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Abstract

The last decade has witnessed China’s policy reform toward building a global
currency and the accelerated process of renminbi internationalization. We provide a
quantitative assessment of the effects of these policies using a dynamic general equi-
librium model. The model incorporates key functions of an international currency
serving both as a store of value and a medium of exchange. Due to the comple-
mentarity between different functions, combined policies that simultaneously ad-
dress frictions in the international asset market and trade market are more effective
than policies with a single focus, so the dual-approach reform adopted by Chinese
government has been largely optimal. Quantification of the model reveals that (1)
China’s reform in the past decade has lowered the return wedge in renminbi bond
by 4.51%, and lowered the revenue wedge in renminbi-settled trade by 1.40%; (2) had
the reform been targeting the renminbi payment share by only addressing frictions

in international trade market, the cost of the reform would be 1.55 times larger.
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1 Introduction

Building a global currency is a keystone in a country’s internationalization agenda.
An aspiring country achieves this goal usually by adopting a combination of policies.
For example, as shown in Figure 1, during the past decade, Chinese government has
initiated a series of policy reforms, which can be roughly categorized into those facilitat-
ing transactions in renminbi asset market or those facilitating international trade settled
in renminbi. During the same time, it has witnessed an accelerated path for renminbi
internationalization: the share of renminbi bonds held by foreign investors has increased
from 1.06% to 3.92%, and the share of international transactions settled in renminbi has
increased from 0.30% to 2.22%.

0.04 0.025
[ [ o [ [ [ [ [ [ [ [
I I [ I I I I I I |
I I - 19 I I I I I I | I
| [ [~ | | | | | | | |
| @ (= = [ | | | | | | | |
I3 I ‘= (=] | | | | | | i
=] 2 B @ I I I I I I
0.035 — 1S 1.8 -4 I I I I I I I
[ = I = A I I I I I I I —0.02
7 = [ VR I/ I I I | I I
= [ s 1 dg I I I | I
[, c le & [ | | | |
=R g 2 = | | | | |
-1 | S =Y | | | | |
0.03 — = [ = (= | | | | |
= = 7 13 I I I I I
i [ s & 138 I I I I I I o015 &
© 1% ln O 10 I I I I I I z
= 1 I I I I I I I I <
= | | | | | | | | | -
o L I I I I I I I I I Zz
2 0025 | | | { | | | | | | =
= I I I I I I I I I I =
3 I I I I I I I I I I =
M \ \ \ \ & \ \ [ \ \ z
I I I I 18 I I I @ I I —0.01 @A}
I I I I B I I I < I I
L | | | [ [ | I tn | = | |
0.02 | | = =] 12 15 | = |
| | | = [ [R5} [ | 60 — = |
I =] =R = = Ly E 1= I
o = N =] )
l | 12 & 'S | <o i@ 15
I = S [ | @ 15/~ 10 1< 0005
L I [ = g | = 13 = [ =
0.015 o =1 o —~ = =
I [ =t 13 [Ty = I I
| (= I 'm (= I < =] I
| [ = | (= | = [ |
I g m | I @ | & | I
I = = I 15 I ) I I
[ 1~ | 1~ | = | |
0.01 | | | | | | | | 0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 1: Bonds share and payments share during 2011-2021

Note: The data source for foreign holdings of renminbi bonds is International Investment Position Table.
The data sources for volume of renminbi bonds are PBoC and China bond. The data source for renminbi
payment share is RMB Tracker document, which is published by SWIFT.

One may then be tempted to attribute the observed accelerated internationalization
of renminbi to the observed reforms, but such a correlation is not yet causal as it is con-
founded by other factors such as the change in the relative size of countries and evolving
international trade patterns. The contribution of the current paper is to provide a quan-
titative assessment of the impact of these policies on renminbi internationalization, con-

trolling for potential confounding factors that can be reflected by other macro variables.



We also assess the cost-effectiveness of the observed policy compared to alternative ones
that aim at achieving the same goals. We argue that the dual approach adopted by
Chinese government, by simultaneously addressing frictions in the asset market and the
international trade market, are largely optimal.

Toward this end, we build a multi-country dynamic general equilibrium model with
a typical core-periphery structure that has been used in the recent studies on endogenous
currency choices and emergence of global currency. The key model structure is similar to
Chahrour and Valchev (2021) except that the model is extended to capture asymmetries
between a leading economy and a catch-up follower, and, importantly, to incorporate a
series of policy instruments that can be inferred from the data.

In more detail, the model consists of two large economies, labelled the US and China,
and a continuum of small economies that represent the rest of the world (RoW). There
are two types of bonds, each denominated in one of the global currencies labelled dol-
lar and renminbi, respectively. Households in each economy engage in inter-temporal
transactions by holding a portfolio of bonds. There are no aggregate shocks, so bond
returns are equalized in equilibrium, except that they earn different liquidity premia for
serving as collaterals that enable international trade.

Firms in a country engage in profitable international trade by searching trading firms
from other countries. Due to contractual frictions in cross-border trade, both parties in a
transaction need to put up bonds as collateral, which can be acquired from households in
the form of intra-period loans (trade finance). The trade finance markets are segmented
within a period: firms make a currency choice and are paired with domestic households
holding bonds in that currency via random search. Firms that successfully find trade
finance pay a usage fee to households, after which they are paired with trading partners
in the origin-destination specific international trade market. A pair of matched exporter
and importer then conducts trade and splits their joint profits, from which a currency
mismatch cost is deducted if the two firms’ currency choices are different.

Two layers of strategic complementarity in currency choices arise in the model. The
tirst is among the currency choices across firms: since a cost is incurred on trading
profits upon currency mismatch, firms will choose the currency that they expect their
partners to choose most often, and thus coordinate on the currency choice. The second
is between firms and households within in a country: since households and firms are
paired by random search in the trade finance market, firms tend to choose the currency
in which the bonds are in greatest supply, and households tend to choose the currency
of bond for which trade finance is in greatest demand. As shown in Chahrour and

Valchev (2021), there exist multiple stable equilibria with different dominant currency



if the strategic complementarities are sufficiently strong, under empirically plausible
parameterization.

We model policies on currency internationalization in the asset market as reducing
existing wedges on bond returns faced by international investors, and in the trade market
as reducing wedges on the revenue of international trade settled in the currency. We
show that the same strategic complementarity which gives rise to a dominant currency
also implies that combined policies bolstering different functions of an international
currency are more cost effective than any single policy. In a simplified version of the
model, we characterize such a policy complementarity analytically. Locally, we show
that starting from any steady state, a reduction in the wedge of bond return or firm
revenue associated with a currency increases the choice of trade finance in that currency,
and the marginal effect of reduction in revenue wedge is larger if the initial bond holding
in that currency is higher. Globally, we show that starting from an economy in which
renminbi cannot be a dominant currency due to existing frictions, achieving the status
of a global currency by reducing two frictions simultaneously is more cost effective than
doing so by reducing any single friction alone.

We gauge the quantitative importance of the policy complementarity and assess the
optimality of observed policies by taking the model to China’s experience during 2010-
2021. Our quantitative exercise follows a structural accounting approach: by choosing
time-varying model parameters and policy parameters, the model’s transition dynamics
exactly matches salient macroeconomic times series, including international investors’
bond portfolio compositions, international firms’ currency choices, and other macro vari-
ables such as relative country sizes and volumes of government bonds. The backed out
wedges in renminbi bond return and wedges in firms’ revenue settled in renminbi are
thus the inferred effects of policies once other macro conditions are controlled for.

The calibration reveals the dual endeavors of Chinese government in promoting ren-
minbi internationalization in the past decade. On average, the inferred wedge on ren-
minbi bond return to international investors has been reduced by 4.51%, and the inferred
wedge on firms’ revenue trading in renminbi has been reduced by 1.40%. By projecting
the inferred wedges over extracted keywords from related policy documents over the
period, we find that the reduction in bond return wedge is more likely to be associ-
ated with policy keywords in addressing asset-market frictions, whereas the reduction
in firms’ revenue wedge is more likely to be associated with keywords in addressing
trade-market frictions. These correlations do not only serve to validate our structural
accounting approach, but also construct a mapping from policy keywords to reduced-
form wedges that can used in predicting the impact of future policy reforms from their



documents.

By interpreting the reductions in wedges as real transfers to foreign households or
tirms, we calculate the costs of implementing these policies imposed on the government
budget. We find the costs of achieving the internationalization are about 0.1% of GDP,
which implies the policy is costly. Note that part of the reductions in wedges are due
to removals of actual frictions, which raise efficiencies and should not show up as the
government’s burden. Nevertheless, these calculations highlight the difficult tradeoffs
when a country like China aspires to start the journey toward internationalizing its own
currency.

Despite the considerable costs in the internationalization process, we find that the
policy combinations enacted by Chinese government are largely optimal. We reach this
conclusion by considering alternative internationalization process by either using single
policy to address the frictions in bond market, or the trade market, alone. We show that,
for the purpose of raising firms” use of renminbi by the same magnitude via reducing
bond return wedge alone, the costs would be 1.26 times larger than those required by the
observed policy. Similarly, the costs for a policy that only changes the revenue wedge
would be 1.55 times larger. These exercises demonstrate that combined policies are
usually more cost effective than any single policy.

Finally, we plan to project the future of renminbi internationalization based on the
calibrated model, taking into account the projected future changes in relative country
sizes, bond volumes, and policies.

Literature. The paper is related to three strands of literature. First, our paper is re-
lated to the literature that explores the emergence of a dominant currency. Several litera-
ture documents empirical evidence that dominant currency dominates in many aspects,
which includes currency of pricing in international trade (Gopinath, 2015; Gopinath
et al., 2020), structure of external balance sheets (Gourinchas and Rey, 2007a; Gourin-
chas and Rey, 2007b), denomination of debt contracts (Eren and Malamud, 2022), and
currency composition of private portfolios (Maggiori et al., 2020). Theoretically, literature
provides explanations for the emergence of a dominant currency based on the three roles
of international currency, which includes a unit of account (Engel, 2006; Gopinath et al.,
2010; Doepke and Schneider, 2017; Mukhin, 2022), a medium of exchange (Matsuyama
et al.,, 1993; Devereux and Shi, 2013; Liu et al., 2019), and a store of value (Maggiori,
2017; He et al., 2019; Bocola and Lorenzoni, 2020; Eren and Malamud, 2022).

Instead of focusing single role of international currency, Chahrour and Valchev (2021),
Gopinath and Stein (2021) explain the emergence of dominant currency based on com-
plementarity between different functions of international currency. In Chahrour and



Valchev (2021), firms in different countries tend to use bond denominated in same cur-
rency as collateral to avoid mismatch cost in international trade. Households and firms
within the same country also tend to choose bond denominated in same currency. This
ensures that household can hold bonds with higher liquidity premia, and firms can find
bonds as collateral with higher probability. Gopinath and Stein (2021) focus on com-
plementarity between a unit of account and a store of value. In their model, household
choose to hold dollar-dominated safe asset to avoid exchange rate risk, and the high
demand of dollar deposits lowers the interest rate of dollar-denominated loans, which
makes more firms choose to price goods in dollar and verifies the expectation of house-
hold. ! ? show that dominant currency can arise due to complementarity between
debt issuance choices of private firms. Firms tend to issue debt in the unit of asset with
greatest liquidity, which further increases liquidity of this kind of asset. There also exists
complementarity between unit of account and store of value in their model, but they
focus on how dominance in finance generates dominance in trade. Our contribution
relative to them is that we focus on policy complementarity and provide quantitative
accounting along the transition path.

Our paper is also related to literature that studies openness policies and international
capital flows in China. Song et al. (2011) build a two-sector model with financial friction
to explain the observed patterns of capital flows in China. Song et al. (2014) analyze the
effects of exchange rate policy, interest rate policy, and deposit rate policy based on the
model in Song et al. (2011) with capital controls. Liu et al. (2021) explore optimal capital
account liberalization based on a model with financial repression. Jermann et al. (2022)
study exchange rate policy in China since 2015. They show empirically that the policy
aims to balance exchange rate flexibility and RMB index stability based on market pillar
and the basket pillar. Compared with their work, we highlight the impact of openness
policies on renminbi internationalization, a topic that draws many recent policy and
academic attentions.

The analysis is closely related to recent work on the policy to internationalize do-
mestic currency. Bahaj and Reis (2022) analyze how the swap line can help the rising
international currency to become dominant currency theoretically. Empirically, they find
that the creation of swap lines by People’s Bank of China is significantly associated with
the increase in the use of the renminbi in international payment. Georgiadis et al. (2021)
contrast the effects of fundamentals and policies on share of trade invoicing empirically.
They find that higher export and import exposure to China strengthen the role of dollar.

!The high demand of dollar- denominated loans, as shown in Gopinath and Stein (2018), also increases
the dollar reserves of central bank.



Even though the higher trade share also leads to increase in renminbi share, the effects
are not significant. For the role of policies, they find that creation of swap lines by PBoC
is associated with increase in renminbi invoicing. Clayton et al. (2022) focus on how
China selectively opens up domestic bond market. They build a dynamic reputation
model to explain why China first allow stable investor to enter domestic bond market
and then gradually lift the restrictions to flightier investors to enter. We contribute to
this literature by considering policy combination and complementarity between different
policies. We also provide quantitative structural decomposition for effects of the policies.

Outline. Section 2 introduces the policy background. Section 3 presents the model
and shows analytical analysis. Sections 4 shows the quantitative results. Section 5 con-
cludes.

2 Policy background

We provide a brief overview about the policies to promote renminbi international-
ization in this section. As is mentioned before, Chinese government internationalized
the renminbi by initiating policies in different aspects. We roughly categorize them into
those facilitating transactions in renminbi asset market or those facilitating international
trade settled in renminbi. For renminbi assets, we focus on renminbi bonds, so we

mainly introduce policy reforms related to renminbi bonds market.

2.1 Policy to facilitate transactions in renminbi bonds market

In 2002, the Qualified Foreign Institutional Investor (QFII) was introduced and quali-
tied foreign investors were allowed to enter the stock and exchange-traded bond markets
in China, but they were not allowed to enter the China Interbank Bond Market (CIBM),
which consists a very large share of renminbi bonds. Since 2010, foreign central banks,
renminbi clearing banks in Hongkong and Macao, and overseas participating banks were
allowed to use renminbi to invest China Interbank Bond Market. In 2011, the Renminbi
Qualified Foreign Institutional Investor (RQFII) was introduced, which allowed foreign
investors to use renminbi to invest securities in China. The restrictions on the access
to China’s bond markets were further lifted in 2013, when the QFII participants could
enter the China Interbank Bond Market. The quotas on QFII and RQFII were removed
in 2019, and the two programs were merged in 2020. In 2015, foreign central banks,
international financial institutions and sovereign wealth funds had easier access to the

interbank market, and the investment quota limit on them was removed. In 2016, re-



strictions on investing in the China Interbank Bond Market were relaxed for almost all
foreign investors. In the same year, renminbi was included in the special drawing rights
(SDR) basket.

Bond Connect was launched in 2017, which provided a new way for foreign in-
vestors to invest in the China Interbank Bond Market. Oversea investors could invest in
the China Interbank Bond Market through connection between financial infrastructure
institutions of Mainland China and Hongkong. Bond Connect provided much conve-
nience for the foreign investors, and it was seen as an important reform to help renminbi
bonds to be included in global bond indices (Clayton et al., 2022). Renminbi bonds were
included in Bloomberg Barclays Global Aggregate Index (BBGA), JP Morgan Govern-
ment Bond Index - Emerging Market (GBI-EM), and FISE World Government Bond
Index (WGBI) during year 2019-2021. In July 2022, Swap Connect was announced to be
launched six months later. Swap Connect allows oversea investors to trade interest rate
swap products in the Mainland China through the connection between financial infras-
tructure institutions of Mainland China and Hongkong. The launch of Swap Connect
can facilitate the opening of derivatives market in China and provide more access to

manage interest risk for the oversea investors.

2.2 Policy to facilitate international trade settled in renminbi

Before year 2009, only a very small fraction of trade was allowed to be settled in
renminbi. In year 2009, Administrative Rules on the Pilot Program of RMB Settlement of
Cross-border Trade Transactions was issued and renminbi settlement was allowed for trade
between qualified firms in five cities (Shanghai, Guangzhou, Shenzhen, Dongguan, and
Zhuhai) and Association of Southeast Asian Nations (ASEAN) member states as well
as Hong Kong and Macao. In 2010, coverage of the pilot scheme was expanded to
20 provinces, and qualified firms were allowed to use renminbi to trade with firms
in all countries. Restrictions on renminbi settlement for Chinese importing firms and
exporting firms were lifted in year 2011 and 2012, respectively.

During the past decades, China has established several renminbi clearing banks in
different regions. For example, clearing banks in Taiwan, Singapore, and the United
Kingdom were established during 2012-2014. At the same time, China signed a lot of
swap lines with different countries, and most of them were firstly signed before year
2016. Swap lines can reduce the volatility of borrowing costs for foreign firms in ren-
minbi, which increases the incentives for foreign firms to use renminbi (Bahaj and Reis,

2022). To facilitate renminbi settlement in international trade, the Cross-border Interbank



Payment System (CIPS) was launched in year 2015. CIPS was designed to be built in two
phases, and CIPS Phase Two was launched in year 2018. The CIPS Phase One adopted
real time gross settlement mechanism, and CIPS Phase Two also introduced deferred net
settlement mode. The launch of CIPS provided longer operation hours and enhanced
the efficiency for the renminbi settlement.

To summarize, the policies introduced above show the multipronged strategy of Chi-
nese government in promoting renminbi internationalization during the past decade,

which motivates us to analyze the rationale for the combined policies.

3 The Model

We consider a multi-country model with three regions: the U.S., China, and the rest
of the world which contains a continuum of small countries. Countries are indexed by
j € {us,cn, [0, prw|}. Time is discrete and infinite. There are two types of bonds in the
world: dollar bonds issued by U.S. government and renminbi bonds issued by Chinese
government. Households hold these two types of bonds. They make consumption and
saving decisions in each period. Due to contractual frictions in cross-border trade, firms
in each country choose to search and borrow one of the two types of bonds from the
households as collateral in each period.

The U.S. is leading economy in the model, whose currency is the dominant currency
in initial state. As a catch-up follower, China has smaller country size and lower bond
supply than the U.S.. To internationalize the renminbi, China can use policies to reduce
return wedges in renminbi bond to increase the incentives of households to hold ren-
minbi bonds, and to reduce revenue wedge in renminbi-settled trade to encourage more
tirms to use renminbi bonds as collateral. We next describe detailed settings about each

part of the model.

2Before the launch of CIPS, there were three ways for oversea agents to settle in renminbi. The first
is Non-Resident Account (NRA) mode. Foreign firms can directly open accounts with banks in China
for RMB settlement with the approval of the PBoC. The second is correspondent banks mode. Oversea
banks open account for renminbi settlement in correspondent banks, and the correspondent banks use
renminbi for settlement through domestic settlement system. The third is oversea clearing banks mode.
The oversea clearing banks open account for renminbi settlement in PBoC, and the renminbi settlement is
done through the clearing banks.



3.1 Household

Representative household in country j chooses consumption and bond holdings to
maximize
0 C1t_g
Eo ) p'—— :

0 t;,) Pi— 3.1)
where Cj; is Cobb-Douglas aggregate of domestic and foreign goods. The share of do-
mestic goods is home bias parameter 4y, ;, and share of foreign goods is proportional to
size of the exporting country. Taking consumption basket in the U.S. for example:

(17“}:,145)?75” (17”h,us)ﬁ”w

Cust = ( 3§,t)ah’us (Chay) Fertiimo (Cpey) Fentiin (3.2)

where the subscript denotes the country and the superscript denotes the goods. y;

is population share of country j and i is share of size of country j. We have p; =
1Y

Hus Yus +Hten Yen +,u‘rwyrw 4 i

model. Ci? = (Jo ”"(C;.t)(ﬁ_l)/”di)”/(”_l) is index of consumption of goods in rest of

where Y; is endowment in country j, which is exogenous in the

the world. Consumption baskets in China and the rest of the world are similar to (3.2),
which are given in appendix A.

Compared with standard household problem, one new feature in the model is that
holding bond can bring the household additional endogenous liquidity premia, which
is the fees paid by firms when firms borrow bonds from the households. The budget
constraint of household is:

PuCji + (1= AJfSP) Pl QISP BYSP + (1— ARMP) pit QRMPBEME 4y, .

= Pis,Bi>Y + Py BEME + Pl Yy, + 1T, + Ty

where A]l.{s D

and AﬁMB denote liquidity premia of the dollar bond and renminbi bond,
respectively. The liquidity premia is determined endogenously in equilibrium. Py is
price index of consumption basket Cj;. P}t is price of country j’s goods. QY°P and QRMB
are price of dollar bond and renminbi bond, respectively. H}; is total profit of firms in
the country j and Tj; is lump-sum taxes. ¥j; is bond adjustment cost, which takes the
form:

i = P, QP t(Bj°P, Bii°P) + P, QP r(BMP, BEMP) (3.4)

B —B!

2
where T(B;:t, Bj,) = I <]tB—1]t> Bj,. T is parameter related to bond adjustment cost.

E;',t = B;/t for country-currency pair (j, 7) that does not see bond adjustment cost: (rw, USD),



(us,USD), (cn, RMB). The bond adjustment cost mainly captures the frictions in bond
market, and EﬁMB reflects country-j households” willingness to hold renminbi bonds. In-
crease in EﬁtMB implies country-j households are more willing to hold renminbi bonds.

The Euler equations are given by

%
| = BE, G Py Pusiiq 1 (3.5)
Ciy Piia Pisy Qusp (1 _ Aju,tSD 4 (B%SD,E%SD>>

—0
_ Gt Pt Poni 1
=P C; P41 P RMB (3.6)
jt jt+1 Lenp QRMB (1 — AftMB + <B]1.2tMB,§]-It ))
where
BRMB
- <B]glthB’§}?z\AB> — 1 <W — 1) , j€{us,rw} (3.7)
_],t
is bond return wedge in renminbi bond. Chinese government can use policy to reduce

existing frictions in bond market, which increases BRM5

i+ and then country-j households

are more willing to hold renminbi bonds.

3.2 Firms

In our endowment economy, firms in each country search for trading partners to
exchange goods. Due to contractual frictions in cross-border trade, both parties in a
transaction need to borrow bonds from households as collateral. In each period, firm
goes through three stages, where the timeline of the firm’s decisions is shown in figure
2. First, firms need to decide whether to operate, and choose ex-ante probability for
exporting to and importing from each country if they decide to operate. In equilibrium,
the probability is the fraction of firms with different trading statuses. After deciding
to enter the market, firms need to make funding decisions and search for bonds. For
tirms that find the bonds successfully, they go to international trade market to search
for trading partners to exchange goods. We next describe firm’s decision in each stage,
where we trace decision of country-j dollar-funded exporter. Decisions of firms with

other trading statuses are similar.

10



Firms make funding decisions

Period t and search for bonds Period t+1
' ° ° ° '
Firms choose: Trade status is realized and
* whether to operate firms search for partners to

* ex-ante probabilities of trade

exporting and importing
Figure 2: Timeline of the firms” decisions

3.2.1 Exchange of Goods

We first introduce the final stage in the timeline, when the firms have decided to
operate and found the bonds as collateral. We follow den Haan et al. (2000) to use the

matching function with the following form:

uv

1 1\ T

where e7 is matching elasticity. For country-j exporter that searches for country-i im-

M (u,v) = (3.8)

porter, the probability of successful matching is

. 1/er\ ~°T
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where mﬂt and mlﬂ

importer with destination j, respectively. m;; is mass of country-j firms that choose to

are mass of the country-j exporter with destination i and country-i

operate. p¢ ]lt is probability of choosing to export to country i. pUSD Xit + pRMB (1—-Xj)

is fraction of funded country-j firms, where pUSD and pRMB

are probab1l1t1es of finding
dollar bonds and renminbi bonds, respectlvely. X is fraction of country-j firms that
choose to search for dollar bonds.

For tirms that successfully match with their trading partners, the exporters sell goods
to importers. The country-j exporter and country-i importer split total proflt P]
The trading price is determined by Nash bargaining, and we denote Nash bargammg
power of exporter as &, then the effective “wholesale” price for trading between country-
j exporter and country-i importer is P]Zl"th"l = P] + oc(P] ]]t) Since we assume firms
borrow one numeraire unit of bonds, the tradmg volume between country-j exporter and

11



country-i importer is 1/ P].Zlf;h"l. Finally, firms face mismatch cost when the two matching
tirms use collateral with bonds in different currencies. Based on these settings, the
expected profit of country-j dollar-funded exporter with destination i is

jit — Fjit pwhol (3.10)

; [
HUSD,ex el [
jit

. . usDy,
P']t _ P]t . KP%;hOl 1— Pi it
l / ! PP Xy + piMP (1 — Xy)

where x is parameter that measures magnitude of mismatch cost, and the term in the

bracket is the fraction of country-i renminbi-funded firms among country-i funded firms.

3.2.2 Searching for Bonds

Now we come to second stage in the timeline, when the firms have chosen to operate,
and they need to decide to search for dollar bonds or renminbi bonds. The match is
between firms and households in the same country. The form of matching function is

similar to that in international trade market, which is

uo

1 1\ fF

where er is matching elasticity. The probability of finding U.S. bonds for country-j firm

M (u,v) = (3.11)

is
—er

(3.12)
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where m;; Xj; is the mass of country-j firms that search for U.S. bonds, and m;(1 — Xj)
is mass of country-j firms that search for renminbi bonds. Moreover, the calibration is
based on annual data, and v captures the fact that typical trade finance arrangement is
shorter than one year. When firms successfully find the bonds, the profit with dollar

bonds and renminbi bonds are

usD, (1)
jt

— 14D 4 UsD.() RMB, (1)
j

RMB, (1)
Jt o Yji

_ RMB
=I5 + 0

Note that besides the expected profits obtained directly from the trade, there also exists

I RMB,(I
D and @XM

preference shock that affects firm’s decision. G;tlSD’ are preference shocks

that are Gumbel with scale parameter ¢y and country-specific location parameter. Ex-
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pected profit obtained directly from the trade with dollar funding is given by

usb usbD UsSD,ex ] UsD,im
TSP = pHSP (Y (il + pliim ™™ ) =) (3.13)
i#]
USD,ex UusbD,im . . . . . .
where Tt and Tt are trading profit, which are determined in the final stage.

p;l’; and p;’fz are probabilities for choices of different trading statuses, which are deter-
mined in the first stage. r is fees paid by firms. The expression of HﬁMB is similar,
except that Chinese government can use policy to reduce revenue wedge in renminbi-
settled trade in the rest of the world:

I = p (P + P ™) —r 4+ V) (319)
7]

where 7 is amount of reduction in revenue wedge, so the increase in 77, corresponds
to reduction in revenue wedge. 1yjcqy) = 1if j € {rw}, Ijjeqryy = 0if j € {us, en},
which means China only implements policy to reduce frictions related to renminbi-
settled trade in the rest of the world . When deciding which bond to search for, firms
choose the bond that can bring higher profit, so fraction of country-j firms that search
for dollar bonds is

Xt = /1 <U%SD,(1) > vﬁMB,(l)> F <d9]Z't> = exp (Ue (HﬁMB _1 H}{SD | Gjliff>> (3.15)

where O;-W f
usD, (1)
0 it .

RMB, (1)
0 it

is the country-specific difference in the location parameter of and

3.2.3 Entry Decision and Trading Status Choice

For the first stage, we analyze how firms decide whether to operate and how they
choose the probabilities of exporting, importing and trading partner’s country. When
deciding whether to pay the fixed cost to operate, firms face the problem below

max XITi%P + (1 - X;;) TEMP — ;P

im ,ex ]t
{pjit’pjit (3.16)

st Ypla Y p =1
i#j i#]
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where firms pay fixed cost ¢; in units of domestic composite goods. In equilibrium, the
expected profits of choosing operating should be equal to fixed entry cost. Moreover,
tirms are indifferent to export and import, and they are indifferent to export to which
country or import from each country. We can use these conditions to pin down mass of
operating firms and probabilities of each trading status.

3.3 The Rest of the Model

Government in large country issues bonds in each period. We denote the quantity of
bonds as B{, which is exogenous and we calibrate it to match corresponding statistics in
data. The U.S. government’s budget is

PisiBP + Tusy = Qi *P P B (3.17)

The government budget in China is similar. Since government of country in the rest of
world doesn’t issue bond, we have Ty, = 0.

To close the model, we need to characterize the liquidity premia and market clearing
conditions. The liquidity premia comes from the fees paid by firms, which is product of
probability of finding firms, velocity v, and fees paid by firms r:

mi X; e\ 7
AUSD — 1+< e ) vr (3.18)
vl QDB

Finally, bonds market and goods market need to clear and the detailed conditions
are given in appendix A.

3.4 Analytical Analysis

Before taking the model to data, we analyze the policy complementarity analyti-
cally in a simplified version of the full model. To simplify the analysis, we remove the
mismatch cost and set the matching elasticity to 1. We also assume trading profit and
currency choices of firms in the U.S. and China are exogenous. The detailed setting of
the simplified model is given in appendix B. In the simplified model, we can characterize
the steady state renminbi bond holdings of households and currency choices of firms in
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the rest of the world by the following two equations:

! po 1A r—f(B%MB—n (3.19)
1+ BRME — B pEME" 1 — X + BRV'® B |
) ARMB ’ AR o/ (BEMP BB
Xrw = (1+exp(op(pra” (m =1+ 1) — pry” (1= 1))~ (3.20)
Y TP

where 77 is exogenous trading profit in simplified model. Other notations in above equa-
tions are same with that in the full model. Equation (3.19) is obtained by combining
steady steady euler equations in China and the rest of the world. It shows that RoW
households tend to hold more renminbi bonds when renminbi bond return wedge de-
creases. Equation (3.20) characterizes currency choice of firms in the rest of the world,
which depends on difference between profit with renminbi bonds and dollar bonds, and
the reduction in revenue wedge increases incentive for RoW firms to use renminbi.
Similar to the full model, Chinese government can implement policy to reduce return
wedges and revenue wedges to internationalize renminbi, which is reflected in changes
in BRMB and Tr. We first analyze the effects of BRMB and Tr on Xy and the comple-
mentarity between the two policies locally in a linearized system, where variables with
hat represent deviation from steady state value and variables with subscript 0 represent
steady state variables. The related result is summarized in the proposition 1 and the

proof is shown in appendix C.1.

Proposition 1. Starting from a dollar-dominant steady state with (BRMB, Tf) = (ﬁfu%B, Tf,0),

an increase in BRMB or Tr decreases Xy, and the marginal effect of T¢ could be written as a

RMB

function of (BRMB X o, Tf,0), which increases in B,y

rw,0 7
Proposition 1 formally proves that an increase in BXMB or Tr leads to increase in
share of firms that use renminbi in trade finance market, so government has at least two
choices to raise firms’ use of renminbi: using policy to reduce frictions in bond market
or using policy to reduce frictions related to renminbi settlement. The second half of
proposition 1 shows that besides single effect of the policy, there exists complementarity
between the two policies: when government uses policy to reduce bond return wedge,
demand for renminbi bonds increase, then policy to reduce revenue wedge has larger
effect on renminbi share. The complementarity between the two policies implies the

third choice may be the best: using combined policies to achieve the targeted share. °

3Note that the marginal effect in proposition 1 is marginal effect in partial equilibrium. We show policy
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To further compare the combined policies and single policy, we compare the costs of
the policies given that they achieve the same target, where we interpret the reductions in
wedges as real transfers to foreign households or firms and calculate the costs of imple-
menting these policies imposed on the government budget. Specifically, the government
spending on reducing bond return wedge is

6" = 1 (e (B, B B
cn

where

RMB =~ pRMB
B Brw

BRN(I)B BRMB
A (B, B = 7 ot P
=rw,0
is reduction in return wedge. The government spending on reducing firms’ revenue
wedge is
GF — M <p§u];VIB(1 _ er)Tf>
Hen

where we consider the case that the economy stays at state with (BRM5, Tf) = (BRMB

=rw,0 7 )
before the implementation of policy reforms. Now we compare the costs of combined

policies and single policy globally. To simplify the analysis, we consider the case that

BRMB 0

starting from a initial dollar-dominant steady state with (BXMB, ) = (B0 -

), govern-
ment uses policy to achieve symmetric steady state with X,,, = 0.5. * The related result

is summarized in the proposition 2 and the proof is shown in appendix C.2.

RMB

Proposition 2. If w —r > (B0,

r), combined policies can achieve the symmetric steady

state with a lower government spending than the single policy to reduce revenue wedge, where

RMB

rwo andr.

7t(BRMB 1) is increasing in B

Proposition 2 shows that achieving the symmetric steady state by using combined
policies is more cost effective than doing so by using single policy to reduce revenue
wedge alone. Intuitively, when there exists policy complementarity, combined policies
can achieve the target with lower degree of policy, so the cost of the combined policies
may be lower. Proposition 2 also characterizes the condition when combined policies is
more likely to be efficient. Intuitively, when EEZ%B is lower, households in the rest of
the world are less willing to hold renminbi bonds and there exist more frictions in bond

market in initial state, so addressing the frictions in bond market is more likely to be

complementarity in general equilibrium numerically in section 4.

4Ideally, we need to compare government spending on combined policies and single policy when
achieving steady state with X, < 0.5, but achieving symmetric steady state can simplify the algebra
and allow us to do some analytical analysis. After achieving symmetric steady state, the government can
reduce the wedge a little bit to achieve steady state with X, < 0.5

16



cost effective. Same amount of increase in renminbi bond holdings in RoW have more
effects on firm’s profit when net trading profit 7 — r is higher, so reducing return wedge
is more effective. Finally, when financing cost r is lower, households earn lower liquidity
premia, and we need less reduction in return wedge when increasing same amount of
renminbi bond holdings in RoW, so cost of the policy to reduce return wedge is lower
when r is lower.

4 Quantification and Results

4,1 Calibration

In this section, we take our model to China’s experience during 2010-2021 to gauge
the quantitative importance of the policy complementarity and assess the optimality of
observed policies. Starting from initial year 2010 with large frictions in bond market
and trade market, China initiates policy reforms to reduce frictions during 2011-2021
and the economy begins to transit with increasing renminbi bonds share and renminbi
payments share. Since we allow endowment to grow and the economy eventually con-
verges to a balanced growth path, we solve a detrended system, where we detrend the
country-j variables by country-j endowment Yj;. The detailed detrended equilibrium
conditions are given in appendix A. After detrending the system, we solve the full tran-
sition path, which calibrates parameters and solve the transition path simultaneously.
Note that starting from a given state, we can solve the transition path given the parame-
ters, so we can calibrate parameters to match moments on transition path with their data
counterparts.

We first report externally calibrated parameters, which are shown in table 1. We set
Uen = 0.1946 and s = 0.0449 to match population share of China and the U.S. in data,
respectively. One period in the model corresponds to one year, so 8 is set to 0.96. er
is set to 0.01 to minimize the search friction in international trade market. Mismatch
cost x is set to 0.01, which implies the total mismatch cost for the two parties is 1%
of the goods value. We set « = 0.5, which means exporters and importers have equal
bargaining power. The velocity v is set to 8 to match the fact that the observed maturity
of a typical letter of credit contract is 45 days in data, and borrowing interest rate r is set
to 0.0050 to match the typical cost of letter of credit (Chahrour and Valchev,2021). We
assign a large value to oy such that the effect of preference shock on currency share in

trade finance market as small as possible. For coefficient on bond adjustment cost, we
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follow Chahrour and Valchev (2021) to set T = 0.04. °

We calibrate remaining parameters to match model moments with their data coun-
terparts on the transition path. The initial bond holdings are solved in a steady state,
where the parameters are calibrated to match statistics in the year 2009. Note that bond
shares in the steady state are same with their data counterparts in data, and we solve
the transition path starting from the bond holdings solved in this steady state. To solve
the transition path, we assume time-varying parameters { BXMB, Tt b BRMB BUSD B CL,I,lSP
after 2021 are same with that in 2021, and the growth rates of the three regions on bal-
anced growth path are 3%. Along the transition path, we calibrate parameters to match
share of foreign holdings of renminbi bonds, share of China’s holdings of foreign bonds,
renminbi payments share, government bonds over GDP in China and the U.S.. Growth
rates of endowments are externally calibrated to match growth rates of real GDP per
capita in data, and the initial endowment ratio between two countries in the model is
externally calibrated to match real GDP per capita ratio. We also calibrate parameters
to match some moments in initial year 2010. We report time-invariant parameters and
targeted moments in initial year in table 2 and 3, respectively. For the targeted moments
in initial year, we match trade volume over GDP in the rest of the world, which is 0.5424.
The import markup is 10% according to micro-level evidence in Cosar et al. (2018). The
share of foreign currency usage of Chinese firm is 0.85, which is share of foreign cur-
rency settlement for trade in goods in China. The share of dollar usage of the U.S. firm
is 0.9989, and the share of dollar usage of the RoW firm in initial year is 0.9988. ©

4.2 Transition Dynamics

The time series of inferred BtRMB, Tr,+ and reductions in the two wedges are shown
in figure 3. The reductions are relative to wedges in the year 2010. The choice of the
initial year are motivated by the time line of policy reforms and data. As is described
in section 2, most policy reforms were initiated since 2011. In particular, RMB settle-
ment pilot program for cross-border trade was expanded to the whole country in 2011.
We can also find that foreign holdings of renminbi bonds and renminbi payment share
increase significantly since 2011. Note that we normalize 77, to 0 in 2010, so values of

Tr+ during 2011-2021 are also the reductions in revenue wedges. During this period, on

>We also consider other values of 7 and find our results are robust to the choice of T.

®These two shares are calculated based on dollar share in trade finance market in the U.S. and RoW,
and the renminbi payment share in the world. According to Chahrour and Valchev (2021), dollar share
in trade finance market in the U.S. and RoW are 90% and 80%, respectively. Since we only have two
currencies in model, we re-scale the share of dollar and renminbi such that their relative ratio is same with
that in data and the sum of the shares of the two currencies are equal to 1.
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Table 1: Predetermined parameters

Parameters Description Value

B Discount factor 0.9600

Hus Population share of the U.S. 0.1946

Uen Population share of China 0.0449

K Mismatch cost 0.0100

o Risk aversion coefficient 1.0000

r Funding fee 0.0050

v Velocity 8.0000

« Exporters bargaining parameter 0.5000

o/ Scale parameter of Gumbel distribution 2000

eT Matching elasticity for trade 0.0100

T Bond adjustment costs 0.0400

Table 2: Calibrated Parameters

Parameters  Description Target Value
ay Home bias RoW trade/GDP 0.7210
Pus Fixed entry costs for U.S. firms Import markup for U.S. goods 0.0006
Pen Fixed entry costs for Chinese firms  Import markup for Chinese goods  0.0038
Pruw Fixed entry costs for RoW firms Import markup for RoW goods 0.0146
er Matching elasticity for bonds USD usage 0.6647
pdiff shifted mean for U.S. firms U.S. USD usage -0.0031
pdiff shifted mean for Chinese firms CN USD usage -0.0342

Table 3: Targeted Moments

Moment Data  Model
RoW trade/GDP 0.5424  0.5424
Import markup for U.S. goods 1.1000  1.1000
Import markup for Chinese goods ~ 1.1000  1.1000
Import markup for RoW goods 1.1000  1.1000
US USD usage 0.9989  0.9989
CN USD usage 0.8500  0.8500
RoW USD usage in initial year 0.9988  0.9988
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average, the inferred bond return wedge has been reduced by 4.51%, and the inferred
firms’ revenue wedge has been reduced by 1.40%. The simultaneous reductions in the
two wedges reveals the dual endeavors of Chinese government in promoting renminbi
internationalization in the past decade.

Moreover, we can find that patterns of reductions in the two wedges are different. The
amount of reduction in revenue wedge increases before 2015 but decreases after 2015,
while reduction in return wedge doesn’t exhibit this pattern. This result is consistent
with the time line of the policy reforms. As is described in section 2, most policy reforms
related to reducing frictions of renminbi settlement were implemented before 2016. For
example, most of swap lines were firstly signed before year 2016. Policy reforms related
to reducing frictions in bond market were active during the whole period, such as launch
of RQFII (2011), CIBM Direct (2015), and launch of Bond Connect (2017). All of them
have increased the the willingness of international investors to hold renminbi bonds, and
we can find corresponding reduction in bond return wedge in the model. One one hand,
this implies the changes of the wedges in our model can capture the effects of related
policy reforms, which validates our structural accounting approach; on the other hand,
the result shows that we can predict the impact of future policy reforms by constructing
a mapping from policy keywords to reduced-form wedges.

A RMB
B, and 75, Reductions in wedges (%)
T T : T T : : T : T

0.25

13.5 7r 13.5

02

0.15

~ RMB

Revenue wedge

t
Return wedge

0.1r
115 3F 115

0.05

o . . . . . . . . . . 0 0 . . . . . . . . . . 0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
years years

Figure 3: Inferred reductions in wedges along the transition path

We next decompose the effects of policies on renminbi payment share. To decompose
the effects, we first fix the value of 77, to its value in the initial year and set values of
other parameters to the calibrated values. The change in X, along this transition
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path reflects effect of reducing return wedge alone. Similarly, we next fix the value of
BFZ%B to its value in the initial year and set values of other parameters to the calibrated
values. The changes of X, along this transition path reflects effect of reducing revenue
wedge alone. Due to complementarity between the two policies, the sum of these two
single effects are less than the effect of combined policies, and we regard the difference
between effect of combined policies and sum of these two single effects as effect of
complmentarity between the two policies. 7 As is shown in figure 4, complementarity
between the policies is quantitatively important. The effect of reducing revenue wedge
tirst increases and then decreases, which is consistent with the pattern of reductions
in revenue wedges in figure 3. We can find that the effect of reducing revenue wedge
is relatively small, which implies that when offshore liquidity is low, reducing revenue
wedge alone has little effect on firm’s currency choice in the rest of the world. This also
reflects the importance of the policy complementarity.

0.03

I single policy to reduce return wedge
[ single policy to reduce revenue wedge
[l complementarity

o
o
]
a

o
o
)

0.015

o
=}
=

Effects of policies on renminbi payment share

o
o
=]
o

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
years

Figure 4: Decomposition for effects of the policies on renminbi payment share

Above exercise reveals that Chinese government used combined policies to interna-
tionalize the renminbi, then how effective are the observed policies? To answer this
question, we consider alternative internationalization process by using single policy to
address the frictions in bond market, or the trade market, alone. To compare combined
policies and single policy, we consider the counterfactual that using single policy to tar-

get renminbi payment share in data. The dashed line in figure 5 shows the levels of Biﬁw p

"When calculating effects of different policies on X, ¢, we actually calculate the change in X, relative
to that along the transition path without policy reforms to control the effects of changes in fundamentals
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and Ty, in single policy case. For comparison, we also plot the levels of Bfuljw ¥ and Tr t
in combined policies case. We can find that levels of Bif,wB and 7y, in single policy case
are significantly higher than that in combined policies case. This result shows the quan-
titative importance of the policy complementarity. Due to complementarity between the
two policies, we can achieve the same goal with lower levels of B%\AB and 77, by using

combined policies.
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Figure 5: BFMB and 77, along the transition path: single policy case

To further assess the optimality of the combined policies, we interpret the reductions
in wedges as real transfers to foreign households or firms and calculate the costs of im-
plementing these policies imposed on the government budget. Left panel in figure 6
plots government spending over GDP in each year during 2010-2021. On average, gov-
ernment spending on combined policies is about 0.1% of GDP, which implies the policy
is formidably costly. Note that part of the reductions in wedges are due to removals
of actual frictions, which raise efficiencies and should not show up as the government’s
burden, so this method tends to overestimate the cost. However, this calculation can
illustrate the relative cost between combined policies and single policy. Right panel in
figure 6 plots cumulative government spending during 2010-2011. The result shows that
had the reform been targeting the renminbi payment share by using single policy to
address frictions in bond market or trade market alone, the costs of the reforms would
be 1.55 times larger and 1.27 times larger, respectively. Therefore, combined policies are
usually more cost effective than any single policy.
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Figure 6: Government spending on policies

During the past decade, China experienced fast growth, and renminbi bond supply
also increased a lot, so it is possible that the increase of renminbi payment share was
mainly drived by the changes in fundamentals instead of the policy reforms. To verify
whether this argument is correct, we consider the counterfactual that there were no
policy reforms during 2011-2021. The dashed red line in figure 7 shows pattern of
renminbi payment share without policy reforms. We also plot renminbi payment share
in combined policies case for comparison. Surprisingly, even though relative country
size and renminbi bond supply increase a lot, renminbi payment share nearly remains
unchanged. Possible reason is that there exist large frictions in asset market and in before
the initiation of policy reforms, and the changes in fundamentals have little effects on
payment share due to existing frictions. Moreover, most Chinese firms choose dollar as
settlement currency. When size of China increases, firms in the rest of the world are more
likely to trade with Chinese firms, and they are more willing to choose to use renminbi
as settlement currency to reduce mismatch cost if most Chinese firms use renminbi as
settlement currency. However, given the fact most that Chinese firms choose dollar as
settlement currency, this channel is very weak.

This result is consistent with the empirical result in Georgiadis et al. (2021). They
find that increase in trade share of China strengthens the dominant status of dollar
and has positive insignificant effect on invoicing share of renminbi, while creation of
swap lines by PBoC is associated with increase in renminbi invoicing. Note that our

results don’t mean the changes in fundamentals have no effects on international status
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of the currency. The conclusion depends on domestic condition and current status of the
currency. The implication of the result is that policy reforms are important at the initial
stage of internationalization process. Effects of changes in fundamentals are limited by
existing frictions in initial stage, which needs policy reforms to reduce these frictions to

internationalize the domestic currency.
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Figure 7: Transition path without the policy reforms
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5 Conclusions

China has initiated a series of policies to promote RMB internationalization in the
last decades. To quantitative evaluate the effects of these polices, this paper build a
multi-country dynamic general equilibrium model that incorporates key functions of
an international currency serving both as a store of value and a medium of exchange.
We demonstrate there are strong policy complementarities existing in China’s case, and
thus the combined policies that simultaneously address frictions in the international as-
set market and trade market are more effective than policies with a single focus. Our
quantitative results show that China’s reform in the past decade has lowered the return
wedge in RMB bond by 4.51%, and lowered the revenue wedge in RMB-settled trade by
1.40%. Moreover, compared to the combined policies, if targeting the observed payment
share, it would cost 1.55 times higher for the policies only reducing bonds market fric-
tions, and 1.26 times higher for the policies only reducing RMB-settled trade frictions.
Either case, the cost of achieving the internationalization is non-trivial, highlighting the
difficult tradeoffs when a country like China aspires to start an extensive process to

internationalize its currency.
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Appendix

A Detrended Equilibrium Conditions

A.1 Household
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We write down detrended equilibrium conditions in this section. Denote Gj; = Y—’:J
]

/

G; . . .
and gj; = G-t]tl' The detrended budget constraints in the three regions read
it

~

Pjtéjt i (1 _ AijlSD) PLthSs,tQ%lSDBthISD 4 pusD 4 (1 _ AﬁMB) Pccg,thQMBBﬁMB +¢J1§MB

Jt
pusD BRMB
it it— A A .
= P, ]‘ + PG, ]. +PL+ 11, + Ty, j € {us,cn,rw}
Sjt it ] ]

(A1)

where
PSP = pis QP (BIP, Bi¢”), gfME = P, QfMB (BRME, BYT)
with th = % for variable X, and adjustment cost function takes the form
v (81, 8,) == ((8, -8 /8) B/2
Jtr =it =) =) =

We have B;t = B;:,t for the country-currency pair (us, USD), (rw, USD), and (cn, RMB).

Euler equations:

(o G\ B B 1 |
PR\ S ; ’ i A - , ] €{us,cn,rw}
<’ G ) Pt P QHSD (1— afis® + v (BP, B
i (A.2)
A -0
_C‘tH Py Pey i1 1 .
PP (i ¢ , : ~ " , j€{us, cn,rw}
(€)oo E)
(A.3)

Conditions related to allocation among different goods:

Before writing down first order conditions, we first write down consumption basket
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in the three regions:

Y o
CuS,t:( 53/» S (Cfl’;,t) Hen+imw (C:ZSU,O Hen+irw

a (17”h,cn)ﬁ“5 (17ah,cn)}7rw
A __ (Acn hen ( AUS \ 7~ Tstivw - (CTW \ ™ Jus+irm
CCﬂ,t - ( cn,t) (Ccn,t) pus Tt (Ccn,t) pusire

A Arw \ 2hrw A1S ﬁus Acn ﬁcn A ]A’lrw 1fﬂh,rw
Crw,t:< rw,t) ' (( rw,t) ( rw,t) (Crwj,t)

First order conditions:

Aus Pus,tcus,t
ust = Ahus ™ pus
us,t
Acn (1 —a )wcn,rw PMS/tCHS/t
us,t hus)Wen pen
us,t

cn,rw Pus,t Cus,t

rw
us,t — (1 - ah,uS)wrw prw
us,t
Acn Pcn,tccn,t
ent = Ahen pen
cn,t

us,rw PCI’l,t CCTl,t

Aus
cn,t — (1 - ah,cn)wus pus
cn,t
rw (1 g )wus,rw Pcn,fccn,t
cn,t — h,en)Wrw prw
cn,t
A0 Prw,tcrw,t
rw,t h,rw T
Prw,t
Aus 1 ~ Prw,tcrw,t
vt = ( ) flus pis
rw,t
Acn 1 ~ Prw,tcrw,t
rw,t — ( - ah,i’w)]’lcn pen
rw,t
érw -1 ~ P, rw,tcrw,t
rwjt — ( - ah,VW)VTw prw
rwj,t
, : 1—a
2 _ 1 ( us )ﬂh,us ( cn )wSZ " ( rw )w%’;rw hyus
us,t — _K us,t us,t us,t
us
’ 1-
P _ 1 cn )ah,cn ( us )wﬁi’w( rw )w%)rw @h,en
cnt — K ( cn,t cn,t cn,t
cn
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(A.4)

(A.5)

(A.6)

(A7)

(A.8)

(A.9)

(A.10)

(A.11)

(A.12)

(A.13)

(A.14)

(A.15)



— L rw \hrw us O\ flus cn Prw Pirw 1 1w
Prw,t - K ( rw,t) ( rw,t) ( rwt) ( rwj, t)
rw

where

cn,rw cn,rw

Kus = a3 (1= !0 (o) (e JoB (qopre) (1onaee

us,rw

Kon = s (1= apen)' e (i) (e} (ot (- nen o

Krw = aah,rw (1 _ ah/rw)lfah,rw (;‘Zus)(lfah,rw)ﬂus (ﬁcn)(lfah,rw)ﬂcn (ﬁrw)(lfah,rw)ﬂrw

=2

W = j~
] Wi T Us
i = WY _ Wi
DY Y psYs pt]-+pti% +ys§j

%_

A.2 Firms

1. Firms’ trading profit 77;;; (Stage 3):

USDex __ j _ pi whol usbD
njit P]lf pwhol [Pi,t P KP]Zt < C >}
jit

UsD,im _ _je 1 — j i _pwhol (1 _ <USD
TCjit = Pjit pwhot [P — Py — Py (1 it )}
ijt

RMB,ex __ n j j hol =USD
Tjit pﬂtpwhoz [Pi,t_Pj,t_ kP G }
jit
. 1— .
RMB,im _ hol xUSD
njit " p;ft Pwhol [Pl Pilt o KPZD]UtL ’ C }
1]t
where
hol j ] j
O (Pi’t - P].,t>
usD
CUSD piy " Xig
pz tSDX + pRMB ( Xi,t)
1/£T er
N usD RMB
i - P‘J'P?iimjt (P,f Xje + p (1 th))
piie = [ 1+

Zt Hi pz]tmlt (pzt DX + pRMB ( Xit))
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(A.16)

(A.17)

(A.18)

(A.19)

(A.20)

(A.21)

(A.22)

(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)



1/€T €T
‘u]pjztm]t (P]tSDX + pRMB ( Xﬁ))

pl =1+ (A.29)
I Yit ,uzpzjtmit (PZtSDX + pRMB ( Xit))
2. Funding decisions (Stage 2):
Probabilities of finding funds:
—ep
usp _ |14 ( i X >1/8F
p
jt VP, usD BUSD
. 1/ °F
pRMB 1 + m]t(l - X]t) er
jt PccthRMB BRMB
Firms’ profit ﬂﬁt and ITL;;:
ﬁ%SD Z p;:rtz ]UltSD Am Z p]elyi ]UltSD ,ex (A.30)
i7]
i#]
H}}SD = pi*P (TP 1) (A.32)
TEMP = pEMP(IIEMP — ) (A.33)
Currency choices:
1
Xip = /11 <v.USD’(Z) > kMBI )> F (d@l) . j € {us,cn, ru
t jt = "t jt TRMB,(1) uso,() . diff\\’ re
1+exp <(79( it — 11 +6; )
(A.34)
where
UsD,(I) _ (USD,(I) | ,USD,(I) RMB,(I) _ RMB,(I) | 4RMB,(I)
Ujt = H]'t + Gjt r U = H]'t + Gjt
GthISD ") and 9 B are preference shocks that follow Gumbel distribution. 9] U1 is the

RMB, (1) nd GthISD Al ). We assume

country spec1f1c difference in the location parameter of 9
gusD.(h) g4 QﬁMB (1)

I have same scale parameters oy.

3. Indifference conditions and zero-profit conditions (Stage 1):
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Probabilities of choosing to be importers and exporters:

ijzt +Zp]1t

i#] i#]

RMB,im

usp, RMB, usp,
X]n]zt " + (1 B X) ﬂjzt " = Xj n]z’t " + (1 o Xf) nji’t

UsD,ex RMB,ex UsD,ex RMB,ex
Xj n]zt + (1 o X) n]zt = Xj n]z’t + (1 o Xj) nji’t

USD,i RMB,i usp, RMB,
Xjtii ™ 4 (1= Xus) 705" = Kus70 ™ 4 (1= Xus) 703377

Zero-profit conditions:

Xl TP + (1 — Xp) TEMP — Py = 0

A.3 Market Clearing Conditions

1. Bonds market clearing conditions:

pUSD ch t ALUSD er,t s
luuSBust + .uC?chn,t Y + wBrw,t Y = MusBus
us,t us,t
HhRMB Yusrt HRMB HDRMB Y”wlf B
.”MSBus,t Y + Uen Bcn,t + .uT’wBrw,t Y = ﬂancn
cn,t cn,t

2. Goods market clearing conditions:

ch,t A YI’ZU,t

P‘uscust+l/‘cn cntYuS + Hrw rwtﬂ = Hus

cn YTW,t _ ]/l
rw,t — Hcn
ch,t

+P‘chcnt+P‘r
Cro sty g Cr Yon, + Cro 4 1y CIY
HusCys, iy Hen cntY Hrwbrwie T Hrobrwr = Hro

p]ztpjzt ]iL <p]t DX + P ( Xjrt>>

i

whol
szt
Yus D RMB
A pus rw, tpus rw, t:uMSmMS tYu (pus t X”S t+ Pus,t (1 - XMS,t))
us rw,t
ﬂrw rw,t - Pwhol
us,rw,t
Yen,t SD RMB
pcn rwtpcn rwt‘uC”mC”tY (pc XC”f + Pen,t ( XCﬂ,t))
Acn _ rw,t
Hrwlrwtr = pahl
cn,rw,t
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(A.35)

(A.36)
(A.37)

(A.38)

(A.39)

(A.40)

(A.41)

(A.42)

(A.43)

(A.44)

(A.45)

(A.46)

(A.47)



prw rwtprw W, tm”ZUt (prwt X”Wf + pf'{u])w,tB (1 - er,t))

C:% b pwhol (A48)
rw,rw,t
A.4 Other conditions
1. Liquidity premia:
AUSD _ Vit r (A.49)
A 1 1/ep| 6F '
{(mjtxjt) 1 4 (vPis BYSPQUSD) }
ARMB _ vt (1~ X (A.50)
N 1 1/ep] °F '
O (1 30) 0+ (v BsQRn)
2. Government:
T UsD 4 éust 1
Tus,t = Lys, t(Qt Bust - ) (A.51)
Sus,t
s cn RMB 4 écn,t—l
Tcn,t - cn,t(Qt Bcn,t - —) (A-52)
en,t
Tyws =0 (A.53)
3. Total profit of country j's firms
[T = iy (XTGP + (1= X)) TIEMP) + T, (A.54)
where Sh
B =iy Y Xpii P (apipSh + (1 — ) piipls) (1 = G1P°P)
” RMB ex . ei im ie \ xUSD (A.55)
+ Km]f ; ]f p]t ((Xp]ztp]zt ( )p]lt p]li’)
17]

['j; is total mismatch cost in country j.

4. Determination of relative endowment

Given {gj+1 };:0, can solve a detrended equilibrium system and then add back the
time-varying trend to construct the original equilibrium. This is noted by constructing

Yi; Yiolll_ g
Yir _ Yiollis 8is 85 for t > 0, (A.56)

. , t
Y]/t Y]ro | 8js
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where we calibrate % to match relative GDP per capita in initial year.

According to Walras law, one market clearing condition is redundant. We set Pf;‘jt =

B Simplified Model

B.1 Household

Households in China and the U.S. face the following maximization problem:

max Ep Z ,Btu(Cjt)
t=0

C]'t,B«USD,BRMB

st. Cip + QP (1 — AISP)B*P + QfMB(1 — ARMP)BIMP — BII5D + BEMP + v, + Ty, + 117,
(B. 1)
In simplified model, we assume X,s = 1 and X.;, = 0. Both of them are exogenous.
The assumption that X, = 0 is inconsistent with data, but we make this assumption
to simplify the algebra and focus on the complementarity between policies. With this
assumption, it is easy to see that in steady state, BRMB = B; USD =08
Households in RoW face the maximization problem below.

max  Ep u(C; B.2
Cjt,BuSD,Bff\AB t;')ﬁ ( ],t) (B.2)
s.t. Cjr+ QP (1 A%SD)BjL,ItSD +QFfMB(1 — A]I'?;\AB)B}?NB +Yir = BUS 1t BRM1 +Yi i+ T+ HjT,t

_ BRMB_pRMB
where ¢;, = QRMBT (BR—NE;) BRMB which is same with that in the full model expect

that we only have one goods in the simplified model and there is no relative price.

We consider simple form of matching function in simplified model:

uov
u-—+v

M(u,v) =

We also assume bonds enter the matching function with quantity instead of value,

8We don’t model the bond adjustment cost in China and the U.S. because we still have BRMB = BUSD —

0 when there exists adjustment costs, so whether there exists adjustment costs has no effect on the results
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then probability of finding dollar bonds and renminbi bonds in country j are given by

BUSD BRMB
pUSD _ Jot pRMB _ It
t= o Pip =
J BiP + X BIMP +1 - X
and the liquidity premia is
usp _ L RMB __ L= X
AT = —usp noATTT = prE r
By~ + X By +1— X

We consider symmetric equilibrium that Xit = Xyw,t for all j € [0, ptyy]. The steady

state euler equations imply that

USD _ AUSD Bi)'P RMB _ ARMB
— = Prw -
Arw - Aus ’ T(BRMB - 1) - Arw - ACn
=rw
Since AUSP = AUSD we have
usb
By _ gusp
er us

Bond market clearing conditions are given by

,urwB%USD + ,uusBLlZ[sSD = ]/lusBUSD

HrwBly ” + penBiC = penBMP

(B.3)

(B.4)

Combining equations (B.3), (B.4) with bond market clearing conditions, we have

usD _ ,uusBUSDer
r Hus + ,uerrw

_ BRMB 1— X 1

1) — . ) )
(BEHZJ\AB ) 1— Xy + BEMB' 14 BRMB _ %B%\/IB

B.2 Firm

(B.5)

(B.6)

Compared with the full model, we largely simplify the settings related to firms. We

assume the trading profit 77 is exogenous and there is no mismatch cost. Firms just make

funding decisions. After they make funding choices and search for bonds successfully,

they can certainly match with trading partners and earn net profit 7t — r. Same with that
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in full model, firms face preference shocks when making decisions, where we assume
preference shocks are Gumbel with scale parameter oy. Then share of firms with dollar
funding in RoW is
Xrw = (14 exp(op (I3 —T10P))) ! (B.7)
where
152 = plEP )
5" = pia™P (m —r+ 17)

Plugging expression of profits into equation (B.7), we get

RMB RUSD
B B

X = (14 exp(o 2t T—7+Tf) — =
rw ( p( 9(1—er+B§u],VIB( f) BUSD+ﬂus+]/lerrw

(m—r)))"
(B.8)
Equations (B.6) and (B.8) characterize steady state renminbi bond holdings of house-
holds and currency choices of firms in the rest of the world. We conduct analytical
analysis based on these two equations.

C Proof of Proposition

C.1 Proof of Proposition 1

Proof: We linearize the system of equations around steady state with (BXM5, Tf) =

(ﬁf%B,Tf,o). Note that since we focus on change of level of X, in this version, we

linearize the equations instead of log-linearizing them. We first linearize equation (B.6):

BRMB _ BRMB
- rw,0 ARMB ADRMB __ rw, ¥
_T(BRMB)ZBTW + BRMB By~ =~ 57 Xrw
Brw,0 Byw,0 (1 — Xy + 35%3)
1 - X 0 rwr A
. 1w, r H B;Ru];\/IB

2 2
(1 — X0 + B,I,{u%B> Hen (1 + Bfn],\g8>
Rearranging above equation, we have

5 ~RMB S
Bfu];v[B = Glﬁrw - GZer (Cl)
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where

-nRMB
(;1 — TBT'ZU,O
H(Byy1 )2

RMB
G2 — Brw,O ¥

H(1 = Xyu,0 + BRYP)?

_ 1-— er,O rt T 4 Wrw?
(1 - er,() + Bﬁé\’/([)B)Z EEL%B ;uCﬂ(l + Bfn]%B)z
We next linearize equation (B.8):
1 . 1 (1= Xyw,0) (T =7+ Tf0) 4
. X = —1)op(PRMB#, 4 , 0/ ARMB
X2, (Ko~ V0P T+ =~ Xrw0 + BRME)2 T

N BEMP (m — 1+ 1¢) Fan s BYSP (71 — 1) 1)
(1= Xpwpo + sz%B)z " (usBYSD 4 ps + prwXrw0)?
Rearranging above equation, we have
Rrw = — A1ty — ARBR)P (C2)
where RMB
er,O(1 - er,O)O'OBrwl()
L=
F(1 = X0 + BRYP)

er,O(1 - er,O)ZUO(n — T+ Tf,O)
F(l o er,O 4 BRMB)Z

rw,0

2:

RMB 5
F =14 Xr00(1 — X0,0)06( Prag Sidnkia Tf’O) > VuSBUSD(T( —7)
) ) (1 — Xpwo + BRMBYZ ™ (11, BUSD 1+ 116 + o Xra0)2

rw,0

Combining the two linearized equations, we have

N Aq . A>G1  ARMB
= — — B .
er 1— A2G2 Tf 1-— Asz_rw (C 3)
N A1G G ~RMB
RMB 192 . 1
= B C4
b = A6 Y T T 46,0 .

We next show 0 < 1 — A>G, < 1. To see this, A, > 0,G, > 0, and

BEMP Xra,0(1 = Xra,0) BRYP o (0 — 1 + 7¢)
Gz<#:>A2G2< RMBD <1
— Xpw,0 P(l - er,O + Brw,O )
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Therefore, 1_‘21262 >0, 114125};2 > 0, and an increase in E%VIB

or Ty decreases Xy. In
partial equilibrium, the marginal effect of Tf on Xyw is A1, where

RMB
er,O(1 - er,O)UO 1-X . BRMB
Ay — rw0t rw,0
L X1 = X)op( 2 T meBUP ()
rw,0 rw,0/)V0 (1*er,0+35%3)2 (4us BESD 4 s+ e X0 )2
1
B 1 pus BUSD (71—7) 1— X0 1 T—r+750
(er,o(l_er,O)Ue + (VusBUSD+P‘us+P‘errzo,0)2)( B%\,/(I)B + ) + 1*er,0+B§u%B

RMB

We can find that the marginal effect Ay is a function of (B,

er,() , Tf,()) , which

: . nRMB
increases in Brw,O .

C.2 Proof of Proposition 2

Proof: In symmetric steady state, we have X,, = 0.5, and the system of equations

become
T(B%\AB— ) — ! r=— ! r (C.5)
BRIV 1+ 2BFMB’ "1 BRMB _ [ pRME |
PP (m—r) = pRMB(m—r + 1) (C.6)
Given BRMB we can solve corresponding (BXMB, Tr). Therefore, we can express variables

in symmetric steady state as function of BRMP,

RMB
rw,0

creases revenue wedge alone to achieve symmetric steady state. We denote 77 as the

Suppose BRME — B at initial dollar-dominant steady state, and government de-

amount of reduction in wedge that we need to achieve symmetric steady state. When
government uses single policy to reduce revenue wedge, the government spending is

G(BRMB) w1l rmB

2rw0 ) — 5Prwo TF0
Uen 2 f
BRMB . - 1 1 . .
where pRMB — W is probability of finding renminbi bonds in RoW in sym-
’ —4rw,0

rw,I%MB RMB
Erw =B

metric steady state with Brwo -

Now suppose government also uses policy to

reduce return wedge, the government spending becomes
rRMBy _ Hro 1 gmp _(Broo  BEMPY rus
G(Erw ) = _(Eprw T +7 BRMB - BRMB B )

Hen 2rw,0 2rw
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Plugging equation (C.6) into it, we have

- RMB  pRMB
Hen Brw,O Brw

RMBYy _ Prw 1 usD _ RMB Broo.  BEME\ rap

G(Br™") = _(E(ﬂ_r)(prw —Pro )T y i Brw™)
We next show compared with only using policy to reduce revenue wedge, we can
lower the government spending by using combined policies. To show this, we aim to

( RMB)
prove <0.

=rw
T BRMB
dBy, BRMB IBﬁ%B

dG(By'®).

Write down the expression of BB
Prw

2
dG(Bro"") _ prw (_ﬂ—rdpszB dByy'® | (Bi%B 2B,"" ) dByy' | (35,343 )

RMB o RMB RMB RMB  pRMB RMB RMB
dﬁrw Hen 2 dB rw dﬁrw Erw,O Erw dﬁrw Erw
(C.7)
It is easy to see that
2
RMB =RRMB RMB
dG(By,"") _ Hrw _ =7 . TBrw,O dBfulwa g Brw,O
RMB _ RMB RMB RMB RMB
dErz{JVI B B:Eﬁ%B Hen (1 +2B rw,0 )2 Erw,() dﬁrw B! BZE?L%B Erw,o
where we plu o 2 into equation (C.7)
& 4BRME ~ (142BRME)2 o
To prove M < 0, we only need to prove
p dBRMB | pRMB _ gRMB , y p
= 2rw Zrw,0
2
-nRMB RMB
Mo+ omd ) By o7 ( S Cs)
RMB\2 RMB RMB | pRMB _ pRMB RMB ’
(1+ 2Brw,O ) Erw,o dByy " 'Bro" =By Efwfo

To prove this, We first find un upper bound for BXMB based on equation (C.5). When

rw,0
Tr = Ty, we have

RMB
1 1 B rw,0 1)

1+ BRMB _ Frw gRMB' — 7 ppRMB’ ~ T(BRMB B

Hen 1w,0 rw,0 2rw,0

Note that LHS of above equation increases in sz%B (notice that Bfu%B < pthRMB),

and RHS of above equation decreases in BX){". When BR}F =0,

1
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and when sz%B = %BRMB,
1 BRMB
1+ %BRMB ﬂrwﬁrw,Q
Therefore, there exists a unique solution for above equation. When BEMP = BRMP =
(1+ £)Bruo’s
! r=LHS > RHS = L r—r
1+ L (BRMB — 11, BRMF) 1+ 2BRMP
Therefore, BR){P = (1+ %) BRMP is an upper bound for BRMY.
RMB
We next derive the expression of Zgﬁ‘;\w SRMB _pRMB” According to equation (C.5), we
=W 1By =Drp,0
have
( 2 py T ) dBy"®  TBR" Ura? dBRMB
(1+2B5"%)> B/ dBry'®  (Br™®)*  pon(1+BGMP)2 dBry"

Rearranging above equation, we get

BRMB
= rw,
RMB RMB
dBrw _ (Brw,() )2 (C 9)
ABRMB BRMB_ pRMB o 2 Pt Hrw? .
=rw =
Ere w0 TR B s

Plugging (C.9) into inequality (C.8), it is sufficient to prove

rw,0 rw,0 rw,0 cn,0

T—r 2 T Urw? RMB
(1 +2BRMB)2 > ((1 +2BRMB)2r+ ERMB + ]’lcn(l + BRMB)Z) Brw,O

and it is sufficient to find condition such that

nT—r Hrw\ nRMB RMB
-2+ rB - B >0
(1 + 2BRMP)2 G ey B0 BRMB “red
Notice that LHS of above inequality decreases in Bg%B, so above inequality holds if
Tr Hrw\ sRMB ARMB
e — 24+ = )rB, o — B,y >0
(1+ 235%3)2 Pen Y —51%3 o

9Here we consider the case that BRMB < Lt BRMB 1¢ BRMB . Fen BRMB BRMB 4tomatically serves as
Hrw rw,0 Hrw rw,0

rw,0
RMB

un upper bound for B}
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BRMB

RMB
rw,0 B rw

where

is upper bound for , which we have derived its expression before.

Plugging Bﬁ(%B =(1+%) Eﬁ%B into above inequality and rearranging it, we can show
that above inequality holds when °

2
r
m—r>m(BRIP ) = (120 + DB (@ + B+ D)BRP +r 4 7)

rw,0 7 Zrw,0
Wen

19Note that this is sufficient condition, but not the necessary condition.
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