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Abstract
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rency, the CNY. The CNH is freely used, but by restricting its exchange for CNY, the
authorities impose capital controls. This requires tight management of liquidity to
keep the exchange rate between the two currencies pegged. We use this experience to
make four contributions. First, we find that exogenous, anticipated, and transitory in-
creases in the supply of money depreciate the exchange rate. Second, we find that the
co-existence of the two currencies was sustained by an elastic supply of money. Third,
we present a model of private money creation where financial innovation puts strains
on the system that can be managed with liquidity controls and policies. Fourth, we
show that deviations from the CNH/CNY peg are used as a pressure valve to manage
the exchange rate between the yuan and the US dollar.
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1 Introduction

For more than a decade, the Chinese authorities have conducted a large-scale monetary
experiment. The challenge was to reconcile an open current account with a closed capital
account. An open current account, with free trade of goods over multiple destinations by
the world’s largest exporter and its second largest economy, comes with a large volume
of payments across borders to settle imports and exports. A closed capital account, with
tight restrictions on foreign investment and State control over savings abroad, requires
strict controls on any payments associated with financial inflows and outflows. The for-
mer provides a strong force for the yuan to be used internationally; the latter restricts the
yuan to be a domestic currency.

The Chinese answer was to create an offshore currency, the Hong Kong yuan (CNH),
that circulates in parallel with the onshore currency, the mainland yuan (CNY). The CNH
is freely used for payments and investments by anyone outside of China. By mid-2023,
there were ¥2 trillion worth in transactions per day in CNH across the world fueling 14%
of global trade. The CNY, instead, is used for all domestic transactions and is required
to invest in mainland China, but foreigners have limited access to it. By placing strict
restrictions on the conversion of CNH to CNY and vice versa, the authorities can have
tight capital controls co-existing with an internationally-used yuan.

Yet, this monetary system has a tension that is common in parallel currencies. Because
Chinese firms, banks and households can exchange CNH for CNY subject to limits, if
one currency were to persistently devalue relative to the other, these limits would come
under severe strain and one of the currencies might stop being used (Gresham’s law).
The People’s Bank of China (PBoC) has, since its inception, tried to keep a peg of one
CNH to one CNY. It has succeeded through a deft management of the supply of CNH
money, both by keeping money scarce and preserving the capital controls, as well as by
elastically expanding and contracting to absorb shocks to demand. This has required
managing CNH liquidity in response to the creation of private CNH money by financial
intermediaries in Hong Kong, London, Singapore and other offshore centers that breaks
the connection between the PBoC supply of CNH and its relative value (Goodhart’s law).
At the same time, deviations from the parity interact with another of the PBoC’s policy,
the management of the foreign exchange rate of the yuan with the US dollar (USD).

We describe this system in more detail in section 2. In spite of its peculiarities, we
find that the supply of CNH follows the standard mechanisms that are used by central
banks all over the world. The Chinese experience with a parallel currency pegged to the
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domestic currency is interesting in its own right given the size of the Chinese economy
in the international financial system. It can also be used to test four classic principles in
international economics that link money to exchange rates.

First contribution: money and exchange rates. A classic question is by how much
does a 1% increase in the domestic money supply depreciate the exchange rate? At one
theoretical extreme, the quantity theory states that the exchange rate would fall by 1%.
At the other extreme, if money is a pure financial asset, then the exchange rate depends
on the interest rate only, so that if the extra money comes with no change in interest rates
(as happens today in most advanced economies), its effect on the exchange rate would be
zero. Empirically, hyper-inflations are surely times of fast increases in the money supply
and equally fast depreciations of the currency, but when inflation is only one or two digits,
Meese and Rogoff (1983) and many others have found no relation between measures of
money and exchange rates.

The difficulty of pinning down the link between money and exchange rates is that
estimation is fraught with classic problems. One is endogeneity, as the money supply
usually follows money demand for a fixed policy interest rate that in turn often responds
to the value of the exchange rate. Another is omitted variables, as exchange rates also de-
pend on shocks to the other currency’s money supply, the real exchange rate, or frictions
to arbitrage, all of which may be correlated with money supply. And a third is measure-
ment, across multiple types of money that are imperfect substitutes, and across time as
forward-looking exchange rates respond in anticipation to fundamentals.1

Our first contribution is to use the CNH regime because it overcomes some of the
thorny empirical challenges since CNH deposits pay no interest, the policy rule is to keep
CNH pegged to CNY and CNY monetary policy is set independently of the CNH/CNY
exchange rate.2 Section 3 exploits changes in the timing of CNH monetary operations
between 2019 and 2021 that caused seven expansions in the money supply that were: ex-
ogenous, moderate in size (1.7% of deposits on average), transitory (lasting one to two
weeks), and easily anticipated. Using high-frequency data on the quantity of money con-

1Some progress comes from finding that measures of liquidity affect deviations from UIP (Engel and
Wu, 2023), that foreign exchange interventions are effective (Bordo, Humpage and Schwartz, 2015), the
quantitative easing announcements moves the exchange rate (Dedola et al., 2021) and that the quantity of
bonds in private hands affects their convenience yield (Jiang, Krishnamurthy and Lustig, 2021, Valchev,
2020, Gourinchas, Ray and Vayanos, 2022, Greenwood et al., 2023). But none of these studies estimate
directly how much an increase in the stock of money changes the exchange rate.

2Our focus is on the CNH money supply; on CNY money supply and its relevance for mainland infla-
tion, business cycles, and the banking sector, see Chen, Ren and Zha (2018).
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trolled by the PBoC and the exchange rate during these event studies, we can test for the
causal influence of money on exchange rates. We find strong support for classic monetary
theory, as printing more money lowers the relative value of this money relative to other
monies. At the same time, the impact is well below the one predicted by the quantity
theory: an average 1.7% increase in the supply of money depreciates the exchange rate by
0.18 percentage points. This maps to a semi-elasticity of money demand of 0.09, compa-
rable to what is found in the literature that estimates money demand using interest rates,
as opposed to exchange rates.3

Second contribution: the survival of parallel currencies. Gresham’s law dictates that, in
a frictionless world, the exchange rate between CNH and CNY must stay close to one for
both currencies to be used. Chinese exporting firms and households can in principle make
transactions with each other in either CNY or CNH. Capital controls impose restrictions
on converting between CNH and CNY, so when they bind more intensely the exchange
rate will deviate form parity. But if these are too large or persist for too long, Chinese
capital controls would fail under the weight of arbitrage, as parallel currencies invariably
do.4

Chinese CNH monetary policy has as its main and overriding goal to keep any devi-
ations from the peg small and transitory. Section 4 shows that, so far, it has been success-
ful. Since April 2017, the standard deviation of daily percentage deviations of CNH/CNY
from one has been a mere 22 basis points with a serial correlation of 0.5. Since the supply
of CNH is kept sarce, in order to enforce the capital controls, maintaining the peg requires
having this supply be elastic to absorb shocks to the demand for CNH. The PBoC does
so at a weekly frequency, but at higher frequencies, this is the responsibility of the Hong
Kong Monetary Authority (HKMA) to preserve financial stability in Hong Kong.

Section 4 identifies shocks to the demand for CNH, and an instrument for their exoge-
nous variation, validated by proxy measures of demand from interbank rates and from
demand in auctions for CNH bills. It finds that the supply of CNH money from the

3We follow in the tradition of Friedman and Schwartz (2008) narrative identification of shocks to the
supply of money. The closest study is Velde (2009) that identifies three contractions in the money supply in
France in 1724 and finds a quick appreciation in the exchange rate. These were large unanticipated shocks
in a monetary regime quite different from the modern ones. Palma (2021) used the discoveries of precious
metals in America, while Chodorow-Reich et al. (2019) exploited cross-regional variation during the Indian
demonetization to identify exogenous shocks to the supply of coins and banknotes. We instead identify
shocks to reserves at the central bank, the conventional way in which central banks change the money
supply in modern monetary systems. Monnet (2014) is closest in this regard, but we have richer and higher
frequency data allowing us to more precisely pin down the monetary channels.

4On why and how parallel currencies fail, see Selgin (2020).
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HKMA increases to accommodate positive shocks to demand. Its success is validated by
the decline in demand for discount window CNH borrowing. Interestingly, the peg is
sustained without actively using interest-rate policy, unlike in the typical textbook pre-
scription, but entirely by varying the quantity of money. Together with the experience of
currency boards and of countries entering the eurozone, this suggests that exchange rate
pegs are not doomed to fail, and helps to identify which policies can succeed.

Third contribution: financial innovation and liquidity policies. Beyond the reserves
created by the central bank, money also includes demand deposits created by private
banks. When the supply of money is kept scarce, the marginal transaction benefit of
money is positive. This encourages financial innovation, as banks find ways to make
loans and take on deposits. Goodhart’s law predicts that the relation between the money
supply that is controlled by the central bank and the exchange rate would be lost. In
the case of the CNH, with it might also be lost the peg, the co-existence of the parallel
currencies, and the ability to enforce capital controls.

Section 5 writes a simple model of private money and the exchange rate with two
purposes.5 First, the model provides a structural justification and interpretation for the
empirical results in the rest of the paper. An exogenous increase in the supply of reserves
depreciates the exchange rate, while an exogenous change in the demand for money leads
to changes in the elastic supply of money, in interbank rates, and in borrowing at liquidity
facilities in line with our previous results.6 Second, the model formalizes Goodhart’s
law, since financial innovation puts pressure on the peg and, in the limit makes the dual
currencies unsustainable.7

The model provides an explanation for why the Chinese authorities has avoided this
outcome. It requires controlling the flow of money from depositors and banks between
CNH and CNY accounts. Liquidity controls must complement capital controls.8 The
model also provides out-of-sample predictions by suggesting policies that have not been
actively used so far: reserve requirements, the interest rate in borrowing from the central
bank, and helicopter drops of money or bills.

Fourth contribution: foreign exchange rate management with a parallel currency. When
5The model is in the tradition of Poole (1968) and closer to the formulation in Bianchi and Bigio (2022).
6Bianchi, Bigio and Engel (2021) also study how interbank market frictions play a role in exchange rates.
7We focus on financial innovation in the flow of liquidity; for the liberalization of bond and stock hold-

ings, see Clayton et al. (2023) and He, Wang and Zhu (2023), respectively.
8We focus on the connection between capital controls and CNH. There is a rich literature on the impact

of China’s capital controls on mainland private credit, capital allocation, and financial stability, see Hachem
and Song (2023), Song and Xiong (2018), He and Wei (2023).
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governments try to enforce an official exchange rate of their currency with a foreign cur-
rency, this sometimes leads to parallel currencies circulating in the domestic economy.
The other currency is the foreign one, which the monetary authority does not control.
Away from this extreme, many central banks have used a myriad of tools to manage the
exchange rate with an international currency. The PBoC is one of them, as it tries to pre-
vent large fluctuations in the exchange rate between the yuan and the USD.9

Armed with the model and empirical results from before, section 6 turns to inspecting
this policy. We show that the CNH/CNY exchange rate can work as an escape valve,
with deviations from the peg attenuating the corresponding movements in the CNY/USD
exchange rate. Moreover, we show that the liquidity policies and controls that we studied
give rise to a liquidity wedge that policy controls and that can be used to respond to
movements in other sources of UIP wedges that move the exchange rate.

Turning to the data, we discuss two large historical depreciations of the yuan, in 2015-
16 and in August of 2023. The movements in quantities and prices during these times are
consistent with the liquidity effects that we previously identified.

Section 7 concludes.

2 The offshore market, the supply of CNH, and the peg

While there is a single physical currency in China, the renminbi (RMB), there are two
separate currencies for bank deposits and for making electronic payments: the CNY used
onshore in mainland China, and the CNH used offshore in international financial centres,
namely in Hong Kong.10 A Chinese citizen or firm that deposits RMB into a bank in
Shenzhen has a claim in CNY; a bank deposit a few miles away in Hong Kong is a claim
in CNH. They are different currencies that are settled through separate real time gross
settlement systems, have different interbank markets in which banks lend either CNH
or CNY to each other, and distinct retail markets where firms can borrow either CNH or
CNY from banks. There is a market exchange rate E stating how many CNY exchange for
one CNH. An increase in e = log(E) is an appreciation of the offshore yuan, the CNH,
relative to its onshore sister, the CNY.

In what follows, we explain the institutions behind the CNH. Briefly, CNH and CNY

9We take as given what drives the exchange rate between the yuan and the US dollar and how onshore
monetary policy responds to it: see Jermann, Wei and Yue (2022) for their study, among many others.

10Three quarters of offshore RMB transactions occur in Hong Kong, with London, Singapore and Taiwan
being the other notable centres.
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exist in parallel so that CNH can be used freely for foreign transactions, while CNY is
used in mainland China. Chinese authorities control the flow of capital by imposing strict
controls in the exchange of CNY for CNH. These capital controls survive as long as the
exchange rate between the two currencies does not deviate too far from one. The supply
of CNH reserves is determined jointly by the PBoC, through conventional repurchase op-
erations of central bank bills, and by the HKMA through a conventional lending program
to large Hong Kong banks (the PLPs). The HKMA also operates a discount window. CNH
monetary policy is set through the quantity of reserves, not interest rates, with an explicit
policy target of keeping the CNH/CNY pegged at parity: E(e′) = 0, where e′ is the ex-
change rate next period. The peg has been very successful since April of 2017. Readers
satisfied with this bottom line can skip to the next section; those wanting to understand
better the details of the monetary operations can read what follows.

2.1 Parallel currencies and capital controls

Only Chinese nationals can hold CNY deposits. They can only be supplied by banks
domiciled in China that have access to the onshore China National Advanced Payment
System, which settles accounts via reserve balances at the PBoC. There are exceptions
for foreigners authorized by the government but, broadly speaking, foreign citizens and
institutions do not have unfettered access to the onshore financial market in mainland
China and face strict limits in using CNY.

Instead, foreigners can hold deposits in CNH at will, make payments in CNH without
restrictions, and convert CNH into foreign currency with no limits. The CNH deposits can
be issued by foreign banks as well as by Chinese banks that have branches or subsidiaries
offshore. In Hong Kong, the medium of exchange for transactions is a separate currency,
the Hong Kong dollar. But, two Chinese economic agents that have accounts in both the
mainland and Hong Kong and want to pay each other, can do so using their bank balances
in either CNH or CNY.

Conversion of CNH for CNY, and vice versa, is subject to strict capital controls. There
are quotas on exchanging CNH and CNY for purposes of investment, whether into China
using the CNY (through the Renminbi Qualified Foreign Institutional Investor program)
or out of China using the CNH (through the Qualified Domestic Institutional Investor
program). Additionally, households have an annual limit on how much they can transfer
between CNH and CNY and vice versa, and shipping large quantities of RMB cash into
and out of mainland China is forbidden, as are large cash deposits. Restrictions also apply
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to firms trying to export or import capital.
The major flows between CNH and CNY come from Chinese firms that sell abroad and

receive payments in CNH (or in foreign currency that they can exchange freely for CNH).
They can convert the CNH revenues to pay their CNY bills in mainland China only when
they present the invoice behind their foreign sales. This gives large Chinese export firms
the ability to build up CNH deposits and associated invoices, and earn CNH deposit
rates or save in CNH bills, before converting these to CNY when there is an arbitrage
opportunity.11

The other active arbitrageurs between CNH and CNY are the Chinese banks that have
a presence offshore. They can borrow and lend in either CNY or CNH, as well as issue
deposits in either, so in principle they can arbitrage differences in returns. However,
again, cross-border interbank lending is controlled and limited.

In short, there are avenues for converting CNH into CNY if the exchange rate is not
1, or for arbitraging between financial investments in either currency if their returns are
not the same. However, these trades of goods or assets are subject to strict controls that
can sustain a transitory and not-too-large wedge in the relative values of the paralell
currencies.

Why does this monetary arrangement exist in the first place? Having a free CNH
market for settlement of transactions, as well as international financial centres in Hong
Kong and elsewhere that provide trade credit, was essential for Chinese firms to grow
in international trade and for the yuan to be internationalized. It contributed to making
China the largest exporter in the world. At the same time, China has tight capital controls
to limit inflows from foreigners, and the State controls the direction of outflows. Since all
capital flows must ultimately involve an exchange of CNY for CNH, by placing most of
the controls over this exchange, Chinese authorities can effectively implement them in a
centralized manner.

2.2 How is CNH monetary policy conducted?

The top panel of table 1 plots the conventional balance sheets of a central bank and com-
mercial banks in an advanced economy. Central banks routinely increase the money sup-
ply through three conventional operations. The first is an open market operation: buy
government bonds from banks in exchange for an increase in the balance in their reserve

11Hu and Yuan (2021) and Liu, Sheng and Wang (2022) are recent studies of how firms exploit these
arbitrage opportunities.
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accounts. This can be structured as a direct sale, or as a repurchase agreement, where the
two parties agree to unwind the operation in future. Either way, items (A) and (D) will
increase in the central bank’s balance sheet, and item (I) rises while (G) falls in the banks’
balance sheet. The second operation is the issuance and redemption of central bank bills
at term, item (E), in exchange for reserves, item (D). For the banks, item (H) and (I) move
in the other direction. Since reserves, as a settlement asset, are more liquid than bonds
or bills, both of these operations expand liquidity. The third operation works through
lending facilities to banks, which raise items (B) and (D) in the central bank’s balance
sheet, and items (I) and (L) in the banks’ balance sheet. All of the channels lead to a rise
in item (I), the holdings of reserves by banks, altering the money supply. Through the
money multiplier, more reserves fuels an increase in loans, item (J), and in private money,
deposits in item (K), so that measures of M1, that sum public (I) and private (K) money,
will rise.12

The supply of CNH works essentially the same way, but with two extra arms involved,
displayed in the bottom panel of table 1. The first arm is the offshore clearing banks. They
are private entities, although they are all subsidiaries of one of the large state-owned
banks in China, and their activities are closely regulated by the PBoC. They hold reserves
onshore at the PBoC that are denominated in CNY, but they issue sight CNH deposits
that are the actual settlement accounts used by offshore commercial banks.13 Effectively,
these sight deposits are the CNH reserves and each clearing bank operates its own real
time gross settlement system (which is then linked to the clearing banks’ accounts at the
PBoC and the onshore China National Advanced Payment System). Settlement of trans-
actions offshore happens when a correspondent bank exchanges a CNH sight deposit at
a clearing bank, just as in a typical payment system. When a firm or household converts
a unit of CNH to CNY in order to make a payment onshore, then lines (q) and (t) fall at
their commercial bank, which triggers a fall in lines (g) and (i) at the clearing bank and a
fall in line (d) and increase in line (c) at the PBoC.14

12Since 2008, the Fed, the ECB, and the Bank of England, among others, have used the interest rate they
pay on reserves and/or on the bills they issue as the main policy tools. They have complemented this
with quantitative easing through a mix of open market operations and reverse repurchases, while liquidity
facilities are reserved to infrequently provide emergency liquidity at a penalty rate. Finally, under the
regime of ample reserves, the multiplier from reserves to deposits is broken.

13The offshore clearing banks also handle the offshore issuance of RMB banknotes, which are the same
as RMB banknotes in China.

14Banks domiciled in China can access China’s Cross-border Interbank Payment System (CIPS) settle-
ment accounts to make cross-border payments for approved reasons (or to act as agents for foreign banks
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Table 1: Monetary policy operations

Panel (a) The conventional case

Central Bank
Assets Liabilities

(A) Government Bonds (D) Reserves
(B) Lending Facilities (E) Bills
(C) FX and Other Assets (F) Equity, Others

Commercial Banking System
Assets Liabilities

(G) Government Bonds (K) Demand Deposits
(H) Central Bank Bills (L) CB Facilities
(I) Reserves (M) Equity, Others
(J) Loans, Others

Panel (b) The CNH operations

People’s Bank of China
Assets Liabilities

(a) CNY Assets (c) CNY Onshore Reserves
(b) FX Assets (d) CNY Clearing Bank Reserves

(e) CNH Bills
(f) Equity, Others

Offshore Clearing Banks
Assets Liabilities

(g) CNY Clearing Bank (i) CNH Commercial
Reserves Bank Sight Deposits

(h) Other Assets (j) CNH HKMA Deposits
(k) CNY Equity, Others

Hong Kong Monetary Authority CNH
Assets Liabilities

(l) Deposits at Clearing Banks (p) Equity, Others
(m) PLP Balances
(n) Liquidity Facilities
(o) Other Assets

Hong Kong Commercial Banks CNH
Assets Liabilities

(q) Deposits at Clearing (t) Demand Deposits
Banks (u) PLP Balances

(r) PBoC CNH Bills (v) HKMA Facilities
(s) Loans, Others (w) Equity, Others

This separation means that CNH is only present in the PBoC’s balance sheet through
the small amount of bills in line (e). Therefore, movements in the CNH/CNY exchange
rate have almost no impact on the PBoC, but create (so far small) capital gains and losses
for the clearing banks. While this separation may be relevant if the peg is ever abandoned,
integrating the two balance sheets makes little difference for the PBoC’s influence over the
money supply.

The second new arm is the HKMA, which holds its own CNH balances at the clearing
banks, and uses them to lend to the commercial banks through two distinct programs.

in doing so) but these CIPS reserves are separate from the PBoC reserves that are used for entirely onshore
payments. CIPS reserves are remunerated differently and are subject to different liquidity policies, operat-
ing effectively as an offshore clearing bank that co-exists with the offshore clearing bank payment system.
The value of transactions cleared using CIPS is an order of magnitude lower than the flow between CNH
and CNY.
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The first is a repurchase agreement that is available to nine select banks in Hong Kong.
They are responsible for channelling liquidity to the CNH interbank and financial markets
more broadly, and so are referred to as the primary liquidity providers (PLP). When they
borrow from the HKMA at the interbank rate, they automatically increase the supply
of reserves in circulation. The other program are repo facilities that serve the role of a
discount window. They are open on demand to all banks operating in Hong Kong that are
willing to pay a penalty spread over the interbank rate. Unlike typical discount windows,
these are used very heavily (daily, by several banks) and much more than the HKMA’s
discount window for Hong Kong dollars (which was used only 11 times in 2021).15 Also,
unlike in traditional corridor systems, these liquidity facilities are priced as a spread to
the CNH interbank market rates in the previous three days, so the cost of emergency
liquidity increases as existing liquidity becomes scarce.16

This separation again means that fiscal risk, in this case from possible default of the
banks that borrow CNH, lies with the HKMA but not with the PBoC. Again, outside of a
financial crisis, integrating the two authorities’ balance sheets makes little difference for
the joint control of the money supply.

Monetary policy in CNH does not involve setting interest rates. The interest rate on
the CNH sight deposits at the clearing banks is zero. The interest rates on the PLP bal-
ances and the liquidity facilities are all endogenous, indexed to market interbank rates.
Instead, the PBoC targets the money supply of CNH reserves, with the help of the HKMA.

The PBoC conducts these monetary operations through bill issuance (open market
operations in CNH are not possible since there are no CNH government bonds). Namely,
the PBoC has issued a stock of short-term bills, with maturities of 3, 6 and 12 months, and
conducts auctions of new ones at pre-announced dates that follow a quarterly schedule.
Those auctions typically coincide with previous bills maturing to keep the money supply
smooth, subject to the changes in the quantity of money targeted by the PBoC. Concretely,
as the bills mature and are paid, the stock of money increases, while when they are issued,
it falls. By controlling the quantities in these auctions, the PBoC controls the quantity of
this component of money reserves. In terms of the balance sheets, a bill that rolls off
causing an increase in money supply maps into a fall in line (e) and a rise in line (d) in

15Appendix B describes the programs in more detail and figure C.1 plots their usage.
16Left out of the table is a swap line between the HKMA and the PBoC. If the demand by banks of the

HKMA’s programs exceeds the HKMA’s balances at the clearing banks, it can borrow CNH as needed to
prevent a liquidity crisis. As of July 2022, the HKMA’s swap line limit was CNH 800bn, only slightly below
the total stock of CNH demand deposits in Hong Kong (around 900 bn). Unique among the PBoC’s bilateral
swap lines, the line with the HKMA is permanent and not subject to renewal.
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the PBoC balance sheet, together with a rise in lines (g) and (i) in the clearing banks, and
an increase in line (q) and fall in line (r) in the commercial banks (potentially followed by
rises in (s) and (t) through private money creation). While there are more intermediate
links in the chain, the net operation is completely conventional.

The HKMA can also alter the money supply through its PLP lending. Again this
works just as in a conventional central bank lending facility: line (l) falls and (m) rises at
the HKMA, and lines (q) and (u) rise at the commercial banks.

Finally, mainland monetary policy is set entirely by the People’s Bank of China (PBoC),
involving traditional channels, with a focus on mainland variables. The CNY money
supply in line (c) is much larger than the CNH reserves (lines (i) and (j)), and it is used
to fulfill domestic goals. There is no evidence that the PBoC has, during our sample,
changed its onshore monetary policy in response to the small daily fluctuations in the
CNH/CNY exchange rate. Instead, it is the CNH money supply that responds to the
exchange rate e, as we explain next.

2.3 The implementation and success of the peg to parity

The PBoC has an explicit policy of pegging the CNH/CNY exchange rate at parity: E = 1
or e = 0. In great part, this is by necessity. If there were large deviations, then the
arbitrage forces from Chinese firms, banks, and even households to make payments with
the cheaper currency and hoard the more valuable one, would break the system of capital
controls. The PBoC adjusts the supply of money through the bill auctions to aim for the
peg at the weekly frequency, while the HKMA every day adjusts the supply of money
through the PLP facility with the same goal.

Figure 1 shows daily e on the left panel, and the exchange rate of either CNH or CNY
with the USD on the right panel for comparison. The CNH/CNY peg is very successful,
so much so that when comparing either the CNH or the CNY to the USD in the right
panel, the two seem indistinguishable. The daily standard deviation of et is a mere 0.32%,
and only in a handful of days over more than a decade has the exchange rate deviated
from parity by more than 1%. At the same time, the transaction costs on the arbitrage
trade of converting CNY to CNH via USD were on average about 0.04% over the sam-
ple. That deviations from parity regularly exceed this figure is strong evidence that the
controls on directly converting CNH to CNY are binding.

There is a noticeable decline the volatility of the exchange rate after 2017. There was
a large reform in the PBoC’s system for managing its exchange rate in August of 2015,
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Figure 1: The exchange rates of the CNH and the CNY
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Note: Sample period is all trading days between 1 October 2010 and 31 August 2023. Panel (a) shows
100 log(CNH/CNY) so an increase is a CNH appreciation. In panel (b) an increase is a yuan appreciation.

followed by a period of adjustments to the framework over 2016-2017. Our description
of the monetary system in the previous section primarily applies to the period after 2017,
so we restrict all the empirical tests that follow to the sample from April 1st of 2017 until
August 31st of 2023. We discuss the 2015-17 period in section 6.17

3 Exogenous money supply shocks and the exchange rate

The basic tenet of the monetary theory of exchange rates is that increasing the supply of
money depreciates its value.18 Let im be the interest rate on the currency (like CNH), im,o

be the interest rate on the alternative (like CNY), e be the exchange rate, E(∆e) its expected
change (all in logs), and Φ(m, mo) be a function for the relative marginal liquidity benefits
of holding domestic currency m and the other currency mo. If u are shocks, the relative
demand function for money is:

Φ(m, mo) + u = im,o − im − E(∆e). (1)

17For a description of pre-reform CNH/CNY exchange rate dynamics, see Funke et al. (2015), and for a
description of the reform McCauley and Shu (2018).

18The theory was succinctly stated as: “The exchange rate is the relative price of different national monies,
rather than national outputs, and is determined primarily by the demand and supplies of stocks of different
national monies” (Mussa, 1976).
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The monetary theory states that a higher supply of m satisfies some of the demand for
transactions and liquidity, lowering Φ(m, mo), and leading the exchange rate to fall, so
that the currency is expected to appreciate and people are willing to hold it.

This theory was mostly abandoned in academic circles following the influential work
of Meese and Rogoff (1983) that found no empirical relation between measures of money
and exchange rates. The study of exchange rates since then usually assumes that the de-
mand for money is infinitely elastic, or horizontal, so the relative value of money is purely
pinned down by its relative return, irrespective of the quantity of money supplied. That
is, it assumes that Φ(m, mo) = 0, so that money is a pure financial asset that provides zero
transaction or liquidity benefits. Equation (1) becomes the textbook uncovered interest
parity (UIP) according to which interest rates determine exchange rates, and the quantity
of money is only relevant insofar as it is linked to the interest rate; by itself, the quantity
of money has no effect on the exchange rate for a fixed interest rate.

Testing for Φ(m, mo) = 0 is hard for several reasons. First, most central banks most of
the time set policy in terms of im, and have the supply of money accommodate demand,
so there are few if any exogenous changes in the money supply m to conduct the test.
Second, even when they choose m, central banks follow policy rules whereby the supply
of money responds to the exchange rate e or to the shocks u creating a reverse causality.
Third, the other currency’s monetary policy mo also moves and responds to e and u, so
there is a simultaneity problem. Fourth, the shocks u include changes in relative outputs
and real exchange rates, or, in the more recent literature, changes in the risk appetite of
financial intermediaries and in frictions to arbitrage, which are all omitted variables that
are hard to control for.19

Fifth, large, persistent, and unexpected shocks to m will be correlated with changes in
information and future expectations E(.) of future policies and macroeconomic outcomes,
so there are anticipation and signaling effects that may be unrelated to the transaction
services of money. Sixth, and finally, there are multiple types of money that are imperfect
substitutes in providing liquidity or transaction services, so that even measuring the right
m that enters the Φ(m, mo) function is not easy.

The CNH money supply m and the CNH/CNY exchange rate e provide a good setting
to test for the causal impact of the money supply on the exchange rate because it over-
comes the initial four empirical barriers. First, the conduct of CNH monetary policy is to
vary the quantity of CNH reserves supplied as opposed to the interest rate. In fact, im = 0

19See Itskhoki and Mukhin (2021), Maggiori (2022) for recent models of u.
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at all times in CNH reserves. There is hope to find exogenous changes in m. Second, the
monetary policy rule is known, adhered to, and successful: to keep parity, or E(e′) = 0.
Because the PBoC only adjusts its component of m weekly (or less) during the auctions
of CNH bills, there is no reverse causality from high-frequency e to this component of
m. Third, onshore CNY monetary variables, denoted by the superscript o, are chosen in
response to onshore variables. Neither the interest rate io nor the supply of money mo

are affected by the CNH/CNY exchange rate e, so there is no simultaneity problem.20

Fourth, CNH and CNY are designed to intermediate transactions in Chinese goods and
services and Chinese agents have access to both. Therefore, there are few non-monetary
movements in the real exchange u that we must control for, especially at a high frequency.

This section explains how we can accurately measure changes in m that are exogenous,
anticipated, and transitory, so they overcome the fifth and sixth challenges.

3.1 Shocks to the money supply from the rolloff of bills

The PBoC started issuing CNH bills in November 2018 on a schedule that would con-
verge to a stock of ¥50bn of bills outstanding, with ¥40bn of 3-month bills and ¥10bn of
12-month bills. However, on the 20th of August of 2019, the PBoC altered its bill issuance
schedule to increase the stock of bills to ¥80bn, with ¥20bn of 3 and 6-month bills, and
¥40bn of 12-month bills. On the 6th of November of 2020, the PBoC further announced
it would lengthen the maturity structure by switching the composition to ¥10bn of 3 and
6-month bills and ¥60bn of 12-month bills while holding the stock fixed. Between Novem-
ber 2020 and May 2023, the PBoC has not made further changes to the schedule so by 2022
the stock converged to a level ¥80bn with any deviation closed within a very short win-
dow.

These two changes in auction schedules were likely an endogenous policy response
to the demand for CNH. However, because they shifted the maturity structure, and since
the auctions for different maturities are on a different schedule, they created future dates
when certain bonds exogenously rolled off without being replaced for at least 5 working
days.

The left panel of figure 2 plots the outstanding daily stock of bills during this period.
As a result of the change in schedule, the bills at the seven dates indicated by the vertical

20Table C.1 in appendix C confirms this: regressing the stock of monies on the exchange rate, there is a
quantitatively and statistically significant correlation only with CNH money, but not CNY money.
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lines rolled off without being immediately replaced by new bill issuances.21 These events
led to sharp and large declines in the amount of bills outstanding. Correspondingly, the
CNH money supply expanded to redeem those bills at these dates. The monetary ex-
pansions were only temporary, typically lasting around 10 trading days. Under the new
calendar, an auction soon followed, reestablishing the previous supply of bills.

Figure 2: Response of the exchange rate to an increase in money supply

(a) Money supply shocks through bill roll-offs
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Note: Panel (a) shows the stock of PBoC bills outstanding and its short-lived fluctuations caused by the
shift in maturity structure in August 2019 and in November 2020. Panel (b) shows 100 times the cumulative
change in the log of the daily CNH/CNY exchange rate from the trading day prior to the bill roll off,
averaged across the monetary expansion events. For bill-roll offs that happen over a weekend because the
bond matures on a Monday, we start from the Thursday or Friday depending on which is a local maximum.
Also in the figure are bootstrapped placebo intervals from taking 10,000 random samples of an equivalent
number of events dates between 1 July 2019 and 30 November 2021, excluding dates that overlap with the
original event window and schedule announcements.

At a weekly frequency, these exogenous changes in m would barely be detectable,
as they were reverted by the next auction. Theory suggests that they would have no
effect on the exchange rate beyond a week or two. Policymakers determined to keep the
peg at parity would not consider this to be a problem and, as far as we know, made no
adjustments to policy as a response. But, at a daily frequency, these bill roll-offs provide
an exogenous variation in the supply of money that should affect the daily exchange rate.

21The dates are 25 July 2019, 11 February 2021, 26 March 2021, 13 May 2021, 25 June 2021, 13 August 2021,
and 12 November 2021. We exclude the changes in the stock that arose immediately from the announce-
ments on the 8 August 2019 and 6 November 2020. We also exclude rolls offs that were reverted within five
or fewer trading days, including 10 February 2020.
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The changes in m were predictable weeks ahead. That they should have an effect on
the exchange rate lies at the heart of the monetary theory of exchange rates. Price changes
are random walks for pure financial assets, but not for transaction assets like money. This
is because the quantity of money affects its liquidity benefit and so the demand for it.
The price of money must change, whether the change in quantity was anticipated or not.
The exchange rate would be expected to appreciate when bills roll off, because by the
no-arbitrage condition in equation (1), the rise in liquidity benefits from scarcer reserves
increase the market clearing price of the CNH.

3.2 The impact of the money supply on the exchange rate

The right panel of figure 2 shows the average response of the exchange rate to these mon-
etary expansions.22 The mean estimates are close to the median estimates and extending
the horizon reveals the impact dies off after around 12 days. To assess statistical signifi-
cance, the figure shows also a bootstrapped placebo distribution constructed by drawing
seven non-overlapping events from other days in the sample.23

Following an increase in m, just as the monetary theory predicts, e falls. Monetary
expansions lead to a depreciation of the currency. Quantitatively, the average roll off
across the episodes was ¥13bn, and the average exchange rate depreciation was 0.18%.
The average stock of CNH deposits in Hong Kong banks (M1 without currency) over
2020-2022 was ¥771bn. Therefore, a roughly 1.7% increase in the money supply lowered
the exchange rate by significantly more than 0, but well below 1.

If the money multiplier is near one, which is plausible for such a transitory shock
at such high frequency, then the implied semi-elasticity of money demand with respect
to the exchange rate is (1/0.18) × (13/771) = 0.09. This is far below the textbook as-
sumption of infinity, but also significantly above zero. As far as we know, there is no
well-identified counterpart to this elasticity in the literature. However, there is a close
object has attracted much research effort, because it is a key input into the welfare costs
of inflation: the semi-elasticity of money demand with respect to the opportunity cost of
money. This is typically estimated from regressions of the stock of M1 on the nominal
interest rate on short-term bonds. At one end, Ball (2001) finds a low value of 0.05 for the

22Figure C.3 in appendix C shows the response after each event over a long horizon. The exchange rate
depreciated in all but one event, and even in that one, it did so one day later.

23Looking at the five days before each event, there were no detectable pre-trends in the exchange rate
that could be biasing the estimates because of some reversion from other shocks that happen to coincide.
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United States, while at the other end Benati et al. (2021) have estimates between 0.07 and
0.16 for several countries, including 0.08 for the US and 0.15 for the Hong Kong dollar.

4 The anatomy of the CNH/CNY peg

How can a country peg the exchange rate of its currency to another currency? The text-
book answer is that if the currency depreciates, the central bank should raise its interest
rate. A monetary complement is that the central bank should reduce the supply of money.
Yet, the correlation between either interest rates or measures of money supply for coun-
tries that peg their currency is close to zero in the data.24

In the case of the CNH/CNY, the PBoC could let the forces of arbitrage re-establish the
peg following a shock. If the CNH appreciates, Chinese agents prefer to make payments
in CNH, which transfers onshore CNY to offshore CNH, increasing the supply of CNH
until parity is back. However, this would require the capital controls to be slack. Since
they bind, this arbitrage force will put pressure against them. To sustain capital controls,
the central bank needs to get ahead, and respond to a rise from parity by raising the
money supply.

Institutionally, because the PBoC adjusts the supply of money through the regular
auctions of CNH bills, then between auctions it cannot control the money supply. This
job is left to the HKMA, which controls the money supply daily through the PLP facility.25

We now study the HKMA’s-controlled money supply and its role in keeping the peg.

4.1 Deviations from the peg as shocks to money demand

At a daily frequency, it is challenging for a central bank to perfectly fine tune the money
supply whenever the demand for money (deposits) happens to change. As a result, the
exchange rate deviates from the peg. The central bank can adjust the money supply over
the next day(s) so that the deviations of the exchange rate are short lived and the peg
holds at a lower frequency.

24Figure C.4 in appendix C plots linear regressions between either interest rates or the stock of money,
and the exchange rates, for an unbalanced panel of 26 countries that pegged their exchange rate between
February 1979 and December 2015. The R2 of these two regressions are 0.001 and 0.003, respectively.

25Figure C.1 in appendix C shows that the PLP volume of outstanding CNH averages about ¥10bn during
the sample period, which is approximately 1/8th of the volume of CNH bills outstanding, and that there is
much variation day to day.
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This implies that an appreciation of the exchange rate in one day reflects mostly a pos-
itive shock to the relative demand for CNH money. Mostly, because policymakers avoid
shocks to money supply; and positive, because the appreciation reflects their inability to
accommodate the shock to money demand fast enough. Panel (a) of figure 3 shows a
histogram of the deviations from parity. They are centered around zero and have a bell
shape. It is a classic result in optimal control theory that in tracking a noisy signal with a
(approximately) quadratic loss function, deviations from the objective should be (approx-
imately) normally distributed. The HKMA CNH liquidity system adjusts money supply
to track imperfectly-observed shocks to money demand, and the exchange rate measures
deviations from this goal. This figure matches what one would expect to see from the
policy rule in action.

Panel (b) plots the dynamic conditional autocorrelation of the exchange rate at daily
frequency. It is declining, precisely as we would expect from the HKMA gradually updat-
ing its noisy estimate of shocks to demand by adjusting supply to absorb them. Approxi-
mately half of the deviation from parity is corrected within one day, with 0.3 left after one
working week.26

4.2 An instrument for shocks to money demand

Since changes in the daily exchange rate are proxies for shocks to money demand, then
estimating whether the HKMA raises the supply of money in the next few days provides
a monetary anatomy of how the peg is kept. However, insofar as the HKMA is able to
adjust the PLP money supply already within the day, or the PBoC adjusts bill roll offs
a few days later, then these estimates could substantially understate the strength of the
response of the money supply to the exchange rate. Figure C.6 in appendix C confirms
this is the case by showing significant estimates of the response of PLP volumes during
the day to a change in the exchange rate at the start of the day.

We use an instrumental variable approach to correct for this downward bias. The
PBoC also actively manages the CNY/USD exchange rate, call it ê. It does so by setting a
“central parity rate” at the start of the day, ē, and then intervening during the day so that
deviations of ê from it do not exceed 2% in absolute value. Most of the time, the parity
rate is adjusted to match the previous market rate and this trading band does not bind.

26Figure C.5 in appendix C shows the autocorrelation function within one trading day, calculated ev-
ery thirty minutes. It only declines moderately and this is reversed at close. Therefore, going to higher
frequencies than daily seems unnecessary to isolate shocks to money demand.
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Figure 3: Movements in daily CNH/CNY exchange rate as shocks to money demand
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Note: Panel (a) shows the histogram of the et. Panel (b) plots βh from the regression et+h = αh + βhet +
γhet−1 + errort+h, for h = 0, . . . , 5, where et is the log of the daily CNH/CNY exchange rate on all trading
days between April 2017 and May 2023.

Sometimes though, the PBoC does not adjust the central parity rate to market conditions
fast enough, for example if the CNY is depreciating fast and the PBoC wants to slow this
down. At these times, the CNY/USD exchange rate binds at the bottom of the band, and
there is unfulfilled pressure for the CNY to depreciate further.

In anticipation of this, market participants would want to sell CNH today as no trad-
ing band exists in the offshore market. Hence, the CNH will trade below parity with CNY.
A good proxy for the band binding is simply whether the central parity rate tracked the
previous close. Therefore, ē′ − ê, the deviation of the CNY/USD exchange rate from the
band today is an instrument for ∆e, the change in the CNH/CNY exchange tomorrow. .
Because ē is determined in the morning, the instrument is not contaminated by the within-
day PLP adjustment.27 Figure C.7 in appendix C plots the two variables and verifies they
are strongly related: the F-statistic for this instrument is 20.

27Technically, the central parity rate is announced at 11am, although the trading band is implemented
before that. Looking at PLP facility drawings only between 11am and end of day yields very similar results.
See figure C.8 in appendix C.

19



4.3 Testing the monetary recipe for keeping a peg

We test the hypothesis that the exchange rate is managed through the HKMA altering
CNH money supply by estimating:

zt+h = αh + βh∆et + γhet−1 + δhzt−1 + controlst−1 + errorh
t , (2)

where zt+h are drawings from the PLP liquidity facility h days after the money demand
shock proxied by the movement in et and controlst−1 includes drawings from the HKMA’s
discount window facility, and 3 month CNY and CNH interbank rates. Monetary theory
predicts that βh > 0 as the HKMA adjusts the money supply to respond to the money
demand shocks. We estimate these local projections either by least squares or by instru-
menting the exchange rate with the deviation of the USD exchange rate relative to the
trading band lower limit, ēt − êt−1.

Figure 4 shows the estimates. Both least squares and instrumental variables estimates
are positive and statistically significant. Moreover, as we expected, the IV results are
significantly larger. After a money demand shock that increases the CNH exchange rate
by 1%, the HKMA’s supply of money through the PLP rises by approximately ¥5bn to re-
establish the peg. The response declines with the horizon as expected, given the declining
autocorrelation of the exchange rate in figure 3.

4.4 Validation of the money demand shock

While the HKMA money supply gradually adjusts, the money market must clear through
other margins. This section finds evidence that it is so from three other monetary vari-
ables.

First, an imperfect substitute for the missing supply of HKMA money is PBoC money.
As we discussed before, the PBoC adjusts the supply of money by auctioning bills. Be-
tween announcing an auction and taking bids, on average 6 trading days go by, so at high
frequency, the quantity of bills does not respond to the demand for money. An exchange
rate appreciation, reflecting a rise in demand for CNH money, will lower demand for bills
and this should show up as lower subscription rates at the next bill auction. Table 2 tests
this effect by regressing the subscription rate on the average deviation from the peg dur-
ing the five days prior to the auction to capture the interval after an auction is announced
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Figure 4: Response of the HKMA’s PLP money supply to a money demand shock
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-2
0

2
4

6
8

R
M

B 
bn

0 1 2 3 4 5
trading days

68% CI 90% C.I.
estimate

(b) Local Projection - Instrumental Variables

-2
0

2
4

6
8

R
M

B 
bn

0 1 2 3 4 5
trading days

68% CI 90% C.I.
estimate

Note: Estimates of equation (2). The sample period is all trading days between April 2017 and August
2023. Confidence intervals use White heteroskedasticity robust standard errors, following Montiel Olea
and Plagborg-Moller (2021). Panel (a) estimates the equation using least squares, whereas panel (b) does so
using as an instrument the deviation of the CNY/USD exchange rate from the trading band limit.

and before it takes place. The regression coefficients are negative as predicted.28

A second substitute for HKMA money is the interbank market for money. Banks need-
ing liquidity will turn to other banks that may have a liquidity surplus and borrow from
them. When the overall money demand rises, as reflected in an appreciation of the ex-
change rate, demand in the interbank market will be higher and supply will be lower, so
the interbank interest rate will rise to clear the market. Afterwards, the HKMA interven-
tion to maintain the peg should increase the supply of liquidity and the interbank rate
should revert back down.

Figure 5 estimates the same local projection as in equation (2), but with the 3-month
CNH interbank rate on the left hand side (and adding lagged PLP drawings to the control
set). This measures the change in the private-market price for liquidity in the CNH off-
shore market. The least squares estimates confirm the two theory predictions: the differ-
ential first rises, and then falls. The IV estimates do not have the initial rise the interbank
rate, but show the gradual decline over the next few days.

28Table C.2 in appendix C uses instead the exchange rate on the day of the auction. The effect is less
precisely estimated and slightly weaker, but the conclusion is the same. Note that auction results are not
announced until after the market closes and the bills are not settled until two days later. Therefore, the
exchange rate on the day of the auction is not contaminated by the auction outcome.
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Table 2: Regression of bill auction subscription rate on the exchange rate

Bill maturities All 12M 6M 3M
(1) (2) (3) (4)

1
5 ∑4

0 et−h -2.76*** -3.38*** -2.78*** -3.38***
(0.93) (1.10) (0.93) (1.12)

Number of Auctions 35 19 16 19
R2 0.142 0.335 0.131 0.324
Heteroskedasticity robust standard errors in parentheses
* p < 0.1, ** p < 0.05, ***p < 0.01

Note: The sample has 56 issuance of bills in 35 different auctions between November 2018 and May 2023.
In 19 of these auctions, the PBoC issues 3M and 12M maturities, while in the other 16 auctions it issued the
6M maturity. The subscription rate is defined as bids divided by bills auctioned. Column (1) considers the
subscription rate across all maturities at the auctions date, and columns (2)-(4) each maturity separately.
Columns (2) and (4) are estimated in a seemingly unrelated regressions to account for the fact the 3M and
12M subscriptions occur simultaneously.

Figure 5: Interbank rate differential response to a money demand shock

(a) Local Projection - Least Squares
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Note: Estimates of equation (2) substituting PLP drawings with the 3-month CNH interbank interest rate
relative to the CNY rate. The sample period is all trading days between April 2017 and August 2023. Confi-
dence intervals use White heteroskedasticity robust standard errors, following Montiel Olea and Plagborg-
Moller (2021). Panel (a) estimates the equation using least squares, whereas panel (b) does so using as an
instrument the deviation of the CNY/USD exchange rate from the trading band limit.
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Third and finally, when banks have insufficient liquidity to honor withdrawals or pay-
ments by their customers, they have to turn to the discount window at the HKMA even
though this is expensive. By keeping the money supply scarce, the PBoC ensures that on
aggregate the system finds itself routinely in the position where some banks need to take
this route. If the HKMA increases the supply of money through the PLP, then an imme-
diate consequence would be that banks in Hong Kong would find themselves needing to
borrow less and less often from the HKMA’s discount window. Therefore, running the
same regression as in equation (2), but now with drawings from the liquidity facilities as
the measures of zt+h, we should expect the estimates of βh to be mirror images of the ones
we found in figure 4.29

Figure 6 shows that indeed it is so. With the expansion of the money supply, use of the
discount window falls, by an amount that is similar. Taking the ratio of the two impulse
responses, the substitution coefficient between use of the discount window and money
supply is around 1 on impact, and rises to around 4 after four trading days.

Figure C.6 in appendix C splits the impact between different times of the day. The
use of the discount window falls as soon as the market opens and persists during the
day, consistent with banks anticipating that the HKMA will respond by raising the PLP
balances. The system to keep the peg at parity is credible.

5 A model of endogenous money and the connection be-

tween liquidity and capital controls

Banks create private money in the form of demand deposits that people can use for pay-
ments. A regression of bank deposits in CNH relative to deposits in CNY on the lagged
exchange rate using monthly data between April 2017 and April 2023 gives a coefficient
with a p-value of just 1.7, and an R2 of 0.04.30 Even if there was a strong association
between narrow measures of central-bank money and their relative value, because there
is a private money multiplier that changes with financial innovation the link to private

29The HKMA runs two liquidity facilities as repurchase operations that supply CNH liquidity immedi-
ately, one intraday and one overnight. Because intraday funds can frictionlessly convert to an overnight
loan, Hong Kong banks prefer to use the intraday facility as it retains the option to repay the loan early. As
a result, while the intraday facility is heavily used every day, the overnight one has balances close to zero
most days (see figure C.1 in appendix C). The regression results in figure 6 use only the intraday facility,
but using the sum across the two facilities leads to almost identical results.

30Table C.1 in appendix C describes this regression in more detail.
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Figure 6: Response of HKMA discount window borrowing to a money demand shock

(a) Local Projection - Least Squares
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Note: Estimates of equation (2) substituting PLP drawings with liquidity facility drawings. The sample
period is all trading days between April 2017 and August 2023. Confidence intervals use White het-
eroskedasticity robust standard errors, following Montiel Olea and Plagborg-Moller (2021). Panel (a) es-
timates the equation using least squares, whereas panel (b) does so using as an instrument the deviation of
the CNY/USD exchange rate from the trading band limit.

money is weaker and unstable.
This section presents a model of banks managing liquidity and supplying deposits,

while a central bank pegs the exchange rate by controlling the supply of reserves. This
provides a micro-foundation for the simple framework in equation (1) and generates com-
parative statics that match all the empirical results in sections 3-4. It also has a money
multiplier that depends on financial innovation. The model shows that a combination of
liquidity controls, as well as liquidity policies for which we have no empirical observa-
tions, can in principle be used to avoid Goodhart’s law.

We start in section 5.1 with a simple model that links exchange rates to the creation
of bank deposits. The model relies on there being benefits from liquidity given by a
reduced-form function. Section 5.2 derives this liquidity function as the result of opti-
mal reserve management by banks and equilibrium in an interbank market. With this full
micro-foundation, section 5.3 shows that the model predicts Goodhart’s law in response
to financial innovation but also suggests novel liquidity policies to keep the peg. Section
5.4 then shows that liquidity controls on the flow of deposits and reserves can sustain the
capital controls.
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5.1 A model of deposits’ creation and the exchange rate

Risk-neutral atomistic banks create deposits and invest in assets offshore and onshore.

The balance sheet of a bank: An onshore bank with equity capital co, collects deposits do

to either make loans xo or hold reserves mo. It can also go offshore to collect deposits d
and hold reserves m.31 The bank faces the resource constraint at the start of the day:

xo + mo + Em = co + do + Ed. (3)

Returns and the cost of illiquidity: Next period, the bank pays positive gross interest
rates Rd and Rd,o on deposits and earns Rx on loans and Rm and Rm,o on reserves. We nor-
malize the cost of capital to one, which is the opportunity cost of funds in the economy.32

All these returns are known today; the only unknown is the future exchange rate E′. The
bank’s expected payoff is:

Rxxo − co︸ ︷︷ ︸
Loans and capital

+ Rm,omo − Rd,odo − ϕo(mo/do)do︸ ︷︷ ︸
Onshore liquidity

+E(E′)
(

Rmm − Rdd − ϕ(m/d)d
)

︸ ︷︷ ︸
Offshore liquidity

. (4)

Loans are illiquid while reserves are liquid because during the day there are random
withdrawals of deposits that a bank must honor. Doing so is costly, because the bank may
have to borrow from other banks or the discount window. Later we will micro-found
these liquidity costs but for now we assume they are captured by a liquidity cost function
ϕ(m/d) per unit of deposit (so the total costs are homogeneous of degree 1 in reserves and
deposits). The function has three properties. First, the cost is bounded 0 ≤ ϕ(m/d)d <

Rmm, so it does not exceed the payoff from reserves, and reaches zero when the bank is
narrow, ϕ(1) = 0. Second, the function is decreasing in the reserve-deposit ratio, since
expected liquidity costs are lower when the bank’s assets are more liquid relative to its
liabilities. When the bank is narrow, the marginal benefit of liquidity is zero: ϕ′(1) = 0.
Third, for the banking system as whole in equilibrium, the marginal benefit of improving
the reserve-deposit ratio is diminishing.

The supply of deposits from households: A representative household (or firm) that is
located onshore derives a liquidity services from holding offshore deposits with which it

31To focus on the liquidity side of banking (reserves and deposits), we ignore the ability to make loans
offshore, but this would have no impact on the monetary results.

32One can either think of a representative bank that raises capital from households at cost 1 or of a mass
of identical banks that have a fixed endowment of capital and there is free entry.
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can make payments for imports. Assuming that these services have a constant elasticity
in the utility function, the supply of deposits D is given by:(

E(E′)

E

)
Rd = 1 − vD−α, (5)

where v is a shock to money demand.33

The central bank and monetary policy: The central bank chooses the supply of reserves
offshore M and sets the interest on reserves Rm. Since, in the Chinese context, Rm has al-
ways been one, we assume it is so. Similarly, since onshore policy is set independently of
offshore concerns, we assume that Rm,o − ϕo′(mo/do) = 1 as well. This way, the interest-
rate policy is consistent with the parity peg at all dates. The action is instead in M, which
changes with shocks to money supply. The central bank’s policy rule is to pursue a peg,
and this goal is credible, so that E(E′) = 1.

Entry and equilibrium: Banks are perfectly competitive, so they take returns and aggre-
gate variables as given. Free entry into banking drives their profits to zero. Markets for
reserves and deposits clear, so M = m and D = d. An equilibrium is a solution for the
exchange rate E and for deposits D (and so for the money multiplier D/M), as a function
of the demand for money v and public money supply (reserves) M.

The reserves market condition: A bank chooses xo, mo, m, do, co, d to maximize equation
(4) subject to the constraint in equation (3). The first-order conditions with respect to the
two types of reserves gives the UIP condition:

Rm,o − ϕo′(mo/do) =

(
E(E′)

E

) (
Rm − ϕ′(m/d)

)
. (6)

On the left-hand side are the expected returns from holding a marginal unit of onshore
currency; on the right are those from a marginal unit of onshore currency. These include
both the final return as well as the marginal reduction in liquidity costs. A log-linear
approximation to this equation matches equation (1) where in the function Φ(m, mo) is a
composite function of ϕo′(mo/do) and ϕ′(m/d).

Recalling that the left-hand side is one, by satiation of the onshore market and the unit
cost of capital, and that the peg is credible so E(E′) = 1, then combining this with market

33Appendix D.1 writes down the problem of the household.
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clearing gives the following equilibrium condition in the reserves market:

E = 1 − ϕ′(M/D). (7)

If offshore money was ample enough to satisfy all the transactions demand for it and
drive the liquidity costs to zero, then no-arbitrage and Gresham’s law would impose that
E = 1 at all dates in any equilibrium with M > 0. With scarce money, more deposits raise
the marginal cost of liquidity, which increases the demand for reserves, so the currency
appreciates.

The deposit market condition: The first-order condition with respect to offshore deposits
in the bank’s problem gives the supply of deposits:(

E(E′)

E

) [
Rd + ϕ(m/d)−

(m
d

)
ϕ′(m/d)

]
= 1. (8)

The bank equates the expected return on deposits to the opportunity cost of capital, which
is one.

Combining supply and demand for deposits with market clearing and the credible
peg delivers a second equilibrium condition for the deposit market:

EvD−α = ϕ

(
M
D

)
−
(

M
D

)
ϕ′
(

M
D

)
. (9)

With scarce reserves, this condition gives a positive relation between E and D.34 On the
bank side, again more deposits raise liquidity costs and raise the demand for reserves ap-
preciating the currency. However, on the household side, an appreciated currency means
an expected depreciation, which lowers the returns on holding deposits so the demand
for deposits falls. This second effect implies that more deposits must now come in equi-
librium with a higher exchange rate, so this second equilibrium condition is steeper than
the first one. This is formally proven in appendix D.2, as well as the existence of an equi-
librium with E > 0 and M/D < 1.

Comparative statics: After an exogenous increase in the supply of offshore money, the
exchange rate depreciates just as we found in the data in section 3. Intuitively, with more

34With abundant reserves, as the right-hand side of the equation goes to zero, then deposits tend to
infinity and the money multiplier is not defined, a standard property that models with a satiated reserves
market should satisfy.
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offshore reserves, the liquidity premium on reserves is lower and they can earn a lower
return. By UIP, this requires the exchange rate to be expected to appreciate, which for a
credible peg implies that the current exchange rate must depreciate.

After an increase in the demand for offshore deposits v, like we studied in section 4,
the exchange rate appreciates. This must be met by a rise in the supply of money, just
as we found in the PLP data. Intuitively, higher demand for offshore deposits raises the
relative value of offshore reserves to insure against the withdrawal shocks. The bank’s
portfolio shift from onshore to offshore reserves appreciates the exchange rate unless the
supply of reserves rises.

Conclusion: This simple model captures the main findings in sections 3 and 4. After
each shock, the money multiplier D/M endogenously changes with endogenous money
creation. The model also predicts that a shock to the liquidity costs would put pressure
on the peg. Next, we micro-found these costs.

5.2 Withdrawals during the day and the liquidity cost function

During the day, each bank faces a change in its offshore deposits, to which it responds by
adjusting its liquid reserves.

Withdrawal shocks: Each bank is indexed by ω, an idiosyncratic shock standing for the
fraction of start-of-day offshore deposits that have leave with withdrawals by the end of
the day. If ω = −1 all of its deposits leave, whereas if ω = 0 none do. Since one bank’s
outflow are another bank’s inflows, some banks have ω > 0 and receive net inflows.
From the perspective of the start of the day, ω is a random variable with support [−1, ∞)

and distribution Ω(ω) that satisfies:

E(ω) =
∫ ∞

−1
ωdΩ(ω) = 0. (10)

Banks must honor all withdrawal requests by settling them one-for-one with reserves
in order to stay in business. Moreover, they must satisfy at all times a reserve requirement
that reserves are at least as large as a share ρ of the deposits.

Liquidity position after the shocks: At the start of the day, the bank’s liquidity was the
excess of reserves over the requirement: m − ρd. After withdrawals, liquidity increases
by the inflow of deposits in excess of the reserve requirement: ωd(1 − ρ). Its net surplus
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of liquidity after a shock is:

s(ω) = m − ρd + ωd (1 − ρ) . (11)

This defines a liquidity threshold, ω̄ such that:

s(ω̄) = 0 ⇔ ω̄ =
ρ − m

d
1 − ρ

. (12)

Banks with ω < ω̄ will have a liquidity deficit. Those above it, have a liquidity surplus
during the day. Naturally, the higher the reserve-deposit ratio m/d, the less likely it finds
itself in a deficit as the threshold ω̄ is lower.

Sources of liquidity during the day: Banks with liquidity surpluses and deficits try to
meet each other in an over-the-counter interbank market to lend and borrow offshore
reserves. They must search for each other and tightness in this market θ is the ratio of the
aggregate demand for liquidity to its aggregate supply:

θ =
−
∫ ω̄
−1 s(ω)dΩ(ω)∫ ∞

ω̄ s(ω)dΩ(ω)
, (13)

which clearly falls with ω̄.
Banks take this aggregate market tightness as given when making their decisions. A

bank with a liquidity deficit finds a bank with a surplus with probability Ψ−(θ), that we
assume falls in θ; a lender bank matches with a borrower with probability Ψ+(θ) that
rises with θ. If a borrower fails to find a lender (or does not agree on terms) it can borrow
at the central bank’s liquidity facility at a given rate Rz.35

In the interbank market, a lender and borrower that meet will bargain over the inter-
bank interest rate R f (θ). Since the outside opportunity of the lender is to earn the interest
on reserves Rm, while that of the borrower is to go to the discount window at rate Rz, the
function R f (θ) has domain [Rm, Rz], and we assume only that it is increasing in θ.

The liquidity cost function: Combining all the ingredients, if the bank finds itself in
a surplus, because ω > ω̄, it will find someone to lend to with probability Ψ+(θ) and

35 This rate may depend on the total amount borrowed on aggregate, to capture quantity limits on the
discount window. For instance, at the HKMA, the rate paid on its liquidity facility is equal to a lower rate
as long as volume of borrowing is below a threshold, and a higher rate beyond that. In the first segment,
the HKMA is lending from its CNH reserves at the clearing banks, while in the second segment it is using
the swap line with the PBoC.
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earn a profit of R f (θ) − Rm per unit of reserves lent. Instead, if ω < ω̄, it will have to
cover its deficit by borrowing in the interbank market at cost per reserve of R f (θ)− Rm.
With probability 1 − Ψ−(θ) it does not find a lender and must borrow from the discount
window at the higher cost Rz − Rm. Expected liquidity costs at the start of the day are:36

ϕ(m/d)d =− Ψ+(θ)︸ ︷︷ ︸
prob. find borrower

× (R f (θ)− Rm)︸ ︷︷ ︸
lending profit

×
∫ ∞

ω̄
s(ω)dΩ(ω)︸ ︷︷ ︸

liquidity surpluses

−

Ψ−(θ)(R f (θ)− Rm)︸ ︷︷ ︸
interbank borrowing

+ (1 − Ψ−(θ))(Rz − Rm)︸ ︷︷ ︸
CB borrowing

 ∫ ω̄

−1
s(ω)dΩ(ω)︸ ︷︷ ︸

liquidity deficits

. (14)

In section 5.1 we assumed properties of the ϕ(m/d) function that we can now verify
against its micro-foundation: it is bounded below by 0 and above by Rz − Rm; it depends
on the ratio m/d; and it has an upper limit ϕ(1) = 0 and ϕ′(1) = 0 since when m = d we
have that ω̄ = −1.

Other comparative statics and empirical results: One of the (many) benefits of having a
micro-foundation is that it expands the predictions of the model. Starting with an increase
in money demand v, recall that it leads to an appreciation of the exchange rate E and an
increase in deposits D from section 5.1. The higher D raises the liquidity threshold ω̄, and
so raises market tightness θ. Empirically, this would show up in a decline in the bid rate
for CNH bills by banks, just as in the data presented in section 4. In response to that rise
in money demand, the central bank raises the supply of reserves M to bring the exchange
rate back to parity. In the liquidity model, this lowers market tightness θ and lowers
interbank rates R f (θ). It comes with a lower deficit threshold ω̄ and a lower probability
that deficit banks will not find a lender 1 − Ψ−(θ) and go the discount window. Just as in
the data in section 4, interbank rates and the volume in the liquidity facility fall.

5.3 Financial innovation and liquidity policies

A key model object is −ϕ′(M/D), the marginal benefit of an extra reserve evaluated at
the equilibrium reserve-deposit ratio. A structural change that lowers −ϕ′(M/D) depre-
ciates the currency.

36Since reserves yield Rm but deposits pay Rd settling reserves for deposits one-for-one incurs a cost due
to the interest differential. However, this nets out in expectation when E [ω] = 0.
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Taking derivatives of equation (14) with respect to m, and evaluating at the market
equilibrium, gives the marginal benefit of a reserve:

−ϕ′(M/D) = (1−Ψ−(θ))(Rz − Rm)Ω(ω̄)− (Ψ+(θ) + Ψ−(θ))(R f (θ)− Rm)Ω(ω̄)︸ ︷︷ ︸
=0

. (15)

It is the sum of two potential benefits: less frequent need to use the discount window at its
high cost, and having more reserves to lend at a profit in the interbank market. However,
this second benefit is zero: since the banks are all ex ante identical, at the margin the
expected benefit of participating in the interbank market is zero.37 It is again easy to
verify the assumption we made earlier: −ϕ′(M/D) > 0 and it falls with M/D.

The impact of financial innovation: One way to think of financial innovation is that
the efficiency of matching in the interbank market rises. A borrower with a liquidity
deficit can now find a lender more easily, so the function Ψ−(θ) is now higher for all θ.
Alternatively, innovation may manifest in a shift in the withdrawal distribution Ω(.), as
banks are better able to retain depositors, or simply to predict withdrawals better. This
implies that for the same liquidity threshold the tightness in interbank markets is lower
(see equation (13)) and that for the same ω̄, the Ω(ω̄) is lower.

All three shocks—fall in Ω(ω̄), lower θ, higher Ψ−(θ)—imply from equation (15) that
the marginal benefit of reserves −ϕ′(M/D) is lower. Therefore, they all put pressure to
depreciate the currency and break the peg. The model predicts that they would show
up as large fluctuations in the money multiplier D/M, a breakdown in the stability of
monetary targets that is known as Goodhart’s law. In the limit, if these shocks would
drive −ϕ′(M/D) to zero, then the exchange rate must be one, and the capital controls
would no longer bind. The PBoC would no longer control capital flows, no matter how it
adjusts the stock of reserves M.

However, there are three other liquidity policies that it could use to maintain the cap-
ital controls.

The interest rate on central bank lending: First, the central bank could actively use the
interest rate on the discount window. A higher Rz increases the cost of having a liquidity

37Formally, the interbank market clearing condition is:

Ψ−(θ)
∫ ω̄

−1
s(ω)dΩ(ω) + Ψ+(θ)

∫ ∞

ω̄
s(ω)dΩ(ω) = 0. (16)

Taking the partial derivative with respect to m and evaluating at M/D reveals that the second term in
equation (15) is nil.
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deficit, and raises the marginal benefit of holding on to reserves away from zero. Intu-
itively, if money markets operate more efficiently, the central bank can make its backstop
liquidity more expensive.38

Reserve requirements: Second, if ρ increases, then the liquidity threshold in equation (12)
will rise. This raises tightness θ as well the likelihood of being in a deficit Ω(ω). Therefore,
it raises the marginal benefit of holding on to reserves −ϕ′(M/D) offsetting the effect
of financial innovation. Intuitively, raising reserve requirements makes it more likely
that banks will find themselves scrambling for reserves. This new scramble offsets the
financial innovation that made reserve management more efficient. Historically, central
banks have done so, changing reserve requirements in response to fluctuations in the
money multiplier D/M.

Helicopter drops: In the model so far, increases in reserves M are helicopter drops of
money. In reality, central banks increase M by purchasing government bonds or central
bank bills, just as the PBoC does.

It is straightforward to introduce a stock of central bank bills in the model G. Each
bank can now hold them, showing up as an extra term g in the left-hand side of equation
(3), and as an extra payoff in equation (4) with gross return Rg. This has no impact on the
two equilibrium equations for the reserves and deposits markets in section 5.1. It changes
the liquidity cost function in section 5.2 because bills are liquid and can be sold during
the day to meet withdrawals. If the holdings of bills before and after these trades are g
and g′(ω), respectively, the bank’s net surplus of liquidity is now:

s(ω) = m − ρd + ωd (1 − ρ) + g − g′(ω). (17)

Note that g′(ω) is zero for banks with a liquidity deficit as they will sell all their bills be-
fore turning to the interbank market and discount window. Therefore, the new liquidity
threshold in equilibrium is:

ω̄ =
ρ − M+G

D
1 − ρ

. (18)

Because both bills and reserves can meet withdrawals, what matters for whether banks
have a deficit or surplus is the total stock of liquid assets M + G, not its composition.

However, the interbank market is for reserves, not bills. Therefore, the tightness in

38In the case of the CNH, the HKMA could do this by raising the rate it charges on its liquidity facilities,
by raising its own CNH reserves to raise the threshold at which it would have to resort to the swap line
with the PBoC, or by raising the rate on that line. See footnote 35.
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that market is now given by:

θ =
−
∫ ω̄
−1 s(ω)dΩ(ω)∫ ∞

ω̄ s(ω)dΩ(ω)− G
. (19)

This clearly increases with G, for a fixed M + G, because issuing more bills means fewer
reserves, and so a tighter interbank market for reserves. The rest of the model is un-
changed, and so is the expression for the marginal benefits of liquidity in equation (15).

In this modified model, a helicopter drop of money M that leaves G unchanged, works
just the same as in the previous model, lowering the marginal benefit of reserves. How-
ever, if instead the increase in reserves is used to pay for bills, now M + G is unchanged
so there is no longer an effect on ω̄. Instead the effect now comes from equation (19), as
the interbank market is looser. This is what lowers the marginal benefit of reserves now.

In reality, the PBoC could do a helicopter drop of money M, for instance by buying
CNY government bonds and paying for them with newly-issued CNH reserves. Con-
versely, it could do a helicopter drop of bills G, for instance by lending out offshore bills
in repos against onshore bills. These provide further liquidity tools to offset financial
innovation and keep capital controls.

5.4 Liquidity and capital controls

Another way to offset financial innovation and maintain the capital controls is to intro-
duce separate liquidity controls on either the flow of deposits or reserves.

Deposit flows: We modify the model in two ways. First, we replace equation (10) with:

d
∫ ∞

−1
ωdΩ(ω) = Wd. (20)

The new term, Wd captures the flow of deposits from onshore to offshore during the day.
These are decided by private households, but subject to the tight regulations from the
PBoC. We therefore treat them as an exogenous policy tool that banks take as given.39 An
increase in Wd works just like a shift in the distribution Ω(ω) that makes it less likely that
banks will have a liquidity deficit. In that way, tightening liquidity controls that lower

39The model already has an endogenous choice between the two types of deposits, by both banks and
households. So, we are effectively assuming that the constraints imposed by the PBoC on the total volume
of these flows are always binding.
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Wd can exactly offset financial innovation.

Reserve flows: Second, we allow banks to move onshore reserves to offshore reserves to
meet liquidity needs. We denote this inflow of liquidity by Wm, and again assume that it
is exogenous because the PBoC has a tight control over the clearing banks through which
these transfers happen.40 This changes market tightness in much the same way as bills
did. Equation (13) is replaced by (see appendix D.3):

θ =
−
∫ ω̄
−1 s(ω)dΩ(ω)∫ ∞

ω̄ s(ω)dΩ(ω)− G + Wm
. (21)

Again, liquidity controls that lower Wm can exactly offset financial innovation’s impact
on tightness. They work just as more bills: they tighten the interbank market by reducing
the flow of onshore to offshore reserves.

Liquidity and capital controls: Putting the two elements together, tighter liquidity con-
trols that reduce the flow of either deposits or reserves will increase the marginal benefit
of offshore reserves, offset financial innovation, and preserve the central bank’s ability to
have capital controls and for the exchange rate to temporarily deviate from parity. At the
other extreme, if these flows were liberalized, and Wd or Wm became very large, tightness
in the interbank market would go to zero and so would the marginal benefit of reserves.
Extreme financial liberalization in liquidity would imply that capital controls no longer
bind, UIP would hold, and the quantity of CNH money would be irrelevant.

6 Managing the foreign exchange rate and evidence from

two episodes of stress

One use of a parallel currency is to manage the exchange rate with a foreign currency.
Movements in that exchange rate will spill over to movements in the liquidity variables
that we studied so far. This section extends the model to consider the rest of the world
and clarify the connection between the exchange rate between the parallel currencies, the
exchange rate with the foreign currency, and the liquidity policies. We then discuss two
large episodes where the yuan devalued relative to the US dollar.

40Here as well, including an onshore side—with bills, interbank markets, and discount windows—does
not change the ex ante allocation of reserves between onshore and offshore in the model’s dynamics once
we assume that the constraint on moving onshore to offshore reserves always binds.
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6.1 Rest of the world

Consider a bank in the rest of the world (RoW) that can freely invest in offshore reserves or
in foreign reserves, with return Rm,RoW in the other currency. The exchange rate between
offshore money and the RoW is Ê. The optimality condition for this bank in choosing
between which money to hold is:(

E(Ê′)

Ê

)(
Rm − ϕ′(MRoW/DRoW)

)
= Rm,RoW + w. (22)

On the left-hand side is the return from investing in offshore yuan, including the marginal
benefit of having offshore reserves for payments. Arguably, for a foreign investor, these
may be negligible, but we include them for completeness. On the right-hand side is the
return in foreign currency of investing abroad. We add to it a UIP wedge, w, following
the literature that emphasizes financial frictions and limits to arbitrage that make foreign
investors refrain from investing domestically. This is partly determined by foreign forces,
like the risk capacity of foreign arbitrageurs, but also partly affected by foreign exchange
interventions that change the stock of offshore money held by those arbitrageurs.

Combining equation (22) with equation (6) that had the optimality condition for off-
shore banks gives:

E(Ê′)

Ê
=

Rm,RoW + w
E + ϕ′(M/D)− ϕ′(MRoW/DRoW)

. (23)

This is the key modified UIP condition determining the exchange rate between the off-
shore and the foreign currency.41 As usual, higher returns abroad relative to returns do-
mestically come with an expected appreciation. Likewise, a higher wedge that favors
investing abroad also leads to an expected appreciation. For a fixed future expected ex-
change rate, both depreciate the domestic currency today.

A parallel currency adds two novel determinants of the exchange rate. The first is
the offshore-onshore exchange rate E. When the domestic money is depreciating relative
to the foreign currency, letting the offshore money depreciate from parity attenuates that
movement. In the case of the yuan, the PBoC has an explicit desire to smooth fluctuations
in Ê and having E as an escape valve gives it a tool to do so, subject to the limit that E
cannot fall too far for too long without putting pressure on the capital controls. But, as a

41Recall that we assumed Rm,o − ϕo′(Mo/Do) = 1 to focus on offshore liquidity. Onshore interest rates
and money would affect UIP in the standard way.
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policy tool to absorb transitory fluctuations or smooth permanent adjustments, this can
be valuable. This smoothing policy comes with an empirical prediction: that Ê and E will
move together. We found in section 4 this positive association was strong.

The second ingredient is the role of liquidity affecting the marginal benefit of offshore
reserves ϕ′(.) held by either offshore banks banks M or by foreign banks MRoW. As we
studied in section 5, policy can affect it by conventional increases in the offshore money
supply, helicopter drops of reserves or bills, the interest rate in liquidity facilities, reserve
requirements, and liquidity controls. We discussed these tools in the context of keep-
ing the offshore parity, but they can be redeployed to manage the foreign exchange rate.
Equation (23) shows that liquidity tools can also offset changes in the UIP wedge w. For-
eign exchange interventions, capital controls, and liquidity policies and controls interact
with each other and have to be jointly considered, using a model like the one we put
forward.

6.2 The 2015-17 yuan depreciation and the regime reform

The CNH was first introduced to businesses in Hong Kong in 2004, but it was only slowly
adopted until its official launch in July of 2010. The launch was part of a package of finan-
cial reforms to create an offshore market that would allow for an open current account
and a closed capital account but also to jumpstart the international use of the RMB by
lowering trade credit costs (Bahaj and Reis, 2020).

In 2015-16, macro-financial forces led to a trend depreciation of the RMB relative to
the USD, visible in panel (a) of figure 7. Before 2015, the trading band through which the
PBoC managed the exchange rate with the dollar had a parity rate that was held fixed.
Therefore, the CNY/USD exchange rate persistently traded at the lower bound of that
range. In August of 2015, the PBoC switched to fixing the parity rate near the previous
day’s close. This prompted a 3% depreciation in the CNY between August 11th and 13th,
marked with the first vertical dashed blue line in figure 7. As predicted by our model, the
CNH depreciated an additional percentage point against USD, and a large deviation on
the CNH/CNY parity emerged. The CNH traded at an average 0.6% discount compared
to CNY throughout the remainder of 2015.

The PBoC’s response in December 2015 was to tighten the liquidity controls on the
flow of deposits and reserves (Wd and Wm in our model). Panel (b) shows the flows from
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Figure 7: The monetary tightenings of 2015 and 2016
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time gross settlement system to the stock of CNH deposits.

37



the onshore to the offshore market in the Chinese current account.42 They fell sharply, by
more than one fifth right away, and a further two fifths over the next few months.

Panels (c) and (d) show the consequences for liquidity, which line up with our model
and the identified empirical mechanisms. Panel (c) shows the stock of CNH and CNY de-
posits at a monthly frequency. The stock of CNH deposits (D in our model) fell by 20 log
points relative to CNY deposits during the December 2015 tightening. This intervention
brought CNH/CNY closer to parity, as in our model of E and D. Panel (d) shows inter-
bank rates offshore and onshore. The PBoC’s actions caused the 3-month CNH interbank
rates (R f (θ)) to spike above 10%, while equivalent CNY rates were stable at around 3%,
again as predicted by our model as a result of increased tightness in the interbank market
(θ).

Over the course of 2016, the CNY remained on a depreciating trend, and the CNH suc-
cessively traded below parity (panel (a)). When depreciation intensified at the end of the
year, the PBoC repeated its intervention in December 2016. Again, liquidity controls were
tightened (panel (b)), CNH deposits fell by 40 log points on a relative basis (panel (c)),
and interbank rates leapt (panel (d)), bringing about a sharp appreciation of CNH/CNY
that pushed it above parity (panels (a) and (c)).

The start of 2017 allowed for normalization, helped by the stabilization of the ex-
change rate with the USD. In the spring of 2017, the PBoC introduced a countercyclical
factor in its fixing that allowed for more discretion over the pace of adjustments in ex-
change rate policy. In the offshore market, the PBoC introduced the regular auctions of
bills giving it greater control over the offshore money supply. Also, during 2016 and 2017,
the HKMA reformed the automatic liquidity facilities, expanding the number of primary
liquidity providers from 7 to 9, lowering the penalty rates on the discount windows, and
expanding the set eligible collateral. The data since April 2017 has seen the CNH/CNY
exchange rate much closer to parity, in spite of large fluctuations in the exchange rate
with the USD (recall figure 1).

Our model predicts that with these reforms, the PBoC would be better able to keep the
peg at parity. Panel (e) of figure 7 confirms it has been so: the standard deviation fell by
almost half, and dynamic conditional autocorrelation function of the exchange rate after
the 2017 reform (from figure 3) shows that deviations from parity die faster after April
2017 than they did beforehand.

Finally, panel (f) plots the velocity of CNH money, by dividing all CNH RTGS trans-

42The flows in the other direction are reported in appendix, figure C.9.
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actions in Hong Kong in one year by the average stock of CNH deposits. The 2015-2017
reforms have significantly increased this velocity, which averaged 431 between 2018 and
2022. By comparison, the average velocity for the United States, equivalently defined as
the annual ratio between Fedwire transactions and M1 less currency, between 2012 and
2019 was 450. This is consistent with an efficient management of liquidity, as our model
in section 5 predicted.

6.3 The August 2023 depreciation

In August of 2023, high inflation in most advanced economies led to a rise in foreign inter-
est rates. At the same time, a slow recovery of the Chinese economy from lockdown led
the PBoC to keep yuan interest rates unchanged and expand the onshore money supply.
Combined, the increase in Rm,RoW and the fall in Rm,o led Ê to fall, so the yuan depreciated
just as expected from equation (23).

Figure 8 shows that financial variables during this month behaved exactly as our
model and empirical findings would suggest. Panel (a) shows the steady depreciation
of the yuan, and panel (b) shows that again CNH started trading below parity relative
to CNY. Panels (c) and (d) show the automatic responses to this negative money demand
shock: the interbank rate in CNH spiked relative to CNY, and borrowing from the liquid-
ity facility at the HKMA increased. Also, the amount bid for CNH bills increased by 50%
in the August auction relative to the May auction. Using the language of the model, as Ê
fell, some of it was absorbed by a fall in E, while θ increased as shown by higher R f (θ)

and lower Ψ−(θ).
So far the PBoC responded by increasing the issuance of CNH 3M bills from ¥10bn to

¥20bn in the August auction, reducing the money supply. State banks sold USD reserves
in a way similar to a sterilized foreign exchange market intervention. In the language of
the model captured in equation (23), the PBoC cut M to raise ϕ′(M/D) and lowered w,
respectively. These complemented the fall in E shown in the figure, in order to prevent Ê
from falling as much as it otherwise would have. Moving forward, perhaps the PoC will
tighten liquidity controls, with the negative consequences that this has for the develop-
ment of the yuan as an international currency. Section 5 suggested many other tools that
can be used instead without harming this goal.
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Figure 8: The August 2023 episode
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Note: The sample is all trading days between 1 January 2023 and 31 August 2023. Panel (a) shows
CNY/USD and CNH/USD exchange rates. Panel (b) shows 100 log(CNH/CNY) so an increases is a CNH
appreciation. Panel (c) shows CNY and CNH interbank rates relative to USD interbank rates. Panel (d)
shows the 10-day moving average of maximum daily drawings from the HKMA’s intraday RMB liquidity
facility.

7 Conclusion

More than a decade ago, Chinese monetary authorities created an offshore currency in
order to be able to enforce capital controls, while at the same time allowing for an open
current account and for the yuan to be used as an international currency. This created
a regime of parallel currencies, the offshore and the onshore yuan, with separate money
supplies, and a particular liquidity framework to control the private creation of money
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while keeping a peg of the two currencies close to parity.
This monetary experiment provides new insights into what drives exchange rates. We

found that exogenous transitory increases in the money supply depreciate the exchange
rate. This confirms that money is not a pure financial asset and liquidity matters. We
also found evidence that monetary policy has responded to increases in the demand for
money by raising the money supply and this has kept deviations from the peg small and
short-lived. This prevented the usual demise of parallel currencies from Gresham’s law
and allowed capital controls to survive. The implied semi-elasticity of money demand is
0.09, consistent with estimates from money demand estimation, but significantly differ-
ent from cashless-limit theories of exchange rates or the simple quantity theory. Comple-
menting these two main findings, we also found that the use of liquidity facilities, rates
in interbank markets, and the demand for bills in auctions are all consistent with money
demand and supply.

Theoretically, we proposed a model of how banks create deposits and manage the
liquidity to support them. The model provided a micro-foundation for the empirical
results in the previous paragraph as well as for Goodhart’s law. It showed how liquidity
tools—like the interest rate charged in the discount window, reserve requirements, and
helicopter drops of money or of bills—together with liquidity controls on the flow of
deposits and reserves can keep the central bank’s control over money, the exchange rate,
and capital controls. With respect to foreign currency, the model suggested that by using
liquidity policies and controls and allowing for deviations from parity, the central bank
can partially and temporarily manage the foreign exchange rate. The behavior of liquidity
variables and exchange rates in China in 2015-16 and August of 2023 are consistent with
this usage by the PBoC.

Our analysis provides future guidance for the PBoC on where the seams of its liquidity
framework may burst and how to reinforce them. More intriguingly, it suggests that the
yuan’s international use could still significantly increase and that other countries could
try frameworks inspired by this experience.
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Appendix

A Data appendix

All data were last accessed on September 4th of 2023 unless stated otherwise.

FX data. Daily FX data are sourced from Refinitiv datastream at a daily frequency. The
CNYUSD MID daily price is ticker TDCNYSP, the CNHUSD MID daily price is ticker
TDCNHSP. The CNHCNY exchange rate is the ratio of the two.

Interbank rates. 3 month interbank rates were sourced from Refinitiv datastream, on-
shore ticker: CHIB3MO and offshore ticker: HIBOR3M.

PBoC CNH Bills. The tender announcements and auction results from the PBoC’s is-
suance of CNH bills were hand collected from press releases from the HKMA and PBoC.

HKMA RMB Facilities. Usage of the HKMA’s RMB facilities were downloaded directly
from the HKMA’s website, via API. The data is available at 9am, 11am, 2pm and 4pm. We
take the maximum of the intraday figures when computing a daily series.

Deposits, M1. Total customer deposits in CNH in Hong Kong banks are sourced from
the HKMA via datastream (ticker: HKCUSTOTA). The onshore money supply is cus-
tomer deposits at mainland Chinese banks sourced from the PBoC via datastream (ticker
CHCNBXLLM).

B The HKMA facilities

The HKMA runs five CNH facilities, all using repurchase agreements. Three of them
settle on the day so that banks have immediate access to CNH liquidity. They are: a ded-
icated liquidity facility for primary liquidity providers, an intraday repo facility, and an
overnight repo facility. Two others are at term with a T+1 settlement cycle and a maturity
of one day and one week, respectively.
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The primary liquidity providers’ facility allows each of the nine provider banks access
to ¥2bn available either intraday or overnight. The rates and collateral requirements on
the facility are institution-specific and are not disclosed, but they are on preferential terms.

The intraday repo facility’ allows authorized institutions to borrow up to ¥20bn (prior
to 22nd July 2022 it was ¥10bn) against a range of debt securities at a penalty rate equal
to the average of the three most recent overnight CNH HIBOR fixings plus 25bp (prior
to 22nd July 2022, it was plus 50bp). Interest is charged at a per minute basis and the
repo converts automatically to the overnight facility if it is not repaid by 5am on the next
calendar day.

The overnight repo facility allows authorized institutions to borrow up to ¥20bn (prior
to 22nd July 2022, it was ¥10bn) on the same terms as the intraday facility. The two
facilities have separate limits so in principle the HKMA could lend RMB 20bn intraday
and RMB 20bn overnight to the same bank, and then convert the intraday borrowing into
overnight for a total of RMB 40bn. Overnight borrowing needs to be repaid by 2pm the
following trading day.

Figure C.1 shows the total daily usage of these three facilities. The overnight repo is
rarely used, likely because intraday borrowing converts into overnight borrowing auto-
matically.

The term facilities, operated on a T+1 settlement cycle, are funded using the HKMA’s
swap line with the PBoC’s as opposed to from the HKMA’s deposits at the clearing bank.
Interest rates on these are not disclosed apart from a reference to prevailing market rates,
nor is their usage. This suggests these facilities are designed to be used as a backstop if
the other facilities are exhausted and the HKMA needs to channel emergency liquidity
from the PBoC.

C Complementary empirical results

Figure C.2 plots the relative growth rate of the money stock in CNY and CNH against
the lagged change in the exchange rate at a monthly frequency. Money is measured us-
ing customer deposits in RMB at banks operating on the mainland and in Hong Kong:
a measure of M1 without physical currency. Of course, both m and e are endogenous
with respect to other variables. At the monthly frequency the PBoC varies the CNH re-
serves that back these sight deposits in response to shocks, and the private clearing banks
respond to shocks to the demand for CNH liquidity.
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Table C.1 shows that the associated regression coefficient is large. However, with only
71 monthly observations, precision is weak, and the estimate is only statistically signif-
icant at the 10% level. Figure C.2 plots the data behind this regression to confirm the
weak relation. Columns (2) and (3) in the table also confirm that the entire correlation is
driven by the supply of CNH, as expected. Monetary policy onshore for mainland China
is driven by other factors.

Figure C.3 splits the response of the exchange rate to the exogenous shocks to money
supply by each episode of a bill roll-over.

Figure C.4 plots exchange rates against either relative interest rates, or relative money
supplies for a sample of peggers. The data comes from all reporting countries in the IMF
International Financial Statistics (IFS) dataset that have a USD market exchange rate in
Bloomberg and that have a rating of 3 or 4 in the Ilzetzki, Reinhart and Rogoff (2019)
scale of pegs gives an unbalanced panel of 26 countries from February 1979 to December
2015.

Figure C.5 shows the persistence of the exchange rate deviations within one day.
Figure C.1 already showed the total daily usage of the facilities that are settled within

the day. The HKMA also publishes data on drawings from the PLP and the intraday
facilities at different points in time during the day. Figure C.6 shows the projections of
the drawings from both the PLP and the liquidity intraday facility during the day on the
exchange rate at the close of the previous day. The pattern shows that most of drawings
have occurred by 11am and then are stable throughout the day.

Figure C.7 plots both the CNH/CNY exchange rate as well as the instrument that we
used for it in section 4: the log deviation of the CNY/USD central parity rate with the
exchange rate on the previous day.

Figure C.8 is the equivalent of figure 4 panel (b), but using only drawings between
11am and 4pm to reflect that the central parity rate is announced at 11am.

Table C.2 presents the subscription rate results using the exchange rate on the day of
the auction.

Figure C.9 shows the flows of RMB from offshore to onshore during 2015-16. They
also show a contraction, in line with figure 7.
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Figure C.1: Usage of the HKMA on-demand lending programs
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Note: Maximum daily usage of the HKMA’s RMB liquidity facilities by trading day, November 2016 to
May 2023.

Table C.1: The correlation between the exchange rate and the relative stock of money

∆
(
mCNH

t − mCNY
t

)
∆mCNH

t ∆mCNY
t

∆ēt−1 -12.63* 12.99* 0.35
(7.3) (6.9) (2.7)

N 71 71 71
R2 0.036 0.044 0.000
Heteroskedasticity robust standard errors in parentheses
* p < 0.1, ** p < 0.05, *** p < 0.01

Note: OLS regressions of the lagged monthly change in the CNH/CNY exchange rate on money growth
offshore and onshore. See notes to figure C.2 for a description of the data.
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Figure C.2: The CNH/CNY exchange rate and the relative stock of money
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Figure C.3: Response of the exchange rate at each separate money supply event
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Figure C.4: The missing link between exchange rates, interest rates and money growth
for currencies under a peg
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(b) Exchange rates and money stocks
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Figure C.5: Intraday CNH/CNY exchange rate persistence
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Figure C.6: Usage of the HKMA lending programs during the day
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Figure C.7: CNH/CNY exchange rate and the CNY/USD band deviation instrument

-2
-1

0
1

2
%

 d
ev

ia
tio

n 
fro

m
 p

ar
ity

01jan2017 01jan2018 01jan2019 01jan2020 01jan2021 01jan2022 01jan2023
date

CNY per CNH CNY Central Parity, deviation from yesterday close

Note: Plot of the natural log deviation between the CNY/USD central parity band today from the
CNY/USD exchange rate yesterday against the natural logarithm of the CNH/CNY exchange rate today.

51



Figure C.8: Response of HKMA PLP facility to a money demand shock between: 11am
and 4pm inclusive
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Table C.2: Bill Auction Subscription Rates

Bill maturities All 1Y 6M 3M
(2) (4) (6) (8)

et -1.28 -1.68* -2.68** -1.45
(0.85) (0.92) (1.12) (0.95)

Number of Auctions 35 19 16 19
R2 0.142 0.335 0.131 0.324
Heteroskedasticity robust standard errors in parentheses
* p < 0.1, ** p < 0.05, ***p < 0.01

Note: Same as table 2 but using the exchange rate on the day of the auction.
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Figure C.9: RMB flows from offshore to onshore
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Figure C.10: Simple model of exchange rates and deposits
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D Additional theoretical results

D.1 Household problem

The problem of the representative onshore household that holds deposits gives rise to the
deposit supply curve in equation (5). Also, it clarifies the opportunity cost of capital.

The household is risk neutral and only values terminal consumption. Starting from an
initial endowment Y it can invest in bank equity Co with return Rc, bank deposits onshore
Do, or bank deposits offshore D, with the remainder going into a storage technology with
return 1. We assume that Y is sufficiently large such that there is always some investment
in storage. While bank capital and storage are pure financial investments, deposits are a
transactions assets: the household enjoys a liquidity service form their stock.

The household’s problem is:

max
C,Do,D

{
RcCo + Rd,oDo + E(E′)RdD +

vED1−α

1 − α
+

Do1−α

1 − α
+ (Y − Co − Do − ED)

}
The first optimality condition is Rc = 1. The second is E(E′)Rd + EvD−α = E. This is
equation (5). There is a third optimality condition with supply of onshore deposits which
plays no role in the model.

D.2 Existence, uniqueness, and comparative statics for e, D

The two equilibrium conditions in equations (7) and (9) are re-written below:

Ereserves = 1 − ϕ′(M/D)

Edeposits =
ϕ(M/D)−

(M
D
)

ϕ′(M/D)

vD−α
.

They give rise to figure C.10. This appendix shows that these equilibrium relations slope
in this way, so that: (i) an equilibrium exists in the range D ∈ [M, ∞) and E ∈ (0, ∞], (ii)
there is a sufficient condition for uniqueness, and (iii) an increase in M causes a decline in
the equilibrium value of both E and D, while a rise in v causes a fall in E and a rise in D.

Recall that we assumed (and later micro-founded) that the function ϕ(M/D) has the
following properties: (i) ϕ(.) ≥ 0, (ii) ϕ(.) ≤ Rz − Rm < ∞, (iii) ϕ(1) = 0, (iv) ϕ′(.) ≤ 0,
and (v) ϕ′(1) = 0. Finally, we assumed that in equilibrium the marginal cost of reserves
increases with the aggregate deposit-to-reserve: ϕ2 ≡ ∂ϕ′(M/D)/∂(M/D) ≥ 0
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Existence: Since ϕ(.) and ϕ′(.) are bounded, then limD→∞Ereserves < limD→∞Edeposits.
Moreover, limD→MEreserves = 1. Therefore, the necessary and sufficient condition for an
intersection between the two equilibrium conditions is:

v > Mα(ϕ(1)− ϕ′(1))

so that limD→MEreserves > limD→MEdeposits. This says that if deposits were backed one-
to-one with reserves then banks would want to buy the stock of outstanding reserves
at a positive exchange rate. From the properties of the ϕ(M/D) function we know that
ϕ(1)− ϕ′(1) = 0. So this condition holds.

Uniqueness: Given the condition for existence, it is sufficient to show that: (i) dEreserves/dD >

0 and dEdeposits/dD > 0 and that (ii) at any point where Ereserves = Edeposits, then dEreserves/dD <

dEdeposits/dD (or vice versa).
Point (i) follows from the properties of the ϕ(.) function. To show point (ii), note that:

dEreserves

dD
<

dEdeposits

dD
⇔ − M

D2 ϕ2(.) <
αDα−1 (ϕ(.)− M

D ϕ′(.)
)

v
+

Dα M2

D3 ϕ2(.)
v

.

At any point where Ereserves = Edeposits, we have
Dα(ϕ(.)− M

D ϕ′(.))
v = 1 − ϕ′(.), so:

M
D2 ϕ2(.) <

(
1 − ϕ′(.)

) [
αD +

M2

D3 ϕ2(.)

ϕ(.)− M
D ϕ′(.)

]
.

A sufficient condition for uniqueness then is:

[
M2

D3 ϕ2(.)

ϕ(.)− M
D ϕ′(.)

]−1
M
D2 ϕ2(.) < 1 − ϕ′(.) ⇒ ϕ(.)D < M.

This holds by assumption.

Comparative statics: dE/dM < 0. Taking total derivatives of the two equilibrium condi-
tions:

dEreserves

dM
= − 1

D
ϕ2(.) +

M
D2 ϕ2(.)

dD
dM

dEdeposits

dM
=

Dα

v
M
D2 ϕ2(.) +

(
αDα−1 (ϕ(.)− M

D ϕ′(.)
)

v
+

Dα

v
M2

D3 ϕ2(.)

)
dD
dM
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From the equilibrium condition, we have Dα
(
ϕ(.)− M

D ϕ′(.)
)

/v = 1 − ϕ′(.), hence:

dEdeposits

dM
=
(
1 − ϕ′(.)

) M
D2 ϕ2(.)

ϕ(.)− M
D ϕ′(.)

+

(
α

D
(
1 − ϕ′(.)

)
+
(
1 − ϕ′(.)

) M2

D3 ϕ2(.)(
ϕ(.)− M

D ϕ′(.)
)) dD

dM
,

So, using the total derivative of dEreserves/dM, we have:

dD
dM

= −
(1 − ϕ′(.))

M
D2 ϕ2(.)

ϕ(.)− M
D ϕ′(.)

+ 1
D ϕ2(.)

α
D (1 − ϕ′(.)) + (1 − ϕ′(.))

M2
D3 ϕ2(.)

ϕ(.)− M
D ϕ′(.)

− M
D2 ϕ2(.)

.

which gives:

dE
dM

= − 1
D

ϕ2(.)−
M
D2 ϕ2(.)

− M
D2 (1 − ϕ′(.)) ϕ2(.)

ϕ(.)− M
D ϕ′(.)

+ 1
D ϕ2(.)(

α(1−ϕ′(.))
D + M2

D3 (1 − ϕ′(.)) ϕ2(.)
ϕ(.)− M

D ϕ′(.)
− M

D2 ϕ2(.)
) .

So dE/dM < 0, simply requires that 1 − ϕ′(.) = E > 0, which is always true.

D.3 Market tightness with bills and capital flows

The inclusion of bills modifies the bank surplus function to become:

s(ω) = m − ρd + ωd (1 − ρ) + g − g′(ω).

Let S− be the aggregate deficit of liquidity. It is now given by the expression:

S− ≡ −
∫

min {sω, 0} dΩ(ω) = −
∫ ω̄

−1
[m − ρd + ωd (1 − ρ) + g] dΩ(ω)

where the equality takes into account that these banks already choose g′ = 0.
On the other side are the banks with a surplus, so aggregate supply of liquidity S+ is:∫

max {sω, 0} dΩ(ω) =
∫ ∞

ω̄

[
m − ρd + ωd (1 − ρ) + g − g′(ω)

]
dΩ(ω)

=
∫ ∞

ω̄
[m − ρd + ωd (1 − ρ) + g] dΩ(ω)− g

≡ S+ − G.
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The second equality comes from the market clearing condition that the bills sold by deficit
banks are bought by the surplus banks: Ω(ω̄)g =

∫ ∞
ω̄ g′(ω)dΩ(ω). The last line comes

from defining S+ analogously to S− and using the market clearing condition g = G.
Realising that the flow of reserves from onshore provides new funds to lend in the

interbank market, market tightness is therefore defined as

θ ≡ S−
S+ − G + Wm

as written in the text.
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