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1 Introduction

China has been trying to internationalize the RMB. An international currency in general serves

three functions: unit of account, medium of exchange and store of value. Regarding the “medium

of exchange” function, the use of a currency for international payment (such as for settlement of

trade and financial transaction) is an important indicator of its international use. International

payment can be for different purposes, such as trade settlement, settlement of financial transaction

or settlement of foreign direct investment. We want to have a quantitative model to explain bilateral

flows of payments between country pairs denominated in RMB. In order to do that, we first build a

quantitative model to explain bilateral flows of payments by currency. Then, based on this model,

we would carry out some counterfactual experiments to predict the payment share of the RMB in

the world. These counterfactuals include hypothetically increasing China’s financial development

and openness, hypothetically increasing China’s GDP, and forecasting the future by assuming some

hypothetical values of future growth rates of different countries in the world and China’s level of

financial development and openness.

We use a gravity model to explain the bilateral flows of payments by currency between country

pairs. The rationale for using the gravity model is that flows of bilateral payments are largely

driven by cross-border settlement of trade, direct investment, portfolio investment or foreign ex-

change transactions that support these activities (and thus closely correlated with the sum of trade

settlement and investment settlement). Theoretically, all these activities are positively related to

the economic sizes of the origin and destination countries and negatively related to “flow friction”

between the two countries, such as distance.

Trade settlement is closely correlated with trade flows. Regarding trade flows, we conjecture

that the flow friction is affected by bilateral trade costs such as distance, common colonial heritage

and common legal systems (the effect is either + or -). Investment settlement is closely correlated

with investment flows. Regarding investment flows, we conjecture that the flow friction is mainly

affected by distance, which proxes for information friction between the origin and destination

countries. We conjecture that the choice of currency for trade payment (i.e. trade settlement) is

affected by a set of currency-specific factors, such as the trade share of the issuing country in the

origin (destination) country, average transactions cost into and out of the currency (e.g. bid-ask

spread), thick market externalities of the currency (captured by the financial development and

openness and the GDP of the issuing country), co-movement between the currency and the origin

(destination) currency, coalescing effect (captured by GDP of the issuing country). We conjecture

that the choice of currency for investment payment (i.e. investment settlement) is affected by a

subset of these factors.
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Based on the above conjectures, we run two sets of regressions to test our hypotheses. In the

first set of regressions, we find that, as conjectured by the gravity model, the bilateral payment

flow between two countries, aggregated over all currencies, is significantly and positively affected

by the GDPs of the origin and destination countries but significiantly and negatively affected by

the distance between them. Thus, the gravity model for bilateral payments flows aggregated over

all currencies is strongly supported empirically. We incorporate the following fixed effects in the

regression: origin (destination) country fixed effect (so as to capture the resistance of the country

to inward/outward trade/investment flows) and year fixed effect (so as to capture business cycle

effect).

In the second set of regressions, we find that, again as we conjectured, the value of the bilateral

payment flow between two countries denominated in a given currency is significantly and negatively

affected by distance but significantly and positively affected by: the GDP of the origin (destination)

country, the trade share of the issuing country in the origin (destination) country, the GDP share

of the issuing country, and the co-movement between the exchange rates of the currency of the

origin (destination) country and the currency in question. Most importantly, it is significantly and

positively affected by the “share ratio” (ratio of the foreign exchange turnover share of the currency

to the GDP share of the issuing country), which is strongly correlated with both the relative capital

account openness and the relative level of financial development. Like in the case of payment flows

aggregated over all currencies, we incorporate the origin (destination) country fixed effect and year

fixed effect.

Next we carry out counterfactual thought experiments based on our regression model to predict

the potential of RMB to be a significant payment currency. We conjecture that as China’s capital

account becomes more open and the financial market becomes more developed, the share ratio of

China increases. Thus, by hypothetically changing China’s share ratio, while leaving everything

else equal, we can predict the effects of China’s financial development and openness on the payment

shares of all currencies, including the RMB. Similarly, by hypothetically changing China’s GDP

while leaving everything else equal, we can predict the effects of China’s economic size on the

payment shares of all currencies, including RMB.

In the first set of counterfactual thought experiments, we try to “predict” what would have

happened in the past. We find that, in 2016, if China’s level of financial development and openness

increased to that of Japan but China’s GDP remained unchanged, the RMB would become the

third payment currency with a payment share of 17%, compared with 39% for the USD and 20%

for the EUR. On the other hand, in 2016, if the RMB’s level of financial development and openness

remained unchanged but its GDP increased to that of the US, the RMB would only be the sixth

payment currency with a payment share of 2.4%, compared with 55% for the USD, 20% for the

2



EUR, 5.4% for the GBP, 5% for JPY and 4.2% for the CAD. Thus, the increase in the level

of financial development and openness would be much more important than the increase in the

economic size of China for the RMB to become a significant global payment currency.

In the second set of counterfactuals, we try to predict the future. We assume that countries

in the world grow at some reasonable rates from 2016 till 2025 (China 5.5%, US 2.5%, Eurozone

1.5%, UK 1.5%, Australia 3.0%, Japan 1%, Canada 3%, rest of the world 4%), and if, by 2025,

China’s level of financial development and openness becomes approximately that of Thailand’s

in 2016, then in 2025 the RMB would be the (distant) third payment currency, with a payment

share of 5.8%, compared with 53% for the USD and 18% for the EUR. The GBP, CAD and JPY

would be following the RMB very closely, with payment shares of 4.8%, 4.3%, 4.2% respectively.

If, however, China’s financial development and openness in 2025 remained the same as that in

2016, the RMB would only be the sixth payment currency, with a payment share of 2.70%, behind

the USD (56.3%), EUR (18.4%), GBP (4.8%), JPY (4.3%) and CAD (4.3%). This counterfactual

shows once again that China’s financial development and openness has a distinctly stronger impact

than its GDP on the extent to which the RMB is used for international payments.

Portes and Rey (2005) is one of the first papers that find that the gravity model performs at

least as well in asset trade as in goods trade. They use a data set of annual bilateral flows of cross-

border equity transaction for 14 countries and eight years (1989-1996). They find that bilateral

equity flow is positively related to the the sizes of the origin and destination markets, measured by

the market capitalization, but negatively related to distance. They argue that distance stands for

information friction/asymmetry between countries, which is the main reason for the negative effect

of distance on the bilateral equity flow.

Okawa and van Wincoop (2012) is a theory paper that investigates the theoretical foundation

of the gravity model in international finance. They note that many empirical work that apply

the gravity model to date have not run the regression properly, in that they omit the source and

destination fixed effects, or they include some variables that should not be there, such as asset

return correlations. The authors note in a footnote that they cannot prove that many existing

empirical gravity specifications have no theoretical foundation, just that there is no existing theory

to justify them. In sum, they show that under certain set of assumptions the gravity model for

bilateral financial flows can be justified, but that relaxing the assumptions in some reasonable

directions renders it impossible to write bilateral asset holdings in gravity form.

There is a literature that focuses on explaining international bilateral net or gross capital flows

among countries based on “push” and “pull” factors. For example, there are papers such as

Fratzcher (2012) and Sarno, Tsiakas and Ulloa (2016) that make use of the factor model to estimate

the percentage of variance of bilateral inter-country net capital flows that can be explained by the
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“push” factors and “pull” factors. The push factors are related to the economic variables of the

origin country such as its output gap, interest rates, and market performance and volatility, while

the pull factors are related to the the destination country’s domestic economic variables such as

output gap and interest rates. Davis, Valente and van Wincoop (2019) (hereinafter DVW) jointly

analyze global drivers of gross flows (outflows plus inflows) and net flows (outflows minus inflows)

by estimating a latent factor model, and find evidence in support of two global factors, the GFC

(global financial cycle) factor and a commodity price factor, being the drivers. These factors

together account for half the variance of gross flows in advanced countries and forty percent of

the variance of gross flows in emerging markets. To assess the relevance of these factors to our

analysis, we calculate the effects of these two factors on bilateral payment flows. However, we do

not find any significant impacts of these factors. A possible reason is that payment flows include

trade payment, direct investment payment, and financial investment payment. The two factors in

DVW only capture capital (i.e. financial) flows. Thus, these factors do not affect total bilateral

payment flows significantly.

Our paper contribute to the literature in several ways. First, we use the gravity model to explain

bilateral flows of payments that include settlements of trade in goods and services as well as portfolio

investment and direct investment. This distinguishes it from either the works that study bilateral

trade flows or bilateral flows of asset transactions or just equity transactions (e.g. Portes and Rey

2005). In other words, we use the gravity model to explain a combination of several types of flows

without distinguishing between them. It is interesting that the gravity model still performs very

well. Second, we are interested in explaining the bilateral flows in payments by currency, which, as

far as we are aware, is the first of its kind. The model therefore can explain the overall payment

shares of different currencies in the world. Third, we do not just estimate the gravity model, but

also carry out counterfactual thought experiments so as to understand the relative importance of

economic size and the level of financial development and openness in determining the payment

share of a currency in the world. We also carry out a counterfactual to forecast the payment share

of a currency (in this case the RMB) in the future.

Many papers in the literature estimate gravity equations for bilateral asset holdings instead

of bilateral flows of asset transactions. They also find that that gravity model performs well

in explaining bilateral asset holdings. This makes sense as there should be a certain positive

relationship between bilateral gross asset holdings and bilateral gross investment flows, since current

gross asset holding of claims on j by i is just the sum of past gross investment flows from i to

j. Nonetheless, the success of the gravity model in explaining asset holdings provides additional

evidence that the gravity model performs well in explaining international payments flows due to

trade, portfolio investment and direct investment.
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Section 2 derives the model used to explain the bilateral flows of payments by currency between

country pairs. Section 3 presents the empirical work. Section 4 presents the counterfactual thought

experiments together with a robustness check and a check on the relevance of the push and pull

factors affecting capital flows. Section 5 concludes.

2 The Model

2.1 Bilateral Payment Flows Aggregated Over All Currencies

Total payment flow from i to j is equal to trade payment flow plus investment payment flow plus

payment for settlement of FX transactions. However, since we ignore payment traffic to/from

CLS, which accounted for a vast majority of the FX transaction settlements, we assume that the

vast majority of the payment flows used in our sample is for trade and investment payments.1

Therefore, we only focus on trade settlement and investment settlement, and assume that total

payment flow from i to j is equal to trade payment flow plus investment payment flow from i to

j. Below, we present the gravity equations for trade payment flows and investment payment flows,

respectively, drawing from the empirical literature of the gravity model. For example, for trade

payment flows, one can refer to Rose and Van Wincoop (2001) or Feenstra (2004, p.161), while for

portfolio investment payment flows (or financial flows), one can refer to Portes and Rey (2005) or

Okawa and Van Wincoop (2012). For using the gravity model to explain bilateral foreign direct

investment flows, one can refer to, say, Bergstrand and Egger (2007).

Trade Payment Flow (in USD)

When bilateral payment flows are all converted into one currency, such as USD, they stand for

bilateral trade flows in the gravity literature. Following Rose and van Wincoop (2001) or Feenstra

(2004, p.161), we can write down the following gravity model for bilateral payment flows.

 = 

Ã

(+)

, 
(+)

,  , 

 , d , 

!

where  is bilateral payment flow from i to j in year t in trillion USD;

 is ln of the GDP of i in trillion USD in year t (time-varying);

1According to Hasbrouck and Levich (2017), “In April 2013, there were 17 CLS-eligible currencies including

the major G-10 currencies plus the Korean won, South African rand, and others. Collectively, these 17 currencies

accounted for 93.7% of global turnover in the 2013 BIS survey although this overstates the potential reach of CLS

because both currencies as well as both counterparties in a trade must be CLS-eligible to settle in CLS. Levich and

Packer (2015) estimate that turnover among all pairs of the 17 CLS currencies measures 90.46% of global turnover.”
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 is ln of the GDP of j in trillion USD in year t (time-varying);

 is an indicator variable that is equal to one if i is the origin country and zero otherwise. It is

an origin fixed effect that captures the multilateral resistance of the origin country  as an exporter

(constant over time);

 is an indicator variable that is equal to one if j is the destination country and zero otherwise.

It is a destination fixed effect that captures the multilateral resistance of the destination country 

as an importer (constant over time);

d is a vector of factors that enhance or inhibit trade between i and j (we include natural

logarithm of distance, common colonial heritage dummy, common legal system dummy) and d =

d (constant over time);

 is a year dummy (or time fixed effect) to capture business cycle effect.

We expect coefficients for  and  to be both significant and positive, while the coefficient

for distance to be significant and negative, and those for common colonial heritage and common

legal system to be significant and positive.

Investment Payment Flow (in USD) (including direct and portfolio investment)

When total bilateral investment payment flows are converted into one single currency such as

the USD, they stand for total bilateral investment flows in the gravity literature. Following Portes

and Rey (2005) and others, we conjecture the gravity equation for bilateral investment payment

flow to be given by:

 = 

Ã

(+)

, 
(+)

,
³


´0
,
³


´0
, d0 , 

!

where  is bilateral investment flow from i to j in year t;³


´0
is an indicator variable that is equal to one if i is the origin country and zero otherwise.

It is an origin fixed effect that captures factors that limit or enhance capital outflows from  (e.g.

capital controls) (constant over time);³


´0
is an indicator variable that is equal to one if j is the destination country and zero

otherwise. It is a destination fixed effect that captures factors that limit or enhance capital inflows

into  (e.g. capital controls, low level of financial development) (constant over time);

d0 is a vector of factors that enhance or inhibit capital flows between i and j (a subset of factors

in d) and d
0
 = d

0
 (constant over time).

We expect the coefficients of  and  to be both significant and positive, while the coefficient
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for distance to be significant and negative. This follows from the logic in Portes and Rey (2005).

They find that bilateral equity flow is positively related to the the sizes of the origin and destination

markets, measured by the market capitalization, but negatively related to distance. They argue that

distance stands for information friction/asymmetry between countries, which is the main reason for

the negative effect of distance on the bilateral equity flow. It is plausible that bilateral investment

flow is complementary to bilateral trade flow. In that case, bilateral investment flow from i to j

will be affected by factors that affect bilateral trade flow from i to j as well. Thus, we assume

that the elements of d0 are a subset of those in d , which are distance, common colonial heritage

and common legal system. However, we do not know whether complementarity between trade flow

and investment flow is true, and if it is true how strong the complementarity is. Thus we expect

that the coefficients for common colonial heritage and common legal system may or may not be

significant. But if they are significant, we expect them to be positive.

Total Payment Flow (in USD)

In the SWIFT data set, bilateral payments include trade payments, investment payments and

payments for foreign exchange transactions. Since the bilateral payment flows data we use for the

analysis exclude almost all bilateral foreign exchange transactions, we can reasonably assume that

the data only include bilateral trade payment flows and investment payment flows.2 Thus, in our

regression analysis, the total bilateral payment flow from i to j is equal to bilateral trade payment

flow from i to j plus bilateral investment payment flow from i to j:

 =  + 

where  is total bilateral payment flow from i to j in year t. Thus, the Regression for Hy-

pothesis Testing is given by

 = 

Ã

(+)

, 
(+)

, e , e , d , 

!
= 0 + 1 + 2 + 3e + 4e + η5d + 6 +  after linearization, (1)

where  is the natural logarithm of total bilateral payment flow from i to j in year t in trillion

USD;

e is an indicator variable that is equal to one if i is the origin country and zero otherwise. It is
an origin fixed effect that captures factors that limit or enhance outbound payment flows (constant

over time);

2Refer to section 3.1 for a more detailed explanation.
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e is an indicator variable that is equal to one if j is the destination country and zero otherwise.
It is a destination fixed effect that captures factors that limit or enhance inbound payment flows

(constant over time);

 is an error term that is specific to i, j and t (time-varying).

The other variables have been defined previously.

Based on the logic of the gravity model, we have the following two hypotheses.

Hypothesis 1 (Effects of GDPs of the Origin and the Destination): 1 and 2 are both

significant and positive.

Hypothesis 2 (Effects of the Payment Friction): Concerning η5, the coefficient for

ln(distance) is significant and negative, and those for common colonial heritage and common legal

system (if they are significant) are positive.

If both hypotheses are not rejected, we confirm the gravity model in bilateral payment flows

when aggregated over all currencies.

2.2 Bilateral Payment Flows by Currency

Choice of trade invoicing/settlement currency

There is a rich economics literature studying the factors that determine the use of a currency

for trade settlement. According to the theories proposed in the literature, after controlling for other

relevant factors, the share of a currency used for trade settlement in a certain industry at the global

level is mainly affected by two effects: “thick market externalities” (how easy it is to exchange in

and out of the currency and the benefits of holding the currency, which depends on the depth and

liquidity of the financial market, which is in turn determined by the “market thickness” of the

currency) and the “coalescing effect” (the pressure for the seller to invoice in the same currency as

other competitors in the same industry). Below, we provide a more detailed explanation of these two

important forces that determine the settlement currency for international trade and international

finance: thick market externalities and the coalescing effect.

Thick market externalities. This effect is enhanced by an open and developed financial mar-

ket. Matsuyama, Kiyotaki and Matsui (1993) and Rey (2001) analyze the “medium of exchange”

function of an international money (i.e. for trade settlement) and conclude that “thick market

externalities” are very important in the making of a vehicle currency. The idea is that countries

converge towards using one single currency for trade invoicing due to network externalities. The
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rationale is that as firms have an incentive to adopt the currency used by a majority of firms,

once a currency becomes sufficiently widely used, its role as a vehicle currency is self-justifying.

Following Kindleberger (1981), Krugman (1984) draws an analogy between the use of a currency

for settlement of trade and the use of a language for communication. He argues that what makes

English the world’s lingua franca is not its simplicity or internal beauty, but its wide use. As a

language becomes more widely used, it is more attractive for outsiders to use it as well, as they

can use it to communicate with more people in the world. Likewise, a firm is more willing to

use a currency for trade settlement if other firms are already using it. A currency with strong

network externalities usually possesses a few competitive advantages over other currencies, such as

lower transaction costs, higher degree of convertibility, more open financial asset transaction and

accessible financial services offered. The network externalities become self-enforcing as more firms

use that currency for invoicing. In other words, as more firms use that currency for invoicing, its

network externalities increase, which, in turn, enhances the attractiveness of the currency as an

invoicing currency. Thus, the magnitude of the thick market externalities of a currency is affected

by the openness of the capital account, financial development (i.e. the depth, breadth and liquidity

of the financial market), as well as the economic size of the issuing country. Lai and Yu (2014) use

the ratio of foreign exchange turnover share of a currency to the GDP share of the issuing country

(called “FX-share-to-GDP-share ratio” or simply “share ratio”) to proxy for financial market devel-

opment and openness of a country, and find that it significantly and positively affects the invoicing

share of the currency in Thailand’s trade. They argue that the share ratio of a currency captures

its thick market externalities after controlling for the economic size of the issuing country.

Coalescing effect. This effect is enhanced by the size of the economy. Bacchetta and van

Wincoop (2005) and Goldberg and Tille (2008) analyze the “unit of account” function of money

(i.e. for trade invoicing). In particular, Goldberg and Tille (2008) argue that exporting firms have

the incentive to mimic the choice of invoicing currency of their competitors in the same market

so as to minimize price volatility and maximize profits. They call this “coalescing effect” and use

it to explain why there is one single vehicle currency used in the world to invoice homogeneous

commodities such as oil. Goldberg and Tille (2008) argue that the size of a country is crucial for the

coalescing effect, which increases the likelihood of the use of the country’s currency as an invoicing

currency.

Other factors. In addition to thick market externalities and the coalescing effect, other authors,

such as Swoboda (1968, 1969), emphasize the role of low transactions costs, such as the bid-ask

spread of a currency in the use of the currency for financial transactions. Inspired by Engel (2006),

Lai and Yu (2014) conjecture that the co-movement between the exchange rate of the currency in

question and that of the currency of each of the origin and destination countries significantly and
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positively affect the invoicing share of the currency in question.3 They also conjecture that the

issuer country’s share in the total trade of each of the origin and destination countries significantly

and positively affect the invoicing share of the currency.

To explain the choice of currencies in trade invoicing or trade settlement, therefore, we need

to identify good proxies for the above mentioned variables. We observe that the USD is by far

the most highly used trade invoicing currency. Moreover, what distinguishes the USD from other

currencies most is the thick market of the USD. Thus, we first focus on finding a proxy for thick

market externalities. Following Lai and Yu (2014), we argue that the thick market externalities

of a currency are determined by (a) the GDP and (b) financial development and openness of the

issuing country, and the latter can be captured by the FX-share-to-GDP-share ratio as explained

earlier in the beginning of this subsection. The foreign exchange turnover share of a currency is

reported by the Bank for International Settlement (BIS) once every three years based on a triennial

survey it conducts. At the time of writing, the last survey was carried out in April 2016. In the

top panel of Table 1, we list the foreign exchange turnover shares of some currencies as reported

by the BIS once every three years from 1995 to 2016. The foreign exchange turnover share of a

currency reported by the BIS measures the percentage of payments that involved the currency in

question. Since two currencies are involved in each foreign exchange transaction, the shares add

up to 200%. The values we list below are “normalized” by dividing each value reported by BIS

by 2 so that the shares add up to 100%. We think this would avoid confusion. The middle panel

lists the GDP share of the issuing countries in the BIS reporting years. Note that the Eurozone

is treated as one country. The bottom panel lists the share ratio. It can be seen that the share

ratios of the major established currencies such as USD, JPY, GBP and EUR are rather stable over

time, though there were some minor fluctuations for each. For example, the max/min ratio during

this period for USD is 1.18, for EUR is 1.21, for JPY is 1.50, and for GBP is 1.70. On the other

hand, the share ratios were by and large growing and more fluctuating for the currencies of the

fast-growing economies. For example, the max/min ratio for Thailand is 2.07, for Singapore is 2.49,

for Hong Kong is 4.02 and for China is 163. This observation is consistent with our hunch that

developed economies already established mature and open financial markets long time ago and so

the share ratios were more stable over time. On the other hand, fast-growing economies had more

room for further development and opening of the financial market and so the share ratios increased

rapidly over time. It is also interesting to see that the share ratio of the HKD is 85% higher than

that of the SGD. Both Hong Kong and Singapore are small and very open economies. Can it be

because Hong Kong adopts a linked exchange rate regime (to the USD), which makes it necessary

3Engel (2006) argues that the choice of an invoicing currency is essentially an indexing problem: firms that set

prices in advance choose to index their prices to the current exchange rate in view of the uncertainty about exchange

rate movements. The extent to which the exchange rate of a currency co-moves with the exchange rate of the origin

and destination country is important in the management of exchange rate risk.
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for the Hong Kong Monetary Authority to intervene in the FX market more often? Apparently,

the answer is no, as the turnover share of USD/SGD was 1.6% while that of USD/HKD was 1.5%

in the BIS survey in April 2016.

Table 1 about here

To justify rigorously that the share ratio is a good “proxy” for financial development and capital

account openness, we run two regressions, shown in the upper and lower panels of Table 2. They

both show that the share ratio is strongly correlated with relative capital account openness and

relative financial development.

Table 2 about here

The first regression, shown in the upper panel of Table 2, makes use of seven years of annual

data for 2010-2016 for 13 currencies and their respective issuing countries. Note that the Eurozone

is treated as one country. The second regression, shown in the lower panel of Table 2, makes use of

thirteen years of data for 2004-2016 for 13 currencies and their respective issuing countries. In both

cases, it can be seen that the coefficients of relative capital account openness and relative financial

development are significant at 1%. The adjusted 2 are both high, at 0.739 and 0.673 respectively.

Thus, we conclude that the share ratio is a good proxy for financial development and openness.

Let  be the amount of trade flow from i to j denominated in currency . Issuing countries

are asymmetric in terms of their size, trade relationship with the origin and destination countries,

their currency’s co-movement with those of i and j, transaction cost of converting into and out of

the currency (captured by bid-ask spread), and most importantly, the thick market externalities

of the currency. These factors will affect the choice of currencies in the bilateral trade payment

flow from i to j. Thus,  should be affected not only by the factors that affect the total trade

payment flow from i to j at t, but also the factors that affect the choice of currency  in the trade

payments from i to j at t.

In other words, we should have

 = 

Ã

(+)

, 
(+)

,  , 

 , d ,  , Γ




!
where Γ is a vector of variables that affect the choice of currency  for trade payment flow

from i to j in year t. Invoking Lai and Yu (2014), Goldberg and Tille (2008), Engel (2006) and

Swaboda (1969, 1986), we conjecture that

Γ =

⎛⎝
(+)

, 
(+)

, 
(+)

, −
(+)

, −
(+)

, 
(−)

, 

(+)

⎞⎠0

where  = ln of trade share of issuing country in i’s trade (time-varying) (Lai and Yu

[2014]);
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FX Turnover Share and GDP Share

FX Turnover Share (in percentage)

Currency Name 1995 1998 2001 2004 2007 2010 2013 2016

USD 41.51 43.40 44.93 44.00 42.80 42.43 43.52 43.79

EUR - - 18.96 18.70 18.52 19.52 16.70 15.70

RMB - 0.01 0.00 0.05 0.23 0.43 1.12 1.99

JPN 12.30 10.86 11.77 10.42 8.62 9.49 11.52 10.81

GBP 4.63 5.51 6.52 8.25 7.43 6.44 5.91 6.40

CAD 1.71 1.76 2.24 2.10 2.14 2.64 2.28 2.57

THB - 0.07 0.08 0.10 0.10 0.10 0.16 0.18

SGD 0.23 0.55 0.53 0.45 0.58 0.71 0.70 0.90

HKD 1.11 0.99 2.24 1.76 2.70 2.37 1.45 1.73

Source: BIS

GDP Share (in percentage)

Country Name 1995 1998 2001 2004 2007 2010 2013 2016

United States 24.84 29.00 31.83 28.03 25.03 22.69 21.66 24.53

Euro area 24.35 22.79 19.74 23.17 22.26 19.17 17.12 15.72

China 2.38 3.28 4.01 4.47 6.14 9.25 12.47 14.74

Japan 17.66 12.86 12.90 11.00 7.81 8.64 6.69 6.52

United Kingdom 4.33 5.23 4.86 5.48 5.32 3.70 3.56 3.49

Canada 1.96 2.02 2.21 2.34 2.53 2.45 2.39 2.02

Thailand 0.55 0.36 0.36 0.39 0.45 0.52 0.55 0.54

Singapore 0.28 0.27 0.27 0.26 0.31 0.36 0.40 0.41

Hong Kong 0.47 0.54 0.51 0.39 0.37 0.35 0.36 0.42

Source: World Bank

FX Turnover Share / GDP Share

Currency Name 1995 1998 2001 2004 2007 2010 2013 2016

USD 1.67 1.50 1.41 1.57 1.71 1.87 2.01 1.79

EUR - - 0.96 0.81 0.83 1.02 0.98 1.00

RMB - 0.00 0.00 0.01 0.04 0.05 0.09 0.14

JPN 0.70 0.84 0.91 0.95 1.10 1.10 1.72 1.66

GBP 1.07 1.05 1.34 1.51 1.40 1.74 1.66 1.83

CAD 0.87 0.87 1.02 0.90 0.85 1.08 0.95 1.27

THB - 0.20 0.21 0.25 0.21 0.19 0.29 0.33

SGD 0.80 2.02 1.97 1.74 1.88 1.98 1.77 2.21

HKD 2.36 1.84 4.41 4.55 7.39 6.83 4.04 4.10

Source: author’s calculation

Table 1: FX Turnover Share and GDP Share
12



LHS: Share Ratio 13 currencies and the 13 issuing countries

RHS: Relative Indexes Year: 2004-2016 (yearly data)

(1) (2) (3)

Share ratio Share ratio Share ratio

Relative FD index 49.27*** 47.82***

(5.434) (3.787)

Relative KA openness index 7.680*** 7.477***

(0.782) (0.560)

Constant -2.223*** 0.976*** -2.687***

(0.422) (0.0804) (0.296)

Observations 169 169 169

Adjusted 2 0.326 0.362 0.673

F 82.21 96.49 173.7

Standard errors in parentheses *   010, **   005, ***   001

Year: 2010-2016 (yearly data)

(1) (2) (3)

Share ratio Share ratio Share ratio

Relative FD index 49.52*** 50.87***

(6.366) (4.198)

Relative KA openness index 6.243*** 6.459***

(0.970) (0.597)

Constant -2.253*** 1.077*** -2.853***

(0.494) (0.0995) (0.330)

Observations 91 91 91

Adjusted 2 0.398 0.310 0.739

F 60.52 41.42 128.1

Standard errors in parentheses *   010, **   005, ***   001

where Share ratio of i ≡ FX turnover share of i’s currency / GDP share of i;
Relative FD index of i ≡ FD index of i / P FD index of k;

Relative KA openness index of i ≡ (Gross international investment position of i / GDP of i )
/
P

(Gorss international investment position of k / GDP of k );

FD index is from IMF;

Gross international investment position

= amount of foreign assets plus amount of foreign liabilities.

Table 2: Regression of share ratio on relative financial development and relative capital account

openness
13



 = ln of trade share of issuing country in j’s trade (time-varying) (Lai and Yu [2014]);

 = ln of ratio of currency’s FX turnover share to GDP share of the issuing country

(time-varying) — capturing thick market externalities in trade invoicing (Lai and Yu [2014]);

− = co-movement between i’s currency and the currency in question (time-varying) (Lai

and Yu [2014] and Engel [2006]);

− = co-movement between j’s currency and the currency in question (time-varying) (Lai

and Yu [2014] and Engel [2006]);

 = ln of bid-ask spread of currency (time-varying) (Swaboda [1968, 1969]);


 = ln of the issuing country’s GDP share (time-varying) — capturing coalescing effect

(Goldberg and Tille [2008]) and thick market externalities (Lai and Yu [2014]) in trade invoicing.

Choice of investment currency

Let  be the amount of investment flow from i to j denominated in currency . Similar

to the choice of currency for trade settlement,  should be affected not only by the factors that

affect the total investment payment flow from i to j at t, but also the factors that affect the choice

of currency  in the investment payments from i to j at t. In other words, we should have

 = 

Ã

(+)

, 
(+)

,
³


´0
,
³


´0
, d0 ,  , Ω




!

where Ω is a vector of variables that affect the choice of currency  for investment payment

flow from i to j in year t. It is reasonable to assume that, other than  (trade share of

issuing country in i’s trade) and  (trade share of issuing country in j’s trade), the set of

factors that affects the choice of an investment currency from i to j should also be the set that

affects the choice of a trade invoicing/settlement currency. Thus, we conjecture that

Ω =

⎛⎝
(+)

, −
(+)

, −
(+)

, 
(−)

, 

(+)

⎞⎠0

Total Payment Flows by Currency (converted to amount in USD)

The total bilateral payment flow from i to j at t denominated in , 
 , is equal to bilateral

trade payment flow from i to j at t denominated in cur  plus bilateral investment payment flow

from i to j at t denominated in cur  :


 =  + 
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Thus, the Regression for Hypothesis Testing is given by:

 
 = 

⎛⎝
(+)

, 
(+)

,  , 
0
 ,  ,  , 



(+)

, 
(+)

,


(+)

, −
(+)

, −
(+)

, 
(−)

, 

(+)

⎞⎠
= 0 + 1 + 2 + 3 + 4

0
 + 5 + 6


 + 7


 + 8




+9
−
 + 10

−
 + 11


 + 12


 + 13 +  after linearizing,

(2)

where 
 is natural logarithm of total payment flow from i to j in year t denominated in currency

 in trillion USD;

 is an indicator variable that is equal to one if i is the origin country and zero otherwise. It is

an origin fixed effect that captures factors that limit or enhance outbound payment flows (constant

over time);

0 is an indicator variable that is equal to one if j is the destination country and zero otherwise.

It is a destination fixed effect that captures factors that limit or enhance inbound payment flows

(constant over time);

d is a vector the elements of which are natural logarithm of distance, a common colonial

heritage dummy, a common legal system dummy (constant over time);

 is an error term that is specific to i, j and t (time-varying).

The other variables have been defined previously.

Based on the logic of the gravity model and our theory about currency choice, we have the

following hypotheses.

Hypothesis 3 (Effects of the GDPs of the Origin and Destination): 1 and 2 are

both significant and positive.

Hypothesis 4 (Effects of Payment Friction): Concerning μ5, the coefficient for ln(distance)

is significant and negative, and those for common colonial heritage and common legal system are

positive (if they are significant).

Hypothesis 5 (Thick Market Externalities and Coalescing Effect): 6 , 12 are signif-

icant and positive.
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Hypothesis 6 (Effects of Trading Relationship, Exchange Rates Co-movement,

Transaction Costs in Currency Conversion): 7 , 8 , 9 , 10  0 (if significant) and

11  0 (if significant).

If we cannot reject Hypotheses 3 and 4, we confirm the validity of the gravity model. If

we cannot reject Hypothesis 5, we confirm the significance of the thick market externalities and

coalescing effect in explaining the choice of payment currency. If we cannot reject Hypothesis 6,

we confirm the significance of other factors in explaining the choice of payment currencies.

3 Estimation of the Model

In this section, we first test the hypotheses concerning bilateral payments aggregated over all

currencies and bilateral payments by currency, and then carry out in-sample predictions of bilateral

payments by currency using a slightly modified version of the estimated model.

3.1 Data

We use the SWIFT FIN message data. It is a proprietary data set owned by SWIFT, and it is only

available with permission. The data we use are the values of MT 103 and MT 202 messages on

monthly bilateral flows of payments between all country pairs broken down into different currencies

during the period 2011-2016. For each country pair, all payments denominated in the same currency

are grouped together with no distinction in terms of underlying reason/transaction related to the

payments. During this period, about 3% of the value of all payments are MT 103 and about 90%

are MT 202. The remaining 7% is MT 103+, which we ignore.4

MT 103 is described as “Single Customer Credit Transfer”. Its message type is Category 1,

which is “Customer Payments and Cheques”. An MT 103 message is sent by a financial insti-

tution on behalf of itself or its ordering customer directly or via intermediary banks, to the final

beneficiary’s financial institution. The ordering customer or beneficiary customer, or both, are non-

financial institutions from the perspective of the Ordering Institution. Examples are international

wire transfers and telegraphic transfers.

MT 202 is described as “General Financial Institution Transfer”. Its message type is Category

2, which is “Financial Institution Transfers”. An MT 202 message is sent by a financial institution

directly or via intermediary banks to the final beneficiary institution.

4MT 103+ is using a restricted set of fields and format options of the core MT 103 to make it more easily processed.
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For our analysis, we exclude payment flows that involve all traffic sent/received to/from global

market infrastructures such as CLS and Target 2.5 The main reason is that payments sent/received

to/from global market infrastructures by a country do not reflect bilateral inter-country payments.

CLS is a specialist US financial institution that provides settlement services in the FX market.

Target 2 is a real-time settlement system for processing payments across Europe in euro.

For tractability, we choose for our analysis the top 13 currencies and top 13 countries/territories

in the data set. Eurozone is treated as a single country. Only international payments are included

in our analysis. The total amount of payments to and from these 13 countries comprises more

than 90% of the total amount of payments to and from all countries/territories in the population

(which consists of 233 countries/territories) in the period 2011-2016. As mentioned earlier, since

we ignore payment traffic to/from CLS, which accounted for a vast majority of the FX transaction

settlements, we assume that the vast majority of the payment flows used in our sample is for trade

and investment payments. The thirteen countries/territories and their corresponding currencies in

our sample of study are given in Table 3.

Table 3 about here

Country/Territory Currency

AUS= Australia AUD=Australian dollar

CAN= Canada CAD = Canadian dollar

CHE=Switzerland CHF=Swiss Franc

CHN=China RMB=Chinese yuan

DNK=Denmark DKK=Danish kroner

EMU=Euro Area EUR=euro

GBR=Great Britain GBP=British pound;

HKG=Hong Kong HKD= Hong Kong dollar

JPN= Japan JPY=Japanese yen

NOR=Norway NOK=Norwegian kroner

SGP=Singapore SGD=Singapore dollar

SWE=Sweden SEK=Swedish kroner

USA=United States of America USD=US dollar

Table 3: Currencies and their issuing countries

5CLS (originally Continuous Linked Settlement) is a specialist US financial institution that provides settlement

services to its members in the foreign exchange market. Target 2 is a payment system owned and operated by the

Eurosystem. It is the leading European platform for processing large-value payments and is used by both central

banks and commercial banks to process payments in euro in real time.
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3.2 Hypotheses Testing

In order to account for heterokedasticity of the error term, we use the Poisson PML method

to estimate equations (1) and (2).6 First, we test the hypothesis that bilateral payment flows

aggregated over all currencies as given by (1) can be explained by the gravity model. The regression

result is given Table 4.

Table 4 about here

The set of regressions in Table 4, in particular that of column (3), indicate that the gravity

model explains very well bilateral payment flows when aggregated over all currencies. This result

is consistent with the literature which documents that the gravity model is very successful in

explaining bilateral trade flows and investment flows when aggregated over all currencies.

Next, we test the hypothesis that bilateral payment flows by currency can be explained by

equation (2). The result of the regression analysis is given in Table 5.

Table 5 about here

In the regressions shown in Table 5, payments between countries within the Eurozone are not

considered international payments. Column (4) indicates that our hypothesis concerning bilateral

payment flows by currency is by and large confirmed. The gravity effects are confirmed by the sig-

nificant and positive effects of the GDPs of the origin and destination countries, and the significant

and negative eftect of distance. Common colonial heritage and common legal system turn out to

be insignificant. The payment flow by currency is also significantly and positively affected by the

share ratio (financial development and openness), the GDP share of the issuing country, the trade

share of the issuing country in the trade of the origin (destination) country, and the co-movement

between the currency of the origin (destination) country and the currency in question, all as we

conjecture.

Endogeneity Issue

One may suspect that some repressors may be endogenous and the estimation is subject to

endogeneity problem. Obviously, the most important explanatory variable that needs to be checked

for endogeneity is log (share ratio), as one can argue that there may be reverse causality of the

dependent variable log (payment flow from i to j denominated in cur) on the explanatory variable

log (ratio of FX turnover share to GDP share). Other than that, we have no reason to believe

that other explanatory variables are correlated with the error term. So, we proceed to test for the

endogeneity of log (share ratio) in regression (2). The IV procedure we use is IV Poisson GMM.

6See Santos Silva and Tenreyro (2006).
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Hypothesis Testing - Bilateral Payment Aggregated over all Currencies

(1) (2) (3)

fixed effects (i-j-t-ij-ppml) (i-j-t-ppml) (i-j-t-ppml)

payment payment payment

lngdp o 0.782*** 0.929*** 0.926***

(0.195) (0.351) (0.346)

lngdp d 1.247*** 1.345*** 1.343***

(0.162) (0.349) (0.343)

lndistw -0.809*** -0.798***

(0.0422) (0.0403)

col45 0.219

(0.168)

comleg posttrans 0.0786

(0.0763)

cons 8.329*** 7.183*** 7.151***

(0.676) (0.491) (0.471)

 936 936 936

 2 0.979 0.942 0.944

AIC 2592.5 3117.3 3119.9

Standard errors in parentheses

*   010, **   005, ***   001

Note: 13 countries and 13 currencies. Eurozone is treated as a single country.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

where lngdp o = ln (GDP of the origin country);

lngdp d = ln (GDP of the destination country);

lndistw = ln (distance between the origin and destination);

col45 = common colonial heritage;

comleg posttrans = common legal system;

cons = constant.

Table 4: Hypothesis Testing - Bilateral Payment Aggregated over all Currencies
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Hypothesis Testing - Bilateral payment by currency (i-j-t-ppml)

(1) (2) (3) (4)

payment payment payment payment

lngdp o 0.965** 0.894** 0.880** 0.875**

(0.420) (0.422) (0.409) (0.412)

lngdp d 1.741*** 1.637*** 1.567*** 1.569***

(0.382) (0.378) (0.381) (0.383)

ln (Share ratio) 1.205*** 1.062*** 1.070*** 1.072***

(0.122) (0.112) (0.123) (0.123)

lntradeshare o 0.649*** 0.600*** 0.472*** 0.477***

(0.0289) (0.0250) (0.0376) (0.0373)

lntradeshare d 1.395*** 1.220*** 1.150*** 1.152***

(0.0302) (0.0385) (0.0350) (0.0348)

fxrate comovement o 0.258*** 0.309*** 0.296***

(0.0470) (0.0588) (0.0574)

fxrate comovement d 0.491*** 0.492*** 0.485***

(0.129) (0.117) (0.118)

lndistw -0.214*** -0.198***

(0.0623) (0.0581)

col45 0.253

(0.186)

comleg posttrans -0.0781

(0.0800)

ln (GDP share of issuing country) 0.158*** 0.153***

(0.0594) (0.0588)

cons 0.844*** 0.202 2.443*** 2.217***

(0.258) (0.261) (0.685) (0.647)

 12168 12168 12168 12168

2 0.915 0.911 0.913 0.912

AIC 7313.4 7115.0 7064.2 7066.3

Standard errors in parentheses

*   010, **   005, ***   001

Note: 13 countries and 13 currencies. Eurozone is treated as a single country.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

where lntradeshare o = ln (trade share of the issuing country in the trade of the origin country);

lntradeshare d = ln (trade share of the issuing country in the trade of the destination country);

fxrate comovement o

= co-movement of exchange rate between the origin’s currency and the currency in question;

fxrate comovement d

= co-movement of exchange rate between the destination’s currency and the currency in question.

Table 5: Hypothesis Testing - Bilateral payment by currency (i-j-t-ppml)
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To test for the endogeneity of log (share ratio), we carry out the following steps:

1. - We identify all the plausible sets of instrumental variables for share ratio

2. - We carry out over-identification tests to identify all the invalid sets of IVs.

3. - We run regressions to identify the IVs that directly affect the dependent variable. If they

do, we may exclude them. This would help us to include only those IVs that satisfy the exclusion

restrictions.

4. - For each of the remaining sets of valid IVs, we carry out control function analysis to test

the hypothesis that share ratio is exogenous. If we cannot reject the hypothesis, then share ratio

is considered exogenous with respect to the use of that particular set of IVs.

(It is common for people to use the Hausman test for endogeneity. However, the Hausman

test is only valid under homoscedasticity and often involves the cumbersome generalized inversion

of a non-singular matrix. In fact, the exogeneity of the regressors is better tested by running an

auxiliary regression,which is basically a control function method (see Wooldridge 2010, eq. 6.25).

Therefore, we try the ivpoisson cfunc test in STATA to test the endogeneity of the regressor.)

5. - If we cannot reject the hypothesis that share ratio is exogenous with respect to the use of

all the valid IVs, then we regard share ratio as an exogenous variable. In that case, we regard the

PPML estimation as valid to be used for carrying out counterfactuals.

6. - If we reject the hypothesis that share ratio is exogenous with respect to the use of at least

one set of IVs, then we carry out IV estimation to estimate the model and use it to carry out

counterfactuals. The IV procedure we use is IV Poisson GMM.

The detail of the execution of the above steps is contained in an online appendix.

Implementing the above steps, we end up with three valid sets of IVs that pass the over-

identification test and do not seem to violate the exclusion restriction:

• relative capital account openness t-1 & relative capital account openness t-2;

• relative capital account openness t & relative capital account openness t-2;

• relative fin dev t-1 & relative fin dev t-2.

The endogeneity tests using control function approach show that ln (share ratio) is endogenous

with regard to using each of the three sets of IVs. So, we have to use IVPoisson GMM method to

estimate the model. Table 6 is the result of the estimation. Table 6 about here

Although most of the coefficients of ln GDP origin and ln GDP destination are not significant
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model ppml_i-j-t ppml_i-j-t  ivpoisson_i-j-t  ivpoisson_i-j-t ivpoisson_i-j-t 

regression sample  2011-2016 2013-2016  2013-2016 2013-2016 2013-2016 

instrumental variables 
 

log(Relative 
Gross 
IIP/GDP)_t-1 & 
log(Relative 
Gross 
IIP/GDP)_t-2 

log(Relative 
Gross 
IIP/GDP)_t & 
log(Relative 
Gross 
IIP/GDP)_t-2 

log(Relative 
Fin Dev)_t-1 
& log(Relative 
Fin Dev)_t-2 

   

 
(1) (2) (3) (4) (5) 

 
Payment Payment Payment Payment Payment 

Payment 

lngdp_o 0.875*** 0.735** 0.734 0.833 0.653 

(0.202) (0.302) (0.625) (0.620) (0.511) 

lngdp_d 1.569*** 1.079*** 0.814 0.710 1.312*** 

(0.193) (0.297) (0.558) (0.565) (0.508) 

lndistw -0.198*** -0.153*** -0.156** -0.178*** -0.130** 

(0.0336) (0.0414) (0.0693) (0.0682) (0.0641) 

lntradeshare_o 0.477*** 0.462*** 0.430*** 0.405*** 0.504*** 

(0.0223) (0.0272) (0.0437) (0.0415) (0.0386) 

lntradeshare_d 1.152*** 1.152*** 1.135*** 1.115*** 1.205*** 

(0.0238) (0.0289) (0.0509) (0.0464) (0.0402) 

fxrate_comovement_o 0.296*** 0.336*** 0.360*** 0.391*** 0.307*** 
 

(0.0282) (0.0337) (0.0618) (0.0618) (0.0521) 
   

fxrate_comovement_d 0.485*** 0.458*** 0.676*** 0.619*** 0.379*** 

(0.0454) (0.0539) (0.128) (0.122) (0.114) 

log(Issuing country GDP share) 0.153*** 0.214*** 0.0949* 0.124*** 0.220*** 

(0.0238) (0.0288) (0.0499) (0.0476) (0.0428) 

log(Share Ratio) 1.072*** 1.142*** 0.135* 0.173** 1.521*** 

(0.0417) (0.0520) (0.0726) (0.0677) (0.209) 

Constant 2.217*** 2.138*** 2.003** 2.231*** 1.935** 

(0.368) (0.459) (0.778) (0.772) (0.754) 

Observations 12168 8112 8112 8112 8112 

R-squared 

AIC 7066.3 4588.5 . . . 

Table 6: Hypothesis Testing based on Instrumental Variable Estimation
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in the IV regressions, they are all of the right sign. Our explanation of this insignificance is that

the standard errors of the coefficients under IV estimations are in general larger, and sometimes

substantially so, than the explanatory variable they instrument for. The coefficients of all other

explanatory variables are of the right sign, in particular those of ln distance (all significantly

negative), ln (share ratio) (all significantly positive), and ln (issuing country GDP share) (all

significantly positive). Thus we conclude that the hypotheses derived from the theory cannot be

rejected.

3.3 In-sample prediction

We use our regression model as a basis for in-sample prediction. In order to improve the accurracy of

our prediction, we modify the regression in column (4) of Table 5 by broadening the set of “payment

friction” variables (which includes distance and other factors) and the set of variables that are

attributed to the characteristics of the issuing country of the currency used for the payment (which

includes GDP share of the issuing country and other factors). Specifically, we replace distance by

an origin-destination fixed effect, and replace GDP share of the issuing country by a time-invariant

currency fixed effect. The regression used for in-sample prediction is therefore given by


 = 0 + 1 + 2 + 3 + 4

0
 + 5 + 6


 + 7




+8

 + 9

−
 + 10

−
 + 11 + 12 +  (3)

where  is an indicator variable that is equal to one if i is the origin country and zero otherwise.

It is an origin fixed effect that captures factors that limit or enhance outbound payment flows

(constant over time);

0 is an indicator variable that is equal to one if j is the destination country and zero otherwise.

It is a destination fixed effect that captures factors that limit or enhance inbound payment flows

(constant over time);

 is a origin-destination fixed effect capturing all payment frictions between i and j with

 =  (constant over time);

 is a currency fixed effect capturing all attributes of the currency and the issuing country

(constant over time);

 is a time fixed effect; the other variables have been defined previously.

The result of the regression analysis is shown in Table 7.

Table 7 about here
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Regression used for In-sample Predictions and Counterfactuals (i-j-t-ij-cur-ppml)

(1) (2)

payment payment

lngdp o 0.897*** 0.902***

(0.268) (0.269)

lngdp d 1.546*** 1.603***

(0.261) (0.264)

ln (Share ratio) 0.993*** 1.064***

(0.221) (0.221)

lntradeshare o 0.902*** 0.911***

(0.0359) (0.0397)

lntradeshare d 1.635*** 1.545***

(0.0312) (0.0349)

fxrate comovement o -0.0179

(0.0593)

fxrate comovement d 0.210***

(0.0706)

cons 4.390*** 0.187

(1.185) (1.039)

 12168 12168

 2 0.965 0.965

AIC 5544.4 5531.1

Standard errors in parentheses

*   010, **   005, ***   001

Note. 13 countries and 13 currencies. Eurozone is treated as a single country.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

Table 7: Regression used for In-sample Predictions and Counterfactuals (i-j-t-ij-cur-ppml)
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In Table 7, Column (2) is our preferred estimation result, as it has one more significant variable

than Column (1), which we think is economically important. All the coefficients are significant

except that of exchange rate co-movement of the origin country with the currency in question (the

insignificance of which is immaterial in our opinion). Based on this estimation result, we find that

the predicted values of the LHS variable in the above regression model fits the actual payment

flows by currency very well. The coefficients are significant at 1% level, and the goodness of fit as

measured by the adjusted 2 is equal to 0.965.

One way to check how well the model in Column (2) of Table 7 predicts the data is to compare

the actual payment shares of different major currencies with the predicted payment shares in 2016.

This is shown in Table 8. The left panel of the table shows the actual payment shares while the right

panel shows the predicted payment shares. Note that the actual payment shares do not include

payment flows that involve all traffic sent and received to/from global market infrastructures such as

CLS and Target 2. The two sets of numbers in the left and right panels are quite close, indicating

that the model is quite successful in predicting the data. In other words, the model is quite

successful in in-sample predictions. Thus, we shall use column (2) of Table 7 for our counterfactual

thought experiments. Table 8 about here

Endogeneity Issue

We need to check the endogeneity of the explanatory variable ln (share ratio) in the regression

(3) used for carrying out counterfactuals. Just like the case of equation (2), endogeneity can possibly

arise from the reverse causality of the dependent variable log (payment flow from i to j denominated

in cur) on the explanatory variable log (ratio of FX turnover share to GDP share). We follow the

same steps as for checking the endogeneity of ln (share ratio) in equation (2). The detail of the

execution of the steps is given in an online appendix.

As we follow the steps for testing endogeneity, we identify 11 plausible sets of IVs and subject

them to the over-identification test. The 8 sets of IV that passed the overid test and do not violate

the exclusion restriction are the following:

• (2) relative fin dev t-1 and relative capital account openness t;

• (3) relative fin dev t-2 and relative capital account openness t;

• (5) Relative Fin Dev t-1 & Relative Gross IIP/GDP t-1;

• (6) relative fin dev t-2 and relative capital account openness t-1;

• (8) Relative fin dev t-1 & Relative Gross IIP/GDP t-2;
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Actual Payment Shares and In-sample Prediction

Year: 2016

Actual Payment Shares of Currencies in 2016 In-sample Prediction of i-j-t-ij-cur-ppml (2)

Rank Currency Actual Share (%) Rank Currency Predicted Share (%)

1 USD 55.31 1 USD 54.16

2 EUR 20.52 2 EUR 20.56

3 JPY 5.86 3 GBP 5.60

4 GBP 5.28 4 JPY 4.98

5 CAD 3.23 5 CAD 4.35

6 CHF 2.12 6 AUD 2.17

7 AUD 2.11 7 CHF 2.05

8 RMB 1.62 8 RMB 1.69

9 HKD 1.14 9 HKD 1.32

10 SEK 0.98 10 SEK 1.04

11 NOK 0.71 11 DKK 0.75

12 DKK 0.63 12 SGD 0.69

13 SGD 0.50 13 NOK 0.67

Note. 13 countries and 13 currencies. Eurozone is treated as a single country.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

Table 8: Actual Payment Shares and In-sample Prediction
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• (9) relative fin dev t-2 and relative capital account openness t-2;

• (10) relative fin dev t-1 and relative fin dev t-2;

• (11) relative capital account openness t and relative capital account openness t-2.

The ones that fail the overid test are:

• (1) Relative fin dev t & Relative Gross IIP/GDP t;

• (4) Relative fin dev t & Relative Gross IIP/GDP t-1.

The one that violates the exclusion restriction is

• (7) relative fin dev t and relative capital account openness t-2;

According to the result of the control function test, we cannot reject that ln (share ratio) is

exogenous at the 5% significance level when we use any of the above 8 sets of valid IVs to instrument

for it. Thus, we can regard the PPML estimation to be valid for carrying out counterfactuals.

However, there is one subtle point worth mentioning. If we set the significance level for rejecting

exogeneity by the control function test to 10%, then IV set (2) (relative fin dev t-1 and relative

capital account openness t) rejects the exogeneity of ln (share ratio). In that case, we have to use

this set of IV for carrying out counterfactuals so as to resolve the endogeneity issue. However, it

is a matter of judgement whether 5% or 10% significance is more appropriate in the exogeneity

test. In other words, it is a matter of judgement which one of the following is a more appropriate

estimate: (a) assuming ln (share ratio) is exogenous and adopt PPML estimation, or (b) assuming

that ln (share ratio) is endogenous and adopt the IV estimation based on the set of IV log (Rel-

ative Fin Dev) t-1 & log (Relative Gross IIP/GDP) t. As Table 9 shows, if one inspects the two

regressions shown in the table closely, one can find that the coefficients of in the two regressions

differ significantly only in the coefficient of ln (share ratio), in the sense that the coefficient for the

IVPoisson GMM estimation is 56% larger than that for the PPML estimation. This means that if

we use the PPML result for counterfactuals, we obtain a conservative estimate of the importance of

financial development and capital account openness relative to that of GDP. In other words, if we

use the IV estimation for our counterfactuals, our main conclusion that the relative important of

ln (share ratio) is more important than GDP is even stronger. Thus, to be conservative, we choose

to use the PPML estimate for our counterfactuals.  Table 9 about here

We conclude that ln (share ratio) can be assumed to be exogenous so that we can justify using

the PPML estimation to carry out counterfactuals so as to obtain a conservative estimate of the
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PPML-i-j-t-cur-ij IVPoisson GMM 

Instrumental variables  None log(Relative Fin Dev)_t-1 
& log(Relative Gross 
IIP/GDP)_t 

Sample years 2011-2016 2012-2016  
  
Payment Payment   

  

log(Share Ratio) 1.055*** 1.635*** 
(0.224) (0.541) 

lngdp_o 0.905*** 1.029*** 
(0.276) (0.269) 

lngdp_d 1.596*** 1.687*** 
(0.266) (0.448) 

lntradeshare_o 0.908*** 0.892*** 
(0.0384) (0.0333) 

lntradeshare_d 1.557*** 1.559*** 
(0.0356) (0.0352) 

fxrate_comovement_o -0.00373 0.0387 
(0.0595) (0.0476) 

fxrate_comovement_d 0.189*** 0.154**  
(0.0696) (0.0711)   

Constant 4.438*** 4.133*** 
(0.589) (0.814) 

Observations 12168 10140 
R-squared 0.965 
AIC 5460.9 . 

Standard errors in parentheses 
* p<0.10 ; ** p<0.05 ; *** p<0.01 

 

Table 9: Comparison between the PPML and IVPoisson GMM Results to be used for Carrying out

the Counterfactuals
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relative importance of financial development and openness to the economic size of the country in

affecting the payment share of a currency.

Next, we carry out a number of counterfactuals to evaluate the potential of the RMB to be a

significant payment currency.

4 Counterfactual Thought Experiments

We carry out two sets of counterfactuals. The first set consists of counterfactuals (A), (B) and (C).

The second set consists of counterfactual (D).

In counterfactuals (A) and (B), we try to compare the importance of GDP and financial devel-

opment & openness in determining the payment share of the RMB. Counterfactual (C) is a variant

of counterfactual (A). In counterfactual (D), we try to predict the future payment share of RMB

in 2025 based on some assumptions about the growth rates of various countries and a hypothetical

level of financial development and openness of China in 2025.

Counterfactual (A)

We assume hypothetically that, in 2016, the RMB’s FX turnover share increases so that its share

ratio increases from the level in 2016 to 2, 4, 5.5, 8.5 and 12.5 times the actual level, respectively,

but China’s GDP (and all other countries’ GDP) remains unchanged. In addition, we assume

that the FX turnover shares of each currency used in China’s payments (inbound plus outbound)

decrease in proportion to the currency’s share in China’s payments (inbound plus outbound) in

2016 so that China’s increase in FX turnover share is equal to the sum of the decreases in the FX

turnover shares of these currencies. We then compute the payment amounts and shares of all the

currencies including the RMB. The result is shown in Table 10.

Table 10 about here

We highlight the most noteworthy result of Counterfactual (A) in bold type in Table 10. The

highlighted panels indicate the thought experiment that, in 2016, RMB’s level of financial develop-

ment and openness becomes approximately that of Thailand and Japan, respectively, but China’s

GDP remains the same.

Counterfactual (B)

We assume hypothetically that, in 2016, China’s GDP becomes that of the US, while the share

ratio of China remains the same. As a result, RMB FX turnover share increases. In addition, assume

that the FX turnover shares of each currency used in China’s payments decrease in proportion to
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Counterfactual (A). Model: i-j-t-ij-cur-ppml (2).

Year: 2016

Note: 13 countries and 13 currencies. Eurozone is treated as a single country.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

RMB share Ratio becomes 2 times actual RMB share Ratio becomes 4 times actual

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 52.30 1 USD 48.44

2 EUR 20.53 2 EUR 20.44

3 GBP 5.61 3 RMB 7.55

4 JPY 4.96 4 GBP 5.64

5 CAD 4.35 5 JPY 4.93

6 RMB 3.57 6 CAD 4.36

7 AUD 2.16 7 AUD 2.16

8 CHF 2.04 8 CHF 2.05

9 HKD 1.30 9 HKD 1.25

10 SEK 1.04 10 SEK 1.05

11 DKK 0.76 11 DKK 0.76

12 SGD 0.69 12 SGD 0.70

13 NOK 0.68 13 NOK 0.68

RMB share ratio becomes 5.5 times RMB share ratio becomes 8.5 times

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 45.25 1 USD 39.31

2 EUR 20.35 2 EUR 20.13

3 RMB 10.88 3 RMB 17.18

4 GBP 5.65 4 GBP 5.66

5 JPY 4.89 5 JPY 4.81

6 CAD 4.36 6 CAD 4.35

7 AUD 2.16 7 AUD 2.15

8 CHF 2.05 8 CHF 2.05

9 HKD 1.21 9 HKD 1.14

10 SEK 1.05 10 SEK 1.06

11 DKK 0.76 11 DKK 0.76

12 SGD 0.70 12 SGD 0.71

13 NOK 0.69 13 NOK 0.69

RMB share ratio becomes 12.5 times

Rank Currency Predicted Share (%)

1 USD 31.32

2 RMB 25.79

3 EUR 19.77

4 GBP 5.66

5 JPY 4.69

6 CAD 4.32

7 AUD 2.13

8 CHF 2.04

9 SEK 1.07

10 HKD 1.04

11 DKK 0.76

12 SGD 0.71

13 NOK 0.70

Table 10: Counterfactual (A). Model: i-j-t-ij-cur-ppml (2).
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the currency’s share in China’s payments (inbound plus outbound) in 2016 so that China’s increase

in FX turnover share is equal to the sum of the decrease the FX turnover shares of these countries.

We then calculate the payment shares of currencies including RMB. The result is shown in Table

11.

Table 11 about here

Counterfactual (B). Model: i-j-t-ij-cur-ppml (2)

Year: 2016

Note. 13 countries and 13 currencies. Eurozone is treated as a single country.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

rank currency predicted share

1 USD 54.56

2 EUR 19.92

3 GBP 5.39

4 JPY 5.04

5 CAD 4.23

6 RMB 2.38

7 AUD 2.13

8 CHF 1.96

9 HKD 1.33

10 SEK 1.00

11 DKK 0.73

12 SGD 0.67

13 NOK 0.65

Counterfactual: China’s GDP becomes that of the US, but China’s share ratio is unchanged

Table 11: Counterfactual (B). Model: i-j-t-ij-cur-ppml (2)

Now we compare the impacts of counterfactuals (A) and (B) on the payment shares of all

currencies including the RMB.

According to counterfactual (B), in 2016, if the RMB’s level of financial development and

openness remains unchanged but its GDP increases to that of the US (which was about 1.5 times

that of China), the RMB would only be the sixth payment currency with a payment share of 2.4%,

compared with 54.6% for the USD, 19.9% for the EUR, 5.4% for the GBP, 5.0% for JPY and 4.2%

for the CAD.
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On the other hand, according to counterfactual (A), in 2016, if the China’s level of financial

development & openness increases to that of Japan but China’s GDP remains unchanged, the RMB

becomes the third payment currency with a payment share of 17%, compared with 39% for the

USD and 20% for the EUR. Even if China’s level of financial development & openness increases

modestly, to that of Thailand, the payment share of the RMB would still be as high as 3.57%, which

is distinctly higher than that when GDP alone is substantially increased as in Counterfactual (B).

Thus, we conclude that the increase in the level of financial development & openness would be

much more important than the increase in the economic size of China for the RMB to become a

significant global payment currency.

Counterfactual (C)

This is a variation of counterfactual (A). Assume that the RMB FX turnover share increases

so that its share ratio increases from the level in 2016 to 2, 4, 5.5, 8.5 and 12.5 times the actual

level, respectively. In addition, FX turnover shares of all other currencies in our sample (including

those not used in China’s payments) decrease by the same percentage so that China’s increase in

FX turnover share is equal to the sum of the decrease in the FX turnover shares of these countries.

We then compute the payment amounts and shares of all the currencies in our sample.

We find that the predictions are almost exactly the same as those for counterfactual (A). So,

we do not show the result here in the interest of space.

Counterfactual (D)

This counterfactual tries to predict the payment shares of countries in 2025 based on some

assumptions. We assume that from 2016 till 2025, China’s GDP grows on average at 5.5% per

year, US at 2.5%, Eurozone at 1.5%, UK at 1.5%, Australia 3.0%, Japan at 1%, Canada 2.5%, rest

of the world at 4.0%. At the same time, RMB FX turnover share increases so that RMB share

ratio increases from the level in 2016 to 2, 4, 5.5, 8.5, and 12.5 times the actual level, respectively.

In addition, we assume that the FX turnover shares of each currency used in China’s payments

decrease in proportion to the currency’s share in China’s payments (inbound plus outbound) in

2016 so that China’s increase in FX turnover share is equal to the sum of the decrease the FX

turnover shares of these countries. We then compute the payment amounts and shares of all the

currencies in our sample in 2025. The predicted payment shares are shown in Table 12.

Table 12 about here

We highlight the most noteworthy results of counterfactual (D) in Table 12 in bold type. The

highlighted panels indicate the results of two thought experiments. The first one shows what
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Counterfactual (D). Model: i-j-t-ij-cur-ppml (2).

Year: 2025

Note: 13 countries and 13 currencies. Eurozone is treated as a single country.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

RMB’s share ratio remains unchanged RMB’s share ratio becomes 2 times

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 56.28 1 USD 53.49

2 EUR 18.37 2 EUR 18.21

3 GBP 4.80 3 RMB 5.84

4 JPY 4.29 4 GBP 4.78

5 CAD 4.28 5 CAD 4.26

6 RMB 2.70 6 JPY 4.24

7 CHF 2.27 7 CHF 2.26

8 AUD 2.22 8 AUD 2.20

9 HKD 1.53 9 HKD 1.49

10 SEK 1.10 10 SEK 1.10

11 DKK 0.76 11 DKK 0.76

12 SGD 0.73 12 SGD 0.73

13 NOK 0.66 13 NOK 0.66

RMB’s share ratio becomes 4 times RMB’s share ratio becomes 5.5 times

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 47.77 1 USD 43.16

2 EUR 17.81 2 RMB 17.70

3 RMB 12.37 3 EUR 17.47

4 GBP 4.73 4 GBP 4.68

5 CAD 4.20 5 CAD 4.14

6 JPY 4.13 6 JPY 4.03

7 CHF 2.22 7 CHF 2.20

8 AUD 2.16 8 AUD 2.13

9 HKD 1.39 9 HKD 1.31

10 SEK 1.09 10 SEK 1.08

11 DKK 0.75 11 DKK 0.74

12 SGD 0.72 12 SGD 0.71

13 NOK 0.66 13 NOK 0.65

RMB’s share ratio becomes 8.5 times RMB’s share ratio becomes 12.5 times

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 34.88 1 RMB 39.92

2 RMB 27.40 2 USD 24.34

3 EUR 16.80 3 EUR 15.86

4 GBP 4.57 4 GBP 4.41

5 CAD 4.02 5 CAD 3.85

6 JPY 3.85 6 JPY 3.59

7 CHF 2.14 7 CHF 2.05

8 AUD 2.06 8 AUD 1.96

9 HKD 1.17 9 SEK 1.03

10 SEK 1.06 10 HKD 0.98

11 DKK 0.72 11 DKK 0.69

12 SGD 0.70 12 SGD 0.68

13 NOK 0.64 13 NOK 0.63

Table 12: Counterfactual (D). Model: i-j-t-ij-cur-ppml (2).
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happen if China’s level of financial development and openness in 2025 is the same as that in 2016.

The second one shows what happen if China’s level of financial development and openness in 2025

becomes 2 times its actual level in 2016 (which is slightly smaller that of Thailand in 2016).

Our model predicts that by 2025, the payment share of the RMB would only increase from 1.62%

to 2.70% if China’s financial development and openness remains the same as in 2016. The RMB

would only be the sixth payment currency, behind the USD (56.3%), EUR (18.4%), GBP (4.8%),

JPY (4.3%) and CAD (4.3%). However, the payment share would increase to 5.84% if China’s

financial development and openness increases to slightly smaller than the level of Thailand, which

is a relatively modest change. The RMB would be the (distant) third payment currency, compared

with 53% for the USD and 18% for the EUR. The GBP, CAD and JPY would be following the RMB

very closely, with payment shares of 4.8%, 4.3%, 4.2% respectively. This counterfactual shows once

again that China’s financial development and openness has a distinctly stronger impact than its

GDP on the extent to which the RMB is used for international payments.

4.1 Robustness Check on the Prediction of the Payment Shares of Currencies

In fact, there is an alternative method to carry out our thought experiments concerning payment

shares of currencies. The theoretical basis of the alternative method is that the payment share of

a currency should be positively related to its foreign exchange turnover share. Suppose the total

amount of trade or investment payments denominated in a certain currency is positively related to

the total amount of exchange into that currency. Suppose also that the total amount of exchange

into a currency is positively related to the total amount of exchange out of the currency. Then, it

follows that the payment share of a currency is positively related to its foreign exchange turnover

share.

This theory is supported empirically. We find that there is a very strong and positive correlation

between the payment share of a currency and its foreign exchange turnover share. Let  denote

the currency of country . If we run a linear regression of the payment share of a currency k

(  ) on the foreign exchange turnover share of k (  ) and a constant

term, the coefficient is statistically very significant (1% significance level) and the goodness of fit

is very high (the adjusted 2 is equal to 0.962). Yearly data are used for the period 2011-2016 and

13 top currencies are included, yielding a total of 3 x 13 = 78 observations. The result is as follows.

   = 1198 ∗ (  )− 000894

Recall that    is equal to the product of the share ratio of currency  and the GDP

of country , and the share ratio of  is determined by the financial development and openness

of . Thus, to carry out a counterfactual thought experiment to see how the payment share of a
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country’s currency is affected by its financial development and openness and GDP, we can use the

following equation.

   = 1198 ∗ (  ) ∗ ( )− 000894,

where    is observed and stands for the level of financial development and openness of

the country.

Using the above equation, we carry out the same thought experiments as before. We find that

the predicted payment shares of the currencies are very similar to the ones based on the gravity

model.7 Thus, we conclude that the predictions of our thought experiments based on the gravity

model are reasonable. Although we can use this alternative method to predict the payment share

of a currency based the financial development and openness and the GDP of the issuing country,

this method cannot replace the gravity model, as it cannot be used to explain the bilateral payment

flows by currency, which can only be achieved by the gravity model.

4.2 A Check on the relevance of “push” and “pull” factors

In the gravity regression for hypothesis testing based on equation (2), we have a time-invariant

origin (destination) fixed effect. In order to allow for the possible effect of the “push” and “pull”

factors in Davis, Valente and van Wincoop (2019) (DVW) (which are country-time specific fixed

effects) in affecting bilateral payment flows, we modify our gravity regression to incorporate time-

varying origin (destination) fixed effect. By doing so, our time-varying origin fixed effect would

capture their “push” (outflow) effect, and our time-varying destination fixed effect would capture

their “pull” (inflow) effect . Based on DVW and the data provide to us by the authors, we calculate

the country-specific pull fixed effect and push fixed effect of each country according to their model.

We then run regressions of (a) our time-varying origin fixed effect on their time-varying push effect;

and (b) our time-varying destination fixed effect on their time-varying pull effect. We find that the

coefficients of the right hand side variable to be insignificant (though positive) in both regressions.8

Thus, we conclude that the push and pull factors, though significantly affecting bilateral gross

capital flows as documented in DVW, do not affect bilateral gross payment flows. A possible

reason is that payment flows include trade payment, direct investment payment, and financial

investment payment. However, the two factors in DVW only capture capital (i.e. financial) flows.

Thus, their push and pull factors do not affect total bilateral payment flows significantly.

7The detail of the estimation is given in the appendix.

8This detail of this exercise is available from the authors upon request.

35



5 Conclusion

The gravity model can explain the bilateral inter-country payment flows by currency very well. This

result provides one more piece of evidence to support the view that the gravity model performs

well in explaining the cross-sectional pattern of financial flows, in addition to explaining trade flows

and FDI flows as already found in the literature.

The economic sizes of the origin and destination countries significantly and positively affect

bilateral payment flow denominated in any given currency, while distance and other factors that

increase trade costs or information friction significantly and negatively affect the bilateral payment

flow denominated in any given currency.

In addition, factors that tend to increase the use of a currency for invoicing of trade or denom-

ination of financial transactions between the origin and destination countries, such as the strength

of trade relationship between each country and the issuing country of the currency in question,

the co-movement between the exchange rate of each country and that of the issusing country,

significantly and positively affect the bilateral payment flows denominated in the currency. Most

importantly, financial development and openness of the issuing country positively affect the bilat-

eral payment flow denominated in the currency between two countries, ceteris paribus, due to thick

market externalities.

The success of the gravity model allows us to obtain very good in-sample predictions of the

payment shares of the top payment currencies. We carry out a number of counterfactual thought

experiments by undertaking some out-of-sample predictions based on the estimated gravity model.

One counterfactual reveals that capital account liberalization and financial market development

have distinctly higher impact on the payment share of the RMB than the increase in China’s GDP.

This is because financial development and openness amplifies the effect of GDP to the extent

that the amplification effect can easily be larger than the effect of the GDP itself. Intuitively,

the interaction of the GDP and this amplification effect determines the size of the thick market

externalities of the currency, which in turn affect its international use for payments. For example,

in 2016, without any change in the level of financial development and openness, even a hypothetical

substantial increase in China’s GDP (to that of the US) cannot increase the payment share of the

RMB very much (only from 1.62% to 2.38%). On the contrary, without any increase in China’s

GDP, a hypothetical increase in the level of financial development and openness to a modest one

(to slightly smaller than that of Thailand) would increase the payment share of the RMB by a

distinctly higher margin (from 1.62% to 3.57%). Thus, it is clear that the increase in the level of

financial development and openness would be more important than the increase in the economic

size of China for the RMB to become a significant global payment currency.
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In another counterfactual, we try to predict the payment share of the RMB in 2025. We assume

hypothetically that from 2016 till 2025, China’s GDP grows on average at 5.5% per year, US at

2.5%, Eurozone at 1.5%, UK at 1.5%, Australia 3.0%, Japan at 1%, Canada 2.5%, rest of the

world at 4.0%. Then, our model predicts that by 2025, the payment share of the RMB would only

increase from 1.62% to 2.70% if China’s financial development and openness remains the same as in

2016. However, the payment share would increase to 5.84% if China’s level of financial development

and openness in 2025 becomes slightly smaller than that of Thailand in 2016, which is a relatively

modest change. That would still make the RMB the (distant) third largest payment currency after

the euro by 2025. We think this is a plausible scenario. This counterfactual shows once again that

China’s financial development and openness has a distinctly stronger impact than its GDP on the

extent to which the RMB is used for international payments.

The results are robust to alternative ways of carrying out the counterfactuals, such as using

the foreign exchange turnover share to predict the payment share, or including “push” and “pull”

factors as used in latent factor models.

Our conclusion, therefore, is that China must speed up its financial development and open

its capital account if it wants the RMB to become a significant international payment currency.

Economic size alone will not catapult the RMB into the league of major payment currencies.
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Appendix

Appendix A. Description of the Regression Data

A1. Data for Share Ratio Regressions

In this section, we give detailed definitions of the variables used in the regressions that justify that

the share ratio is a good “proxy” for financial development and capital account openness (Section

2), and provide information on data sources and sample statistics.

A1.1. Variables and Data Sources

Dependent Variable

Share Ratio: The ratio of foreign exchange turnover share of the currency to the (nominal)

GDP share of the issuing country. Source: FX turnover share data for 2011, 2012, 2014 and 2015

are interpolated based on data for 2010, 2013 and 2016 from BIS Triennial Surveys; GDP data are

from the World Bank.

Independent Variables

Relative FD Index: The value of the IMF Financial Development Index (ranges from 0 to 1)

of the issuing country of the currency divided by the sum of all the values of the countries in the

sample. Source: IMF

Relative KA Openness Index: The value of the Capital Account Openness Index (ranges from 0

to infinity) of the issuing country of the currency divided by the sum of all the values of the countries

in the sample, where the Capital Account Openness Index is defined as the gross international

investment position (the sum of the total foreign asset and total foreign liability) divided by the

nominal GDP. Source: IMF, World Bank.

A1.2. Descriptive Statistics

Table 13 about here
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Descriptive Statistics for Share Ratio Regressions

Year: 2004-2016

mean sd min max count

Share Ratio 1.567002 .8692109 .0107412 4.111269 169

Financial Development Index .7780145 .1037799 .4411077 1 169

Capital Account Openness Index 6.980717 6.290757 .8113564 25.67413 169

Relative FD Index .0769231 .0101331 .0449673 .0957913 169

Relative KA Openness Index .0769231 .0684869 .0095698 .2614534 169

Year: 2010-2016

mean sd min max count

Share Ratio 1.556975 .7553598 .0466109 3.561289 91

Financial Development Index .7772809 .0982045 .5408119 .9525165 91

Capital Account Openness Index 7.477737 6.632958 .9615135 25.67413 91

Relative FD Index .0769231 .0097035 .0532461 .0939496 91

Relative KA Openness Index .0769231 .0681849 .0095698 .2614534 91

Table 13: Descriptive Statistics for Share Ratio Regressions

A2. Data for Gravity Regressions

In this section, we give detailed definition of the variables used in Section 3 and provide information

on the data sources and sample statistics.

A2.1. Variables and Data Sources

Dependent Variable

Payment: The net amount of payment sent from the sender country to the receiver country

via SWIFT, converted into trillion USD, excluding payments among Eurozone countries. Source:

SWIFT FIN message data.

Independent Variables

lngdp o: The natural log of the nominal GDP of the origin country (trillion USD). Source:

World Bank

lngdp d: The natural log of the nominal GDP of the destination country (trillion USD). Source:

World Bank

ln (Share ratio): The natural log of the share ratio of the currency, where share ratio is defined

as the ratio of foreign exchange turnover share of the currency to the (nominal) GDP share of the
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issuing country. Source: FX turnover share data are interpolated based on data in 2010, 2013 and

2016 from BIS Triennial Survey, GDP data from the World Bank.

lntradeshare o: The natural log of the proportion of trade with the issuing country in the total

trade of the origin country, and the value of the proportion is set to be 1 if the origin country is

the issuing country of the payment currency. Source: World Integrated Trade Solution (WITS).

lntradeshare d: The natural log of the proportion of trade with the issuing country in the total

trade of the destination country, and the value of the proportion is set to be 1 if the destination

country is the issuing country of the payment currency. Source: World Integrated Trade Solution

(WITS)

fxrate comovement o: The correlation coefficient between the exchange rates of the payment

currency and the official currency of the origin country. Source: Bloomberg

fxrate comovement d: The correlation coefficient between the exchange rates of the payment

currency and the official currency of the destination country. Source: Bloomberg

lndistw: The natural log of the geographic distance between the origin country and the destina-

tion country (in kilometers), weighted by population. Source: CEPII, with data in 2016 assumed

to be the same as those in 2015.

col45: A dummy variable that captures the colonial relationship between the origin country

and destination country. (1 if the pair are in colonial relationship after 1945, and 0 if otherwise).

Source: CEPII, with data in 2016 assumed to be the same as those in 2015.

comleg posttrans: A dummy variable that captures the relationship of legal system between the

origin country and destination country. (1 if they share the common legal origin after transition,

and 0 if otherwise). Source: CEPII, with data in 2016 assumed to be the same as those in 2015.

ln (GDP share of issuing country): The natural log of the (nominal) GDP share of the issuing

country of the payment currency. Source: World Bank.

A2.2. Descriptive Statistics

Table 14 about here
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Descriptive Statistics for Gravity Regressions

Standard No. of

Mean Deviation Min Max observations

payment (trillion USD) .5379102 5.297467 0 142.4334 12168

lngdp o .4515691 1.432936 -1.392256 2.924478 12168

lngdp d .4515691 1.432936 -1.392256 2.924478 12168

ln (Share ratio) .3879509 .8909294 -2.859486 1.487501 12168

lntradeshare o -3.682406 1.812543 -7.807363 0 12168

lntradeshare d -3.682406 1.812543 -7.807363 0 12168

fxrate comovement o .1165254 .6032397 -.9627303 1 12168

fxrate comovement d .1165254 .6032397 -.9627303 1 12168

lndistw 8.61217 .943033 6.109433 9.717295 12168

col45 .025641 .1580684 0 1 12168

comleg posttrans .2692308 .4435783 0 1 12168

ln (GDP share of issuing country) -3.877167 1.432782 -5.686779 -1.405423 12168

Table 14: Descriptive Statistics for Gravity Regressions

Appendix B. Using FX Turnover Share to predict Payment Share

In this appendix, we give detail of the robustness check described in the main body of the paper,

i.e. using FX turnover share to predict payment share.

B1. Regression Results

Table 15 about here

B2. In-sample Prediction

Table 16 about here

It can be seen that the in-sample predictions are somewhat less accurate than those predicted

by our gravity regression for in-sample prediction based on equation (3) as shown in Table 8.

Yet, other than the JPY (which had unusually large FX turnover share compared with payment

share) and CAD (which had unusually small FX turnover share compared with payment share),

the predictions for the top ten currencies are not bad.
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Regressions of Payment Share on FX Turnover Share

(1)

Payment share

FX turnover share 1.198***

(0.0273)

Constant -0.00894**

(0.00368)

 78

adj. 2 0.961

Note. 13 currencies and 13 countries. Eurozone is treated as a single country.

For each currency, payments to/from all the countries in sample are aggregated.

Standard errors in parentheses

*   010, **   005, ***   001

Table 15: Regressions of Payment Share on FX Turnover Share

Actual Payment Shares and In-sample Prediction

Year: 2016

Actual Payment Shares of Currencies In-sample Prediction of Model 2

Rank Currency Actual Share (%) Rank Currency Predicted Share (%)

1 USD 55.31 1 USD 51.56

2 EUR 20.52 2 EUR 17.91

3 JPY 5.86 3 JPY 12.06

4 GBP 5.28 4 GBP 6.77

5 CAD 3.23 5 AUD 3.22

6 CHF 2.12 6 CAD 2.18

7 AUD 2.11 7 CHF 1.98

8 RMB 1.62 8 RMB 1.49

9 HKD 1.14 9 SGD 1.27

10 SEK 0.98 10 NOK 1.11

11 NOK 0.71 11 SEK 0.43

12 DKK 0.63 12 HKD 0.14

13 SGD 0.50 13 DKK 0.11

Note. 13 currencies and 13 countries. Eurozone is treated as a single country.

For each currency, payments to/from all the countries in sample are aggregated.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

Table 16: Actual Payment Shares and In-sample Prediction. Model: Model: Using FX Turnover

Share to predict Payment Share
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B3. Counterfactual Experiments

B3.1. Counterfactual (A)

Table 17 about here

It can be seen that other than JPY and CAD, the results for the top seven currencies are quite

similar to those estimated by our gravity regression for Counterfactual (A) shown in Table 10.

B3.2. Counterfactual (B)

Table 18 about here

As shown in Table 18, Other than JPY and CAD, the results of Counterfactual (B) for the

top seven currencies are somewhat similar to those (B) estimated by our gravity regresssion for

Counterfactual (B) shown in Table 11.

B3.3. Counterfactual (D)

Table 19 about here

Other than JPY and CAD, the results for the top seven currencies are somewhat similar to

those estimated by by our gravity regresssion for Counterfactual (D) shown in Table 12.
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Counterfactual (A). Model: Regressions of Payment Share on FX Turnover Share. (Year: 2016)

For each currency, payments to/from all the countries in sample are aggregated.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

RMB Share Ratio becomes 2 times RMB Share Ratio becomes 4 times

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 49.57 1 USD 45.59

2 EUR 17.78 2 EUR 17.51

3 JPY 11.95 3 JPY 11.73

4 GBP 6.75 4 RMB 8.66

5 RMB 3.88 5 GBP 6.70

6 AUD 3.20 6 AUD 3.16

7 CAD 2.17 7 CAD 2.15

8 CHF 1.97 8 CHF 1.95

9 SGD 1.27 9 SGD 1.26

10 NOK 1.11 10 NOK 1.10

11 SEK 0.43 11 SEK 0.43

12 HKD 0.12 12 DKD 0.10

13 DKK 0.11 13 HKD 0.08

RMB’s share ratio becomes 5.5 times RMB’s share ratio becomes 8.5 times

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 42.21 1 USD 36.64

2 EUR 17.30 2 RMB 19.41

3 RMB 12.48 3 EUR 16.92

4 JPY 11.55 4 JPY 11.23

5 GBP 6.67 5 GBP 6.60

6 AUD 3.13 6 AUD 3.06

7 CAD 2.12 7 CAD 2.09

8 CHF 1.93 8 CHF 1.90

9 SGD 1.25 9 SGD 1.24

10 NOK 1.10 10 NOK 1.10

11 SEK 0.42 11 SEK 0.42

12 DKK 0.09 12 DKK 0.09

13 HKD 0.05 13 HKD -0.02

RMB’s share ratio becomes 12.5 times

Rank Currency Predicted Share (%)

1 USD 29.09

2 RMB 28.48

3 EUR 16.42

4 JPY 10.81

5 GBP 6.51

6 AUD 2.98

7 CAD 2.04

8 CHF 1.86

9 SGD 1.23

10 NOK 1.09

11 SEK 0.41

12 DKK 0.07

13 HKD -0.10

Table 17: Counterfactual (A). Model: Using FX Turnover Share to predict Payment Share.
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Counterfactual (B). Model: Regressions of Payment Share on FX Turnover Share. (Year: 2016)

Note. 13 countries and 13 currencies. Eurozone is treated as a single country.

For each currency, payments to/from all the countries in sample are aggregated.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

Rank Currency Predicted Share (%)

1 USD 50.53

2 EUR 17.84

3 JPY 12.00

4 GBP 6.76

5 AUD 3.21

6 RMB 2.73

7 CAD 2.18

8 CHF 1.98

9 SGD 1.27

10 NOK 1.11

11 SEK 0.43

12 HKD 0.13

13 DKK 0.11

Counterfactual: China’s GDP becomes that of US, but China’s share ratio is unchanged

Table 18: Counterfactual (B). Model: Using FX Turnover Share to predict Payment Share
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Counterfactual (D). Model: Regressions of Payment Share on FX Turnover Share. (Year: 2016)

For each currency, payments to/from all the countries in sample are aggregated.

Payments to/from global market infrastructures such as CLS and Target 2 are excluded.

RMB’s share ratio remains unchanged RMB’s share ratio becomes 2 times

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 51.13 1 USD 48.70

2 EUR 17.88 2 EUR 17.72

3 JPY 12.03 3 JPY 11.90

4 GBP 6.77 4 GBP 6.74

5 AUD 3.22 5 RMB 4.93

6 CAD 2.18 6 AUD 3.19

7 RMB 2.02 7 CAD 2.17

8 CHF 1.98 8 CHF 1.97

9 SGD 1.27 9 SGD 1.26

10 NOK 1.11 10 NOK 1.11

11 SEK 0.43 11 SEK 0.43

12 HKD 0.14 12 HKD 0.11

13 DKK 0.11 13 DKK 0.10

RMB’s share ratio becomes 4 times RMB’s share ratio becomes 5.5 times

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 43.86 1 USD 39.98

2 EUR 17.40 2 EUR 17.14

3 JPY 11.63 3 RMB 15.40

4 RMB 10.75 4 JPY 11.41

5 GBP 6.68 5 GBP 6.64

6 AUD 3.14 6 AUD 3.10

7 CAD 2.13 7 CAD 2.11

8 CHF 1.94 8 CHF 1.92

9 SGD 1.26 9 SGD 1.25

10 NOK 1.10 10 NOK 1.10

11 SEK 0.42 11 SEK 0.42

12 DKK 0.10 12 DKK 0.09

13 HKD 0.06 13 HKD 0.02

RMB’s share ratio becomes 8.5 times RMB’s share ratio becomes 12.5 times

Rank Currency Predicted Share (%) Rank Currency Predicted Share (%)

1 USD 32.95 1 RMB 34.90

2 RMB 23.84 2 USD 23.74

3 EUR 16.68 3 EUR 16.07

4 JPY 11.02 4 JPY 10.51

5 GBP 6.55 5 GBP 6.45

6 AUD 3.02 6 AUD 2.92

7 CAD 2.06 7 CAD 2.00

8 CHF 1.88 8 CHF 1.83

9 SGD 1.24 9 SGD 1.22

10 NOK 1.09 10 NOK 1.08

11 SEK 0.41 11 SEK 0.40

12 DKK 0.08 12 DKK 0.07

13 HKD -0.06 13 HKD -0.16

Table 19: Counterfactual (D). Model: Using FX Turnover Share to predict Payment Share.
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6 Online Appendix — Endogeneity and the use of Instrumental

Variables

6.1 Endogeneity issue of the regression equation (2)

The IV procedure we use is IV Poisson GMM.

To test for the endogeneity of log (share ratio), we carry out the following procedure:

- We identify all the possible sets of instrumental variables for share ratio

See next step.

1. - We carry out over-identification test to identify all the invalid sets of IVs.

We tested all combinations of two out of the following eight possible IVs:

share ratio t-1;

share ratio t-2;

relative fin dev t;

relative fin dev t-1;

relative fin dev t-2;

relative capital account openness t;

relative capital account openness t-1;

relative capital account openness t-2.

The following are the sets of IVs that pass the overid test (fail to reject the null at 0.05 level):

- relative capital account openness t-1 & relative capital account openness t-2 (p=0.6479)

- relative capital account openness t & relative capital account openness t-2 (p=0.1781)

- relative fin dev t-1 & relative fin dev t-2 (p=0.0998)

2. - We run regressions to identify the IVs that directly affect the dependent variable. If they

do, we exclude them. This would help us to include only those IVs that satisfy the exclusion

restrictions.
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We regress the dependent variable on the full set of explanatory variables plus the IVs, and

see if the coefficients on IVs are significantly different from zero. If the coefficient is significantly

different from zero, we take it as evidence that the IVs directly affects the dependent variable and

their possibly violates the exclusion restriction.

At least one of the two IVs in all of these sets of IVs affect the dependent variable directly even

after controlling for the effect of log (share ratio). So, if we totally rely on this test, the exclusion

restriction is not satisfied. However, we argue from economic theory that these variables should

not affect the dependent variable directly, as the choice of currency of payment by firms, while

directly affected by the thick market externalities of the currency (due to lower transactions cost

and higher liquidity of the currency), should not be affected directly by capital account openness

and financial development of the issuing country. Thus, we accept all of them as valid IVs.

3. - For each of the remaining sets of valid IVs, we carry out control function analysis to test

the hypothesis that share ratio is exogenous. If we cannot reject the hypothesis, then share ratio

is considered exogenous with respect to the use of that particular set of IVs.

The results show that the estimated coefficient on the control valuable on log(ShareRatio) is

significantly different from zero, as shown in the following table, which suggests that log(Share

Ratio) is endogenous. One can refer to Ch 6.2 of Wooldridge (2010) for the principle behind of the

control function method.

The above table shows that all three IV regressions show rejection of exogeneity of log (share

ratio).

4. - If we cannot reject the hypothesis that share ratio is exogenous with respect to the use of

all the valid IVs, then we regard share ratio to be an exogenous variable. In that case, we regard

the PPML estimation to be valid to be used for carrying out counterfactuals.

See next step.

5. - If we reject the hypothesis that share ratio is exogenous with respect to the use of at least

one set of IVs, then we carry out IV estimation to estimate the model and use it to carry out

counterfactuals.

Since the control function test rejects the hypothesis that log (share ratio) is exogenous, we

have to carry out IV estimation, the result of which is given in Table 5.

Table 5 about here
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IV's direct effects on dependent variable after 
controlling for ln share ratio 

Model ppml_i-j-t  
Regression sample 2011-2016 2013-2016 2013-2016 2013-2016  

(1) (2) (3) (4)  
Payment Payment Payment Payment 

lngdp_o 0.840** 0.908** 0.676 0.607  
(0.344) (0.460) (0.467) (0.518) 

lngdp_d 0.996*** 1.442*** 0.402 0.460  
(0.331) (0.444) (0.484) (0.546) 

lndistw 0.0381 0.0545 0.0742 -0.134**  
(0.0500) (0.0615) (0.0594) (0.0618) 

lntradeshare_o 0.775*** 0.698*** 0.740*** 0.496*** 
(0.0353) (0.0325) (0.0304) (0.0381) 

lntradeshare_d 1.463*** 1.359*** 1.404*** 1.202*** 
(0.0373) (0.0368) (0.0369) (0.0395) 

fxrate_comovement_o 0.161*** 0.260*** 0.225*** 0.314*** 
(0.0480) (0.0483) (0.0486) (0.0534) 

fxrate_comovement_d 0.281*** 0.401*** 0.328*** 0.386*** 
(0.0802) (0.0919) (0.0890) (0.116) 

log(Issuing country GDP 
share) 

-0.637*** -0.410*** -0.542*** 0.104** 

(0.0666) (0.0467) (0.0490) (0.0486) 
log(Share Ratio) 1.437*** 1.786*** 1.870*** 0.739*** 

(0.0963) (0.0858) (0.0807) (0.154) 
log(Relative Gross 
IIP/GDP) 

-1.862*** -2.614*** 

(0.0989) (0.371) 
log(Relative Fin Dev) 3.970*** 

(0.614) 
log(Relative Gross 
IIP/GDP)_t-1 

-1.700*** 

  
(0.369) 

log(Relative Gross 
IIP/GDP)_t-2 

 
0.0501 0.693** 

(0.354) (0.328) 
log(Relative Fin Dev)_t-1 3.784** 

(1.601) 
log(Relative Fin Dev)_t-2 -0.318 

(1.480) 
Constant 1.739 -7.604*** -8.580*** 10.95*** 

(1.546) (0.974) (0.991) (1.988) 

Observations 12168 8112 8112 8112 
R-squared 0.941 0.952 0.953 0.936 
AIC 5922.9 4012.0 3955.2 4541.5 

Standard errors in 
parentheses 
* p<0.10  ** p<0.05  *** p<0.01 

 

Table 20: IV’s direct effects on dependent variable after controlling for ln (share ratio)
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model  ivpoisson_cfunc_i‐j‐t  ivpoisson_cfunc_i‐j‐

t 
ivpoisson_cfunc_i‐
j‐t  

regression sample  2013‐2016  2013‐2016  2013‐2016 

instrumental variables  log(Relative Gross 
IIP/GDP)_t‐1 & 
log(Relative Gross 
IIP/GDP)_t‐2 

log(Relative Gross 
IIP/GDP)_t & 
log(Relative Gross 
IIP/GDP)_t‐2 

log(Relative Fin 
Dev)_t‐1 & 
log(Relative Fin 
Dev)_t‐2    

 
(1)  (2) (3)

c_ln share ratio       
Constant 2.125*** 1.833*** -0.308** 
  (0.122) (0.115) (0.120) 

Control Function Test 

Table 21: Control Function Test

Conclusion: Columns (3)-(5) of Table 5 show the IVPoisson GMM estimation. Although most

of the coefficients of ln GDP origin and ln GDP destination are not significant in the IV regressions,

they are all of the right sign. Our explanation of this insignificance is that the standard errors of

the coefficients under IV estimations are in general larger, and sometimes substantially so, than

the explanatory variable they instrument for. The coefficients of all other explanatory variables are

of the right sign, in particular those of ln distance (all significantly negative), ln (share ratio) (all

significantly positive), and ln (issuing country GDP share) (all significantly positive), thus they all

support our theory. Therefore, we conclude that the gravity model is confirmed.

6.2 Endogeneity issue of regression equation (3)

To test for the endogeneity of log (share ratio), we carry out the following procedure:

1. - We identify all the possible sets of instrumental variables for share ratio

See next step.

2. - we carry out over-identification (overid) test to identify all the invalid sets of IVs.

The sets of IV that passed the overid test are the following:

(2) relative fin dev t-1 and relative capital account openness t

(3) relative fin dev t-2 and relative capital account openness t

(5) Relative Fin Dev t-1 & Relative Gross IIP/GDP t-1

(6) relative fin dev t-2 and relative capital account openness t-1
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(7) relative fin dev t and relative capital account openness t-2

(8) Relative fin dev t-1 & Relative Gross IIP/GDP t-2

(9) relative fin dev t-2 and relative capital account openness t-2

(10) relative fin dev t-1 and relative fin dev t-2

(11) relative capital account openness t and relative capital account openness t-2

The sets that fail the overid test are:

(1) Relative fin dev t & Relative Gross IIP/GDP t – fails overid test

(4) Relative fin dev t & Relative Gross IIP/GDP t-1 – fails overid test

3. - we run regressions to identify the IVs that directly affect the dependent variable. If they

do, we exclude them. This would help us to choose those sets of IVs that satisfy the exclusion

restriction.

Since log (Relative Fin Dev) t significantly affects the dependent variable even when log (share

ratio) is included on the right hand side, we can say that there is a violation of the exclusion

restriction, and so it is not a valid IV.

4. - For each of the remaining sets of valid IVs, we carry out control function analysis to test

the hypothesis that share ratio is exogenous. If we cannot reject the hypothesis, then share ratio

is considered exogenous with respect to the use of that particular set of IVs.

The control function tests showed that among these valid IVs, only set (7) can reject the null

that log (Share Ratio) is exogenous at the 5% significance level and others cannot. However,

set (7) includes log (Relative Fin Dev) t, which directly affects the dependent variable, as shown

previously, and so it violates the exclusion restrictions. Therefore, we conclude that the hypothesis

that log (share ratio) is exogenous cannot be rejected when using all sets of valid IVs. Thus, we

can regard the PPML estimation to be valid for carrying out counterfactuals.

Table 9 about here

5. - If we cannot reject the hypothesis that share ratio is exogenous with respect to the use of

all the valid IVs, then we regard share ratio to be an exogenous variable. In that case, we regard

the PPML estimation to be valid to be used for carrying out counterfactuals.

See last step.
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model: ppml_i-j-t-cur-ij 
log (issuing country GDP share) is replaced by a currency fixed effect, and log distance is replaced by an ij-fixed effect. 
In each regression, a set of two IVs are included on the right hand side so as to test whether the IVs directly affect the 
dependent variable even when log (share ratio) is included on the right hand side.  
  

IV set label (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
 

Payment Payment Payment Payment Payment Payment Payment Payment Payment Payment Payment 

lngdp_o 0.833*** 0.902*** 0.911*** 0.852*** 0.892*** 0.896*** 0.826** 0.855*** 0.896*** 0.878*** 0.899*** 
 

(0.278) (0.265) (0.321) (0.256) (0.264) (0.322) (0.321) (0.324) (0.322) (0.327) (0.320) 

lngdp_d 1.240*** 1.293*** 1.077** 0.973*** 1.111*** 1.011** 0.795** 0.855** 0.988** 0.893** 1.045** 
 

(0.306) (0.348) (0.463) (0.333) (0.335) (0.406) (0.401) (0.420) (0.405) (0.424) (0.455) 

lntradeshare_o 0.907*** 0.892*** 0.885*** 0.889*** 0.889*** 0.887*** 0.885*** 0.884*** 0.886*** 0.886*** 0.884*** 
 

(0.0377) (0.0332) (0.0353) (0.0325) (0.0326) (0.0352) (0.0355) (0.0354) (0.0352) (0.0353) (0.0354) 

lntradeshare_
d 

1.559*** 1.563*** 1.541*** 1.562*** 1.561*** 1.543*** 1.542*** 1.541*** 1.541*** 1.543*** 1.540*** 

(0.0348) (0.0351) (0.0370) (0.0334) (0.0341) (0.0370) (0.0369) (0.0371) (0.0371) (0.0369) (0.0372) 

fxrate_ 
comovement_o 

-0.00850 0.0333 0.0441 0.0383 0.0389 0.0391 0.0418 0.0449 0.0431 0.0408 0.0466 

(0.0591) (0.0479) (0.0505) (0.0489) (0.0485) (0.0511) (0.0503) (0.0501) (0.0507) (0.0500) (0.0504) 

fxrate_ 
comovement_d 

0.179*** 0.137* 0.185** 0.137** 0.141** 0.179** 0.180** 0.184** 0.184** 0.180** 0.187** 

(0.0684) (0.0703) (0.0745) (0.0680) (0.0692) (0.0748) (0.0738) (0.0742) (0.0748) (0.0740) (0.0745) 

log(Share 
Ratio) 

0.949*** 0.841*** 0.509 0.713** 1.000*** 0.604 0.554 0.610 0.622 0.627 0.491 

(0.257) (0.314) (0.405) (0.304) (0.292) (0.405) (0.408) (0.406) (0.407) (0.405) (0.420) 

log(Relative 
Gross 
IIP/GDP)_t 

-0.323 0.291 0.278 0.299 

(0.405) (0.319) (0.409) (0.494) 

log(Relative 
Fin Dev)_t 

2.726*** 3.306*** 1.672 

(0.953) (1.079) (1.198) 

log(Relative 
Fin Dev)_t-1 

1.226 1.334 0.657 0.831 

(0.924) (0.977) (1.215) (1.168) 

log(Relative 
Fin Dev)_t-2 

-0.390 -0.228 -0.526 -0.591 

   
(1.070) 

 
(1.019) (1.137) (1.035) 

 

log(Relative 
Gross 
IIP/GDP)_t-1 

   
-0.212 -0.266 0.262 

  

(0.247) (0.282) (0.243) 

log(Relative 
Gross 
IIP/GDP)_t-2 

0.179 0.0775 0.141 -0.0298 

(0.288) (0.298) (0.313) (0.354) 

Constant 10.25*** 8.966*** 5.243* 12.54*** 7.143*** 5.570** 10.09*** 7.120** 4.374 5.811 6.184*** 

(2.694) (2.478) (2.856) (2.793) (2.513) (2.585) (3.420) (3.200) (2.768) (4.011) (1.639) 

Observations 12168 10140 8112 10140 10140 8112 8112 8112 8112 8112 8112 

R-squared 0.967 0.975 0.980 0.978 0.975 0.980 0.981 0.980 0.980 0.980 0.980 

AIC 5451.0 4485.1 3653.1 4473.2 4484.5 3652.8 3651.8 3653.3 3653.4 3653.1 3653.2 

Standard 
errors in 
parentheses 
* p<0.10;  ** p<0.05 ;  *** p<0.01
 

 

Table 22: IV’s direct effects on dependent variable after controlling for ln (share ratio)
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model: ivpoisson_cfunc_i-j-t-cur-ij 

log distance is replaced by an ij-fixed effect; currency fixed effects is added 

IV RFD_t-1 
& 
RKAO_t 

RFD_t-2 &  
RKAO_t 

RFD_t-1 & 
RKAO_t-1 

RFD_t-2 & 
RKAO_t-1 
 

RFD_t & 
RKAO_t-2  
 

RFD_t-1 & 
RKAO_t-2 
 

RFD_t-2 & 
RKAO_t-2 
 

RFD_t-1 & 
RFD_t-2 

RKAO_t & 
RKAO_t-2 

Pass overid 
test or not 

v v v v v v v v v 

Reject the 
null that 
log(Share 
Ratio) is 
exogenous 

v × × × v × × × × 

IV set label (2) (3) (5) (6) (7) (8) (9) (10) (11) 

                    

c_ln share 
ratio 

                

Constant 1.139* 1.696 -0.0473 9.184 -2.880** -1.926 1.905 0.597 

  (0.650) (1.454) (1.085) (11.15) (1.359) (2.754) (2.321) (1.321) 

Observation
s 

10140 8112 10140 8112 8112 8112 8112 8112 
 

R-squared 
    

AIC . . . . . . 

Standard errors in parentheses    * p<0.10  ; ** p<0.05 ; *** p<0.01. 

RFD = log (relative Fin Dev) ; RKAO = relative capital account openness = log (relative Gross IIP/GDP) 

 

Table 23: Control Function Test 2
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6. - If we reject the hypothesis that share ratio is exogenous with respect to the use of at least

one set of IVs, then we carry out IV estimation to estimate the model and use it to carry out

counterfactuals. The IV procedure we use is IV Poisson GMM.

See the last two step.

Conclusion: We conclude that ln (share ratio) can be assumed to be exogenous so that we

can justify using the PPML estimation to carry out counterfactuals so as to obtain a conservative

estimate of the relative importance of financial development and openness to the economic size of

the country in affecting the payment share of a currency.
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