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1  |   INTRODUCTION

The aim of this study was to provide evidence of a key role played by relative network positions 
of trade partners in shaping the choice of an invoice currency. We adopt a new index of sec-
tor market share (that captures bargaining power) for exporters and importers, in directed and 
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weighted networks, as a proxy for the outside options of the players involved in the negotiation 
of an invoice currency.

Our aim was to understand whether the relative positions of exporters and importers in the 
trade network (defined by the trade communication structure) play a role in the choice of an 
invoice currency.

We add to the literature by providing new evidence showing that the currency determination 
is a complex process where the bargaining opportunities play a role. In doing so, we move well 
beyond the simple use of the sector market share as we consider the network structure of trade 
with the other trading partners.

Previous works, which only control for the global country sector market share (defined as the 
ratio between the country export/import of a commodity over the global export/import of that 
commodity), cannot fully account for the asymmetries induced by trade structures that restrict 
pairwise meetings. By resorting to a new, suitably adjusted index of market share, we will account 
for the fact that exporters do not always enjoy a free and costless access to every market in every 
country, as well as for the separation of national markets because of the different local rules.

With highly disaggregated Italian export and import customs data for the year 2010, we doc-
ument a significant impact on the invoice currency decision for our adjusted index of market 
share. Importers (exporters) with a stronger position within the network, as implied by the cor-
responding network-adjusted market share, tend to price their traded goods in the local (pro-
ducer) currencies. This is true even after controlling for the standard global sector market shares, 
and the effect is robust to the inclusion of geographical characteristics and many other relevant 
controls.

2  |   LITERATURE

The choice of an invoice currency has been shown by many scholars to play a critical role in the 
new open economy macroeconomic literature. The exchange rate volatility (Devereux & Engel, 
2002) and the impact of exchange rate movements on the economy are influenced by the cur-
rency denomination of trade (Chari et al., 2002; Devereux & Engel, 2003; Engel, 1999, 2002, 2003; 
Obstfeld, 2002). Invoicing in the producer (PCP) or importer (LCP) currency influences the pass-
through of exchange rate changes to import prices. Therefore, as argued by Corsetti and Pesenti 
(2005), since the optimal monetary policy depends on the degree of pass-through,1 it also de-
pends on the invoicing regime.

From a microeconomic perspective, many theoretical models have been proposed to explain 
the firm's choice of an invoice currency and its implications at a macroeconomic level.

Bacchetta and van Wincoop (2005) highlight the importance of strategic interactions among 
firms in the process of the currency denomination decision by finding that exporters with greater 
industry market share and producing differentiated goods are more likely to price in their cur-
rencies. In the Bacchetta and van Wincoop (2005) theoretical model, the choice of invoicing cur-
rency rests solely with the exporter, who consider the price elasticity of the importer's demand in 
choosing the invoice currency.

 1If all the exporting firms use PCP, then the Corsetti and Pesenti (2005) model simplifies into a dynamic version of 
Obstfeld and Rogoff (2000) model and the optimal monetary policy replicates the flexible-price equilibrium, while if the 
price is set in the local (importer) currency, then the national welfare is maximised when exporters' revenues are 
stabilised in their own currencies and a fixed exchange rate is preferred.
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The assumption of a unilateral setting of the invoice currency was criticised in the empirical 
works by Friberg and Wilander (2008) and Takatoshi et al. (2010). The former surveys a represen-
tative panel of Swedish firms to understand the determinants of the currency denomination of 
trade. One of the main findings is that both price and invoice currency are determined by a pro-
cess of negotiation between producer and customer. In particular, they found evidence that ne-
gotiations include both the price and the currency denomination of trade. The authors found 
instances when the currency used to quote the price differed from the currency used to invoice 
the transaction. The survey results show that in approximately 2/3 of these transactions this, 
perhaps unusual, request originated from the importing firm. Additionally, the study finds that 
firms in importing countries often request invoicing in a currency other than the Swedish kronor 
as a result of illiquid kronor currency markets in their home country. Transaction size, the ex-
porting market dimension, product differentiation and firm's dimension all play a significant role 
in the invoice currency choice, while the competitors’ currency denomination decision, the avail-
ability of financial instruments and exchange rate transaction costs are deemed unimportant.2 
Takatoshi et al. (2010), surveying Japanese firms, highlight the role of the structure of the firm's 
supply chain and the destination of the firm's final sales in the invoice currency decision. They 
find that local currency invoicing is prevalent in exports to developed countries, where the im-
porters face severe competition in the local markets. However, Japanese firms that produce 
highly differentiated products or have a dominant share in global markets tend to denominate 
trades in yen (producer currency pricing), even in exports to developed countries. Another find-
ing is related to the use of a vehicle currency: Japanese firms that have shifted production to 
Asian countries invoice their products to these Asian countries in US dollars as long as the final 
destination market in the United States.

More recently, Corsetti et al. (2020) examine the universe of large UK exporters (those with more 
than 100,000 GBP of exports per year). They find that while aggregate currency shares of invoicing 
remain relatively stable year-over-year, individual firms often use different invoicing currencies to the 
same destination country of the same product. The fact that individual UK exporters often change 
their currency invoicing decision suggests that demander-specific features, which are likely revealed 
during a negotiation, play some part in the currency denomination of individual trade transactions. 
This builds off of the results in Fabling and Sanderson (2015), which shows that the choice of invoic-
ing currency is often heterogeneous at the firm level in New Zealand exports. Specifically, the study 
reports that firms with a greater extensive or intensive margin of trade are more likely to invoice 
exports in local currencies or vehicle currencies, while the producer's currency is more likely to be 
used when the exporter is foreign-owned or selling a more differentiated good.

Goldberg and Tille (2013) propose an exporter–importer bargaining model of trade, where 
importers and exporters negotiate over the allocation of exchange rate risk through the choice of 
both price and the invoice currency, accounting for the counterpart's outside option. The impli-
cations of this model are complex as it has no closed solution. In this setting, the share of specific 
exporters and importers in each other's total profits has a substantial impact on effective bargain-
ing weights, prices and exchange rate exposure. This impact is not limited to specific exporter–
importer pairs but also affects the aggregate values of prices and exposure. Devereux et al. (2017) 
developed a model of monopolistic competition with heterogeneous firms, finding that exchange 
rate pass-through and producer currency invoicing are non-monotonic, but possess a U-shaped 
relationship with respect to the export market share, while they are monotonically declining 
in the importing firms’ market share. These theoretical implications are supported by some 

 2Some of their results do not seem to be supported by current empirical evidences (Witte and Ventura, 2016).
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empirical findings on a unique Canadian import data set and confirm the role of importer char-
acteristics on the currency invoicing decision.

While Xu et al. (2019) lack access to data regarding the currency denomination of trade, the re-
sults of their Columbian import and export exchange rate pass-through confirm that bargaining 
power impacts the degree of pass-through. By using a matched Columbian importer–exporter, 
the study examines the bilateral bargaining of exporters versus importers using three different 
measures of bargaining power as a measurement of reliance on their transaction partner. The 
results show that the effect of Columbian exporting bargaining power is not consistent; there is, 
however, higher exchange rate pass-through when importing Columbian firms have greater bar-
gaining power. This implies some role for negotiation and bargaining power held by importing 
firms.

Alternative explanations of the choice of an invoice currency are proposed by Engel (2006) 
and Gopinath et al. (2010). The former predicts that the exporting firms are more likely to invoice 
in their currency if that currency has a lower sensitivity to price shock. If export prices cannot be 
adjusted in response to shocks, they should be set in the local currency. The latter developed an 
endogenous currency choice model, where firms that adjust prices less frequently are more likely 
to invoice in the producer currency.

This work is also related to the findings of Auer and Schoenle (2016). Firms’ reactions to 
changes in competitor prices are equally important as changes in their own cost in explaining 
the industry-wide equilibrium pass-through rate. Changes in the competitor prices are intuitively 
captured by changes in the importer market share and should be thus related to the choice of an 
invoice currency. Other empirical works underline the role of macroeconomic stability on the 
invoice currency decision, as in Devereux et al. (2004), or the impact of transaction costs in ex-
change rate market, as in Portes and Rey (1998) or Devereux and Shi (2013). More determinants 
of the invoice currency were found at the micro-level, such as the ‘coalescing effect’ (Goldberg 
& Tille, 2008) or the firm ‘information effect’ (Friberg & Wilander, 2008; Takatoshi et al., 2010). 
Faudot and Ponsot (2016) emphasise the symmetrical use of the US dollar as both a dominant 
vehicle currency and a dominant currency of international debt issuance for lesser developed 
countries. Liu and Lu (2019) confirm the importance of financing as a determinant of invoicing 
currency. Specifically, when an importing firm is located in a country with greater financial de-
velopment, that Columbian exporters are more likely to invoice in the local currency. Invoicing 
in local currencies is particularly likely when small Columbian exporters are more reliant on 
foreign financing.

Gopinath and Stein (2021) take many of these empirical results and build a model to help 
explain how a dominant currency maintains its supremacy over other currencies. Specifically, 
the authors use five stylised facts about invoicing currency, banking liabilities, corporate borrow-
ing, central bank reserves and violations of uncovered interest parity. Taken together, these five 
stylised facts show why the US dollar has a dominant position as both an invoicing currency and 
a lending/borrowing currency. The authors highlight the ‘exorbitant privilege’ of the US dollar; 
greater volumes of US dollar-denominated trade increase the demand of importers for safe US 
dollar deposits. Safe and plentiful US dollar bank accounts can then incentivise greater US dollar 
trade invoicing.

Our work contributes to the growing literature on the determinants of currency invoicing and 
the new theoretical models of currency choice in several ways: it brings new, though indirect, 
support to the view that the currency choice is the result of a bargaining process, where the po-
sition in the trade network of both the importer and the exporter plays a role. It presents a new 
index of network-adjusted market share, which accounts for the network structure of trade, and 
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uses it as a key explanatory variable in the empirical representation of invoice currency choices. 
It also shows that this index has a larger explanatory power than the standard global sector mar-
ket shares. Lastly, we do this by using highly disaggregated Italian trade data, almost at transac-
tion level.

The remainder of the paper is organised as follows: Section 3 provides the theoretical un-
derpinnings for the network-adjusted market share index, while Section 4 illustrates data, the 
empirical model and results. Section 5 concludes, with an eye to possible avenues for future 
research.

3  |   BARGAINING POWER IN TRADE NETWORK

Many authors (among all Devereux et al., 2004, 2017; Feenstra et al., 1996; Goldberg & Tille, 
2008, 2016; Kamps, 2006) have proved that global or bilateral sector market shares3 are key ele-
ments in the rate of pass-through and invoice currency decision. The invoice currency has been 
shown to be determined based on some features of importers and exporters or on the relationship 
between the chosen currency and local costs. Far too little attention has been devoted to the role 
of asymmetries induced by the trade network that restricts pairwise meeting. As in cooperative 
game theory, communication restrictions affect choices and economic output. Calvó-Armengol 
and Jackson (2004) have shown how network connections shape the labour market outcomes 
and, in turn, are shaped by them; Chaney (2014) has offered a novel theory of trade frictions, 
where firms export only into markets where they have a contact, searching for new customers by 
using their existing network of contacts. In this work, we contribute to this stream of literature, 
considering a bargaining model of trade where importers and exporters bargain over the invoice 
currency, selecting the bargaining counterpart among the contacts that are available in their 
communication network.

To do this, we compute a novel index of network-adjusted market share in weighted and 
directed network, similar to Calvó-Armengol (2001). The communication network is treated as 
given (exogenously determined), and the communication linkages are defined by the trading 
structure, which is a weighted and directed network. Therefore, we assume that exporters and 
importers of a given commodity can only bargain with trading partners that are already serving 
the market.

Following Calvó-Armengol (2001), we adapt the Rubinstein–Stähl alternating offers game as 
in Rubinstein (1982) and Stahl (1972). In this game, pairing members creates value, which must 
be divided between them. One partner (the proponent) randomly selects an individual (the re-
spondent) among her set of connected partners and makes a splitting offer. The respondent can 
accept or reject. In the case of a rejection, the respondent becomes the new proposer and her re-
spondent is again randomly selected among her connected partners. The assumptions of the 
model are that only players that are in direct contact with each other can negotiate together, that 
simultaneous offers to two different neighbours are not possible and that the pairs of neighbours 
that bargain at every round are randomly4 chosen within the network constraints. Therefore, the 
trading network pins down the set of bargaining possibilities. The unique stationary subgame 
perfect equilibrium is reached when the proposer concedes to the respondent the discounted 

 3Defined as the ratio between the exported or imported goods and the total world export or import for that good and 
(Devereux, et al., 2017) as the firm's share in the importing market.

 4Bargainer selection is not considered here as a strategic issue.



      |  2565ARIOLDI et al.

expected payoff that can be achieved by the respondent if she rejects the proposal. At equilib-
rium, players are indifferent between accepting their share as respondents and acting as a de-
layed proposer. If the payout to split is equal to one and 

(
�ij; 1 − �ij

)
 is the one-cake proposal 

made by player i to player j, it can be shown that the equilibrium share is equal to:

where �ij is the payout of player i, 1 − �ij is the payout assigned to the respondent j by the proposer i, 
�j is the time discount factor (�j ∈ (0, 1) ), 

wjl

WOut
j

 is the relative weight of the link from j to l over the 

sum of the outward link of j, and �jl is the payout that player j receives for each l.5 As shown by Calvó-
Armengol (2001, 2002), when the population is homogeneous in time preferences with a common 
discount factor and the payout to split adds to 1 (�ij + �ji = 1), at equilibrium all players make the 
standard division proposal independently of their position in the network, equal to 

(
1

1+�
, �

1+�

)
. 

When the discount factor is equal to 1, the standard Rubinstein–Stähl partition is recovered.
According to the structure of our game, proposer and associates are randomly drawn from a 

uniform distribution. All players have the same probability to be chosen, as proponent and re-
spondent are treated equally. Given the communication network, it is easy to compute the ex-
pected payoff for each member of the network.6 These individual payoffs define an allocation 
rule Yi describing the ex-ante distribution of payoffs equal to the unique (stationary) expected 
equilibrium. The allocation rule for each member i is defined by the following equations.7

where wij is the link weight from i to j; Win,out, the sum of inward or outward weights; and 
Ninward,outward, the total number of inwards or outwards players. The ratio 1/Ninward,outward captures 
the probability to be chosen as proposer or respondent. This allocation rule is efficient given that ∑
i
Yi = 1.

Supposing that the communication network corresponds to the trade network (all the players 
are in touch with their trading partners in the network) and assuming that, in the trade network, 

(1)1 − �ij = �j

∑
l

wjl

WOut
j

�jl,

 5The payout proposed by i to j is equal to the weighted average of the payoffs that j may obtain acting as a promoter 
after rejecting the proposal of i. In a trade network, 

wjk

Wout
j

 is equal to 
xjk

TotalExportj
, where xjk is the trade flow from country k 

to country j.

 6As in Calvó-Armengol (2001), ex-ante payoffs given by the expected equilibrium partition of the bargaining game with 
random selection of the negotiators define the allocation rule.

 7More generally, assuming i selects j as co-bargainer with probability p, the allocation rule is 

Yi =

�
∑
j
qipij�ij + qjpji

�
1 − �ij

��
 , where q is the probability to be selected as bargainer.

(2)Yi (outward) =
1

Noutward

∑
j

wij

Wout
i

�ij +
1

Ninward

∑
j

wij

W in
j

(1 − �ji)

(3)Yi (inward) =
1

Ninward

∑
j

wji

W in
i

�ij +
1

Noutward

∑
j

wji

Wout
j

(1 − �ji)
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the outward player is the producer (or the exporter) and the inward player the consumer (or 
the importer) of a given commodity (whose index will be omitted for brevity), we can derive 
Equations (4) and (5) for player i as:

and for the consumer (or importer) i as

where Nexp and Nimp are the total number of exporters and importers of a given commodity included 
in the trade network, and zij is the trade flow from player (country) i to player (country) j. The first 
term on the right of Equations (4) or (5)8 represents the payoff, which is equal to the expected flows, 
of exporter or importer i acting as a proposer, while the second term9 is the expected flows member 
i obtains as respondent when he collaborates with the proposer.

Plugging the subgame perfect equilibrium shares when players are homogeneous in time 
preferences (the standard 1

1+�
, �

1+�
 cake division) in Equations (4) and (5), we obtain a mea-

sure of the ex-ante payoff expected by player i depending on the player's network position. 
Setting the discount factor � equal to 1,10 and assuming to have only one producer (monopolis-
tic firm) and one representative consumer in each country (one importer per country), we can 
derive the following allocation rules11 corresponding to the asymmetric Nash bargaining 
solution:

where Nexp and Nimp are the number of countries exporting and importing the particular good, and 
�i (exporter) or �i (importer) is the network-adjusted bargaining power as exporter or importer of 
country i for that good. These indices capture the asymmetries induced by the geometry of trade 
network and are related to the number and weights of links of each player. Importantly, these indi-
ces, in the special case of homogeneous preferences with discount factors equal to 1, are equivalent 
to the probabilities that player i is selected as exporter or importer (both as proposer and as 

(4)Yi (exporter) =
1

Nexp

∑
j

zij

TotalExporti
�ij +

1

Nimp

∑
j

zij

TotalImportj
(1 − �ji)

(5)Yi (importer) =
1

Nimp

∑
j

zji

TotalImporti
�ij +

1

Nexp

∑
j

zji

TotalExportj
(1 − �ji)

 8 1

Nexp

∑
j

zij

TotalExporti
�ij and 1

Nimp

∑
j

zji

TotalImporti
�ij.

 9 1

Nimp

∑
j

zij

TotalImportj
(1 − �ji) and 1

Nexp

∑
j

zji

TotalExportj
(1 − �ji).

 10We focus on the special case where players are indifferent to postpone the agreement (� is the cost to delay); in this 
case, the bargaining outcome is independent of the identity of the first proposer.

 11∑
j

zji

TotalImporti

1

1+ �
 and 

∑
j

zij

TotalExporti

1

1+ �
 are equal to 1

1+ �
, given that � does not vary for each j.

(6)�i (exporter) =
1

2

(
1

Nexp
+

1

Nimp

∑
j

zij

TotalImportj

)

(7)�i (importer) =
1

2

(
1

Nimp
+

1

Nexp

∑
j

zji

TotalExportj

)
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respondent) of a commodity, given the communication network.12 We can therefore interpret this 
distinctive index of bargaining power (computed when all players are indifferent to delay the agree-
ment) as a network-adjusted market share. As an attentive reading of expressions (6) and (7) reveals, 
these indexes balance the overall number of agents (importers and exporters) in the network, with 
the number of actual connections of a firm/sector and with the relevance of these connections, in 
terms of percentage of exports/imports covered. All else equal, the network-adjusted market shares 
will decrease in the number of exporters/importers and will increase in the number and strength of 
actual trade links.

To better understand why our network-adjusted index differs from the more standard index of 
market share, apart from the presence of the reciprocal of the number of exporting or importing 
countries, we may, for example, rewrite (6) as:

where the first term after the summation is the contribution of an exporting transaction to the stan-
dard market share, which does not depend on the trading partner, whereas the weight provided by 
the multiplicative term does depend on the trading partner, and in particular on its relative impor-
tance with respect to the overall market. Only when that weight is equal to one does an additional 
export transaction alter standard market shares in the same way as network-adjusted market shares. 
Whether an additional export transaction is carried out in a country already part of the trading net-
work or not does not matter for the standard index of market share, but it generally does for the 
network-adjusted index of market share, unless some kind of symmetry between trade partners is 
assumed.

We illustrate in the following Figure 1 two examples of trade networks where the number N 
of exporters equals the number N of importers or, in other words, where all the players are both 
exporters and importers. In this special case (a fully connected network), the two previous equa-
tions simplify into Equations (8) and (9):

In the example in panel A of Figure 1, high variable trading cost prevents firms in countries 
a and d from trading. Total exporter market shares (Exporter MS) are equal for all firms in the 
various countries and do not capture the asymmetry of the trade network. Differently, our index 

 12pr(i)= 1

2

�
1

Ni
+

∑
j

1

Nj

�
prji

��
 where Ni is the number of proponents; Nj, the number of respondents; and prji, the 

probability that j select i as a respondent.

(6a)�i (exporter) =
1

2

⎛⎜⎜⎜⎝
1

Nexp
+

�
j

zij

TotalImports
∗

1
Nimp ∗TotalImportsj

TotalImports

⎞⎟⎟⎟⎠

(8)�i (exporter) =
1

2N

(
1 +

∑
j

zij

TotalImportj

)

(9)�i (importer) =
1

2N

(
1 +

∑
j

zji

TotalExportj

)
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of adjusted market shares captures the asymmetry of the communication structure, where firms 
in countries b and c have a larger bargaining power, given that they are in contact with more trad-
ing partners. The same argument applies to the players in the trade network of Figure 1, panel 
B. Export market shares are not able to properly measure the impact of trade network asym-
metry, which is captured by our index. Similar arguments apply to the importer market shares. 
Notice that the difference between market shares and adjusted market shares is not uniquely 
determined by the number of trade partners, but by the overall network structure, as in the case 
exporters c and d in Figure 1, panel B.

When the asymmetry of the trade network increases, as is the case where in a relatively bal-
anced market new producers enter the market or importers exit the market (consumer concen-
tration), the value of market share and network-adjusted market share can deeply diverge. This 
is shown in Figure 2, where market shares and network-adjusted market shares are computed 
for two different goods exported by firms in the United States. We clearly observe a negative cor-
relation for the two different indices, after China began to open its economy, entering GATT in 
1986. Notice that global exporter market shares for the two sectors do not fully account for the 
increasing bargaining power of firms in competing countries. Another comprehensive example 
about the incomplete information given by global market shares is when an exporter absorbs 
market shares of firms operating in other exporting countries (producer concentration). In this 
case, global market shares of the remaining competitors are not affected, as they keep exactly the 
same share as the one they have before the concentration, while the value of our indices change. 

F I G U R E  1   Exporter and importer network adjusted market shares for two hypothetical network structures
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Notably, our index increases more than the global market share for the exporter concentrating 
production, given that the asymmetry of the trade network increases.

For example, let us consider four exporting (a, b, c and d) firms of a given commodity, possibly 
located in four different countries (though this is inessential) There exist three importers (A, B 
and C), of different sizes. A imports 50, and B and C import 25 each. The initial trade configu-
ration has a and b exporting 25 each to A, while c and d export 25 to, respectively, B and C. The 
standard market shares of the four exporters is the same, 25%, as each of them accounts for a 
quarter of total exports (or imports) of this commodity. However, given the difference in relative 
(bilateral) market shares among the fours exporters, the initial network-adjusted market shares 
will differ, and be equal to 5/24 for a and b, and 7/24 for c and d. The larger market shares in the 
individual markets featured by c and d turn into a higher adjusted market share.

To have a better grasp of the dynamics of the adjusted market share indexes, let us now 
compare two hypothetical developments in the trade configuration, both in the direction of 
producer concentration. The first case is that of a absorbing b, and the second is a absorbing 
c. The main difference between the two is that in the second situation, exporter a diversifies 
its outlets, as it will serve both importers A and B. The new network-adjusted market shares of 
exporter a after the two alternative acquisitions are, respectively, 1/3 and 5/12, showing that in-
creasing the number of outlets yields a higher bargaining power, although in the two cases the 
global market share is the same (it rises to 50%). The adjusted market shares of the remaining 
exporters (c and d in the first case, b and d in the second) also increase, given the decrease in 
the number of exporters, though to a smaller extent, and even if their (standard) market shares 
remain the same.

That the asymmetries in trade networks might play an important role in shaping currency 
choices was shown by the Survey work of Friberg and Wilander (2008), illustrated in Section 2.

It should be stressed for clarity that, for all our purposes in the sequel, the relevant indexes 
will be computed for finely disaggregated production sectors, which therefore constitute the ref-
erence units of our analysis (both theoretical and empirical). The implicit assumption is that all 
(importing and exporting) firms, within those precisely defined sectors, enjoy similar bargaining 
power and behave symmetrically. This is why, to compute our indices, we use the number of 
exporting and importing countries of a particular commodity.

F I G U R E  2   Exporter market shares and network adjusted exporter market shares for two products exported 
by US firms, from 1960 to 2000[Colour figure can be viewed at wileyonlinelibrary.com]

Network adjusted and Global market shares for USA,
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In what follows, we will verify in a reduced form that the bargainers’ adjusted network posi-
tion, defined by our index, has the predicted impact on choice of the invoice currency. A theoretic 
explanation of the bargaining mechanism is provided in Appendix A.

4  |   DATA, EMPIRICAL MODEL AND RESULTS

4.1  |  Data and preliminary evidence

We compute the network-adjusted market share specified in Equations (6) and (7) using the UN-
Comtrade data for the year 2010 at the 5-digit SITC Rev. 4 industry level, for all available coun-
tries and sectors. The index is added to a data set representing the universe of Italian imports and 
exports—external to EU—recorded by the Agenzia delle Dogane e dei Monopoli in Italy in 2010, 
almost at transaction level, augmented with a set of control variables.13 Each observation con-
tains information on the country of origin or destination, value, weight, invoicing currency, ref-
erence exchange rate and date.14

Transactions having the same trading partners, industry code (at the 10-digit-harmonised ser-
vice level), currency, time period and reference exchange rate are aggregated by the data provider 
into one observation. Each observation includes an average of 8 transactions for Italian imports 
and 7.7 for Italian exports, while the median is equal to 2 for both data sets.

In merging the network-adjusted market share index computed from the UN-Comtrade data 
with this data set, we lose some observations due to the lack of some reported trades in the UN-
Comtrade data and, to a minor extent, to the fact of moving from HS10 to the 5-digit SITC Rev. 
4 classification. Nevertheless, we have been able to keep more than 71% of the observations for 
the export data—76% in terms of value—while for the import data, we are able to keep more than 
81% of the observations—60% in terms of value.

The large difference between the total value of trade matched in the import data set comes 
from the lack of recorded data in the UN-Comtrade about large transactions of oil, originating 
mostly from a few countries in Asia and Africa. These missing oil transactions account for 
roughly 67% of the difference. For the same reason, the average total value of trade transac-
tion in the full sample of Italian import is higher than in our reduced sample. This is rather 
irrelevant given that our study is about the determination of the currency denomination of 
trade and oil is predominantly invoiced in U.S. dollars (USDs) and not particularly susceptible 
to firm-level concerns. Checking for the consistency of our data, we do not find other relevant 
differences between the original transaction data set and our reduced sample, as reported in 
Tables 1 and 2.

The distribution of our network-adjusted market share (computed in Equations 6 and 7) 
is very close to a lognormal distribution, as shown in Figure 3, where the distribution of 
network-adjusted market shares for Italian exporting sectors is plotted against that of the cor-
responding importing sectors in the left panel, and the distribution of the network-adjusted 
market shares for Italian importing sectors is plotted against that of the corresponding export-
ing sectors in the right panel. A cursory inspection of those distributions suggests that Italian 
firms tend to trade with foreign firms in countries and industries with less bargaining power, 

 13This data set was already used by Witte and Ventura (2016) and is described in more detail there.

 14Date includes only the year and a two-month reference period.
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and the average value of our index is higher for both Italian export and import with respect to 
the trade counterparts.

In our empirical analysis, we will use the ratio of exporter and importer network-adjusted 
market share indices to define what kind of players predominate in the network. Intuitively, a 
ratio greater than 1 characterises exporter-driven networks, while an average ratio smaller than 
1 characterises importer-driven networks, and we conjecture that in a bargaining process, the 
most likely adopted invoice currency is that of the country whose firms/sectors enjoy the highest 
network-adjusted market share index ratio. Therefore, if the index is greater than 1 we expect 
to observe more transactions invoiced in the exporter (producer) currency, while if the index is 
smaller than 1, we would expect more transactions invoiced in the importer (local) currency. By 
taking the log of ratios (which makes the mean a consistent statistic for the first moment of the 
index, given its approximate lognormal distribution), all of our previous considerations should 
hold, with a cut-off value of 0 instead of 1.

What our data reveal—as shown in Table 3—broadly confirms our expectations. The mean of 
the log of our index ratio for the Italian export data set is equal to 1.41; Italian exports disclose an 
exporter-driven network structure, and indeed, most of the transactions (73%) are settled using 
the producer currency, as expected.

On the contrary, Italian imports exhibit an importer-driven network structure (the average of 
the log of the ratio is equal to −0.62) with most of the transactions denominated in the local—
importer—currency (37%) rather than in the producer currency (20%).

These findings are illustrated graphically in Figure 4. The higher the value of the ratio, the 
more likely for the invoice currency to be settled in the producer currency (PCP), while the lower 
that ratio, the more likely we are to observe transactions denominated in the importer or vehi-
cle currency (LCP + VCP). Notice that the percentage of transactions settled in the producer 
currency exactly equals the percentage of transactions settled in local or vehicle currency when 
the log value of our ratio is equal to 0. This visual evidence strengthens our intuition that the 
network bargaining power of exporter and importer plays a relevant role in the determination of 
the invoice currency.

A simple OLS regression (results in Appendix B, Table A1) confirms our visual findings. The 
exporter's sector network-adjusted market share is positively related to producer currency pricing 
and negatively correlated with local and vehicle currency pricing, in terms of both number of 
transactions and value. Conversely, a higher Importer's sector network-adjusted market share is 

F I G U R E  3   Network adjusted market share distribution for Italian exports and imports[Colour figure can be 
viewed at wileyonlinelibrary.com]
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negatively related to producer currency pricing while exhibiting a positive relationship with the 
share of local and vehicle currency. The variance of the invoice currency's share explained by our 
index ranges from about 14% to about 24%15 and is higher than it is the case for the standard global 
sector market share.16 Moreover, the effect of our index is robust to the inclusion of global sector 
market shares, as reported in panel c of Table A1. The network effect is only slightly affected by the 
inclusion of global market shares, confirming the non-redundancy of the information included in 
our novel index. Using data only for differentiated goods, as shown in Appendix B, Table A2, im-
proves the fit of our model. Therefore, the network dimension of our index seems to better deter-
mine the currency invoicing decision than simple global market shares. This is further confirmed 
by the results reported in Appendix B, Table A3, when exporter–importer pairs and sector (at the 
5-digit SITC level) fixed effects are considered. Controlling for this very rich set of fixed effects, we 

 15With a log specification of the bargaining index, R-squared approaches 40% for almost all the invoicing currency 
shares.

 16R-squared statistics for the global sector market shares range from about 12% to 19%.

T A B L E  3   Percentage of transactions value in producer (PCP) or local (LCP) currency and average of the log 
of ratio between the exporter's and importer's network-adjusted market shares

ln
(

�i(exporter)

�i(importer)

)

% of transaction in the data set with 
producer or local currency

Mean Std dev % PCP % LCP (% PCP)/(% LCP)

Italian export 1.41 0.86 73% 8% 9.13

Italian import −0.62 1.20 20% 37% 0.54

Note: Italian exports disclose an exporter-driven network structure with most of the transaction settled in the producer 
currency while Italian imports exhibit an importer-driven network structure with a larger share of trade invoiced in the local 
currency rather than in the producer currency.�i (exporter) and �i (importer) are specified in Equations (6) and (7).

F I G U R E  4   Percentages of sector transactions in Producer (PCP) and Local or Vehicle (LCP + VCP) 
currency conditioned to the log of the ratio of the network adjusted market shares[Colour figure can be viewed 
at wileyonlinelibrary.com]
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are able to control for most of the cofounding factors influencing the invoicing decision, which do 
not depend on our network-adjusted market shares, as implied by our theoretical framework, and 
which are reported in Appendix A1, Equation (A6). An increase of 1 p.p. in the exporter's network-
adjusted market share increases the share of transaction invoiced in the producer currency (PCP) 
by 0.35%, while the same increase in the importer's network-adjusted market share decreases the 
PCP share by −0.2%. The same result does not hold when we consider global market shares. After 
controlling for exporter–importer pairs and sector fixed effects, a positive coefficient is reported for 
the importer's global market shares. The higher the market share of the importer, the higher is the 
share of transaction invoiced in the producer currency, which is at odd with intuition and theory. 
This seems robust evidence, at least for all the transactions involving Italian imports and exports, 
that the asymmetry of the trade network plays a relevant role in the invoicing currency decision.

4.2  |  Empirical model and results

Following Witte and Ventura (2016), we estimate our model using a multinomial probit model 
instead of a multinomial logit to exclude the assumption of the independence of irrelevant 
alternatives.

The currency denomination decision is expressed by three options: producer (PCP), local 
(LCP) or vehicle (VCP) currency pricing. Weighting the regression by value, we give more weight 
to observations associated with larger transactions, thereby providing a more accurate picture 
of the aggregate behaviour of the Italian imports and exports through the following model 
specification:

where InvCurri,j,z is the invoicing currency of the Italian imports from the trading partner i, or the 
Italian exports to the trading partner j, for the good traded in the transaction z. ExpSectorBPi,k is our 
exporter sector network-adjusted market share index computed in Equation (6) for sector k of the 
good exported in transaction z by country i, while ImpSectorBPj,k is the importer's network-adjusted 
market share index computed in Equation (7) for sector k in country j. Xi,j,k is a vector of control 
variables including standard controls (modified Herfindahl Index of exports–imports of good, one 
binary variable taking value 1 if the value of trade is in the lowest or highest quartile, one binary 
variable indicating whether a good is classified by the Rauch classification as homogeneous or dif-
ferentiated, exporter/importer weekly exchange rate volatility relative to EUR over last 3 years, ex-
porter/importer weekly exchange rate volatility relative to the USD over last 3 years) and geographical 
controls (the log of distance between the two trading partners, binary variables accounting for the 
presence of a bilateral investment treaty or for a bilateral tax treaty), which are supposed to affect the 
relative utility to invoice in own currency.17Ii,j,k is a vector of binary variables controlling for the most 
often observed trading partners (the first 8 importers and exporters18) and sector fixed effects (at the 
one-digit SITC industries19). The inclusion of fixed effect, which allows us to control for some rele-

(10)Pr (InvCurri,j,z|Y = PCP,LCP,VCP) = Φ
(
�0 + �1ExpSectorBPi,k + �2ImpSectorBPj,k + �3Xi,j,k + �4Ii,j,k

)

 17Because the frequency of the played strategy increases with the associated utility, we need to control for factors 
influencing the PCP, LCP and VCP utilities.

 18The other importer–exporter dummies are excluded for multicollinearity and to prevent unfeasible results.

 19For feasible estimates, we limit the industry fixed effect at the one-digit level.
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vant unexplained heterogeneity, makes us less worried about possible endogeneity concerns, in par-
ticular those related to the omitted variable bias. Moreover, as mentioned in the previous section, 
even including dummies for exporter–importer pairs and sectors (at the 5-digit SITC level) does not 
alter our main findings, in the context of an OLS analysis. Clearly, it would be much better if we 
might control for firms’ heterogeneity, as suggested in Fabling and Sanderson (2015), but this is not 
made possible by our data set.

If the currency determination is affected by the traders’ outside options, we should ob-
serve a significant contribution of our network-adjusted market share index in Equation (10). 
If paying in own currency is the preferred choice, the coefficient of the exporter network-
adjusted market share index should exhibit a positive sign for the producer currency pricing 
(PCP), as sectors in countries with a large adjusted market share are more likely to invoice in 
their own currency. Likewise, the importer's adjusted market share should increase the likeli-
hood of local currency pricing (LCP)—importers with a high index are more likely to invoice 
in their currency. The ratio between the two measures should exhibit an opposite contribution 
for PCP and LCP, assuming there is a threshold above (below) which a sector in a country is 
more (less) likely to invoice in its own (in the partner's) currency. Lastly, to avoid multiple 
equilibria due to equivalent dominant strategies, we exclude transactions where exporters or 
importers have a currency peg to Euro or US dollar. Results are shown in Table 4, where VCP 
is selected as the base outcome.

The coefficients of our indices all exhibit the expected sign and significance. Transactions in 
sectors with greater adjusted market shares are more likely to be invoiced in own currency rather 
than in a vehicle currency, while the network-adjusted market share of the trading partner has 
an opposite effect (models 2 and 5 of Table 4). This is strongly confirmed in models 3 and 6, 
where we compute the log of the ratio between the exporter's and importer's adjusted market 
shares. When the ratio takes a positive value, we are more likely to observe transactions in the 
producer currency, while negative values increase the likelihood that transactions are priced in 
the consumer (local) currency. Remarkably, this effect is robust to the inclusion of standard sec-
tor market shares.20

By looking at Table 4, we realise that the ratio of adjusted market share indices explains the 
currency invoice decision better, also in terms of statistical significance, than the standard global 
market share. This finding, coupled with the results in Tables A1 and A2 in Appendix B, is a clear 
indication that our index contains some specific and relevant informative and explanatory con-
tent, over and above what is proxied by global market shares.21

For robustness checks, we report in Table 5 another set of estimates of the previous parame-
ters, controlling for a larger set of control variables,22 which are detailed in the notes to the table. 
Moreover, in models 4 and 5 of Table 5, we compute our index excluding market shares of sectors 

 20Exporter, exporter-squared and importer sector market shares, as shown in model one and four. Results do not 
significantly change excluding the squared effect.

 21We also ran additional regressions, whose results we did not include for brevity, where only the second component of 
the network-adjusted market share index was included. Those regressions showed that the second component, which 
incorporates a network dimension, accounts for most of the explanatory power of the index, which is preserved even 
once global market shares are accounted for.

 22EMU's market share of world exports and imports of good, % of Italian exports (import) with destination (from other) 
EMU for that industry, % of EMU exports/imports (all but Italy) to/from world for that industry, % of Italian exports/
imports that go to/come from the United States in that industry.
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in the partner country, to prevent possible endogeneity due to shocks that could contemporane-
ously affect both the bilateral value of trade and the invoicing currency. Results remain signifi-
cant and consistent with our previous estimates.

In Appendix B, we reported other robustness test. To verify that our findings are not due to 
particular trading patterns emerged in 2010, we estimated the parameters of Equation (10) on a 
new data set including only Italian imports23 from 2003 to 2008. As in model 3 of Table 5, we re-
port the impact on PCP and LCP of the logarithm of the ratio between our exporter adjusted 
market share and importer adjusted market share indices, to assess the impact of bargaining 
power on the invoice currency choice in different years. Results reported in Tables A4 and A5 
broadly confirm our previous findings. PCP is positively affected by higher values of the ratio, 
while the impact on LCP is negative. Moreover, the coefficients that are estimated separately for 
the different years are quite stable, especially for the PCP dependent variable. For the LCP-
dependent variables, we observe coefficient values that are slightly decreasing in time. Exploring 
this trend, we realise that Italian industries with higher bargaining power increased their invoic-
ing in USD during the Euro crisis. This seems a behaviour that is fully compatible with the equi-
librium solution of a mixture strategy with 3 currencies, where the utilities to invoice in the 
vehicle currency is higher than the utility to invoice in the own currency.

5  |   CONCLUSIONS

In this analysis, we introduced a new index to measure the relative bargaining power of importer 
and exporter in real trade networks, which accounts for restrictions and asymmetries of the com-
munication structures. When all members of the network are indifferent to delay the agreement 
with other parties, our index equals a network-adjusted market share that supports the idea of a 
bargaining process in the determination of the currency denomination of trade. Our results suggest 
a robust and large effect of the trading position on the currency denomination of trade, over and 
above the effect of global sector market shares. The asymmetry of the communication structure (de-
fined by the trade network), influencing the bargaining possibility of each player, modifies the mix-
ture strategy played by each competitor for the determination of the invoice currency. Transactions 
are more likely to be priced in the producer currency if the asymmetry of the trade network reduces 
the trading possibilities of the importers. Conversely, exporters are less likely to invoice in their own 
currency if the asymmetry of the network increases the trading possibilities of importers.

We contribute to the literature on the currency denomination of trade by suggesting that trade 
network structures are quite relevant, in the frame of a bargaining process. Those features should 
be included in future theoretical models and used as controls in future empirical research.

As policy implications, we suggest that policymakers increase their efforts not only in boost-
ing trade among their given set of trade partners but to pay attention to the diversification of ex-
port and import markets to avoid weakening their bargaining power in their trade relationships. 
Concentration of exporting or importing firms in few countries should be attentively monitored 
and possibly avoided, for the same purpose. As is the case for the determination of an invoice cur-
rency, negotiating with partners having a higher bargaining power tends to be less favourable to 
the weak party, with obvious and important implications in terms of exchange rate pass-through 
and monetary shock dependence. Furthermore, while we have looked solely at the role of the 
network-adjusted bargaining power to determine currency denomination of trade, it is possible 

 23Unfortunately, we obtained data on exports only for 2010.
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that other features of trade transactions (price, quantity and timing) or characteristics of trade 
agreement (governing law and jurisdiction in international contracts, protection of designations 
of origin or trademark and intellectual property) may equally be sensitive to the role of network 
structure, with important consequences on national welfare. We would then suggest that our re-
sults, if suitably extended, may not only enhance our understanding of the currency denomina-
tion of trade but could also shed light on a variety of other bargaining-related issues. Ultimately, 
our findings have relevant implications even for consumer welfare, whenever the collusion and 
competition policies rely upon market shares for assessing firms’ bargaining power.
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APPENDIX A

Mixture strategy as an equilibrium solution for invoice 
currency decisions

In a simple framework, as described in Viaene and De Vries (1992) where home currencies are 
the preferred monetary regimes for both parties in the transaction, and where the traders hedge 
to cover their currency risks, the exporter and the importer have opposite preferences relative to 
the invoice currency decision. Usually, invoicing in a foreign currency is partially suboptimal; 
firms and consumers try to invoice in their own currencies, and the partner can accept or reject 
this decision, and even terminate the negotiation. In this classical bargaining process, if the part-
ner stops the negotiation, the two players may propose another offer to another firm or consumer 
in the same trading country or to a different player located in a different country.24 Likewise, the 
player that rejected the initial offer can invite bids from other firms or consumers. The relative 
value of these outside options will be captured by our network-adjusted market share index, 
which is a function of the ex-ante payoff that the players can achieve conditional on their posi-
tions in the network,25 and it is equivalent to the probability to be chosen or to choose in a new 
negotiation, when players have a unit discount factor. Within this framework, firms and 

 24Given the lack of complete producer–consumer network microdata, we are forced to use national sector data; we 
therefore simplify this setting assuming to have only one monopolistic firm and one representative consumer for each 
traded good. Alternatively, we can ease this restriction by considering that oligopolistic firms and consumers in the 
same sector coordinate their choices.

 25Theoretically, in a bargaining process, when two players have the possibility of opting out, Rubinstein's equilibrium 
(Rubinstein, 1982) could be broken (Ponsati & Sákovics, 1996) deviating from the outside option principle (Binmore et 
al., 1989). Consequently, the bargaining outcome depends on the size of the outside options, as shown by Cunyat 
(1998), Li et al. (2004) or Manzini and Mariotti (2004), and the relative bargaining power increases in the own outside 
option and decreases in the partner's outside option.
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consumers contact different counterparts and bargain with them in order to obtain their best 
solution, in terms of invoice currency.

For illustrative purposes, we simplify our model considering only two invoice currencies, in 
order to obtain the simplest unique feasible solution. Transactions between each importer–
exporter pair can be priced in the producer (exporter) or local (importer) currency. The exporter–
importer pair bargains over the invoice currency, and both counterparts can opt out, leaving the 
negotiation.26

The standard equilibrium solution to this kind of bargaining problem is proposed by Kalai and 
Smorodinsky (1975) (KS, in the sequel), that substituted the condition of independence of irrel-
evant alternatives of the Nash (1950) bargaining equilibrium with a resource monotonicity as-
sumption,27 keeping all other axioms.28 Following KS, the solution to the bargaining problem is 
computed as the maximal utility point equalising the relative gain of players, namely:

where, for player i, Ui is the utility level, di the utility of opting out and Umax
i

 the maximum utility 
level that the player can achieve. The same applies for player j. Given that the transaction can be 
settled in producer or local currency, the two players maximise their utility (Ui,j) with a mixture 
strategy, solving the system described by Equation (A2).

UPCP
i

 and ULCP
j

 are respectively the utilities of player i and j when the transaction is producer 
currency priced (PCP) or local currency priced (LCP).29 xij and yij are the percentages of time that 
options PCP or LCP are chosen by the bargaining pair ij, and they are equivalents to the percent-
age of transactions carried out by PCP or LCP. The maximum utility level, Umax, that player i or 
j can achieve is obtained when the own currency, PCP or LCP, is chosen.

Solving the maximisation problem of Equations (A2)30 in xij, we compute the average share of 
time that the bargainers i and j choose to invoice in the producer currency (PCP); namely:

 26After opting out, exporter and importer look for another counterpart conditional on their communication network.

 27As stated by Kalai and Smorodinsky (1975) ‘If, for every utility level that player 1 may demand, the maximum feasible 
utility level that player 2 can simultaneously reach is increased, then the utility level assigned to player 2 according to 
the solution should also be increased’.

 28Pareto optimality of the returned agreement, symmetry and invariance to affine transformation. A further obvious 
condition is that the utility from disagreeing must not be greater than the utility of agreeing, for both players.

(A1)
Ui − di

Umax
i

− di
=

Uj − dj

Umax
j

− dj

(A2)

max
Ui−di

UPCP
i

−di
=

Uj−dj

ULCP
j

−dj

Ui= xijU
PCP
i +yijU

LCP
i

Uj= xijU
PCP
j +yijU

LCP
j

s. t. x+y=1 and x, y≥0

 29The local currency may also be defined as the consumer or importer's currency.

 30To solve the maximisation problem, we need to substitute Ui = xijU
PCP
i

+ yijU
LCP
i

 and Uj = xijU
PCP
j

+ yijU
LCP
j

 in the 
first equation, with y = 1 − x .
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Defining party i as the exporter and j as the importer, we note that the percentage of time (or 
of transactions) option PCP is chosen is clearly decreasing in the value of the importer's outside 
option (dj), and increasing in the value of the exporter's outside option di. Notice that UPCP

i
−ULCP

i
 

is always greater than zero, as long as the half-variance of the exchange rate of the producer over 
local currency is greater than the covariance between the marginal cost of producing and the 
exchange rate—as shown by Devereux et al. (2004)—or, in other words, as long as the exporter 
prefers to invoice in the own currency. We further assume that ULCP

j
−UPCP

j
 is greater than zero, 

given that even the importer prefers to invoice in her own currency.31

As our bargaining power index (with the unit time discount factor) is equivalent to the prob-
ability to be chosen as a partner in the negotiation, conditional on the position in the directed and 
weighted network �, the outside option di is equal to:

where pr (b = i|�) is the probability that the counterpart i is chosen as a bargainer, given the trade 
network structure � is equal to our network-adjusted market share. E

(
Ui|b = i

)
 is the expected util-

ity achieved by i, when i is chosen as a bargainer, while the utility to do not bargain is obviously equal 
to 0.

Defining

we derive the following expectations:

Given that the bargainers know their own utilities when producer or local currencies are cho-
sen, it is straightforward to note that the expected payouts depend only on the expectations about 
the number of time that the PCP option will be chose in the next steps of the game. Defining 
1

J

∑J
j

�
xij
�
= Ei

�
xij
�
= xi, we can rewrite the outside options as:

(A3)xij =

(
UPCP
i

−ULCP
i

) (
ULCP
j

− dj

)
[
2
(
UPCP
i

ULCP
j

)
−ULCP

i
ULCP
j

−UPCP
i

UPCP
j

]
− di

(
ULCP
j

−UPCP
j

)
− dj

(
UPCP
i

−ULCP
i

)

 31To define the preferred currencies of the two counterparts is not the aim of this paper, as there is already an 
exhaustive literature dealing with it. Our goal is to disclose the role of the communication network on the invoicing 
currency, underlying the effect of the asymmetry of the network.

di = pr (b = i|�) ∗ E (
Ui|b = i

)

E
(
Ui|b = i

)
= E

[
xijU

PCP
i +

(
1 − xij

)
ULCP
i

]
and E

(
Uj|b = j

)
= E

[
xijU

PCP
j +

(
1 − xij

)
ULCP
j

]

(A4)
E
(
Ui|b= i

)
=
1

J

J∑
j=1

[
xij

(
UPCP
i −ULCP

i

)
+ULCP

i

]

E
(
Uj|b= j

)
=
1

J

J∑
i≠j

[
xij

(
UPCP
j −ULCP

j

)
+ULCP

j

]

(A5)
di=pri

[
xi
(
UPCP
i −ULCP

i

)
+ULCP

i

]

dj=prj

[
xj

(
UPCP
j −ULCP

j

)
+ULCP

j

]
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The outside option, di, is a function of pri (the probability to be chosen as a bargainer in the 
network, that is equivalent to our network-adjusted market share), xi (the i's expectation that her 
own currency is chosen), and of the payout utilities, UPCP

i
 and ULCP

i
.

Plugging Equation (A5) into Equation (A3), we can rewrite the percentage of time that the PCP 
option is chosen as a function of our index pri, the counterparts’ utilities UPCP,LCP

i,j
 and the coun-

terparts’ expectations (xi, xj). Defining �ij =
[
2(UPCP

i
ULCP
j

−ULCP
i

ULCP
j

−UPCP
i

UPCP
j

)
]

As an example, we consider the special case of symmetric payouts, with 
UPCP
i

= ULCP
j

= 2ULCP
i

= 2UPCP
j

= 2U. In this special case, Equation (A6) simplifies to:

Under the hypothesis of exogeneity of expectations (xj and xi), for example for large I and J, it 
is straightforward to show that an increase in the partner's adjusted market share (prj) decreases 
producer (i) currency invoicing, while an increase in the own adjusted market share (pri) in-
creases producer currency invoicing.

(A6)

xij =
(UP

i
CP −UL

i
CP)(UL

j
CP − prj[(xj)(U

P
j
CP −UL

j
CP) +UL

J
CP])

�ij − pri[(xi)(U
P
i
CP −UL

i
CP) +UL

i
CP](UL

j
CP −UP

j
CP) − prj[(xj)(U

P
j
CP −UL

j
CP) +UL

J
CP](UP

i
CP −UL

i
CP)

(A7)xij =
2 − prj

(
2 − xj

)

4 − pri
(
xi + 1

)
− prj

(
2 − xj

)
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