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Abstract

We present a small-open-economy model to analyze the role ofcentral
bank’s liquidity management in implementing “unconventional” mon-
etary policies within an inflation targeting framework. In particular,
we explicitly model the facilities that the central bank uses to manage
the liquidity in the economy, which creates a role for the central bank
balance sheet in equilibrium. This allows analyzing two “unconven-
tional” 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 ap-
preciations in the domestic currency, and the later as a response to the
recent global financial crisis in 2008. As a case study, we provide a
detailed account of the Chilean experience with these alternative tools,
and provide a quantitative evaluation of the effects of someof these
policies.
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1 Introduction

Central banks that work under an Inflation Targeting regime generally use an in-

terest rate as the main instrument to implement monetary policy. The latter can be

denominated as “conventional” monetary policy. Several times, however, central

banks deviate from this usual practice and engage into otherpolicies to deal with

particular situations. As these alternatives depart from the usual practice, they are

generally labeled as “unconventional” policies.

A period of particular activism in terms of these unconventional policies

was the recent global financial crisis and recession of 2008 and 2009, in which cen-

tral banks around the world, and in Latin America (LA) in particular, responded to

external shocks in a variety of ways. For example, Canales-Kriljenko et al (2010)

provide a precise description of different LA central banksreactions to the US fi-

nancial crisis shock in 2008. They actually stress the heterogeneity in the inten-

sity of use of different unconventional monetary policy instruments. For example,

while Colombia and Peru lowered reserve requirements in their banking systems1,

the central bank of Chile relaxed the collateral requirements for REPO transactions.

Also, Chile and Peru extended the repayment period in REPO transactions. These

examples illustrate not only the heterogeneity in responses, but also the common

feature of using unconventional instruments. Actually, Ishii et al (2009) stress that

the central bank interest rate for many EM countries, in the months immediately

following the fall of Lehman Brothers, actually increased rather than decreased.

In fact, deviations from conventional policies have also been observed in

Latin America even before the recent global financial crisis(and before the central

banks implemented inflation-targeting frameworks). Most notably, central banks

have many times engaged into sterilized exchange-rate interventions, for instance,

to smooth the effects of capital inflows (due in part to commodity-price booms)

and the resulting nominal exchange rate appreciation. However, in some countries

these interventions have been quite frequent, as in the caseof Peru, although in

others these policies are implemented only after extreme movements in the nominal

exchange rate (for instance, in Chile), even after the inflation-targeting policies were

already implemented.

1 According to Jara et al (2009), the Central Bank of Peru lowered the marginal reserve requirement
on foreign currency from 49% in October 2008 down to 30% in December 30%.
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In this regard, one important policy discussion is the relationship between

inflation targeting regimes and such liquidity management responses2. In particular,

it is not obvious whether the application of such liquidity management policies

implied some type of threat to the ”good implementation” of the inflation targeting

framework. Related to this, the above-mentioned paper by Ishii et al (2009) stresses

the importance of evaluating the impact of some of such liquidity management

policies actually implemented within the period of application of inflation targeting

framework. They state that such an evaluation is hard to implement, at least, using

econometric time-series techniques. The reason for this problem is the difficulty

in disentangling the impact of each type of policy, especially when combined with

the external shocks that (at least presumably) would have been the cause for the

implementation of such policies. Given that such policies usually lasted for few

quarters then the time-series-based impact evaluation of such policies seem to be

hard to apply.

This paper presents a contribution to the evaluation of suchpolicies by con-

structing, solving and simulating a dynamic and stochasticgeneral equilibrium

(DSGE) model that explicitly includes the central bank’s balance sheet as a key

modeling input. In this way, the model can explicitly predict the impact of selected

unconventional monetary policies on the major macroeconomic variables (includ-

ing GDP, CPI inflation and the real exchange rate). In particular, this paper pays

special attention on the role played by specific facilities used by central bank to

manage the markets´ liquidity. This paper uses Chile as the main case for the ap-

plication of the model, providing a detailed account of its experience with these

alternative tools since the introduction of the flexible inflation targeting framework

2 Despite the growing international literature on unconventional monetary policies emerged after
such a crisis, it essentially focuses on the action by central banks of OECD countries (section2
provides a description of this literature). On the other hand, one of the major researchers in infla-
tion targeting such as Lars Svensson (2010) recently stressed the distinction between two possible
policies for the central bank. The first is “monetary policy,” whose main objective remains to be
a combination of inflation stability with output stability.The second is “financial stability policy,”
which Svensson separates completely from the first. Although Svensson recognizes possible inter-
action between the two, he emphasizes that, in principle, they should be analyzed from somehow
separate perspectives. However, particularly (although not exclusively) in EM countries such as
those in LA, it is at least doubtful that such policies can be separated in this way. The reason is
that financial instability may eventually lead to output instability, as long as real activity depends on
liquidity and solvency overall conditions of banking systems, as a standard bank-lending channel
argument may state.
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in 1999, and calibrating the model to then analyze the effectof some of the policies

implemented.

The theoretical framework is an extension of a New Keynesianmodel of a

small open economy with banks that take deposits from households (which is the

only way for the latter to get consumption, extending the more traditional cash-

in-advance assumption), borrow abroad, lend to productivefirms and hold bonds

issued by the central bank. A key ingredient of the model is that it explicitly in-

cludes the facilities that the central bank sets up to allow banks to obtain liquidity.

In these facilities, banks can acquire liquidity in exchange from a specific list of

assets (in the baseline model, only central-bank issued bonds), and these operations

can take two forms: outright purchases and repurchase (repo) agreements. This

feature, in turn, allows considering alternative types of monetary policies. This pa-

per analyzes two relevant policy measures. First, as the central bank balance sheet

becomes relevant to describe the dynamics of the economy, the model’s predic-

tions allow to evaluate policies like sterilized exchange rate interventions. Second,

the central bank may temporarily accept other assets than its own issued-bonds (in

particular, bank loans) as collateral in the repo operations.3

The main results of the paper are as follows. In terms of the effects of ster-

ilized interventions, the model predicts that, while they can have potentially large

expansionary effects, its use possess a potential important challenge for the imple-

mentation of an inflation targeting regime. This happens because, as the purchases

of foreign assets are financed with bonds that can be later used in the liquidity fa-

cilities that the central bank operate, the sterilization relaxes the liquidity constraint

faced by banks. In turn, this has large expansionary but alsoinflationary effects

due to the sluggish adjustment of prices and the deposit-in-advance constraint. In

other words, while the intervention assumed in the model is sterilized, it has effects

akin to those that would appear under non-sterilized interventions in more standard

frameworks that neglect liquidity management issues.4 Given this result, the next

step is to analyze how the central bank can adjust other policy tools used to regulate

the additional liquidity brought about by the intervention. In particular, the paper

3 Given the focus of the paper, it does not include quantitative exercises on conventional (i.e., Taylor-
rule-based) monetary policies. The working paper version (Garcı́a-Cicco and Kawamura, 2014)
presents such analysis in detail.
4 In fact, this channel for the transmission of sterilized interventions is different from other channels
that have been studied in the literature. We discuss this in detail below.
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calibrates the policy intervention according to the actualforeign-assets purchase

program implemented by the central bank of Chile in 2011, specifying not only the

size of the purchases but the liquidity management as well. This analysis suggests

that this policy had only a mild effect on the economy.

The impact of such sterilized interventions in this paper operates through

the increase in liquidity of the banks. In turn, this liquidity increase obviously al-

lows for a decrease in the banks interest rates, reducing thecost of borrowing for

firms and, with price rigidities, a short run positive impacton output. However, as

time evolves and more firms are allowed to adjust nominal prices, this increase in

activity (and demand) would translate into increases in prices, even though the pol-

icy interest rate may react to the incipient increase in inflation. Depending upon on

whether the sterilized foreign-reserves purchase is permanent or transitory, the per-

sistence in the increased inflation may also be large. This isthe origin for the threat

that such sterilized intervention may impose on fulfilling of the inflation target.

It is worth noting that this transmission channel of sterilized interventions is

different from other channels that have been stressed in theliterature. The portfolio

balance channel (see, e.g., Dominguez and Frankel, 1993) refers to the presence

of some friction that makes bonds and foreign assets imperfect substitutes, so that

adjusting portfolio positions is costly for agents, and therefore a change in the rela-

tive stock of these assets can modify its relative price. Also, the signaling channel

(e.g., Sarno and Taylor (2001)) stresses that the central bank’s intervention sends

information about exchange rate fundamentals to uninformed investors, generating

a real effect that would be absent with perfect information.However, none of these

strands of literature emphasize a liquidity-based channelas it is the case in this

model.

In terms of the effects of an unconventional policy that allows banks to use

loans as additional collateral to obtain liquidity from thecentral bank, this model

predicts that such a policy can also have expansionary effects, depending on how

long that collateral-flexibilization policy remains available. These effects appear

because such a policy lowers the lending-deposits spread, given the extra liquidity

generated (which fosters activity due to sticky prices and the deposit-in-advance

constraint). Moreover, the paper presents a particular case for such an exercise that

captures the collateral-flexibilization policy actually implemented by the Central

Bank of Chile (in response to the Lehman Brothers collapse),finding the the pol-
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icy had non-trivial expansionary effects. In light of the absence-of-methodology

issue regarding the evaluation of such policies discussed in Ishii et al (2009), the

contribution of this paper to such policy evaluation consists in isolating the im-

plementation of such liquidity policy from other shocks, allowing for an explicit

quantification of the potential (short-run and medium-run)impact of such policies

on GDP and inflation without mixing them with foreign shocks realization. Of

course, the more complete evaluation of policies that were actually implemented in

response to external shocks may also be performed in the model. However, calibrat-

ing simultaneously such policies together with the real magnitude of those shocks

is indeed problematic, given that the data does not allow to identify each of those

shocks (provided that usually more than one foreign shock occurred).

The rest of the paper is organized as follows. Section2 presents a review of

the related literature. Section 3 documents the Chilean case. Section 4 presents the

model used for the analysis and discusses its calibration. In section 5 analyzes the

different “unconventional” policies we consider: sterilized exchange-rate interven-

tions and expanding the list of eligible collaterals allowed for operations with the

central bank. Section 6 concludes.

2 Background Literature

The global financial crisis spurred a line of research attempting to articulate the role

of financial intermediation into the core model used in pre-crisis central banking

(i.e. the New Keynesian framework). While this literature clearly improves our

understanding about these issues, a consensus is far from being reached and there

are still many loose ends to tie. Moreover, this new literature has focused mainly on

closed economy models, while the advances in a small-open-economy framework

(which is the relevant ones for Latin America) are less frequent. This section briefly

reviews this line of research.

In the pre-crisis models incorporating financial frictions, the information

asymmetries that generate the friction was between households and the owner of

productive technologies (entrepreneurs), but the role of financial intermediaries was

quite limited.5 A number of recent studies have added financial intermediaries that

are also exposed to financial risk in closed economy models; which seems more

5 The main reference of this literature is the financial accelerator framework in Bernanke et al.
(1999). Christiano et al. (2012) is a recent example of this literature; while Cespedes et al. (2004)
and Elekdag and Tchakarov (2007), for instance, apply this framework to small-open economies.
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sensible description of recent events, particularly in theU.S.. Examples are the arti-

cles by Gertler and Karadi (2011) and Gertler and Kiyotaki (2011). However, these

are generally real models and thus, while appropriate to assess the role of a variety

of credit policies, the interaction with the usual monetarypolicy tools is not clear

in those models. In contrast, Adrian and Shin (2010) do consider the interaction

between more conventional monetary tools and credit policies. However, they do it

in a simplified framework that is silent about the macroeconomic consequences of

these interactions.6

On the other hand, there was a different branch of literatureusing the reallocation-

shock monetary banking model of Champ et al (1996) to analyzethe role of the

monetary policy conducted through a open market operationsin the economy. For

example, Antinolfi et al (2001) introduce a central bank thatissues new domes-

tic currency and lend it to banks to cover their liquidity needs. They show that

such a central bank behavior may lead to multiple equilibria: one that implements

the Pareto-efficient allocation but a continuum of others called ”hyperinflationary”

leading to the non-monetary steady state. A variant of such amodel is consid-

ered in Antinolfi and Kawamura (2008), who add a solvency-risk dimension to-

gether with transactions in incomplete financial-securitymarkets. Antinolfi and

Kawamura (2008) show that only with banks, securities markets and a central bank

lending money to banks for liquidity needs can implement thePareto-efficient allo-

cation. The common denominator of these papers is the explicit and simultaneous

model ling of money, banks and a central bank with a discount window, which

seems an interesting precedent for the project presented inthis paper. However,

these types of models are not suitable for quantitative analysis, since they all as-

sume an overlapping-generations structure.

As previously mentioned, most of the analysis documented inthe para-

graphs above focuses in closed-economy models. Such a limitation is clearly not

desirable for small-open economies like those in Latin America. There are, how-

ever, a few exceptions. Carcı́a-Cicco (2011) uses a New Keynesian, small-open-

economy model with financial wedges that allows to consider policies associated

with chances in the Central Bank balance sheet, such as exchange rate interven-

tions (both sterilized and non-sterilized) and modifying the maturity structure of

6 Curdia and Woodford (2010) introduce credit spreads into a New Keynesian framework. Their
model, however, does not feature financial intermediaries.
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public debt. However, in that framework financial frictionsare imposed in an ad-

hoc way, there is no role for financial intermediaries and, inaddition, the focus is in

cases where the lower bound in the policy rate is binding. Another example is the

work by Alp and Elekdag (2011), estimating a New Keynesian model including a fi-

nancial accelerator channel to account for the Turkish experience during the recent

global financial crisis, and to assess the importance of the (traditional) monetary

policy response.

The work by Céspedes et al. (2011) present a model where banks are in-

cluded as in Edwards and Vegh (1997), with two additional features: bank lending

is constrained by bank capital, and banks face reserve requirements imposed by

the government. In particular, they analyze the virtues of apolicy that reduces

reserve requirements when the borrowing-lending spreads rises, documenting that

this type of policy may be useful to smooth the effects of shock to bank costs.

Finally, a recent paper by Céspedes et al. (2012b) present asimple small-open-

economy model in which financial intermediation can be occasionally subject to

collateral constraints. In this framework they study polices such as credit facilities

and exchange rate interventions. They find that these policies can indeed be use-

ful in situation in which the financial intermediaries are facing binding constraints.

While these two are examples of articles moving in the desired direction, they fo-

cus on the role of these “unconventional” policies in isolation, in the sense that the

models has some simplification that prevents to analyze these tools in tandem with

the more usual role of monetary policy under an inflation targets.7

3 The Chilean Experience with “Unconventional” Policies

Since the approval of its new regulation in 1989 (through Act18.840), according to

which the Central Bank became independent of the executive power, Chile has be-

come one of the main EM countries in the world in adopting the inflation targeting

regime. Until 2006, this regime had been evolving from a version with strong cap-

ital controls and real-interest-rate targets to a more ”developed-world” with freely

floating nominal exchange rates and nominal interest rate target.

Since the focus of the paper starts with events related to the2007 US fi-

nancial crisis, then the relevant time window for this studystarts from 2006, two

years before that crisis, and it expands until 2012. Thus, a detailed description of

7 For instance, in both cases prices are fully flexible.
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the evolution of the inflation targeting regime until that year is out of the scope of

the paper. There are many excellent references explaining varied aspects of the dif-

ferent stages in the implementation of this regime8, so we refer the reader to such

references.

3.1 The Chilean reaction to the 2007 US financial crisis: “unconventional”

policies.

In 2007 the US financial markets showed the worse crisis in several decades, after

the burst of the real estate bubble that seemed to have started after the recovery

from the 2001 recession. However, such crisis presented several phases itself. The

first one started around the second quarter of 2007 and developed until the fall of

Lehman Brothers in September 2008. During that period, international food and

oil prices continued increasing following that positive slope beginning from 20029.

This surge in prices (also helped by a sudden drop in the supply of energy from

Argentina to Chile) implied further inflationary pressuresover the Chilean Central

Bank (see figure1), who reacted raising the monetary policy rate from 5% in the

second quarter of 2007 up to 5.79% in the fourth quarter. Actually this reaction

continued throughout the whole year of 2008, up to a peak in the fourth quarter of

8.25%, as Figure2 shows.

Notice that the Central Bank kept increasing its rate even though the global

economy had already entered into the second phase of the crisis (see the paragraph

below), starting from the fall of Lehman Brothers. One of reasons found in the

policy papers by the Central Bank was the persistence of inflationary pressures im-

plied by the international oil price evolution during that year10. Another feature of

those months was the Central Bank’s purchases of foreign currency to avoid fur-

ther appreciation of the exchange rate. These purchases occur between April 14th

and September 29th of 2008, in daily purchases of US$ 50 millions each, adding

up to US$ 5.75 billions11. This amount was eventually considered by different

8 See, e.g., Corbo (1998), De Gregorio and Tokman (2004), Fuentes et al (2003), Gallego et al
(1999), Morandé (2002), Morandé and Tapia (2002), Tapia and Tokman (2004) and Valdés (2007).
9 See, e.g., De Gregorio (2009a) and Céspedes et al (2012).
10 See De Gregorio (2009b).
11 De Gregorio (2009a) states that the original target for the intervention was a US$ 8 billion pur-
chase. However, the Lehman Brothers shock induced the authorities of the Central Bank to stop it
before reaching that target.
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Figure 1. Annual CPI-based inflation rate in Chile, 1978-2012
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Figure 2. Quarterly monetary policy rate, Central Bank of Chile, I-2005 to
IV-2012
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economists as a “sufficient” amount to work as a “buffer” for liquidity provision in

foreign currency12.

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

9



In October 2008 the news about the fall of Lehman Brothers implied the

entrance into the second phase of the crisis, with an international liquidity crunch

that induced different central banks to implement different policy measures to cope

with such a shock (see Céspedes et al, 2011). In the case of Chile, the first reaction

was the above-mentioned interruption in the foreign-currency accumulation. An-

other reaction was the widening of collateral requirementsin the REPO programs

as well as an extension ofswapoperations. In terms of the collaterals, in a first

phase (starting in October, 2008) banks’ deposits were accepted, while in a second

phase (from January, 2009) the list was further expanded, including, for instance,

government bonds an terms deposits.

Figure 3. Monthly repo purchases by the Central Bank of Chileduring 2008,
in millions of pesos.
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Figure3 shows the REPO operations by the Central Bank of Chile during

2008. One distinctive feature is the extension of the lengthof the repurchases: be-

tween January and August the typical REPO purchase operation was just overnight

(with a maximum length period of 4 days). The total (nominal)amount of overnight

REPO purchases was 3.7 billions of pesos. Between October and December 2008

there were no overnight REPO operations. Instead, the majority of the purchases

during the last three months of 2008 corresponded to a repurchase length period of

28 days. Also, the minimum maturity length after October 2008 went from 24 hours

up to seven days. Clearly, this maturity extension was another way to ease domes-
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tic liquidity conditions as a response to the internationalilliquidity conditions. This

maturity extension continued until June 2010, as figure4 shows.

Figure 4. REPO purchases by the Central Bank of Chile, different maturities,
in Millions of Pesos. Period: January 2009-December2012
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As a complement of REPOs, the Central Bank implemented a SWAPpur-

chase program beginning September 2008. This program lasted for a shorter period

of time, until December 2009. During 2010 on, there is no official report on this

kind of operations by the Central Bank.

Figure 5 illustrates the Central Bank’s swap purchases during the above

mentioned period. These operations added up to Ch$ 2.07 billions (in nominal

units). Out of this total, about 67% corresponded to swap purchases with a maturity

of 91 days. Only 11.21% of this total corresponded to 28-daysswap purchases, the

shortest term negotiated in this program. Notice that the two main 28-day swap

operations were done in the first two months of the program. Instead, most of

the 91-day swap purchases were registered during 2009. Thisdifference could be

viewed as a consequence of a ”learning process” by the Central Bank. Indeed, by

September and October 2008 high uncertainty in international markets arose after

the collapse of Lehman Brothers, but that uncertainty may have included how long

illiquidity will remain. In such context, a Central Bank would ease liquidity for

very short term periods, waiting for more news to come to either confirm or reverse

the negative scenario. Thus, when there was a certain consensus that the illiquidity
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Figure 5. SWAP purchases by the Central Bank of Chile, in millions of pesos
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consequences of the 2008 shocks would remain for most of the following year, the

Central Bank decided to increase the maturity of these swaps. This may explain

both the pattern of the swap purchases as well as the REPO purchase behavior

observed in figure3.

Another Central Bank decision to ease domestic liquidity conditions was

the implementation of a Term Liquidity Program (FLAP) that lasted between July

2009 and June 2010. As stated in Céspedes et al (2013), this program consisted

in a direct short-term (90-days and 180-days) lending program to banks at the pre-

vailing monetary policy rate that complemented other existing programs such as

those already mentioned (e.g., repos). The other goal behind the FLAP was related

to the fact that the policy rate had reached its lower bound. Therefore, the FLAP

also helped as a commitment device for the promise that the the policy rate was to

remain at its lower bound for a prolonged period of time.

Figure6 shows the evolution of the standing stock of FLAP given by the

Central Bank at a daily basis. It can be seen that such stock reached its peak in Jan-

uary 2010, but rapidly decreasing towards 0 by June of that year. Such an evolution

seems consistent with the idea of a short-lived program thatcomplemented others

that were considered more permanent. In terms of an analysison its effectiveness,

Céspedes et al (2013) perform an econometric exercise to evaluate the impact of

the implementation of this program on asset prices and bank lending. According to
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Figure 6. Daily FLAP standing stock, in billions of pesos
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their results, this program allowed a drop in the three-month yield of about 50 basis

points, while for the one-year yield the drop was in the orderof 30 basis points. The

corporate spreads also decreased by about 10 basis points. In terms of bank lending

behavior, their results stated that a bank that participated in the program presented

a loans-to-total-assets ratio 4 percentage points higher than a bank that did not par-

ticipate in the FLAP. Overall, the implementation of such a short-lived program

seemed to have some effectiveness regarding the goal of increasing liquidity.

3.2 Back to normal or the starting of a new cycle? Monetary policy and ex-

change rate issues in Chile in the post US financial crisis period

Figure 4 above shows that between the second quarter of 2010 and the third quarter

of 2011 the Central Bank started to rise the monetary policy rate from 0.50% up to

5.25%, leaving it around that number from that period until the last quarter of 2012.

This Central Bank behavior is consistent with the abandonment of the (extraordi-

nary) liquidity programs implemented during the peak of theUS crisis commented

above. Note, however, that the Central Bank did not raise therate to the values

previous to the crisis. This in fact is consistent with the idea that between 2010 and

2012 the pressures from commodity, food and energy prices have not been as strong

as in 2008.
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However, the Chilean economy faced new challenges as some recovery was

observed in the international financial markets (at least until the European crisis ap-

peared). Already starting from 2009, and especially in 2010, until the third quarter

of 2011 (when the European crisis began), the financial account presented a surplus

(with only the exception of the third quarter of 2010). From that period until the

third quarter of 2012, however, the financial account turnedto important negative

numbers that even implied some deficits for the whole balanceof payments during

the first and third quarters of 2012. These facts are summarized in Figure7.

Figure 7. Current Account and Financial Account of Chile, I-2006 to III-2012,
in billions of USD
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This evolution of the capital flows seemed to confirm the idea that the main

economists at the Central Bank stressed by the end of the US crisis: the prob-

lem in the world recovery phase was the higher volatility in capital flows and the

challenge was to determine the way to reduce its consequences in the domestic

economy, without implying any substantial change in the inflation targeting frame-

work13. Actually, one reaction by the Central Bank when the financial account was

still in surplus was a foreign currency purchase intervention program, which was

implemented in the same way of the 2008 program: pre-announced daily purchases

of US$ 50 millions each. These purchases were all sterilizedby the issue of letters

13 See the discussion in several policy papers by De Gregorio (2010a and 2010b).
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and bonds by the Central Bank, to ensure the achievement of the inflation target

of that year. Total foreign currency purchases added up to US$ 12 billions for the

whole year. This foreign reserves accumulation has been seen as part of a “macro-

prudential regulation” policy to manage the high volatility of capital flows, as the

subsequent events seemed to have confirmed14. Actually, in the last part of 2012

the pressures in favor for a new intervention increased as both the nominal and the

real exchange rate appreciated further, as can be seen in figure 8.

Figure 8. Quarterly real exchange rate index for Chile, I-1984 to IV-2012
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Noticeably, most of these interventions were sterilized. Figure 9 shows

the evolution of the monetary base vis-a-vis the stock of non-monetary liabilities

(although related to monetary policy decisions). It is clear that the stock of non-

monetary debt presented a sudden increase of 47.9% in 2011, relative to the 24%

increase in the monetary base. Even when such foreign-reserve purchases were ster-

ilized, one possible problem is that the expansion in the stock of central-bank debt

may have similar effects as an expansion in the monetary baseregarding liquidity,

simply, given that open-market operations by the central bank are often guaranteed

using the central-bank-issued bonds as collateral. In the case of Chile, this is actu-

ally the way sterilizations are done because the Central Bank has a legal constraint

14 For a general discussion on foreign-currency reserves hoarding see De Gregorio (2011a). For the
2011 program see De Gregorio (2011b).
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that prevents it to arbitrarily change its holding of government debt, in particular

to implement an sterilized exchange-rate intervention. Indeed, as we will see, our

model based-analysis below precisely emphasizes the role that an appropriate man-

agement of this newly issued central-bank debt, vis-a-vis the control of liquidity,

has in implementing this type of interventions in an inflation-targeting framework.

Figure 9. Central Bank’s monetary base and non-monetary debt, in millions
of pesos
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4 Baseline Model

In this and the next section we present the model-based analysis. In this section we

describe the baseline model, i.e. the model containing all the features of the banking

system but with a setup for monetary policy that is meant to capture inflation target-

ing in normal times, or “conventional” policies. In section5 we extend the model

to consider two different types of policies that go beyond the use of the policy rate,

or “unconventional” policies: sterilized exchange-rate interventions and expanding

the list of eligible collaterals allowed for operations with the central bank.15

15 The working-paper version (Garcı́a-Cicco and Kawamura, 2014) also contains a section describ-
ing the dynamics implied by the baseline model in response toforeign shocks (interest rate and
commodity prices), as well as to monetary policy shocks, under “conventional” monetary policies.
Moreover, we compare the results of our model with those obtained with specifications in the New
Keynesian tradition. In addition, the working-paper version also contains a technical appendix con-
taining the full derivation of the equilibrium conditions,as well as the computation of the steady
state.
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We consider an infinite-horizon, discrete-time economy. There are four

agents in this economy: households, firms, banks and the central bank. There are

two tradable consumption goods, one domestically producedand one imported. The

domestic good is produced using a technology that bundles a continuum of interme-

diated goods, each of them produced combining labor and imported inputs. There is

also and endowment of commodities that is owned by households and that is com-

pletely exported, The international prices of imported goods and of commodities

are determined abroad.

In each periodt the timing of events is as follows.

1. The input markets open (labor and imported inputs). Firmsare assumed to

pay their inputs costs in advance (i.e. before the goods market opens) and

thus they need to borrow a fraction of these costs from banks.

2. The money market opens, where the central bank injects money using open-

market operations in exchange for a selected list of assets (in this baseline

model, just central-bank-issued bonds), under two alternative arrangements:

outright purchases or repo agreements.

3. The goods market opens (domestic production and imports). Households

face a deposits-in-advance constraint by which their purchases have to be

paid using deposits and the cash received as wage payments. Deposits are

withdrawn from banks, so they need to have enough cash to cover for these

withdraws. In addition, commodities are exported.

4. Dividends are paid, households make new deposits and receive transfers from

the central bank. Repo agreements are settled. Assets markets (central bank

bonds and foreign bonds) open. Finally, banks decide on their holding of

reserves subject to a requirement imposed by the central bank.

In the next subsections we describe each part of the model andpresent the

calibration of the parameters.

4.1 Households

Households preferences are represented by

E0

{

∞
∑

t=0

βtU
(

cHt , c
F
t , ht

)

}

, (1)
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wherecHt and cFt denote, respectively, consumption of home and foreign goods,

while ht represents labor.16 Agents enter the period with the right to claimDt−1

deposits in pesos from banks. They receive labor incomeWtht in pesos after the

labor market opens. We assume that consumption has to be paidwith deposits

in pesos and the cash from wage payments. Thus, households are subject to the

constraint,

αC(StP
F
t c

F
t + PH

t c
H
t ) ≤ Dt−1 +Wtht, (2)

whereSt denotes the nominal exchange rate (pesos per dollar),PH
t andP F

t are the

prices of home (in pesos) and foreign (in dollars) goods, andαC > 0. This is clearly

a relaxation of the typical Lucas (1980) cash-in-advance framework that, although

not as frequent, has already been used in the literature (see, for instance, Edwards

and Vegh, 1997). Clearly, since a major point of the paper consists in analyzing the

aggregate effects of liquidity management that come from the central bank balance

sheet (see below for details) there is a need for an assumption giving a role not only

for cash but also for other bank-related assets (such as deposits). In absence of such

assumption there is no way to generate a meaningful policy exercise that would

imply a change in the composition of the central bank assets or liabilities. Clearly,

using a deposit-in-advance constraint instead of a cash-in-advance constraint may

lead to an expansion in the notion of liquidity. In particular, as it will be clear be-

low, not only an increase in hard money implies additional liquidity for consumers.

Also, the expansion in any item that would allow banks to increase assets backing

deposits (such as central bank bonds) implies an increase ofliquidity as well. This

will become key to understand, for example, the consequences of sterilized inter-

ventions, one of the two major unconventional monetary policy measure analyzed

within this model.

At the end of the period, households decide on deposits for next period

facing the constraint,

PH
t c

H
t + StP

F
t c

F
t +

Dt

RD
t

≤Wtht +Dt−1 + Ωt + Tt. (3)

whereRD
t is the gross interest rate associated with deposits,Ωt are dividends ob-

tained from the ownership of firms and banks,Tt are transfers from the central

16 We use the notational convention that lower-case letters are real variables while upper-case are
nominal variables. In addition, variables without time subscript represent steady state values.
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bank. Therefore, the household problem is to maximize (1) subject to the sequence

of constraints (2) and (3).

4.2 Firms

4.2.1 Intermediate

In this economy there is a continuum of intermediate goods. To simplify notation,

each variety is a number in the segment[0, 1] . Each intermediate firm produces

one particular (variety of) good. The technology for variety i is represented by the

following production function:

F
(

hit, x
i
t

)

,

wherehit denotes the amount of labor used by firmi in periodt, andxit denotes the

quantity of an imported good (with price equal toP F
t ). Assume thatF (·, ·) presents

constant returns to scale.

We assume that firms need a loan to pay the factors used. As in tradi-

tional cash-in-advance-with-liquidity models like Fuerst (1992) and Schlagenhauf

and Wrase (1995), the assumption is that, to produce in period t firms need to pay

workers and foreign inputs in advance at the beginning of that period. In particular,

we assume that firms face the following borrowing constraint,

αL(Wth
i
t + StP

F
t x

i
t) ≤

Li
t

RL
t

. (4)

The fractionαL can be interpreted as a measure of tightness of credit conditions for

firms, perhaps reflecting a moral-hazard problem between firms and banks.

Profits in domestic currency at the end of periodt are given by

Ωi
t ≡ P i

tF
(

hit, x
i
t

)

−Wth
i
t − StP

F
t x

i
t +

Li
t

RL
t

− Li
t. (5)

Given that credit is completely intra-periodic, the intermediate firmi every period

solves the solves the problem of maximizing (5) subject to (4).

4.2.2 Retailers and final domestic goods

There are a continuum of retailers who buy intermediate goodi at priceP i
t (taking

the price as given), re-packages these goods into retail goodsyjt and sells them in a

monopolistically competitive market to final domestic goods producers. The later

bundles all these varieties into the home good according to the CES production
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function

yHt =

[
∫ 1

0

(

yjt
)1− 1

ε dj

]

ε
ε−1

.

Therefore, the demand faced by retailers is given byyjt = (P j
t /P

H
t )−εyHt , with

(PH
t )1−ε =

∫ 1

0

(

P j
t

)1−ε
dj. Retailers’ profit in each period is thenΩj

t = (P j
t −P

i
t )y

j
t .

They choose their price each period to maximize the net-present-value of profits,

subject to a staggered price setting as in Calvo (1983), withfull indexation to past

inflation.17

4.3 Banks

As mentioned above, the model assumes the presence of financial institutions,

called banks, that are owned by households. They extend loans to firms, hold bonds

issued by the central bank and reserves, obtaining funds from households’ deposits

and from foreigners. Banks face a number of constraints, that we just enumerate

here and explain in detail below. First, to obtain liquidityfrom the central bank,

they need to participate in open market operations, and thusthey need to take into

account that the central bank may decide to accept certain type of assets and not

others for these operations (in the baseline model, only central bank bonds can

be used). Second, banks need enough cash to cover for the withdrawals made by

households when they enter the goods market. Finally, the central bank imposes

minimum reserve requirements.

In the asset side of their balance sheet, banks enter the period with holdings

of money (reserves)Mt−1 in pesos and central bank’s bondsBt−1. On the liabilities

side, they have obligations given by depositsDt−1, and foreign debtFt−1 denomi-

nated in dollars. In the first sub-period, loans are extendedto firms (in cash) for the

amountLt

RL
t

and therefore money holdings shrink toMt−1 −
Lt

RL
t

.

In the second sub-period the money market opens. As in Reynard and Sch-

abert (2009), Schabert (2010) and Hörmann and Schabert (2010) money is traded

in this market with the central bank in exchange for a selected list of assets (in this

baseline case, bonds).18 These operations can take two forms: outright purchases

or repo agreements. Letκt ∈ [0, 1] be the fraction of bonds that the central bank de-

17 Under this assumption, the distortion introduced by price dispersion is irrelevant up to first order.
18 This discount window is very different from that in the “island-models” literature such as in
Antinolfi et al (2001) and Antinolfi and Kawamura (2008), where both consider direct lending by
the central bank without any explicit collateral requirement and with an implicit perfect enforcement
assumption. Given that part of the policies to be analyzed consisted in the relaxation of collateral
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cides to purchase and letIt be the amount of additional domestic currency obtained

from the central bank at the beginning of periodt. Then, banks face the following

constraint

It ≤
κtBt−1

Rm
t

, (6)

whereRm
t denotes the interest rate in the money market which, as we will later

describe, is the target for monetary policy. After these operations, banks are left

with Mt−1 −
Lt

RL
t

+ It units of pesos and with bond holdingsBt−1 − ItR
m
t .

In the next sub-period, the goods-market opens and households withdraw

Dt−1. Thus banks need to have enough cash to cover for these. In other words, they

face the constraint,

Dt−1 ≤Mt−1 −
Lt

RL
t

+ It, (7)

After these withdraws, banks’ holdings of money becomeMt−1 −
Lt

RL
t

+ It −Dt−1.

In the last sub-period banks receive new deposits and repo agreements are

settled. LettingBR
t denote the amount of bonds that are repurchased according to

the repo agreements in pesos, money and bonds holdings afterthis sub-period are

M̃t ≡Mt−1 + It −
Lt

RL
t

−Dt−1 − BR
t + Dt

RD
t

, andB̃t ≡ Bt−1 − ItR
m
t +BR

t .

Finally, asset markets open, in which banks sells bond holdingsB̃t and ac-

quires Bt

RB
t

new bonds. They also repay foreign debtFt−1 and get new funds from

foreignersFt

R∗

t
(all in dollars), collect loan paymentsLt, and decide on money hold-

ings for the next periodMt. Overall, periodt profits (or net-worth) are given by,

Ωb
t ≡ St

(

Ft

R∗

t

− Ft−1

)

+ B̃t −
Bt

RB
t

+ Lt + M̃t −Mt.

Using the definitions forM̃t andB̃t given above, we can write

Ωb
t = St

(

Ft

R∗

t

− Ft−1

)

+Bt−1−
Bt

RB
t

+
Dt

RD
t

−Dt−1+Lt

(

1−
1

RL
t

)

+Mt−1−Mt−It(R
m
t −1).

(8)

requirements by central banks, it seems that including thismechanism, although more complex, can
better capture how such relaxation implies liquidity provision.
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This is a standard expression for banks profits, except for the last termIt(Rm
t − 1),

which represents the cost of acquiring liquidity, and it appears precisely because of

the assumption regarding how the money market works in this model.

The goal of banks is to maximize the net present value of theseprofits,

discounted using the nominal stochastic discount factor from householdsrt,t+s, i.e.

E0

{

∞
∑

t=0

r0,tΩ
b
t

}

.

Banks maximize this objective function subject to money-market constraint (6), the

withdrawals restriction (7) and an additional constraint: the central bank imposes a

minimum-reserve requirement, withδ being the fraction of deposits that needs to

be backed-up with reserve. In other words,

Mt ≥ δDt. (9)

This constraint is similar to that in Edwards and Vegh (1997)or Cespedes et al

(2011).

4.4 Central Bank

The central bank injects money trough open-market operations, creates its own

bonds, holds foreign reserves and treasuries (BT
t , with interest rateRT

t ),19 and trans-

fers resources to households. The central banks enters the period with holdings of

treasuriesBT
t−1 and dollars given byZt−1, as well as obligations given by base

money (bank reserves deposited at the central bank)Mt−1 and bondsBt−1. Given

the operations previously described, the stock of these last three before the last sub-

period (asset market) areZt−1, M̂t ≡Mt−1+It−B
R
t andB̂t ≡ Bt−1−ItR

m
t +BR

t .

Thus, the flow constraint faced by the central bank in the lastsub-period is,

StZt−1 +BT
t−1 +Mt +

Bt

RB
t

= St
Zt

R∗

t

+
BT

t

RT
t

+ M̂t + B̂t + Tt,

or, using the definitions for̂Mt andB̂t,

StZt−1+B
T
t−1+Mt+

Bt

RB
t

+ It(R
m
t −1) = St

Zt

R∗

t

+
BT

t

RT
t

+Mt−1+Bt−1+Tt. (10)

19 The role of these treasury bonds will become clear below.
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There are several variables related to monetary policy: thepolicy rate (Rm
t ),

the fraction of bonds allowed for open-market operations (κt), the amount of pesos

held by banks (Mt), the money injections (It),20 and the supply of bonds (Bt).

The central banks also sets the reserve requirementsδ, and decides the transfers to

households (Tt). Of course, not all these variables are policy instruments, because

there are many equilibrium conditions that impose constraints on the behavior of

some of these conditional on the others. In what follows we describe how we model

the implementation of monetary policy, which is meant to capture policy in normal

times (or “conventional” policy).

We assume that the central bank sets the policy rateRm
t according to a

Taylor-type rule,21

Rm
t

Rm
=

(

Rm
t−1

Rm

)ρR
[

(πt
π

)ρπ
(

yHt
yH

)ρy]1−ρR

εR
m

t . (11)

The fractionκt is set to a positive constant. Given these choices, the amount of

money injectedIt will be endogenously determined by equation (6). In addition,

we assume that the reserve requirementδ is kept at a constant rate.

We also specify that the central bank maintains constant thefraction of

money injected under outright purchases. In other words, weset Mt−Mt−1

It
= Γ,

with Γ ∈ [0, 1]. Recall that the choice of bank reserves (Mt) is determined by the

reserve requirement (9). Therefore, under reasonable calibrations of the model, if

all injections were outright then banks may not be able to satisfy the withdrawal

constraint (7) if the reserve requirement (9) holds with equality.22 Therefore, what

the central bank does is to inject in every period more liquidity that what is just

needed to constitute required reserves, so that the withdrawal constraint can be

satisfied. But as these “extra” injections take the form of intra-periodic repurchase

agreements, by the end of the period this “extra” liquidity returns to the central bank

20 Notice that the difference betweenIt andMt −Mt−1 equals the money supplied under repos.
21 Notice that the interest rate reacts to changes in domestic production and not in GDP, for the
former will also be influenced by commodity production whichis exogenous in the model. Recall
that variables without time subscripts represent steady-state values.
22 We will later show that, without the reserve requirement, banks will choose not to hold any
reserves.
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and the stock of money held outright (Mt) changes only according to the reserve

requirement.23

We assume that the treasury collects lump-sum taxes from households that

are simply used to maintain a stock of treasuries that is assumed to grow a a constant

rate. These treasuries are held only by the central bank.24 In addition, we specify

that the central bank uses transfers to rebate to householdsthe profits/losses from

money-market operations and also from changes in the valuation of bonds, trea-

suries and foreign reserves, as in Garcı́a-Cicco (2011) andSchabert (2010). These

assumptions imply that the constraint (10) yields

StZt − St−1Zt−1 +BT
t −BT

t−1 =Mt −Mt−1 +Bt − Bt−1. (12)

This equilibrium condition deserves several comments. First, in most mod-

els the evolution of the central bank balance sheet is irrelevant for the equilibrium

determination. In other words, while it is generally the case thatMt will be a

variable showing up in equilibrium, the stock of central bank bonds, and its asset

holdings will not appear in other equilibrium conditions. Thus, whenever monetary

policy is implemented as an interest-rate rule, the evolution of the stock of money is

pinned down by other equilibrium conditions, and an equation like (12) will be ir-

relevant for the dynamics of other variables. The assumption behind such a result is

that either money is dropped from a helicopter, or that open market operations have

23 A similar assumption, but in a model without banks, is present in Reynard and Schabert (2009),
Schabert (2010) and Hörmann and Schabert (2010), where they assume a constant ratio of stock of
money supplied under repos (equal toIt −Mt +Mt−1 in our model) relative the stock supplied
outright (Mt). Reynard and Schabert (2009) argue that this is consistentwith the implementation
of monetary policy by the Federal Reserve. Our specificationdoes not exactly match the recent
experience in Chile. However, the difference is not relatedto usual-time or conventional policies
but rather with the way the Central bank of Chile manages its liabilities after the implementation
of sterilized interventions. We discuss this in more detailbelow when we analyze the effects of
sterilized interventions.
24 We could have assumed instead that either banks or households also hold these treasuries. How-
ever, as we will not analyze issues related with fiscal policy, this assumption helps to simplify the
analysis. Another possibility would have been to assume that only treasuries circulate on the market
and that the central bank simply holds some of these in the asset side of its balance sheet (in such
a case, the variableBt would indicate private-sector holdings of treasuries while the central bank
holdings of treasuries will beBT

t −Bt). In fact, this is how many times monetary policy is modeled,
for it represent the way that it is conducted by the Federal Reserve (at least before 2008). However,
for many other countries (Chile in particular, as stated in the main text) central banks implement
their operations using their own debt instruments, holdingalso treasuries on the asset side of its
balance sheet.
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no costs. In this model, however, this is not the case becauseobtaining liquidity is

costly and banks need to have accumulated bonds in order to acquire it. Therefore,

the central bank balance sheet is indeed relevant in equilibrium, for it determines

the evolution ofBt, which is relevant as long as the money market constraint (6)

holds. In turn, this opens the room to analyze a number of policies that are observed

in real life but that cannot be captured with usual models. This feature is the main

result that we borrow from Reynard and Schabert (2009), extended here to a model

with banks and in an small-open-economy framework.

Second, consider the case in which the left-hand side of equation (12) is zero

(i.e. the peso value of assets is constant). If that was the case, the equation would

state that if, for instance, the stock of money grows over time, the stock of central

bank bonds has to decrease by the the same amount, reflecting how money is intro-

duced into the economy. In a world with positive steady stateinflation, however,

this cannot be the case because nominal variables have to grow, in the long run, at

this positive inflation rate; but if the right hand side of (12) is zero then the stock of

bonds will need to decrease indefinitely. Therefore in a model like this one, were

the central bank balance sheet does play a role in equilibrium, the implementation

of a positive inflation target requires asset holdings by thecentral bank to grow in

the long run at a rate equal to the inflation target.25 To satisfy this requirement,

we assume that treasuries grow at the long-run inflation rate(BT
t /B

T
t−1 = π) and

that the dollar-value of foreign reserves are adjusted by the (exogenous) rate of for-

eign inflation (Zt/Zt−1 = P F
t /P

F
t−1).

26 The first of these two assumptions reflects

actual constraints that the Central Bank of Chile faces whenperforming open mar-

ket operations, as we already described, due to the regulatory framework in place.

Therefore, even if in a particular period the demand for bankreserves (Mt) does

not change, the stock of central bank bonds will still changeto compensate for the

change in treasuries and foreign reserves.

Finally, notice that although we require foreign reserves to grow by the (ex-

ogenous) rate of foreign inflation to implement the long-runinflation target, tempo-

25 As it turns out, this condition is sufficient but not necessary to attain the long-run inflation target.
If this is not the case, to attain its long-run target the central bank would have to set eitherκt or Γ
in a particular time-varying fashion. See Proposition 2 in Schabert (2010) for details. We do not
consider this case here as this type of fiscal dominance does not seem to be relevant for the Chilean
case.
26 In the long run, as the real exchange rate will be constant in the model, the value in pesos of
foreign reserves will grow at the long-run inflation rate.
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rary deviations from this rule can also be considered. Thesedeviations will allow

us to consider the effects of sterilized interventions in this model, as we will later

analyze.

4.5 Aggregation and Market Clearing

In equilibrium,ht =
∫ 1

0
hit di, xt ≡

∫ 1

0
xit di, andLt =

∫ 1

0
Li
t di. Also, given the

linear homogeneity of the production function,27 yht = F (ht, xt). Letting cH∗

t =

yHt − cHt denote exports of home goods, the dollar value of trade balanceTBt can

be defined as

TBt ≡
PH
t

St

cH∗

t + PCo
t yCo

t − P F
t (cFt + xt), (13)

wherePCo
t yCo

t are the revenues (in dollars) from commodity exports. We canalso

define gross domestic product in unit of domestic consumption as

gdpt ≡
PH
t

Pt
yHt +

St

Pt
PCo
t yCo

t . (14)

Finally, combining the households budget constraint (3) with profits from

firms (5) and banks (8), whereΩt =
∫ 1

0
Ωi

t di +
∫ 1

0
Ωj

t dj + Ωb
t , and with transfers

from the central bank (10) we obtain the balance-of-payments equation,

NFLt

R∗

t

+ TBt = NFLt−1 + χPCo
t yCo

t , (15)

whereNFLt = Ft −Zt is net-foreign-liability position of the country, andχ is the

share of commodity production owned by foreigners.

4.6 The rest of the world

The foreign interest rate is

R∗

t =

(

NFLt

P F
t nfl

)φ

RW
t , (16)

whereRW
t is as exogenous process and the term

(

NFLt

PF
t nfl

)φ

is a debt-elastic country

premium that serves as a closing device (see Schmitt-Grohe and Uribe, 2003), and

nfl is parameter describing the value of (real) net foreign liabilities in steady state.

27 And given the absence of price-dispersion distortions due to full indexation (as explained before).
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In addition, the foreign demand for domestic goodscH∗

t is assumed to be equal to

cH∗

t =

(

PH
t

StP F
t

)ε

y∗t

wherey∗t is an exogenous process. Finally, we assume that the commodity price in

dollars (PCo
t ) follows a unit root process that co-integrates in the long run withP F

t ,

which is also exogenous.

4.7 Driving Forces

The exogenous variables in the model arePCo
t , yCo

t , P F
t , RW

t andy∗t . We assume

that foreign inflation (πF
t ≡

PF
t

PF
t−1

) follows an independent AR(1) process in logs.

For commodity prices we assume thatPCo
t = P F

t ξt, whereξt is an independent

AR(1) process in logs. The rest of the variables are also assumed to follow inde-

pendent AR(1) processes in logs, except for the monetary policy shockεR
m

t which

is i.i.d.

4.8 Interest Rates in Equilibrium: Some Intuition

The main departure of this model from the typical New Keynesian framework

comes from the several inequality constraints that agents (banks, in particular) face.

This in turn implies that, whenever the constraints are binding, there are going

to be spreads between the several interest rates that appearin the model. In this

subsection we provide some intuition regarding the conditions under which these

constraints bind, and how is this related with the differences between interest rates.

The equilibrium conditions, under the assumption that all the constraints are

binding, include the following,28

1 = RD
t Et {rt,t+1(1 + ηt+1)} . (17)

1 = R∗

tEt

{

rt,t+1π
S
t+1

}

, (18)

1 = RB
t Et {rt,t+1(1 + νt+1κt+1)} , (19)

1− ϑtδtR
D
t = RD

t Et {rt,t+1(1 + υt+1)} , (20)

1− ϑt = Et {rt,t+1(1 + υt+1)} , (21)

28 The complete characterization of the equilibrium is presented in the Appendix of the working
paper version.
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Rm
t (1 + νt) = 1 + υt, (22)

RL
t = (1 + υt), (23)

whereπS
t = St

St−1

. As mentioned before,rt,t+1 denotes the stochastic discount factor

for nominal flows coming from the households’ optimization problem. The variable

ηt is the Lagrange multipliers associated with the deposit-in-advance constraints (2)

faced by households. In terms of the banks’ problem, the multiplier νt corresponds

to the money-market constraint (6), υt is that related to the withdrawal constraint

(7), andϑt is the one related to to the reserve requirement (9).29

Equation (17) is the optimal demand for deposits by households. This al-

lows to relate the gross nominal interest rates on deposits to the fact that deposits-in-

advance constraints may be binding or not, as it is usual in the cash-in-advance lit-

erature. Thus, one way that monetary policy may affect the deposit rates is through

the consumer’s liquidity constraints. Moreover, notice that in steady state the con-

straint (2) will hold as long asβ−1 > RD

π
or, equivalently, if the real rate consistent

with intertemporal preferences (β−1) exceeds the real rate offered by deposits (RD

π
),

compensating for the fact that holding deposits allows to satisfy the constraint.

Equations (18) through (23) correspond to the characterization of optimal

decisions by private banks. Equation (18) characterizes the optimal decision of for-

eign debtFt, (19) characterizes the choice of bond holdingsBt, (20) is the decision

for depositsDt, (21) represents the choice of reservesMt, (22) is related to the

money injectionsIt, and (23) is the one characterizing the supply of loansLt.

We can use these equations to analyze the conditions under which the in-

equality constraints in the model hold with equality or, equivalently, to check whether

the Lagrange multipliers are strictly positive. From (23), the multiplier on the with-

drawal constraint (7), υt, will be positive as long as the lending rateRL
t is larger

than one (i.e. the net rate is positive). This equation states that, while the marginal

return from lending is obviously the interest rate, the opportunity cost of lending is

that more loans require to have more liquidity to satisfy thewithdrawal constraint.

Thus, as long as the interest rate on loans is positive, the bank will assign a positive

value to satisfy that constraint (i.e.υt > 0) and thus it will hold with equality.

29 Here we have omitted the equation characterizing the choiceof loans for firms. That equation
readsRL

t = 1+φt, whereφt is the multiplier associated with the borrowing constraint(4). Clearly,
from (23) we haveφt = υt.
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Equation (23) also highlights one limitation of our model. As can be seen,

the lending rate will only move according to changes in the multiplier υt. Thus, any

change in the model tightening the withdrawal constraint will increase the multi-

plier and the lending rate, while any shock relaxing the constraint will reduce it.30

Of course, we don’t claim that this is the only channel affecting the lending rate in

reality, and the model could be extended to account for otherrelevant channels. For

instance, financial frictions could be included, either in the relationship between

banks and borrowers (e.g. as in Bernankeet al., 1997) or between banks and de-

positors (e.g. as in Gertler and Karadi, 2011). We let such anextension for future

research and focus in this paper in analyzing the role playedby incorporating the

liquidity facilities used by the Central Bank.

Combining equations (20) and (21) we can see thatϑt =
RD

t −1

RD
t (1−δt)

. Thus, as

long as the net deposit rate is positive and the central bank does not require to hold

100% reserves, thenϑt > 0 and the bank will chose to keep only required reserves.

Morever, from these two equations we can also see that if the central banks does

not require to hold required reserves (i.e.ϑt = 0), banks will decide not to hold

any reserves as long asRD
t > 1.31 This is so because banks can always use the

facilities offered by the central bank (It) and obtain the required liquidity to satisfy

the withdrawal constraint.

In terms ofνt, combining (22) and (23) shows that it will be positive as long

as the lending rate is larger than the money-market rate. In other words, banks will

choose to take from the liquidity facilities as much as they can according to its bond

holdingsBt−1, the share of them allowed to be used in these facilitiesκt, and the

policy rateRm
t , as indicated by (6).

Overall, we can see that whether the constraints bind or not in a neighbor-

hood of the steady state will depend on the calibration of theinterest rates used. As

we explain below, in Chilean data we observe that, on average, Rm < RD < RL.

Thus, the steady state values of the multipliers will be assigned to replicate these

interest rates. As it turns out, under our calibration all the multipliers are positive.

30 One implication of this characteristic is that, in this model, a rise in the reserve requirement
will, counterfactually, generate an expansion in the economy. This happens because such a policy
change will relax,ceteris paribus, the withdrawal constraint as it will force banks to accumulate
more reserves.
31 In such a case, the equation (21) will not hold with equality, implying that the implicit constraint
Mt ≥ 0 will hold with equality.

29



Equation (19) is worth commenting also. Combining it with (23), and eval-

uating them in steady state, we getRL = RB(1 + νκ)(1− ϑ). Suppose for the mo-

ment that reserve requirements were irrelevant (i.e.ϑ = 0). In that caseRL > RB,

reflecting the fact that, because only bonds can be used to obtain liquidity from the

central bank’s facilities, loans will pay an illiquidity premium in equilibrium. This

is important because it leaves the door open for an expansionary effect of a policy

that allows to use other assets (loans in this case) as collateral in these liquidity

facilities, by lowering this iliquidity premium in the assets that become eligible.32

More generally, which of these two rates will be lower in steady state will also de-

pend on the value assigned to the reserve requirement constraint (ϑ) which in turn,

as we discussed, will depend on the values forRD andδ. Regardless, it will still

be true that allowing loans to be used to obtain liquidity will have an expansionary

effect by reducingRL.

4.9 Functional Forms and Calibration

In terms of the instantaneous utility function, we assume

U
(

cHt , c
F
t , ht

)

=
c1−σ
t

1− σ
− ψ

h1+ϕ
t

1 + ϕ
,

with

ct =
[

ω1/µ
(

cHt
)1−1/µ

+ (1− ω)1/µ
(

cFt
)1−1/µ

]
µ

µ−1

, (24)

For the production function we use,

F
(

hit, x
i
t

)

= (hit)
γ(xit)

1−γ. (25)

The time unit is set to a quarter. Tables1 and2 present the values of the

parameters. As the model features a number of parameters that are also present in

models in the New Keynesian tradition, we borrow from previous studies that have

estimated these using Chilean data. The main reference in this respect is the work

by Medina and Soto (2007), who estimated a medium-scale DSGEmodel for the

32 This feature is exploited by Hörmann and Schabert (2010) and Schabert (2010) in a closed econ-
omy context and without banks.
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Chilean economy, and that it is the core of the DSGE model usedby the Central

Bank of Chile for the forecast published in its Monetary Policy Report.33

Table 1. Calibration

Parameter Description Value Source
Households

β Discount factor 0.978 Endogenous
σ Risk Aversion 1 Medina and Soto (2007)
ϕ Inverse Frisch elast. 0.84 Medina and Soto (2007)
ψ Scaling of labor dis-utility 6.5 Endogenous
αC Deposit-in-adv. Constraint 1.39 Endogenous
ω Share ofcHt in ct 0.64 Medina and Soto (2007)
µ E.o.S. betweencHt andcFt 1.12 Medina and Soto (2007)

χ
Share ofyCo owned by foreign-
ers

0.5 Medina and Soto (2007)

Firms
γ Share ofht in yHt 0.66 Medina and Soto (2007)
θ Calvo price probability 0.74 Medina and Soto (2007)
ε E.o.S. between varieties ofyHt 11 Medina and Soto (2007)
αL Borrowing constraint 1.87 Endogenous

Closing device
φ Elast. country premium 0.0001 Normalization

Policy

Rm S.S. value ofRm
t 1.0098

Average MPR (01-12, Annual
3.96%)

ρR Response ofRm
t toRm

t−1 0.74 Medina and Soto (2007)
ρπ Response ofRm

t to πt 1.67 Medina and Soto (2007)
ρy Response ofRm

t to gdpt 0.39 Medina and Soto (2007)

Γ
Share of outright to repo injec-
tions

0.0064 Endogenous

κ
Share of bonds used for injec-
tions

1 Normalization

δ Reserve requirement 0.036
According to Chilean regulation
for term deposits

Note: Whenever the source for one parameter is indicated as “endogenous” it means

that the particular value is chosen so that, in steady state,a given value of a variable

(or a ratio) matches the chosen value from the Chilean data.

33 The only difference with the parametrization in that paper is that we choose a value for the
elasticity of the country premium to 0.0001, while they estimate a higher value of 0.01. We do this
to isolate the effects of the new channels that we present in this model.
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Table 2. Calibration, cont.

Parameter Description Value Source
Other Calibrated S.S. values

h S.S. value ofht 0.3 Normalization
TB/GDP Trade balance to output ratio 0.07 Average in data (01-12)
Y Co/GDP Share of copper in GDP 0.1 Average in data (01-12)
Y Co/XH∗ Share of copper to other exports 1.01 Average in data (01-12)

y∗ S.S. value ofy∗t 2.2 Endogenous
yCo S.S. value ofyCo

t 0.46 Endogenous

R∗ S.S. value ofR∗

t 1.0084
Average FF rate + EMBIG (01-
12, Annual 3.42%)

RD S.S. value ofRD
t 1.0192

Average deposit rate up to 90
days (01-12, Annual 4.2%)

RL S.S. value ofRL
t 1.0103

Average Commercial loan rate
(01-12, Annual 7.88%)

π S.S. value ofπt 1.0074
Inflation Target since 2001 (An-
nual 3%)

Z/BT Foreign reserves to treasury
holdings by the Central Bank

3 Average in data (01-12)

D/GDP Deposits to GDP 0.4
Average ratio of Deposits in Pe-
sos up to 3 months to GDP (03-
12)

L/GDP Loans to GDP 1.5
Average ratio of Commercial
loans in Pesos to GDP (03-12)

The rest of the parameters, including those that are specificto this model,

were calibrated to match several steady state values of endogenous variables to fig-

ures from Chilean data. These parameters are those indicated as “endogenous” in

the source column.34 The moments that we choose from the data are the following.

We set the steady state inflation rate to a 3% in annual basis, which corresponds to

the target for inflation in Chile since 2001. We also select the steady state values for

R∗, Rm, RD andRL to, respectively, 3.42%, 3.96%, 4.2% and 7.88%, as observed

on average between 2001 and 2012. In addition, we chose a steady-state ratio of de-

posits to GDP of 0.4 and we set the ratio of loans to GDP to 1.5, both to match their

average in the data from 2003 to 2012. Because deposits in themodel mature in

one quarter, we contrast the model with data for up-to-3-months deposits in pesos.

34 The mapping between parameters and targeted steady state values is not always one to one, so
we ran a minimum-distance routine to obtain some of these values.
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Also, given that in the model loans are taken by firms, we use asdata-counterpart

information from commercial loans.35

We also include information from the trade balance and copper production.

In particular, we choose a share of the trade balance in GDP of7%, a fraction of

GDP corresponding to copper production of 10%, and a ratio ofcopper exports to

other exports of 1.01, all of them reflecting the average of these variables between

2001 and 2012. We also choose a ratio of foreign reserves to treasury holdings

by the central bank of 3, matching the average ratio of the netexternal position to

other assets according to data from the Central Bank of Chilebalance sheet, and

we normalize the number of hours worked to 0.3.36 The solution of the model is

approximated using a first-order perturbation approach (log-linearization) around

the non-stochastic steady state, assuming that all the constraints are binding in the

neighborhood of the steady state.

5 “Unconventional” Monetary Policies

In this section we discuss the effects of two alternative monetary policies that depart

from the simple management of the policy rate according to the Taylor rule: ster-

ilized interventions and expanding the list of eligible collateral in operations with

the central bank. As we already discussed, this type of policies have been imple-

mented in Chile in the past. While in standard models, such asthe New Keynesian

framework, these policies generate no effect in equilibrium, the baseline model can

be modified to evaluate these alternatives.

5.1 Sterilized Interventions

In the baseline model we assumed that the stock of foreign reserves held by the cen-

tral bank (Zt) grew at a rate equal to the (exogenous) rate of foreign inflation. As

we discussed, this condition is sufficient (in addition to that aboutBT
t ) to guarantee

that the target for inflation will be met in the long run. In theshort run, however,

we can consider temporary deviations. Moreover, as the stock of money (Mt) that

appears in the central bank balance sheet is determined by the reserve requirement

35 Unfortunately, there is no information discriminating commercial loans according to their matu-
rity structure.
36 The working-paper version also includes a calibration of the driving forces that is relevant to un-
derstand how these shocks are propagated in different versions of the model under a “conventional”
policy setup. However, as we omit this analysis in this version, we do not discuss that part of the
calibration here. Additionally, the working-paper version also analyzes the ability of the model to
match several stylized facts from the Chilean economy.
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δ, changes inZt have to be financed by either changes in central-bank debtBt or

in its treasury holdingsBT
t . Given the assumptions of the model (in particular, that

treasuries can not be used in obtaining liquidity) changes in Zt compensated by

changes inBT
t will have no effect in equilibrium. On the contrary, if the change in

Zt is financed by additional central bank bonds, the intervention will have an effect

in equilibrium. Coincidentally, this representation is inline with the Chilean regula-

tory framework: the Central Bank cannot freely decide on itstreasury holdings, and

thus the sterilization is done by modifying the stock of central-bank issued bonds.

Figure10 displays the dynamics after a permanent increase inZt, without

making any additional policy changes (although the policy rate is still determined

by the Taylor rule and thus it will move endogenously as inflation and output change

in equilibrium). We consider two different implementations of this operation. In the

first one (solid blue lines in the figure) the change inZt is implemented fully at the

period it is announced, while in the other one (dashed red lines) in the first period it

is announced that the intervention will be done in four equalparts, starting from the

announcement period. This last alternative is in line with the way the intervention

in January 2011 was implemented in Chile. In both cases, we normalize the shock

so that the cumulative increase inZt is equivalent to a 5% of the dollar value of

nominal GDP in steady state; a number that represents the size of the intervention

implemented in 2011.

As we can see from the figure, the intervention generates an almost per-

manent change in activity, a persistent increase in inflation as well as in the rate

of nominal exchange rate depreciation, and an almost permanent real depreciation.

The monetary policy rate increases aggressively as dictated by the Taylor rule, and

the spread (will increasing on impact) experiences an almost permanent reduction.

Moreover, as we can see, the stock of bondsBt does not only rises on impact (in

response to the increase inZt) but also afterward, experiencing also a permanent

change.

What is the intuition behind this result? While the intervention is sterilized

(in the sense that the purchase of dollars is not paid by printing money), the per-

manent increase in the stock of bonds will generate (ceteris paribus, in particular,

keepingκt unchanged) a permanent increase in liquidity due to the binding money

market constraint, equation (6). This in turn requires (at least in the long run) a per-
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Figure 10. Permanent increase inZ
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Note: The solid blue lines correspond to the case where all the intervention is done

in the first period, while the dashed red lines are from the case in which it is spread

evenly in four periods. In both cases, the cumulative increase inZ is equivalent to

a 5% of nominal GDP in steady state. The responses are deviations from steady

state with the following units of measure:yH , c, cH , cF , cF , L, I, M , andB are

in percentage deviations,π, πH , πS , and TB
GDP are in percentage points deviations,

RW andRm are in annualized basis points deviations,spreadL,D is in basis points

deviations andκ is in levels deviations.

manent increase in the price-level path.37 In this model, such a change produces an

expansion due to the presence of price rigidities. As the required change in the price

level cannot be completed immediately, higher inflation is expected in the future,

37 That the price-level path rises can be seen in the picture from the fact that inflation, after rising
initially, converges to the steady state from above. Thus, the integral of this response (i.e. the change
in the price-level path) is positive.
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and therefore the real interest rate relevant for inter-temporal consumption decisions

is significantly reduced, increasing consumption demand.38 This effect is exacer-

bated by two other features in the model. First, as liquidityincreases but prices do

not adjust automatically, the deposit-in-advance constraint is relaxed, leading to a

further increase in consumption. Second, as demand rises, the spread is expected to

drop and therefore aggregate supply also rises. Finally, asPPP is assumed to hold

in the long run, the nominal exchange rate is also expected todepreciate in the long

run, rising also its value today. Such reactions strongly suggest a countercyclical

role of sterilized interventions to prevent exchange rate appreciations.

As stated in the introduction, this channel for the propagation of sterilized

interventions is quite different from those emphasized in the literature, namely, the

portfolio balance channel and the signaling channel (see, for instance, Dominguez

y Frankel, 1993, and Sarno and Taylor, 2001). The former refers to the presence

of some friction that makes bonds and foreign assets imperfect substitutes, so that

adjusting portfolio positions is costly for agents, and therefore a change in the rel-

ative stock of these assets can modify its relative price. The latter is based on the

idea that, be intervening, the central bank is sending information exchange rate

fundamentals, generating an effect under the assumption ofimperfect information.

The mechanism present in our model can, however, generate a challenge for

the implementation of inflation targeting. In the long run, the jump in the price level

path does not generate a problem in reaching the target for inflation.39 However, it

will take longer to the economy to reach that situation. Therefore, if the central

bank cares also about inflation in the short or medium run, itsability to reach such a

goal might be compromised. And this is true despite the fact that the central bank is

aggressively rising the policy rate, as dictated by the Taylor rule, because temporary

changes in the policy rate cannot be used to deal with the permanent rise in liquidity

created by the permanent rise in the stock of bonds.

However, the central bank has a more effective tool to deal with the latter

problem of unwanted additional liquidity. It can indeed decrease the fraction of

bonds allowed to be used in the liquidity facilities,κt. Actually, it is clear from

the inspection of the money market constraint (6) that the central bank can set,

38 This real rate equals the inverse of the expected real stochastic discount factor.
39 Graphically, the log of the new price-level path, although higher, has the same slope in the long
run.
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after the intervention, this fraction in a way that it counteracts the change inBt−1.

In other words, by settingκt

κt−1

=
(

Bt−1

Bt−2

)

−1

it can fully offset the equilibrium

effect originated by the increase inZt. Of course, doing this will not be efficient

because the goal of the intervention (to affect the nominal exchange rate) will not

be achieved. Thus, it should probably like to undo the changein Bt with gradual

changes inκt.40

It is interesting to notice that this situation is actually not a bad description

of the implementation of monetary policy in Chile. In fact, the central bank has a

trend to drain liquidity from the system. This is precisely because the Central Bank

of Chile has a stock of debt that is significantly higher than other central banks, due

in part to the historic events (such as the rescue of the banking system in the 80’s

and the exchange rate interventions in the 90’s) and to the more recent interventions

(see, for instance, Banco Central de Chile, 2011). Thus, given the legal restriction

that the Central Bank of Chile has regarding the use of its holding of government

debt, the central uses its several liquidity facilities to compensate for the effect of

this past decisions. In our model, this can be represented with changes inκt.

Given this discussion, we proceed with an exercise to assessthe effects of

the intervention implemented by the Central Bank of Chile inJanuary 2011. In par-

ticular, we calibrate the size of the sterilized intervention and the change inκt trying

to replicate that policy, which is shown in Figure11. As we already mentioned, the

size of the intervention announced (12 billion dollars) wasclose to 5% of nomi-

nal GDP and the purchases of foreign currency were evenly distributed during the

year that the intervention lasted (this scheme was described at the announcement

so we assume agents perfectly anticipated it), so we calibrate the shocks toZt in

40 It is also worth mentioning that if Treasuries were also heldby the private sector but if these were
not allowed to be used in liquidity facilities, a policy analogous to changingκ after the intervention
would be for the central bank to implement the sterilizationby a combination of issuing new central-
bank debt and by selling some of Treasuries it holds. Although equivalent, and to some extent easier
to understand, we do not follow this alternative here because, as we already mentioned, the Central
Bank of Chile cannot freely decide on its Treasury holdings;which in particular implies that the
sterilization cannot be done by selling Treasuries. Alternatively, and closer to the real world, one
could consider central-bank issued debt of different maturities (e.g. letters and bonds), some of them
being used for open market-operations but not the others. Insuch a set-up, a policy analogous to
changes inκ would be to sterilize with a combination of both types of debt. We do not use this
alternative to keep the analysis as simple as possible. In conclusion, no matter what assumption
one chooses, what is relevant is how the sterilization is split between instruments that can be used
in liquidity facilities and others that can’t. In reality, Central Banks are indeed careful about these
issues, but most of the theory omits them. Our model shows that such a distinction is key.
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that way. To calibrate the evolution ofκt, we notice that the Central Bank of Chile

also communicated (the day following the intervention announcement) the way in

which the sterilization was programmed. In particular, it informed that of the 12 bil-

lions, two of them were going to be financed with the emission of short-term letters

and liquidity facilities (repo operations) while the rest was to be financed with long

term bonds (more than two years of maturity). Moreover, during the first month

only short term letters and liquidity facilities were used,starting with the emission

of longer-term bonds only after the second month. Accordingly, we calibrate the

evolution ofκt so that in the first quarter the percentage of the new bonds issued to

finance the intervention that can be used in the liquidity facilities is 25%, decreas-

ing gradually to reach the 17% (≈ 2/12) after one year. Afterwards, the remaining

extra liquidity generated is gradually eliminated in threeyears.41 The resulting path

for κt is displayed in the bottom-right graph in Figure11, which we also assume

agents perfectly anticipate.42

The solid blue lines in the figure report the policy as just described. As we

can see, the model predicts a mild effect on the nominal exchange rate, rising only

almost 0.05% in the quarter of the announcement, maintaining a positive deprecia-

tion rate during the following quarters (the peak cumulative effect, i.e. the maximu

effect in the exchange rate level, is around 0.1%), and followed by a negative depre-

ciation afterwards. The effect is limited in the other variables as well, for instance,

the maximum effect on GDP is close to 0.25% and inflation risesby less than 0.05%

percentage points.

As a complementary exercise, we show in red broken lines the effects of the

same intervention policy but coupled with a fixed monetary policy rate (instead of

being determined by the Taylor rule as in the baseline case).43 While in this alter-

native the effects are, as expected, more expansionary, quantitatively the difference

is almost nil. In particular, in terms of the effect on the nominal exchange rate, the

impact effect is slightly above 0.05% and the maximum cumulative effect is 0.12%.

41 We assume this extra liquidity is eventually eliminated because if not, as we previously discussed,
the remaining liquidity will make the long-run price level jump. Again, this assumption is in line
with the fact that the Central Bank of Chile shows a trend to drain liquidity from the system.

42 Specifically, we assumeκt

κt−1

=

(

Bt−2

Bt−1

π
)1−ρκ

(

κt−1

κt−5

)ρκ/4

, with ρκ = 0.25.
43 Technically, we can perform this exercise because the Taylor principle is not a required condition
for determinacy in this model, a feature that appears in manymodels that include cash-in-advance
constraints (e.g. see Woodford, 2003).
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Figure 11. Permanent increase inZ in four periods, with a decrease inκ in line
with the Chilean implementation in 2011.
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Note: The solid blue lines report the case in whichRm moves according to the Taylor

rule, while the red broken lines correspond to the case wereRm remains fixed. See

description in the text for the description of the policy, and the note in Figure10 for

units of measure.

Thus, while it is not clear whether at the moment of announcing the intervention

the central bank was planing to change the expected path of the policy rate to com-

plement the intervention or not, quantitatively it does notseem to be important.

Nonetheless, as we have emphasized, the other aspect of monetary policy that is

indeed relevant is the liquidity management that follows the intervention.

Finally, it is of interest to compare our results with the behavior of Chilean

variables after the intervention in 2011. A first pass to the evolution of the nominal

exchange rate hints that it is likely that it had only minor effects: while in the days
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following the intervention the exchange rate depreciated by more than 6%, after one

month the exchange rate was only 2.5% higher than its pre-intervention level, and

a quarter after the intervention it was less than 1% higher that the pre-intervention

level. While this simple look at the data is not an identification exercise, but it seems

reasonable to think that if the policy had some effect on the exchange rate it was

quite limited, in line with the prediction of our model. Complementary, Pincheira

(2013) analyses the effect of several interventions carried out by the Central Bank

of Chile on inflation expectations, finding that 2011 episodehad non-significant

effects on this variable; also in line with the predictions of our model.

5.2 Expanding the List of Eligible Collaterals

Another policy alternative that can be evaluated with our model is the addition of

other assets to the list of eligible collaterals to be used inliquidity facilities offered

by the central bank. As we have described, such a policy was infact implemented

by the Central Bank of Chile in the onset and after the Lehman Brothers’ collapse.

In the model, the central bank may want to include loans as eligible collateral,

reducing in that way the spread between lending and deposit rates.

In particular, we modify the equation (6) in the baseline model to,

It ≤
κtBt−1

Rm
t

+
κLt Lt

Rm
t

, (26)

where the variableκLt captures the fraction of loans that the central bank is willing

to accept (in the baseline model,κLt = 0). Furthermore, we assume that these loans

are accepted only for liquidity injections in the form of repo agreements, and not

for outright purchases, so that the central bank will not hold loans in its balance

sheet from one period to the next.44

Given this change, the optimality condition from the banks’choice ofLt

(the equation (23) discussed before) is now,

RL
t (1 + κLt νt) = (1 + υt). (27)

44 In the model, this has to be the case, as loans are intra-periodic. Nonetheless, this is consistent
with the implementation of this policy in Chile, for the central bank only allowed to used these
assets in repo facilities. In other countries, notably in the U.S., the central bank choose to keep these
additional assets in its balance sheet for an extended period of time. To capture these alternative
policy, the model should be extended to include inter-periodic loans.
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Thus,ceteris paribus, an increase inκLt will lower the interest rate on loans and, as

that rate is part of the firm’s marginal costs, it should have en expansionary effect

in the economy.

Figure 12. Changes inκLt
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Note: The solid blue lines correspond to an increase inκLt for one period, the solid

black lines are for an increase that lasts four periods, the dashed red lines come from

the case in whichκLt follows an AR(1) process with auto-correlation coefficientof

0.5 (so the half-life of the initial change is one quarter), and the dashed magenta lines

correspond to the permanent increase inκLt . In all cases, the initial increase inκLt is

0.5. κLt is measured in levels, in differences with respect to its steady state; for the

other variables, see the note in figure10.

Figure 12 displays the responses to an increase inκLt of five percentage

points, relative to a steady state withκL = 0. We report four alternative cases, de-

pending on the duration of the change: the solid blue lines report the case when the
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increase lasts one period, the solid black lines are those for a four-period increase,

the dashed red lines come from a case in whichκLt follows an auto-regressive pro-

cess with a half-life of one quarter, and the dashed magenta lines correspond to a

permanent increase inκLt .

We begin by analyzing the case in whichκLt increases permanently. This sit-

uation resembles the case of the sterilized intervention, for the permanent increase

in κLt produces a permanent rise in liquidity that requires a rise in the price-level

path. Thus, as before, this policy will produce a permanent rise in production and

consumption, as well as a persistent increase in inflation aswell as the nominal an

real exchange rates. The spreads also falls and the monetarypolicy rate increases

aggressively. However, as we explained before, the Taylor rule is not enough to

undo the change in the price-level path. Overall, although this permanent increase

in κLt induces an important expansion, the central banks might notwant to imple-

ment it if it cares about inflation in the short or medium run.

For all the temporary increases inκLt , the change in the price-level path is

not present, so the expansion comes from two other channels.First, as we already

mentioned, accepting loans in the liquidity facilities reduces the spread, which ex-

pands aggregate supply. Second, the temporary increase in liquidity, coupled with

the sluggish adjustment in inflation due to the price rigidities, relaxes the deposit

in advance constraint rising aggregate demand. Compared tothe permanent case,

the responses of real quantities like output and consumption are somehow larger on

impact in the temporary cases but of course less persistent.Inflation and the nomi-

nal exchange rate increase by less on impact and the responseis also less persistent.

Finally, the impact effect on the real exchange rate is similar to the permanent case

but it last only for a few periods.

We finish this section with an exercise that tries to assess the effects of the

policy implemented by the Central Bank of Chile in 2008 and 2009, when it decided

to relax the list of eligible collaterals required in its liquidity operations. Similar to

the sterilized intervention case, the key is to calibrate the path ofκL. In this case,

this is particularly challenging because the policy implemented did not specified

the fraction of private-banks-related assets that were accepted, which should be the

literal interpretation of movingκLt from zero to a positive value in the model. Thus,

we proceed as follows. First, we note that the expansion of eligible collaterals im-

plemented in October 2008 was first supposed to last for the rest of 2008, but in
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Figure 13. Change inκLt in line with the Chilean implementation in 2008/2009
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Note: The solid blue lines report the case in whichRm moves according to the Taylor

rule, while the red broken lines correspond to the case wereRm remains fixed. See

description in the text for the description of the policy, and the note in Figure12 for

units of measure.

early December the measure was extended for the whole year of2009. Accord-

ingly, we assume thatκLt > 0 for five quarters, a duration that was internalized by

agents at the date of the announcement. To specify the value for κLt > 0 we first

notice that after the announcement, and for the last quarterof 2008, the amount

of liquidity provided with repo operations averaged 1.1 trillions of Chilean pesos.

Moreover, in its Financial Stability Report of January 2009the Central Bank of

Chile reported that around 50% of these repo operations usedprivate-banks-related

assests as collateral (Banco Central de Chile, 2009, Table III.3). Finally, we also

note that according with the consolidated balance sheet of the banking sector, the
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stock of credit to the private sector in September 2008 was 67.5 trillions of Chilean

pesos. Therefore, we specify that for a period of five quartersκLt = 0.008 = 0.5×1.1
67.5

,

and afterwards it returns toκLt = 0.

As can be seen from the blue-solid lines in figure13 such a policy has an

expansionary effect, brought about by both the drop in the spread of near 50 basis

points and the relaxation of the liquidity constraint. Output increases by near 0.4%,

inflation rises by almost 0.1 pp. and, with a somehow larger nominal depreciation,

the real exchange rate depreciates. The figure also displaysin red-broken lines the

effects of the same policy but coupled with a fixedRm
t . In such a case, the effects on

real variables are somehow larger (e.g. the peak effect on output is 0.1 pp. higher),

but the response of inflation is not significantly different.

Finally, comparing these predicted responses to the data,45 it may be the case

that the model is missing some of the dynamics. In particular, the lending spread,

that rose by almost 500 bp. from September to November 2008, fell by more than

200 bp. from November 2008 to January 2009. The drop in the spread predicted

by our model is clearly smaller (slightly more than 50 bp.), although it is important

to keep in mind the ours is a valid exercise in the sense that itallows to isolate the

policy effect, while those changes in the data just described are likely influenced by

many other factors. Given the simplicity of our model, we seeour prediction as a

lower bound for the actual effects of this policy.

6 Conclusions

This paper developed a theoretical, quantitative model to analyze the macroeco-

nomic impact of certain “unconventional” monetary policies. In particular, the pa-

per considers two of these policies: sterilized interventions and expanding the list

of eligible collaterals used in Central Bank’s discount-window operations. These

two policies have been used, in particular, by the Central Bank of Chile between

2008 and 2011. The main findings are that, first, the effects ofsterilized interven-

tions on output and inflation can both be large, although the particular outcomes

depend on how the central bank manages the additional liquidity generated by the

sterilized foreign-reserve purchase. Second, the magnitude of the macroeconomic

effects of relaxing the central-bank constraint in open market operations (i.e., col-

45 Unfortunately, to the best of our knowledge there no references of empirical identification exer-
cises that quantifies the effects of this policy.
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lateral requirements) depend on how long the option of usingother assets as col-

laterals is available. Some of these results, however, suggest that the final impact

of those policies also depend on how the central bank combines different uncon-

ventional monetary policy tools to manage aggregate liquidity. For example, the

macroeconomic effects of sterilized foreign reserve interventions in the model de-

pend on whether the central bank changes collateral requirements to absorb part

of the liquidity expansion. This happens because the new bonds issued to finance

the purchases of foreign assets can help to relax the constraints to obtain liquidity

from the central bank, which in turn can be a challenge for theimplementation of

an inflation targeting regime.

Actually, a major policy conclusion arises from the two Chilean-data-calibrated

expansionary policy exercises (one involving sterilized intervention, the other im-

plying a collateral relaxation in discount-window operations) performed here. Given

the transitory nature of both policy interventions (less than a year and a half), the

impulse responses showed a relatively short period of inflationary expansion, re-

turning to the steady-state level in a year, while keeping output and consumption

above the steady-state level for almost two years. These results stress that such

specific way of expanding liquidity through a combination ofmore than one uncon-

ventional monetary policy tool may not have constituted anyserious threat towards

the consistency of the (flexible-form) inflation-targetingframework (a threat feared

by some analysts) while helping mitigating the economic activity consequences of

negative external shocks such as the Lehman-Brothers crisis in 2008. Other results

also show the importance of using more than one unconventional monetary policy

tool to make both goals (maintaining inflation close to targets and acting counter-

cyclically regarding economic activity) given that some ofthe exercises using only

one expansionary unconventional measure complemented only with the Taylor rule

do lead to more persistent inflationary expansions.

Our framework also highlights that, in discussing about liquidity, is not only

the stock of money what matters. Many other financial assets are valued, in part,

because of the way they facilitate the access to liquidity. While this issue has been

emphasized in part of the recent literature (e.g. Gorton, 2009, and Gorton and

Metrick, 2012) these issues has not been included in the models developed to ana-

lyze the effects of “unconventional” policies. Our model explicitly includes these

considerations and, while abstracting from other potentially relevant aspects (such
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as financial frictions), the results indicate that these issues cannot be taken from

granted. Therefore, we see as a necessary line for future research to combine the

liquidity management considerations that we have considered here with a model in

line with the recent developments in the literature analyzing the effects of uncon-

ventional policies.

Finally, another limitation of our analysis is the assumption that the dif-

ferent constraints in the model are always binding. Instead, one could argue that

many of these constraints are probably not binding during normal times but they

become a restriction in times of stress. We have chosen this approach for computa-

tional simplicity: assuming that constraints are always binding allow us to solve the

model using perturbation methods, while solving models with occasionally-binding

constraints is computationally more costly. Arguably, thealternative of occasion-

ally binding constraints is most relevant if one want to judge these types of policies

from a welfare perspective, as this feature generally produce some type of pecuniary

externalities. Thus, another line of future research wouldbe to use alternative solu-

tion methods that can handle occasionally binding constraints in order to provide a

thorough welfare evaluation of the different policy alternatives.
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De Gregorio, José (2010a). ”Tackling the Capital Inflow Challenge.” Central Bank

of Chile, Economic Policy Paper No 35.
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