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Abstract”

This paper presents a small open economy model to analyze the role of central
bank liquidity management in implementing “unconventional” monetary
policies within an inflation targeting framework. In particular, the paper
explicitly models the facilities that the central bank uses to manage liquidity in
the economy, which creates a role for the central bank balance sheet in
equilibrium. This permits the analysis of two “unconventional” policies:
sterilized exchange-rate interventions and expanding the list of eligible
collaterals accepted at the liquidity facilities operated by the central bank.
These policies have been recently implemented by several central banks: the
former as a way to counteract persistent appreciations in the domestic
currency, and the latter as a response to the recent global financial crisis in
2008. As a case study, the paper provides a detailed account of the Chilean
experience with these alternative tools, as well as a quantitative evaluation of
the effects of some of these policies.

JEL classifications: E52, E58
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1 Introduction

Central banks that work under an Inflation Targeting reginteegaly use a monetary policy rate
as the main instrument to implement monetary policy, in vda&t be denominated “conventional”
monetary policy. Many times, however, they deviate frons tisual practice and engage in other
policies to deal with particular situations. As these alégives depart from the usual practice, they
are generally labeled “unconventional” policies.

A period of particular activism in terms of these unconvemdl policies was the recent
global financial crisis and recession of 2008 and 2009, irciwientral banks around the world,
and in Latin America (LA) in particular, responded to exedrshocks in a variety of ways. For
example, Canales-Kriljenko et al. (2010) provide a precisgcdption of the reactions by dif-
ferent LA central banks to the US financial crisis shock in 0€&tressing the heterogeneity in
the intensity of use of different unconventional monetanliqy instruments. For example, while
Colombia and Peru lowered reserve requirements in theiribgrystems, the Central Bank of
Chile relaxed the collateral requirements for REPO transastiAlso, Chile and Peru extended the
repayment period in REPO transactions. These examplegaltasiot only the heterogeneity in
responses, but also the common feature of using unconmahtitstruments. Actually, Ishii et al.
(2009) stress that the central bank interest rate for manyc&ttries, in the months immediately
following the fall of Lehman Brothers, actually increasethea than decreased.

In addition, deviations from conventional policies haveoabeen observed in Latin Amer-
ica even before the recent global financial crisis. Most blgfacentral banks have many times
engaged in sterilized exchange-rate interventions, fstaimce, to smooth the effects of capital
inflows (due in part to commodity-price booms) and the ré@sgilhominal exchange rate appre-
ciation. In some countries these interventions are quéguent, as in the case of Peru, while in
others these policies are implemented only after extremgements in the nominal exchange rate
(for instance, in Chile).

Clearly, this combination of use of unconventional moneiastruments without recur-
ring to the active use of the interest rate for LA central lsatiiat implemented inflation target
regimes is a puzzle worth explaining. Although a literatoneunconventional monetary policies
has emerged after such a crisis, it essentially focuses e@madtion by central banks of OECD
countries (in Sectio@ we provide a description of this literature). However, am@ortant discus-
sion missing in this line of research is the relationshipveen inflation targeting regimes and the
liquidity management responses, a feature that is contpl@t&ed to the events described above
but that has not been properly addressed in the literatureeri®lg, one of the major researchers
in inflation targeting, Lars Svensson (2010), stressed dtendtion between two possible policies

1 According to Jara et al. (2009), the Central Bank of Peru tedehe marginal reserve requirement on foreign
currency from 49 percent in October 2008 to 30 percent in Déee.
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for the central bank. The first is “monetary policy,” whoseimabjective remains to be a combi-
nation of inflation stability with output stability. The saud is “financial stability policy,” which
Svensson separates completely from the first. Although $@mrecognizes possible interaction
between the two, he emphasizes that, in principle, theyldhmianalyzed from somewhat sepa-
rate perspectives. However, in EM countries such as thokA i is at least doubtful that such
policies can be separated in this way. The reason is thatdisanstability may eventually lead to
output instability, as long as real activity depends on aNdiquidity and solvency conditions of
banking systems, as a standard bank-lending channel angjunag state.

In this paper we present a conceptual framework that all@te analyze the role of central
bank liquidity management in implementing these altemeafiolicies. In particular, we focus
the attention on the role played by the facilities used bytre¢manks to manage the market’s
liquidity. We use Chile as our case of study, providing a detaaccount of its experience with
these alternative tools since the introduction of the fliexibflation targeting framework in 1999,
and calibrating the model to analyze the effect of some opthieies implemented.

The theoretical framework we develop is an extension of a Keynesian model of a small
open economy. In particular, the model features banks ékatdeposits from households, borrow
abroad, lend to productive firms and hold bonds issued byeh&a bank. A key ingredient of
our framework is that we explicitly model the facilities the central bank sets up to allow banks
to obtain liquidity. In these facilities, banks can acqdigidity in exchange for a specific list
of assets (in the baseline model, only central bank-issoeds), and these operations can take
two forms: outright purchases and repurchase (repo) agnetsm This feature, in turn, allows
considering alternative types of monetary policies. Onlwared, as the central bank balance sheet
will be relevant to describe the dynamics of the economy, areavaluate policies like sterilized
exchange rate interventions. On the other hand, we canatsider the possibility that the central
bank accepts other assets (loans in particular) for usellasaral in repo operations.

The main results of the paper are as follows. In terms of theeef of sterilized interven-
tions, we found that while they can have potentially largpassionary effects, their use poses a
challenge for the implementation of an inflation targetiegime. This happens because, as the
purchases of foreign assets are financed with bonds thatecasda in the liquidity facilities that
the central bank operates, the sterilization relaxes thedity constraint faced by banks. In turn,
this has large expansionary and inflationary effects in theehdue to the sluggish adjustment
of prices and the cash-in-advance constraint. In other syavtlile the intervention we analyze is
sterilized, in our model it has effects akin to those that Mf@ppear under non-sterilized interven-
tions in more standard frameworks that neglect liquiditynagement issuesGiven this result, we

2 |n fact, this channel for the transmission of sterilizeceimentions is different from other channels that have been
studied in the literature. We discuss this in detail below.



then proceed by analyzing how the central bank can adjust ptblicy tools to regulate the extra
liquidity brought about by the intervention. In particylare present a calibration that resembles
the foreign assets purchase program implemented by theaCBaink of Chile in 2011, specifying
not only the size of the purchases but the liquidity managemewell. Our analysis suggests that
this policy had only a mild effect on the economy.

In terms of the effects of a policy that allows banks to usen¢oas additional collateral
to obtain liquidity from the central bank, we found that theigy can have expansionary effects
that depend on how long is that alternative available. Tledfeets appear because such a policy
lowers the lending-deposits spread, and because of the kxtidity generated (which fosters
activity due to sticky prices and the cash-in-advance caimg). Moreover, we present an exercise
that attempts to capture the unconventional policy impleee by the Central Bank of Chile in
response to the Lehman Brothers collapse, finding that theyplodd non-trivial expansionary
effects.

The rest of the paper is organized as follows. Sec#gmesents a review of the related
literature. Section 3 documents the Chilean case. Sectiogsépts the model used for the analysis
and discusses its calibration. In Section 5 we analyze hdferent types of shocks propagate
into the model under a set of monetary policies that we calhtentional.” Section 6 analyzes
the different “unconventional” policies we consider: gieed exchange-rate interventions and
expanding the list of eligible collaterals allowed for oggons with the central bank.

2 Background Literature

The global financial crises spurred a line of research atii@gnpo incorporate the role of finan-
cial intermediation into the core model used in pre-crigisttal banking (i.e., the New Keynesian
framework). While this literature clearly improves our urgtanding of these issues, a consensus
is far from being reached and there are still many loose emtis up. Moreover, this new liter-
ature has focused mainly on closed economy models, whilereés in a small open economy
framework (the relevant one for Latin America) are lesstieg. This section briefly reviews this
line of research.

In the pre-crisis models incorporating financial frictiptige information asymmetries that
generate the friction was between households and the owpesductive technologies (entrepreneurs),
but the role of financial intermediaries was quite limifed.number of recent studies have added
financial intermediaries that are also exposed to finanisklin closed economy models, which
seems a more sensible description of recent events, darticun the United States. Examples are
the articles by Gertler and Karadi (2011) and Gertler andkaki (2011). However, these are gen-

3 The main reference of this literature is the financial acegte framework in Bernanke et al. (1999). Christiano et
al. (2012) is a recent example of this literature; whiles@edes et al. (2004) and Elekdag and Tchakarov (2007), for
instance, apply this framework to small open economies.
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erally real models and thus, while appropriate for assgdbia role of a variety of credit policies,
the interaction with the usual monetary policy tools is Heacin those models. In contrast, Adrian
and Shin (2010) do consider the interaction between moreecdional monetary tools and credit
policies. However, they do so in a simplified framework trgasilent about the macroeconomic
consequences of these interactiéns.

On the other hand, a different branch of literature has useddallocation-shock monetary
banking model of Champ et al. (1996) to analyze the role of tlmetary policy conducted
through a discount window in the economy. For example, Axtfiret al. (2001) introduce a
central bank that issues new domestic currency and lenal®#riks to cover their liquidity needs.
They show that such central bank behavior may lead to melgguilibria: one that implements
the Pareto-efficient allocation but a continuum of othetkedahyperinflationary,” leading to the
non-monetary steady state. A variant of such a model is dered in Antinolfi and Kawamura
(2008), who add a solvency-risk dimension together witimgegtions in incomplete financial-
security markets. Antinolfi and Kawamura (2008) show thdy evith banks, securities markets
and a central bank lending money to banks for liquidity nesdsimplement the Pareto-efficient
allocation. The common denominator of these papers is thiicéxand simultaneous modeling of
money, banks and a central bank with a discount window, wégems an interesting precedent for
the project presented in this paper. However, these type®dels are not suitable for quantitative
analysis, since they all assume an overlapping-genesasitbacture.

As previously mentioned, most of the analysis document#udparagraphs above focuses
on closed-economy models. Such a limitation is clearly restirdble for small open economies
like those in Latin America. There are, however, a few exoagt Carta-Cicco (2011) uses a New
Keynesian, small open economy model with financial wedgasermits consideration of policies
associated with changes in the Central Bank balance sheétasuexchange rate interventions
(both sterilized and non-sterilized) and modifying the umgy structure of public debt. However,
in that framework financial frictions are imposed in an ad thway, there is no role for financial
intermediaries and, in addition, the focus is on cases wimeréower bound in the policy rate is
binding. Another example is the work by Alp and Elekdag (20EEtimating a New Keynesian
model including a financial accelerator channel to accoointife Turkish experience during the
recent global financial crisis, and to assess the importaht¢ke (traditional) monetary policy
response.

The work by &spedes et al. (2011) presents a model where banks areddchsdn Ed-
wards and gh (1997), with two additional features: bank lending isstcained by bank capital,
and banks face reserve requirements imposed by the govetnineparticular, they analyze the

4 Curdia and Woodford (2010) introduce credit spreads intea Keynesian framework. Their model, however, does
not feature financial intermediaries.



virtues of a policy that reduces reserve requirements wherborrowing-lending spread rises,
documenting that this type of policy may be useful to smobthdffects of shock to bank costs.
Finally, a recent paper by&pedes et al. (2012b) presents a simple small open econodgl m
which financial intermediation can be occasionally subjecollateral constraints. In this frame-
work they study polices such as credit facilities and exglearate interventions. They find that
these policies can indeed be useful in situations in whiehfithancial intermediaries are facing
binding constraints. While these two are examples of adigieving in the desired direction, they
focus on the role of these “unconventional” policies in &min, in the sense that the model has
some simplification that prevents us from analyzing theskstio tandem with the more usual role
of monetary policy under an inflation targéts.

3 The Chilean Experience with “Unconventional” Policies

Since the approval of its new regulatory framework in 1988qigh Act 18.840), according to
which the Central Bank became independent of the executivemp@ile has become one of the
main EM countries in the world in adopting the inflation tamyg regime. Until 2006, this regime
had been evolving from a version with strong capital costanid real interest rate targets to a
more "developed world” version with freely floating nomiredchange rates and nominal interest
rate targets.

Since the focus of the paper starts with events related t@@68 US financial crisis, the
relevant time window for this study starts in 2006, two ydaefore that crisis. Thus, a detailed
description of the evolution of the inflation targeting megi prior to that year is beyond the scope
of the paper. There are many excellent references exptpugiried aspects of the different stages
in the implementation of this reginfayhich the reader may wish to consult.

3.1 The Chilean Reaction to the 2007 US Financial Crisis: “Unceantional”’ Policies

In 2007 US financial markets entered their worst crisis iresghdecades, after the burst of the real
estate bubble that seemed to have started after the redomerthe 2001 recession. However, such
crisis presented several phases itself. The first one dtarteind the second quarter of 2007 and
developed until the fall of Lehman Brothers in September 2@&ing that period, international
food and oil prices continued increasing, following a pigsislope beginning in 2002 This surge

in prices (also helped by a sudden drop in the supply of enfeogy Argentina to Chile) implied
further inflationary pressures on the Chilean Central Bank F&gpére 1), who reacted raising the
monetary policy rate from 5 percent in the second quarter06f72o 5.79 percent in the fourth

5 For instance, in both cases prices are fully flexible.

6 See, e.g., Corbo (1998), De Gregorio and Tokman (2004), tEseet al (2003), Gallego et al (1999), Morénd
(2002), Morané and Tapia (2002), Tapia and Tokman (2004) and &a(@007).

7 See, e.g., De Gregorio (2009a) anéspedes et al. (2012).



quarter. In fact, this reaction continued throughout theblyear of 2008, up to a peak in the
fourth quarter of 8.25 percent, as Fig@shows.

Figure 1. Annual CPI-based inflation rate in Chile, 1978-202
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Figure 2. Quarterly monetary policy rate, Central Bank of Chile, 1-2005 to IV-2012
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Notice that the Central Bank kept increasing its rate evenghdhe global economy had
already entered the second phase of the crisis (see thergaindgelow), starting with the fall of
Lehman Brothers. One of reasons found in the policy paperbshelol by the Central Bank was
the persistence of inflationary pressures implied by théugem of international oil prices in that



year® Another feature of those months was the Central Bank’s pueshafforeign currency to
avoid further appreciation of the exchange rate. Thesehases occurred between April 14 and
September 29, 2008, in daily purchases of US$ 50 million gadting up to US$ 5.75 billiof.
This amount was eventually considered by different ecostsai "sufficient” amount to work as a
"buffer” for liquidity provision in foreign currency?

The October 2008 collapse of Lehman Brothers marked the deglbase of the crisis,
with an international liquidity crunch that induced di#ert central banks to implement different
policy measures to cope with that shock (sdssgzdes et al., 2011). In the case of Chile, the
first reaction was the above-mentioned interruption in timeign-currency accumulation. Another
reaction was the widening of collateral requirements irRE€O programs as well as an extension
of swapoperations. In terms of the collaterals, in a first phaset{stain October, 2008) banks’
deposits were accepted, while in a second phase (from Ja2080) the list was further expanded,
including, for instance, government bonds and term deposit

Figure 3. Monthly repo purchases by the Central Bank of Chile duing 2008, in millions of
pesos.
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Figure3 shows REPO operations by the Central Bank of Chile during 2008.dixtinctive
feature is the extension of the length of the repurchasdseesm January and August the typical
REPO purchase operation was just overnight (with a maximumtheperiod of 4 days). The
total (nominal) amount of overnight REPO purchases was 8i@rbpesos. Between October and

8 See De Gregorio (2009b).

9 De Gregorio (2009a) states that the original target for tiervention was a US$ 8 billion purchase. However, the
Lehman Brothers shock induced the authorities of the CeRgnak to stop it before reaching that target.

10 See De Gregorio (2009a), page 8.



December 2008 there were no overnight REPO operations.abhsiee majority of the purchases
during the last three months of 2008 corresponded to a repseclength period of 28 days. Also,
the minimum maturity length after October 2008 went from 24iis up to seven days. Clearly,
this maturity extension was another way to ease domestiadilyy conditions as a response to

international illiquidity conditions. This maturity exieion continued until June 2010, as Figdre
shows.

Figure 4. REPO purchases by the Central Bank of Chile, differehmaturities, in Millions of
Pesos. Period: January 2009-December2012
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As a complement of REPOs, the Central Bank implemented a SWA¢hase program
beginning September 2008. This program lasted for a shpeagod of time, until December
2009. From 2010 onward, there is no official report on thislloahoperations by the Central Bank.

Figure5illustrates the Central Bank’s swap purchases during theeabwntioned period.
These operations added up to Ch$ 2.07 billion (in nominalsiiniOut of this total, about 67
percent corresponded to swap purchases with a maturity dag4. Only 11.21 percent of this
total corresponded to 28-day swap purchases, the shatesnegotiated in this program. Notice
that the two main 28-day swap operations were done in thetfustmonths of the program,
while most of the 91-day swap purchases were registeredg@009. This difference could be
viewed as a consequence of a "learning process” by the Cdddwalt. Indeed, by September
and October 2008 high uncertainty in international marlketse after the collapse of Lehman
Brothers, but that uncertainty may have included how longuidity would remain. In such a
context, a Central Bank would ease liquidity for very shonttgeriods, waiting for more news to
come to either confirm or reverse the negative scenario., Wihen there was a certain consensus
that the illiquidity consequences of the 2008 shocks woeltdain for most of the following year,
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Figure 5. SWAP purchases by the Central Bank of Chile, in millons of pesos
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the Central Bank decided to increase the maturity of theseswdis may explain both the pattern
of the swap purchases as well as the REPO purchase behavwovet Figures.

Another Central Bank decision to ease domestic liquidity dos was the implementa-
tion of a Term Liquidity Program (FLAP) that lasted betweety 2009 and June 2010. As stated
in Céspedes et al. (2013), this program consisted of a direct-shron (90-day and 180-day)
lending program to banks at the prevailing monetary polatg that complemented other existing
programs such as those already mentioned (e.g., reposptiidegoal behind the FLAP was re-
lated to the fact that the policy rate had reached its lowendo Therefore, the FLAP also helped
as a commitment device for the promise that the the poliey wats to remain at its lower bound
for a prolonged period of time.

Figure6 shows the evolution of the standing stock of FLAP given by@eatral Bank on
a daily basis. It can be seen that the stock reached its pednumary 2010, rapidly decreasing
towards O by June of that year. Such an evolution seems tenswith the idea of a short-lived
program that complemented others that were considered peoneanent. In terms of an analysis
of its effectiveness, Epedes et al. (2013) perform an econometric exercise hoatgdahe impact
of the implementation of this program on asset prices and lmanding. According to their results,
this program allowed a drop in the three-month yield of at&fubasis points, while for the one-
year yield the drop was in the order of 30 basis points. Cotp@preads also decreased by about
10 basis points. In terms of bank lending behavior, theultestated that a bank that participated
in the program presented a loans-to-total-assets ratiogepgge points higher than a bank that
did not participate in the FLAP. Overall, the implementataf such a short-lived program seemed
to have some effectiveness regarding the goal of incredisiuiglity.
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Figure 6. Daily FLAP standing stock, in billions of pesos
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3.2 Back to Normal or the Beginning of a New Cycle? Monetary Pgliand Exchange Rate
Issues in Chile in the Post-US Financial Crisis Period

Figure 4 above shows that between the second quarter of 2@lLtha third quarter of 2011 the
Central Bank began to raise the monetary policy rate from Oeg56egmt to 5.25 percent, leaving
it around that number from that period until the last quaofe2012. This Central Bank behavior
is consistent with the abandonment of the (extraordinagyjdity programs implemented during
the peak of the US crisis mentioned above. Note, howevdrthkaCentral Bank did not raise the
rate to the values previous to the crisis. This in fact is tast with the idea that between 2010
and 2012 the pressures from commodity, food and energysoneee not as strong as in 2008.

However, the Chilean economy faced new challenges as sorogergovas observed in
the international financial markets (at least until the fpaamn crisis arose). Already starting from
2009, and especially, in 2010 and until the third quarter@if22(when the European crisis began),
the financial account presented a surplus (with only the @ of the third quarter of 2010).
From that period until the third quarter of 2012, howeveg, fihancial account turned to important
negative numbers that even implied some deficits for the &vbalance of payments during the
first and third quarters of 2012. These facts are summarizedyure?.

This evolution of capital flows seemed to confirm the idea thatmain economists at
the Central Bank stressed by the end of the US crisis: the prolleghe world recovery phase
was the higher volatility in capital flows and the challengesvio determine the way to reduce its
consequences in the domestic economy, without implyingsagtantial change in the inflation

11



Figure 7. Current Account and Financial Account of Chile, 1-2006 to 111-2012, in billions of
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targeting framework! Actually, one reaction by the Central Bank when the financiabant was
still in surplus was a foreign currency purchase intenamprogram, which was implemented in
the same way as the 2008 program: pre-announced daily paslodUS$ 50 million each. These
purchases were all sterilized by the issue of letters andbby the Central Bank in order to ensure
the achievement of the inflation target of that year. Totetifgn currency purchases added up to
US$ 12 billion for the whole year. This foreign reserves awulation has been seen as part of a
“macro-prudential regulation” policy to manage the higlettity of capital flows, as subsequent
events seemed to have confirmédActually, in the last part of 2012 the pressures in favor of a
new intervention increased as both the nominal and the rehlbmge rate appreciated further, as
can be seen in Figui@

The fact that most of these interventions are sterilizedjssts that the “quasi-fiscal” debt
could become a problem. Figueshows the evolution of the monetary base &isis the stock
of non-monetary liabilities (although related to monetpoficy decisions). It is clear that the
stock of non-monetary debt presented a sudden increaseQopditent in 2011, relative to the 24
percent increase in the monetary base. To avoid typical &tipation” argumenta la Sargent and
Wallace (1981), this increase in the stocks of debt instninssued by the Central Bank should
be carefully managed against foreign currency reserve®ep khe monetary aggregates under
control, thus allowing the inflation targeting policy to ram credible. Otherwise, if this increase in

11 see the discussion in several policy papers by De Gregodit0@ and 2010b).

12 For a general discussion on foreign-currency reservesiimpsee De Gregorio (2011a). For the 2011 program
see De Gregorio (2011b).
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Figure 8. Quarterly real exchange rate index for Chile, 1-184 to 1V-2012
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guasi-fiscal debt increases the pressure to monetize ieifutbre, inflation expectations may start
rising. Controlling these expectations is one of the mairllehges for Central Bank authorities

that follow an inflation target in a more volatile internata context.

Figure 9. Central Bank’s monetary base and non-monetary dehtin millions of pesos
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4 Baseline Model
In this and the next sections we present the model-basegsamalln this section we describe
the baseline model, i.e., the model containing all the festwf the banking system but with a
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setup for monetary policy that is meant to capture inflatangéting in normal times, or “conven-
tional” policies. In Sectiorb we describe the dynamics implied by the baseline model porese

to foreign shocks (interest rate and commaodity prices) dbageto monetary policy shocks. In
particular, we are interested in analyzing how this modeahgjes the results obtained with specifi-
cations in the New Keynesian tradition. In Sectwe extend the model to consider two different
types of policies that go beyond the use of the policy ratéunconventional” policies: sterilized
exchange-rate interventions and expanding the list oftdigcollaterals allowed for operations
with the central bank.

In terms of the model, we consider an infinite-horizon, diseitime economy. There are
four agents in this economy: households, firms, banks ancethieal bank. There are two tradable
consumption goods, one domestically produced and one teghorhe domestic good is produced
using a technology that bundles a continuum of intermedjatels, each of them produced com-
bining labor and imported inputs. There is also an endowraeénbmmodities that is owned by
households and that is completely exported. The intemaliprices of imported goods and of
commodities are determined abroad.

In each period the timing of events is as follows.

1. The input markets open (labor and imported inputs). Fainesassumed to pay their inputs
costs in advance (i.e., before the goods market opens) aadtly need to borrow a fraction
of these costs from banks.

2. The money market opens, where the central bank injecteynesing open-market opera-
tions in exchange for a selected list of assets (in this baselodel, just central bank-issued
bonds), under two alternative arrangements: outrightt@ses or repo agreements.

3. The goods market opens (domestic production and impétta)seholds face a deposits-in-
advance constraint by which their purchases have to be gaid deposits and the cash re-
ceived as wage payments. Deposits are withdrawn from baokbgey need to have enough
cash to cover those withdrawals. In addition, commoditreseaported.

4. Dividends are paid, households make new deposits and/eettansfers from the central
bank. Repo agreements are settled. Assets markets (cesntkabbnds and foreign bonds)
open. Finally, banks decide on their holding of reservegestito a requirement imposed by
the central bank.

In the next subsections we describe each part of the modebrsent the calibration of
the parameters. Appendi contains the full derivation of the equilibrium conditioas well as
the computation of the steady state.
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4.1 Households

Households’ preferences are represented by

Fy {Z pU (057057 ht)} 5 (1)
t=0

wherec’andc!” denote, respectively, consumption of home and foreign gioatiles; represents
labor!® Agents enter the period with the right to claif)_, deposits in pesos from banks. They
receive labor incom@&/;h; in pesos after the labor market opens. We assume that cotisurhps
to be paid with deposits in pesos and the cash from wage pdgmEnmus, households are subject
to the constraint

(S, PFcf + PHcY < Dy_y + W,ihy, (2)

whereS; denotes the nominal exchange rate (pesos per daltdrand P/ are the prices of home
(in pesos) and foreign (in dollars) goods, arfd > 0.

At the end of the period, households decide on deposits fam#xt period facing the
constraint

D
Plel 4 5, PPl + R_,; < Why + Dy 1+ Q, + T, (3)
t

where R? is the gross interest rate associated with depoQjtgre dividends obtained from the
ownership of firms and banks, afiflare transfers from the central bank. Therefore, the holdeho
problem is to maximizel) subject to the sequence of constrai@sand @).

4.2 Firms
4.2.1 Intermediate
In this economy there is a continuum of intermediate goodssimplify notation, each variety is

a number in the segmefit, 1] . Each intermediate firm produces one particular (varietygof)d.
The technology for varietyis represented by the following production function:

F (hi,x}) ,

whereh! denotes the amount of labor used by firin period¢, andz! denotes the quantity of an
imported good (with price equal t87). Assume thaf'(-, -) presents constant returns to scale.
We assume that firms need a loan to pay the factors used. Aslitidnal cash-in-advance-
with-liquidity models like Fuerst (1992) and Schlagenhanfl Wrase (1995), the assumption is
that, to produce in periodfirms need to pay workers and foreign inputs in advance ategahing

13 We use the notational convention that lower-case lettexseal variables while upper-case letters are nominal
variables. In addition, variables without a time subsargpiresent steady state values.
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of that period. In particular, we assume that firms face tilleviang borrowing constraint,

4 ) L
OéL(Wthi + StPtFZEi) S RZ
t

(4)

The fractiona” can be interpreted as a measure of tightness of credit eéonslior firms, perhaps
reflecting a moral hazard problem between firms and banks.
Profits in domestic currency at the end of periate given by

O = P/F (hy,x;) — Wihi — S,Pf wp + RZ - Ly (5)
t

Given that credit is completely intra-periodic, the intexrate firm: every period solves the solves
the problem of maximizing) subject to 4).

4.2.2 Retailers and Final Domestic Goods

There are a continuum of retailers who buy intermediate goaidprice P! (taking the price as
given), re-packages these goods into retail gagdmd sells them in a monopolistically competi-
tive market to final domestic goods producers. The lattedlmsall these varieties into the home
good according to the CES production function

T 1 =
yf’zUO (yi)l‘dj} -

Therefore, the demand faced by retailers is givenypy= (P//PH)~<y, with (P/)1— =

I (P/)"“dj. Retailers’ profit in each period is the®) = (P/ — P})y!. They choose their
price each period to maximize the net present value of prsiifsject to a staggered price setting
as in Calvo (1983), with full indexation to past inflatiéh.

4.3 Banks

As mentioned above, the model assumes the presence of aharstitutions, called banks, that
are owned by households. They extend loans to firms and tHdybleads issued by the central
bank and reserves, obtaining funds from households’ depasd from foreigners. Banks face a
number of constraints that we merely enumerate here andiexpldetail below. First, to obtain
liquidity from the central bank, banks need to participatepen market operations, and thus they
need to take into account that the central bank may decidecepacertain type of assets and not
others for these operations (in the baseline model, onlyradmank bonds can be used). Second,
banks need enough cash to cover for the withdrawals made Uiseholds when they enter the
goods market. Finally, the central bank imposes minimurarkg&srequirements.

14 Under this assumption, the distortion introduced by prispetsion is irrelevant up to first order.
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On the asset side of their balance sheet, banks enter thedpeith holdings of money
(reserves)l/;_, in pesos and central bank bonBis ;. On the liabilities side, they have obligations
given by depositd);_;, and foreign debt;_; denominated in dollars. In the first sub-period,
loans are extended to firms (in cash) for the amo#tgnand therefore money holdings shrink to
My — 4.

In the second sub-period the money market opens. As in Reymatd&chabert (2009),
Schabert (2010) anddimann and Schabert (2010), money is traded in this markbtie central
bank in exchange for a selected list of assets (in this basetse, bondsy. These operations
can take two forms: outright purchases or repo agreemergss;Le [0, 1] be the fraction of
bonds that the central bank decides to purchase anfl ket the amount of additional domestic
currency obtained from the central bank at the beginningabplt. Then, banks face the following

constraint

Rt ©)
where R}* denotes the interest rate in the money market which, as wdatelr describe, is the
target for monetary policy. After these operations, bamksleft with M, ;| — g—tz + I, units of
pesos and with bond holdinds_, — I, R}".

In the next sub-period, the goods market opens and housalwadltrawD;_,. Thus banks
need to have enough cash to cover these withdrawals. Inwthres, they face the constraint,

Dy < My q — % + I (7)
t

After those withdrawals, banks’ holdings of money became; — é’—; + 1 — D;_;4.

In the last sub-period banks receive new deposits and ragemgnts are settled. Letting
Bt denote the amount of bonds that are repurchased accordthg tepo agreements in pesos,
money and bonds holdings after this sub-period]&;ez M,y + I — é—tz — Dy 1 — Bt + R%g,
andB; = B, — I,R" + Bl

Finally, asset markets open in which banks sells bond hgtdi® and acquire%g new
bonds. They also repay foreign defdt ; and get new funds from foreigneﬁ (all in dollars),
collect loan payment&;, and decide on money holdings for the next periéd tOveraII, periodt

15 This discount window is very different from that in the “ismodels” literature such as in Antinolfi et al. (2001)
and Antinolfi and Kawamura (2008), where both consider dikeieding by the central bank without any explicit
collateral requirement and with an implicit perfect enfarent assumption. Given that part of the policies to be
analyzed consisted in the relaxation of collateral reqmémsts by central banks, it seems that including this meshani
although more complex, can better capture how such retaxatiplies liquidity provision.
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profits (or net-worth) are given by,

F, - B -
Q?E‘St(ﬁi_pt—l)+Bt_R_;+Lt+Mt_Mt'
t t

Using the definitions foAZ, and B, given above, we can write

Qb =S, (% — Ft_l) + B4 _%+Rﬂtg — Dy 1+ Ly (1 — R%L) + M,y — M; — L(R"—1).
This is a standard expression for banks’ profits, exceptfedast term/, (R — 1), which repre-
sents the cost of acquiring liquidity, and it appears pedgibecause of the assumption regarding
how the money market works in this model.

The goal of banks is to maximize the net present value of tpesits, discounted using
the nominal stochastic discount factor from househojds;, i.e.,

EO {Z TO,tQS} .
t=0

Banks maximize this objective function subject to money raadonstraint §), the withdrawals

restriction ) and an additional constraint: the central bank imposesrgnmim-reserve require-

ment, withd being the fraction of deposits that need to be backed up egérves. In other words,

M; > 6Dy (8)

This constraint is similar to that in Edwards anégh (1997) or €spedes et al. (2011).
4.4 Central Bank

The central bank injects money through open market op&istioreates its own bonds, holds
foreign reserves and treasurig'(, with interest ratek!),16 and transfers resources to households.
The central bank enters the period with holdings of treasusi" ; and dollars given by, ;, as
well as obligations given by base money (bank reserves dedas the central bank)/, ; and
bondsB;_;. Given the operations previously described, the respestiocks of the latter three
before the last sub-period (asset markets)zrg, M, = M, , + I, — BF andB, = B,_, —
I,R™ + BE. Thus, the flow constraint faced by the central bank in theslals-period is

T

B 7 B N .
SiZi1+ Bl + My + of = Sime + = + My + B+ T,
R R; R

16 The role of these treasury bonds will become clear below.
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or, using the definitions fak/, and 3,,

Sy Zy_1+ BE L+ M, + % + L(RM—1) = Stéfk + B—E:; + M, + B+ T, (9)
Rt Rt Rt

There are several variables related to monetary policypdtiiey rate (z}*), the fraction of
bonds allowed for open market operationg)( the amount of pesos held by bankd,§, money
injections (;),}” and the supply of bondd%). The central banks also sets reserve requireménts (
and decides transfers to householdig.(Of course, not all these variables are policy instruments
because there are many equilibrium conditions that imposstraints on the behavior of some of
these conditional on the others. In what follows we desdnibg we model the implementation of
monetary policy, which is meant to capture policy in nornmales (or “conventional” policy).

We assume that the central bank sets the policyRat@ccording to a Taylor-type rufé,

m m 1-pr
BRI @
The fractionk;, is set to a positive constant. Given these choices, the anudumoney injected
I, will be endogenously determined by equatid@). ( In addition, we assume that the reserve
requiremeny is kept at a constant rate.

We also specify that the central bank maintains constanfréztion of money injected
under outright purchases. In other words, we%éijy;l = I', with I' € [0,1]. Recall that
the choice of bank reservesd/) is determined by the reserve requiremed)t (Therefore, under
reasonable calibrations of the model, if all injections eveutright then banks may not be able to
satisfy the withdrawal constraint)if the reserve requiremerg holds with equality® Therefore,
in every period the central bank injects more liquidity tee minimum reserve requirement so
that the withdrawal constraint can be satisfied. But as thesgd” injections take the form of
intra-periodic repurchase agreements, by the end of thedtiis “extra” liquidity returns to the
central bank and the stock of money held outright, X changes only according to the reserve

requirement?

17 Notice that the difference betwednandM, — M,_ equals the money supplied under repos.

18 Notice that the interest rate reacts to changes in domestituption and not in GDP, for the former will also be
influenced by commaodity production, which is exogenous @rttodel. Recall that variables without time subscripts
represent steady state values.

19 We will later show that, without the reserve requirementKsawill choose not to hold any reserves.

20 A similar assumption, but in a model without banks, is présefReynard and Schabert (2009), Schabert (2010)
and Hbrmann and Schabert (2010), where they assume a consfartfrsttock of money supplied under repos (equal
to I, — M, + M,_, in our model) relative to the stock supplied outright,). Reynard and Schabert (2009) argue
that this is consistent with the implementation of monetaolicy by the Federal Reserve. Our specification does not
exactly match the recent experience in Chile. However, tfierdnce is not related to usual-time or conventional
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We assume that the treasury collects lump-sum taxes fromehalds that are simply used
to maintain a stock of treasuries that is assumed to grow anstaat rate. These treasuries are
held only by the central barf. In addition, we specify that the central bank uses trandfers
rebate to households the profits/losses from money-magestatons and also from changes in
the valuation of bonds, treasuries and foreign reserves) @arda-Cicco (2011) and Schabert
(2010). These assumptions imply that the constr@nyigelds

Sy Zy — Sy 1Zy 1+ B —BY | = M, — M, + B, — By_,. (11)

This equilibrium condition deserves several commentstHim most models the evolution
of the central bank balance sheet is irrelevant for the gmjwim determination. In other words,
while it is generally the case thdt; will be a variable showing up in equilibrium, the stock
of central bank bonds and the central bank’s asset holdiniysat appear in other equilibrium
conditions. Thus, whenever monetary policy is implemetgdn interest-rate rule, the evolution
of the stock of money is pinned down by other equilibrium atods, and an equation likel ()
will be irrelevant for the dynamics of other variables. Tresamption behind such a result is
that either money is dropped from a helicopter, or that oparket operations have no costs. In
this model, however, this is not the case because obtairgoglity is costly and banks need to
have accumulated bonds in order to acquire it. Therefoeecéimtral bank balance sheet is indeed
relevant in equilibrium, for it determines the evolution/&f which is relevant as long as the money
market constraintg) holds. In turn, this opens the room to analyze a number o€ieslthat are
observed in real life but that cannot be captured with theluswdels. This feature is the main
result that we borrow from Reynard and Schabert (2009), detghere to a model with banks and
in a small open economy framework.

Second, consider the case in which the left-hand side oftiegu@ 1) is zero (i.e., the peso
value of assets is constant). If that were the case, theiequabuld state that if, for instance,
the stock of money grows over time, the stock of central bamkdbs has to decrease by the the
same amount, reflecting how money is introduced into the @ogn In a world with positive
steady-state inflation, however, this cannot be the cassuseamominal variables have to grow, in

policies but rather with the way the Central Bank of Chile enges its liabilities after the implementation of steritize
interventions. We discuss this in more detail below when mayee the effects of sterilized interventions.

21 \We could have assumed instead that either banks or housetistihold these treasuries. However, as we will not
analyze issues related with fiscal policy, this assumptapdito simplify the analysis. Another possibility would/ea
been to assume that only treasuries circulate on the mankiehat the central bank simply holds some of these in the
asset side of its balance sheet (in such a case, the vafakbleuld indicate private-sector holdings of treasuries &hil
the central bank holdings of treasuries will Bé — B;). In fact, this is how many times monetary policy is modeled,
for it represent the way that it is conducted by the FederakeRe (at least before 2008). However, for many other
countries (Chile in particular) central banks implemeiitioperations using their own debt instruments, holdisg al
treasuries on the asset side of its balance sheet.
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the long run, at this positive inflation rate; but if the rigiand side of 11) is zero then the stock
of bonds will need to decrease indefinitely. Therefore in @ehdike this one, where the central
bank balance sheet does play a role in equilibrium, the impteation of a positive inflation target
requires asset holdings by the central bank to grow in thg tan at a rate equal to the inflation
target?? To satisfy this requirement, we assume that treasuries gtalae long-run inflation rate
(BT /B | = 7) and that the dollar value of foreign reserves are adjustetén(exogenous) rate of
foreign inflation ¢,/Z, , = P /PF,).?® Therefore, even if in a particular period the demand for
bank reserves\(;) does not change, the stock of central bank bonds will $tdhge to compensate
for the change in treasuries and foreign reserves.

Finally, notice that although we require foreign resereegrow by the (exogenous) rate of
foreign inflation to implement the long-run inflation targeimporary deviations from this rule can
also be considered. These deviations will allow us to canghe effects of sterilized interventions
in this model, as we will later analyze.

4.5 Aggregation and Market Clearing

In equilibrium, i, = [} hi di,z, = [, «} di,andL, = [, Li di. Also, given the linear homogeneity
of the production functiol? vy = F(h, z;). Lettingc?* = y’ —cH denote exports of home goods,
the dollar value of trade balan@&3, can be defined as
PH
TB, = —t-c" + PPoy?° — Pl (c] +x), (12)
t

where P2y are the revenues (in dollars) from commodity exports. Wealaa define gross
domestic product in unit of domestic consumption as

M ow S C
gdPtE?tyt PtP y O- (13)

Finally, combining households’ budget constraB)t\With profits from firms b) and banks
(??), wheref), = fol Qi di + fol Q7 dj 4+ Qb, and with transfers from the central bar@j e obtain
the balance of payments equation,

NFL,
Ry

+TBy = NFL,_, + xP‘y°°, (14)

22 As it turns out, this condition is sufficient but not necegdarattain the long-run inflation target. If this is not the
case, to attain its long-run target the central bank woule i@ set eithek; or I" in a particular time-varying fashion.
See Proposition 2 in Schabert (2010) for details. We do nosider this case here as this type of fiscal dominance
does not seem to be relevant for the Chilean case.

23 |n the long run, as the real exchange rate will be constariténriodel, the value in pesos of foreign reserves will
grow at the long-run inflation rate.

24 And given the absence of price-dispersion distortions dideltindexation (as explained above).
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where NFL, = F, — Z; is net-foreign-liability position of the country, and is the share of
commodity production owned by foreigners.

4.6 The Rest of the World

The foreign interest rate is

. (NFL\®
%= (i) ® .

hereR}V i d the téri2e ) is a debt-elast t ium that
whereR," is as exogenous process and the {%) is a debt-elastic country premium tha
serves as a closing device (see Schmitt-@rahd Uribe, 2003), andf[ is parameter describ-
ing the value of (real) net foreign liabilities in steadytstaln addition, the foreign demand for
domestic goods!’* is assumed to be equal to

* PH ‘ *
Cfl - ! F Yy
S P

wherey; is an exogenous process. Finally, we assume that the cortynpoitie in dollars ¢°)
follows a unit root process that co-integrates in the longwith /", which is also exogenous.

4.7 Driving Forces

The exogenous variables in the model &€, y“°, PF, R} andy;. We assume that foreign
inflation (r,” = Iﬁ}i) follows an independent AR(1) process in logs. For commoglitges we
assume thaf‘> = PF¢,, where¢,; is an independent AR(1) process in logs. The rest of the
variables are also assumed to follow independent AR(1) pe&sein logs, except for the monetary

policy shocks®™ which is i.i.d.

4.8 Interest Rates in Equilibrium: Some Intuition

The main departure of this model from the typical New Keyaedramework comes from the
several inequality constraints that agents (banks, inquéat) face. This in turn implies that,
whenever the constraints are binding, there are going tpieads between the several interest
rates that appear in the model. In this subsection we prasddee intuition regarding the con-
ditions under which these constraints bind, and how thiglsted with the differences between
interest rates.

The equilibrium conditions, under the assumption thathadl ¢constraints are binding, in-
clude the following?®

1= RPE{repm(1+ni1)} (16)

1= R:Et {rt7t+17rf+1} s (17)

25 The complete characterization of the equilibrium is présein the Appendix.
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1= RPE (14 viake)} (18)

1—90R° = RPE {r (1 +via)}, (19)
1= = Ei{ris(l4+ve1) } (20)
R"(1+4+ 1) =1+, (21)

RE = (1 +wvy), (22)

wherer? = %1 As mentioned before; ;. denotes the stochastic discount factor for nominal
flows coming from households’ optimization problem. Theiakler;, is the Lagrange multipliers
associated with the deposit-in-advance constrai)tia¢ed by households. In terms of the banks’
problem, the multiplier, corresponds to the money market constraét (; is that related to the
withdrawal constraint?), andd, is the one related to to the reserve requiremgyty

Equation (6) is the optimal demand for deposits by households. Thisvallas to relate
the gross nominal interest rates on deposits to the fact#dsits-in-advance constraints may be
binding or not, as is usual in the cash-in-advance liteeatdihus, one way that monetary policy
may affect deposit rates is through the consumer’s ligpiddnstraints. Moreover, notice that
in steady state the constrair®) Wwill hold as long as3~! > % or, equivalently, if the real rate
consistent with intertemporal preferences {) exceeds the real rate offered by deposﬁ;rg)(
compensating for the fact that holding deposits makes #iptesto satisfy the constraint.

Equations 17) through @2) correspond to the characterization of optimal decisigngri
vate banks. Equatiorl{) characterizes the optimal decision of foreign deht(18) characterizes
the choice of bond holdingB;, (19) is the decision for deposit®;, (20) represents the choice of
reserves\/;, (21) is related to money injections, and @2) represents the supply of loahs.

We can use these equations to analyze the conditions undgh thie inequality constraints
in the model hold with equality or, equivalently, to checketliner the Lagrange multipliers are
strictly positive. From 22), the multiplier on the withdrawal constraini)( v;, will be positive
as long as the lending rate’ is larger than one (i.e., the net rate is positive). This &qoa
states that, while the marginal return from lending is obslg the interest rate, the opportunity
cost of lending is that more loans requires having moredidyin order to satisfy the withdrawal
constraint. Thus, as long as the interest rate on loans isvy@othe bank will assign a positive
value to satisfy that constraint (i.e», > 0) and thus it will hold with equality.

Equation 22) also highlights one limitation of our model. As can be sdka lending rate
will only move according to changes in the multipligr Thus, any change in the model tightening
the withdrawal constraint will increase the multiplier &hd lending rate, while any shock relaxing

26 Here we have omitted the equation characterizing the chufitmans for firms. That equation readd = 1+ ¢y,
whereg, is the multiplier associated with the borrowing constrght Clearly, from @2) we havep, = v,.
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the constraint will reduce & Of course, we do not claim that this is the only channel aiffigct
the lending rate in reality, and the model could be extendedtount for other relevant channels.
For instance, financial frictions could be included, eithrethe relationship between banks and
borrowers (e.g., as in Bernanke et al., 1997) or between bamkslepositors (e.g., as in Gertler
and Karadi, 2011). We leave such an extension for futureareeeand focus in this paper on
analyzing the role played by incorporating the liquiditgifdies used by the central bank.

Combining equationsl®) and Q0) we can see that, = %. Thus, as long as the net
deposit rate is positive and the central bank is not requoé@dld 100 percent reserves, th&n> 0
and the bank will choose to keep only required reserves. Woréom these two equations we
can also see that if the central banks does not require bamksdd required reserves (i.&, = 0),
the latter will decide not to hold any reserves as londifs> 1.28 This is so because banks can
always use the facilities offered by the central bahk&nd obtain the required liquidity to satisfy
the withdrawal constraint.

In terms ofy,, combining 1) and @2) shows that it will be positive as long as the lending
rate is higher than the money market rate. In other wordsksarll choose to take from the
liquidity facilities as much as they can according to thend holdingsB;_, the share of them
allowed to be used in these facilitieg and the policy raték;”, as indicated by®).

Overall, we can see that whether the constraints bind onreohieighborhood of the steady
state will depend on the calibration of the interest rateslugs we explain below, in Chilean data
we observe that, on average™ < RP < RE. Thus, the steady-state values of the multipliers will
be assigned to replicate these interest rates. As it turtinsioder our calibration all the multipliers
are positive.

Equation {8) is worth commenting on as well. Combining it witB2), and evaluating
them in steady state, we g&" = RP(1 + vk)(1 — ¥). Suppose for the moment that reserve
requirements were irrelevant (i.&.,= 0). In that casekR’ > R5, reflecting the fact that, because
only bonds can be used to obtain liquidity from the centralkmfacilities, loans will pay an
illiquidity premium in equilibrium. This is important beaae it leaves the door open for an ex-
pansionary effect of a policy that permits the use of otheetss(loans in this case) as collateral in
these liquidity facilities, by lowering this illiquidity gmium in the assets that become eligiffle.
More generally, which of these two rates will be lower in seatate will also depend on the the
value assigned to the reserve requirement constrad)nvllich in turn, as discussed above, will

27 One implication of this characteristic is that, in this mbderise in the reserve requirement will, counterfactyally
generate an expansion in the economy. This happens beaalsa policy change will relaxgeteris paribusthe
withdrawal constraint as it will force banks to accumulaterereserves.

28 In such a case, the equatid0f will not hold with equality, implying that the implicit catraint}, > 0 will hold
with equality.

29 This feature is exploited by &tmann and Schabert (2010) and Schabert (2010) in a closed®y context and
without banks.
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depend on the values fét” andd. Regardless, it will still be true that allowing loans to bedis
to obtain liquidity will have an expansionary effect by rethg R”.

Finally, while the goal of this paper is not to provide a thagh welfare-based analysis
of optimal policies (as in, for instance, Schmitt-Geoaind Uribe, 2010, or Woodford, 2010), the
previous analysis can also be used to understand the goalptimal policy in the long run. In
this economy, there are several inefficiencies that a Rantaegmpwould like to eliminate. On one
hand, as in most New Keynesian models, we have monopoly pamgprice dispersion®. On
the other hand, all the constraint appearing in the modeldvaot appear in the Ramsey problem.
These are the deposit in advance, borrowing, money markicinawal and reserve-requirement
constraints. In most of the models in the literature, whbezd is only one monetary instrument
available, there is in general a trade-off to achieve the Rgralfocation in steady state because the
elimination of price dispersion calls for zero inflation, Mehthe elimination of a cash-in-advance
constraint calls for the Friedman rule (zero nominal interate), which in turns requires negative
inflation. Such a trade-off, however, is not present in thadel because the policy rat&'() is
not the same as the rate affecting the cost of holding dep@sit), as we now describe.

As stated above, the inefficiencies induced by price digpeizan be eliminated by setting
long-run inflation equal to zerar(= 1). The optimal depreciation rate) is then the inverse of
foreign inflation, given that PPP holds in the long run. The#lation of the distortion generated
by the borrowing constraint requires eliminating the cdsbarrowing (i.e., R = 1). From
equation 22), we see that ifR* = 1 the withdrawal constraint ceases to bind, which is also
required by the Ramsey planner. Then, fra@d)( if R = 1, the policy rate can be set to zero
(R™ = 1) and in that way the money market constraint will not be bgdiFrom equatiod6), we
see that the deposit in advance constraint is not bindid’if= 3~ which in turn, given 17),
is also equal tof—;. In addition, eliminating the reserve-requirement caastrrequiresi = 0.
Finally, from (18), in the equilibrium that replicates the Ramsey allocatienrequireR” = RP.
Notice that in such an equilibrium andI" are not relevant to achieving the Ramsey allocation
although, as previously discussedandI’ might be relevant to implement the long-run inflation
target if fiscal policy (i.e., the growth rate of treasury diobs) is not consistent with long-run
inflation.

While this analysis helps in understanding how the model gjaitkalso highlights some
of the limitations of the model, and the reason why we do nasye in this paper the goal of
welfare-based analysis. First, one of the inefficiencigh@model is induced by policy whenever
6 > 0. Therefore, given that the model does not include a feahatenill makes > 0 desirable, the

30 Assume, as in most of the literature, that there is a subkialydffsets monopoly power.
31 Schabert (2010) provides a detailed analysis in a simplifiedel of a closed economy without banks, but with
money market constraints as in our case.
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optimal policy under the constraint that> 0 (as observed in real life) would never be able to attain
the Ramsey allocation. In addition, as the model does natredihancial frictions (as discussed
above), the optimal policy requirds” = 1. But if we were to model a financial friction this would
probably not be the case as a positive lending rate would thetiyercome some informational
friction that is also an inefficiency for the economy. Theref given the limitation of the model,

it is not clear that a thorough welfare-based analysis ahwdtpolicy, while well defined, will be

a meaningful exercise, and thus we leave such an analydigtioe research once other features
are added to the model.

4.9 Functional Forms and Calibration

In terms of the instantaneous utility function, we assume

H F ¢’ h ¢
U h,) = _
(Ct7Ct> t) 1—o 7701_’_90,
with .
¢ = |:w1/‘u (Cf)l_l/u + (1 o w)l/u (Cf‘)l—l/u] n—1 ’ (23)
For the production function we use,
F (hy, zy) = (hy)?(z) ", (24)

The time unit is set to a quarter. Tablesand2 present the values of the parameters. As
the model features a number of parameters that are alsanpiesaodels in the New Keynesian
tradition, we borrow from previous studies that have edigtidghese using Chilean data. The main
reference in this respect is the work by Medina and Soto (GO0 estimated a medium-scale
DSGE model for the Chilean economy, and that is the core of ®@Bmodel used by the Central
Bank of Chile for the forecast published in its Monetary PoRsport3?

The rest of the parameters, including those that are spéeitias model, were calibrated
to match several steady-state values of endogenous \esibfigures from Chilean data. These
parameters are those indicated as “endogenous” in theessotamn®® The moments that we
choose from the data are the following. We set the steadg-st#ation rate at 3 percent on an
annual basis, which corresponds to the target for inflato@hile since 2001. We also select the
steady state values fét*, R™, RP and R’ to, respectively, 3.42 percent, 3.96 percent, 4.2 percent
and 7.88 percent, as observed on average between 2001 ghdr2@tldition, we chose a steady-

32 The only difference with the parametrization in that pagehat we choose a value for the elasticity of the country
premium to 0.0001, while they estimate a higher value of O\ do this to isolate the effects of the new channels
that we present in this model.

33 The mapping between parameters and targeted steady dtas isnot always one to one, so we ran a minimum-
distance routine to obtain some of these values.
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Table 1. Calibration

Parameter Description Value Source
Households
154 Discount factor 0.978 Endogenous
o Risk Aversion 1 Medina and Soto (2007)
% Inverse Frisch elast. 0.84 Medina and Soto (2007)
) Scaling of labor dis-utility 6.5 Endogenous
at Deposit-in-adv. Constraint 1.39 Endogenous
w Share ofe/” in ¢ 0.64 Medina and Soto (2007)
m E.o.S. between! andc! 1.12 Medina and Soto (2007)
Co ;
X S:;are ofy™* owned by foreign- 5 \jeina and Soto (2007)
Firms
v Share ofh; in y}? 0.66 Medina and Soto (2007)
0 Calvo price probability 0.74 Medina and Soto (2007)
€ E.o.S. between varieties gf! 11 Medina and Soto (2007)
ak Borrowing constraint 1.87 Endogenous
Closing device
o Elast. country premium 0.0001 Normalization
Policy
m m Average MPR (01-12, Annual
R S.S. value of?} 1.0098 3.96%)
PR Response oR?}" to R} | 0.74 Medina and Soto (2007)
P Response oR}" to 7; 1.67 Medina and Soto (2007)
Py Response oR}" to gdp; 0.39 Medina and Soto (2007)
r S_hare of outright to repo injec-o_0064 Endogenous
tions
Share of bonds used for injec- o
K . 1 Normalization
tions
5 Reserve requirement 0.036 According to Chilean regulation

for term deposits

Note: Whenever the source for one parameter is indicateda®{gnous” it means that the particular
value is chosen so that, in steady state, a given value ofi@l@i(or a ratio) matches the chosen value
from the Chilean data.

state ratio of deposits to GDP of 0.4 and we set the ratio ofdoé@a GDP to 1.5, both to match their
average in the data from 2003 to 2012. Because deposits inddelmmature in one quarter, we
constrast the model with data for up-to-3-months deposifesos. Also, given that in the model
loans are taken by firms, we use as data-counterpart infammiabm commercial loan¥!

We also include information from the trade balance and coppmduction. In particular,
we choose a 7 percent share of the trade balance in GDP, iafraEGDP corresponding to copper

34 Unfortunately, there is no information discriminating amercial loans according to their maturity structure.
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Table 2. Calibration, cont.

Parameter Description Value Source
Driving Forces
Pyco Autocorr. p§© 0.9428 Estimated
pyco Autocorr. y£° 0.4794 Estimated
PRW Autocorr. R}V 0.9045 Estimated
Py Autocorr. y; 0.8346 Estimated
PP Autocorr. 7}’ 0.3806 Estimated
0 pco St.Dev. of shock t@$° 0.1362 Estimated
0,co St.Dev. of shock tg/{° 0.0293 Estimated
oRw St.Dev. of shock taz}"’ 0.0011 Estimated
Ty St.Dev. of shock ta; 0.0060 Estimated
O F St.Dev. of shock ter/ 0.0273 Estimated
O Rm St.Dev. of shock tdr}" 0.012 Medina and Soto (2007)
Other Calibrated S.S. values
h S.S. value ofy, 0.3 Normalization
TB/GDP Trade balance to output ratio 0.07 Average in data (01-12)
Y® /GDP Share of copperin GDP 0.1  Average in data (01-12)
y®e/XH*  Share of copper to other exports 1.01  Average in data (01-12)
y* S.S. value ofy; 2.2  Endogenous
y©o S.S. value of)“° 0.46 Endogenous
. . Average FF rate + EMBIG (01-
R S.S. value of?; 1.0084 12, Annual 3.42%)
D D Average deposit rate up to 90
R S.S. value of?; 1.0192 days (01-12, Annual 4.2%)
I L Average Commercial loan rate
R S.S. value of?; 1.0103 (01-12, Annual 7.88%)
- S.S. value ofr; 1.0074 Inflation Target since 2001 (An-
nual 3%)
Foreign reserves to treasury :
zZ/B* holdings by the Central Bank 3 Averageindata (01-12)
Average ratio of Deposits in Pe-
D/GDP  Deposits to GDP 0.4  sos up to 3 months to GDP (03-
12)
L/GDP  Loansto GDP 15 Average ratio of Commercial

loans in Pesos to GDP (03-12)

production of 10 percent and a ratio of copper exports toraikports of 1.01, all reflecting the
average of these variables between 2001 and 2012. We alssechaatio of foreign reserves to

treasury holdings by the central bank of 3, matching theameratio of the net external position
to other assets according to data from the Central Bank of Chlenbe sheet, and we normalize
the number of hours worked to 0.3. Finally, the parametessril@ng the exogenous processes for
external variables are estimated using quarterly data #001 to 2012. In particular, the external
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interest rate §}") is measured as the sum of the Federal Funds rate plus theatdadMEMBI
spread for Chile, foreign inflationtf = P /PF ) is measured by the price index (in dollars)
for Chile’s commercial partners, foreign activity;{ is the GDP for Chile’s commercial partners
(HP filtered), the price of commaodities is the price of coppethe LME Market, and domestic
production of commodities/f°) is measured as mining GDP (HP filtered).

The solution of the model is approximated using a first-opturbation approach (log-
linearization) around the non-stochastic steady staseinamg that all the constraints are binding in
the neighborhood of the steady state. Before proceedingtietbtudy of the dynamics generated
by the model and the different policy exercises, we grasgtueliness of fit of the model and the
chosen calibration by comparing moments computed using@hitlata to those generated by the
model®® In performing this comparison, it is important to keep in thihat it is not our goal to
produce a thorough estimation exercise (nor do we claimabahighly stylized model is up to
that challenge).

Table 3. Moments

Std. dev. (in %) AC(1)
Variable Data Model Data Model
gdp; 1.81 (0.17) 2.05 0.86 (0.15) 0.66
C 1.62 (0.15) 1.36 0.89 (0.17) 0.60

T 0.72 (0.09) 0.74 0.63 (0.21) 0.62
Ry 2.01 (0.18) 1.83 0.85 (0.14) 0.64
pF 5.32 (0.49) 0.25 0.71 (0.16) 0.96
w5 5.68 (1.08) 3.38 0.22 (0.19) 0.32
spread’” 125 (0.21) 4.04 0.73 (0.26) 0.01

Note: The first three columns present standard deviatiopsncentage terms, and the last three display
first-order autocorrelations. GMM standard errors in pHresis.

As can be seen from Tab8 the model generates a slightly higher variance of GDP and a
somehow smaller variance of consumption, although bothesrgonably close if we consider the
GMM standard errors for the data moments. The variances ofr@Rtion, the monetary policy
rate and the nominal exchange rate are also close to theldatantrast, the model cannot prop-
erly account for the volatility of the real exchange rate #mel spread, and it also has problems

35 The data is quarterly and it ranges from 2001 to 204y is measured as the real GDP (in logs and HP filtered),
¢¢ is non-durable private consumption (in logs and HP filteregdjs CPI inflation (in logs) R} is the monetary policy
rate,p!” is the multilateral real exchange rate (in logsy, is the nominal depreciation of the CLP against the USD
(in logs), andspreadtL’D is the spread between the interest rate of commercial lazohghat of 90-day deposits. The
source of the data is the Central Bank of Chile. To computeribdel moments, a simulation of 2,000 periods was
run and the last 500 observations were used to compute thenteptransforming the model-generated series in the
same way as we did with the data.
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replicating the persistence of the series observed in ttee ddowever, it is important to keep in

mind that the model does not include many of the featuresatigatisually added in the estimated-
DSGE literature (see, for instance, Aldolfson et al., 2007 a small open economy model) and
that could help to improve the fit of the model along these disiens (e.g., habits in consump-
tion, investment and investment adjustment costs, capiléation, delayed overshooting, etc.).
Overall, the fit of the model is quite decent given that we ditl @stimate the parameters of the
model to match these facts, nor did we include many of theggafon mechanisms or the variety
of “extra” shocks that are usually incorporated in the eated-DSGE literature.

5 Dynamics under “Conventional” Monetary Policy

We begin the quantitative analysis by studying the respinsglied by the model to three different
shocks: arise in the world interest rate, an increase imtieeriational price of commodities, and a
shock to the domestic monetary policy rate. The first two &reterest due to their importance as
business cycles drivers in small open economies (Chile iticpdar), while studying the last one
will shed light on the transmission of monetary policy.

Given that the baseline model adds many features relativeote traditional models, we
compare the responses with those obtained under two diternaodels of a small open economy.
On one hand, we consider a New Keynesian framework (NK fortshice., the baseline model
without banks (and hence no reserve requirements), noreamstfor obtaining liquidity, no bor-
rowing constraints for firms and no demand for liquidity. st characteristic is consistent with
the modeling strategy referred to as the cashless limitchwvas the most common choice before
2008, particularly in DSGE models used at central banks. h@rother hand, we also consider a
New Keynesian model with cash-in-advance and borrowingitraimts for firms (which we label
CIA-BC).3¢ However, although this model features borrowing by firmgrehis no borrowing-
lending spread. We maintain the same calibration for tharpaters described before for these
two models.

One common feature of these two alternatives models istieahbnetary policy rate is the
rate on the one-period domestic bond. In contrast, in thelinesmodel the policy rate is an intra-
periodic one, corresponding to that used in open markettipes. This is an important difference
that, arguably, is a more realistic assumption for monepaticy implementation: the target of
monetary policy is not usually a rate from a short-term baumglibstead, that of a monetary market,
such as the interbank or the repo market. And while it is tha¢ in these operations treasuries
and/or central-bank bonds are generally exchanged fadiiguthe interest rate charged for these
operations does not need to (and generally its does notgideimvith that of these assets.

36 The cash-in-advance constraint in this modeh{s(S, PF'cf” + Pfcfl) < M,_y + Wihy — 2, whereM,_,
denotes the demand for money, which differs frafp in the baseline model as we discuss below. The borrowing

constraint for firms is the same as in the baseline, equadjon (
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Another relevant difference between the baseline and tiaesalternative models is that in
the latter the central bank balance sheet plays no role ermeting the equilibrium dynamics. In
the NK framework this is obvious because it is a cashlessdveork, and in the CIA-BC model,
although money demand is well defined, how changes in thé& stbmoney modify the stock
of other assets and liabilities of the central bank balaheetsis not relevant. In contrast, in the
baseline model this is not the case, a feature brought alydbelronstraint on obtaining liquidity,
equation 6).

A final difference that is worth highlighting is that conceftike liquidity and money de-
mand and supply have different meanings in the CIA-BC and ib&seline model. In the CIA-BC
setup all three objects are the same: liquidity demand israehed by the constraint, this need
is satisfied using “money” (which might mean either cash ormakbaccount paying no interest)
and the supply of money is the same thing. In our model, thedity demand for households is
determined by the same constraint, but for banks it is tHereifice between the deposits that are
withdrawn and the required reserves kept. Moreover, moupplg can take two forms: outright
and repo operations, and what appears in the central baakdekheet between one period and
the next are the required reserves. Another way to stateliffésence is that our model features
a money multiplier that is closer to what is usually desatibeintroductory textbooks but that in
most models is simply equal to one.

Figure10 displays the responses of selected variables to a shockntitadses the world
interest rate by 25 annualized basis points. The dashedatetidlue lines display the responses
from the NK framework, the dashed red lines are from the CIA-B@Ig, and the solid black
lines are those from the baseline model. We begin by disogske NK and CIA-BC. This shock
propagates through both inter-temporal and negative tveétcts; the former appearing because,
in our calibration, the country is a net foreign borrower iaasly state. These two will tend to
decrease consumption demand for all goods and to inducel @epeeciation, while domestic
domestic production would probably rise as labor supplygases! In addition, the trade balance
improves. If we add price rigidities, the fall in aggregagsthnd leads to a drop in inflation, which
in the short run attenuates the response of domestic pioduéts inflation drops, the policy rule
implies a reduction in the domestic rate. Finally, as the estio rate drops but the foreign rate
rises, the nominal exchange rate needs to appreciate.

As we can see from the figure, both the NK and CIA-BC replicatedlituitive responses.
A difference between them in the short run is the responsew$umption (and thus the trade
balance): as the domestic rate drops on impact, inducedebseiponse of monetary policy, the
shadow value of consumption from households’ perspedinat (ncludes the nominal rate due to

37 However, the effect of a rising labor supply on productioraiseliorated because the other productive factor
(imported inputs) becomes more expensive in real termadhve real depreciation.
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Figure 10. Response to &' shock under conventional policy
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Note: The solid-blue lines correspond to the simple New ksyem model, the dashed red lines are
from the New Keynesian model with cash-in-advance and kangp constraints, and the solid black
lines are from the baseline model. The responses are dmadtiom steady state with the following
units of measurey™, ¢, ¢, ¢, ¢, L, I, M, B, andp©?, are in percentage deviations,7, 7%, and
% are in percentage-point deviation?!” and R™ are in annualized basis points deviations, and
spread™? is in basis points deviations. The shock corresponds to@ease of 25 annualized basis

points in the world interest rates.

the CIA constraint) is reduced and, on impact, it compengatesegative effect of consumption.
Notice also that the fact that firms need to borrow does naoifsegntly alter the responses. This is
because we have assumed that this is domestic borrowingstéad, firms were to borrow abroad,
the rise in the foreign rate should contract the demand fadlyuctive inputs, reducing the medium-
term increase in output or even leading to persistent ccira Finally, the CIA-BC also has a

prediction for the behavior of loans. As we can see, in nofrigrans loans fall after the shock,

which happens because home inflation drops and also due tmacappreciation (actually, the

real value of loans slightly increases led by the rise in bowwrked).
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The responses are markedly different under the baselinelpmath quantitative and qual-
itatively. In our model, while it is true that consumptiorogs and there is real depreciation, this
drop in aggregate demand leads to an increase in the ledéjpgsit spread. This, in turn, leads to
a more prolonged contraction on output, as the rise in théingrrate increases the marginal cost
of production. Moreover, this increase in marginal costiiges an increase in inflation despite
the drop in aggregate dema#fdThis channel was not present in the other models becausatthe r
relevant for the firm’s landing was also the monetary polatgywhich in those two models falls in
equilibrium. Moreover, in this model the policy rule diaata rise in the policy rate, in response to
the rise in inflation. And because this increase is largar tharise in the foreign rate, the nominal
exchange rate actually depreciates. Therefore, in thiseihtbd required real depreciation comes
about by a nominal depreciation instead of by a fall in inflatas was the case in the two previous
models.

In terms of nominal quantities, we can see the the nominalevaf loans falls slightly on
impact and then rises. The real value of loans (not showmedses in this case, as the demand
for both inputs contracts, but the increase in inflation dredtominal depreciation yield the rise in
nominal terms. Deposits in nominal terms (not shown) alf@fanewhat on impact but then rise,
which can be seen from the fact that inflation rises by mone tomsumption. These two responses
dictate that injections should fall slightly on impact blénh increase. But because reserves only
rise sightly (following the behavior of deposits) this extiquidity is provided by repo operations
and, consistently, the stock of central bank bonds alss isequilibrium.

Figure 11 shows the responses to a 10 percent increase in the inrabtelative price
of commodities, keeping world inflation constant. The sh@cuite persitent according to our
calibration, reflecting the behavior of the copper priceesiaed in the data. Intuitively, this shock
propagates by a positive wealth effect (which is quite sus#hgiven the persistence of the shock).
This increases consumption demand and reduces labor supellatter probably generating a
contraction in domestic production. Moreover, the reahexge rate appreciates due to this wealth
effect and the trade balance improves. Both the NK and CIA-BCaisodisplay these features,
although the real exchange rate depreciates slightly omaem@ue to price rigidities, the rise in
aggregate demand increases inflation of domestic goodsraredponse, the monetary policy rate
rises. Moreover, given the increase in the domestic rat pacause the foreign rate is constant,
the domestic currency depreciates in nominal terms. Bindlé rise in inflation increases, in the
short run, domestic production and thus, on impact, domestiduction rises but then falls.

As before, the differences between these two models is yndilen by the effect that
the rise in the policy rate has on consumption due to the CiAtramt. However, the borrowing

38 Recall that in the Calvo price-setting framework, the pse¢ by those that have the chance to do so will be a
weighted average of the future stream of marginal costs.
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Figure 11. Response to a“° shock under conventional policy
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Note: See figurd0. The shock corresponds to an increase of 10% in the intematielative price of
commodities, keeping world inflation constant.

constraint channel, that should act by contracting thelgugdpnputs due to the interest rate spike,
does not seems to quantitatively add much to the dynamics.

Once again, the baseline model displays contrasting reggoit he improvement in aggre-
gate demand lowers the lending-deposit spread, motivatirggluction on marginal cost. There-
fore, on one hand, the demand for productive inputs incegiseading to a more persistent equi-
librium rise in domestic production. On the other hand, tidla drops as marginal costs fall.
Monetary policy then responds by lowering the policy ratd,as a by-product, the nominal ex-
change rate depreciates. All these features further isereauseholds’ wealth, and therefore the
increase in consumption is larger in the baseline model,adisas in real exchange rate apprecia-
tion. Finally, nominal quantities all show reductions otiere because, although the real value of

39 Actually, hours worked in equilibrium, as well as intermetei inputs, increase by much more in this case than in
the other two, where they rise only slightly.
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consumption (deposits) and inputs (borrowing) rise, defieind nominal appreciation dominate
in equilibrium.

Figure 12. Response to & shock under conventional policy
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Note: See figurd0. The shock corresponds to an innovation in the policy rudg, teteris paribus
rises the policy rate by 25 annualized basis points.

The final set of responses, depicted in Figli2ecorrespond to the dynamics generated by
an i.i.d. innovation to the monetary policy rule thegteris paribusincreases the policy rate by
25 annualized basis points. The intuition behind this sheakite familiar: under sticky prices
and the Taylor principle, the rise in the nominal rate insesathe real rate, reducing aggregate
demand, reducing both output and inflation, and inducing bominal and real appreciations.

Qualitatively, the three models display these patternsghantitatively there are impor-
tant differences. First, notice that the impact responsgggregate consumption is similar in the
three frameworks. However, the response in inflation difidue to the influence of the rising
spread on marginal costs. Thus, in the baseline model,ig@dm marginal cost ameliorates the
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fall in inflation brought about by the contraction in aggreegdemand? although the former still
dominates. Moreover, the lower negative impact on inflatsoaso relevant to understanding the
milder contraction in domestic production. In additionttbthe real and nominal appreciations
are smaller in the baseline. Finally, in the baseline moltiakeninal quantities move according to
the contraction in liquidity generated by the rise in thei@otate.

We conclude this section by highlighting that in order to emstiand the propagation of
these shocks in the baseline model, the most importantreeafuthis setup relative to those in
the CIA-BC model seems to be the change in the lending-depm&iad. The additional feature
— the modeling of the money market— appears to be only ralaimgo study the evolution of the
nominal quantities in the central-bank balance sheet. Mewyéhis other component of the model
will be relevant in understanding the role of “unconvenébBmpolicies, which is the object of study
in the following section.

6 “Unconventional” Monetary Policies

In this section we discuss the effects of two alternative etary policies that depart from the
simple management of the policy rate according to the Taylla: sterilized interventions and
expanding the list of eligible collateral in operations lwthe central bank, and the active use
of reserves requirement. As we already discussed, thisdf/pelicies have been implemented
in Chile in the past. While in standard models, such as the NKthadCIA-BC analyzed in
the previous section, these policies generate no effeaquililerium, the baseline model can be
modified to evaluate these alternatives.

6.1 Sterilized Interventions

In the baseline model we assumed that the stock of foreigamves held by the central bank;|
grew at a rate equal to the (exogenous) rate of foreign ioflaths we discussed, this condition is
sufficient (in addition to that regarding!’) to guarantee that the target for inflation will be met in
the long run. In the short run, however, we can consider tearpaleviations. Moreover, as the
stock of money {/;) that appears in the central bank balance sheet is detetrhynéhe reserve
requirement, changes irz; have to be financed by either changes in central bank Bebt in
the central bank’s treasury holding®”. Given the assumptions of the model (in particular, that
treasuries cannot be used in obtaining liquidity) change% compensated by changesai will
have no effect in equilibrium. On the contrary, if the changg, is financed by additional central
bank bonds, the intervention will have an effect in equilibr. Coincidentally, this representation
is in line with the Chilean regulatory framework: the CentranBaannot freely decide on its

40 Thjs effect is also reinforced by the equilibrium rise in fh@licy rate that, as inflation and output fall by less, it
increases more in the baseline.
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treasury holdings, and thus the sterilization is done byifyind) the stock of central bank-issued
bonds.

Figure 13. Permanent increase irv/
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Note: The solid blue lines correspond to the case where alintiervention is done in the first period,
while the dashed red lines are from the case in which it issspexenly in four periods. In both cases,
the cumulative increase i is equivalent to a 5% of nominal GDP in steady state. For wfitseasure,
see the note in figur0.

Figure 13 displays the dynamics after a permanent increasg, jrwithout making any
additional policy changes (although the policy rate id dtermined by the Taylor rule and will
thus move endogenously as inflation and output change ifilmgquin). We consider two different
implementations of this operation. In the first (solid blirees in the figure), the change ) is
implemented fully at the period it is announced, while indliger one (dashed red lines), in the first
period it is announced that the intervention will be undesteain four equal parts, starting from the
announcement period. This last alternative is in line wihway the intervention in January 2011
was implemented in Chile. In both cases, we normalize theksbothat the cumulative increase
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in Z; is equivalent to 5 percent of the dollar value of nominal GDRteady state, a number that
represents the size of the intervention implemented in 2011

As we can see from the figure, the intervention generatesmansalpermanent change in
activity, a persistent increase in inflation as well as inithie of nominal depreciation, and an
almost permanent real depreciation. The monetary poliwyirecreases aggressively as dictated
by the Taylor rule, and the spread (while increasing on injpa@eriences an almost permanent
reduction. Moreover, as we can see, the stock of b@hdsot only rises on impact (in response to
the increase ir¥;) but also afterward, experiencing a permanent change.

What is the intuition behind this result? While the interventis sterilized (in the sense
that the purchase of dollars is not paid by printing mondyg, permanent increase in the stock
of bonds will generatecgteris paribusin particular, keeping,; unchanged) a permanent increase
in liquidity due to the binding money market constraint, &ion ©). This in turn requires (at
least in the long run) a permanent increase in the pricd-fat@*! In this model, such a change
produces an expansion due to the presence of price rigidiis the required change in the price
level cannot be completed immediately, higher inflationxpezted in the future, and therefore
the real interest rate relevant for inter-temporal consionpdecisions is significantly reduced,
increasing consumption demaffdThis effect is exacerbated by two other features in the model
First, as liquidity increases but prices do not adjust aattically, the deposit-in-advance constraint
is relaxed, leading to a further increase in consumptiorco8e, as demand rises, the spread is
expected to drop and therefore aggregate supply also riseslly, as PPP is assumed to hold
in the long run, the nominal exchange rate is also expectatépoeciate in the long run, also
increasing its value today.

This channel for the propagation of sterilized intervemsias quite different from those
emphasized in the literature, namely, the portfolio badecitannel and the signaling channel (see,
for instance, Dominguez and Frankel, 1993, and Sarno anidT&001). The former refers to
the presence of some friction that makes bonds and foreggtsagnperfect substitutes, so that
adjusting portfolio positions is costly for agents, andréfiere a change in the relative stock of
these assets can modify their relative price. The latteaset on the idea that, by intervening, the
central bank is sending information on exchange rate fureddafs, generating an effect under the
assumption of imperfect information.

The mechanism present in our model can, however, generatdlartge for the implemen-
tation of inflation targeting. In the long run, the jump in thece level path does not generate a
problem in reaching the inflation targ&t.However, it will take longer for the economy to reach

41 That the price-level path rises can be seen in the picture fhe fact that inflation, after rising initially, converges
to the steady state from above. Thus, the integral of thjsorese (i.e., the change in the price level-path) is positive
42 This real rate equals the inverse of the expected real siticltiscount factor.

43 Graphically, the log of the new price-level path, althougghler, has the same slope in the long run.
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that situation. Therefore, if the central bank also caresiaimflation in the short or medium run,
its ability to reach such a goal might be compromised. Anslightrue despite the fact that the cen-
tral bank is aggressively raising the policy rate, as dectdiy the Taylor rule, because temporary
changes in the policy rate cannot be used to deal with thegreent rise in liquidity created by the
permanent rise in the stock of bonds.

The central bank, however, has a more effective tool to déhlthis problem: decreasing
the share of bonds allowed to be used in the liquidity faesit<,. Actually, it is clear from the
inspection of the money market constrai} that the central bank can set, after the intervention,
this fraction in a way that it counteracts the changd&sjn;. In other words, by settin =

(%) - it can fully offset the equilibrium effect originated by tlecrease inZ;. Of course,
doing this will not be efficient because the goal of the inéation (to affect the nominal exchange
rate) will not be achieved. Thus, the central bank would pbtyp wish to undo the change i,
with gradual changes in;.

Before displaying the responses of this combination of pesicit is interesting to notice
that this situation is actually not a bad description of ttmplementation of monetary policy in
Chile. In fact, the central bank has a tendency to drain ligpagfdom the system. This is precisely
because the Central Bank of Chile has a stock of debt that isfisemiy higher than that of
other central banks, due in part to historic events (suchasascue of the banking system in the
1980s and the exchange rate interventions of the 1990spandre recent interventions (see, for
instance, Banco Central de Chile, 2011). Thus, the central bse its several liquidity facilities
to compensate for the effect of these past decisions. In @gemthis can be represented with
changes irk;.

Figures14 and 15 display the responses to an increase’isoupled with changes in;.

To account for a gradual adjustment fqr we replace the assumption in the baseline mode} of

with the following rule,
Kt (Kt—l)pn (Bt—2 W) o
Ki_1 Kt—2 B4 '

The parametep, governs how fask; adjusts to changes iB;_;. In particular, we present four
alternative values for this parameter, chosen such thatirtiee that it takes to undo half of the
change inB,_; (i.e., the half-life ofx,)** is either infinity (so that:; never adjusts as in figure
14), four, two, or zero quarters (so that adjusts fully after the intervention). Figuid displays
the case in whicl¥; increases only in the first period, while Figut shows the case where the
announced intervention is implemented in four quarters.

a2 " 1(0.5)
The half-life of the process equaﬁa‘m
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Figure 14. Permanent increase irZ in one period, with decreases in:
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Note: The different lines correspond to different casedHterhalf life in the response af to changes

in B: in the solid blue is infinity, in the dashed red is 4, in thadblack is 2 and in the dashed magenta
is 0. In all cases the final increase4nis equivalent to a 5% of nominal GDP in steady state. In terms
of unit of measures. is displayed in levelsin differences with respect to itediestate. For the other
variables, see the note in figute.

Notice first that, as expected, in the case in whi¢ladjusts fully, the intervention has no
effect except to rise the stock of bonds. In the two intermtedtases, we can see that the response
of inflation and the nominal exchange rate is milder and,taaidilly, the convergence to the steady
state is from below (i.e., the price-level path does not juagpcan be verified numerically). This
is also reflected in the response®f, which now converges in the long run to the point dictated
by the balance sheet after the chang&inThe peak effect on consumption and output is slightly
lower than whenk, does not adjust, but it is much less persistent. Thus, thengtahat is at work
in these two cases is the deposits-in-advance effect aradlesser extent, the temporary drop in
the spread, while the effect coming from the real rate is atmd.

40



Figure 15. Permanent increase ir¥ in four periods, with decreases inx
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Note: The different lines correspond to different casedHterhalf life in the response af to changes

in B: in the solid blue is infinity, in the dashed red is 4, in thadblack is 2 and in the dashed magenta
is 0. In all cases the final increase4nis equivalent to a 5% of nominal GDP in steady state. In terms
of unit of measures. is displayed in levelsin differences with respect to itediestate. For the other
variables, see the note in figute.

We finish this section by calibrating the size of the stegtlizntervention and the change
in k¢, trying to replicate the policy implemented by the Central Bah Chile in January 2011,
which is shown in Figurd6. As mentioned above, the size of the intervention annou(id&$ 12
billion) was close to 5 percent of nominal GDP and the purekad foreign currency were evenly
distributed during the year that the intervention lastbd($cheme was described at the announce-
ment so we assume agents perfectly anticipated it), so werai the shocks t4; in that way. To
calibrate the evolution of;, we notice that the Central Bank of Chile also communicatedd#ye
following the intervention announcement) the way in whiké sterilization was programmed. In
particular, it announced that US$ 2 billion was going to bariited by the emission of short-term
letters and liquidity facilities (repo operations) whileetremaining US$10 billion would be fi-
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nanced with long-term bonds (more than two years in majurioreover, during the first month
only short-term letters and liquidity facilities were useahd the emission of longer-term bonds
began only after the second month. Accordingly, we calétia¢ evolution of:; so that in the first
quarter the percentage of the new bonds issued to financetdrgantion that can be used in the
liquidity facilities is 25 percent, decreasing graduatiyéach 17 percent{2/12) after one year.
Afterwards, the remaining extra liquidity generated isdyraly eliminated in three yeaf$.The
resulting path forx, is displayed in the bottom-right graph in Figuté, which we also assume
agents perfectly anticipafé.

The solid blue lines in the figure report the policy as desaibbove. As we can see,
the model predicts a very mild effect on the nominal exchamge, rising almost 0.05 percent
in the quarter of the announcement, maintaining a posit@etiation rate during the following
guarters (the peak cumulative effect, i.e., the maximumcefhn the exchange rate level, is around
0.1 percent), and followed by a negative depreciationatieds. The effect on the other variables
is limited as well; for instance, the maximum effect on GDRIlse to 0.25 percent and inflation
rises by less than 0.05 percentage points.

As a complementary exercise, we show in red broken linesfteetg of the same inter-
vention policy but coupled with a fixed monetary policy ratestead of being determined by the
Taylor rule as in the baseline cagé)While in this alternative the effects are, as expected, more
expansionary, quantitatively the difference is almostinilparticular, in terms of the effect on the
nominal exchange rate, the impact effect is slightly aba®® @ercent and the maximum cumu-
lative effect is 0.12 percent. Thus, while it is not clear Wiee at the moment of announcing the
intervention the central bank was planing to change the aggdepath of the policy rate to com-
plement the intervention or not, quantitatively it does s@ém to be important. Nonetheless, as
we have emphasized, the other aspect of monetary policyghateed relevant is the liquidity
management that follows the intervention.

Finally, while to the best of our knowledge there are no stsdhat empirically identify the
effects of this particular Chilean intervention, a first pesthe evolution of the nominal exchange
rate hints that it is likely that it had only minor effects: iehin the days following the intervention
the exchange rate depreciated by more than 6 percent, aftanonth the exchange rate was only
2.5 percent higher than its pre-intervention level, and arigu after the intervention it was less

45 \We assume this extra liquidity is eventually eliminatedaaese if not, as we previously discussed, the remaining
liquidity will make the long-run price level jump. Again,ithassumption is in line with the fact that the Central Bank
of Chile shows a trend toward draining liquidity from the t&ys.

46 - Biow \Y7TPR [ \PR/A
Specifically, we assumg*— = ( i 7r) (’—) , with p,; = 0.25.

Bi_1 Kt
47 Technically, we can perform this exercise because the Tayiociple is not a required condition for determinacy
in this model, a feature that appears in many models thatidectash-in-advance constraints (e.g., see Woodford,
2003).
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Figure 16. Permanent increase inZ in four periods, with a decrease inx in line with the
Chilean implementation in 2011.
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Note: The solid blue lines report the case in whigft moves according to the Taylor rule, while the
red broken lines correspond to the case wkfe remains fixed. See description in the text for the
description of the policy, and the note in Figuréfor units of measure.

than 1 percent higher than the pre-intervention level. Gletlis simple look at the data is not an
identification excercise, but it seems reasonable to thiakif the policy had some effect on the
exchange rate it was quite limited, in line with the prediotof our model.

6.2 Expanding the List of Eligible Collaterals

Another policy alternative that can be evaluated with oudelas the addition of other assets to
the list of eligible collaterals to be used in liquidity faties offered by the central bank. As we
have described, such a policy was in fact implemented by tidr&dank of Chile in the onset of

and after the Lehman Brothers collapse. In the model, theadydank may want to include loans
as eligible collateral, reducing in that way the spread ketwiending and deposit rates.
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In particular, we modify the equatioB)in the baseline model to

Ky By KETL
It<tt1 + Lt

25
< Mt T (25)

where the variable! captures the fraction of loans that the central bank ismglto accept (in the
baseline modek’ = 0). Furthermore, we assume that these loans are acceptetbotiyuidity
injections in the form of repo agreements, and not for obtrgurchases, so that the central bank
will not hold loans in its balance sheet from one period tortaet*
Given this change, the optimality condition from the bardt®dice ofL; (the equationZ?2)
discussed before) is now,
RE(L+ klv) = (1 +uy). (26)

Thus,ceteris paribusan increase in” will lower the interest rate on loans and, as that rate is part
of the firm’s marginal costs, it should have en expansionfiecein the economy?

Figure17 displays the responses to an increasglirof five percentage points, relative to
a steady state with” = 0. We report four alternative cases, depending on the duratiche
change: the solid blue lines report the case when the inetaats one period, the solid black lines
are those for a four-period increase, the dashed red limas é@m a case in which! follows an
auto-regressive process with a half-life of one quartet,the dashed magenta lines correspond to
a permanent increase .

We begin by analyzing the case in whigh increases permanently. This situation resem-
bles the case of the sterilized intervention, for the peenaincrease in” produces a permanent
rise in liquidity that requires a rise in the price-levellpathus, as before, this policy will produce
a permanent rise in production and consumption, as well aysspent increase in inflation as
well as the nominal and real exchange rates. The spread&dtsand the monetary policy rate
increases aggressively. However, as we explained befweelaylor rule is not enough to undo
the change in the price-level path. Overall, although teisT@nent increase in’ induces an
important expansion, the central bank might not want to @nnt it if it cares about inflation in
the short or medium run.

For all the temporary increases i, the change in the price-level path is not present, so
the expansion comes from two channels. First, as mentidm@adeaaccepting loans in the liquidity

48 |n the model, this has to be the case, as loans are intragperidlonetheless, this is consistent with the imple-
mentation of this policy in Chile, for the central bank is pallowed to use these assets in repo facilities. In other
countries, notably the United States, the central bank st®to keep these additional assets in its balance sheet for
an extended period of time. To capture these alternativeyptthe model should be extended to include inter-periodic
loans.

49 With this equation, we can complement the long-run welfaralysis presented in Section 4.8. Notice that the
Ramsey allocation can be achieved by setting@dt = 1 andx” = 1, which would in turn implyR” = 1. Thus,
when the additional instrumenrt is available, long-run optimality requires it to be fullyass
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Figure 17. Changes inx!
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Note: The solid blue lines correspond to an increaseifor one period, the solid black lines are for an
increase that lasts four periods, the dashed red lines camethe case in whick’ follows an AR(1)
process with auto-correlation coefficient of 0.5 (so thé-lifd of the initial change is one quarter), and
the dashed magenta lines correspond to the permanentsedred . In all cases, the initial increase in
klis 0.5.xF is measured in levels, in differences with respect to itadytestate; for the other variables,
see the note in figurgQ.

facilities reduces the spread, which expands aggrega@ysupecond, the temporary increase in
liquidity, coupled with the sluggish adjustment in inflatidue to the price rigidities, relaxes the
deposit-in-advance constraint, increasing aggregateaddmCompared to the permanent case,
the responses of real quantities like output and consumptie somehow larger on impact in the
temporary cases but of course less persistent. Inflatiorttdominal exchange rate increase
by less on impact and the response is also less persisterllyi-the impact effect on the real
exchange rate is similar to the permanent case, but it lagidar a few periods.

We finish this section with an exercise that tries to assesefflects of the policy imple-
mented by the Central Bank of Chile in 2008 and 2009, when it @eldid relax the list of eligible
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Figure 18. Change inx! in line with the Chilean implementation in 2008/2009
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Note: The solid blue lines report the case in whigft moves according to the Taylor rule, while the
red broken lines correspond to the case wRfé remains fixed. See description in the text for the
description of the policy, and the note in Figuréfor units of measure.

collaterals required in its liquidity operations. Simitarthe sterilized intervention case, the key
is to calibrate the path of;. In this case, this is particularly challenging becauseptbley im-
plemented did not specify the fraction of private banksiesl assets that were accepted, which
should be the literal interpretation of moving from zero to a positive value in the model. Thus,
we proceed as follows. First, we note that the expansionigibé collaterals implemented in
October 2008 was first supposed to last for the rest of 2008nkearly December the measure
was extended for the whole year of 2009. Accordingly, we mssthat<” > 0 for five quarters, a
duration that was internalized by agents at the date of thewtement. To specify the value for
kF > 0 we first notice that after the announcement, and for the lzesttgr of 2008, the amount of
liquidity provided with repo operations averaged Ch$ 1 Hidri. Moreover, in its Financial Sta-
bility Report of January 2009 the Central Bank of Chile reportet around 50 percent of these
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repo operations used private banks-related assests agecall(Banco Central de Chile, 2009, Ta-
ble 111.3). Finally, we also note that according with the sohdated balance sheet of the banking
sector, the stock of credit to the private sector in Septe2@®@8 was Ch$ 67.5 trillion. Therefore,
we specify that for a period of five quarters = 0.008 = 22X}, and afterwards it returns to
kE =0,

As can be seen from the solid blue lines in FigiB8 such a policy has an expansionary
effect, brought about by both the drop in the spread of né#ligasis points and the relaxation of
the liquidity constraint. Output increases by nearly 0.4cpat, inflation rises by almost 0.1 pp.
and, with a somehow larger nominal depreciation, the rechanxge rate depreciates. The figure
also displays in broken red lines the effects of the sameypdlit coupled with a fixedz;”. In
that case, the effects on real variables are somehow lagger the peak effect on output is 0.1 pp.
higher), but the response of inflation is not significantlyestent.

Finally, comparing these predicted responses to theXl#tmay be the case that the model
is missing some of the dynamics. In particular, the lendprg@ad, which rose by almost 500 bp.
from September to November 2008, fell by more than 200 bpm fiovember 2008 to January
2009. The drop in the spread predicted by our model is cleanigiler (slightly more than 50 bp.),
although it is important to keep in mind that ours is a valiéreise in the sense that it allows us
to isolate the policy effect, while those changes in the glatadescribed are likely influenced by
many other factors. Given the simplicity of our model, we seeprediction as a lower bound for
the actual effects of this policy.

7 Conclusions

In this paper we set up a theoretical framework to analyzedleeof liquidity management issues
in implementing “unconventional” monetary policies. Inrpeular, we analyze two of these types
of policies, sterilized interventions and expanding tls &f eligible collaterals used in central
bank liquidity operations, both of which have been used ley@entral Bank of Chile in recent
years. We have also presented a detailed account of thesemathipolicies implemented in Chile
since the Lehman Brother’s collapse and the beginning of thatgecession in 2008. In terms of
results, we have found that the effects of sterilized irgations can be large, and their outcomes
are mostly determined by how the extra liquidity generasechanaged. And regarding the other
“unconventional”’ instrument analyzed, we find that its efféepends on how long the option of
using other assets as collaterals is available.

Our focus on liquidity management issues was motivated &y general absence from the
related literature which has arisen since the events of .26{@8vever, it seems intuitive that the

50 unfortunately, as in the case of the 2011 intervention, ®hhbst of our knowledge there are no references to
empirical identification exercises that quantify the effaaf this policy.
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type of policies implemented in recent years require cam@nagement of the liquidity gener-
ated. Indeed our results highlight these issues. For iostame discussed that the way in which
exchange rate interventions are sterilized greatly detexsrthe macroeconomic effects of such a
policy. This happens because the new bonds issued to finaagritchases of foreign assets can
help to relax the constraints on obtaining liquidity frone tbentral bank, which in turn can be a
challenge for the implementation of an inflation targetiagime.

Our framework also highlights that, in discussing liqudit is not only the stock of money
what matters. Many other financial assets are valued, in pacause of the way they facilitate
the access to liquidity. While this issue has been emphasizpdrt of the recent literature (e.g.,
Gorton, 2009, and Gorton and Metrick, 2012) these issuembabeen included in the models
developed to analyze the effects of “unconventional” peic Our model explicitly includes these
considerations and, while abstracting from other poténti@levant aspects (such as financial
frictions), the results indicate that these issues canadaken from granted. Therefore, we see
as a necessary line for future research combining the liguitenagement considerations that we
have considered here with a model in line with the recentldpweents in the literature analyzing
the effects of unconventional policies.

Finally, another limitation of our analysis is the assuroptihat the different constraints in
the model are always binding. Instead, one could argue thaymf these constraints are probably
not binding during normal times, but they do become a rdgirnidn times of stress. We have
chosen this approach for computational simplicity: assgntihat constraints are always binding
allows us to solve the model using perturbation methoddevdalving models with occasionally-
binding constraints is computationally more costly. Arglyathe alternative of occasionally bind-
ing constraints is most relevant if one want to judge thepegyf policies from a welfare perspec-
tive, as this feature generally produces some type of pacyekternalities. Thus, another line of
future research would be to use alternative solution methioat can handle occasionally binding
constraints in order to provide a thorough welfare evatumatif different policy alternatives.
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A Technical Appendix

We first derive the optimality conditions under the assumpthat all inequality constraints are
binding in equilibrium. Second, we display the stationaquilibrium conditions. Finally, we
show how to compute the non-stochastic steady state.

A.1 Optimality Conditions

HouseHoLDS The Lagrangian for the household problem is

S ¢ C%_o hz}ﬂo C 1/ H\1-1/n p ( FN1=1/n =)
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Thus, defining-;.., = 32=_L the first order conditions are the constrairg} (3) and @3)
) At Prys

holding with equality and

7 = 1+a%n), vhY = N—(1+n),

1= RtDEt {Tt,t+1(1 + 77t+1)} :

INTERMEDIATE GOODS PRODUCERS Assuming that the borrowing constraint for firn (
holds with equality, nominal profits for the firm producingiedy : are

Piay(h;)"(2p)' ™ = Wili[L + o (Ry — 1)] = S, Pl ai[L + ap (R — 1)].
Therefore, the optimality conditions ar4) @nd
Playy(he) "M (a})' ™ = Wil +af (Rf = 1)), Pla,(1—)(h) ()" = S,Pf [L+ay (Rf —1)],

RETAILERS AND FINAL GOODS PRODUCERS The retailerj chooses the pric&/ in order to
maximize,
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wherel — § is the probability that the firm is able to re-optimize itsgeriat any given period;;
is the indexation variable that satisfies, = 1 andI';; = w1451 for s > 1, andr; ;. Is
discount factor for nominal flows representing househqgbdsferences defined above.

If P/ denotes the optimal choice, it should satisfy the first oodedition
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The variableg); , andg,; can be written recursively. On one hand,
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On the other hand, with a similar derivation,
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Finally, given that PH)1~< = fo (Pg) dj, and that all firms able to set pricestawill choose
the same pricé, = P/ for all j, we can write

(P = 0P mea) ™+ (1= 0)(P)' ™,

~ 1—e
PH e—1 E
=0 (7 +(1_6><P_ﬁ> |

BANKS The Lagrangian of the bank’s problem is

or,
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Thus, the first order conditions are the constraiijs((7) and @) holding with equality and, with
respect taF;, By, Dy, M, I;, andL;, respectively,
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A.2 Stationary Equilibrium

Given the symmetry imposed by the assumptions related totdenediate-goods-firms problem,
we can drop all superscripts We keep, however, the notatidtf to denote the (unique) compet-
itive price at which these intermediate goods are sold. Atlsese same assumptions and those
embedded in the Calvo framework allow us to drop the sup@tsgi

As long as inflation and/or the change in the nominal exchaatgein steady state are
different from zero, the model as we have described it isstationary. To induce stationarity, we
divide nominal quantities denominated in pesos dated im@erby P, and those denominated in
dollars by P/". These real quantities are denoted by their lower-caseteqart. In addition, we
define the following relative prices and inflations,

Pti pt Co PtCO
Pt , PtH’ pt - PtF ’
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Notice thatp/ is the real exchange rate in this model. Given these defisitithe following are
the equations characterizing the stationary equilibridgithe model
Households (8):
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Firms pricing (4):
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Banks (9):
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Central Bank (7):
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Aggregation, market clearing and others (8)
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Overall, there are 41 endogenous variables:
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5 Exogenous Variables:

A.3 Steady State
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(E.36)
(E.37)

(E.38)

(E.39)

(E.40)

(E.41)

The following parameters are calibrated; o, w, u, 7, 6, e and¢. The parameters and are

determined endogenously by other restrictions. The follgvexogenous variables are calibrated

y©°, RV, cf*, while a, 7 andr° are determined endogenously. The policy-related varsahiat
are calibrated afez™ |and| 5 |. The other policy-related variables, , b, b” andz) are determined
endogenously by other restrictions, as well as the pararheteinally, the following endogenous

variables are also calibratéd: |, p” /pp, | p©° |, thy = tb/[(p" /pr)y™ + p©oy°°), [T, , ,

b/m andp” z /b7
From E.41),

From E.22-(E.23.

R = RW
D
=
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From E.22),

v=R;,—1

From E.3) and E.23,
r= }jr—g LB =rm
From E.20 and E.24),
™= lv=22 -1
From E.39-(E.40),
af =n/r%| |7% = x|, |79 = =T

From E.9),

n= RLDﬁ — 1|

From €E.13-(E.16

=iy = ()

From E.36) and the definition ofby
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€ 1+ al(RF — l)y
From E.6), (E.7) and E.33

o = L= Pyt — ),

Thus, given the calibrated value§S.1-(SS.3 can be combined to obtain,
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= — —— T .
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Then and[x | follow from (SS.3 and §S.3.
From E.9),

From E.33,
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From E.5),

From E.7),

[V (CH)I—I/M . w)l/“ (CF)1—1/,L} T '

From E.13 and E.15,
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From E.17)

From E.2)

From E.3H
7 =nji+]

Overall, we have 47 boxes, corresponding to the steadg-g#dies of the 41 endogenous
variables, 3 exogenous variable, and 3 free parameters.
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