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Standard Setting Organizations and Cross-Border Mergers & Acquisitions 

in  

General Oligopolistic Equilibrium 

 
Does participation in an SSO for a target or an acquirer in cross-border Mergers & Acquisitions 
(M&A) deal influence the value of deal or the size of the deal in terms of percentage of shares 
acquired? To answer this question, we derive testable hypotheses on plausible associations between 
memberships in SSOs and cross-border M&A in a general equilibrium model of oligopolistic 
competition based on Beladi and Chakrabarti (2019). We then analyze a unique dataset created by 
joining the Searle Center database on SSOs with a dataset compiled by Banerjee and Chakrabarti 
(2019), containing detailed information on 40,000 cross border M&A. Most importantly, in our 
analyses, we address the issue of potential misspecifications of SSO memberships by employing a 
Bayesian random forest specification for robust quantification of non-linear patterns in regression. 
We present convincing evidence that SSO membership tends to be associated with larger deals, and 
that our model is fairly robust for low to moderate miss-specification of covariates. 
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1. Introduction 

 The significance for standard setting organizations (SSO) is widely recognized across 

professions as the role of technological standards (i.e. the set of rules and technologies 

adopted to ensure interoperability between products and services and to ensure that they 

meet specific industry requirements) has grown tremendously over the recent past. The 

growing importance of the process of standardization process has been attributed in large 

part to the growth of the information technology and communications industries. Yet, the 

empirical literature on the economic linkages of technology standards still remains at its 

infancy. At the same time, the vast and growing body of empirical literature on Industrial 
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Organization continues to accumulate a wide range of variables of interest that are 

apparently associated with market concentration.  

Figure 1. Standard Setting Organizations by member count in the Searle Center Database 

Source: Baron and Spulber (2018)  

 
 While the conspicuous neglect of empirical research on technology standards could be 

attributed to limited availability of data, on large samples of standards from different SSOs, 

access to the SCD promises to open up a new room for a long overdue cross-fertilization 

between economic research on technology standards and market concentration. Public 

policy towards market concentration can be informed by in-depth statistical analysis of 

SCD on SSOs due to the links between technology standards and competition. Banerjee 

and Chakrabarti (2019) constructed a unique data-set (BC-2019, hereinafter), by joining 

the Searle Center Database (SCD: ref. Figure 1) with Security Data Corporation’s (SDC) 

observations on individual firms and augmenting this data with detailed information on 

competition measures spanning 39,936 firms from 86 countries. With this backdrop, our 
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paper uses BC-2019 to explore any meaningful association between technology standards 

and cross-border M&A.  

Our theoretical construct builds on Beladi and Chakrabarti (2019), taking a cue from 

Neary (2007) who constructed the first analytically tractable general equilibrium model of 

oligopolistic competition an early blueprint of which can be traced back to Neary (2003).1 

The key characteristics of a General Oligopolistic Equilibrium (GOLE) model are preserved 

to the extent that we look at a continuum of atomistic industries within each of which firms 

have market power and interact strategically. Within the scope of this setting, we derive the 

following testable hypotheses: 

 The incentives for a takeover of a home or a foreign firm, that is not a member of an 

SSO, by an SSO member from the home or foreign country, rise (fall) with an ex ante 

rise (fall) in the number of SSO members relative to the number of non-members. 

 The incentives for a takeover of an SSO member in the foreign (home) country by a firm 

at home (abroad), that is not a member of the SSO, rise (fall) with an ex ante rise (fall) 

in the number of SSO members relative to the number of non-members. 

 The incentives for a takeover of an SSO member in the foreign (home) country by 

another SSO member at home (abroad), rise (fall) with an ex ante rise (fall) in the 

number of SSO members relative to the number of non-members. 

We find convincing evidence in support of these hypotheses and also observe that cross-

border M&A between SSO membership tends to be associated with larger deals. The policy 

relevance of our results follows rather naturally since inferences made from statistical tests 

of such hypotheses will lead to a better understanding of any effect of changes in the 
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composition of SSOs e.g. resulting from a shift in licensing policy. For illustration, Stoll 

(2014) observed that the adoption of a stricter licensing policy by the Organization for the 

Advancement of Structured Information Standards (OASIS), a non-profit standards 

consortium with more than 5,000 participants from over 600 organizations, had a 

significant impact on the composition of the organizations joining OASIS as well as on the 

time period for which component and device manufacturers stay at this SSO. While there 

was a significant decline in this SSO’s membership, since the policy change, the share of 

software producers dropped significantly and the share of non-profit research organizations 

and systems integrators rose significantly. The rest of this paper is organized as follows. In 

the next section, we present our model and propositions. In section 3, we present our 

empirical analysis. In the final section, we draw our conclusions. 

2. On Cross-Border M&A  

The literature on cross-border M&A, by any standard, is still at its infancy. 

Notwithstanding the fact that a third of worldwide M&A involve firms from different 

countries, the vast majority of the academic literature on M&A has been primarily limited 

to intra-national M&A. Among notable theoretical contributions are the works of Long and 

Vousden (1995), Head and Ries (1997), Falvey (1998), Reuer et al. (2004), Neary (2007), 

Beladi, Chakrabarti and Marjit (2010, 2013a, 2013b, 2015).  Long and Vousden (1995) 

analyzed the effects of tariff reductions on horizontal M&A in a Cournot oligopoly. They 

showed that unilateral tariff reductions encourage cross-border M&A which concentrate 

market power at the expense of M&A which reduce cost, while bilateral tariff reductions 

have the opposite effect, encouraging M&A which significantly reduce cost. Head and Ries 

(1997) investigated the welfare consequences of horizontal M&A between firms based in 
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different nations. They demonstrated that when M&A do not generate costs saving, it will 

be in the national interest for existing competition agencies to block most world welfare-

reducing combinations. When M&A generate cost savings, national welfare-maximizing 

regulators cannot be relied upon to prevent M&A that lower world welfare. Falvey (1998) 

showed how the rules for approving an international merger should be adapted to account 

for the fact that the regulator is only concerned with domestic welfare i.e. ignores the effect 

of the merger on foreign firms and consumers. Reuer et al. (2004) have analyzed the role 

of sector-specific contractual heterogeneity of cross-border M&A in mitigating the 

problem of adverse selection. They pointed out that, in the case of international M&A, a 

key contractual variable is whether the parties agree to a performance-contingent payout 

structure which can mitigate the risk of adverse selection. Bertrand and Zitouna (2006) 

examined policy designs for international M&A. They showed that the effect of trade 

liberalization on merger incentives depends on the technological gap: for low and high 

(medium) gap, there is an inverted U- (W-) shaped relation between trade costs and 

incentives to merge. Neary (2007) constructed the first analytically tractable general 

equilibrium model3 of cross-border M&A where he showed how trade liberalization can 

trigger international merger waves through bilateral M&A in which it is profitable for low-

cost firms to buy out higher-cost foreign rivals. Beladi, Chakrabarti and Marjit (2013) argue 

that the vertical structure introduces a distinction between the foreign and domestic firm 

even in the absence of transport costs since M&A can affect competition in input markets 

creating, in addition to the usual market power motive, an input-market concentration 

effect. 

                                                           
3 The foundations can be traced in Neary (2003). 
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The relevant empirical literature documents a wide range of potential factors that are 

associated with cross-border M&A. Relatively recent works include Rose (2000) who 

argue that physical distance can increase the cost of cross border M&A and the level of 

market development and corporate governance are also likely to affect cross border M&A. 

Using a large panel data set of cross-border M&A deals for the period 1990–1999, 

Giovanni (2005) show that the size of financial markets has a strong positive association 

with domestic firms investing abroad. Jovanovic and Rousseau (2008) find that M&A play 

an important role in reallocating assets toward an economy’s more efficient firms. Chari, 

Ouimet and Tesar (2009) show that acquirer from developed markets benefit more from 

weaker governance environments in emerging markets. Alfaro and Charlton (2009) assess 

the importance of comparative advantage considerations in the determination of FDI. They 

show that trade costs and an increase in the subsidiary country skill level have negative and 

significant effects on the level of multinational activity. The interaction term of country 

skill abundance and industry skill intensity is positively related to FDI. They also show 

that intra-firm FDI between rich countries in high skill sectors is consistent with the notion 

that firms in high institution countries with sophisticated inputs engaging more in FDI. 

Erel, Liao and Weisbach (2012) analyze cross-border M&A in 48 countries between 1990 

and 2007. They find that geography, the quality of accounting disclosure and bilateral trade 

increase the likelihood of M&A between two countries. Bernile, Lyandres and Zhdanov 

(2012) show that the U-shaped relation between the state of demand and the propensity of 

firms to merge is driven by horizontal M&A in industries that are more concentrated and 

characterized by relatively strong competitive interaction among firms. Ahern, Daminelli 

and Fracassi (2013) find that the volume of cross-border M&A is affected by national 
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culture characteristics such as trust, hierarchy and individualism. Weinberg and Hosken 

(2013) use a static Bertrand model to directly estimate the price effects of two M&A. Beladi 

et al. (2016) observe a significantly positive and robust association between country 

upstreamness and cross-border mergers. 

While each of these studies has pushed the boundaries of our understanding of what 

drives M&A decisions across borders, this paper complements the existing literature by 

recognizing the importance of technology standards in firms’ merger decisions across 

borders.   

3. Model and Propositions 

2.1 A Closed Economy 

 Consider a country with a continuum of atomistic industries, indexed by ]1,0[z , 

employing only one homogeneous factor of production, say labor, the supply of which is 

exogenously given by L. Each industry supports an exogenous number (݊ሺݖሻ) of 

differentiated goods each of which is produced by a distinct firm competing (`a la Cournot). 

We allow for symmetric product differentiation across varieties. The total output of any 

industry ]1,0[z  is 	ݕ෤ሺݖሻ ൌ 	∑ ௜ݕ
௡
௜ୀଵ ሺݖሻ where ݅ ൌ 1,2, . . . , ݊ሺݖሻ. Firms, operating in 

industry z , produce at an average cost ߙሺݖሻܿሺݖሻ ൌ ሻݖሺߙ where ݓሻݖሺߚ ൐ 1 for SSO 

members only and  ߙሺݖሻ ൌ 1	 otherwise; ቀఉ
ሺ௭ሻ

ఈሺ௭ሻ
ቁ, sorted to be increasing in ݖ, measures the 

unit labor requirement; and ݓ is the hourly nominal wage. We assume away any cost of 

SSO membership. We assume away any fixed cost which, otherwise, would provide a 

trivial rationale for mergers. The demand side is characterized by a two-tier utility function 
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of consumption levels of all ݊ሺݖሻ goods produced in each industry z . The utility function 

is additive in a continuum of sub-utility functions, each corresponding to one industry 

,ሻݖଵሺݔሾݑۦܷ    (1) . . . , ሻሿۧݖ௡ሺݔ ൌ ׬ ,ሻݖଵሺݔሾݑ . . . , ݖሻሿ݀ݖ௡ሺݔ
ଵ
଴  

Each sub-utility function, in turn, is quadratic 

,ሻݖଵሺݔሾݑ    (2) . . . , ሻሿݖ௡ሺݔ ൌ ܽ∑ ௜ݔ
௡
௜ୀଵ െ

ଵ

ଶ
൬∑ ௜ݔ

ଶ௡
௜ୀଵ ൅ ߛ2 ∑ ′௜ݔ௜ݔ

௡
௜ୀଵ
௜ஷ௜′

൰ 

There is a representative consumer, identical across countries, who maximizes (1) subject 

to the budget constraint 

׬     (3) ∑ ሻݖ௜ሺݔሻݖ௜ሺ݌
௡
௟ୀଵ ݖ݀

ଵ
଴ ൑  ܫ

where I  is aggregate income which is exogenous in partial equilibrium but can change in 

general equilibrium due to change in wages and/or profits which, in turn, depend on tastes, 

technology and market structure.  

The resulting inverse demand2 for the k-th differentiated product in industry z  is 

௞݌     (4) ൌ ܽ െ ሺ1 െ ௞ݔሻߛ െ ߛ ∑ ௟ݔ
௡
௟ୀଵ

 
where a

 

measures the consumers’ maximum willingness to pay, ݔ௞ is the quantity 

demanded, and ݌௞ is the price. This specification parsimoniously parameterizes the degree 

of product differentiation. ߛ ൏ 0 for complementary goods: ߛ ൌ 0 when the demand for 

each good is completely independent of other goods; product differentiation declines as 

ߛ → 	ߛ :1 ൌ 1 for perfect substitutes for complementary goods. 

2.1.1 Partial Equilibrium without SSO Members 
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 Absent any possibility of SSO membership, competing `a la Cournot, each domestic 

firm, operating in industry ݖ ∈ ሾ0, 1ሿ would 

(5)  Maximize: ሺ݌௜ሺݖሻ െ ܿሺݖሻሻݕ௜ሺݖሻ                       ∀			݅ ൌ 	1, 2, … , ݊ሺݖሻ 

Within any given industry ]1,0[z , the best-response function of each firm is 

ሻݖ௜ሺݕ       (6) ൌ
ଵ

ଶ
ቆܽ	 െ ߛ ∑ ሻݖ௟ሺݕ

௡ሺ௭ሻ
௟ୀଵ
௟ஷ௜

െ ܿሺݖሻቇ     ∀ ݅ ൌ 1,2, . . . , ݊ሺݖሻ 

In equilibrium, each firm will produce 

ሻݖ௜ሺݕ  (7) ൌ ቀଵିఋሺ௭ሻ
ଶିఊሺ௭ሻ

ቁ ሺܽ െ ܿሺݖሻሻ         ∀ ݅ ൌ 1,2, . . . , ݊ሺݖሻ 

where ߜሺݖሻ ൌ ௡ሺ௭ሻఊ

௡ሺ௭ሻఊሺ௭ሻାሺଶିఊሺ௭ሻሻ
∈ ሺ0,1ሻ. 

The industry output is 

ሻݖ෤ሺݕ           (8) ൌ ቀଵିఋ
ଶିఊ

ቁ ݊ሺݖሻሺܽ െ ܿሺݖሻሻ
 

The prices are 

௜݌ (9) ൌ ቀ ଵ

ଶିఊሺ௭ሻ
ቁ ൫ሺ1 െ ሻሻܽݖሺߜ െ ሺ1 െ ሻݖሺߛ െ ∀ ሻ൯ݖሻሻܿሺݖሺߜ ݅ ൌ 1,2, . . . , ݊ሺݖሻ 

2.1.2 Partial Equilibrium with SSO Members 

 Consider next the possibility that, in each industry ݖ ∈ ሾ0, 1ሿ, ݉ሺݖሻ ൏ ݊(z) firms 

become members of the SSO and accordingly the unit cost of production is specified 

(suppressing the notation z , hereinafter, for ease of exposition)) as follows: 
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ݓߚ                (10) ൌ ൝
					ܿߙ 				 																												 																																					∀ ݅ ൌ 1,2, . . . , ݉

	
ܿ																																																										∀ ݅ ൌ ሺ݊ െ ݉ሻ, ሺ݊ െ ݉ ൅ 1ሻ, . . . , ݊

 

The best-response functions can be written as 

௜ݕ (11) ൌ
ଵ

ଶ
ቆܽ െ ߛ ൤∑ ௟ݕ

௠
௟ୀଵ
௟ஷ௜

൅ ∑ ௟ݕ
௡
௟ୀሺ௡ି௠ሻ ൨ െ ∀                               ቇܿߙ ݅ ൌ 1,2, . . . , ݉ 

௜ݕ (12) ൌ
ଵ

ଶ
ቆܽ െ ߛ ቈ∑ ௟ݕ

௡
௟ୀሺ௡ି௠ሻ
௟ஷ௜

൅ ∑ ௟ݕ
௠
௟ୀଵ ቉ െ ܿቇ    ∀ ݅ ൌ ሺ݊ െ ݉ሻ, ሺ݊ െ ݉ ൅ 1ሻ, . . . , ݊ 

The firms will produce 

,௜ሺ݉ݕ (13) ݊ሻ ൌ ቀ ଵ

ଶିఊ
ቁ ሺሺܽ െ ሻܿߙ െ ሺܽߜ െ ܿ̄ሻሻ                						∀ ݅ ൌ 1,2, . . . , ݉ 

,௜ሺ݉ݕ (14) ݊ሻ ൌ ቀ ଵ

ଶିఊ
ቁ ሺሺܽ െ ܿሻ െ ሺܽߜ െ ܿ̄ሻሻ    ∀ ݅ ൌ ሺ݊ െ݉ሻ, ሺ݊ െ ݉ ൅ 1ሻ, . . . , ݊ 

where, ܿ̄ ൌ ܿߙ଴ߠ ൅ ሺ1 െ ଴ߠ ,଴ሻܿߠ ൌ
௠

௡
∈ ሺ0,1ሻ is the proportion of SSO members in the 

industry, and ߜ଴ ൌ
௡ఊ

௡ఊାሺଶିఊሻ
∈ ሺ0,1ሻ. 

The industry output is 

,෤ሺ݊ݕ             (15) ݊∗ሻ ൌ ቀଵି0ߜ
ଶିఊ

ቁ ݊ሺܽ െ ܿ̄ሻ
 

The prices are 

௜݌ (16) ൌ ቀ ଵ

ଶିఊ
ቁ ൫ܽ െ ሺ1 െ ܿߙሻߛ െ 0ሺܽߜ െ ܿ̄ሻ൯     																																	∀ ݅ ൌ 1,2, . . . , ݉  

௜݌ (17) ൌ ቀ ଵ

ଶିఊ
ቁ ൫ܽ െ ሺ1 െ ሻܿߛ െ 0ሺܽߜ െ ܿ̄ሻ൯     ∀ ݅ ൌ ሺ݊ െ݉ሻ, ሺ݊ െ ݉ ൅ 1ሻ,… , ݊ 
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2.1.3 General Equilibrium 

 Having looked at the partial equilibrium analysis, to the extent that wages have been 

held fixed, let us now turn to a general equilibrium in which wages are determined by 

equating the supply of labor to the aggregate demand for labor (i.e. is the sum of labor 

demand across all sectors). Without any SSO members, the full employment condition 

boils down to 

ܮ  (18) ൌ ଵ

ଶିఊ
׬ ሻሺ1ݖሺߚ െ ሻሺܽݖሻሻ݊ሺݖሺߜ െ ܿሺݖሻሻ݀ݖ
ଵ
଴  

The analogous condition with SSO membership is 

ܮ  (19) ൌ ଵ

ଶିఊ
׬

ఉሺ௭ሻ

ఈሺ௭ሻ
ሺ1 െ ሻሺܽݖሻሻ݊ሺݖሺߜ െ ሻݖሺܿߙ	 െ ሺ1 െ ݖሻሻ݀ݖ଴ሻܿሺߠ

ଵ
଴  

2.2 An Open Economy 

 Next, consider a stylized world containing two countries each with a continuum of 

atomistic industries, indexed by ]1,0[z . An industry ݖ ∈ ሺ̃ݖ, ሻݖሻ supports ܰሺ∗ݖ̃ ൌ ݊ሺݖሻ ൅

	݊∗ሺݖሻ differentiated goods produced by ݊ሺݖሻ domestic firms competing (`a la Cournot) 

with ݊∗ሺݖሻ foreign firms, where z~  and *~z are the threshold sectors pinning down the 

extensive margins of trade3 at home and abroad respectively. The total output of any 

industry ]1,0[z  is ݕ෤ሺݖሻ ൌ ൫∑ ௜ݕ
௡
௜ୀଵ ሺݖሻ ൅ ∑ ௝ݕ

∗௡∗
௝ୀଵ ሺݖሻ൯ where iy  (݅ ൌ 1,2, . . . , ݊) is 

supplied by a home firm and *
jy  ( *,...,2,1 nj  ) by a foreign firm. In industry ݖ, domestic 

firms produce at an average cost ߙሺݖሻܿሺݖሻ ൌ ሻݖሻܿ∗ሺݖሺߙ and foreign firms at ݓሻݖሺߚ ൌ

ሻݖሺߙ are nominal wages at home and abroad respectively with ∗ݓ and ݓ where ,∗ݓሻݖሺ∗ߚ ൐
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1 for SSO members only and  ߙሺݖሻ ൌ 1	 otherwise. Any difference in the unit cost of 

production between countries is justified, as in the Dornbusch-Fischer-Samuelson (DFS) 

exposition of the Ricardian theory, by differences in unit labor requirements denoted by 

ఉሺ௭ሻ

ሻݖሺߙ
 and ఉ

∗ሺ௭ሻ

ሻݖሺߙ
. ቀఉ

∗ሺ௭ሻ

ఉሺ௭ሻ
ቁ ∈ ሺ0,∞ሻ, sorted to be decreasing in ݖ, can then be interpreted as an index 

of foreign comparative advantage. Let the demand side be characterized by a two-tier 

utility function of consumption levels of all ܰሺݖሻ goods produced in each industry ݖ. The 

utility function is additive in a continuum of sub-utility functions, each corresponding to 

one industry 

(20)    
1
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Each sub-utility function, in turn, is quadratic 
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There is a representative consumer, identical across countries, who maximizes (1) subject 

to the budget constraint 

(21)     Idzzxzpzxzp
n

l
jj

n

l
ii 








 
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*

1

**

1

)()()()(  

where I  is aggregate income which is exogenous in partial equilibrium but can change in 

general equilibrium due to change in wages and/or profits which, in turn, depend on tastes, 

technology and market structure. 

The resulting inverse demand4 for the (*)k -th differentiated product in industry z  is 
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(22)     

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where variables associated with the foreign firm are distinguished, by an asterisk, from 

those of the home firm: a

 

measures the consumers’ maximum willingness to pay, (*)
kx is 

the quantity demanded, and (*)
kp is the price. 

2.2.1 Partial Equilibrium without SSO Members 

 Absent any possibility of SSO memberships, each domestic firm competing `a la 

Cournot, operating in industries ]~,0[ zz where ]1,0[~z , would 

(23)   Maximize: ሺ݌௜ሺݖሻ െ ܿሺݖሻሻݕ௜ሺݖሻ          ∀	݅ ൌ 1, 2, … , ݊ 

Each foreign firm, operating in industries ]1,~[ *zz where ]1,0[~*z , would 

(24)  Maximize: ൫݌௝ሺݖሻ െ ܿሺݖሻ൯ݕ௝
∗ሺݖሻ          ∀	݆ ൌ 1, 2, … , ݊∗ 

Within any given industry ]1,0[z , suppressing the notation z  (for ease of exposition), 

the best-response functions of the domestic and foreign firms can be written as 

(25)       


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
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
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(26)   
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i
ij                 *,...,2,1 nj   

The domestic and foreign firms will produce 
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,௜ሺ݊ݕ  (27) ݊∗ሻ ൌ ቀ ଵ

ଶିఊ
ቁ ሺሺܽ െ ܿሻ െ ሺܽߜ െ ܿ̄ଵሻሻ           ni ,...,2,1  

௝ݕ   (28)
∗ሺ݊, ݊∗ሻ ൌ ቀ ଵ

ଶିఊ
ቁ ሺሺܽ െ ܿ∗ሻ െ ሺܽߜ െ ܿ̄ଵሻሻ     *,...,2,1 nj   

where, ܿ̄ଵ ൌ ଵܿߠ ൅ ሺ1 െ ଵߠ ,∗ଵሻܿߠ ൌ
௡

ே
∈ ሺ0,1ሻ, and ߜଵ ൌ

ேఊ

ேఊାሺଶିఊሻ
∈ ሺ0,1ሻ. 

The industry output is 

,෤ሺ݊ݕ             (29) ݊∗ሻ ൌ ቀଵି1ߜ
ଶିఊ

ቁܰሺܽ െ ܿ̄ଵሻ
 

The prices of domestic and foreign varieties are 

௜݌   (30) ൌ ቀ ଵ

ଶିఊ
ቁ ሺܽ െ ሺ1 െ ሻܿߛ െ 1ሺܽߜ െ ܿ̄ሻሻ     ni ,...,2,1  

௝݌    (31)
∗ ൌ ቀ ଵ

ଶିఊ
ቁ ሺܽ െ ሺ1 െ ∗ሻܿߛ െ 1ሺܽߜ െ ܿ̄ሻሻ       *,...,2,1 nj   

 2.2.2 Partial Equilibrium with SSO Members 

 Consider next the possibility that ݉ ൏ ݊ domestic firms and ݉∗ ൏ ݊∗ foreign firms 

become members of the SSO. The unit cost of production is specified as follows: 

ݓߚ                (32) ൌ ൝
						ܿߙ 				 																												 																																					∀ ݅ ൌ 1,2, . . . , ݉

	
ܿ																																																										∀ ݆ ൌ ሺ݊ െ ݉ሻ, ሺ݊ െ ݉ ൅ 1ሻ, . . . , ݊

 

∗ݓ∗ߚ           (33) ൌ ൝
∀																																																																																						∗ܿߙ ݆ ൌ 1,2, … ,݉∗

	
ܿ∗																																																		∀ ݆ ൌ ሺ݊∗ െ ݉∗ሻ, ሺ݊ െ ݉∗ ൅ 1ሻ, . . . , ݊∗

 

The best-response functions can be written as 

௜ݕ (34) ൌ
ଵ

ଶ
ቆܽ െ ߛ ൤∑ ௟ݕ

௠
௟ୀଵ
௟ஷ௜

൅ ∑ ௝ݕ ൅ ∑ ௝ݕ
∗௡∗

௞ୀଵ
௡
௟ୀሺ௡ି௠ሻ ൨ െ ∀              ቇܿߙ ݅ ൌ 1,2, . . . , ݉ 
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௜ݕ (35) ൌ
ଵ

ଶ
ቆܽ െ ߛ ቈ∑ ௟ݕ

௡
௟ୀሺ௡ି௠ሻ
௟ஷ௜

൅ ∑ ௜ݕ ൅ ∑ ௝ݕ
∗௡∗

௞ୀଵ
௠
௟ୀଵ ቉ െ ܿቇ   

∀ ݅ ൌ ሺ݊ െ ݉ሻ, ሺ݊ െ ݉ ൅ 1ሻ, . . . , ݊ 

௝ݕ (36)
∗ ൌ ଵ

ଶ
ቆܽ െ ߛ ቈ∑ ௟ݕ

∗௠∗

௟ୀଵ
௟ஷ௝

൅ ∑ ௝ݕ ൅ ∑ ௜ݕ
௡
௜ୀଵ

௡∗
௟ୀሺ௡∗ି௠∗ሻ ቉ െ ∀           ቇܿߙ ݆ ൌ 1,2, . . . , ݉∗ 

௝ݕ (37)
∗ ൌ ଵ

ଶ
൭ܽ െ ߛ ൥∑ ௟ݕ

∗௠∗

௟ୀሺ௡∗ି௠∗ሻ
௟ஷ௝

൅ ∑ ௟ݕ ൅ ∑ ௜ݕ
௡
௜ୀଵ

௡∗
௟ୀሺ௡∗ି௠∗ሻ ൩ െ    ൱ܿߙ

      ∀ ݆ ൌ ሺ݊∗ െ ݉∗ሻ, ሺ݊ െ ݉∗ ൅ 1ሻ, . . . , ݊∗ 

The firms will produce 

,௜ሺ݉ݕ (38) ݊, 	݉∗, ݊∗ሻ ൌ ቀ ଵ

ଶିఊ
ቁ ൫ሺܽ െ ሻܿߙ െ ଵሺܽߜ െ ܿ̄ଶሻ൯               						∀ ݅ ൌ 1,2, . . . , ݉ 

,௜ሺ݉ݕ (39) ݊, 	݉∗, ݊∗ሻ ൌ ቀ ଵ

ଶିఊ
ቁ ൫ሺܽ െ ܿሻ െ ଵሺܽߜ െ ܿ̄ଶሻ൯    

∀ ݆ ൌ ሺ݊ െ ݉ሻ, ሺ݊ െ ݉ ൅ 1ሻ, . . . , ݊ 

௝ݕ (40)
∗ሺ݉, ݊, 	݉∗, ݊∗ሻ ൌ ቀ ଵ

ଶିఊ
ቁ ൫ሺܽ െ ሻܿߙ െ ଶሺܽߜ െ ܿ̄ଶሻ൯     						∀ ݅ ൌ 1,2, . . . , ݉∗ 

௝ݕ (41)
∗ሺ݉, ݊, 	݉∗, ݊∗ሻ ൌ ቀ ଵ

ଶିఊ
ቁ ൫ሺܽ െ ܿሻ െ ଶሺܽߜ െ ܿ̄ଶሻ൯     

     	∀ ݆ ൌ ሺ݊∗ െ ݉∗ሻ, ሺ݊ െ ݉∗ ൅ 1ሻ, . . . , ݊∗ 

where, ܿ̄ଶ ൌ ܿߙ଴ߠ ൅ ሺ1 െ ଴ሻܿߠ ൅ ∗ܿߙଵߠ ൅	ሺ1 െ ଴ߠ ,∗ଵሻܿߠ ൌ
௠

௡
∈ ሺ0,1ሻ is the proportion 

of domestic SSO members in the industry, ߠଵ ൌ
௠∗

௡∗
∈ ሺ0,1ሻ is the proportion of foreign 

SSO members in the industry, ߜଵ ൌ
௡ఊ

௡ఊାሺଶିఊሻ
∈ ሺ0,1ሻ, and ߜଶ ൌ

௡∗ఊ

௡∗ఊାሺଶିఊሻ
. 
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The industry output is 

,෤ሺ݉ݕ            (42) ݊, 	݉∗, ݊∗ሻ ൌ ቀଵି1ߜെ2ߜ
ଶିఊ

ቁܰሺܽ െ ܿ̄ଶሻ
 

The prices of domestic and foreign varieties are 

௜݌ (43) ൌ ቀ ଵ

ଶିఊ
ቁ ൫ܽ െ ሺ1 െ ܿߙሻߛ െ 1ሺܽߜ െ ܿ̄ଶሻ൯ 																																						∀ ݅ ൌ 1,2, . . . , ݉  

௜݌ (44) ൌ ቀ ଵ

ଶିఊ
ቁ ൫ܽ െ ሺ1 െ ሻܿߛ െ 1ሺܽߜ െ ܿ̄ଶሻ൯        ∀ ݅ ൌ ሺ݊ െ݉ሻ, ሺ݊ െ ݉ ൅ 1ሻ,… , ݊ 

௝݌ (45)
∗ ൌ ቀ ଵ

ଶିఊ
ቁ ൫ܽ െ ሺ1 െ ∗ܿߙሻߛ െ 3ሺܽߜ െ ܿ̄ଶሻ൯ 																																	∀ ݅ ൌ 1,2, . . . , ݉∗  

௝݌ (46)
∗ ൌ ቀ ଵ

ଶିఊ
ቁ ൫ܽ െ ሺ1 െ ∗ሻܿߛ െ 3ሺܽߜ െ ܿ̄ଶሻ൯   

                  ∀ ݆ ൌ ሺ݊∗ െ ݉∗ሻ, ሺ݊ െ ݉∗ ൅ 1ሻ, . . . , ݊∗ 

2.2.3 General Equilibrium 

 In an open economy general equilibrium, without any SSO members, wages are 

determined by full employment conditions  

ܮ  (47) ൌ ׬ ,∗ܹ,෤ሺܹݕሻݖሺߚ ,ݖ ݊, ݊∗ሻ݀ݖ ൅ ׬ ,∗ܹ,෤ሺܹݕሻݖሺߚ ,ݖ ݊, 0ሻ݀ݖ
௭෤∗

଴
௭෤∗

௭෤  

∗ܮ  (48) ൌ ׬ ,∗ܹ,෤∗ሺܹݕሻݖሺ∗ߚ ,ݖ ݊, ݊∗ሻ݀ݖ ൅ ׬ ,∗ܹ,෤∗ሺܹݕሻݖሺ∗ߚ ,ݖ 0, ݊∗ሻ݀ݖ
ଵ
௭෤

௭෤
௭෤∗  

where wages are normalized to wW   and ܹ ∗ ൌ by choosing∗ݓߣ  , the marginal utility 

of income, as the numeraire. L  and ܮ∗denote the supply of labor and z~ and ̃ݖ∗are the 

threshold sectors for the extensive margins of trade, at home and abroad respectively.  

Analogously, the full employment conditions with SSO membership are 
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ܮ  (49) ൌ ׬
ఉሺ௭ሻ

ఈሺ௭ሻ
,∗ܹ,෤ሺܹݕ ,ݖ ݊, ݊∗ሻ݀ݖ ൅ ׬

ఉሺ௭ሻ

ఈሺ௭ሻ
,∗ܹ,෤ሺܹݕ ,ݖ ݊, 0ሻ݀ݖ

௭෤∗

଴
௭෤∗

௭෤  

∗ܮ  (50) ൌ ׬
ఉ∗ሺ௭ሻ

ఈሺ௭ሻ
,∗ܹ,෤∗ሺܹݕ ,ݖ ݊, ݊∗ሻ݀ݖ ൅ ׬

ఉ∗ሺ௭ሻ

ఈሺ௭ሻ
,∗ܹ,෤∗ሺܹݕ ,ݖ 0, ݊∗ሻ݀ݖ

ଵ
௭෤

௭෤
௭෤∗  

In the home country’s labor market, full employment ensures that home labor supply 

matches the sum of labor demands from sectors ]~,0[ *zz in which home firms face no 

foreign competition (i.e. ݊ ∗ ൌ 0) and from the sectors ]~,~[ *zzz in which both home and 

foreign firms operate. Analogously, in the foreign country’s labor market, full employment 

ensures that foreign labor supply matches the sum of labor demands from sectors ]1,~[zz

in which foreign firms face no foreign competition (i.e. ݊ ൌ 0) and from the sectors 

]~,~[ * zzz in which both home and foreign firms operate.  

Consider now the possibility of bilateral mergers, within or across borders, that result in 

the closing down of one of the firms as long as the net gain from the merger is sufficient to 

compensate each participating firm. Propositions I, II, and III follow immediately. 

Proposition I. The incentives for a takeover of a home or a foreign firm, that is not a 

member of an SSO, by an SSO member from the home or foreign country, rise (fall) with 

an ex ante rise (fall) in the number of SSO members relative to the number of non-

members. 

Proof. Follows from (13), (14), and (38) – (41).  

Proposition II. The incentives for a takeover of an SSO member in the foreign (home) 

country by a firm at home (abroad), that is not a member of the SSO, rise (fall) with an ex 

ante rise (fall) in the number of SSO members relative to the number of non-members. 
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Proof. Follows from (13), (14), (27), (28), and (38) – (41).  

Proposition III. The incentives for a takeover of an SSO member in the foreign (home) 

country by another SSO member at home (abroad), rise (fall) with an ex ante rise (fall) in 

the number of SSO members relative to the number of non-members. 

Proof. Follows from (13), (14), (27), (28), and (38) – (41).  

 

4. Data & Empirics 

 The SCD includes quantifiable characteristics of 762,146 standard documents, 

institutional membership in a sample of 195 SSOs, and the rules of 36 SSOs on standard-

essential patents, openness, participation, and standard adoption procedures. First, we 

joined the SCD with a data-set (CHC-2017, hereinafter) compiled by Chakrabarti et al. 

(2017) after extracting observations from Security Data Corporation (SDC) and Corporate 

Transactions (CT) databases on individual firms and augmenting this data with detailed 

information on competition measures spanning firms from 86 countries between 1990 and 

2012 with a total transaction value of $10.49 trillion. To effectuate the proposed join, we 

construct an algorithm which attempts to match the observations SCD and the CHC-2017 

dataset.  Of the 39,983 observations reported in the CHC-2017 database, a match of 23,158 

(i.e. ~ 58%) was feasible. 

[Tables 1 – 10 about here] 

 Next, we looked into the possibility of potential misspecification of SSO membership. 

We joined the SCD with BC-2019: the SCD of SSOs, while spanning a large sample, does 

not possibly cover all existing SSOs. This is likely to lead to false negatives – missed 
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memberships when they actually exist. Also, the join between the SCD and the BC-2019 

dataset, we construct an algorithm which matches the firms to names available in the SCD. 

However, the same corporation could be referred to by different variants in the databases, 

an example being, ‘Alcatel Cable’, ‘Alcatel’ and ‘Alcatel Corporation’ all referring to the 

same entity. These algorithms attempting to match phrases or strings that approximately 

match each other is often referred to as “fuzzy matching” in computer science literature. 

We use a novel modification of Seller’s algorithms, identification of the most likely 

keyword and approximate distance computation techniques to adapt into a probabilistic 

matching technique for our purpose. This matching technique is not perfect (as is any 

probabilistic technique) – matches could be incorrectly specified due to incorrectly tagged 

keywords or missing potential matches, therefore possibly leading to both false positives 

and false negatives in the matches. We address this issue by adopting a hierarchical 

formulation. To do so, we consider the following set-up for the basic statistical model for 

this analysis, 

௜௝ݕ ൌ ݂൫ܫ௜௝, ௜ܺ
ଵ, ௝ܺ

ଶ, ௜ܺ௝
ଷ ൯ ൅ ߳௜௝. 

 

We use a generic functional form ‘f(.)’ for the regression model since it is not clear that a 

standard least squared linear regression model would provide the best fit. Of the covariates 

included in the model, ܫ௜௝	is the most crucial one for our hypotheses of interest.  

To account for such potential uncertainty in the main covariate of interest ܫ௜௝, we 

propose the following hierarchical formulation. Let ௜ܶ௝ be the true unobserved value of the 

covariate and ܫ௜௝ the deduced value from the probabilistic matching algorithm, possibly 

incorrectly specified As with ܫ௜௝, the variable ௜ܶ௝ could be in one of four categories, based 
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on the target and acquirer’s SSO membership. Consider the vector of conditional 

probabilities 

࢐࢏࣊ ൌ ሼߨ௜௝
௔ , ௜௝ߨ

௕ , ௜௝ߨ
௖ , ௜௝ߨ

ௗ ሽ 

where 

௜௝ߨ
௔ ൌ Pr൫ ௜ܶ௝ ∈ ܽ	ห	ܫ௜௝ሻ 

 

and, similarly, for the other elements	ߨ௜௝
௕ , ௜௝ߨ

௖ , ௜௝ߨ
ௗ .  

A multivariate model is constructed for estimation of these conditional probabilities, 

such as,  

࢐࢏࣊ ൌ ݃ሺ ௜ܷ, ௝ܸ ,  ௜௝ሻܫ

where ௜ܷ , ௝ܸ represent acquirer and target specific characteristics respectively, such as 

observed proportion of SSO membership in the industry classification code for the target 

or acquirer. We observe that mergers between SSO member tend to be associated with a 

higher degree of product differentiation relative to mergers between a member of the SSO 

and a non-member. However, the estimated value of the proportion of SSO memberships 

itself depends on the covariate ܫ௜௝, rendering estimation of ࢐࢏࣊ difficult. We considered two 

alternative approaches to circumvent the problems posed by incorrect SSO membership 

specification: we could use an iterative scheme, where a value ࢐࢏࣊ is estimated from the 

currently computed ܫ௜௝, or use a Bayesian formulation, when the ௜ܷ , ௝ܸ ,  ௜௝ are encoded intoܫ

prior parameters for quantity of interest, ࢐࢏࣊. 

Using this value of ࢐࢏࣊ in the probability matching scheme, new values of ܫ௜௝ are 

computed. This iteration then continues until updates or changes to either set of values is 
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minimal. This scheme is conceptually similar to an expectation-maximization (EM) type 

algorithm in statistics. The expectation maximization scheme is difficult to implement in 

practice since the computation of ܫ௜௝ is quite burdensome and doing this at each iteration 

of algorithm would represent infeasible computation time. We resort to the Bayesian 

approach instead for the estimation of ࢐࢏࣊’s. Once these conditional probabilities are 

estimated, they replace their counterparts in the basic model mentioned at the start of this 

subsection, so that the basic model now becomes: 

௜௝ݕ ൌ ݂൫ߨ௜௝, ௜ܺ
ଵ, ௝ܺ

ଶ, ௜ܺ௝
ଷ ൯ ൅ ߳௜௝ 

Our preliminary investigations reveal the presence of non-linear patterns as well as higher 

order interaction terms in the merged data. We use a Bayesian random forest specification 

for robust quantification of non-linear patterns in the regression. In general, random forests 

represent a regression technique that work by averaging estimates over a collection of 

individual regression trees. To investigate how well our proposed algorithm works, we 

devise a simulation study with mock-up data. This mock-up data investigates how well our 

algorithm is able to pick up associations with imperfect specification of covariates. In doing 

so, we consider three degrees of misspecification (ref. table above): 

a) Low i.e. actual misspecification is 5% or less; 
 
b) Moderate i.e. actual misspecification is about 25%; and 
 
c) High i.e. actual misspecification is at least 50%. 

 

It turns out that our model is fairly robust for low to moderate misspecification of 

covariates whereas standard regression is not. It is also worth noting that in case of perfect 

specification, our proposed model performs at least as well as the standard methods. In 
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instances of high misspecification, when it may be argued that attempting the regression 

analysis itself may be dubious for the main covariate of interest, since the little information 

is present, our model is able to beat the standard linear model but remains comparable to a 

hierarchical linear model taking into account estimated conditional probabilities. 

5. Conclusion 

We complement the vast and growing literature on market concentration by identifying 

statistically significant associations between the composition of SSOs and market 

concentration. In doing so, we recognize that the Searle center database of SSOs, while 

being a large sample, does not possibly cover all SSOs that exist. Our analysis provides 

convincing evidence of association between the nature of a deal in the CHC database and 

whether or not the participating firms were SSO members: SSO membership tends to be 

associated with larger deals. We recognize that the Searle center database of SSOs, while 

being a large sample, does not possibly cover all SSOs that exist. We also acknowledge 

that the join between the SCD and the CHC dataset, inaccurately specify matches due to 

incorrectly tagged keywords or missing potential matches, possibly leading to both false 

positives and false negatives in the matches. We address this issue by employing a 

Bayesian random forest specification for robust quantification of non-linear patterns in our 

regression analyses. Our model is fairly robust for low to moderate miss-specification of 

covariates. 
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Appendix 

 

 

Table 1 

Type 
Number Matched To 
SCD 

Percentage of total 
number matched 

Matched Target 18343 45.88 
Matched 
Acquiror 

23158 57.92 

Matched both 11462 28.67 
 

 

 

 

 

Table 2 
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Table 3 

 

 

 

Table 4 
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Table 5 

 

Table 6 
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Table 7 

 

Table 8 
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Table 9 

 

 

Table 10: Performance of the proposed algorithm with mis-specified binary covariates 

Performance 
Criterion 

Low mis-
specification  

Moderate 
mis-
speciation 

High mis-
specification 

With perfect 
specification 

Linear model 
without 
hierarchy 

58% 41% 42% 93% 

Linear model 
with hierarchy 

71% 63% 52% 93% 

Bayesian random 
forests  

81% 75% 51% 96% 
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Endnotes 

1 See Beladi, Chakrabarti, and Marjit, S. (2010, 2013a, 2013b, and 2015). 
2 See Häckner (2000). 
3 The extensive margins of trade are defined in terms of the varieties exported from each country. 
4 See Häckner (2000). 

                                                           


