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Abstract
Many a market with network externalities is a two-sided platform. The present paper models a monopoly platform with buyers on one side and sellers on the other. The platform charges a fixed membership fee and a variable usage fee from both the sides and the buyers and sellers are heterogeneous in terms of the per unit benefit they derive on the transaction of the product. We characterize the equilibrium and check that whether it matches the results existing in the literature. Then we introduce ad valorem and specific tax on the buyer’s side of the platform alone. While the incidence of the specific tax turns out to be similar to the standard monopoly case except that the extent of deadweight loss is lower, the incidence of ad valorem tax comes with a surprise. Among the counterintuitive results in case of ad valorem tax, we find that for efficient platforms the increase in tax rate may reduce the deadweight loss and also may lead to an increase in monopoly profit. Nevertheless the Laffer curve relation holds for both types of taxes and given the efficiency level of the platform, in the case of ad valorem tax the revenue is maximized at a higher rate than in the case of specific tax.  
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1. Introduction
	Two sided platforms refer to a market situation where two distinct groups interact with each other by means of a common platform. As a third-party, the platform creates a space where two groups, namely, the buyers and the sellers can get together to carry out the transaction. The number of members on the opposite side determines the value of joining the platform which is an example of cross-side externality benefit. The institution of the platform is pertinent and holds good if and only if the agents on both the buyers’ side as well as the sellers’ side of the platform cannot come to an ‘efficient agreement’ outside it. In this regard, the role of the platform in achieving efficiency becomes very crucial. The matchmaking between a buyer and a seller brings about a reduction in the transaction cost which could have been very high otherwise. A list of motivating examples on various two sided platforms has been given in Table 1 below.

Table 1: Examples of two sided platforms
	Platform
	Segment 1 (Buyer Side)
	Segment 2 (Seller Side)

	Video Games
	Gamer
	Game Publisher

	Online marketplace
	Buyers
	Sellers

	Newspapers
	Readers
	Advertisers

	TV Networks
	Readers
	Viewers

	Debit and Credit cards
	Cardholders
	Merchants

	Shopping malls
	Consumers
	Shops

	Internet
	Consumers
	Websites

	Scientific Journals
	Readers
	Authors



	
	Let us consider the example of videogames first. A transaction occurs when a buyer (i.e. the gamer) buys a game designed by a seller (i.e. the game publisher) and plays it by using the console designed by the platform. Without the console it would have been very costly for the gamer to play games developed by different game publishers at the same time. Similarly, when a cardholder uses his credit/debit card to settle a transaction with the seller, the card itself acts as the platform and reduces the cardholder’s burden of carrying cash. Compared to other forms of shopping, e-commerce has lower transaction and search costs (both in terms of time and money). Also, for an online marketplace the buyer gets the opportunity to shop faster, pick from a wider range of products offered by different sellers without being physically present at the shop and buy from the seller with the lowest price. The variety of products one can access under one roof in a shopping mall instead of travelling from one place to another greatly reduces the transaction cost. A newspaper or a television channel acts as a platform between a viewer and an advertiser which otherwise could have been very costly for the advertiser to advertise.
	The most sought after two sided platform in the present scenario is the e-commerce sector. Names like Flipkart, eBay, Snapdeal, Amazon, etc. now a days are very familiar in every household. The motivation for choosing economics of two sided platform as an area of research comes from the rapid growth of the e-commerce sector not only in India but across the globe at a frenzied pace, currently estimated at $22.049 trillion across the globe and is predicted to jump to $38 billion in the next five years (eMarketer Report, 2016). It is an important part of the service sector which is the major contributor to Gross Domestic Product of the major economies. In the recent times taxation of the service sector has become an important issue, especially after the financial crisis of 2008 and the global recession in 2010 as the governments across the globe are facing a severe constraint in financing their expenditure. Within the service sector, platforms stand out as glaring example of segments which are inadequately taxed: globally very little tax revenue is collected from the online marketplace. Different countries have different regulations regarding taxation of platforms. According to Tremblay (2016), sale of any item via the online marketplace in the United States is untaxed while in the European Union it is taxed to some extent. A recent move to tax online transactions had been proposed for introducing “Google Tax” which is applied on download of songs, movies and apps. It was put forward in Italy as a draft in 2013 but was dropped in 2014 until further progress is made at the international level. A French Expert mission on digital economy (also known as the Collin-Colin Report) proposed a framework for “Google Tax” which was eventually dropped on account of severe criticism by the European Commission. At the end of 2014, the United Kingdom government has announced a “Google Tax” – the Diverted Profit Tax which was launched in 2015 (Bacache et al., 2015). In the developing countries China has introduced an import tax of ad valorem nature on cross-border e-commerce retail imports. In India platform transactions are not taxed and “Google Tax” still remains as a proposal. Consequently service sector companies pay very little in tax. For example, Google’s revenue reached about US$ 74.5 billion in 2016 and yet Google is known to be subject to low effective rates of taxation and even accused of deferring taxes on revenues over US$ 24 billion only in the US (Bourreau et al., 2016). In this backdrop, the present paper looks at the incidence of a tax on platforms. To develop the model, on the spirit of theory of optimum commodity taxation we introduce ad valorem and specific tax on the buyer’s side of the platform alone. While the incidence of the specific tax is similar to the standard monopoly case except that the extent of deadweight loss is lower, the incidence of ad valorem tax comes with surprise. The results show that for the efficient platforms the increase in the tax rate may reduce the deadweight loss. While the Laffer curve effect holds for both types of taxes, given the efficiency level of the platform, for ad valorem tax the revenue is maximized at a higher rate than in the case of specific tax.   
	The focus of the present paper is solely on monopoly platforms where agents singlehome similar to the framework of Rochet and Tirole (2006). There are a number of examples of monopoly platforms in reality. Sometimes, shopping malls or nightclubs or restaurants are located far off from others or when there is only one newspaper or a magazine or a journal in a particular market then the monopoly platform paradigm appears appropriate. Even the example of Adobe Reader, a few years back, as software for viewing any electronic document in ‘Portable Document Format (PDF)’ and a yellow pages directory of an incumbent telephone company are also very good examples in this regard. The research on tax on two sided platforms so far has remained mostly unexplored. Some recent papers like — Belleflamme and Toulemonde (2016) report counter intuitive results like imposition of a higher tax on the platform transaction may actually be a boon for the platform through the strategic complementarities effects i.e. the effect on the platform’s profit through the modification of the other platform’s equilibrium prices. However Belleflamme and Toulemonde (2016) derive this result in the case of competing platforms. This paper makes an attempt to explore the incidence of taxation on a monopoly platform and checks whether similar results hold. It looks at both the cases of ad valorem tax and specific tax. Interestingly, the results show that in the case of ad valorem tax an increase in the tax rate may well increase the platform’s profit and the user base under certain conditions. Thus, this paper provides an explanation to the empirical finding that Adobe being subject to taxes in countries like USA, Canada has increased its profit massively in the last decade when it was actually a monopoly till July’2008 (Google Finance, 2016; McLure, 2003).
	The rest of the paper is organized as follows. A select literature on issues relating to two sided platforms has been reviewed in Section 2. Section 3 presents the theoretical model and derives the results. The section following concludes. 
2. Review of Select Literature
	The analysis of two sided platforms in the literature is mostly industry specific. The payment card industry in particular, has been the subject matter in Rochet and Tirole (2002), Schmalensee (2002), McAndrews and Wang (2007), Rochet and Tirole (2008) among others. Caillaud and Jullien (2001), Ellison et al. (2004), Jullien (2005) and Katsamakas and Bakos (2008) evaluate internet intermediary platforms. In the present context, their analysis can be thought of as best suited to website based platforms like Flipkart, Snapdeal, Amazon, eBay, OLX, Magicbricks, etc. Moving on to media and telecommunications sector, studies by Ferrando et al. (2003) and Jeon et al. (2004) have their contributions based in this sector while the study by Church et al. (2008) deal mostly with software platforms in the computer market. Schmalensee and Evans (2007) and Ryasman (2009) deliberated on a strategy for platforms, namely, how the platforms should set the prices for consumers on both the buyers’ and the sellers’ side in the newspaper, payment cards and computer operating system industries. Moving from the sector specific studies to the general studies on pricing theory of competing two sided platforms, the papers include Rochet and Tirole (2003; 2006), Caillaud and Jullien (2003), Armstrong (2006), Hagiu (2007; 2009) and Weyl (2010). The present paper follows the strand of the literature pioneered by Rochet and Tirole (2003). 
	Rochet and Tirole (2003) although draws its motivation from the study of credit card market, introduces a general theoretical model of monopoly platform and then moves into the paradigm of platform competition. The results bring out the determinants of price allocation and end-user surplus for both profit-maximizing and non-profit platforms. Moreover, it compares the competitive outcome with the integrated monopoly equilibrium on one hand, and the welfare maximizing equilibrium on the other. For much of the work by Rochet and Tirole (2003), the platform levies charges completely on a per-transaction basis, and there are no lump-sum membership fees for either of the sides. But a number of two sided platforms like payment cards such as American Express charges yearly fees to cardholders. Similarly, software platforms like Microsoft Windows charges an amount from the consumers, videogame platforms like Nintendo charge gamers for the videogame consoles, etc. The decision of joining the platform in turn is contingent on the size of the membership fee. Clearly, membership fees also must be an integral part of the pricing structure of a platform. Rochet and Tirole (2003) constructs a game where a platform decides on charges both on the buyer side and the seller side in the first period followed by a simultaneous move game on deciding about joining the platform between the agents on the buyer and the seller side in the next period. The problem is that neither the buyer side nor the seller side will join the platform until and unless the other side under consideration is suitably large. Caillaud and Jullien (2003) have termed this problem as the celebrated “Chicken-and-Egg-Problem” where both sides of the market affect each other and no side can emerge without the other. However, Caillaud and Jullien (2003) did not offer a clarification on how to resolve this “Chicken-and-Egg-Problem”. Caillaud and Jullien (2003) deliberate mostly on dating agencies, real estate agents, and “B to B” websites by building up a two-stage model with two platforms. In the first stage, both platforms set the charges simultaneously and non-cooperatively. The resulting price system is publicly observable and in the second stage, the consumers on both the buyer and the seller side decide with which platform they are going to register with. One of the crucial aspects of their paper is the comparison between singlehoming and multihoming in two sided competing platforms.
	The “Chicken-and-Egg-Problem” was theoretically solved by Hagiu (2006) where he develops a model in which the sellers first decide on joining the platform followed by the buyers. The buyers will choose that platform amongst the competing platforms which not only have more supporting sellers but also maximize the buyers’ payoff from joining the platform after taking into account the platforms’ charges. Hagiu (2006) shows that platforms charge a lower price from the buyer side to attract a larger share of buyers which in turn permits the platforms to charge a higher price from the sellers to maximize its own profit. Hagiu (2006) also points out that the basis of the “Chicken and Egg” problem lies in the asymmetry of information between the agents on both the buyer and the seller side. However, given the frenzied pace of revolution in information technology it seems that asymmetry of information argument is not tenable as both the buyers and the sellers know that there is a market on the other side and the simultaneous move in joining the platform is very reasonable. The present paper departs from the literature by relaxing the sequential move assumption on buyers’ and sellers’ decision of joining the platform and sticks to the simultaneous move situation.
	Moving to the fee structure of platforms, a number of issues have been discussed in the literature. It was for the first time that Armstrong (2006) followed by Rochet and Tirole (2006) brought in the concept of platforms competing in “two-part tariffs” i.e. a fixed fee plus a fee proportional to the number of members on the other side. Armstrong (2006) discusses three different models of two sided markets. First one is a model of monopoly benchmark platform; the second one is a model of competing platforms where agents on both the sides singlehome; and the third one is a model based on a situation where the agents on one side singlehome but on the other side multihome. The emphasis is on the role of relative price elasticities of demand on the two sides of the platform in determining the platform’s pricing structures. Under a situation of monopoly platform, he shows that the price charged by the platform on one side falls when the number of agents on the other side increases. In each of the models mentioned above, Armstrong (2006) compares equilibrium prices with regard to the extent of cross group externalities on the platform. It also predicts the effect of introducing competition on the seller side of a monopoly platform and shows that the intra-platform competition leads to charging lower price on the seller side and higher price on the buyer side provided there is a fixed membership fee on the buyer side. Hagiu (2009) fits in product variety in the framework proposed by Armstrong (2006). Two major results proposed by Hagiu (2009) are — first, in the case of a monopoly platform, stronger preferences for product variety make products less substitutable which enable the platform to make a larger profit on producers as opposed to the consumers. Second, in case of competing platforms, more love for variety on part of the consumers leads to more market power in the hands of the producers and reduces the effectiveness of the platform’s price cutting strategy on the buyer side. The contribution of Chowdhury and Martin (2013) lies in modeling exclusion on two sided platforms. They do it in the context of newspaper industry by using the framework proposed by Armstrong (2006). In the model a press syndicate supplies a vital complementary good to a duopoly of newspaper network platform that in turn serves the advertisers and readers. The results show that the press syndicate granting a license to any one of the newspaper platforms can make the other one unprofitable and may drive it out from the market subject to a strong reader preference.
	Moving to the existing empirical literature on two sided platforms, Goolsbee (2000) discusses the consequences of electronic commerce on fiscal policy for the US economy. It reports findings of a survey which shows that in states where sale tax is higher and buying online is comparatively cheaper, individuals always prefer online transactions controlling for individual characteristics like age, income, education, marital status, minority status, etc. On a similar note, Brynjolfsson and Smith (2000) make use of primary data from individuals’ behaviour in online shopping of books and find that individuals strongly favour book sellers in the state with lower tax rate. In another paper, Goolsbee (2000a) argues that allowing the states to apply sales taxes on e-commerce transactions could significantly delay the development of small-sized markets and generate loss twice more than the traditional deadweight loss. This happens because taxing a new technology that has fixed costs associated with adoption can lead to a delay in adoption and a subsequent loss of consumer and producer surplus as compared to taxing a conventional good. Goolsbee (2001) carries out a study on the purchase decision of buying a computer of 20,000 Americans using two alternatives : either online or through a retail store. The study uses data from a survey Technographics 99 carried out by a marketing research company named Forrester Research. It comes to a conclusion that the decision to buy the computer online depends not only on the price of the computers online but on the price of the computers in retail stores and varies even with the type of customer (US metro area customers and US non-metro area customers) and brands of computer (like Compaq, IBM, Acer, HP, Dell, Toshiba, etc.). Evans (2003) in the American context discusses two specific case studies relating to Diners Club and American Express cards in the payment cards industry and Palm Operating System in the software industry and highlight on their multi sided platform properties. But empirical research in harmony with the existing theoretical literature is still lacking.
             There exists a rich body of theoretical literature on taxation issues on a multi sided platform that has grown up in the recent years starting with the works of Kind, Koethenbuerger and Schjelderup (2008, 2009, 2010) on the impact of ad valorem and unit taxes on both the viewer and the advertiser in case of competing advertising mediums. In their 2010 paper, they show that the imposition of a higher ad valorem tax on the buyers’ side does not necessarily lead to a hike in the price charged by the platforms from the buyer side and quite interestingly, Belleflamme and Toulemonde (2016) obtains the same result using unit tax in the context of accommodation platforms in USA like Airbnb. Also, Belleflamme and Toulemonde (2016) comes up with a novel conclusion in the context of competition between two platforms. Their results show that imposing a specific tax on one of the competing platforms may end up increasing the profit of the taxed platform (which they have called ‘lucky break’) or reducing it twice (called ‘double jeopardy’). In another paper Kind, Koethenbuerger and Stähler (2013) motivate their theoretical model from the existence of the low VAT rates on newspapers and lack of high investments in journalism in USA. Their results show that given the media industry operates in a two sided market, low VAT rates may actually lead to the newspaper prices being higher and investments in journalism lower than what would otherwise have been the case. In the context of a digital monopoly platform, Bourreau, Caillaud and De Nijs (2016) have shown that imposition of an ad valorem tax is passed onto sellers’ side (the advertisers) and not on the buyers when there is no charge for data usage on the buyers’ side. Nevertheless, at the initial equilibrium if the platform charges subscription fees from the users on the buyer side then the effect of an increase in ad valorem taxes on the platform’s profit gets passed on to both the sides. Also, in the context of sequential decisions of entry and transactions, Tremblay (2016) shows that below a critical level of marginal cost, the imposition of an ad valorem tax on the buyer side of a monopoly platform leads to a fall in the prices charged on the buyer side. The present study, unlike its predecessors, looks at the implementation of the two alternative taxation schemes and its impact on the government’s revenue collections and the dead weight loss in the context of two sided monopoly platforms. 


3. The Model & Results
	Consider a two sided market. The two sides of the market are denoted by B and S where, B stands for the buyers’ side and S stands for the sellers’ side of it. The market is served by a monopoly platform. The marginal cost of arranging a transaction between any two members on opposite sides is given by  It has been assumed that on each side i = B, S there exists intra-group heterogeneity in terms of the per transaction benefitderived by the agents. We have assumed that the population of buyers and sellers have a measure of 1 and  is uniformly distributed over the continuum [0,1]. The platform charges end-users of each side of the platform a fixed membership fee (ex ante) Aiand a usage fee (ex post) of aiper transaction. 
The number of consumers to the platform on the buyers’ side is given by NB and on the sellers’ side is given by NS. We also assume that no direct transaction between the buyers and the sellers is possible, it happens only through the platform. Also, everyone who joins the platform enters into a transaction on the platform. 
The net utility of a particular agent on side i having usage benefit bi  is defined as, 

We assume only those agents with non-negative values of their net utility join the platform and carry out transactions. Therefore, the number of agents on side i who wishes to join the platform is derived as, 
	
Substituting from (1) which can be written as :

Following Rochet and Tirole (2004), we assume that the platform sets the per-interaction price as,                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

The number of agents on the th side of the market must be :

Since  is uniformly distributed over [0,1] continuum, (4) implies, 

Equation (5) can be elaborately expanded by putting  to get, 

7
Equation (6) and (7) denote the buyers’ and sellers’ demand for platform services respectively. The demand for platform services on each side not only depends negatively on the usage fee charged by the monopoly platform per transaction but also on average fixed fee. Since the average fixed fee falls with the number of agents on the opposite side of the platform, a positive network externality is generated from the other side.
The platform’s profit is given by:
	8
The first term on the right-hand side of equation (8) denotes the revenue earned from the charge of fixed membership fee from the buyer side. Similarly, the second term represents the revenue earned from fixed membership fee from the seller side. The third term stands for the net revenue earned from the charging of per-transaction usage fee from both the sides,where represents the number of transactions on the platform.
Using (3), equation (8) can be rewritten as,
(9)
Notice that for the purpose of profit maximization what matters for the monopoly platform is not the individual prices and  charged to the respective buyers and sellers but the total amount collected per transaction. A transaction is not complete unless a buyer meets a seller.
Defining as the amount collected per transaction, from (6) and (7) it follows :

Using (10) in (9), the monopoly platform’s problem can alternatively be written as maximization of  
(11)
by choice of. 
Proposition 1 : (i) The total number of transactions on a monopoly platform is given by The platform collectsper transaction and earns a profit of 
(ii) The price charged on buyers’ side and sellers’ side are given by ( and            
(respectively.
(iii) At the equilibrium one unit reduction in the fixed membership fee increases the per unit usage fee on each side of platform by  units. 
Proof : (i) Assuming existence of an interior solution, the first order condition for platform’s maximization exercise yields,


that solve for The number of transactions on the platform is given by   The values of  and  are derived from equation (10) and (11). The statement of the first part of the proposition follows. 
(ii) The second part of the proposition follows by substitution of  and  in (6) and (7) respectively.
(iii) Substituting  in equation (3), given equilibrium value of , we obtain :
.
The statement of the second part of the proposition follows. 
	
	Notice from proposition 1 above that the equilibrium number of transactions (, the collection of the platform per transaction and profit of the platform are derived as function of the unit cost of arranging transactions. In the comparative static exercise below we have derived the sensitivity of the equilibrium due to the change in the unit cost. Also notice that although the model can solve for the equilibrium prices charged on the two sides of the platform, it cannot derive the unique combination of per unit usage fee and fixed membership fee on either of the sides. However, on either side there exists a trade-off between the fixed fee and per unit usage fee charged by the platform : higher is the fixed fee, lower is the per unit usage fee. The second part of the proposition identifies the exact tradeoff that is going to exist at the equilibrium. Since  the effect of one unit reduction of the fixed membership fee gets multiplied by a factor of  to increase the rate of per unit usage fee. 

Proposition 2 : As the unit cost of servicing transactions on a platform rises (i) the number of transactions on the platform falls; (ii) the collection of the platform per transaction rises less than the rise in the unit cost; (iii) the price rises on both the sides of the platform; (iv) the profit of the platform falls; (iv) if the membership fee falls, the usage fee per transaction rises at a higher rate on each side of platform.
Proof : It follows from proposition 1 that ,,  ,  and . Since , . The statement of the last part of the proposition follows since  and . 
	
	As the marginal cost of servicing each transaction on the platform rises, given the marginal benefit at the equilibrium, the profit maximizing monopoly platform prefers to restrict number of transactions on the platform. Therefore, it reduces number of members of the platform on both sides which automatically reduces the number of transactions on the platform. But in doing so it raises the price per transaction on the platform : higher is the fixed membership fee, the sharper is the rise in price. But since the collection per transaction rises less than the rise in transaction cost, the profit of the platform falls. So proposition 2 predicts an inefficient platform will have a lower membership base and a lower profit. Also, if such a platform reduces its membership fee per unit usage fee charged by it increases at a higher rate.

3.1 A tax on the buyers’ side
	Now we consider imposition of a tax on the buyers’ side of the market on transaction of the good from the platform. The absence of tax on the sellers is in line with theory of optimum commodity taxation. In particular we consider two different kinds of taxes : an ad valorem tax at the rate of  on the price charged by the platform to the buyers; and a specific tax on per unit of the good sold to buyers. First we consider the case under the ad valorem tax and then we move to the case of specific tax.
Case 1 : Ad valorem tax
With tax the buyer’s price of the good becomes  where  is the price received by the platform. 
Consequently, the demand for the platform’s service on the buyer’s side is given by (from equation (6) above) :
.  
using the inverse demand function can be rewritten as :
.                                                                                                                       (14)
From equation (9) the monopoly platform’s profit function therefore becomes : 
15)
which is maximized by the choice of  . Substituting  and  in (10) gives at the equilibrium. The platform’s profit at the equilibrium is derived as  by substituting  and   in (15).
Proposition 3 : (i) The total number of transactions on the monopoly platform is given by The platform collects per transaction and earns a profit of.
(ii) The price charged on the buyers’ side and the sellers’ side is given by  and respectively.
(iii) The government collects per transaction revenue of  .
Proof : (i) Assuming existence of an interior solution, the first order condition for platform’s maximization exercise yields,


that solves for  and . The number of transactions on the platform is given by . The values of  and  are derived from equation (10) and (11) by substituting and . The statement of the first part of the proposition follows. 
(ii) andare calculated by substitution of  and  in equation (14) and (7) respectively. Then we calculate .
(iii) Per transaction revenue collected by the government is given by  =  (using equation (14)). Since  the statement of the second part of the proposition follows. 

	Notice from proposition above that although the tax is imposed on the buyers’ side, its effects fall not only the buyers’ side alone, also affects the price and the membership base on the seller’s side. This happens because of the externality that exists between the two sides of the platform. In the comparative static exercise below we derive sensitivity of the equilibrium due to the change in the tax rate.

Proposition 4 : As the tax rate rises (i) the number of transactions on the platform rises (falls) if ; (ii) the number of buyers rises while the number of sellers falls; iii) the price charged on the buyer side falls while on the seller side it rises; iv) the platform’s collection per transaction rises (falls) if ; (iv) the profit of the platform rises; v) the revenue of the government rises (falls) if   .
Proof : It follows from proposition 3 that is positive (negative)0;
The platform’s collection per transaction rises (falls) with per unit change in t is given by which is positive (negative) if.
Similarly, the change in the government’s revenue collection per unit rise in t is given by  which can be positive (negative) depending on whether we have 
Since , the statement of the proposition follows. 

	The results derived in the case of ad valorem tax are not entirely consistent with the standard textbook monopoly results. A rise in the ad valorem tax rate on the buyers’ side leads the monopoly platform to serve higher number of buyers. As the tax rate rises it follows from equation (16) that in the direct effect both marginal cost and marginal benefit of choosing higher number of buyers falls. The higher is the membership base on the buyers’ side at the initial equilibrium the fall in the marginal cost is higher than the fall in the marginal benefit. Since there is no tax on the sellers’ side, it follows from equation (17) that due to rise in the tax on buyers’ side, only the marginal benefit from choice of higher number of members on the sellers’ side falls (due to lower price per transaction received by the platform). The marginal cost remains unaffected. So the platform chooses less number of members on the sellers’ side, which also has an indirect effect on the choice of membership base on the buyers’ side. The less number of members on the seller’s side raises the marginal benefit for choosing higher number of members on the buyers’ side (from equation (16)) which reinforces the fact that with the choice of higher membership base on the buyers’ side the fall in marginal cost dominates the fall in marginal benefit. Therefore, the platform chooses higher number of members on buyers’ side. So the network effect from one side of platform to the other side has an important bearing on the results derived in Proposition 4. In the context of competing platforms, Koethenbuerger and Schjelderup (2010) and Bourreau, Caillaud and De Nijs (2016) show that the imposition of a higher ad valorem tax on the buyers’ side does not necessarily lead to a hike in the price charged by the platforms from the buyer side. Proposition 4 shows that the price charged on the buyers’ side definitely falls. Interestingly, the imposition of an ad valorem tax leads to a rise in the profit of the monopoly platform unambiguously. This counterintuitive result supports the case of “lucky break” proposed by Belleflamme and Toulemonde (2016). 

	Proposition 4 highlights the role the efficiency of the platform plays in the ambiguous behavior of some of the endogenous variables of the model as the equilibrium number of transactions on the platform, the platform’s collection per transaction and the government’s revenue from imposition of the tax. To illustrate this we simulate the model with respect to the different possible values of cost of servicing per transaction  on the platform. First we plot the  and curves in Figure 1 below.





Figure 1 : Effect of raising the tax rate on number of transactions, collection per transaction     and the government revenue
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The tax rate is also represented on the vertical axis. Note  intersects with  at  and with at . Suppose the platform is very efficient i.e.  and the government raises the ad valorem tax rate starting from a no tax situation. As the tax rate rises from this initial equilibrium, Proposition 4 tells us that it must be case that the volume of total transactions falls, the collection of the platform per transaction falls and the government’s revenue rises. Starting from a higher tax rate , nevertheless, will increase the volume of transactions on the platform. The number of transactions is minimized at . The revenue of the government is maximized at a tax rate corresponding to . It is evident that for efficient platforms  imposition of ad valorem tax creates the Laffer curve effect. For inefficient platforms () the rise in ad valorem tax raises government’s revenue from tax but as number of transactions falls, the deadweight loss increases.
Case 2 : Specific tax
With tax the buyers’ price of the good becomes  where  is the price received by the platform. Consequently from equation (6) above the demand for the platform’s service on the buyers’ side becomes :
.
Using the inverse demand function can be rewritten as :
18
From equation (9) the monopoly platform’s profit, now, is :
19
which is maximized by the choice of  . Substituting  and   in (10) gives  at the equilibrium. The platform’s profit at the equilibrium is derived as  by substituting  and   in (19).
Proposition 5 : (i) The total number of transactions on the monopoly platform is given by The platform collectsper transaction and earns a profit of.
(ii) The price charged on the buyers’ side and the sellers’ side is given by  and respectively.
(iii) The government collects per transaction revenue of  .
Proof : (i) Assuming existence of an interior solution, the first order condition for platform’s maximization exercise yields,


that solve for  and . The number of transactions on the platform is given by  The statement of the first part of the proposition follows. 
(ii) andare calculated by substitution of  and  in equation (18) and (7) respectively. Then we calculate .
(iii) Per transaction revenue collected by the government is given by  =  (using equation (18)). Since  the statement of the third part of the proposition follows. 
	Notice from proposition above that similar to the case of ad valorem tax here also the tax imposed on the buyers’ side affects both the sides of the platform which is due to the externality existing between them. However, in contrast to the case of ad valorem tax here the effects are symmetric on the two sides of the platform. In the comparative static exercise below we derive sensitivity of the equilibrium due to the change in the tax rate.

Proposition 6 : As the tax rate rises (i) the number of transactions on the platform falls; (ii) both the number of buyers and sellers falls; iii) the price charged on both the buyer side as well as the seller side rises; iv) the platform’s collection per transaction falls; (iv) the profit of the platform falls; v) government revenue rises (falls) if and only if  where 
Proof : It follows from proposition 5 that> 0 since . Also,
.
We also know thatwhich is positive if and only if  and negative if and only if . The statement of the proposition follows. 
	A rise in the specific tax rate leads to a fall in marginal benefit from choosing higher membership base both on the buyers’ side and sellers’ side (follows from equations (20) and (21) above). However, the marginal costs do not change. Therefore, equilibrium choice of both   and  falls, the total number of transactions falls and the prices faced by the agents on both sides of the platform rise. Since price per unit of transaction received by the platform falls as the tax rate rises the effect on per unit revenue received by the government is ambiguous. The results are similar to the standard monopoly case adjusted for the externality effect. Notice that here due to rise in 1 unit of tax rate price on both sides of the platform rise by  units which is less than the standard monopoly case of  units. This happens because here due to the externality effect as the tax rate rises the extent of fall in marginal benefit from the choice of higher membership base is lower than the standard monopoly case (see equations (20) and (21)). So the fall in membership base is not as much as that would have happened in the standard monopoly case. 
	In contrast to the case of ad valorem tax Proposition 6 shows that given the efficiency level of the platform as the tax rate rises it is always the case that the deadweight loss rises as the total number of transactions falls. The per unit revenue collection of the government however shows Laffer curve behavior as the revenue is maximized at . In Figure 2 given below we compare  and  for values of . 
From Figure 2 notice that independent of efficiency level of the platform  is higher than  which implies: at a given  if the tax rate is increased beyond  even if in a specific tax regime per unit revenue collection starts falling, it continues to rise in an ad valorem tax regime. Therefore, the Laffer curve effect holds for both types of tax, given the efficiency level of the platform for ad valorem tax the revenue is maximized at a higher rate than in the case of specific tax.  
Figure 2 : Comparison of per unit revenue collection of the government 
at the same rate of  ad valorem and specific tax



4. Conclusions 
	The central objective of the paper is to study the incidence of two particular forms of commodity taxes viz. an ad valorem and a specific tax on a two sided monopoly platform. We derive the results on the assumption that the agents are heterogeneous in terms of the per unit benefit they derive on the transaction of the product on both the sides of the platform. The equilibrium choice of transactions and fees charged by the platform reflects the externality that is present between the two sides of the platform. First we check that the results of the model conform with the existing wisdom about monopoly market: an inefficient platform has lower membership base and charges higher price on both the sides of the platform. Also, we notice if such a platform with higher unit cost reduces its membership fee, per unit usage fee charged by it increases at a higher rate. Then following the intuition of the optimum commodity taxation we introduce ad valorem and specific tax on the buyer’s side of the platform alone. While the incidence of the specific tax is similar to the standard monopoly case except that the extent of deadweight loss is lower, the incidence of ad valorem tax comes with surprise. The results show that for the efficient platforms the increase in the tax rate may reduce the deadweight loss by lowering the price faced by the agents on both the sides of the platforms. It also raises the platform’s profit. This counter intuitive result supports the rationale of “lucky break” proposed by Belleflamme and Toulemonde (2016). While the Laffer curve effect holds for both types of tax, given the efficiency level of the platform for ad valorem tax the revenue is maximized at a higher rate than in the case of specific tax.  
	 The paper can be taken up for future research in many different ways. First, the robustness of the current results can be checked by relaxing the assumption that those who join the platform must enter into a transaction. This extension can be modeled in the form of a two period game where in the first period the agents on both the buyer and the seller side (with product differentiation) decide on registering with a platform and in period 2 they decide on whether they are going to transact on the platform. This is logical because all those who register might not be willing to transact on the platform thereby deriving the conditions under which we come across the co-existence of brick-mortar shops along with the online platforms. The results of this proposed model can be compared with an alternative model under a situation where there exists competition among multiple platforms. Also, the present model can be then extended by putting an ad valorem tax on the sellers’ side instead of the buyers’ side as it has been conceived in India for application of “Google Tax”. Lastly, one can extend the model in a cross country set-up where platforms use profit shifting based on the tax differential in the countries. and hence re-examining the results of Hindriks et al. (2014).
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