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Abstract

This paper investigates how local dollar liquidity conditions shape exchange
rate dynamics in small open economies. In such economies, the financial sys-
tem issues dollar liabilities to facilitate transactions, creating a structural de-
mand for dollar reserves for settlement. We distinguish between reserve sup-
ply, which responds to external factors, and reserve demand, which fluctuates
with domestic liquidity conditions. Using a policy shock as an instrumental
variable for Peruvian economy, we show that domestic dollar liquidity demand
shocks significantly drive short-run exchange rate dynamics. We rationalize these
findings using a small open economy model with banking liquidity frictions
that accounts for observed interest rate dynamics and Covered Interest Parity
(CIP) deviations. Our policy counterfactuals demonstrate that quantity-driven
regulations—specifically reserve requirements, forward market regulations, and
FX intervention—can meaningfully influence exchange rates and mitigate arbi-

trage deviations.

Keywords: Exchange Rates, Dollar Liquidity, Covered Interest Parity, Foreign
Exchange Intervention
JEL Classification: F31, G15, E44, E58

*Saki Bigio: UCLA NBER. E-mail: sbigio@econ.ucla.edu
TPaul Castillo: Banco Central de Reserva del Pert. E-mail: paul.castillo@bcrp.gob.pe
Seungyub Han: LSU. E-mail: hansy1124@Isu.edu



1 Introduction

The modern architecture of the international payments system relies on US dollar
settlements to support the exchange of trade and capital flows. Non-US financial
institutions create dollar-denominated liabilities, which circulate as an international
medium of exchange. As long as these institutions are part of the international pay-
ments system, their customers can purchase foreign goods or assets pretty much
anywhere. To guarantee the circulation of their liabilities, however, these institutions
must also hold dollar reserves— correspondent account balances at US banks—to

settle payments.

This dollar-based architecture is central to the expansion of global trade and fi-
nance. However, it introduces a specific form of financial fragility. Unlike US financial
institutions, which enjoy direct access to Federal Reserve liquidity facilities, most in-
stitutions based in other countries, especially those in small-open economies (SOEs),
may find themselves short of reserves when short-term foreign funds or domestic de-
positors rapidly reallocate funds to foreign accounts. The resulting scarcity of dollar
reserves pressures exchange rates, a force distinct from interest rate differentials or
risk premia. The consequences of this added volatility can be material: consider what
it implies for the Sharpe ratio of foreign direct investment, where a fundamentally
sound return can be crushed if its repatriation happens during a time of local dollar

scarcity.

For decades, SOE central banks have acted on the conviction that capital flows
can generate excessive exchange-rate volatility and that arbitrage forces alone can-
not neutralize it. They have defied the prevailing orthodoxy—both of the textbook
Mundell-Fleming framework and the Washington Consensus policy memos—by rou-
tinely deploying quantity-based exchange-rate interventions, alongside conventional
interest rate policy. Only recently have theory and policy prescriptions caught up
with central bank practice, a shift crystallized in Gopinath (2019)’s influential Jack-
son Hole address: “the challenge for central bankers is not just how to attain [price
stability] when the main frictions are nominal rigidities...but how to do so when fi-
nancial markets are imperfect, capital is globally but imperfectly mobile, and the
international monetary and financial system is dominated by the dollar.” What re-
mains missing is a framework in which the dollar’s role as the dominant settlement
currency is explicit, capital moves too slowly to close arbitrage opportunities, and

quantity-based interventions can be evaluated on their own terms.

This paper develops an SOE model in which the exchange rate is determined, in
part, by dollar liquidity flows that settle within the domestic banking sector. Local

banks issue dollar liabilities and hold dollar reserves to manage stochastic outflows;



Exchange Rate Levels and the Common Drift

Peru By Colombia s Brazil

Chile Uruguay Exchange Rate Volatility

FX per USD
FX per USD
td Dev of Aln(FX)

Figure 1: Exchange Rates in Southern American Countries

when shortfalls arise, they trade in a frictional dollar interbank market or borrow
at penalty rates from foreign credit lines. Because foreign capital moves too slowly
to close arbitrage opportunities, local dollar scarcity drives a wedge between the
shadow values of dollar and domestic-currency liquidity. Analytically, this wedge
maps one-to-one into spreads between dollar and domestic-currency loan, interbank,
and deposit rates, generating distinct CIP deviations for each basis. The model incor-
porates the full suite of quantity-based instruments used in practice—dual-currency
reserve requirements, forward position limits, and sterilized and non-sterilized FX
intervention.

We motivate the framework with Peruvian data and, in turn, use the model to ra-
tionalize it. Peru offers an ideal testing ground because it combines the structural
features common to most SOEs: a banking system that issues dollar liabilities, seg-
mented interbank markets, and slow-moving capital, with an unusually rich set of
quantity-based policy instruments. Indeed, its central bank, the BCRP, has actively
innovated in the deployment of dual-currency reserve requirements, forward posi-
tion limits, and FX intervention, making Peru the poster child for quantity-based
exchange rate management. Moreover, the BCRP has successfully achieved a much
more stable exchange rate relative to its neighbors. As Figure 1 shows, the Peruvian
sol has exhibited roughly one-third the volatility of regional peers—and this despite
a notoriously unstable political environment—without a cost in terms of inflation
predicted by standard theories. Think of what that means: a threefold reduction in
exchange rate volatility triples the risk-adjusted return to cross-border capital flows.



We begin by documenting a set of stylized facts that pose a puzzle for standard ex-
change rate theories. In the Peruvian data, the banking sector’s dollar liquidity ratio
tracks UIP deviations closely, and spreads in the local dollar interbank market—a di-
rect measure of funding scarcity—move nearly one-to-one with CIP deviations. These
patterns suggest that the shadow cost of dollar liquidity within domestic intermedi-
aries, rather than interest rate differentials or global risk factors alone, is a primary
driver of arbitrage wedges. OLS regressions following Engel and Wu (2023) con-
firm that local liquidity variables carry significant independent explanatory power
for exchange rate movements, even after controlling for a rich set of global and local

factors.

A key empirical challenge is identifying the direction of causality: observed changes
in dollar liquidity could reflect supply shocks (e.g., commodity booms increasing re-
serve supply) or demand shocks (e.g., precautionary hoarding by banks). To isolate
demand-driven variation, we instrument for changes in the dollar liquidity ratio us-
ing unexpected adjustments to the Marginal Reserve Requirement on dollar liabili-
ties, following the narrative identification of Gutierrez, Ivashina and Salomao (2023).
Local projection estimates reveal that a demand-driven tightening of dollar liquidity
leads to an immediate depreciation of the domestic currency and a widening of the
cross-currency basis, effects that persist for approximately two months. This finding
is robust to controlling for policy rate differentials and global risk factors, suggesting
that for SOEs, the price of the dollar is determined not just by the risk-free rate differ-
ential, but also by the shadow value of dollar liquidity within the domestic banking
sector.

Framework. Motivated by the evidence, we develop a dynamic small open economy
model that explicitly incorporates a banking sector with settlement frictions. Build-
ing on Bianchi, Bigio and Engel (2024), local banks issue dollar liabilities to finance
transactions and hold dollar reserves to manage stochastic payment outflows. When
shortfalls arise, banks trade in a frictional interbank market or borrow at penalty rates
from foreign credit lines. The exchange rate emerges as a relative price of liquidity
services across the two currencies: banks” demand for domestic reserves is linked to
their demand for dollar reserves through a liquidity-adjusted UIP condition, and the
equilibrium exchange rate reflects the relative scarcity of settlement balances in each

currency.

A central object in our model is the external dollar funding constraint: the aggre-
gate supply of dollars available to local banks is determined by the trade balance, net
investment income, the inherited external position, and central bank reserves. Unlike

in Bianchi, Bigio and Engel (2024), where both countries can create their own cur-



rency and dollar liquidity is a global phenomenon, our small open economy cannot
manufacture dollars. This real constraint is what gives quantity-based policies their
bite. When the central bank accumulates dollar reserves, it directly reduces the pool
available to local banks; because foreign capital moves too slowly to fill the gap, the
intervention shifts the equilibrium exchange rate through a portfolio balance channel
that the literature has long discussed but rarely micro-founded. The same logic ap-
plies to reserve requirements and forward position limits: each instrument operates
on an identifiable margin of the bank’s balance sheet, tightening or loosening dollar
liquidity in a way that is both analytically tractable and empirically observable.

The model provides a structural rationalization for the breakdown of arbitrage con-
ditions. We confront the model with Peruvian banking data through a filtering exer-
cise. Most model variables—balance sheet quantities, reserve requirement ratios, pol-
icy rates— have direct empirical counterparts. The sole unobservable is the volatility
of idiosyncratic bank funding shocks. These shocks capture how, for both currencies,
deposits shift across domestic and foreign banks. We recover each shock by inverting
the model’s structural mapping from liquidity conditions to interbank rates. This
procedure yields a monthly time series of latent liquidity stress for each currency,
with spikes that align with known episodes of financial turbulence, including the
2008 crisis and the 2011-2013 period of acute dollar scarcity.

With these filtered funding risks in hand, the model generates predictions for ob-
jects it was not designed to match. It successfully replicates the dynamics of both
dollar and domestic currency lending and deposit rates, capturing nearly all the local
spikes—suggesting that settlement frictions are the dominant driver of bank pricing

in the dollar segment.

More strikingly, the model reproduces the time series of CIP deviations, including a
structural break in arbitrage conditions observed in the data: the shift from excess Sol
returns (pre-2013) to excess USD returns (post-2013). When we extend the baseline to
incorporate the BCRP’s punitive reserve surcharge on excessive forward positions—a
regulation introduced precisely in that period—the model also captures the full mag-
nitude of the post-2014 widening. This result illustrates how a single quantity-based
regulation, operating through an identifiable margin of the bank’s balance sheet, can
reshape arbitrage conditions in the forward market.

Counterfactual Analysis. We perform counterfactual analyses to evaluate three spe-
cific policy tools: reserve requirements, gross forward market position limits, and
sterilized FX intervention.

Our results indicate that these quantity-driven regulations can meaningfully affect



exchange rate dynamics by altering the relative scarcity of currency reserves. For
instance, we show that by relaxing reserve requirements or providing dollar liquid-
ity during periods of stress, the central bank can alleviate the shadow cost of dol-
lar funding, thereby stabilizing the exchange rate and compressing the CIP basis.
We conclude that had the BCRP reduced its interventions by 50%, the Peruvian FX
volatility would have been about 1.5x that of its neighbors.

All in all, our findings bridge the gap between the academic literature, which often
views sterilized intervention as ineffective in the absence of portfolio balance effects
and capital controls, and the practical reality of central banking in SOEs, where such
interventions are a primary policy tool.

Related Literature. Our work connects several strands of literature in international
finance: the resolution of exchange rate puzzles, the role of financial intermediaries

in asset pricing, and the specific mechanics of dollar liquidity in emerging markets.

Standard models of international macroeconomics have long struggled to reconcile
exchange rate volatility with fundamental drivers—a challenge famously character-
ized as the "exchange-rate disconnect" by Obstfeld and Rogoff (2000). A central em-
pirical regularity is the failure of Uncovered Interest Parity (UIP), where high-interest
rate currencies tend to appreciate rather than depreciate (Fama 1984). The initial wave
of literature sought to resolve these anomalies through risk premia within frictionless
arbitrage frameworks. These contributions introduced mechanisms such as long-run
risk (Colacito and Croce 2008), habit formation (Verdelhan 2010), or rare disaster risk
(Farhi and Gabaix 2016) to generate time-varying risk premia that could rationalize
excess returns. However, these models typically assume symmetric currencies and
perfect capital mobility, which does not reflect the reality of Small Open Economies
(SOEs). In addition, while successful in explaining some disconnects, they have failed
to explain the paradoxical patterns of the risk premium documented by Engel (2016).
More recently, Valchev (2020) bridges this gap by proposing bond convenience yields
as a driver of exchange rate dynamics, a concept our model endogenizes through

settlement frictions.

A more recent literature abandons the assumption of perfect arbitrage, shifting fo-
cus to the constraints of financial intermediaries. This "intermediary asset pricing"
view posits that exchange rates are determined by the balance sheet capacity of global
tinanciers. Gabaix and Maggiori (2015) provide a seminal framework where capital
flows are intermediated by global banks with limited risk-bearing capacity; in their
model, exchange rate dynamics are driven by capital flow shocks that shift the de-
mand for intermediation. Similarly, Itskhoki and Mukhin (2021) develop a dynamic

general equilibrium model with segmented financial markets, identifying a "financial
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shock" related to the risk-bearing capacity of arbitrageurs as a primary driver of the

exchange rate disconnect.

Our paper shares the view that financial frictions are central to exchange rate de-
termination but departs from the focus on net worth constraints alone. While Gabaix
and Maggiori (2015) emphasize the scarcity of risk-bearing capacity (wealth), we iden-
tify the scarcity of settlement balances (means of payment) described in Bianchi and
Bigio (2022) as the binding friction. In our framework, banks may be well-capitalized
yet still face acute pressure in the foreign exchange market if they lack the specific
liquid assets required to settle dollar outflows.

Empirical evidence strongly suggests that the US dollar offers a "convenience yield"
that is distinct from standard risk factors. Jiang, Krishnamurthy and Lustig (2021) and
Jiang, Krishnamurthy and Lustig (2023) document that the dollar acts as a global safe
asset, with its valuation driven by the global demand for safety and liquidity. This
convenience yield creates a wedge in Euler equations, rationalizing why dollar assets
often pay lower returns. Engel and Wu (2023) explicitly link these liquidity yields to
exchange rate movements, showing that the liquidity value of government bonds is
a key determinant of currency value. Devereux, Engel and Wu (2023) further explore
how this collateral advantage affects global cycles. Our work complements this liter-
ature by providing a micro-foundation for these liquidity yields in an SOE context.
Rather than modeling them as an exogenous preference for safety, we derive them

endogenously from the banking sector’s need to settle stochastic payment outflows.

The persistence of Covered Interest Parity (CIP) deviations since the Global Finan-
cial Crisis has sparked a specific sub-literature. Du, Tepper and Verdelhan (2018)
and Du, Im and Schreger (2018) document these deviations across G10 currencies,
attributing them to post-crisis banking regulations that make arbitrage costly. Liao
(2020) highlights how credit migration and corporate bases interact with these devia-
tions, while Ivashina, Scharfstein and Stein (2015) show how dollar funding shortages
for European banks lead to cuts in lending. While these studies focus primarily on
advanced economies and global regulatory changes, our paper investigates how sim-
ilar deviations arise in a small open economy due to local regulatory frameworks.
Du and Schreger (2016) highlight the importance of local currency sovereign risk,
but our work emphasizes the quantity-based regulations (such as marginal reserve

requirements) specific to emerging markets.

Most closely related to our empirical setting is the emerging literature on financial
frictions in small open economies (SOEs). Kalemli-Ozcan and Varela (2024) docu-
ment that UIP premia in emerging markets are driven largely by country-specific risk
and policy uncertainty, rather than just global risk factors. Keller (2024) provides



evidence from Peru. Banks face binding funding constraints that prevent them from
fully exploiting CIP deviations, and that these tighter financial conditions directly
crowd out the supply of credit. Similarly, Leo, Zou and Keller (2024) explore how
speculation and forward demand in emerging markets interact with intermediary
constraints, while Dao and Gourinchas (2025) and Eugenio M Cerutti (2023) empha-
size the prevalence of CIP deviations in these economies. We rely on the identification
strategy of Gutierrez, Ivashina and Salomao (2023), who analyze dollar debt in Peru,
to isolate exogenous liquidity shocks. Furthermore, by formalizing the transmission
mechanism of quantity-based policies, we contribute to the literature exploring opti-

mal intervention, such as Fanelli and Straub (2021) and Cavallino (2019).

Finally, our framework builds directly on Bianchi, Bigio and Engel (2024), who
develop a model of exchange rates driven by the global supply of dollar reserves.
The critical distinction lies in the level of segmentation and the source of variation.
Bianchi, Bigio and Engel (2024) model a closed system of global banks where the
aggregate supply of Federal Reserve liquidity determines the global shadow value of
the dollar. In contrast, we model a small open economy where capital moves slowly
enough that local liquidity conditions decouple from the global aggregate. In our
model, the supply of dollars is locally constrained by the current account and central
bank policy, and demand is driven by idiosyncratic domestic shocks. This allows us
to study phenomena that a global model cannot address, such as the effectiveness of
unilateral FX intervention and the impact of country-specific macroprudential regu-

lations on local arbitrage conditions.

The remainder of the paper is organized as follows. Section 2 describes the institu-
tional features of the Peruvian banking system and presents the empirical analysis,
including data description, stylized correlations, and the identification of liquidity
shocks using our instrumental variable approach. Section 3 develops the dynamic
model, and Section 4 performs a filtering exercise to evaluate the model’s ability
to replicate historical CIP deviations. Section 5 conducts the policy counterfactual
analysis, and Section 6 concludes.

2 Empirical Analysis: Dollar Liquidity and Exchange Rates

This section documents the link between local dollar liquidity conditions and ex-
change rate dynamics. We begin by describing the institutional details of Peruvian
banks that require dollar liquidity, how they obtain it, and what frictions make dollar
tunding costly. By the end of this prelude, it should be clear why the Peruvian bank-
ing system is particularly prone to large swings in dollar reserve positions and that

its central bank has been particularly active in quantity-based policy interventions.



As a result, its time-series offers substantial variation to identify the liquidity channel
of interest.

2.1 Dollar Liquidity in the Peruvian Banking Sector

Demand for Dollar Bank Reserves. Peru is a highly dollarized commodity exporter
small open economy. Given its limited financial development, banks serve as virtu-
ally the sole intermediary between domestic and foreign agents for dollar flows. De
facto, the entire country’s demand of dollar liquid asset holdings is supplied as the
liabilities of a handful of banking institutions.! Banks perform three functions each

of which require maintaining dollar liabilities while holding liquid dollar balances.

First, banks facilitate cross-border trade settlement on behalf of Peru’s export and
import sectors, both taking in deposits in dollars from exporters and issuing de-
posits liabilities corresponding to credit lines to importers. Because Peru is a major
commodity exporter, banks experience large swings in their dollar reserve positions
resulting from cross-border flows which are settled with dollars. Moreover, through-
out the last 30 years, Peru maintained a negative net foreign-asset position as shown
in Panel (b) Figure 2. Thus, its banking system was consistently vulnerable to sudden

reversals in foreign dollar financing.

Second, while dollar liabilities are used to make international payments, as in most
countries, Peru remains highly dollarized in that dollar deposits are used in many
domestic transactions. For example, the entire real estate market transacts in dollars,
most purchases of large-item durable goods are executed in dollars, and most large
company acquisitions are paid in dollars. To sustain a domestic payment system
in dollars, domestic banks also settle domestically using dollar reserve assets. De-
spite a consistent de-dollarization trend, the banking system remains fundamentally
dual-currency as is clear from Figure 2. This feature makes the economy particularly
vulnerable to flows from domestic savers. Indeed, banks have frequently experienced
large outflows during political cycles. For example, during the weeks after the 2021
election of Pedro Castillo, about xxx dollar deposits were moved abroad. Likewise,
Peruvian pension funds holding assets abroad faced pension withdrawals that caused
the repatriation of funds causing an increase of dollar liabilities and reserves domes-

tically.

Third, banks are the dominant market makers in foreign exchange. When a non-
bank investor wants to switch from dollars to soles, it will swap a deposit account

in different currencies. Banks offer terms for that exchange at the banks” exchange

'The Peruvian banking system is highly concentrated. The four largest banks accounted for
roughly 84% of total commercial banking assets as of 2014 (Ross 2015).



rate. Likewise, there’s a market for sol and dollar reserves in which banks them-
selves trade. In addition to market-making across these spot trades, banks also take
positions in forward and non-deliverable forward (NDF) markets.

Together, these three features mean that a reliable supply banks must maintain lig-
uid dollar positions to meet possible deposit outflows and contract settlements. These
flows drive the scarcity of dollar positions and transmit directly into exchange rate
dynamics. These flows also provide much of the variation driving the correlations
we describe below.

Bank Balance Sheet Dollarization Net Foreing Asset Position/GDP

—— Dollarization (Asset) —— NFA/GDP
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Figure 2: Balance Sheet Dollarization and Net Foreign Asset Position

Notes: Dollarization is measured as the share of USD-denominated liabilities (assets) in total liabilities
(assets). Source: BCRP.

Quantity-Based Regulation. The BCRP has actively conducted a mix of quantity-
based interventions that further boosted or dampened the demand for dollar liquidity
in the banking system, (Armas, Castillo and Vega, 2014). Often, these interventions
have followed a leaning-against the wind strategy: counterbalancing the dollar flows
experienced by banks. Other policies have had the intention of boosting the long-term
demand for holdings in domestic deposits.

These quantity based policies include outright FX interventions. When doing so,
the central bank swaps domestic central-bank reserve liabilities for dollar reserves
(held in US bank accounts). Banks, in turn, experience a draw down in their US bank
accounts for Sol reserves at the BCRP. By purchasing or selling dollars in the spot
market and issuing foreign exchange swaps, the BCRP directly shifts the quantity of
dollar settlement balances available to the banking sector, independently of the policy
interest rate. Typically, these interventions are sterilized FX interventions meaning that
there’s an accompaning open-market operation in which the central bank will offset
the increase in Sol reserves by selling Sol denominated bonds back to banks.



Foreign exchange intervention in the forward market is conducted by the central
bank through FX swaps with domestic banks, which act as market makers and inter-
mediate derivative transactions with final market participants. In Peru, demand for
forward contracts primarily originates from non-resident investors hedging local cur-
rency exposures—mainly positions in domestic government bonds—as well as from
domestic pension funds managing the currency risk associated with their foreign as-
set holdings. Because banks absorb these client positions, they subsequently seek
to hedge the resulting exposures in either the interbank forward market or the spot
market. However, their capacity to intermediate these flows is constrained by bal-
ance sheet limits and the availability of dollar liquidity for settlement, creating limits
to arbitrage in the FX derivatives market. In this environment, central bank FX swap
auctions provide banks with an additional hedging instrument, allowing the central
bank to absorb temporary imbalances in hedging demand and thereby alleviate pres-
sures that would otherwise spill over into the spot market. By relaxing intermediary
constraints in the provision of dollar liquidity, FX swaps can reduce exchange rate
volatility without altering the underlying trend of the exchange rate.

FX Intervention vs. Sterilization Decomposition of Net FX Intervention
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Figure 3: BCRP EX Intervention and Sterilization

Notes: The left panel plots the total net FX intervention alongside its net sterilization, both expressed
in USD millions. Fiscal sterilization—driven primarily by seasonal income tax payments accumulating
as government deposits at the BCRP—is included because the BCRP take this into consideration when
they decide the size of the sterilization conducted through open market operations in response to FX
intervention. The right panel decomposes total net FX intervention into its constituent instruments.
Net Spot refers to direct purchases and sales of USD, CDR and CDLD are specialized certificates of
deposit. FX Swaps are derivative contracts that reduce banks’ need to purchase spot USD for hedging.
Substitution Repo is for supporting credit de-dollarization by shifting bank funding from USD to Sol
liabilities. Positive values indicate net USD purchases by the BCRP. Source: BCRP.

In addition to FX interventions the BCRP operates a dual-layered system of reserve
requirements in both currencies. Financial institutions must hold reserve assets propor-
tional to their liabilities, with separate ratios for domestic and foreign currency fund-
ing. Because these reserves are typically unremunerated, the differential treatment

10



amounts to a penalty on intermediation, inducing a spread between deposits and
loans in the corresponding currency. Additionally to this average requirement, the
central bank imposes Marginal Reserve Requirements (MGRR), which apply substan-
tially higher rates to liabilities exceeding a specified reference level. The marginal
requirement creates a convex cost structure for balance sheet expansion: as banks

increase their dollar funding, the marginal cost of additional liabilities rises steeply.

Alongside these standard reserve requirements, the BCRP imposes quantity-based
regulation in the forward market. As foreign investors expected the Sol to depreciate
after the Taper Tantrum, many of them purchased dollars in the forward market. Lo-
cal Peruvian banks, as the dominant market makers, are the counterparties selling
these dollar forwards. To hedge their resulting short dollar forward positions, banks
need to purchase dollars in the spot market, putting further appreciation pressure on
the dollar. This cycle intensified in 2014, and to counteract it, the BCRP imposed a
forward-market quantity regulation that induces additional reserve requirements as
a function of how gross short dollar positions exceed pre-defined limits. Since De-
cember 2014, if a bank’s gross short dollar position in the forward market exceeds a
pre-determined limit, it incurs a surcharge on its domestic currency reserve require-
ments.” As we show below, this regulation is key to generating the persistent positive
CIP deviations observed after 2014 in our model.’

Figure 4 shows some of the variables affecting the regulation. In the domestic
currency segment (left panel), banks maintain a large surplus of liquid assets above
regulatory minimums. The dollar segment (right panel) shows that liquidity buffers
are much thinner, making regulatory costs more likely. For example, this tightness
was especially pronounced during 2011-2013, when rapid hikes in reserve require-
ments compressed the banking sector’s excess dollar liquidity. Compounding the
squeeze, the BCRP purchased approximately USD 15 billion (roughly 8.7% of 2011
GDP) over this period, draining dollar settlement balances from the banking system

even as regulatory demands on those balances were rising.

An important feature of the Peruvian quantity-based interventions is that these

2Let S; denote the spot exchange rate (soles per dollar). If a bank’s gross USD forward sales exceed
the limit by X dollars, the bank must hold additional Sol reserves equal to 2 x X x S; soles—that is, Sol

reserves worth twice the dollar value of the excess position. Expressed as an increase in the average

(Gross USD Forward Sales; —Limit;) x Sy
Total Sol Liabilities; x 100. The factor

of 2 makes the regulation highly punitive: for every dollar of excess forward exposure, the bank must
immobilize two dollars” worth of unremunerated Sol reserves.

3In addition to reserve requirements, the BCRP enforces limits on banks’ net FX exposure to
mitigate currency mismatches. These regulations cap net long and short positions at a fraction of
effective equity (typically 10% for spot, with separate limits for derivatives). When a bank approaches
its regulatory short limit, its demand for dollar assets becomes highly inelastic, amplifying the shadow
cost of liquidity during outflow episodes.

Sol reserve requirement ratio: ASol RR; = 2.0 x (
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instruments were aimed at different objectives: the explicit goal of the BCRP was
to reduce the short-run exchange rate volatility and induce a long-run financial de-
dollarization. Shocks to dollar flows can push banks against their regulatory con-
straint. Thus, beyond beyond the standard FX interventions, these quantity-based
regulation actively alter the relative risk of issuing one liability or the other

For our purposes, active adjustments in these tools generate shifts in both the sup-
ply and demand for dollar settlement balances, creating variation that we can exploit
to identify the role of dollar liquidity in exchange rate dynamics. Below, we use un-
expected adjustments in MGRR as exogenous liquidity shocks to establish a causal
link. In the counterfactual section, we then use the structural model to quantify the
efficacy of FX intervention in stabilizing the exchange rate.

SOL USD

(Required Reserve)/Liabilities 0.70 (Required Reserve)/TOSE
0.7 4 === (Actual + Overnight)/Liabilities === (Actual + Overnight)/TOSE
(Liquid Asset)/Liabilities 0.65 (Liquid Asset)/TOSE

—-= Marginal RR —-= Marginal RR

0.6 4
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Date Date

Figure 4: Sol and USD Reserve Requirement Ratio

Notes: Liquid assets include cash and fixed funds, deposits in domestic and foreign financial insti-
tutions, central government and BCRP debt instruments, net interbank funds, negotiable and bank
certificates of deposit, and debt securities of the financial system and foreign insurance companies.
Actual reserves are deposits held at the BCRP that count toward the reserve requirement but earn no
remuneration. Overnight deposits are also held at the BCRP and are remunerated, but do not count
toward the reserve requirement. All figures are reported at the aggregate level for the Peruvian bank-
ing sector. Source: BCRP.

Funding Cost Asymmetry and Market Segmentation. The interaction of structural
dollar demand and regulatory constraints means that liquidity shocks—whether from
deposit withdrawals, regulatory tightening, or external outflow pressure—translate
quickly into funding stress. Banks must replenish dollar reserves through a hierarchy
of increasingly costly sources: the local interbank market, the central bank’s discount
window, or external wholesale borrowing. Figure 5 reveals the sharp asymmetry
between the two currency segments. Sol funding is well-backstopped: the BCRP
can always act as lender of last resort in its own currency, and liquid asset buffers

are ample. On the contrary, dollar funding is fundamentally more fragile. The BCRP
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extended dollar repos to the banking sector on only two occasions in our sample, and
no dollar-denominated discount window facility exists, underscoring that it cannot
reliably serve as a dollar lender of last resort. External wholesale borrowing, the other
margin of adjustment, is itself unreliable—gaps in the external funding rate data are
indicative of periods in which local banks simply could not secure borrowing from
foreign counterparties at any quoted rate. The costs of the remaining sources display
significant volatility and persistent spreads across currencies and funding tiers. This
asymmetry motivates the central friction in our model: a segmented market in which
the local cost of dollar liquidity diverges from global benchmarks, driven by the
scarcity of domestic dollar settlement balances rather than by movements in world

interest rates.

SOL USD

—— Discount Window Rate —— External Funding Cost
| —— Overnight Deposit Rate 8 4 —— Overnight Deposit Rate
Interbank Market Rate Interbank Market Rate
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Figure 5: Bank Funding Costs

Notes: Dollar repo lending by the BCRP occurred in only two months in our sample, indicated by filled
dots. External funding cost is the interest rate paid to foreign lenders on wholesale borrowing. Gaps
in the external funding rate series reflect periods in which no external wholesale funding transactions
were recorded. Source: BCRP, Bloomberg.

2.2 Dollar Liquidity and Exchange Rate

Having established the importance of dollar liquidity in Peru, we now directly con-
nect local dollar liquidity conditions to exchange rate dynamics. We first define the
key variables and document a set of stylized facts—non-trivial arbitrage wedges. In
particular, we note that non-trivial CIP deviations persist in Peru, from which we
infer that the dollar supply curve is upward-sloping. Under this premise, local dol-
lar demand shocks need not be fully absorbed by supply and can instead move the
exchange rate. We present evidence of a striking correlation between local liquidity
conditions and exchange rate movements, then move to formal analysis: first esti-
mating Engel and Wu (2023) regressions to quantify the role of local dollar liquidity,
and then exploiting the policy shocks identified by Gutierrez, Ivashina and Salomao
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(2023), which directly affect the dollar demand of the local banking sector, to establish
causality.

Exchange Rates and Interest Rates. We denote the Sol/USD spot rate as S; and
the one-month forward rate as F; ;1. Let s; = log(St) and f; 141 = log(Firy1). We
denote the domestic Sol interest rate by i; and the foreign dollar rate by i;. In the
following figures, for the domestic rate, we use the monetary policy rate and the local
overnight interbank rate. For the dollar rate, we use the Federal Reserve’s policy rate
and the local dollar overnight interbank rate, at which Peruvian banks borrow and
lend dollars to each other. This overnight rate is particularly informative, as it directly

reflects onshore dollar liquidity conditions.*
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Figure 6: Interest Rate Differential and Exchange Rates

Notes: Shaded areas correspond to the Global Financial Crisis (GFC), QE1, QE2, QE3, the Taper
Tantrum, the U.S.China trade war, and the COVID-19 pandemic. For the quantitative easing (QE)
episodes, the shaded region covers the first three months of each program. The left panel plots the
policy rate differential, while the right panel plots the interbank market rate differential. Source: BCRP.

Figure 6 plots exchange rates alongside interest rate differentials. The data show
strong trends with a notable reversal following the 2013 Taper Tantrum. Standard UIP
cannot rationalize these dynamics. Moreover, there are consistent sharp deviations
from the trends, suggesting a role for factors beyond long-run fundamentals and
interest rate differentials. To investigate this further, we formally construct measures
of arbitrage deviations.

Parity Conditions and Deviations. To characterize the Sol-USD exchange rate fur-

ther, following the literature, we construct deviations from UIP and CIP, denoted

AP and ASP. For the UIP deviation, we use the realized exchange rate at t + 1 as a

A detailed description of data sources is provided in the regression section.
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proxy for expectations under rational expectations:
uip N CIP o
Af =S —setiy —iy Ay = frp — St — i 1)

A positive A implies an excess return on holding dollar assets relative to Sol assets
from the perspective of a Peruvian investor. We compute these measures using local
interbank market rates to capture the incentives facing local banks, who serve as the
primary market makers. Note that UIP deviations reflect currency risk premia, asset-
specific risk premia, and the relative non-pecuniary benefits (e.g., liquidity benefits)
of each currency or asset. CIP deviations, by contrast, are immune to currency risk
premia since the forward contract hedges them, while the remaining components of
UIP still exist in CIP deviations. This implies that UIP and CIP deviations may be pos-
itively correlated when driven by non-pecuniary benefits, but negatively correlated

when currency risk premia are the primary driver of UIP deviations.
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Figure 7: Deviations from the Parity Conditions

Figure 7 displays the evolution of these deviations: the left panel shows the raw se-
ries and the right panel a 12-month moving average to highlight trends. Interest rate
differentials are annualized, while exchange rate changes reflect realized monthly
movements. Several features stand out. First, CIP deviations are persistently non-
zero, rejecting frictionless arbitrage. Since forward contracts are traded between large
local financial institutions and interest rates come from the local interbank market,
counterparty risk is minimal. Unlike UIP deviations, CIP deviations cannot be ex-
plained by currency risk premia, since the forward contract eliminates exchange rate
risk by construction. The persistent non-zero CIP wedge therefore points to effective
limits to arbitrage rooted in local liquidity conditions rather than risk compensation,

implying that the Sol-USD FX market faces an upward-sloping dollar supply curve.

Second, the co-movement between UIP and CIP deviations is time-varying. During
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periods when the two move together, this is consistent with non-pecuniary factors,
such as differential liquidity benefits, being the common driver. By contrast, when
currency risk premia are large and the primary driver of UIP deviations, the two
measures may diverge since CIP deviations are immune to currency risk premia by
construction, a rise in currency risk premia pushes UIP deviations without a corre-
sponding movement in CIP deviations, generating a negative correlation between the

two.

Local Liquidity Measures. We now turn to our primary hypothesis: that exchange
rate dynamics are linked to local dollar liquidity conditions. To measure the quantity
of available liquidity, we use banking sector balance sheet data from the BCRP to
construct the dollar liquidity ratio (Dollar LALL) and the Sol liquidity ratio (SolLALL)
for the aggregate banking sector:

Dollar Liquid Assets,
Total Dollar Liabilities;

Sol Liquid Assets,
Total Sol Liabilities;

DollarLALL; = , SolLALL; =

Liquid assets include cash and fixed funds, domestic and foreign interbank de-
posits, government and BCRP debt instruments, net interbank funds, negotiable and
bank certificates of deposit, securities representing financial-system debt, and foreign
insurance-denominated securities.

To complement these quantity measures, we construct funding spreads that cap-
ture the price of liquidity. The dollar interbank spread (DollarIBSpread) and the Sol
interbank spread (SolIBSpread) are defined as:

DollarIBSpread; = Local USD Interbank Rate; — Overnight USD LIBOR Rate,, (3)
SolIBSpread; = Local Sol Interbank Rate; — BCRP Policy Rate,. 4)

A widening of DollarIBSpread indicates that local Peruvian banks face a higher fund-
ing cost relative to the global dollar benchmark, reflecting market segmentation and
a scarcity of dollars in the local system. The same intuition applies to SolIBSpread:
when Sol reserves are not adequately supplied, the interbank rate deviates from the
policy rate, pushing the spread higher.

Figure 8 plots local liquidity conditions against the parity deviations. The left panel
shows a tight comovement between the dollar liquidity ratio (DollarLALL) and the
UIP deviation (AYIF): periods of dollar liquid asset accumulation coincide with excess
returns on dollar assets, suggesting that dollar scarcity affects the return on dollar
assets through a liquidity benefit channel. The right panel relates the price of liquidity
to CIP. Spikes in the local dollar funding spread (DollarIBSpread)—reflecting acute
onshore dollar shortages—line up closely with large CIP dislocations. Together, these
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Figure 8: Local Liquidity and Breakdown of No-Arbitrage

patterns suggest that deviations from parity are not random but are driven by the
availability and cost of local dollar liquidity.

Regression Analysis. The correlations documented above motivate a more system-
atic investigation. To examine whether local liquidity conditions have independent
explanatory power for exchange rate dynamics, following Engel and Wu (2023), we
regress monthly changes in the log exchange rate on our local liquidity measure,

controlling for standard global and local macro-financial variables.

For this analysis, we assemble a comprehensive dataset covering exchange rates
(spot and forward), market interest rates, bank balance-sheet composition, BCRP pol-
icy variables, and other measures of Peruvian macroeconomic and international fi-
nancial conditions. Our primary data source is the BCRP, which provides detailed
banking sector balance sheets decomposed by currency and asset class on both the
assets and liabilities sides. Crucially, we observe the structure of external borrowing
as well as local banks” dollar forward positions. The BCRP also reports a rich set of
policy variables: the monetary policy reference rate, interest rates on reserves, dis-
count window rates, reserve requirement ratios for both soles and dollars, foreign
exchange intervention, and central bank dollar repo lending. For market interest
rates, we use the local interbank overnight rate and three-month prime deposit and
lending rates, also sourced from the BCRP. Finally, we obtain the VIX index and
Peru-specific corporate and sovereign spreads from FRED and Bloomberg to capture
country risk and global risk conditions.

Our sample spans January 2002 through December 2019 at a monthly frequency. We
begin in January 2002 to avoid the structural break associated with the full adoption
of the BCRP’s inflation targeting framework, and end in December 2019 to exclude
the COVID-19 period and its confounding effects. This represents our maximum

17



sample period; we use the full sample whenever possible, though the coverage of

some variables begins later, in which case we use all available observations.

The baseline OLS specification is:

st = a+ Brgi—1 + B2BALT + BATY + Bal(ir — i) + Bs(ir—1 — if1)
+BeAy 0+ B + BsAIn(VIX;) + o In(VIX;—1)
+ B10ACt + f110t—1 + Prolyopy + P1sANLR; + f1aNLRy 1 +€: (5)

where s; is the log Sol/USD spot rate, g; is the log real exchange rate, i; — i} is the
difference between local Sol and USD interbank rates, and A" is the Peru-US CIP
deviation computed from local interbank market rates in both currencies. Engel and
Wu (2023) estimate this regression using the first three explanatory variables to study

the role of liquidity in exchange rate determination among G10 currencies.

Peru, however, differs from G10 countries in important respects: as an emerging-
market commodity exporter, it is subject to substantial influence from global uncer-
tainty and country-specific risk. We therefore augment the specification with addi-
tional controls in the spirit of Kalemli-Ozcan and Varela (2024). To capture global
dollar funding conditions, we include 17G10, the G10 cross-currency basis from Du,
Im and Schreger (2018).> To control for global uncertainty, we include the VIX. For
country-specific risk, we use the J.P. Morgan EMBI Global Diversified Peru Sovereign
Spread ({;). Finally, given the pronounced trend reversal in s; around the Taper

Tantrum visible in Figure 6, we include a post-Taper Tantrum dummy, 14,5

The key variable of interest is NLR;, defined as the dollar liquidity ratio net of
the required reserve ratio, which captures the excess dollar liquidity available to the

aggregate Peruvian banking sector.® Table 1 reports the results.

First, consistent with Engel and Wu (2023), the coefficient on g;_; is negative across
all specifications, with significance varying by controls. In the full specification, the
estimate of —0.021 implies a rate of mean reversion of approximately 2.1% per month

toward the long-run equilibrium real exchange rate.

Second, the coefficient on A(i; — i}) is positive—opposite in sign to the estimates in
Engel and Wu (2023)—and relatively modest in magnitude. In the full specification,

SWhile Du, Im and Schreger (2018) also construct a Peruvian government bond-based CIP mea-
sure, data limitations restrict its coverage to the period beginning in 2006:02. To maximize sample
coverage, we use CIP deviations based on local interbank market rates. Using the Peru-specific CIP
measure from Du, Im and Schreger (2018) instead yields no meaningful differences in the estimation
results.

®We also explored including the Sol liquidity ratio net of the required reserve ratio, but found no
significant results and excluded it from the baseline specification. This is consistent with the BCRP’s
effective management of Sol liquidity conditions.
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i1 -0.012 [ -0.013  -0.011 -0.028*** -0.021%
(0.008) | (0.009)  (0.008) (0.010) (0.011)
A(iy —if) 0.449* | 0415  0.369** 0.275% 0.363***
(0.182) | (0.172)  (0.158) (0.150) (0.118)
AAETP 0.098 | 0.098 0.066 0.013 0.042
(0.068) | (0.068)  (0.064) (0.054) (0.043)
AyC1 -0.656  -0.141 0.135 0.812
(0.529)  (0.513) (0.416) (0.503)
AlIn(VIX) 0.015%** 0.003 0.006
(0.005) (0.005) (0.005)
AT 1.257*** 0.991***
(0.301) (0.251)
ANLR 0.114%**
(0.028)
R-squared Adj. | 0.109 | 0.109 0.142 0.242 0.308
N 215 215 215 215 215

Standard errors in parentheses. * p<.1, ** p<.05, **p<.01. Monthly frequency regressions
with HAC standard errors, 12-month lags. Period: 2002-02 to 2019-12.

Table 1: Exchange Rates and Local Liquidity (OLS)

a 100-basis-point increase in the annualized Sol-Dollar interest rate differential is
associated with a contemporaneous Sol depreciation of 0.36%. While the sign of this
coefficient remains debated in the literature, our positive estimate likely reflects the
emerging-market context, in which interest rate increases are correlated with rising

risk premia and depreciation pressure.

Third, the non-significance of AAS!Y is noteworthy. We interpret this as a conse-
quence of the two large, persistent spikes in CIP deviations visible in Figure 8, which
may have attenuated the monthly-frequency relationship between CIP changes and
exchange rate movements. As we show below, the bank balance sheet variable, which
more directly captures the liquidity position of the banking sector, exhibits consider-

ably stronger explanatory power.

Fourth, global dollar funding conditions and uncertainty matter when country-
specific risk is not controlled for (column +GL): a tightening of the global dollar basis
(Aiytclo < 0) and a rise in the VIX are both associated with Sol depreciation, consis-
tent with dollar scarcity and flight-to-safety effects. However, once the Peru sovereign
spread is included, both variables lose significance, underscoring the importance of
country-specific risk in explaining emerging-market exchange rate dynamics. The
post-Taper Tantrum dummy, while carrying the expected positive sign consistent
with the subsequent dollar appreciation trend, is not significant in any specification

and is omitted from the table.

Finally, and most importantly, the coefficient on AN LR—our main variable of interest—
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is positive and statistically significant at the 1% level, even after controlling for the
full set of variables emphasized in the literature. The estimate implies that a one-
percentage-point increase in the excess dollar liquidity ratio is associated with a 0.12%
depreciation of the Sol. We interpret this through the lens of a demand shock: when
banks anticipate dollar scarcity or heightened liquidity risk, they accumulate precau-
tionary dollar balances, raising the net liquidity ratio, and the resulting increase in

dollar demand drives an appreciation of the dollar.

The economic magnitude is notable. The adjusted R? rises from 0.24 to 0.31 upon
inclusion of ANLR—a substantial gain given the well-documented difficulty of ex-
plaining short-run exchange rate movements, and all the more striking because this
improvement obtains on top of the full set of controls traditionally considered impor-
tant in the literature. Moreover, NLR is a pure quantity-based measure constructed
entirely from bank balance sheet data, with no exchange rate or interest rate compo-
nent, whereas most other regressors are themselves functions of currency prices. The
significant explanatory power of a quantity variable implies that the supply and de-
mand for dollar reserves are finitely elastic, in contrast to the frictionless benchmark
in which arbitrage renders such quantities irrelevant for pricing. This relationship is
robust across subperiods, as reported in Appendix Table 6.

Identifying Dollar Liquidity Demand Shocks. The OLS results establish a system-
atic link between dollar liquidity and exchange rates but do not rule out potential
confounders. In particular, the Peruvian banking sector is subject to both dollar sup-
ply shocks (e.g., commodity-driven reserve inflows) and demand shocks (e.g., pre-
cautionary hoarding), and the OLS coefficient likely reflects a weighted average of
the two. To isolate the causal effect of demand-driven liquidity shocks, we employ a
Local Projection Instrumental Variable (LP-IV) approach.

We instrument changes in the local liquidity variable (ANLR;) using unexpected
changes in the Marginal Reserve Requirement (AMGRR®"*F). Following the narrative
identification strategy of Gutierrez, Ivashina and Salomao (2023), we isolate specific
episodes of surprise regulatory adjustments that serve as valid instruments. These
include the sharp increase in the marginal USD reserve requirement from 50% to 70%
between December 2014 and February 2015, and the subsequent rapid reduction from
70% to 48% in December 2016.

To understand the mechanism, recall that the marginal reserve requirement applies
to dollar liabilities above a specified threshold. When the marginal requirement rises
to 70%, a bank that borrows an additional dollar from abroad can deploy only 30
cents for purposes other than meeting reserve requirements. This renders marginal

dollar funding prohibitively costly, inducing banks to accumulate precautionary dol-
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lar reserves rather than risk a shortfall.

The validity of these instruments rests on several features documented by Gutierrez,
Ivashina and Salomao (2023). The magnitude of the adjustments was unprecedented—
a differential shift of 21.5 percentage points within less than two months—far ex-
ceeding typical policy responses, including those during the Global Financial Crisis.
Moreover, these shifts appear orthogonal to contemporaneous macroeconomic condi-
tions: in the majority of episodes involving large depreciations or capital flow rever-
sals, differential reserve requirements remained at zero, supporting the interpretation
that the specific spikes were unanticipated shocks rather than endogenous responses
to the exchange rate. The adjustments also coincided with the phased introduction of
capital requirements for indirect FX exposure, reinforcing their character as structural

prudential measures rather than standard countercyclical policy.

The first-stage regression is:

4
ANLR; = w +9Zi + Y 7eAMGRR" S + ¢ (6)
k=0
where we include contemporaneous and four lagged values of the instrument to cap-
ture the persistent effects of regulatory shocks. The instrument is strongly relevant,
with a partial F-statistic of 59.1, well above conventional thresholds (Appendix Ta-
ble 5). The estimates carry the expected sign: an unexpected increase in the marginal

reserve requirement induces banks to accumulate excess liquidity.

In the second stage, we estimate not only the contemporaneous response but also
the dynamic response of the exchange rate over the horizon h:

Asiin = ay+ PIVANLR; + Ty X, + €, forh=0,1,...,12 (7)

where X; includes the full set of controls from the baseline specification. Results are
reported in Table 2 and Figure 9. The IV coefficient Bév ~ 0.904 implies that a one-
percentage-point increase in the excess dollar liquidity ratio, driven by an exogenous
policy shock, leads to approximately a 0.9% depreciation of the Sol against the US
dollar within the same month—an economically large effect. The standard error is
relatively wide (0.184), as expected given that identification relies on rare, discrete
policy episodes. Nevertheless, the effect is statistically significant at the 1% level.

The dynamic profile in Figure 9 shows that the effect persists for roughly one month
after the initial shock. The impulse response gradually reverts toward zero but does
not turn negative, suggesting that demand-driven liquidity shocks produce a persis-
tent level shift in the exchange rate rather than a transitory overshooting.
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Monthly frequency regressions with HAC standard errors,
12-month lags. Period: 2002-02 to 2019-12.

Table 2: Exchange Rate and Liquidity

Together with the strong correlations between liquidity variables and deviations
from FX arbitrage conditions documented above, the IV results provide compelling
evidence that local dollar liquidity conditions are a first-order driver of short-run
exchange rate dynamics. These findings motivate the small open economy model
with banking sector liquidity frictions developed in the next section.

3 Model

We develop a dynamic general equilibrium model of a small open economy in which
local banks intermediate dollars between domestic agents and foreigners. The econ-
omy is partially dollarized—a salient feature of several South American countries—so
that local banks operate with liabilities denominated in both domestic currency and
US dollars. Banks fund themselves through household deposits in both currencies
and domestic-currency equity, while foreign investors supply dollar funding follow-
ing the slow-moving capital framework. Because banks face unexpected withdrawal
shocks on their liabilities in either currency, they must hold liquid assets in both.
Crucially, the aggregate stock of dollar liquidity available to the domestic economy is
limited: it can expand only through a trade surplus, positive net investment income,
or additional foreign borrowing. Meanwhile, banks” demand for dollar liquidity
can shift rapidly with changes in the regulatory environment—such as reserve re-
quirements or forward-market position limits—or with variation in the size of dollar
withdrawal shocks. The central bank, in turn, can intervene in the foreign exchange
market, altering the quantity of dollars accessible to the banking sector. The equilib-
rium exchange rate is then determined by the interaction of these supply and demand
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forces, each grounded in realistic institutional detail.

We begin with the real side of the economy—households, firms, and foreign investors—
before turning to the core of the model: the local banking sector. We then specify the
role of the central bank. With the model in place, we derive the aggregate dollar
funding constraint and analyze the effects of quantity-based policies.

Households. The representative household family enters period t with state SH =
(dﬁlrdii,ﬂﬁl,Xt) and solves:

" pH)1+v hHr* 1+v
V(Sf) = max u(e)+u(c)+u(ef) - BL- - B 4 pEV(SE)] ®)
ctC
hH, nf,
dft, df"* nf!

subject to the deposit-in-advance constraints:

¢ <RIAM, cf < R¥*dl, )

and the budget constraint:

df 4+ d nf 4+ cf +off = T + 115% - T18 + wy hiT 4 wi nf”
+R{d )+ RE A+ Rl + ®(nfly) + 1, (10)

H _ (4 4Hx _H
where S;% | = (d,d,;”",ny", Xp41).

The representative household family chooses Sol-denominated consumption c,
Dollar-denominated consumption ¢}, and an aggregate consumption good cf' to max-
imize its lifetime utility. The family’s members supply differentiated labor: some
work for Sol-currency firms for h{i hours at wage w;, while others work for Dollar-
currency firms for h?’* hours at wage w;. The family holds Sol and Dollar deposits,
dH and df{’*, at local banks, earning gross real returns RY and R%* on the inherited
balances d!’ | and d{ﬁ, respectively.” Purchases of ¢; and ¢} must be financed from
the corresponding deposit balances, giving rise to the deposit-in-advance (DIA) con-
straints. The family also invests in preferred equity n!?, which pays a gross return
R? on the inherited position nf ; as equity investment increases, the family receives
compensation for adjustment costs ®(nf |), which can be interpreted as fees earned

by an investment banking arm of the family. As implied by the budget constraint, c;,

"Throughout the paper, we distinguish between nominal interest rates i; 1, which are set at t — 1
and predetermined, and realized gross real returns R;, which depend on period-t inflation and are
known only at t. For instance, RY = (1+i4 ,)/(1+ 7;), where iy = P;/P;_; — 1. This convention
applies to all financial assets in the model.
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c;, and ¢! are identical goods with the same price.® The family owns all firms and
banks, receiving profits Hf , I—ItF * and HtB, and t; represents real transfers from the
central bank. The aggregate exogenous states X;—which include the foreign funding
shock z; introduced in the next section—are collected alongside the individual states
in S/,

Firms. The Sol-firm produces a tradable good using a one-period-to-build technol-
ogy, yi+1 = f(hf) = hf, hiring labor hf at real wage wt. Since production takes one
period to materialize, the firm must finance the wage bill in advance by borrowing
Sol-denominated loans b} from local banks. The firm operates without equity, and
its working capital constraint requires bf = w;h!. The loan carries an expected real
lending rate RV = TE;[R 1), reflecting the nominal lending rate i adjusted for realized
inflation. The firm’s problem is:

max 141 — RYbF (11)
hi, bf
st. bl =wiht (12)

Revenue is realized in the subsequent period, at which point the firm repays principal
and interest. The tradable good serves as the numeraire, with the world dollar price
tixed at P* = 1 under the small open economy assumption. The realized profit
distributed to the household family is:

I =y — RVBf (13)

The Dollar-firm is entirely symmetric: it borrows bf * at expected rate RY*, hires labor
hf™* at wage w}, and distributes profit [T, = yf — RI* b} .

Foreign Investors. Foreign investors serve as the marginal source of external dollar
funding for the domestic economy. They have access to a safe international asset pay-
ing the exogenous world interest rate R'/*, but lending to domestic banks involves
frictions—such as limited market participation or informational asymmetries—that
generate an upward-sloping supply curve for funds. Specifically, the supply of for-
eign dollar lending d{ " to local banks is:

af* =0 (R —RF)7 42 (14)

8We adopt this structure to endogenize the supply of Sol and Dollar deposits. Since the fam-
ily’s saving dynamics are not the central focus of our analysis, we simplify this margin to maintain
tractability.
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where R{* = E¢[R¥*,

risk-free rate, @/ governs the depth of the foreign dollar credit market, £ captures the

] is the expected return offered by local banks, R'/* is the world

elasticity of supply, and z; denotes an exogenous capital flow shock (e.g., a sudden
stop or surge). This specification embodies the slow-moving capital friction: local
banks must pay a premium over the world rate to attract additional foreign capital,

and the imperfect elasticity pins down the equilibrium net foreign asset position.

Local Banks. The banking sector consists of a continuum of banks owned by the
household family, which maximize expected per-period profits under the household’s
stochastic discount factor A;; 1.’ In addition to deposits, banks issue preferred equity
nB to the household family, which carries a guaranteed dividend R} and is subject
to an adjustment cost ®(nf) borne by the bank. The decision process within each
period is divided into two sub-stages. In the portfolio stage, banks choose their balance
sheet composition—reserves, loans, deposits, equity, and forward positions—before
uncertainty is resolved. In the balancing stage, idiosyncratic withdrawal shocks are
realized and banks settle payment imbalances through an interbank market with

search frictions.

Portfolio Stage. In the portfolio stage, banks determine their balance sheet compo-
sition before liquidity shocks are realized. They choose liquid reserves (mtB,miB "),
supply loans to firms (b7, bf ), and accept deposits from households and foreign

investors (d?, d? ). The balance sheet identity requires:
mP + b8 4 ml* 4+ bP* = dP - dl* nb. (15)

Banks face regulatory reserve requirements parameterized by g and g*, which man-
date that liquid reserves relative to deposits exceed a threshold: mf/dP > g and
mf */ df * > g*.'Y Por a given bank j in the continuum, the surplus reserve position
is:

B _ B B Bx __ __ Bx B,x
Beyond regulatory compliance, banks hold excess reserves to insure against idiosyn-
cratic withdrawal shocks realized in the balancing stage.

9Since banks are owned by the household family, they inherit the household’s pricing kernel. We
do not model dynamic equity accumulation, as financial frictions on bank net worth are not central to
our analysis. This keeps the bank’s problem static and the model tractable.

19The BCRP applies separate reserve requirement ratios for each currency, often imposing stricter
requirements on external Dollar liabilities.
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Balancing Stage: Withdrawal Shocks. Each bank j receives a mean-zero idiosyn-
cratic withdrawal shock—wy; for Sol deposits and wy; for Dollar deposits—which
redistributes deposits across banks while preserving the aggregate stock. We allow
the variance of these shocks, ¢; and oy, to be time-varying, serving as key drivers of
equilibrium exchange rate volatility. Let ¢(-) and ®(-) denote the PDF and CDF of
w.

A negative realization (w;; < 0) represents a net withdrawal, a positive one (w;; >
0) a net inflow. Since the shock affects both liquid assets and deposit liabilities, the
bank’s realized surplus after the shock is:

Sy = mpj — qdpj + wijdpi(1—q) (17)

and symmetrically for Dollars:

sBx _  Bx x 1B,* x gBx *
S =my —q dt,]. +wt,jdt,j (1—g%) (18)
(mpi—qdp;)

A bank falls into deficit when §f]. < 0, which occurs if w; ; < BEEE
, —q)dP;

Balancing Stage: Interbank Market. We model the interbank market as an over-the-
counter (OTC) market with search and matching frictions. This is a natural choice
given that the interbank market is a credit market in which surplus and deficit banks
must locate a willing counterparty (see Ashcraft and Duffie 2007; Afonso and La-
gos 2015). Our specific formulation follows Bianchi and Bigio (2022) and Bianchi
and Bigio (2025), which integrate elements from Atkeson, Eisfeldt and Weill (2015)
and Afonso and Lagos (2015). Since the Sol and Dollar interbank markets operate
symmetrically, we describe only the Sol market.

After the realization of shocks, surplus banks (§E]. > 0) and deficit banks (§Ej <
0) seek counterparties. The matching efficiency A and lender bargaining power 7
determine the terms of trade; only a fraction of the aggregate surplus and deficit is
successfully matched. Surplus banks lend a fraction ¥ of their excess reserves in the
interbank market at rate i{ , with the unmatched remainder earning the central bank
reserve rate ij". Deficit banks cover a fraction ¥~ of their shortfall by borrowing at
f

iy, while any unmatched deficit is financed at the central bank’s discount window at

penalty rate i{’ (or, for Dollars, via a foreign credit line at i{’*).

The matching probabilities ¥+ and ¥~ depend on aggregate market tightness:

0 =S; /S, (19)
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where S = fol max{§fj,0} djand S, = — fol min{s?fj, 0} dj are the aggregate surplus
and deficit, which depend on ¢; and the aggregate liquidity ratio m? /dP. We adopt
a Cobb-Douglas matching function, in contrast to the Leontief specification used in
Bianchi and Bigio (2022) and Bianchi, Bigio and Engel (2024); this allows the matching
probabilities to vary smoothly with market tightness, providing a more flexible map-
ping between liquidity conditions and interbank rates. The equilibrium interbank

rate i{ is pinned down by Nash bargaining between matched banks.

We summarize the expected payoff from holding reserves for a given bank j through
the liquidity function L:

+(p,) 3B. if3B
B x(6) 57, if57. >0,
E(mt,] wt,j; 9t> _ { t,] t,j (20)

dg;’ e

where mfj/ dfj is bank j’s portfolio choice, wy; is the realized withdrawal shock, and
0; is the aggregate market tightness. The marginal values of surplus and deficit are:

X0 =¥H(O)[R],, — Ry, (21)
X (0:) =¥ (6r) [R{H — R+ (1 =Y ()[R — R ] (22)

This function encapsulates the entirety of the settlement friction faced by banks: the
kink at s”f’ i =0 reflects the asymmetry between the benefit of lending surplus reserves
and the cost of financing a deficit. Crucially, when banks make their portfolio deci-
sions in the portfolio stage, they anticipate the distribution of withdrawal shocks and
evaluate [E,[L] over all possible realizations. It is this expectation that disciplines
banks’ choice of the liquidity ratio mE i/ df —holding more reserves reduces the prob-

ability of a costly deficit but comes at the opportunity cost of forgone lending income.

Since banks are ex-ante identical—heterogeneity arises only after the realization of
the idiosyncratic withdrawal shocks—all banks make identical portfolio choices in the
portfolio stage. Consequently, the individual bank’s optimal liquidity ratio mfj/ df].
coincides with the aggregate ratio m?/dF, and similarly for the dollar segment. We
therefore drop the j subscript in what follows and work directly with aggregate bank
variables.

Forward Contracts. As documented in the empirical section, local banks act as mar-
ket makers in the forward market, standing ready to transact at the equilibrium for-
ward rate é; with no bid-ask spread. We denote the bank’s net forward position by
ft, where f; > 0 represents a short dollar position (selling dollars forward) and f; < 0
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a long position. The real dollar payoff from this position is:

L . ( i —1) fr. (23)

1+ Thi1 \€t+1

Bank’s Problems Taking the liquidity function as given, a bank chooses its portfolio
to maximize expected per-period profits under the household’s stochastic discount

factor:
max  Epq Ay [Rt+1 bf + Ry by + Ry mf + Ry m™ — RY, df
bB, bB* mt,m?*,
dp, dB* np, fi
Rt+1 dB'* — R{4 np —d(n}) + ! m ( L. 1) fi
1+ 7T,f+1 €1
mB mB * "
+Eo | £ (G5 wt) ] + B [ £7( %, ) (24)
t t

subject to:

mP + mP* 4 bP 4+ bP* = dP - abr 4 nb (25)

The Central Bank. The central bank sets the nominal interest rate on reserves (i}")
and the discount window rate (i), manages the nominal money supply (M;), and
conducts exchange rate policy through foreign exchange intervention. We denote
the central bank’s dollar reserve holdings by MtC B* and its holdings of securitized
loans purchased from local banks by B*2. When the central bank purchases dollars
from local banks, it issues domestic currency reserves in exchange, simultaneously
increasing M; and decreasing the stock of dollar reserves available to the banking
sector. Similarly, when the central bank purchases securitized loans from local banks,
it provides domestic currency liquidity in exchange for illiquid assets on banks’ bal-
ance sheets.

The central bank’s flow budget constraint in nominal terms is:

My +er(1+ ") MEBF + (142 ) Weq + (1 + ;) BEG,
= (14" )M +e MEP* + W, + BB+ T (26)

On the left-hand side, the central bank receives funds from issuing new domes-
tic reserves (M;), earning the gross return on its existing dollar holdings (e;(1 +
i) MCB 1), collecting repayments on discount window loans ((1 + i’ ;) W;_1), and
receiving repayments on its loan portfolio ((1+ % ;) BEB)). On the right-hand side, it
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pays interest on the outstanding money stock ((1 +i}* ;) M;_1), purchases new dollar
reserves (e; Mf B ), extends new discount window loans (W), purchases new securi-

tized loans (BtCB ), and provides nominal transfers (T;) to the household family.

FX intervention operates through this budget constraint: an increase in MtCB * ab-
sorbs dollars from local banks’ balance sheets, tightening dollar liquidity in the bank-
ing sector. When the intervention is unsterilized, the corresponding increase in M;
simultaneously eases domestic currency conditions. When it is sterilized, the central
bank offsets the domestic money creation—for instance, by selling securitized loans
from its portfolio—leaving M; unchanged so that only the relative supply of dollar
liquidity is affected.

Competitive Equilibrium. A competitive equilibrium consists of prices, interest
rates, and allocations such that the household family, firms, foreign investors, and
banks optimize given prices, the central bank’s budget constraint is satisfied, and all
markets—for goods, labor, loans, deposits, equity, reserves, and forward contracts—
clear. The formal definition is standard and omitted for brevity.

3.1 Theoretical Characterization

Exchange Rate Determination. The exchange rate in our model is pinned down
by the relative liquidity demand for each currency. From the law of one price and

domestic money market clearing, we have:

P M;/m?P

= = 27
Py Py @7)

et

Given the nominal supply of domestic reserves M;, the real demand for reserves
mB—which emerges from banks’ liquidity management in the presence of settlement
frictions—determines the value of domestic money 1/P;, as in Bianchi, Bigio and
Engel (2024). A key distinction from their global two-country framework is that our
small open economy takes the dollar price of goods as given, normalizing P;' = 1. The
dollar thus serves as the numéraire, and the exchange rate reduces to e; = M;/ m?.
Although the dollar reserve demand mf * does not appear explicitly in this expres-
sion, it plays a central role in determining the exchange rate: as we show in the next
paragraph, the real demand for Sol reserves is linked to the real demand for dol-
lar reserves through a liquidity-adjusted Uncovered Interest Parity (UIP) condition.
Moreover, unlike the domestic currency—whose nominal supply is set by the central
bank—dollar liquidity is constrained by an aggregate real funding condition, as will
be characterized later. Banks’ portfolio decisions thus jointly determine their desired
holdings of both currencies, subject to this real dollar funding constraint, and a shift
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in dollar liquidity demand alters the demand for Sol reserves as well. The exchange
rate ¢; therefore reflects the relative value of liquidity services across both currencies.

Liquidity Premium and UIP. From the first-order conditions with respect to m? and

m? " of the local banks, we derive the following real liquidity-adjusted Uncovered

Interest Parity (UIP) condition:

oL oL}
IE; [At—&-l (Rﬁl + amtéﬂ = E; [At—i-l (R?fl + _am?t’*)] , (28)
AL, _ IBo[L(mf/df,wi)] ALy _ B[ LH(m /dP )] : .
where on = am? nd T = P are the marginal liq

uidity values of Sol and Dollar reserves, respectively.

We can go one step further. Under the assumptions that domestic reserves and dol-
lar deposits at US banks are safe assets, and that idiosyncratic withdrawal shocks are
orthogonal to aggregate shocks, we derive the following nominal liquidity-adjusted
UIP condition:

El]a+i -+ = 2 -m[a] % vo (1+ir+ ), @)
t

am* ery1 | omP 0
N 7

Relative Liquidity Premium  Currency Risk Premia

where A;p1 = Ayy1/Ei[Ar41] is the normalized stochastic discount factor and & =
Covi(Asi1, er/ep1) captures the currency risk premium. This equation demonstrates
that exchange rate dynamics in this small open economy are driven not only by
interest rate differentials and standard currency risk premia but also by the relative
liquidity premia associated with each currency.

This condition tightly links the real demand for domestic reserves to the real de-
mand for dollar reserves, making the exchange rate a relative price of liquidity ser-
vices across the two currencies. In particular, the relative liquidity premium depends
on both the liquidity conditions in each interbank market (surplus versus deficit) and
the regulatory environment. For instance, if the central bank raises the Sol reserve
requirement (q) while lowering the Dollar requirement (%), the marginal value of

oLy

Sol liquidity =° increases while a?nEB;i* decreases. This widens the relative liquidity
t t

premium, causing the Sol to appreciate through the rebalancing of banks’ reserve

portfolios. Similarly, time-varying volatility in withdrawal shocks (o}, 07") affects ex-
change rate dynamics through these liquidity functions by altering the probability of
costly deficits in each currency.
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External Dollar Funding Constraint. While the relative demand for reserves is de-
termined by banks’” UIP condition, banks cannot acquire dollar reserves without limit.
The amount of real dollar liquidity available to local banks is constrained by exter-
nal factors. By substituting the profit functions and market-clearing conditions into
the household’s budget constraint, we arrive at the following law of motion for the
country’s external dollar position:

mp” —dl” = (yi+y; — i — i —cf)

J/

Priva?g NFA Trade ‘B,alance
mk B,* m* CB,x Agg* dx frx
+ (R = 1) m 4+ (R =) m " = L£7°°7 — (RY" — 1) dyy

Net Investr;(ent Income
S f ¥
+ m =4
Previous Private NFA

— (mgP* —mSP) (30)

N

NV
FX Intervention

where Efgg’* = (1 =977(6;)) R, — R}']S; ™ is the aggregate dollar liquidity
cost—the penalty paid by unmatched deficit banks to foreign credit lines, represent-
ing a net dollar outflow from the domestic banking system. Note that the only foreign
assets in this economy are dollar liquid assets held by local banks (mf ) and the cen-
tral bank (thB ’*

foreign investors (d{ )

), while the sole external liability is the dollar funding supplied by

From the banking sector’s perspective—or equivalently, from the perspective of this
small open economy, where banks are the sole intermediaries of dollar flows—the
available supply of dollar liquidity is determined by the trade balance, net investment
income, the previous NFA stock, and any additional borrowing from foreign investors
(d{ ). Crucially, when the central bank accumulates dollar reserves—that is, when
thB e mtc_Bl’* > (0—this directly reduces the pool of dollars available to local banks,
tightening their liquidity constraint. Given the relative reserve demand implied by
the UIP condition, this supply of real dollar reserves jointly determines the price of

the dollar—and hence the exchange rate—in our model.

An interesting feature emerges from the Net Investment Income term, which includes
the aggregate dollar liquidity cost E?gg’*. This implies that larger liquidity frictions
tend to deteriorate the country’s external dollar position. The equation reveals a
fundamental asymmetry faced by non-US small open economies: unlike the Federal
Reserve, the domestic central bank cannot create dollar liquidity or serve as a dollar
lender of last resort to local banks. As a result, when local banks face dollar shortfalls

that cannot be matched in the domestic interbank market, they must turn to foreign
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credit lines, generating the aggregate liquidity cost E;qgg’*. This cost represents a net
transfer of dollars to foreigners—a pure leakage from the country’s external position
that arises solely from the inability to provide domestic dollar liquidity services. This
is the flip side of the “Exorbitant Privilege” enjoyed by reserve currency countries
such as the United States (Gourinchas and Rey, 2007): the Federal Reserve’s ability to
serve as a dollar lender of last resort means that the corresponding liquidity rents re-
main within the US, while non-US economies that depend on external dollar funding
must pay these rents to foreigners. Although not the central focus of our paper, this
specification illustrates why countries with superior access to dollar liquidity sustain

positive net external returns.

Additionally, the external funding constraint, combined with the bank liquidity
frictions, provides a natural stabilizing force that prevents the model from diverg-
ing, offering an alternative mechanism to close the small open economy model with

exogenous world returns, related to the approach in Schmitt-Grohé and Uribe (2003).

Efficacy of FX Interventions. Equation (30) provides a transparent framework for
understanding when and why FX intervention is effective. Note that y;, y;, Net In-
vestment Income, and the previous NFA stock are all predetermined.!! When the
central bank intervenes by accumulating dollar reserves (thB ), the only contem-
poraneous margins of adjustment are aggregate consumption c{! and new foreign

borrowing d{ * 12

For FX intervention to have real effects, it must be the case that neither c{! nor d{ &
adjusts freely enough to fully offset the change in mEB *. If ¢! could adjust without
friction, the household would immediately alter its import expenditure to acquire
whatever dollars are needed to neutralize the intervention. If d{ * could adjust freely,
local banks would simply borrow from foreign investors to replenish the dollars ab-

sorbed by the central bank, rendering the intervention ineffective.

The efficacy of FX intervention therefore depends on two key frictions: the curva-
ture of the household’s utility function—which governs the cost of deviating from
consumption smoothing—and the degree of capital mobility. In the textbook case of
perfectly mobile capital, foreign borrowing adjusts one-for-one with the intervention,
and sterilized FX purchases have no effect on the exchange rate. However, as our em-
pirical analysis demonstrates, this assumption is far from realistic. The slow-moving

capital friction embedded in the foreign investor supply function, combined with the

Goods production takes one period, and Net Investment Income reflects the realization of
previous-period decisions. Moreover, our small open economy assumption P* = 1 implies that re-
alized real returns are also predetermined.

12We assume that the deposit-in-advance constraints bind, so that ¢; and ¢} are predetermined.
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institutional frictions in the banking sector, activates the portfolio balance channel that
the literature has long discussed (see, e.g., Fanelli and Straub, 2021). In this envi-
ronment, even sterilized intervention can influence the exchange rate by altering the

effective supply of dollar liquidity available to local banks.

Sterilized vs. Unsterilized FX Intervention. Our framework accommodates both
sterilized and unsterilized interventions, and the distinction between them operates
through the central bank’s budget constraint and the resulting market-clearing con-
ditions.

Consider first an unsterilized intervention in which the central bank purchases dol-
lars from the domestic market, so that AMCP* = MEP* — MSP* > 0. This reduces
the pool of real dollar reserves available to local banks. Given the slow-moving capital
friction, foreign investors cannot fully replenish the absorbed dollars, leaving banks
with a tighter dollar liquidity position. Moreover, because the intervention is unster-
ilized, the central bank finances the dollar purchase by issuing additional domestic

reserves, expanding M;. The domestic money market clearing condition becomes:
M; + MEP*e; = mf P, (31)

where MtCB *¢; is the domestic currency value of the dollar reserves purchased by
the central bank. The unsterilized intervention therefore affects the exchange rate
through two channels simultaneously: tightening dollar liquidity and loosening do-

mestic currency liquidity.

Under a sterilized intervention, the central bank offsets the expansion of domestic
reserves by selling loan securities from its portfolio, so that ABf® = B-? — BEB < 0.
This absorbs the additional domestic reserves injected during the dollar purchase.

The loan market clearing condition is:
bf = b} +bf®, (32)

and because the sale of securities absorbs the newly created reserves, the domestic
money market clearing condition remains unchanged:

Mt = mtB Pt. (33)

The sterilized intervention therefore affects the exchange rate only through the dollar
liquidity channel, leaving the domestic currency side of the balance sheet undis-
turbed.
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4 Quantitative Analysis: Model Validation

Before conducting counterfactual analysis, we first validate the model by assessing
its ability to rationalize the observed patterns in exchange rates and interest rates
through the lens of the model. In particular, we focus on explaining the persistent
CIP deviations observed in the data.

Filtering Exercise. While most model variables have direct empirical counterparts—
including bank balance sheets and policy variables such as reserve requirement ratios—
the volatility of the idiosyncratic withdrawal shock, o for Sol and ¢} for Dollar, is
unobservable. We recover the time series of these latent volatilities by exploiting the
structural mapping between interbank market rates and liquidity conditions implied
by the model.

The key identification insight is as follows. In the model, the equilibrium interbank
rate i{ is a known function of aggregate market tightness 6;, which in turn depends
on the aggregate liquidity ratio m?/dP, the reserve requirement g;, the matching effi-
ciency A, the bargaining power 7, and the shock volatility ot. Of these, m? /d? and g;
are directly observable from BCRP data, and A and 7 are calibrated. This leaves ¢} as
the sole unknown. For each period t, we therefore invert the model’s equilibrium con-
dition to solve numerically for the unique value of ¢} that equates the model-implied
Sol interbank rate to its observed counterpart. An analogous procedure applied to
the Dollar interbank rate recovers ¢;. This yields the full time series {03, o }tT:o of
time-varying withdrawal shock volatilities, which serve as the primary exogenous
drivers of liquidity premia in our framework.

Model-Implied Interest Rates and CIP Deviations. With the filtered volatilities in
hand, we can compute the marginal liquidity values 9£;/dm? and oL} /dm’*, as
well as the marginal liquidity costs with respect to deposits, dL;/9dP and 9L} /9dP*
These objects, together with the observed reserve rates, allow us to recover model-
implied lending and deposit rates for both currencies. From the bank’s first-order
conditions with respect to b? and d?, the equilibrium rates satisfy:

sb _ mm oL

RY =Ry + 50, (34)
) 5 oL oL

R'ZZRT#-TtE—Fgé, (35)

and symmetrically for Dollar rates. The lending rate exceeds the reserve rate by
the marginal liquidity value of reserves, while the deposit rate incorporates both
the reserve liquidity value and the marginal liquidity cost of accepting additional
deposits.
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We now turn to CIP deviations. From the bank’s first-order condition with respect
to the forward position f;, we have:

IEt [At+1 (i - 1)} =0 = ]Et <i) = ? - COUt ([\H-lf i) . (36)
€1 €1 et €1
Combining this with the liquidity-adjusted UIP condition derived above, we obtain
the following relationship:

m oL

&6 LEH gk

- — (37)
BT+ + amP

Substituting this expression into the standard CIP formula yields:

m | Ly
CIP; = —— AN e L+ omy 1
p=14i"7) = — (1 +i") = (1+4") | —(+#"). (38
et 1 +l’m* + t
t amp*

Relative Total Return

The intuition is straightforward. Exploiting CIP deviations is equivalent to executing
a carry trade while hedging the currency risk with a forward contract. Because the
forward rate equilibrates the total marginal returns across currencies, the currency
risk premium cancels, and the CIP deviation reduces to the relative liquidity spread
net of the interest rate differential. This implies that CIP deviations are driven pri-
marily by the relative magnitudes of % and %, which in turn respond to central
bank policies such as reserve requirements and FX intervention. By substituting the
filtered marginal liquidity premia into this expression, we obtain a model-implied
CIP deviation series that can be compared directly against the deviations observed in

the data.

Calibration. For the liquidity ratio, reserve requirement ratio, and reserve and lig-
uid asset rates, we use the data from the empirical section. For the interbank market

parameters and penalty rates, we calibrate the values as follows:

Parameter | Sol | USD
Liquidity penalty (i) 5% | 5%
Matching efficiency (A) 2 1
Borrower’s bargaining power (1) | 0.50 | 0.50

Table 3: Calibrated Parameters for the Interbank Market

The matching efficiency A is set higher for the Sol market than the Dollar market,
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reflecting the deeper domestic currency interbank market in Peru. The bargaining
power 7 is set symmetrically at 0.50, and the liquidity penalty i is calibrated to 5%
for both currencies, consistent with the central bank’s discount window rate and the
cost of emergency dollar credit lines, following Bianchi and Bigio (2022).

Model Predictions on Interest Rates: Sol. Figure 10 presents the estimation results
for the Sol segment. As expected, the top-left panel confirms that the model-implied
interbank rate matches the data perfectly, validating our inversion procedure. The re-
sulting estimates for o; (top-right panel) exhibit a sharp spike during the 2008 Global
Financial Crisis, consistent with anecdotal evidence of severe liquidity stress during
this period. The bottom panels compare the model-predicted retail rates against the
data. Although the fit is not perfect, the model successfully captures the upward
trend and key time-varying patterns of both the lending (i¥) and deposit (i) rates.
This suggests that the liquidity friction identified through the interbank market is

indeed a significant factor shaping the broader interest rate dynamics in the banking
sector.

Sol: Model vs Data Interest Rates Sol: Estimated o

T T 0.40
a
/ i/ (data)
601 | —— i" (data)
g 501/ vy || if (model) A
e W
840! TS k
g A .
% 3.0F
<4
D
g 20+
10+
0.0 L— , , , , , 0.05 L— I . . . .
2008 2010 2012 2014 2016 2018 2008 2010 2012 2014 2016 2018
Date Date
25 Sol: Deposit Spread 30 Sol: Bond Spread
' i — " (data) )
20k = = ¢ _ " (model)

Spread (%)

IPYRLl ]
[”\\- w My o oy

i’ — " (data)

= = ¥ — " (model)
L L L | | | 1 S S
2008 2010 2012 2014 2016 2018 2008 2010 2012 2014 2016 2018

Date Date

Figure 10: Filtered o} and Predicted i{ ,i% and i? (Sol)

Model Predictions on Interest Rates: USD. Figure 11 presents the estimation re-
sults for the USD segment. As in the Sol case, the top-left panel confirms that the
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model matches the interbank market rate perfectly. The recovered volatility ¢; (top-
right panel) exhibits a sharp spike during the 2008 Global Financial Crisis, consistent
with widespread dollar shortages during that period. Additionally, the series reveals
significant spikes in 2011 and 2013, periods which coincide with large observed CIP
deviations in the data.

Crucially, the bottom panels demonstrate that the model captures the dynamics of
dollar deposit and loan rates with high precision, replicating nearly all local spikes.
The fit is noticeably superior to the Sol case, suggesting that dollar liquidity frictions
are a dominant driver of bank pricing behavior in the dollar segment.
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Figure 11: Filtered ¢} and Predicted i{ *, i%* and i¥* (USD)

Model Predictions on CIP Deviations. Finally, Figure ?? presents the model’s pre-
dictions for CIP deviations. Remarkably, the model captures not only the relative
magnitude of the spikes but also correctly predicts the structural reversal of the de-
viationshifting from excess Sol returns to excess Dollar returns—around 2014. This
predictive success validates the model’s explanatory power and suggests that relative
liquidity shocks are indeed the primary driver of CIP deviations in Peru.

One limitation of the baseline specification, however, is that it underestimates the
magnitude of the positive CIP deviations observed after December 2014 (indicated by
the blue line). We attribute this discrepancy to a specific BCRP policy that was not in-
cluded in the baseline model. We show that with a simple modification—specifically,
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Figure 12: Model Prediction on Forward Premium and CIP Deviations

incorporating the BCRP’s regulatory limits on local banks” forward positions—the

model can successfully replicate this increase in the deviation size.

Forward Position Regulation. In December 2014, anticipating a rapid appreciation
of the dollar, foreign investors purchased large volumes of dollar forward contracts.
Consequently, local banks, acting as counterparties, were forced to assume substan-
tial forward dollar sell positions. As these positions grew and depreciation pressure
on the Sol intensified, the BCRP introduced a policy imposing a punitive reserve
requirement on excessive forward positions. Specifically, if a bank’s gross forward
USD sell position exceeds a specified threshold, the bank is required to hold addi-
tional Sol reserves equivalent to twice the value of the excess dollar amount. Figure
13 illustrates the magnitude of these over-limit forward positions relative to total Sol
liabilities. At its peak, this ratio reached 0.007, implying an effective increase in the

average Sol reserve requirement of 1.4%.
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Figure 13: Excess Dollar Forward Sell Position of Local Banks
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To capture this institutional detail, we extend the model to incorporate this regu-
latory cost. We model the regulation as a penalty on the bank’s liquidity position.
When a bank holds a forward position f that exceeds the regulatory threshold f, it
faces an additional reserve requirement scaled by a factor of two. Consequently, the

bank’s ex-ante reserve surplus, previously defined as s; = m; — gd;, is now given by:

25— il

7 (39)

sj=m;— (q+qs)dj where qf;=
where the term 2|f; — f| represents the additional liquidity buffer required by the
central bank against forward exposures.

Consequently, the realized surplus after the withdrawal shock w; becomes:
§] = (m]+w]d]) —qdj(1+wj) —Z‘fj—f_]’| (40)

This specification implies that holding large forward positions directly increases the
bank’s domestic currency reserve requirement, thereby raising the probability of in-
curring a costly deficit.

This regulation introduces a direct marginal liquidity cost to the bank’s forward

decision. The first-order condition with respect to the forward position f is modified

as follows:
g 0
E{A’(——l)}-l—lE[A’( >]af (L(m',d', f;9,0)] =0 (41)
where aflE[ﬁ(m d;q)] = —Z%E[E(m’,d’;q)]ll{f>f-}, a result that follows directly

from the specification of the surplus s;.
This, in turn, alters the equilibrium CIP condition. The forward rate must now com-
pensate not only for the relative liquidity of the currencies but also for this specific

regulatory cost:

CIP = (1 +i"™) (g) (A4 42)

ey | 1+ + Ly 0 m

Relative Liquidity Forward Regulatory Cost

J/

The equation above illustrates the core mechanism: the regulation acts as a wedge
that widens the CIP deviation. Even if the relative liquidity conditions of Sol and

Dollar reserves remain constant, the penalty on forward holdings forces banks to
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charge a higher forward premium to cover the regulatory cost. This adaditional
premium sustains the larger CIP deviations observed in the post-2014 period.

The red line in Figure ?? confirms that, with this mechanism incorporated, the
model successfully generates the strong positive CIP deviation seen after 2014. This
result underscores how quantity-based regulations can significantly shape exchange
rate dynamics.

5 Counterfactual Analysis: Sterilized FX Intervention

Having established that our model successfully replicates key empirical patterns, we
now investigate the impact of foreign exchange (FX) intervention through counter-
factual analysis. While the BCRP employs a range of quantity-based instruments—
including active reserve requirements and forward position regulations—we focus
specifically on FX intervention, which is the most direct and frequently deployed tool
for exchange rate management.

Peru is distinguished by its exchange rate stability relative to other South American
economies, a characteristic often attributed to the BCRP’s active deployment of these
quantity-based tools. Through the lens of our structural model, we can quantify how
much FX intervention in particular has contributed to the stabilization of the Peru-
vian exchange rate historically.

Our counterfactual exercises focus on estimating the short-run consequences of in-
tervention rather than its dynamic or long-run effects. Specifically, we ask: if the
central bank had intervened differently in a particular month, what would the ex-
change rate have been in that same month? To ground the analysis in observed data,
we use the actual Peruvian banking sector’s liquidity conditions in both currencies,
together with the realized magnitudes of all policy instruments, for every month from
April 2007 to December 2019. In addition, we estimate the elasticity of external dollar
funding using data from the same period and incorporate these estimates into the

counterfactual exercise.

Assumptions. Given that we are interested in the short-run effect of FX interven-
tion, we make several simplifying assumptions before proceeding.

First, we impose random walk expectations for the exchange rate, E;(e;/er11) = 1,
motivated by the well-documented difficulty of forecasting exchange rate movements
at short horizons.

Second, we assume that the banking sector’s real deposit and loan balances from
domestic sources are fixed for both currencies. The rationale is that financial frictions
prevent domestic agents from reallocating their deposits away from the local banking

sector within a short time period (one month in our setting). From a general equi-
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librium perspective, this assumption implies that the trade balance does not adjust
either.l”

Third, we assume that external dollar funding remains available. When shocks oc-
cur, international financial markets tend to respond quickly, motivating us to keep
this channel open. However, the elasticity of external funding is disciplined by the
data, so foreign investors do not provide frictionless access to dollars. This forces
banks to adjust the exchange rate rather than simply replenishing their liquidity ra-
tios through external borrowing.

Finally, we assume that other fundamentals—including the liquidity risk parame-
ters 0; and o} and the estimated currency risk premium ¢;—remain at their historical
levels throughout the counterfactual exercises. The objects that vary across counter-
factual scenarios are the policy instruments, the banking sector’s liquidity ratios, the
stock of external dollar funding, and the exchange rate.

Counterfactual Framework. Under these assumptions, the general equilibrium re-

duces to a system of five equations:

mP + mP* 4 bf 4+ bP* = dP + dP* 4 nf, (44)
My =m} Py =mfey, (45)
m iy o OLy 9L m 9L

() = (i) = g — am 8 (1 + 55 (46)

df,* D d* [ f* f *

d;{,* —of (Rf _Rif ) s (47)

t

mP* — al* = NX; + NTI; + NFA,_1 — (m%* — mCP), (48)

The system has five endogenous variables: m?, mf’*, d{ "~ e, and nf. The policy

and the reserve

instruments are the central bank’s dollar reserve accumulation thB *

requirement ratios g, g*, and ¢/, which enter through the liquidity functions £; and

Lf. All remaining variables inherit their time-varying values from the actual data.
L + oL into
omy”™ " ady”

(47), so that external dollar borrowing responds endogenously to liquidity conditions.

Note that we substitute the equilibrium deposit rate R?* = RI"* +

We normalize external dollar borrowing by domestic dollar deposits d?’* in (47) to
ensure stationarity of the estimation.

13This corresponds to the extreme case in which the curvature of the domestic household’s utility
function is sufficiently strong to preclude intertemporal substitution. The opposite polar case—linear
utility—would allow consumption and the trade balance to adjust freely, fully offsetting the interven-
tion as in the textbook benchmark. Studying the long-run dynamics of the economy in response to
FX intervention under an empirically estimated intertemporal elasticity is an interesting direction for
future research.
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Counterfactual Procedure. We implement the counterfactual in several steps. We
begin by estimating equation (47). Specifically, we estimate the external dollar supply
elasticity using the following regression:

al ] .
log (dlt{ *> = a + By log(R%* — R*) + B, log(VIX;) + B3 log(Peru Sov. Spread, )
b

+ B4 1{t > 2014} + B5 1{t > 2014} x log(RY* — R'*) + z;. (49)

We include the post-2014 dummy and its interaction to capture changes in external
funding conditions associated with BCRP regulations and the Basel III accord. For the
dependent variable, we use the ratio of external dollar liabilities to domestic dollar
deposits for the aggregate banking sector. For the spread, we use the average three-
month dollar deposit rate charged by Peruvian banks as R%* and the three-month
US T-bill rate as R'f*. We control for global supply factors to isolate the elasticity of
interest. The estimation results are reported in Table 4.

Table 4: External Dollar Supply Elasticity

Coefficient Std. Error f-stat p-value

Constant 1.419 2.696 0.526 0.599
Log(Dollar Deposit-T-Bill Spread)  0.694*** 0.112 6.174 0.000
Log(VIX) —0.724 0.442 —1.637 0.104
Log(Peru-US 10Y Govt. Spread) —0.025 0.412 —0.060  0.952
Post-2014 x Spread —0.386"* 0.189 —2.048 0.042
Post-2014 0.381 0.294 1.297 0.197
Observations 159

Adjusted R? 0.557

HAC standard errors. ***, **, * denote significance at 1%, 5%, 10%.

The results are consistent with the slow-moving capital friction: as the domestic
dollar deposit rate rises relative to the global funding rate, external capital flows into
the Peruvian banking sector, while higher global risk (VIX) and sovereign spreads re-
duce the supply of foreign funding. The estimated pre-2014 elasticity is 0.694, falling
to 0.307 after 2014, indicating that post-crisis regulations significantly reduced the re-
sponsiveness of external dollar funding to interest rate differentials. These estimates
pin down not only @ and e 7 but also the residual shock zj: we recover z; as the sum
of the regression residual and the fitted contributions from VIX and the sovereign
spread, which we treat as exogenous supply shifters in the counterfactual.

Next, we back out the historical currency risk premium. We enter the actual lig-
uidity ratios of the Peruvian banking sector in both currencies, the filtered volatilities
o and o/, and the observed central bank reserve rates i;" and i}"* into the liquidity-

adjusted UIP condition (46), and solve for the value ¢; that satisfies the equation at
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each date. We treat this estimated series as the historical currency risk premium,
which we hold fixed throughout the counterfactual exercises.
We then use the actual bank balance sheet data to compute the historical net foreign

asset components. We calculate mf *— d{ * from the data, subtract the observed FX

intervention, and use the resulting values for the sum of NX;, NII;, and NFA;_;. The
domestic balance sheet variables b?, bf * dB and d{{’* are also taken directly from the
data. Finally, we recover the nominal money supply M; that rationalizes the historical
exchange rate ¢; given all estimated series.

By construction, when we feed these estimated fundamentals into the system of
tive equations, the model reproduces the actual historical bank positions and ex-
change rates as its solution. The counterfactual exercises then perturb the policy
instruments—q;, q{ , or me ’*—away from their historical values and solve for the

resulting changes in the exchange rate, liquidity ratios, and external funding.

Counterfactual Analysis: 50% Less Sterilized Intervention. We consider the fol-
lowing scenario: what would the exchange rate and the banking sector’s liquidity

ratios have been if the BCRP had executed only half of its actual historical FX inter-

714 CB,* CB,*
¢ my t—1

solve the system for the equilibrium exchange rate, liquidity ratios, and external dol-

vention?'* Specifically, we reduce ( —m, ;") to half of its historical value and

lar funding. The results are presented in Figure 14.

¢, (Exchange rate) 1 =mq/B; (SOL liquidity ratio) up =mi/(B + df*) (USD liquidity ratio)

; 1 —— Datal
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Figure 14: Counterfactual Analysis: 50% Less Sterilized Intervention

The results indicate that the BCRP’s historical FX intervention has been effective in
dampening exchange rate volatility. Subfigure (2,1) shows that, had the BCRP con-

ducted only 50% of its actual intervention, the Sol would have exhibited substantially

14The majority of the BCRP’s historical FX intervention has been sterilized.
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higher volatility than observed—exceeding that of other South American currencies.

The 2008-2009 episode is particularly striking. As Figures 10 and 11 document, the
local banking sector experienced a large domestic currency liquidity shock in 2008
followed by a severe dollar liquidity shock in 2009. Subfigure (1,3) reveals how the
BCRP responded: the black line shows the historical liquidity ratio, while the blue
line depicts the hypothetical ratio under 50% intervention, holding banks” portfolio
responses fixed.

The timing of the BCRP’s intervention was well calibrated. The central bank pur-
chased dollars when the Sol liquidity shock was most acute in 2008, and sold dol-
lars when the dollar liquidity shock intensified in 2009, counteracting exchange rate
movements in both directions. Given the slow-moving capital friction and the finite
elasticity of external dollar funding, foreign borrowing would not have adjusted suf-
ficiently to offset the intervention. Nevertheless, the external funding channel does
partially mitigate the intervention’s effect in certain episodes—as can be seen from
the gap between the red and blue lines in subfigure (1,3), and between the red and
black lines in subfigure (2,2).

Overall, the counterfactual confirms that the BCRP’s FX intervention has been suc-
cessful in suppressing excessive exchange rate volatility. More broadly, our framework—
despite the simplifying assumptions—provides a quantitative assessment of FX inter-
vention grounded in the observed liquidity conditions of both domestic and dollar
reserve markets. To our knowledge, this is the first study to conduct a quantitative
evaluation of FX intervention with detailed microfoundations for the banking sector’s

reserve management in both currencies.

6 Conclusion

This paper argues that the exchange rate in dollarized small open economies is
shaped, in important ways, by the scarcity of dollar settlement balances within the
domestic banking sector. We develop this argument in three steps.

First, using Peruvian banking data, we document that the dollar liquidity ratio of
local banks tracks UIP deviations closely, and that spreads in the local dollar inter-
bank market move nearly one-for-one with CIP deviations. To move beyond corre-
lation, we instrument for changes in dollar liquidity using unexpected adjustments
to marginal reserve requirements, following the narrative identification of Gutierrez,
Ivashina and Salomao (2023). Local projection estimates show that a demand-driven
tightening of dollar liquidity causes an immediate and persistent depreciation of the
Sol, with effects lasting roughly two months—even after controlling for interest rate
differentials and global risk factors.

Second, we build a dynamic small open economy model in which banks manage
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dual-currency balance sheets and trade in frictional interbank markets. The exchange
rate emerges as a relative price of liquidity services: a liquidity-adjusted UIP condi-
tion links the demand for domestic reserves to the demand for dollar reserves, and
an external dollar funding constraint—absent from global models like Bianchi, Bigio
and Engel (2024)—limits the supply of dollars available to local banks. This con-
straint is what gives quantity-based policies their bite. The model incorporates the
full toolkit used by the BCRP: dual-currency reserve requirements, forward position
regulations, and sterilized and unsterilized FX intervention, each operating on an
identifiable margin of the bank’s balance sheet.

Third, we confront the model with data. A filtering exercise recovers the latent time
series of funding shock volatilities for each currency by inverting the model’s struc-
tural mapping from liquidity conditions to interbank rates. With these filtered shocks,
the model generates predictions for lending rates, deposit rates, and CIP deviations
that it was not calibrated to match. It successfully replicates the dynamics of bank
pricing in both currencies and reproduces the structural reversal in CIP deviations—
from excess Sol returns to excess dollar returns—observed around 2014. Extending
the baseline with the BCRP’s punitive forward position regulation accounts for the
full magnitude of the post-2014 CIP widening, illustrating how a single quantity-
based regulation can reshape arbitrage conditions in the forward market.

Armed with the validated model, we conduct a counterfactual exercise asking what
would have happened had the BCRP intervened less aggressively. Reducing histor-
ical sterilized FX intervention by half would have generated substantially greater
exchange rate volatility—exceeding that of regional peers—with particularly large
swings during the 2008-2009 crisis. The analysis confirms that the BCRP’s interven-
tion was well-timed, purchasing dollars during domestic liquidity stress and selling
them during dollar shortages, and that the slow-moving capital friction prevented
foreign borrowing from fully offsetting the policy.

Several broader implications follow. The framework provides a micro-founded ra-
tionale for the quantity-based exchange rate management that SOE central banks have
practiced for decades, often in defiance of textbook prescriptions. Because settlement
frictions segment the local dollar market from global benchmarks, the central bank
gains an additional degree of freedom: it can use the policy rate to target inflation
while deploying reserve requirements and FX intervention to manage exchange rate
volatility. The model also reveals a structural asymmetry between reserve-currency
and non-reserve-currency economies. When local banks face dollar shortfalls that
cannot be matched domestically, the resulting penalty payments to foreign credit
lines represent a net transfer abroad—the flip side of the exorbitant privilege enjoyed
by the United States.

We see several directions for future work. Our counterfactual holds domestic ab-
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sorption fixed, corresponding to an extreme case of low intertemporal elasticity. Re-
laxing this assumption and studying the dynamic general equilibrium response to
intervention—where consumption, the trade balance, and the external position ad-
just jointly—would provide a more complete welfare analysis. Estimating the model
structurally, rather than through the semi-structural filtering approach used here,
would allow for a richer characterization of optimal policy. Finally, extending the
framework to incorporate central bank swap lines and other forms of official dollar
provision could shed light on the international dimension of dollar liquidity manage-

ment.
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A First Stage Regression Result

| ANLR
R? 0.22
Partial F-Statistics 59.1
P-Value 1.867e-11
Distribution chi2(5)
AMGRR;ock 0.0002
(0.0004)
AMGRR:hock 0.0006***
(0.0002)
AMGRRS"os* 0.0006***
(9.169e-05)
AMGRRSos* 0.0006***
(0.0001)
AMGRRshock -0.0004***
(0.0001)

Standard errors in parentheses. * p<.1, ** p<.05, ***p<.01. First-stage
OLS with HAC standard errors, 12-month lags. Instruments: unex-
pected MGRR shocks (contemporaneous + 4 lags). Period: 2002-02 to

2019-12.

Table 5: First Stage Regression

Regression Result for Different Periods

G- 0.021% 0.035 0.074%% -0.009 0113 0.017

(0.011) (0.046) (0.022) (0.011) (0.053) (0.012)

Al —17) 0363 0.201 0.090* 0387 1.149% 0.186"

(0.118) (0.182) (0.052) (0.142) (0.432) (0.083)

Any 0.042 -0.015 0023 0.054 -0.067* 0.025

(0.043) (0.152) (0.035) (0.085) (0.037) (0.046)

AT 0.812 -0.760 0478 0.484 -1.404 0.061

(0.503) (1.016) (1.066) (0.579) (1.722) (0.577)

AIn(VIX) 0.006 0.012 0.003 -0.004 0.009 0.003

(0.005) (0.009) (0.005) (0.005) (0.007) (0.006)

AT 0.991%% 0.8067* 2.990%* 0.930"* 3.624%% 1139

(0.251) (0.278) (0.599) (0.232) (0.849) (0.340)

ANLR 0.114%% 0.025 0.083%*% 0.1157% 0.099%* 0.073%%

(0.028) (0.025) (0.031) (0.034) (0.045) (0.020)

R-squared Adj. 0.308 0375 0411 0.285 0426 0.313

N 215 70 126 135 80 197
Sample 02/2002-12/2019  02/2002-11/2007 07/2009-12/2019 02/2002-04/2013 05/2013-12/2019 02/2002-12/2019

Standard errors in parentheses. * p<.1, ** p<.05, *p<.01. OLS with HAC standard errors, 12-
month lags.

Table 6: Across Different Periods
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