32), the optimal regulator characteristic is given by , if .

Proof Proposition 5.




From a social perspective, the regulator chooses the characteristics  that maximize the social welfare function  given by expression (30) substituting  by . The first-order conditions for the regulator are as follows:



 (E1)



 (E2)







Now clearing  from equation (E1) and substituting in equation (E2), the following equation is obtained: , solving this quadratic equation, the solution compatible with the model constraints is obtained: , , where , . Calculating the Hessian , the fulfilment of the sufficient condition is verified.

Proof Proposition 6.




Calculating the derivative of the social welfare function  given by expression (37),  is obtained because the optimum is reached for  when .

Proof Proposition 7.


Using the necessary condition of the social welfare function  of expression (38), the optimal regulator characteristic is given by .
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