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ABSTRACT

This thesis studies how monetary policy should be conducted in emerging economies
where the domestic currency has been partially replaced by a foreign currency, a
phenomenon called ‘dollarisation’. The central question is how different forms of
dollarisation affect both the transmission mechanism and the goals of the central

bank.

A general overview and the motivation of these topics are discussed in
the first and second chapters. The third chapter, ‘Optimal Monetary Policy and
Endogenous Price Dollarisation’, shows that having two units of account may be
optimal for economies with large sector specific productivity shocks when prices are
sticky. In this case, optimal monetary policy implies a certain degree of exchange

rate smoothing.

In the fourth chapter, ‘Monetary Policy and Currency Substitution’ we
use a fully micro-founded general equilibrium model where currency substitution
is endogenously determined to show how currency substitution can make inflation
stabilisation more costly, thus inducing a higher degree of aggregate volatility. We
also show that currency substitution does not affect the central banks capability to

determine inflation and that in this case exchange rate smoothing is not optimal.

The effect of income distribution on price dollarisation is studied in the
fifth chapter. This chapter shows that income inequality can generate an upper

boundary for price dollarisation

In the final chapter, ‘Dollarisation Persistence and Individual Heterogene-
ity’, we study how the limited capability to process financial information of partic-
ipants in the dollar deposit market can induce very persistent degrees of financial

dollarisation. We further provide empirical evidence supporting our claim.
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CHAPTER 1

INTRODUCTION

A fundamental question in monetary theory and one of practical importance for cen-
tral banks is how monetary policy should be conducted. Recently, a great amount of
research has been devoted to providing answers to this question using New Keyne-
sian models!. This type of models have proven to be useful tools for understanding
how central banks should set interest rates under different types of shocks and for
learning about the objectives they should pursue. Most of this literature, however,
has studied these issues in single-currency economy models, a relevant case for de-
veloped economies but not for a large number of emerging economies that function

as dual-currency economies.

This thesis contributes to the literature on monetary policy in emerging
market economies on three fronts: first it develops general equilibrium New Key-
nesian models where endogenously two currencies circulate as medium of payment
and unit of account. Second, it shows what type of policies are optimal in this
type of environments. Third, it provides insights on how two other key features of
emerging market economies,income distribution and the limited ability to process
information of participants in the financial market, restrict the use of a foreign
currency by domestic agents. Whilst the contribution of this thesis is theoretical,
it also provides empirical evidence supporting some of its implications by using as

case study Mexico, Peru, Poland and Uruguay.

! See for instance, Clarida et al. (1999) and Woodford (2003) for closed economies, and Corsetti
and Pesenti (2004), Corsetti and Pesenti (2001), Benigno and Benigno (2003), Benigno (2004)
and De Paoli (2004), for open economies.
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Dual currency economies are known in the literature and amongst policy
makers as dollarised economies. This term is used to describe economies where a
foreign currency is widely used by its residents alongside or instead of the domestic
currency. Distinct forms of dollarisation are recognised in the literature depending
on the monetary services provided by the foreign currency and on its legal tender

status.

When the domestic currency is the only legal tender in the economy, but
the foreign currency is widely accepted, dollarisation is denominated unofficial or
partial. This type of dollarisation, in turn, can be categorised as financial dollarisa-
tion(FD), when the foreign currency provides services of reserve of value, currency
substitution or payments dollarisation(CS), when the domestic economy has been
partially replaced in its function of medium of payment, and price dollarisation,

(PD) when the foreign currency also works as unit of account.

Dollarisation is significant and widespread in many emerging economies, in
particular, in those countries with a history of high inflation, such as Bolivia, Egypt,
Turkey, Peru, Russia and Uruguay. Yet, it is not exclusive to those economies. Levy-
Yeyati (2006) reports that by the end of 2000 more than 44 percent of the banking
deposits in emerging market economies where denominated in foreign currency.
By the end of 2005 FD, measured by participation of foreign-currency-denominated
deposits in the banking system, reached 85 percent in Peru and 55 percent in Bolivia,
the two Latin American countries with the longest history of dollarisation. For the
same countries, CS, measured by the participation of foreign-currency denominated
sight deposits was around 60 percent. These figures are remarkably high even for
emerging economies. In transition economies, in particular in Russia, CS is even

higher, reaching levels close to 80 percent.

Although not as large as FD or CS, PD is significant. The short-run level

of the exchange rate pass-through to domestic prices can be used as an indirect

11



measure of PD?. For Peru, Armas et al. (2001), Miller (2003) and Winkelried (2003)
estimate values for the short-run degree of pass-through between 15 to 30 percent.
More recently, Castillo et al. (2006) estimate values of 40 and 30 percent for CS and
PD respectively 3.

1.1 Dollarisation and Monetary Policy

This thesis contains five chapters in addition to the introductory chapter. Chapter
2 draws attention to the importance of dollarisation in emerging economies by pro-
viding a set of quantitative measures of its different forms for a wide set of these
economies. Chapters 3 and 4 address the issue of how monetary policy should be
conducted when agents choose endogenously their unit of account and their medium
of payment. Chapter 5 analyses the implications of non-homothetic preferences and
income distribution on the degree of PD, whereas Chapter 6 focuses on the impli-
cations of the heterogenous ability of the deposit market participants to process

information in explaining the degree of persistence of FD.

A fundamental question in monetary theory is how an economy should
choose its unit of account. Most of the recent literature in monetary policy that
relies on general equilibrium models takes, however, this choice as given 4. Instead,
Chapter 3, explicitly considers the implications of this choice for monetary policy

within a general equilibrium small open economy model. Our main result shows

2 This measure is particularly informative for those goods whose prices are not adjusted fre-
quently. Since, in those cases their prices reflect, at short-run frequencies, mainly exchange rate
movements.

3 This estimation uses Bayesian methods and a stochastic general equilibrium model with Peru-
vian data.

4 The only exception to this trend is the literature on endogenous pass-through, which explicitly
studies the determinants of exporting firm’s invoicing decisions and their implications for real
exchange rate volatility, the transmission of foreign shocks and the benefits of international
policy coordination See Bacchetta and Wincoop (2005) for a general equilibrium static model
of invoicing, and for dynamic frameworks, see Devereux et al. (2004) and Corsetti and Pesenti

(2004)

12



that it is possible to obtain welfare gains from using two units of accounts when: a)
sector specific shocks are large enough and b) prices are not too sticky. In these cases
having two units of accounts is instrumental in producing less costly adjustment in
relative prices across productive sectors. A key implication for monetary policy of
this novel result is that zero domestic inflation is not optimal in economies with PD.
Instead the central bank faces a trade-off between stabilising domestic inflation, the
output gap and the nominal exchange rate. Therefore, this chapter shows that
optimal monetary policy implies some degree of exchange rate smoothness. In that

sense, the model shows that in economies with PD there is an optimal fear of floating
5

A key parameter in determining the magnitude of the central bank’s re-
sponse to domestic inflation, output gap and of fear of floating is the degree of
price stickiness. When prices are more sticky the central bank puts a larger weight
on domestic inflation and output gap stabilisation, since the welfare costs associ-
ated to fluctuations in these two variables are larger in this case. Instead, when
prices are not too sticky and sector specific shocks are large, the central banks puts
more weight on exchange rate stabilisation since in this case, gains from stabilising

relative prices through the exchange rate are larger.

Similarly to Corsetti and Pesenti (2004), Loyo (2001) and Devereux et
al. (2004), we also find that individual firm’s would choose to invoice in a foreign
currency when the volatility of exchange rate is high and firm’s marginal costs are
positive correlated with the exchange rate. Interestingly then, we show that it is
possible to obtain multiple equilibriums in the model, particularly when sector spe-
cific shocks are not large enough. In this latter case, firm’s optimal invoicing choice
would depend on what other firms do. We further provide a full characterisation of

these equilibriums.

5 Terminology of Calvo and Reinhart (2002).
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This chapter further shows that optimal monetary policy in economies with
endogenous PD implies a positive correlation between the exchange rate and sector
specific productivity shocks of firms that invoice in a foreign currency. By inducing
this correlation, the central bank can achieve a larger reduction on the relative
price distortions generated by sector specific productivity shocks and sticky prices,
in comparison with the outcome under a pure inflation target regime. When a
subset of firms sets prices in dollars, by altering the parity between the domestic
and the foreign currency, the central bank can engineer a change in relative prices
in the opposite direction to the one generated by sector specific productivity shocks
stabilising relative prices. The model also implies that the larger the degree of price
stickiness, the larger the response of the central bank should be to sector specific
productivity shocks. This potential behaviour of the central bank, in turn, generates

the incentives to some firms to set prices in a foreign currency

Importantly, chapter 4 shows that CS not only affects the economy through
different channels than those of PD but more crucially it shows that CS has distinct
implications for monetary policy. As this chapter discuss in detail, by optimally
choosing the composition of their medium of payments, households open a channel
by which the foreign nominal interest rate affects consumption, savings and labour
supply decisions, and consequently output gap and inflation dynamics. This new
channel introduces a new source of volatility in developing small open economies,

in particular in response to foreign interest rate shocks.

Moreover, this chapter shows that the central bank’s welfare-based loss
function depends on the degree of CS in steady-state. In particular, a central bank
operating in this type of environment faces a trade-off between stabilising the out-
put gap, domestic inflation and the nominal interest rate. This trade-off, moreover,
depends on the degree of steady-state CS. In particular, when the degree of CS is
large, the central puts more weight on domestic inflation and output gap stabili-

sation than in interest rate smoothing. Consequently, the central bank optimally
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moves the domestic interest rate more strongly in response to shocks. Also, it turns

out to be optimal for the central bank to not smooth exchange rate fluctuations.

In terms of implementable rules, this chapter shows that CS increases the
determinacy area of Taylor-type rules that react to domestic inflation. This, though,
comes at the cost of increasing the volatility of both the output gap and inflation.
Interestingly then, this chapter shows that CS do not limit the central bank’s capa-
bility to anchor inflation expectations, it only make more costly both domestic infla-
tion and output gap stabilisation. Indeed, the recent experience of highly dollarised
Latin American economies, like Bolivia and Peru, is consistent with this result.
These economies have successfully anchored inflation expectations and achieved

price stability, regardless of their high degrees of both FD and CS.

Developing economies differ from developed ones on several dimensions.
Two of them which are particularly relevant are income level differences and agent’s
access to financial markets. Chapters 5 and 6 we explore the implications of these
two key emerging market features. On one hand, chapter 5 focuses on understanding
how income distribution affects the choice of unit of account by firms and agent’s
portfolio decisions. Using a simple overlapping generation monetary model where
agents have non-homothetic preferences, this chapter shows that income distribution
can limit the extent to which a foreign currency can be used as unit of account. In
particular, it shows that even when firms producing necessity goods have marginal

costs in foreign currency, they will choose to set prices in domestic currency.

The mechanism that delivers this result is rooted in the link that non-
homothetic preferences generate between the demand price elasticity and the income
of firm’s customers. In this case, the demand price elasticity that firms face is
positively correlated with their costumers’ income. Hence, when customer’s income
covaries positively with the exchange rate, which is the case when customers have

dollarised their savings, setting prices in foreign currency increases the volatility of
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a firm’s profits, reducing their expected profits. This effect is larger for necessity
goods than for luxury goods, and, consequently, firms producing necessity goods are
more likely to set prices in domestic currency than firms producing luxury goods.
At the aggregate level, the heterogenous pricing behaviour of firms in turn implies
that the degree of pass-through of exchange rate to prices would tend to be smaller

for low-income countries than for medium-income countries.

On the other hand, Chapter 6 analyses how the limited capability to process
information of participants in the deposit market helps to explain the degree of per-
sistence of financial dollarisation. Persistence is the most salient feature of financial
dollarisation, and the one that probably causes more concern to policymakers. In
this chapter we claim that this persistence is connected to the fact that partici-
pants in the dollar deposit market are fairly heterogenous, and so is the way they
form their optimal currency portfolio. This chapter develops a simple model where
agents differ in their ability to process information, which turns out to be enough
to generate persistence upon aggregation. The chapter finds empirical support for

this claim with data from three Latin American countries and Poland.

All in all, this thesis provides several novel results on how monetary policy
should be conducted in economies with PD and CS. In particular, it shows that in
partially dollarised economies the weights of the exchange rate and that of interest
rate on the central bank loss function depend on the extent of both PD and CS.
PD generates incentives to smooth exchange rate fluctuations, whereas CS reduces
the incentives for interest rate smoothing. Importantly, CS also enlarges the area
of determinacy for implementable Taylor-type rules, but at the cost of increasing
aggregate volatility. Finally, this thesis also provides some novel explanations for
two stylised facts on dollarisation: why FD is so persistent and why PD seems to
be concentrated in relatively luxury goods. Some empirical evidence supporting the

main implications of these two hypotheses is also provided.
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CHAPTER 2

QUANTITATIVE MEASURES OF DOLLARISATION

This chapter provides quantitative measures of the three types of dollarisation stud-
ied in this thesis. For this purpose, we use data collected from different sources,
in particular, the IMF Staff Reports, IMF International Financial Statistics pub-
lication and various Central Bank Bulletins. We also use information provided by

Balifio et al. (1999), De Nicolé et al. (2005) and Arteta (2003) and Feige (2003).

2.1 Financial Dollarisation

Table 2.1 presents a list of countries where FD is above 10 percent.! We measure
FD as the average ratio of deposits in foreign currency to total deposits issued by

domestic banks for 33 countries for the period from 1991 to 2001.

As Table 2.1 shows, FD is quantitatively important in most of the countries
in the sample. On average, it is above 50 percent. In Latin America, Bolivia and
Uruguay are the economies with the highest FD measures, with values close to 90
and 80 percent respectively. In the case of Eastern Europe, Armenia and Bulgaria
are the economies that exhibit the highest dollarisation ratios, 71 and 51 percent,
respectively, whereas in Asia and Africa, Cambodia and Angola exhibit FD levels

of 94 and 65 percent respectively.

1 This table reports only figures of those countries where FD is above 10 percent. We have not
considered economies with measures of FD below 10 percent since we are mainly interested
in highly dollarised economies. Dollarisation levels below 10 may not be related directly to
monetary policy but to other long-term factors such us financial integration.
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Table 2.1: Dollarisation Ratios for Selected Countries
Financial Dollarisation Inflation
Average Maz. Trend | Average Mazx. Trend
Angola 65.1 84.0 up 214.0 5000.0 down
Argentina 61.3 74.0 up -0.3 171.7 down
Armenia 714 81.0 up 5.1 4940.8 down
Belarus 51.1 69.0 up 132.0 2221.0 down
Bolivia 90.0 92.0 down 4.1 21.5 down
Bulgaria 50.5 57.0 up 2194 1058.2 down
Cambodia 93.2 94.0 up 4.1 14.8  down
Costa Rica 414 48.0 up 114 28.7 down
Croatia, 70.4 68.9 up 5.8 1509.4 down
Ecuador 26.9 53.0 up 50.5 96.1 up
Egypt 24.8 32.0 up 3.3 19.8  down
Estonia 19.1 24.0 up 6.4 89.8  down
Georgia 64.6 82.0 up 7.7 162.6 down
Guinea-Bissau 46.0 56.0 up 13.1 69.5 down
Israel 18.9 20.0 up 44 19.0 down
Kazakhstan 35.2 60.0 up 10.9 1884.7 down
Kyrggz Republic 51.9 66.0 up 19.1 359 down
Lao People’s Dem.Rep 73.0 90.0 up 56.0 128.4 down
Latvia 47.5 52.0 down 4.1 243.0 down
Lithuania 40.6 44.0 up 34 410.3 down
Macedonia, FYR 55.4 65.0 up 2.5 126.6 up
Mozambique 48.3 55.0 up 6.7 63.2 up
Nicaragua 67.4 71.0 up 10.5 2944.0 down
Paraguay 55.4 67.0 up 8.3 24.2 up
Peru 65.7 68.0 up 5.0 409.6 down
Poland 21.0 27.0 down 9.9 76.7  down
Romania 37.7 49.0 up 67.9 256.0 down
Russia 34.0 44.0 up 34.1 900.0 up
Turkey 49.0 58.0 up 68.9 106.7 down
Uruguay 80.0 84.0 up 9.1 102.0 down
Vanuatu 67.8 70.0 up 2.8 6.5 up
Vietnam 37.5 43.0 up 2.5 7.3 down
Yemen 49.6 53.0 up 6.7 55.1 up

Note: The average values for dollarisation ratios and inflation correspond to the period 2001-1997,
whereas the maximum values to the period 1990-2001. The measure of FD is defined as foreign
currency deposits over total deposits.

Sources: IMF Staff Reports, Central Bank bulletins (various issues), Balifio et al. (1999), De
Nicolé et al. (2005) and Arteta (2003).
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Interestingly, the levels of FD presented in Table 2.1 seem to be more
correlated with the history of inflation than the contemporaneous levels of inflation.
The correlation coefficient between our measure of FD and the average inflation
level for the 33 countries considered in the sample is less than 0.1 percent. This
correlation, however, increases up to 20 percent when considering the maximum level
of past inflation instead of the average level of inflation. FD, then, seems to persist
even many years after an economy has reached low inflation levels. Indeed, this has
been the case of economies like Bolivia and Peru, which experimented periods of
hyperinflation before the 90’s, but still now have levels of FD above 60 percent. The
figures presented in Table 2.1, therefore, indicate that financial dollarisation is not
only quantitatively important for a large set of emerging economies but also a very
persistent phenomenon. Chapter 6 provides a novel explanation of this stylised fact

of FD.

2.2 Currency Substitution

Since there is no a direct measure of the amount of foreign currency circulating in
dollarised economies, we use indirect measures of CS. For Bolivia and Peru we use
as an indirect measure of CS the proportion of dollar-denominated sight deposits

in the domestic banking system?.

For the remaining countries in the sample, we use measures of CS con-
structed using survey information gathered and organised by the United States of
America Customs, on cross border flows of US currency 3. We complement this
information with the figures produced by Feige (2003), who uses survey infor-

mation on holdings of European currencies in transition economies*. The values

2 Sight deposits are highly correlated with the level of transactions in the economy and hence
they contain information on the degree of CS.

3 Every person that imports or exports currency or monetary instruments for an amount over
US 10000, has to fill the report.

4 These surveys were conducted by the Austrian Central Bank.
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Table 2.2: Currency Substitution and Financial Dollarisation Selected Countries
2001

Currency Substitution Financial Dollarisation

Bolivia 65 88
Peru 51 66
Poland 27 19
Latvia 79 44
Russia 87 34
Armenia 62 80
Georgia 79 82
Croatia 46 71
Romania 55 49

Note: For Bolivia and Peru measures of CS corresponds to the participation of sight deposits
denominated in foreign currency. For the remaining countries the figures correspond to the ratio
of foreign currency in circulation over total currency in circulation. Sources: IMF Staff Reports,
Central Bank bulletins (various issues), and Feige (2003).

corresponding to this measure of CS are presented in Table 2.2 for a selected group
of countries. All figures correspond to 2001. For comparison Table 2.2 also reports

the corresponding measures of FD for each country that we included in Table 2.1.

Figures presented in Table 2.2 show that CS is indeed quantitatively large.
For some countries it is even larger than FD. The leading examples of this case are
Russia and Latvia where CS reaches 81 and 79 percent. This pattern, however,
is not uniform across countries. For other economies, like Bolivia and Peru the

opposite is observed, FD is higher than CS.

2.3 Price Dollarisation

Although a link may exist between CS and PD in dollarised economies, for a large
set of transactions agents pay with a different currency than the one used as unit
of account, therefore, these two types of dollarisation may not be quantitatively

equivalent.
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Table 2.3: Measures of Price Dollarisation Peru 1995-2003

Average Mazimum Lima

Consumer Price Index 6% 16% 3%
Food and Beverages 4% 17% -4%
Clothes and shoes 15% 36% 23%
Housing Rent fuel and electricity 1% 20% 7%
Furniture and house conservation 23% 39% 25%
Health Care 15% 36% 19%
Education Services -2% 16% -6%
Other Services 14% 30% 16%

Note: Measures of PD corresponds to contemporaneous correlation between the exchange rate
depreciation and inflation rates for each component of the CPI. For the average, CPI’s information
of 25 Peruvian cities were considered. Source: National Institute of Statistics, INE,

Direct measures of PD are not available for most of the countries included
in the sample. However, some indirect measures can be obtained. For instance,
the very short-run pass-through of exchange rate movements into domestic prices.
This indicator is informative about the degree of PD only when prices are relatively
sticky. In this case, within the period that firms do not change their prices, the
observed change in the aggregate price index relative to the change in the exchange
rate would be proportional to the degree of PD. Using this indirect measures of PD
for a series of Latin American countries, Gonzalez-Anaya (2002) finds that FD and
PD are not correlated. In particular, economies where the degree of FD is large,

like Bolivia and Peru, exhibit relatively low degree of PD.

We further provide evidence that PD is relatively low in economies with
large degrees of FD using Peruvian data. In particular, we use monthly data of the
Consumer Price index and its components for the period 1995-2003 for 25 Peruvian
cities. For each price index we calculate short-run pass-through of exchange rate

movements into domestic prices.
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Table 2.3 presents the estimated measures of PD for the Peruvian econ-
omy. The first column of this table shows the average value of PD for the 25 most
important cities in Peru; in the second column, its maximum value and finally in
the third column the corresponding value for.capital city, Lima. Although the mea-
sures presented in Table 2.3 indicate that PD is lower than CS and FD, PD is still
significant, particularly for some of the components of the CPI index. The average
value of PD is around 6 percent, with a maximum of 16 percent®. In terms of com-
ponents, furniture and Housing conservation, clothes and shoes,and health care are
amongst those with the highest degrees of PD, with average values of 23, 15 and
15, respectively. For Lima, the largest city in the country, the same indicators take

values above their averages, 25, 19 and 23 respectively.

Interestingly, the pattern of PD across type of goods seems to be related
with the average income-level across countries and regions. To illustrate this feature
we estimate the correlation between the previously described measures of PD and
indirect indicators of the average income-level for the 25 main cities of Peru. In
particular, we use four different indicators for the average income level: the per-
capita expenditure of families within each city, the number of phones per each 100
people, the number of people at each city that has phone, and the number of public
phones per each 100 people. The sample period spans the period from January 1995
to December 2003.

As Table 2.4 shows, there is an statistically significantly positive correlation
between the average income level and the degree of PD. The correlation is higher
for housing rent and for domestic appliances, and relatively weaker for transport
service. This correlation suggest that in poorer cities the degree of PD is much
lower than in cities where the average income is higher even for relatively tradable

goods as domestic appliances.

5 Using a time horizon of one and two quarters, Miller (2003) and Winkelried (2003) show that
the degree of pass-through ranges between 15 and 30 percent.
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Table 2.4: Price Dollarisation and Income Distribution Peru 1995-2003

Selected CPI Components IND; IND, IND3z IND4

Housing Rent 0.24* 0.25* 0.17 0.19
Domestic Appliances 0.48* 0.58** 0.57** 0.55
Transport Services 0.10 0.13 0.17 0.13

* [**] denotes significance at a 5% [10%)] level. IND; corresponds to the per-capita expenditure
of families within each city, IN D, to the number of phones per each 100 people, I N D3 number of
people at each city that have phone, and IN D4, number of public phones per each 100 people.

Overall, the figures presented in this chapter show that dollarisation is not
only quantitatively important for a large number of emerging markets but also a
very persistent phenomenon. Consequently, central banks in partially dollarised
economies need to take into account explicitly the constraints that dollarisation
imposes when designing monetary policy. Chapter 3 and 4 study this issue in

detail.
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CHAPTER 3

OPTIMAL MONETARY POLICY AND ENDOGENOUS PRICE
DOLLARISATION

As chapter 2 has documented there exists a large number of developing economies
where two currencies share the basic monetary functions. Amongst these, the func-
tion of unit of account is perhaps the one that has been given more attention in the
recent new Keynesian literature as a key ingredient for transmission mechanism of
monetary policy. This is evident, since in most of the recent models for analysing
the design of monetary policy in close and open economies the fundamental, albeit
the only function that money plays is the one of unit of account !. These models,
however, usually assume that domestic firms set prices only in domestic currency,
an assumption that is less suitable for developing economies where a large set of

domestic prices are denominated in a foreign currency.

The only exception to this trend is the literature on endogenous pass-
through, which explicitly studies the determinants of exporting firm’s invoicing
decisions and their implications for real exchange rate volatility, the transmission
of foreign shocks and the benefits of international policy coordination 2. However,
in contrast to develop economies where a foreign currency may be used as unit
of account but exclusively for imported goods, in developing economies with PD

also a large set of domestically produced goods are invoiced in a foreign currency

! See Aoki (2001), Woodford (2003) for close economies and Benigno and Benigno (2003), Be-
nigno (2004), De Paoli (2004) and Gali and Monacelli (2005)for open economies

2 See Bacchetta and Wincoop (2005) for a general equilibrium static model of invoicing, and for
dynamic frameworks, see Devereux et al. (2004) and Corsetti and Pesenti (2004)
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for domestic transactions. This distinction generates important differences on how
monetary policy should be implemented in develop versus developing economies

with PD.

Our goal in this chapter is to twofold: first, to derive a micro-founded
welfare-based loss function for the central bank in an economy with PD to account
for the distinct implications of PD on monetary policy. Second, to fully characterise
the general equilibrium determinants of PD. These are fundamental issues for mon-
etary policy in developing economies for which there are not yet clear-cut answers.
For instance, it is usually argued that PD is an endogenous response of firms to bad
monetary policy; however, the recent performance of monetary policy in economies
with PD like Peru and Bolivia, with annual inflation rates below 3 percent, casts
some doubts on the role that bad monetary policy may have as the most important

determinant of PD.

Similarly, a usual argument, especially amongst policy makers, is that dol-
larisation induces central banks to smooth exchange rate fluctuations. Some recent
papers as Céspedes et al. (2004) and Chang and Velasco (2001) that study the
implications of financial dollarisation on the performance of different exchange rate
regimes, however, do not support this view. In those papers, a flexible exchange rate
regime still outperforms a fixed exchange rate regime, even when financial frictions
are considered. These papers however, do not take into account PD. Instead, this
chapter explicitly considers the implications of PD for central bank’s exchange rate

policy.

The model we use to address these issues belongs to the generation of New
Keynesian Small Open Economies models (SOE from now on) developed to study

the design of monetary policy®>. Two particular features, though, distinguish our

3 Amongst the recent papers that analyse optimal monetary policy in SOE, the closest ones to
our model are Sutherland (2000), Gali and Monacelli (2005) and De Paoli (2004).
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model from the rest of the literature. First, firms are heterogeneous in their tech-
nology -in particular; they face sector-specific productivity shocks- which induce
relative price dispersion across firms*. Second, as in the endogenous pass-through
literature, firms can freely choose either a domestic or a foreign currency for invoic-

ing.

We proceed as follows; first we develop a SOE new Keynesian model, which
is derived as the limiting case of a two-country world. We use this model to obtain
an aggregated demand and supply relationship conditioned on the degree of PD,
which we use later to characterise the optimal firm’s invoicing decision and the
central bank monetary policy. A novel key implication of PD for the dynamics
of the economy is that unexpected fluctuations on the devaluation rate shift the

Phillips curve, further complicating inflation stabilisation.

Then, we follow the work of Bacchetta and Wincoop (2005), Devereux
et al. (2004), Corsetti and Pesenti (2004) and Loyo (2001) in characterising the
firm’s invoicing decision using a second-order approximation of the relative expected
discounted firm’s profits under domestic and foreign currency invoicing. In this
dimension our results are similar to those of Devereux et al. (2004) and of Loyo

(2001). In particular, we find that firm’s are more likely to invoice in a foreign
currency when: a) domestic inflation is more volatile than the depreciation rate
of the nominal exchange rate, b) the covariance between the domestic price and
the nominal exchange rate is high, and c¢) the nominal exchange rate is positively

correlated with a firm’s marginal costs.

4 Several recent papers analyse optimal monetary policy in economies with more than one sector.
Acki (2001) analyses optimal monetary policy for a two-sector close economy model; Benigno
(2004) characterises optimal monetary policy in a currency area; Erceg and Levin (2000)
consider the case of stickiness in wages and prices, and Huang et al. (2005) analyse the case
of price stickiness in the final and intermediate production sectors. Unlike the previous papers,
we focus on the optimal choice of unit of account besides optimal monetary policy.
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Intuitively, when firms’ prices are sticky in both domestic and foreign cur-
rency, aggregate and idiosyncratic shocks deviate firms’ relative prices from their
optimal values generating profit losses. However, firms can mitigate these costs by
invoicing in a foreign currency. For instance, when there is a positive correlation
between aggregate prices and exchange rates, a firm that invoices in a foreign cur-
rency would partially isolate their relative price from domestic inflation, since its
relative price would increases in those states of nature where inflation also increase.
Similarly, when the nominal exchange rate is positively correlated with the firm’s
marginal cost, by setting prices in the foreign currency, firms induce a positive cor-
relation between marginal revenues and marginal costs that stabilise firms’ profits

and increase their expected profits.

Then, we analyse the implications of PD for monetary policy. As we dis-
cussed previously PD has first-order effects on domestic inflation through its impact
on the Phillips curve. Through this channel, PD generates an endogenous trade-off
between stabilising domestic inflation and the output gap making more costly for
the central bank to stabilise domestic inflation. Even more importantly, we show
that PD also generates second-order welfare effects by contributing to create ag-
gregate relative price dispersion across domestic producers. As Woodford (2003)
highlights, the relative price dispersion’s determinants are related to the particu-
larities of the price setting structure. In our case, since some firms choose to set
prices in a foreign currency, fluctuations in the exchange rate also generate relative
price distortions, thereby welfare losses. To properly account for the implications
of PD on monetary policy we obtain a welfare-based loss function for the central
by taking a second-order approximation of the representative domestic household’s
utility function around a constrain efficient steady-state as in Woodford (2003) and

Benigno and Woodford (2003).

We show that the relevant central bank’s loss function in an economy with

PD has several distinct features. First, besides domestic inflation and the output
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gap, the central bank’s loss function in an economy with PD depends on the volatil-
ity of the nominal exchange rate, its covariance with domestic inflation and and its
covariances with the average productivity shock of dollar-price firms. Consequently,
in an economy with PD the central bank has incentives to reduce the volatility of the
nominal exchange rate and to generate a positive correlation between the domestic
exchange rate, domestic prices and dollar-price firm’s sector specific productivity
shocks. Intuitively, by behaving in this way the central bank minimises the relative
price dispersion that aggregate and sector specific shocks generate in an economy

with PD when prices are sticky.

Furthermore, we show that there exists a large set of parameter values for
which the equilibrium with PD is unique. In particular, for a given degree of price
stickiness and labour supply elasticity, equilibrium with PD emerges when sector
specific productivity shocks are large enough relative to real exchange rate shocks.
Also, for a given size of sector specific productivity shocks, a unique equilibrium with
PD exists when the degree of price stickiness is not too large. Intuitively, in general
equilibrium two units of account coexist when its benefits, given by the reduction
in relative price distortions, are larger than its costs, given by the extra volatility

on output gap that the use of the exchange rate by the central bank generates.

Since the benefits of having PD are related to the size of sector-specific
productivity shocks, and its costs to the degree of price stickiness, it would be more
likely to observe an equilibrium with partial PD when prices are not too sticky
(costs are lower) and when domestic sector productivity shocks are larger (benefits
are larger). In this sense, our results can be rationalised in terms of Mundell (1961)
optimal currency areas theory. As Mundell (1961) proposed, an optimal currency
area is a geographical zone where shocks are common. In our model, when sector
specific shocks are large enough, indeed there exist two currency areas within the
same economy. Thereby, using two units of account become optimal. Furthermore,

we also show that it is possible to observe multiple equilibriums, particularly when
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the degree of price stickiness is too high or when the size of sector specific shocks

is two small.

Our results also show that a central bank that aims at anchoring domes-
tic inflation, as for instance in the case of adopting an explicit inflation-targeting
regime, generates equilibrium where PD is sub optimally low. On the contrary, a
central bank that exhibits an excess of ‘fear of floating’ would generate a degree of
PD that is sub-optimally high. The latter results suggest that there is an optimal

degree of ‘fear of floating’ associated to the optimal degree of PD.

The model used in this chapter is related to Loyo (2001), Devereux et al.
(2004) and Corsetti and Pesenti (2004). In those papers, firms also have to decide
optimally amongst different units of account. In Loyo (2001) firms have to decide
between a real and an imaginary currency to set prices and the central bank can
control directly the parity between these two types of currency. In Devereux et
al. (2004) and Corsetti and Pesenti (2004), importing and exporting firms have to
choose between domestic and foreign currency for invoicing and monetary policy
is implemented through money growth rate targes®. In contrast to Loyo (2001),
in our set up, the central bank does not perfectly control the parity between the
domestic and foreign currency but this is determined as an equilibrium outcome
in the economy. Also differently from Devereux et al. (2004) and Corsetti and
Pesenti (2004) in this chapter we focus on an equilibrium where monetary policy
is implemented optimally and where domestic firms can invoice in a foreign for the

domestic market.

To set up the model, a number of simplifying assumptions have been made
in order to gain clarity. First, although our framework is one of a SOE where terms

of trade surely play an important role, we follow Gali and Monacelli (2005) in

5 A series of other papers study invoicing decisions in different contexts; for instance, Bacchetta
and Wincoop (2005), Donnefeld and Zilcha (1991), Giovannini (1988), Johnson and Pick
(1997) and Klemperer and Meyer (1986).
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choosing a particular type of preferences that eliminate the effects of terms of trade
on the economy. This simplification helps to highlight the interplay between the

exchange rate and PDS.

Second, we used a very simple structure of correlations amongst sector
specific productivity shocks, which, however, are enough to qualitatively show the
implications of the model. Yet, a more complex assumption about this correlation
can be made, as in Loyo (2001)". Finally, we choose not to consider any type of
financial frictions by using a set up with complete asset markets. This latter choice
is made to keep the tractability of the model since it greatly simplifies the char-
acterisation of the micro-founded central bank’s loss function &. Moreover, adding
financial frictions does not alter the invoicing decision of firms in a fundamental

way but it highly complicates the determination of the equilibrium®

The remainder of this chapter is organised as follows. Section 3.1 describes
a simple general equilibrium model of an small open economy where firms face
sector specific productivity shocks and price stickiness. Section 3.2 discusses the
implications of PD for the dynamic equilibrium of the economy, section 3.3 analyses
the relevant loss function for the central bank and the design of optimal monetary
policy under PD. Section 3.4 discusses the interplay between the equilibrium level

of PD and monetary policy. The final section presents some concluding remarks.

6 Gali and Monacelli (2005) and De Paoli (2004) show that the effects of terms of trade are
eliminated from the economy when both the intertemporal elasticity of substitution and the
elasticity of substitution between domestic and foreign goods are equal to 1. These assumptions
are chosen in this chapter.

7 The assumptions of Loyo (2001) on the correlations of shocks, although more complex, are less
realistic since they are held under a very particular set of assumptions.

8 A interesting paper that addresses the issue of optimal monetary policy using a welfare-based
central bank’s loss function in a two-country world with incomplete markets is Benigno (2001).

9 It is important to highlight that the complete market assumption is not redundant even when the
intertemporal elasticity of substitution and the intertemporal elasticity between domestic and
foreign goods are unity. When markets are incomplete the dynamics of the economy depends
on the overall stock of foreign debt, which alters the response of the economy to domestic and
foreign shocks. Moreover, the central bank’s loss function also depends on domestic consumption
volatility as Benigno (2001) shows.
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3.1 The Model

In this section we outline the model used later in this chapter to study the determi-
nants of PD and its implications for the design of monetary policy. In the model, the
world’s population is allocated in two economies, a domestic economy of size n and
the foreign economy of size (1 — n). We focus on the limiting case of a small open
economy where domestic shocks do not affect the behaviour of the foreign economy.
This case is obtained by making n arbitrary small. In each economy households re-
ceive utility from consuming a continuum of differentiated consumption goods and
disutility from working. Furthermore, households can smooth consumption using a

complete set of stage contingent bonds denominated in domestic currency!®.

On the other hand, monopolistic competitive firms produce consumption
goods using labour and a constant return to scale technology. We introduce nominal
rigidities in the model by assuming that a fraction of firms, chosen randomly, set
prices on period in advance. However, differently from standard SOE models, we
further allow firms to use either a foreign or a domestic currency for setting prices!?.
At every period t, there are three types of firms according to their pricing strate-
gies: a) a set of firms with flexible prices, which can respond to contemporaneous
shocks, b) firms that set prices one period in advance in pesos, and c¢) firms that
set prices one period in advance but in dollars. The fraction of firms that optimally
pre-set prices in the domestic market in foreign currency, our measure of PD, is

endogenously determined in equilibrium, whereas the fraction of firms with flexible

prices is exogenously given.

We further assume that firms are heterogeneous in their cost structure.

10 We omit financial frictions in the model for tractability since our main objective is to analyse
the implications of nominal frictions for the relationship between PD and monetary policy.

11 See Bacchetta and Wincoop (2005) for a general equilibrium static model with endogenous
invoicing decisions and Devereux et al. (2004) and Corsetti and Pesenti (2004) for dynamic
frameworks.
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In particular, we assume that firms face sector specific productivity shocks. This
assumption together with the one of price stickiness imply that firm’s will have
different incentives to invoice in a foreign currency depending on the correlation of
the exchange rate with the shocks they face. On the other hand, the central bank

implement monetary policy optimally by minimizing a welfare-based loss function.

3.1.1 Preferences

We assume the following utility function on consumption and labour

Eyo iﬂt (log Ct — NtHv)] (3.1)
— 1+v

Where 0 < 8 < 1 represents the subjective discount factor, v the inverse of the Frish
labour supply elasticity, /V; represents labour hours, and C;, a consumption basket
index. The log preferences on consumption is chosen because it allows to eliminate
the effects of terms of trade on SOE models making much easier to understand the
interplay between PD and optimal monetary policy*?. The domestic consumption

index is defined by:

(3.2)

-1 -1 J__

Co=[(1-) (€)™ +a (Cr)™ |

where 7) represents the elasticity of substitution between domestic and foreign con-
sumption goods, Cx; and Cr; respectively. On the other hand, o is a preference
parameter that measures the fraction of consumption allocated in foreign goods.
In turn, the domestic consumption basket is as a composite of a continuum of

differentiated consumption goods defined by following CES aggregator function:

£ £

One= (W fon @7 a@) ™ on= () [ore 0 a) ™
(3.3)

12 See Gali and Monacelli (2005) and De Paoli (2004)
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where € > 1 represents the elasticity of substitution between differentiated domestic
consumption goods. Associated to this set of preferences there exists a consumption
based price index, P; and corresponding domestic and foreign price indices, Px: and

Pr:, respectively, which are defined as follows:

1
P.=(1-a) Py +aPs") T (3.4)
and
=
1
Py = - / P},jf (2)dz + / P;,jf (2)dz + / P}If (2)dz+ (3.5)
e b [0,n]\ZU©

where, Pr; = e, Py, represents the price index of foreign goods expressed in domestic
currency, e;, the nominal exchange rate, the price of the foreign currency in terms of
the domestic currency, and Py, the price index of foreign goods in foreign currency,
defined by a similar aggregator as equation (3.5). Also, © represents the set of firms
with flexible prices and X the set of firms that pre-set prices in dollars. This latter
set is endogenously determined as part of the rational expectations equilibrium.
From now on we adopt the convention of denoting with an asterisk (x), foreign

variables.

3.1.2 Asset Market Structure

We follow Chari et al. (2002) by assuming that markets are complete domestically
and internationally. At each period of time, the world economy faces one of the
possible events z;, drawn from a finitely set ¥ that contains all possible events.
History of events up to period t is denoted by (; and the conditional probability
of occurrence of state z;;; on the history (; is given by Y (z441| ;). The asset
market structure consists of a set of state contingent bonds denominated in domestic
currency. Households holdings of these bonds are denote by B (z:41 | 2;) ; and

bond’s prices in period ¢ and in state x; are denoted by & (z;4+1 | ¢;). One unit of

33



each of these bonds pays one unit domestic currency in period ¢+ 1 if the particular
state, xy41 occurs, zero otherwise. Therefore, the household’s sequence of budget
constraints are given by,

P () C (z) + + Z §(@et1 | Go) B (Ter1 | m) = W () N (1) + B (z2) + E(z1)

T141€ Y

(3.6)

where E (z;) accounts for firm’s profits.

3.1.3 Optimal Conditions for Households Decisions

Each household in the domestic economy maximises her utility function given by
equation (3.1), subject to their flow budget constraint, equation (3.6). The corre-

sponding household’s first order conditions are given by the following set of equa-

tions, .
C- P
€ (o | ) = Oz | 6) ( Gioet) ) 37)
C,N? = % (3.8)
Cre=(1-0) (2) " c, Cre=a (%) "c,

z -n etP*t z -n (3-9)
Cha(2) = 3 (P?:’—;(t)) Cu: Cri(2) = 5 (_;E(_)) Chy

Equation (3.7), is the standard Euler condition that defines the optimal path of
consumption and savings. When markets are complete, the free risk interest rate
is equal to the inverse of the conditional expectation of the state contingent bond
prices across all states of nature. Using this equality, the Euler equation can be

alternatively written in terms of the free risk nominal interest rate, as follows,
1 Cih P
- = BE, | 21 ) 3.10
1414 BE: (Ct_ 1 P ( )

Furthermore, by combining the domestic and foreign Euler conditions, we can obtain

the following condition,

-1 -1
* Pr e C P,
t+1 t t t+1 t
= = (AF, —_— 3.11
St ﬂ( Ct ) Pryiewn AE: <C{1 Pt+1) (3.1)
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Denoting by @, the real exchange rate, which is defined as the relative price of
foreign goods in terms of domestic goods, i.e Q; = }—)% equation (3.11) can be

rearranged to obtain the following recursive equation,

) (G
wr(@)'(@)'e e

By iterating backwards equation (3.12) we obtain the following risk sharing con-

dition that relates the real exchange rate to the dynamics of domestic and foreign

.\ -1
Qt=% (gtt) (3.13)

consumption,

-1
where ¢y is a constant defined as follows, ¢y = (—g:?)—_fQo. Equation (3.12) shows
0
that under the complete asset market assumption, the real exchange rate satisfies

a simple relationship in terms of foreign and domestic consumption.

On the other hand, equation (3.8) determines households’ labour supply.
This equation shows that households optimally supply labour up to the point where
the marginal disutility of working equalises its marginal benefit, given by the real
wage expressed in units of utility. The intratemporal allocation of consumption
across different good’s varieties is determined by equation (3.9). At the optimal,
households demand for each variety of consumption good is increasing on total
consumption, C; and decreasing in their corresponding relative prices. In the rest
of the world, households solve an identical problem to the one detailed above for
domestic households. Therefore, a set of similar optimality conditions describes

their behaviour.

3.1.4 Firms

Consumption goods are produced by a continuum of monopolistically competitive

firms. Each of them has a constant returns to scale technology to transform labour
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services Vi(2) into a particular variety of final consumption goods, as follows:
At(Z)Y}I’t(Z) = Nt(Z) (314)

where A;(z) represents a negative technology shock, since for higher values of A;(z),
the amount of labour required to produce the same amount output is also higher.

We further assume that A;(2) evolves according the following stochastic process,
In(Ai(2)) = €4 (3.15)

with ¢ ~ N (0, afz). and E (e,:€;:) # 0 We further define as A; the aggregate
domestic productivity shock, which is obtained by aggregating A:(z) over z using
the following CES aggregator function, 3

=

A = % / A (2) dz (3.16)
0

This definition of aggregate productivity is convenient since allow us to define ag-
gregate output in terms of aggregate employment and productivity in a simple way,

as follows,
AYuy = Ny (3.17)

where,
n n
YH,t = (%IYHJ (Z) dZ) Nt = (% th (Z) dZ)
0 0
Furthermore, each domestic producer faces a downward sloping demand function,
which is obtained by aggregating both the domestic and foreign households demand
for each good 2. After aggregation, the domestic producer’s demand function is

given by,

Yiga(z) = / Ciy (2)d(i) + / (Ch) (2)d(a) (3.18)

13 See appendix A.2 for the details of this derivation.
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Using equation(3.9) we can write the previous equation as follows:

Yii(2) = (th)> B Yi (3.19)

Where, Yy represents the total demand for domestic goods, which is determined

by the following condition:

Y = (@> _n ((1 RO G a*zl(l —n) Q;’Ct*) (3.20)

Similarly, foreign firms face a downward demand function given by,

_ PF,t (Z) - PF,t N n * A7 vk
YF,t(Z) = ( Pp’t ) ( Pt ) 1— naCt+a QtCt

Where, a* represents the participation of foreign goods in the consumption basket

of foreign households.

Price Setting

A fraction 8 of firms in the domestic economy set prices observing the realization of
all shocks, whereas the remaining fraction, (1 — ) set prices one period in advance.
Amongst these latter subset of firms a smaller group of them, of mass s, choose to
set their prices in foreign currency. Notice that for flexible-price firms the choice of
unit of account is irrelevant. These firms can always choose an equivalent price in
dollars for the corresponding optimal price in pesos by simply dividing the optimal
price in pesos by the current nominal exchange rate. Pricing in foreign currency

becomes relevant only when firms face uncertainty about the realization of shocks!4.

A typical firm, z, choose its optimal price Py, (2) to maximises the expected
value of its profit’s flow discounted by the relevant household’s discount factor,

which is defined by A; = ﬁp%tg:‘—l-. Thus, firms’ expected profit function under

14 This irrelevance result is similar to the one discussed by Klemperer and Meyer (1986), who show
that the strategy of setting prices or quantities is irrelevant when firms do not face uncertainty
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peso invoicing is given by:
Q(z) = B [((Pug(2) — WeAi(2)) Yi(2)Ad] (3.21)

where the demand for good z is defined as follows,

Yi(z) = (%ﬁz)) B Y (3.22)

The first order condition that determines the optimal firm’s price under peso in-

voicing is given by

B,y =0 (3.23)

((PH,t(Z) — p‘WtAt(Z)) (PH,t(z))_E YH,tAtPH,t

Py Py,

’

After simplifying the previous expression and defining F; = Yu +A¢Pr 4, we obtain,

E. 1 (W;Ay(2) P53 Fy)
P = ’ 3.24
H,t(z) MY E, . (Pf[tlf-t) ( )

As we highlighted before firms choose optimally their unit of account, therefore, if
the expected discounted profits under dollar invoicing are larger that under peso
invoicing firm’s would choose to invoice in dollars. Let’s define the price of an indi-
vidual domestic consumption good in dollars by dg :(2) and the aggregate domestic
price level expressed in dollars by, dy:. Using these two prices, firm’s discounted

expected profit function under dollar invoicing is given by,

U(z) = By K(d,,,t(z) _ %At(z)) Yt(z)Atet] (3.25)

and the corresponding firm’s demand by the following condition,

Yiu(2) = (dZ’t(z)) B Yay (3.26)

Ht
In this case, the optimal price under dollar invoicing is given by the following equa-

tion,
Et—l (%At(,?!)d;[—,tll‘_t)
Ei 1 (dif_,tlF t)

dus(2) = p (3.27)
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On the other hand, the optimal price of flexible-price firms, those that belong to

the set ©, is given by a mark-up over their corresponding marginal costs,
Ppy(2) = pWiAy(2)

Individual domestic firms pricing decision are therefore summarised as follows,

ﬂWtAt(Z) ifz€0O

etEy_1 %At(z)d;,_,tlf‘t

Puy(2) =\ F—po(@ir)  1%€% (3.28)
Et—l(WtAt(Z)l,’f{tl F¢)
Ei (P;Ttl Fz)

otherwise

Firms’ Invoicing Decisions

Each firm decides which currency to use for setting prices by comparing their ex-
pected profits under dollar and peso invoicing. Firm z will set prices in dollar if and
only if the expected profits under this strategy exceeds the corresponding profits
under invoicing in pesos. Plugging the optimal pricing rules into their corresponding
profit functions, equations (3.21), (3.25) the condition for setting prices in dollars

is given by e .
Q(2) _ (Ei1 (wAi(2) Pgy)) (B (p;tl))
¥ (z) (Et-—l (tht(z)d;I,t))l—e (Et—l (dj‘f_tl))6

Therefore, a firm’s z optimal invoicing decision, o3 (2) can be defined as follows,

<1 (3.29)

) 1if & <1
gt\2) =
0 otherwise

and the set of firm’s invoicing in dollars, X, as follows:

S ={z]0:(2) =1} (3.30)

3.1.5 The Small Open Economy

Following Sutherland (2002) and De Paoli (2004) we parameterise the foreign goods

participation in the domestic household’s consumption basket, o, in terms of the size
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of the economy, n and its degree of openness, v, as follows, @ = (1 —n)y. Similarly,
for the case of the foreign economy, 1 — a* = ny. With this parameterisation,
domestic households consume more imported goods when the economy is more
open, this is when 7 is larger, or when the size of domestic economy, n, is relatively

small.

The SOE is obtained making n — 0. In this case, the foreign-good’s par-
ticipation in the domestic households consumption bundle is determined only by 7,
the degree of openness. Furthermore, foreign households consume only foreign pro-
duced goods, a* = 1, consequently, changes on domestic aggregated demand have
no effects on the foreign economy and its consumer price index coincides with its
producer price index P* = Pf. In the case of a SOE then, the domestic and foreign

demand functions of consumption goods, equations (3.20) and (3.1.4) become:

V= (22) " (@ - Coraicy) (3.31)
Ya(2) = (%;@) B (%t) @) (3.3

In what follows we restrict our analysis to the particular case of n = 1. With this
parameterisation, in the limiting case of s = 0, no PD, our SOE is isomorphic to
a close economy where domestic inflation, the output gap and the nominal interest
rates can be determined independently of foreign shocks. In this way, we focus
on the interaction between PD and monetary policy isolating the terms of trade
role on monetary policy!®. Furthermore, this parameterisation simplifies several
key equations of the model in a very convenient way. For instance, equation (3.4)
becomes,

P, = Py P}, (3.33)

Let’s define by II;, the gross rate of inflation, II; = J—D%, and by Iy, = %{—1, the

gross rate of domestic inflation. Transforming appropriately equation (3.33), the

15 See De Paoli (2004)and Gali and Monacelli (2005) for a detailed discussion of the role of terms
of trade in SOE and the isomorphic close economy representation of open economies
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link between II, and Il can be written as follows,

(Hlf{t,t) - (Tiy (3.34)

where T; denotes the terms of trade, defined as the foreign goods’ price in terms of

domestic goods,

_ Ppy
T.= 5 (3.35)
Also, equation (3.31) become,
Y, =T C, (3.36)

This latter equation in turn imply that F; = 1. Furthermore, using equations (3.8),
(3.17) and (3.36) the real wage in terms of domestic prices is determined by the

following condition,

wy = AYYtY (3.37)

Similarly, using equations (3.36) and (3.34) to eliminate consumption and the CPI

inflation from the Euler condition, it can be rewritten as follows,

! __ g (@L> (3.38)

144 Yy % g 41

Finally, the value of the nominal exchange rate can be readily obtained from the

definition of the terms of trade, as follows,

— YH,tPH,t (3 39)

€t
VP

3.2 The Dynamic Equilibrium

Given a sequence for the nominal interest rate, {i;}, foreign productivity shocks,
{a;} and domestic sector specific productivity shocks, {a: (2)}. The dynamic equi-
librium of domestic SOE is defined as an allocation for {Yy:}, {C:}, relative prices,
{w:}, {Q:}, {1t} {e:}, {I;} and {IIf 441} and firm’s invoicing rules such that con-
ditions (4.42), (4.41), (4.43), (3.36), (3.34), (3.35), (3.28) and (3.30) hold. In what
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follows, we use lower-case letters to denote variables in deviations respect to their

steady-state levels, i.e, z; = log (%)

3.2.1 The Flexible Price Equilibrium

When prices are flexible, firms can set prices every period observing the realisations
of all shocks. In this case, the firm’s pricing strategy is irrelevant for the equilibrium
allocation. In order to show this point, let’s look at the optimal prices of firm z

under pesos and dollar invoicing, given by,

P}’Lt(z) = uWiA, dT}I,t(z) = #MAz,t (3.40)

€t

Since firms can perfectly observe their productivity shocks, A,; and the nominal
exchange rate, the corresponding optimal prices under pesos and dollars invoicing

are related through,
Py ,(2) = djg(2)e (3.41)

With these optimal prices, the amount of good 2 produced is exactly the same under
both pricing strategies. Importantly, under the flexible prices allocation, the rela-
tive price between two different varieties of goods reaches its optimal value. From
equation (3.40), this optimal relative price is given by firms relatively productivity,

Ig,t(z) — Az,t
g,t(zl) Ay

(3.42)

This also implies that the usage of labour in the economy reaches its optimal value,
given by
hi = AYy, (3.43)

Also, as appendix A.2 shows, the flexible price equilibrium of this economy, up to
a log linear approximation around the steady-state can be nicely characterised by

the following three equations that determine the natural interest rate, the potential
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output and the real exchange rate?6,

Yie = —0 (3.44)
’l"? = —Et (at+1 - at) (345)
g =—(1-7)(ar—a) (3.46)

The previous equations show that both the natural level of output and the natural
interest rate do not depend on foreign shocks. We obtain this result only because
we have chosen a very special type of preferences, ones that exhibit both unitary in-
tertemporal elasticity of substitution and unitary elasticity of substitution between
domestic and foreign goods. Under this type of preferences, the substitution and
income effect that movements in terms of trade generate cancel out each other elim-

t17

inating any trade balance deficit’’. In a more general setup, both domestic output

and real interest rate would respond to foreign shocks.

3.2.2 Aggregate Demand

We derive the aggregate demand by taking a log-linear approximation of equation

(4.41) around the deterministic steady-state

yH: = EByyrier — (e — EyTH41) (3.47)

As we show in appendix A.2, the aggregate demand equation in terms of output

gap consistent with the previous equation is given by,

Iy = EtIlIH_l - ('Lt — EtWH,t+1 - T?) (348)

16 We use lower case variables to denote log linear approximation of the original ones with respect
to their steady-state.

17 See Galf and Monacelli (2005) for a detailed discussion of a canonical representation of an small
open economy, and De Paoli (2004) for its implications in optimal monetary policy.
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The other relevant condition that comes from the aggregate demand side is the one
that determines the dynamics of the nominal exchange rate. The nominal exchange
rate in this simple economy depends on domestic prices, the output gap and a real

exchange rate shock, as follows,
€ = DPHt — P +Ts — T + 1 (3.49)
Where 7;, the composite real exchange rate shock, is defined as follows,
N =a; — a (3.50)

Equation (3.49) is obtained from the log-linear approximation of equation (4.42),
where a; = fon at(z)dz and qf is the foreign productivity shock, which is assumed
to be independent of a;. Interestingly, under the assumption of complete markets,
equation (3.49) is equivalent to the uncover interest parity condition (UIP) . To

illustrate this latter point, let’s obtain E;Ae;y; using equation (3.49).
EtAeH.l = Et'n'H,t+1 — Etﬂ,;_l + EtAIIIt+1 - EtAZ':_H + EtAnt—H

and then express E;An;,; in terms of the domestic and foreign natural interest

rates, as follows
EtAT]t+1 = EtAa:_l_l — EtAa't-l-l — _,r.:l* + ,’,;'I,

fimlly, using the domestic and the foreign Euler equations we obtain the UIP con-
dition,

. -
EtAeH_l =%~

3.2.3 Aggregate Supply

Wi derive the aggregate supply equation of this economy by aggregating the log lin-

ea) approximated optimal pricing rules of domestic firms given by equation (3.28).
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At each point in time there exist three type of firms differentiated by their pric-
ing strategy. A first type, of mass 8, set prices flexibly observing the realisation
of all shocks in the economy. The remaining fraction, 1 — 8, set prices one period
in advance using information up to period, ¢ — 1. From this second group, a frac-
tion (1 — @) s of firms sets prices in foreign currency, whereas the remaining one,
(1—6) (1 — s) does it in pesos. The value of s is endogenously determined as an

equilibrium feature in section 3.4.

Firms that set prices in advance are chosen randomly. Up to a first-order
approximation the aggregate domestic price index, defined in equation (3.5), is given

by,

pia = 7 [ paa()d(2) (3.51)

0
whereas firm’s optimal pricing rules by

we + as(2) ifze©
P (2)—PH: = Ei 1 (we+ ai(2)) — (prt — Er—1pae) + (e — Eyqey) if 2€ X
By (we+ at(z)) - @H,t - Et—lPH,t) otherwise

where, w; represents the log-linear approximation of real wages in terms of domestic
prices!'®. Aggregating the previous optimal pricing rules across firms, we obtain the

following condition for the aggregate supply,
6
pHt — Evapuy = 1-9 (we + ar) + (Ee-1 (we + ar)) (3.52)
+s (Et—l (et) - et)

Taking conditional expectations in period ¢ — 1 to (3.52) we can easily show that,

E._1 (wy + a;) = 0, thus, this equation can be written as,

0
prt — Ev1pmy = -9 (we + ar) + s (E-1 (&) — &) (3.53)
18 A novel feature of the previous pricing rules is that not only unexpected movements in domestic
prices generate changes in firm’s relative prices but also unexpected movements on the exchange
rate. Hence, price stability not only implies stability of marginal costs but also stability of the
nominal exchange rate.
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Furthermore, from the log linear approximation of equation (4.43) we obtain,
wr =va; + (1 +v) ym, (3.54)

By using equations (3.54) to eliminate real wages and the aggregate productivity
shock from equation (3.53), we obtain the following aggregate supply equation in
terms of output gap, unexpected changes in prices and in the nominal exchange
rate,

Py = B 1 (Pr) + 62 + 5 (60 — Ei_1 (1)) (3.55)

Where, 2, =y — 4 , yP = —a; and K = (1 +v) (l—fa)-, represents the slope of the
Phillips curve. Notice that when, s = 0, the aggregate supply curve converges to
the standard case of small open economy without price dollarisation. Differently,
when a positive mass of firms sets prices in dollar, s # 0, unexpected changes in the
nominal exchange rate become a determinant of domestic inflation. Using a simple

transformation of equation (3.55), we obtain the Phillips curve in this economy,
THt = Et—lﬂ'H,t —+ KTt + s (Aet — Et—l (Aet)) (356)

As equation (3.49) reveals, the output gap and unexpected changes in the depreci-
ation rate are not proportional. Consequently, the central bank cannot induce an
equilibrium where simultaneously the domestic inflation, the output gap, and the
unexpected change in the exchange rate are all equal to zero. This implies that
the central bank will have to accept a higher volatility on output gap in order to
stabilise domestic inflation when there exists PD. Consequently, in an economy with
PD a monetary policy aiming at 7y — Ey_1mg: = 0, will be costly. This result
differs from the one obtained by Gali and Monacelli (2005), who show that an SOE
economy is isomorphic to a close economy under the same type of preferences that
we consider in this chapter. Hence, the central bank can stabilise domestic inflation

at zero cost. This is true in our model only when s =0 .
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3.3 Monetary Policy

This section follows Woodford (2003) and Benigno and Woodford (2005) in deriving
a central bank welfare-based loss function. Differently from them, however, we focus
in an economy with PD. The loss function is obtained from a second-order Taylor
expansion of the utility function of the representative household taken around the

efficient deterministic steady-state.

By focusing on an efficient steady-state we gain in tractability. In this
case a log-linear, instead of a quadratic approximation, of the rational expectations

equilibrium is sufficient to obtain an accurate measure of welfare.

In this section we proceed as follows, first we solve for the social planner
problem to fully characterise the efficient steady-state allocation. Then, we approx-
imate the household’s welfare function around this efficient steady-state. Finally,

we derive the optimal central bank’s reaction function based on this loss function.

3.3.1 Optimal Allocation

The optimal allocation is obtained by solving the social planner’s problem. The
social planner chooses an allocation for consumption and labour that maximises
the welfare of the representative household given by:

N1+v .
U= (mc— 1+U> (3.57)

subject to the technology constraint, a) N = Yz A, b) the link between consumption
and output implied by the risk sharing condition, equation (3.13), and c) the ag-
gregate resource constraint, equation (3.36). Notice, however, that these two latter
constraints can be combined in just one that relates consumption and output as

follows,
C=Y; Y™ (3.58)
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The efficient allocation then must satisfy,

_ g_g’ - YEH(l — ) (3.59)
From the previous condition, it turns out that the efficient output level must be
Ye=(1- 7)1%” 19 Importantly, this output level differs from the one obtained in
the decentralised equilibrium, which is given by,

1

Yg=(1- @)™ (3.60)

where: (1 —®) = 1—77, represents the distortion associated to monopolistic compe-
tition and 7 stands for a government subsidy. If this monopolistic distortion is not
eliminated it generates an inflationary bias since the central banks finds optimal
to target a positive output gap. Besides this distortion, in open economy models,
as Benigno and Benigno (2003) show, there exist a deflationary bias given that dd—
mestic authorities have incentives to generate a deflationary surprise to appreciate
terms of trade. By doing so, the policy makers try to generate a positive wel-
fare effect through a reduction in the disutility of producing goods that more than
compensates the reduction in consumption generated by the expenditure switching
effect?®. We set 7 = 1 — (1 — y)u. With this subsidy the inflationary bias gen-
erated by monopolistic competition and the deflationary bias from terms of trade
balance each other, making possible to replicate the efficient output allocation in

the decentralised equilibrium.

3.3.2 The Central Bank Loss Function under Price Dollarisation

In order to obtain the central bank loss function we approximate the representative

household’s utility, equation (3.57), around the efficient steady-state. It turns out

19 Importantly, this condition characterises optimal monetary policy only under a complete market
structure. When markets are incomplete, the risk sharign condition, equation (3.13) does not
hold, consequently , equation (3.58) also does not hold. See Benigno (2001) for an analysis of
optimal monetary policy with incomplete financial markets in a two country world model

20 See De Paoli (2004) for a deep discussion of the terms of trade bias in small open economies.
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that in an economy with PD the central bank loss function depends on the output
gap, T:, unexpected changes in domestic inflation, 7y, unexpected changes in the
nominal exchange rate, €; the correlation between 7x; and e;; and the correlation

21 Where this last term represents the average productivity

between e; and @,
dispersion of firms that have set prices in dollars. The loss function is presented in

the next equation,

t=o00
L= f% Z B (AZ? + T, + AAE, — 25T A€ — 2000 AETs4) (3.61)
t=0

Where, Q=ﬂ07(1_7)5(1;f0), Ae =3 (1+ 8(19—9)> ,Az (1+’U)'(-1—_0—9)‘E ’Aea,z (1—19)-

) as,t = f (at(z) - at) d(z), ﬁH,t = (’”H,t - Et—17TH,t), and €, = (et - Et—let)
z

Several remarks are in order to qualify this loss function. First, since the
monopolistic competition distortion is eliminated by the government subsidy, the
optimal target for the output gap is zero. Second, fluctuations in terms of trade do
not generate welfare losses. This implication comes from the assumptions of uni-
tary elasticity of intertemporal substitution and of unitary elasticity of substitution

between domestic and foreign goods under complete markets.

Third, exchange rate volatility generates welfare losses. This is so because
when some firms set prices in foreign currency, fluctuations in the nominal exchange
rate distort their relative prices increasing the overall relative price dispersion in the
economy. Fourth, a positive correlation between the productivity shocks of firms
that invoice in foreign currency and the nominal exchange rate increase welfare.
In this latter case, this correlation offsets the distortions in relative prices that

productivity shocks generate when prices are sticky.

Finally, a positive correlation between the nominal exchange rate and do-
mestic inflation generates welfare gains. This result follows from the fact that for

firms with dollar prices, the change in the exchange rate that follows a movement in

21 The appendix A.5 shows the details of this derivation
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domestic inflation reduces the impact of domestic inflation in their relative prices.
Importantly, the impact of the exchange rate’s second moments on the central
bank’s loss function crucially depend on the degree of PD, s. When s = 0, only

domestic inflation and output gap fluctuations generate welfare losses.

PD constraints central bank’s objective function mainly because it affects
the overall efficiency loss generated by relative price dispersion in the economy. As
Woodford (2003) discusses, the determinants of the economy’s relative price dis-
persion depend on the particularities of firm’s price setting. In our case, since some
firms invoice using a foreign currency, as the above discussion suggest, exchange
rate second moments generate welfare losses. In order to illustrate this point let’s

define the aggregate usage of labour by,
Nt = YH,tAtAt (3.62)

where A; captures the overall relative price dispersion in the economy and it is

defined below

n

aet (B M om

Up to a second-order approximation A, is determined by??
€
8e== [ 0nel) = Pae) - (@l2) - ) d(2) (3.60)
0

Clearly, to minimise the overall relative price distortions, relative prices need to
move in the same direction as relative productivity shocks. Since prices are sticky
and a fraction of firms set prices in a foreign currency this cannot be achieved by
keeping the domestic price level constant. In this case, the first best allocation is not
attainable because the central bank has a limited set of instruments but multiple
objectives, keep a continuum of relative prices aligned. However, if some firms set

prices in dollars, the central bank can implement a policy superior to zero inflation

22 See appendix A.1 for the derivation of the economy’s overall relative price distortion. A,
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by using actively the nominal exchange rate to offset the price misalignments of

dollar-price firms.

This is possible because relative prices of dollar-price firms respond to unex-
pected movements on the exchange rate. Therefore, by inducing a positive correla-
tion between exchange rate movements and domestic inflation the central bank can
effectively reduces welfare losses generate by domestic inflation. Furthermore, it can
also partially offset the relative price dispersion created by sector specific shocks to
dollar-price firms. Importantly then, in an economy with PD the first best alloca-
tion is unattainable since the central bank has just one instrument, either inflation,
or the nominal exchange rate but more than one objective, 7p: = ¢, = Z; = 0.

Therefore, optimal monetary policy can achieve only a second best.

The optimal central bank reaction function that implements this second
best is then obtained by minimising the central bank loss function, equation (3.61)
subject to the Phillips curve and the dynamics of the nominal exchange rate, equa-
tions (3.56) and (3.49) respectively?®. The first order condition of this problem is

given next,

(Ae — 8) A& — Aegst + (1 — 8) Tt =0 (3.65)

This condition describes the optimal central bank’s reaction function. Differently
from economies without PD, when there exist PD, domestic inflation is not always
optimal. As the previous condition shows, a positive level of inflation is optimal
either when an unexpected increase in the nominal exchange rate or a negative
productivity shock of dollar-pricing firms hit the economy. In those cases, higher
domestic inflation helps to mitigate the effects of these shocks on firm’s relative
prices. Notice that the optimal increase in the domestic inflation rate in response
to these shocks is increasing on the degree of PD, s. This is so because when the

degree of PD is higher, exchange rate fluctuations generate larger relative price

23 The details of the central bank problem under commitment are presented in appendix A.4
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distortions.

3.3.3 Equilibrium under Optimal Monetary Policy

In order to analyse the equilibrium responses of domestic inflation, the output gap
and the exchange rate, next, we use the central bank’s optimal reaction function,
equation (3.65), the Phillips curve, equation (3.56) and the exchange rate dynamics,
equation (3.49) to fully describe the rational expectations equilibrium under optimal
policy. Furthermore, we assume that monetary policy in the foreign economy is also

optimal, which implies that p; = z} = 0, and then equation (3.49) becomes,
€ =PHt+ T+ T (3.66)

Likewise, we use variables with {} to denote variable’s deviations with respect to
its expected value, i.e. €; = e; — E;_; (et). Thus, equation (3.66) can be written as
follows,

A€y = Aty + ¢ + 1y

In equilibrium, the nominal exchange rate, domestic prices and the output gap
evolve in terms of two structural shocks, a real exchange shock, 7; and the average

dollar-pricing firms’ productivity shock, as:, according to the following conditions,

Agt = IU1’I7t + wz'&s,t (367)
Tht = —W3Me + Wals (3.68)
2= — (w3 —;swl)ﬁt N (w4 —’€SW2),ds,t (3.69)

Where the parameters, w;, ws,w3 and w, are defined as follows,
w) = _n((li;s) >0 wy= —H(]‘;;n >0

w3 = —l"(Ad"‘d”s >0 wy= L—L“;ds >0

and,

dd=(1-3s)[k(1—s(1—-6))+s6] >0

52



Interestingly, as equation (3.67) shows, in equilibrium the nominal exchange rate
increases when negative productivity shocks hit firms that invoice in dollars. The
impact of these latter shocks on the exchange rate reflects the central bank’s optimal
reaction function. As we discussed previously, the central bank induces a positive
correlation between these shocks and the exchange rate to mitigate their impact on

firm’s relative prices.

Similarly, the inflation dynamics in an economy with PD exhibits distinct
features. As equation (3.68) shows, domestic inflation increases in response to
dollar-price firms’ negative productivity shocks. By letting domestic inflation to be
higher the central bank induces an adjustment on the relative price of firms that
invoice in domestic currency, which in turn reduces the gap between dollar and peso

goods relative prices.

Also, to compensate the weaker response of the nominal exchange to a
positive real exchange shock, the output gap falls in response to this shock. On the
contrary, when there is no PD, the equilibrium levels of both inflation and output
gap are zero and the nominal exchange rate absorbs the impact of real exchange
shocks on the economy, in this case we have,

The=0 Ae;=1,

Ef,:O

To illustrate how the volatility of domestic inflation, the nominal exchange
rate and the output gap evolves for different values of PD, we use a calibrated
version of the model with the following parameter values 8 = 0.5, v = 1.5 and
€ = 10 and conditions (3.67), (3.68 ) and (3.69). The results are depicted in figure
3.1.

As figure 3.1 illustrates, when the degree of PD increases, the volatility
of both the nominal exchange rate and inflation falls, whereas the corresponding

one for the output gap increases. This pattern on volatilities reflects the change
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Figure 3.1: Volatility under Optimal Monetary Policy and Price Dollarisation
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in the central bank’ reaction function in response to different levels of PD. For
instance, when the degree of PD is large, fluctuations on the exchange rate become
more costly, therefore the central bank has more incentives to smooth exchange rate
fluctuations. However, since the central bank has a limited set of policy instruments,

a more stable exchange rate come at the cost of a more volatile output gap.

Up to this section we have derived results for optimal monetary policy
assuming that the degree of PD is given. However, this variable is not exogenous to
monetary policy, on the contrary, it is determined by monetary policy. In the next
section we show how firms decide which currency to use for setting its prices and

the interaction of this decision with optimal monetary policy.
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3.4 Price Dollarisation in General Equilibrium

The general equilibrium level of PD is determined by the dimension of ¥, the set

containing all the firms that have optimally chosen to invoice in dollars, :

E={z|a0:(2) =1}

where,
; Q2)
o0 (2) = Clif gy <1
0 otherwise

To provide more intuition on what factors induce firms to invoicing in dollars we
take a second-order approximation to the relative expected profits of invoicing in
dollars versus invoicing in pesos. around the deterministic steady state. The details
of this derivation are provided in appendix A.5. This approximation shows that a
firm’s expected profits are larger under dollar invoicing than under peso invoicing

if the following condition holds,

1 1-6 - o~ ~ 1 ~ A~
(5 + 8( 9 )) Et_lAE? - Et—l [Aet, (at(z) - at)] - gEt—l (ﬂ'H’tAet) <0 (370)

Condition (3.70) has a very intuitive interpretation. On one hand, it shows that
when the expected volatility of the exchange rate is high, firms’ expected profits
under dollar invoicing are smaller than under peso invoicing. This is so because
when firms pre-set prices in dollars, their relative price is more sensitive to exchange
rate movements, and therefore a very volatile exchange rate generates large relative

price misalignments, reducing firms’ expected profits.

The opposite happens when the correlation between domestic prices and
the nominal exchange rate is high. In this second case, when firms invoice in dollars
their relative price moves in the same direction as domestic inflation, isolating them
from unexpected movements on expected inflation, and therefore increasing firms’
expected profits. A similar effect has a high correlation between the nominal ex-

change rate and firms’ productivity shock, a;(z) on the firms’ incentives to invoice
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in dollars.

Interestingly, condition (3.70) is similar to the one obtained by Devereux
et al. (2004) and by Loyo (2001) but using different macroeconomic frameworks.
Devereux et al. (2004) use a two-country world economy to analyse endogenous pass-
through, whereas Loyo (2001) employs a close economy model to analyse the welfare
gains of having multiple units of account?4. Although our macroeconomic framework
differs from those of the aforementioned authors in several dimensions, we find
similar results on the partial equilibrium determinants of firm’s invoicing decisions.
As Devereux et al. (2004) highlight, this is so because for small deviations of the
exchange rate around the steady state, firms’ invoicing decisions are independent on
second moment’s of aggregate demand, other firm’s prices, the household stochastic
discount factor and on the financial market structure®>. However, as we show later,
our results are different of the aforementioned authors on two important dimensions:

a) the general equilibrium determinants of PD and b) the role of monetary policy.

Using the rational expectations equilibrium solution for the nominal ex-
change rate and for the domestic price level, given by equations (3.67) and (3.68)
we calculate the second moments involved in equation(3.70) in terms of shocks’ sec-
ond moments. Using these second moments, the condition that determines whether

a firm set prices in dollars is given by,

cov [(at(2) — a¢) yast) > x1var (asg) + xavar (n:) — xscov (ast, Tt) (3.71)

24 As appendix A.5 shows, equation (3.70) can be alternative written as,

=2
Et_ 164

ot By [(Wt+fit(z)) a] <0

which is similar to the condition in proposition 1 on Devereux et al. (2004).

25 However, it is important to highlight that our framework differ from those of Devereux et al.
(2004) and Loyo (2001) in several dimensions. Different from Devereux et al. (2004) we focus
on a SOE and optimal monetary policy, whereas the aforementioned authors focus in a two
country model economy where monetary policy is not optimally implemented. Also in contrast
with Loyo (2001) who focus in a close economy where the parity between units of account is not
constrained by the economic structure. In our model instead, the exchange rate is determined
endogenously within the rational expectations equilibrium of the economy.
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where the parameters xi, x2 and x3 are defined as follows,

I(%-WZ)Z-WE +(s—l)1—‘9 2) (w3+w1)2—w32+( 1)1—0 2

26 26 =32
X1 = X2 = s

wo
2[(wy—wo)(wa+w])twzwy] 1\1-6

_ 29 ~2wiwz(s—3) 152

X3 = o

To better understand the relationship of x1, x2 and x3 with the structural
parameters, 0, v, and s, we evaluate their link numerically for a wide range of values.
These relationships are depicted in figures 3.5 (a) to ( d). As these figures show
X2 > 0 and x; < 0 for all the parameter values considered. Also, these pictures show
that, for a given v, x; is decreasing on 6, and x» is increasing. We use these features
of x1,x2 and x3 to characterise the equilibrium PD in the next section. Using the
definitions of xi, x2 and X3, the set ¥ that contains all firms that optimally choose

to invoice in dollars can be defined as follows,

E = {z:cov|(a(z) — ar),ass] > x1var (ass) + xavar () — xscov (ast, M)}

(3.72)
Notice that condition (3.72) defines a fixed point over the space of sets. Therefore,
to evaluate condition (3.72) we need to know the.set Y, and to know the set ¥ we
need to know which mass of firms satisfy condition (3.72). Thus, we can not tell
much about the equilibrium degree of PD of this economy unless we specify some
structure for the second moments of a;(z). Next, we use a very simple case that is
enough to obtain qualitatively results about the equilibrium degree of PD and its

relationship with optimal monetary policy.

3.4.1 A Simple Case: Two-sector Economy

Let’s consider the case of a domestic economy where firms are allocated in two

productive sectors 1 and 2. Firms in sector 1 face a productivity shock a; ;, whereas
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Figure 3.2: Firm’s Invoicing Decisions: Key Parameters

Note: In all figures we have considered values for 9, v and s between 0 and 1

firms in sector 2 face the productivity shock a2} For the sake of simplicity we
assume that both ai# and a2t have the same mean and variance and also that they

are perfectly negatively correlated.

=0 Et-i(a2t) —0
Et-ifat - Et-](a2i())2= a2 £,-i(aM- £(-i(ai,,))2= <2

Ettait- Et-i(ai,t)) (aEt-,(a2t)

Under these assumptions, aggregate productivity in the domestic economy is not

stochastic but constant, hence, at = 0, 5t = af and cov (aSt,rjt) = 0. Therefore,
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condition (3.72) simplifies as follows,

2 ={z: covl(a(2))  asd > 3102, + x20% } (3.73)

Next we use the previous condition to determine the set of parameter values that

guarantee the existence of an equilibrium with PD.

Case 1: Full PD Dollarisation

This case corresponds to s = (1—6), an allocation where all firms that pre-set prices
choose to invoice in dollars?®. Furthermore, if s = (1 — 8), then a,; = a; = 0 and
consequently the condition that determines the marginal firm’s invoicing decision,

condition (3.72) becomes
0 > X207 (3.74)

Since, 02 > 0, and 2 (s) > 0 for all s € (0,1), as we show in figure 3.5, the firms’
expected profits under dollar invoicing never would be larger than those under peso
invoicing . This is, if all firms that pre-set prices choose to invoice in a foreign
currency, a marginal firm would find optimal to deviate from this strategy and to
invoice in a domestic currency since by deviating its expected profits would increase.
Interestingly then, s = (1 — 6) would not be an equilibrium. To understand why
this happens notice that when as; = 0, the central bank does not respond anymore
to dollar-firm’s productivity shocks. Consequently, firms’ marginal cost would not
be correlated with the exchange rate and therefore, firms would not have incentives

to invoice in a foreign currency.

26 In this economy the degree of PD s can not be equal to 1 since only a fraction (1 — ) of firms
pre-set prices. We assume that when indifferent, as in the case of flexible prices, firms set prices
in pesos.
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Case 2: symmetric case, n; = %

We focus on a symmetric equilibrium where both sectors have equal size: n; =
ng = % and where only one sector invoice in a foreign currency. The conditions that

characterise this equilibrium are presented next?’,

(s —x1) > X2 (3.75)
—s—x1—X2<0 (3.76)

Condition (3.75) guarantees that expected profits under dollar invoicing would be
larger than under peso invoicing for type; firms, thosebelongingtosectorl.Ontheotherhand, cc
2 firmswouldfindoptimaltosetpricesinpesosgiventhattype—1 firmsinvoiceindollars®®. Henc.
6). However, Since x; and x> depend on s, individual firms invoicing decision would
be affected by how other firms choose to invoice and consequently the possibility of
multiple equilibrium arise. To analyse all possible equilibriums in this economy it

is convenient write conditions (3.75) and (3.76) as follows,
01>0 02<0 (377)

In this way, o; and o2 can be interpreted as the expected firms’ gains of invoicing in
dollars relative to invoicing in pesos for type-1 and type-2 firms respectively. These

two functions are defined as follows,

or=(s—x1)—x2 o2=—(s+x1) — X2

To characterise the set of equilibriums let’s denote by s} the value of s that solves,
o; = 0 and let’s plot the relationship between o; and s for a given a parameterisation

of  and v. If 0; is above the zero line for s € (0, 1), then all type-1 and type-2 firms

27 These conditions are obtained directly from (3.72) considering that a; = 0, 7, = a;, ast = Sa1¢
and cov (ast,m:) =0

28 For the sake of exposition, we choose the sector 1 as the sector where firms invoice in a foreign
currency. However, similar conditions apply for the alternative case where firms in sector 2 are
those who choose to invoice in a foreign currency.
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Figure 3.3: Equilibrium Price Dollarisation Symmetric Case

a) Unique Stable Equilibrium, 6=0.35 b) Mixed Strategy Equilibrium B, 8=0.30
3 3
2 2
1 t
1 1
-2 2
3 0 -3
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6
S S

¢) Equilibrium with PD=0 , 8=0.20 d) No equilibrium , 8=0.6

Note: The solid line represents the expected relative profits of dollar invoicing versus peso invoicing,
for type-1 firms, whereas the dotted line the relative expected profits of type-2 firms. The vertical

line is place on s = 0.5

would find optimal to invoice in a foreign currency. The opposite would happen if
A is below zero for all values of s. If these two curves cut the horizontal axis, on
the other hand, the individual firm’ decision would depend on what other firms
do. Figure 3.3 presents plots of c¢q. In each of these plots, cq is measured on the
vertical axis and s on the horizontal axis. Figures 3.3 (a) and (b) show the case of a
unique equilibrium, whereas figure 3.3 (c) shows the case of an equilibrium without

PD and figure 3.3 (d) a case where full PD is not an equilibrium.

The first case, depicted in figure 3.3(a) as point 4, corresponds to a pure
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strategy unique equilibrium. At this point, type-1 firms find optimal to invoice in a
foreign currency regardless what other firms do, whereas type-2 firms find optimal
to set prices in pesos, given that a mass of s = n;(1 — 6) type-1 firms invoice in
a foreign currency. Notice, however, that firms in sector 2 would like to invoice
in dollars if s < s} but since all type-1 firms invoice in dollars and their mass is
s =ny(1—6) > s} this point is not feasible. Hence, s = 1(1 — 6) is the unique pure

strategy equilibrium in the economy.

The second type of equilibrium is shown at figure 3.3 (b) as point B. In this
case, type-1 firms’ invoicing decisions depend on what other firms do. In particular,
when all type-1 firms choose to invoice in pesos, any one type-1 firm finds optimal
to deviate and invoice in dollars. Similarly if all type-1 firms choose to set prices
in dollars, any one type-1 firm would find optimal to deviate by invoicing in pesos.
Then, an intermediate equilibrium exist at point B, s = s}, where some type-1 firms

invoice in dollars and some invoice in pesos.

As Devereux et al. (2004) argue, firms can coordinate at this equilibrium
by playing mixed strategies. In particular, if every type-1 firm choose to invoice in
dollars with probability %1:-, and to invoice in pesos with probability (1 — ;?:-), the
unique stable mixed strategy equilibrium would be s = s]. On the other hand,
figures 3.3 (c) and (d) depict those cases where no equilibrium with PD exists.
Figure 3.3 (c) shows the case where s = 0. In this case, type-1 and type-2 firms
find optimal to set prices in pesos whatever other firms do. Hence, at point C' no
firm would have incentives to deviated. Notice, however, that if s > s] type-1 firms
would have incentives to deviate by invoicing in dollars, but, as in case (b), this
allocation is not feasible since s} > n; = 3%. Finally, figure 3.3(d) depicts a case
where both types of firms find optimal to invoice in dollars whatever other firms

do. In this case, firm’s invoicing decisions are not determined by conditions (3.77),

29 At this equilibrium type-2 firms choose to invoice in pesos regardless the value of s. The same
is true for type-1 firms but for s < s}. Since the mass of type-1 firms is % < s7 it can not be
the case that s} firms choose to invoice in dollars.
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but instead by conditions (3.74). Thereby, we are back to case 1, where, as we

previously shown full PD, s = 1 (1 — 6) is not an equilibrium.

However, to fully characterise the equilibrium with PD it is crucial to de-
termine the set of parameter values that sustain each of the four cases we previously
discussed. Unfortunately, since x; and x are highly non-linear functions of 4, s and
v an analytical solution of this problem is not available. Instead we determine the
equilibrium solution numerically. To this purpose we calculate o, and o, for a wide
range of values for § and v. In particular, we consider values of 6 between 0.1 and
0.99 and for v between 0.1 and 4 . Then we search and store only those parameter
values for which conditions (3.77) hold for every s 3°. Figure 3.4 depicts the sub-set
of the parameter space that sustain each of the four cases previously discussed. As
this figure shows, a unique equilibrium with partial PD, s = 1 (1 — ) exists when
the degree of price stickiness is not too low, zone A. For larger values of 6, both
types of firms find optimal to invoice in dollars regardless what other firms do, zone
D. This case corresponds to case (d) previously analysed. Whereas for very low

values of €, zone C in the previous figure, the unique equilibrium is s = 0.

The previous figures suggest therefore that an equilibrium with partial PD
is more likely to hold when the degree of price stickiness is neither too small nor
too large, in particular when 6 € (0.27,0.5). Price stickiness affects firms’ invoicing
decisions through several channels but in this model one that is particularly relevant
is the one linked to the central bank’s response to the state of the economy. As
we discussed in section 3.3.3, the central bank uses the exchange rate to partially
eliminate the relative price misalignments generated, when prices are sticky, by

aggregate and idiosyncratic shocks.

This strategy, however, is not costless since the output gap volatility in-

creases in response to the central bank policy. Furthermore, this extra cost is larger

30 In each range of values we consider a grid of 0.01.
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Figure 3.4: Unique Price Dollarisation Equilibrium

FEquilibrium Parameter Space, ¢"=1
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Note: we considered values of 9 between 0.1 and 0.99 and for v between 0.1 and 4 and grids points
of 0.01

when prices are stickier. Thereby, as equation (3.65) shows in this case the central
bank optimally choose to put less weight on aSit, ice as 0 — * 0, Aea — ¢ 0. This
in turn implies that the correlation between firm’s marginal costs and the exchange

rate is smaller, reducing firm’s incentives to invoice in a foreign currency.

Importantly, as figure 3.5 (b) shows, when the size of domestic productivity
shocks increase relative to the size of foreign shock, the parameter space that sus-
tains a unique equilibrium, the darker area in the aforementioned figure, is larger.

In this case a unique equilibrium exists for values of 0 below 0.27, the lower bound



Figure 3.5: Unique Price Dollarisation Equilibrium Large Shocks
a) Unique equilibrium, 0*=1
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Note: we considered values of 9 between 0.1 and 0.99 and for v between 0.1 and 4 and grids points
of 0.01

of 6 when . = L Interestingly then, the previous analysis suggest that the larger
the domestic shock respect to the foreign one, the larger the likelihood of observing
a unique equilibrium with PD31. In this latter case, the gains from stabilising rela-
tive prices through the use of exchange rate in a dual-currency economy would be
larger and consequently, the central bank would be willing to accept a larger cost in
terms of output gap volatility. This result can be also interpreted in line with the
intuition of Mundell (1961) on optimal currency areas, who defines this concept as

31 If we consider that each combination of 9 and v correspond to a particular economy. Then,
larger the size of the domestic productivity shock, larger it would be the fraction of economies
where a unique equilibrium with PD would be observed.
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a geographical area that share common real shocks. According to this definition,
in our model economy there exist two optimal currency areas when sector specific
productivity shocks are large enough. Therefore, as Mundell (1961) suggested in

this case it is optimal to have two currencies.

Case 3: Asymmetric Equilibrium, n; > n,

As figure 3.6 (b) to (c) show, in the asymmetric case, there exist more equilibria
than in case 2. For instance, point C in figure 3.6 (b) is an equilibrium under mixed
strategies but not stable. At this point, type-1 firms choose to invoice in a foreign
currency with a probability %‘llﬁ and choose to invoice in a domestic currency with

probability 1 — %1:15

Type-2 firms, on the other hand, choose to invoice in a domestic currency
with probability 1. However, this equilibrium is not stable since type-1 firms have
incentives to deviate. For example, if a marginal type-1 firm slightly increases the
probability of invoicing in dollars, all type-1 firms would like to follow it to further
increase its expected relative gains of invoicing in dollars.. Similarly, if any one
type-1 firm deviates by choosing invoicing in pesos with a larger probability, the
expected relative gains of invoicing in pesos are larger than the corresponding to

invoicing in dollars for all type-1 firms.

Also, in figure 3.6(c), point D is an mixed strategy equilibrium. Similar to
the equilibrium at point C, at point D firms also play a mixed strategies and have
incentives to deviate. On the other hand, the equilibrium depicted at figure 3.6(a),
point A is exactly the same as in case 2, this is s = %(1 —0), and figure 3.6 (d)

shows same case as figure 3.3 ( d)

Next we perform two simple exercises to analyse the implications of de-

viations from the optimal policy on the equilibrium PD. In the first one we ask
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Figure 3.6: Equilibrium Price Dollarisation Asymmetric Case

a) Unique Stable Equilibrium, 0=0.35 b) Multiple Equilibrium, B(stable) and C(Unstable), 0=0.30
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Note: The solid line represents the expected relative profits of dollar invoicing versus peso invoicing,
for type-1 firms, whereas the dotted line the relative expected profits of type-2 firms. The vertical

line is place on s = 0.7

whether a central bank that is more adverse to inflation than what is optimal can
achieve lower degrees of PD, whereas in the second one we look for the implications

of excess of ‘fear of floating’.

Price Dollarisation and Inflation Aversion

In order to perform both exercises we parameterise deviations of the central bank

from its optimal policy rule. For the first exercise, we use the following alternative
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central bank reaction function,
[(Ae — S) Agt - Has,t] o + (1 bt 3) %H’t = 0

where we label by p the index of how much the central bank dislike inflation. When,
o0 = 0 we have a central bank that is an inflation nutter, since, it this case, it would
implement a policy where,

%H,t == 0

As p increases we have a central bank who tolerates increasingly more inflation.
Figure 3.7 shows in the vertical axis the size of relative shocks, %;1; that sustain a
unique equilibrium with PD and in the horizontal axis, a measure of how much the
central bank likes inflation, (o — 1). We normalised this measure of central bank
preferences, so that the optimal monetary policy is reached at zero. As this graph
shows, when the central banks tolerates higher inflation levels, the relative size of

shocks necessary to sustain an equilibrium with PD falls, making it more likely.

When a central bank tolerates more inflation volatility, firms that set prices
in pesos are exposed to higher profit’s losses. In this more volatile environment, it
turns out optimal for some domestic firms to react by setting prices in dollars . By
setting prices in dollars, firms partially isolate their relative prices from inflation.
Thus, in our example with just two sectors, when inflation is more volatile PD is

sustained as an equilibrium outcome for smaller domestic productivity shocks.

The other interesting insight provided by the previous exercise is that a cen-
tral bank who implements monetary policy by using an inflation target framework,
can effectively reduce PD. As the previous graph shows, an increase in inflation
aversion increases the relative size of domestic versus real exchange rate shocks that
sustain an equilibrium with PD. This in turn implies, as we previously discussed

that the set of parameter values that sustain a unique PD equilibrium increases.

68



Figure 3.7: Inflation Targeting and Price Dollarisation
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Price Dollarisation and Fear of Floating

In this second exercise, we parameterise ”fear of floating” by considering that the

central bank deviates from the optimal weights that it puts on exchange rate volatil-

ity, Ae and on the cross term between ef and a9t More precisely, we shift both

parameters by a factor, ge. When ge = 1, the central bank is using the optimal

weights derived in section 3.3. Then, we calculate the critical relative size of do-
2

mestic sector specific versus real exchange rate shocks, ~ , that uniquely sustain an

equilibrium with PD, s = nl (1 —6).

The results are presented in figure 3.8. As in the previous case, we nor-
malise the degree of fear of floating, by using 1 —g on the horizontal axis. This
normalisation allows us to locate the equilibrium under optimal monetary policy at

point zero on this axis.
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Figure 3.8: Excess of Smoothness and Price Dollarisation
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As the degree of ”fear of floating” increases, an equilibrium with PD can
be sustained with relative smaller domestic sector specific shocks, making more
likely an equilibrium with s = n\ (1 —9). Notice that all points on the horizontal
axis except zero imply higher welfare losses than when the central bank implements
monetary policy optimally. Thus, our model implies that excess of “fear of floating”
induces an inefficient high level of PD. As we move from left to right in the previous

graph, the size of relative shocks that allow an equilibrium with PD increases,

making less likely to observe an equilibrium where, s = n!\ (1 —s).
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3.5 Concluding Remarks

In this chapter we have studied how monetary policy should be conducted in an
small open economy where firms that faces sector-specific shocks can set prices
in two different currencies. The results suggest that in this type of economies
optimal monetary policy involves some degree of exchange rate smoothing and an
active reaction of the central bank to sector specific productivity shocks. When
domestic sector specific productivity shocks are large enough or when price stickiness
is not too large, a unique equilibrium with positive degree of price dollarisation is
sustainable under optimal monetary policy. As in Mundell (1961), where it is
optimal that two countries share a common currency when they face similar real
shocks, in this chapter, we show that it might be optimal for a particular economy
to have more than one currency when there exist asymmetric productivity shocks

within the economy.

The chapter also explores the implications of deviations from optimal policy
on the degree of price dollarisation. In particular, we analyse two cases: a)when
the central bank is an inflation nutter and b) when it exhibits ”excess of fear of
floating”. A central bank that is more adverse to inflation than society would
generate, in equilibrium, a lower level of PD. In that sense, the model predicts that
in countries where an explicit inflation targeting is successfully implemented it is
less likely to observe price dollarisation. However, in this model, an inflation nutter
central bank would induces welfare losses by responding sub-optimally to sector

specific productivity shocks.

On the contrary, excessive ”fear of floating” leads to an ”excessive” degree
of price dollarisation, as firms try to take advantage the of benefits that pricing in
foreign currency offers in this case. However, excess degree of price dollarisation
induces welfare losses for society, since by keeping the nominal exchange rate more

stable, the central bank has to tolerate increasingly high levels of volatility in output
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gap and domestic inflation.

This chapter also shows that PD breaks the isomorphic representation of
a small open economy relative to a close economy even when the terms of trade
channel is not present. In particular, we show that the dynamics of the economy can
not be isolated from exchange rate fluctuations when there exist PD. Furthermore,
in this case we show that it is optimal that the central bank smooths.exchange rate

fluctuations.

Finally, the chapter can be extended in many directions. First, we can use
more general assumptions on preferences that allow studying simultaneously the
interactions between the channel of terms of trade and sector specific productivity
shocks on the design of monetary policy. Second, we can assume a more complex
structure on the correlations amongst sector specific productivity shocks, as in Loyo

(2001), which it will permit us to generate a continuous mapping between policy
and the degree of price dollarisation, finally we could add taxes to analyse the
interaction between monetary and fiscal policy when a country faces sector specific

productivity shocks.
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CHAPTER 4

MONETARY POLICY AND CURRENCY SUBSTITUTION

How should monetary policy be conducted in an economy with CS? Should the
central bank put more weight on exchange rate stabilization than on inflation and
the output gap stabilization? Is the interest rate channel weaker in this typel of
economy? Does CS precludes the central bank from controlling inflation? These are
highly relevant questions for emerging market economies where CS is still significant,
in particular, for those that have recently adopted an inflation-targeting regime like
Peru, since this regime relies heavily on structural models for policy analysis and
forecasting !. This chapter provides some answers to these questions within a micro-

founded general equilibrium model of a small open economy with endogenous CS.

We depart from much of the recent literature that uses general equilib-
rium models for studying the design of monetary policy, such as Benigno and Be-
nigno (2003), Gali and Monacelli (2005), Sutherland (2002) and Woodford (2003)
amongst others, by considering that money plays a fundamental role in the economy.
The aforementioned papers usually neglect the role of money either by restricting
the effects of money to the money market, or by assuming that it does not exist,

2

i.e, cashless economies®. The cashless economy assumption is justified for devel-

oped economies on empirical grounds, since for those economies there exists some

! Peru was the first country with CS to adopt an inflation target regime. However, many other
countries with similar features, as Uruguay, Bolivia, and Costa Rica are planning to follow this
path. See Armas and Grippa (2005) for a detailed account of the inflation target framework
adopted in Peru

2 A case where the effects of money are restricted to the money market is the one when preferences
are separable in money holdings.
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empirical evidence showing that the indirect effects of money are relatively small3.
However, the case for a cashless economy is much harder to make for developing
economies where the advantages of using money are larger since a much narrower set
of alternative medium of payments is available for transactions than in developed

economies?.

In our setup, two imperfect substitutes medium of payments, a domes-
tic currency, the peso and a foreign one, the dollar provide liquidity services to
households by reducing the transaction costs associated to the consumption of fi-
nal goods. Households have to use either of these two currencies for transactions.
In some transactions households have to pay a higher transaction cost when using

pesos, and in others by using dollars. 5.

Under our modelling strategy, households choose optimally the composition
of their money holdings by equalizing, at the margin, the sum of the transaction and
the opportunity costs of using each alternative currency. This condition completely
pins down the degree of CS as an increasing function of the spread between the
domestic and the foreign nominal interest rates. Consequently, CS is higher in
economies where the domestic nominal interest rates are persistently higher than

foreign ones, which is plausible in economies with long-run high inflation levels.

The previously described trading environment is introduced into a very
tractable New Keynesian model of a small open economy to evaluate the implica-
tions of CS for the design of monetary policy®. The model shows that CS generates

a channel by which the foreign interest rate distorts consumption, saving and labour

3 See Ireland (2001) and Woodford (2003) for a detailed discussion on this issue, and Nelson
(2002) for a critical view.

4 In Peru for instance less than 50 percent of the population participates on the financial system,
similarly in Bolivia.

5 Alternative setups to model CS include shopping time and money in utility models For models
with non-separable money-in-utility functions, see, Woodford (2003), chapter 3 for a closed
economy, and Felices and Tuesta (2005) for an open economy.

6 Our small open economy model is related to De Paoli (2004), Felices and Tuesta (2005) and
Gali and Monacelli (2005).
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supply decisions by generating a gap between the marginal utility of consumption
and that of income. The relative impact of the foreign interest rate in this gap is

increasing on the degree of CS.

Interestingly, the log-linear version of the model economy with CS admits
a canonical representation analogous to those without CS, but that differs from the
latter in several important dimensions. Firstly, the foreign nominal interest rate
appears as an endogenous cost-push shock in the Phillips curve and on the dynamic
IS curve. The size of the foreign interest rate impact on the inflation rate and on the
output gap depends on the steady-state degree of CS. In particular, in an economy
with CS, an increase in the foreign nominal interest rate reduces the output gap and
increases inflation”. This additional determinant of the inflation dynamics makes
it impossible for the central bank to stabilise simultaneously domestic inflation and

the output gap.

Second, the welfare based loss function for the central bank in an economy
with CS has some new features. Besides output gap and domestic inflation volatility,
interest rate volatility generates welfare losses, where the interest rate volatility
weight on the central bank loss function depends on the steady-state degree of CS.
In particular, as the degree of CS increases it become less costly for the central
bank to allow more volatility on the domestic interest rate and the welfare costs
of exchange rate smoothing increases. This later result implies that CS does not

justify "fear of floating”, in the terminology of Calvo and Reinhart (2002).

These new features of an economy with CS have implications for the conduct
of monetary policy. First, in economies with a positive level of CS in steady-state,
interest rate rules that allow for a flexible exchange rate outperform, in terms of

welfare, those that generate some degree of exchange rate smoothing. Second,

7 This result provides some rationale for the empirical findings of Agénor et al. (2000), Neumeyer
and Perri (2005)and Uribe and Yue (2004) who report a negative correlation between the
foreign interest rate and output for emerging economies.
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interest rate rules with some degree of persistence are desirable, although the gains

of interest rate smoothness decrease with the degree of CS.

Also, CS increases the area of determinacy for the rational expectations
equilibrium under contemporaneous domestic inflation Taylor rules. In the limit,
when CS is full, i.e. when only the foreign currency is used as medium of payment,
the area of determinacy coincides with the one of a cashless economy and conse-
quently the Taylor Principle holds. Under all other cases, the set of parameters
that allow the determinacy of the rational expectations equilibrium is smaller. In
particular, to guarantee determinacy the central bank’s response to output should

not be too large.

However, it is important to highlight that even though CS increases the
area of determinacy, the equilibrium achieved under those rules delivers higher
volatility. More precisely, we show that both domestic inflation and output gap

volatility monotonically increase with the degree of CS.

This paper is related to some previous work on CS and monetary policy:
Felices and Tuesta (2005), use a small open economy model with non-separable
money in utility function that depends on both domestic and foreign currency to
analyse the effects of dollarisation on monetary policy. Our set up differs from
the one in the previous paper in considering a flexible cash-in-advance model to
generate endogenous CS. This type of trading friction, by making explicit the trade-
off between the transaction and opportunity costs that the agent faces in choosing
different types of currency, facilitates the understanding of the main mechanism
through which CS affects the economy. Also, Uribe (1997) uses a model with
trading frictions but in an economy with flexible prices to analyse the persistency
of CS. Gillman (1993) and Den Haan (1990) use models with transaction frictions
but in closed economy models and to measure the welfare implications of inflation,

and Woodford (2003) studies the implications of transaction frictions for optimal
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monetary policy in the context of a one-currency closed economy.

The rest of this chapter is organised as follows. In section 4.1, we detail the
model economy, although the derivations are presented in appendix B. Section 4.2
discusses the implications of CS for the steady-state and flexible prices equilibrium
and it presents the canonical representation of the small open economy under CS.
Section 4.3, analyses the implications of CS for monetary policy. Section 4.4 presents

some concluding remarks.

4.1 The Model

Following De Paoli (2004) and Sutherland (2002) we derive the small open economy,
SOE from now on, as the limiting case of a two country general equilibrium model®.
Households, consumption goods producers, intermediate goods producers, and the
central bank, compose the domestic economy economy. On one hand, domestic
households freely choose between dollars and pesos as medium of payment. They
also consume a bundle of final consumption goods, supply labour to intermediate
goods producers through a competitive labour market, and save using a complete

set of state contingent bonds.

Final goods producers, on the other hand, combine domestic and foreign
produced intermediate goods as inputs to produce consumption goods. They op-
erate in a perfectly competitive market. On the other hand, intermediate good
producers operate in a monopolistic competitive market and use labour as produc-
tion input. These firms fix prices in advance and face an exogenous probability
of changing prices as in Calvo (1983). Monetary policy is implemented by the

central bank through an interest rate rule. Only intermediate goods are traded

8 De Paoli (2004) derives a micro-founded loss function for a central bank in a SOE to study
optimal monetary policy, whereas Sutherland (2002), studies the implications of adopting an
inflation targeting regime in SOE.
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internationally.

4.1.1 Households
Preferences

Households receive utility from the consumption bundle of final goods and disutility

from working. Their preferences are described by the following utility function:

0 — g |5 g Gk 1 14y

t = Lt l:kz;ﬁ (1—_;) - I_:*‘_‘PLHIC] (4~1)
Where E; represents the expectations operator conditional on information in period
t, B € (0,1), the household subjective discount factor, ¢ > 0, the coefficient of
risk aversion and ¢ > 0, the inverse of the Frish labour supply elasticity, L; the
number of hours that household work and C; the composite of a continuum of final
consumption goods denoted by Ci(s) and indexed by s € [0,1].

1

InC; = / InC; (s)d (s) (4.2)

0
Agents in the foreign economy have a similar set of preferences °. In what follows
we adopt the convention of denoting foreign variables using an asterisks, i.e. Cf

and L}, represent foreign agent’s consumption and working hours in period t.

Transaction Technology

At the domestic and at the foreign economy households are required to use cash for
purchasing final consumption goods. Transactions associated to labour services and

intermediate domestic and foreign goods do not require cash, these are credit goods

9 See Appendix B.1 for a description of the foreign economy.
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in the terminology of Lucas and Stokey (1987). In contrast to early cash-in-advance
models as those of Lucas and Stokey (1987) and Svensson (1985) where households
have available only one medium of payment, here, as in Uribe (1997) and Gillman
(1993), domestic households are allowed to choose freely between two imperfectly
substitute medium of payments. These two competitive medium of payments, which
we label as pesos and dollars, are issued by the domestic and foreign central banks

at the time the asset market operates 1°.

We impose restrictions on the trading environment at the goods market to
capture some particular features of this market in economies with CS, for instance,
the short supply of foreign notes and coins, which makes more costly the use of
foreign currency in small transactions 1. Also, these restrictions try to capture the
costs associated to the exchange rate differentials that households pay when using
domestic currency for purchasing goods invoiced in foreign currency. In particular,
we assume that households pay a currency-specific real cost at each transaction that
depends on the type of good being purchased and the amount of the transaction.
For some goods purchasing with pesos is cheaper than with dollars, for others the
appositive is true. We index goods by s and denote by 7(s) and g(s) the propor-
tional costs per good that consumers pay when buying good s with dollars and
pesos, respectively. To guarantee a well-defined CS equilibrium level we impose the

following restrictions on the transaction cost functions of pesos and dollars,

() =0 250 gs)=0
%) 50 g(0)>7(0) g(1) <7(1) (4.3)

a7(s) dg(s)
Os > s

10 Uribe (1997) uses a flexible CIA model for domestic and foreign currency to study the deter-
minants of the persistence of currency substitution. On the other hand, Gillman (1993)uses an
endogenous cash-credit model to evaluate the welfare effects of inflation.

11 The sub optimal distribution of foreign notes and coins is natural, since the unitary cost of
transporting from abroad notes is decreasing on its denomination.
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These assumptions imply that transaction costs are lower in both curren-
cies for small s goods than for large s goods. Also, they imply that it is cheaper to
use dollars for purchasing small s goods and to use pesos for large s goods!?. Fur-
thermore, these assumptions guarantee that there exist a unique threshold good,
5; such that goods with index lower than 5; are purchased with dollars, whereas,
goods with index higher than 5; are purchase with pesos. Households choose this

threshold level as part of their optimisation problem.

The household’s money holdings composition depends, however, not only
on the transaction frictions described previously but also on the corresponding op-
portunity costs of holding each type of currency. The opportunity cost of holding
each type of currency in turn crucially depends on the timing of transactions. When
all markets operates simultaneously, in particular when the exchange market is open
at the time households attend to the goods market, sellers are indifferent between
accepting pesos and dollars at the market exchange rate. In this case the only
relevant relative cost for the household’s currency composition choice is the rela-
tive transaction cost between these two alternative means of payment. However,
when markets open sequentially the opportunity cost of holding pesos and dollars is
not the same, thereby, household’s currency composition depends crucially on the

relative opportunity cost of pesos versus dollars.

The Timing of Transactions

As in Lucas and Stokey (1987) we assume that at the domestic and foreign economy
households belong to a representative family with four members that perform dif-
ferent tasks during each period, but that regroups at the end of each period to pool

goods, assets and information. One member, the seller, operates domestic firms,

12 These assumptions are not too restrictive, we could alternatively assume that, 7(s) > 0, ifaéﬂ <

0, and, g(s) > 0 and 9% > 0. and our results would not change. In both cases, these
restrictions guarantee a unique CS equilibrium level.
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trades intermediate goods from foreign firms and sells final consumption goods to
shoppers. The cash receipts from period ¢ production can be used, however, only in
the next period. The second member, the shopper, uses available money holdings to
purchase final consumption goods, the third member, the investor, has the task of
trading assets: domestic and foreign currency and state contingent bonds. Finally,

the fourth member, the worker, supplies labour to intermediate goods producers.

At each period of time markets open sequentially. First opens the asset
market, during the morning. Then, after this market has closed, during the after-
noon, opens the goods market. At the asset market, domestic and foreign investors
meet with the domestic and foreign central banks to trade a set of nominal one-
period state contingent bonds denominated in domestic currency. At this market

also central banks inject fiat money, pesos and dollars 3.

The central banks set the domestic and the foreign interest rates and the
exchange rate is freely determined as an equilibrium outcome at this market. At this
time also households observe one of the many states of nature z; € ¥ that generate
uncertainty. History of events up to period ¢ is denoted by {; and the conditional
probability of occurrence of state 7;41 is given by € (z:y) | ). We denote by
B (z¢41 | 1) the domestic household’s holdings of the state-contingent bonds and
by € (2441 | ¢;) period t bond’s prices and state z;. One unit of each of these bonds
pays one unit domestic currency in period ¢ + 1 if the particular state, 7¢4; occurs,
otherwise they do not pay. Household enter to the asset market with their stock
of wealth carried over from the previous period, w (), plus a domestic currency
transfer from the government, TR; (z;). They use these resources to purchase a
portfolio of state contingent bonds B (z;4; | z;), and to accumulate money holdings
of pesos and dollars M (z;) and D (z:). We denote by e (x;) the nominal exchange
rate, pesos per dollar. Thereby, the household budget constraint at the asset market,

13 Note that the timing of transactions in this model is similar to Lucas and Stokey (1987) who
assume that the asset market open first. Svensson (1985) instead considers that the goods
market open first.
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expressed in terms of pesos, is given by:

M(z)+D(z)e(@)+ > (T ]C) B(@ | 2) =w (z) + TR(z:) (4.4)

z441€Y

During the afternoon, at the goods market, shoppers and sellers meet to
exchange final consumption goods by currency. Shoppers can pay for each good
with any currency, but transactions are costly. Rational households choose their
currency’s composition to minimise transaction costs and the corresponding oppor-
tunity cost of holding both currencies. Importantly, at this market neither house-
holds nor final-good producers can change the composition of their money holdings.
They have to wait until the next day to exchange domestic and foreign currency
at the asset market. This in turn implies that the relevant exchange rate at this
market is not the corresponding to the one in the morning but the one expected for
the next day. Otherwise final-good producers would not accept dollars in exchange
for goods. If this is so, the opportunity cost of holding pesos and dollars would not
be the same The next two equations present the two cash-in-advance constraints

the affect households consumption possibilities at the goods market.

M (z) = J P(5,2)C (5,2) (L + 9(s)d (s)
3 (4.5)

Y. e(@41) Q(Tesr | 32) D (ze) = fP (5,2) C (s, 2¢) (1 + 7(s))d (s)
Ti1€0 0

Under these assumptions, domestic and foreign currency relative opportu-
nity cost would be given by the expected depreciation of the exchange rate. To
understand this latter point, let’s suppose that the foreign central bank raises its
nominal interest rate; rational domestic households would expect a depreciation of
the nominal exchange rate for next period. Under these conditions, they would
prefer to hold only foreign currency for transactions instead of domestic currency,

since by doing so, they will make capital gains. However, holding only dollars is
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not the optimal choice since pesos and dollars have different transaction costs. By
holding only dollars households would have to pay a large transaction cost when
purchasing some goods. Thereby, the optimal decision implies to use both pesos
and dollars. At the optimal, the relative transaction cost and opportunity costs of

using dollars and pesos have to equalise.

Also at the goods market, production of both intermediate and final goods
takes places. After the goods market closes, sellers pool their receipts from this
market with the wages received by the worker and with the unspent money holdings
from the shopper.!®. Therefore, the households stock of wealth at the beginning
of next period is given by wage income, w (z;) L (z;), the state contingent bond
holdings, B (z:41), profits in domestic and foreign currency, = (z;) and Z* (z;), and
the unspent pesos and dollars and consequently their stock of wealth at the end of

period t, is given by:

@ (Te1) = B(ze41) +E(ze) + M (z2) (4.6)

- / P (s,:) C (s,32) (1 + 9(s)d (s) + w (z) L (z2)

+ Z e(Te41) Q (Te41 | 1) D (24)
Tt41€Y

St

—/P(s,a:t)C(s,xt)(1+T(s))d(s)

+ Z e (Te41) Q (Te41 | 76) E* (24)

T1€Y

14 This includes the transactions costs which are charged by the sellers during the goods market
transactions. This assumption is harmless to our results and it is made only on the sake of
simplicity. It does not affect the substitution effects that transaction costs generate in the
economy.
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We further restrict household decisions to satisfy the following transversal-
ity condition.

Jim Y @ | @)@ (@) S0
Tr41€EY

Household Optimality Conditions

Each household maximises her utility function given by equation (4.1) subject to
the cash-in-advance constraints and the flow budget constraint, equation (4.6). The

households’ first-order conditions are given by the following set of equations:

Degree of Currency Substitution The degree of CS is determined by
the fraction of consumption goods purchased using dollars, 3;. Optimality implies
that for good 5; the marginal cost of using dollars and pesos has to be the same.
Two costs are associated to money holdings, the standard opportunity costs given
by the domestic nominal interest rate, in the case of pesos, and the foreign interest
rate, in the case of dollars; and the transaction costs 7(s) and g(s), respectively.
Consequently s; is determined by the following condition,

- 1
1+7() _ 1 - m®

— = (4.7)
1+ g(st) 1-— m

Condition (4.7) is very similar to the one derived by Baumol (1952), in which the
optimal demand for money is obtained when the transaction cost of exchanging
bonds by money equalises the nominal interest rate, its opportunity cost. It is
also in line with the condition derived by Eichenbaum and Wallace (1985) where
the optimal demand for different types of money is determined by equalising their
corresponding marginal transaction costs. This condition allows to solve for §;, once
the transaction cost functions of pesos and dollars are parameterised. To obtain a

tractable solution we choose the following exponential cost functions,

7 (st) = exp(¥o + ¥1s:) — 1 g (st) = exp (n, +n18;)) — 1 (4.8)
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Where by imposing that, ¥; > n; and n, > ¥,, we guarantee that conditions in

(4.3) are satisfied. From condition (4.7)the degree of CS is determined by,

1
ng — W¥o + log 2—(1?)—
3 = 2_(1+i:5 (4 9)
b (U1 —n1) '

The previous condition shows that in equilibrium 3; is increasing on the level of
domestic interest rate, i, and decreasing on the foreign interest rate, ¢;. This is a
very intuitive result since for instance, when i; increases, using pesos becomes more
costly and consequently the demand for dollars rises, leading to a higher 5;. Our
assumptions also imply that even when both the domestic and the foreign interest
rate are zero there exist a positive level of CS. In this case, the degree of CS reaches |
its lower bound given by,
(no — ¥o)

So = (\Ill——-nl) (410)

This minimum degree of CS, .30 captures the fact that even with zero nominal
interest rates there exist a set of goods for which is cheaper to use dollars for
transactions, n, > ¥,. Only in the case where ng = ¥y = 0 an equilibrium where
both nominal interest rates are equal delivers a zero degree of CS. The equilibrium
with positive levels of currency substitution and low inflation levels is consistent
with the experience of CS in countries like Bolivia and Peru in recent years. The
key implication of CS for consumption decisions across goods is, as the following
first-order conditions show, that the marginal utility of consumption is larger than

the marginal utility of income due to transaction costs:

c,t_af:zts) = Py(s) A (1 + %) (14+g(s)) for s>3; (4.11)
o $ ot 7(s)) for s <3
Uc’tact(s) = B(s)\ (1 + )\t) (1+7(s)) £ < S (4.12)

where, A\;, ¢; and n, represent the lagrange multipliers associated to the budget con-
straint and the two CIA constraints, respectively. The condition that determines

the optimal consumption of small s goods, s < §;, implies that at the optimum,
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the good s marginal utility of consumption has to equalise the marginal benefit of
savings but adjusted by the cost of using money, which is given by its opportu-
nity cost and its corresponding transaction cost, (1 + %) (1 + 7 (s)). Similarly, for
goods with high index, s > §;, optimality implies that the marginal utility of con-
sumption has to equal the marginal utility of income, adjusted by the corresponding
transaction cost, (1 + g (s)), and the opportunity cost of holding domestic currency,
(1 + -?\‘:) From the corresponding first order conditions for holdings of pesos and

dollars we obtain:

& _ . 1 1

N 1-E(Qie1) =1 A+4) (4.13)
. e1) _, 1
X =1-F, (Qt+1“_et ) =1 (1 +1;) (4.14)

In order to analyse the implications of CS in the economy, we aggregate the optimal
conditions for the demand of each final good, given by equations (4.11) and (4.12)
to obtain the optimality condition for the demand of the consumption bundle. As it
is shown in detail in appendix B.3, these conditions imply that the marginal utility
of consumption and the marginal utility of income, given by the lagrange multiplier,
A¢, differ by the factor, T, :

Ut =AM (1+T,) (4.15)
T; measures the distortion associated to the transaction costs in pesos and dollars.
In equilibrium, T; depends on both the domestic and the foreign nominal interest
rates and the equilibrium degree of CS, 5; through function, I (3;) in the following
way:

b

i+ Zt)) (1+T(5)) (4.16)

using the functional forms for the transaction costs in dollars and pesos, defined in

(1+rt)=(1+

equation (4.8), (1 +I'(3;)) can be written as the following exponential function on
= 15
St -

=2
1+T (gt) = €Xp (% + Ny — (\I/]_ - nl) %) (417)

15 See appendix, B.3, for details of this derivation
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Figure 4.1: The Steady-State Costs of Transaction Frictions
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Note: Transaction costs are measured in the vertical axis as fraction of steady-state
consumption. The nominal domestic interest rate is measured in the horizontal axis

Observing equation (4.15 ) it is easy to understand how CS affects the equilibrium
of the economy. As this condition shows, transaction costs create a wedge between
the marginal utility of consumption and that of income, Tt, which distorts the
efficient allocation of consumption and labour. This distortion is increasing in both

the domestic and the foreign nominal interest rate.

Interestingly, when keeping fixed the foreign interest rates, the marginal
effect of it on Tt is decreasing, since, when CS is allowed, agents can freely substitute
domestic currency for foreign currency. Thus, by allowing CS agents can reduce the
welfare cost of high nominal interest rates. Figure 4.1 illustrates this latter point

by showing that function 7¢ is concave on the nominal interest rate iz.

Notice that is minimised when i = 0, although, this condition does

not guarantee that transaction frictions are fully eliminated. As we mentioned
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Figure 4.2: Money Demand Functions
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Note: Money Demand in the vertical axis as ratio of steady-state consumption

previously, only when, n0 = 40 = 0, a zero nominal interest rate guarantee zero

transaction costs.

On the other hand, using the CIA constraints and equation (4.15) we can
write the corresponding money demands for domestic and foreign currency as fol-

lows,

Mt F(1=st)(I+Yt) etDt r* s t(1+Tt)

ST B TN

~

A
~

—_—
~

These two money demand functions exhibit standard properties. Both are
increasing in the level of domestic consumption, and Mt is decreasing (increasing)
on it (ij), whereas, Dt is decreasing ( increasing) on il (it). Furthermore, taking a log
quadratic approximation of the two previous equations around their corresponding
steady-states, it is easy to show that Mt is decreasing and a convex function of it

thus, the model implies that an increase in the volatility of the opportunity cost of



holding money would lead to higher money demand. Figure 4.2 plots A—}’ff and 9‘1%

for different values of the domestic interest rate, holding fixed C; and ;.

Saving and Portfolio Decisions Savings and household’s portfolio de-
cisions are determined by the usual Euler conditions. At the optimum households
are indifferent amongst allocating wealth in any period, since the expected present

discounted value of the marginal utility of wealth is the same across periods:

1 BAt11 )
- _Eg (Pl 4.19
T+i) (/\t (14 me41) (4.19)
Notice that since, A\; = (1%;'7), the saving decisions of agents will depend, besides

the level of the real interest rate, on the degree of CS. Furthermore, since markets

are complete, it also holds that:
1 BAtr1€441 )
— _=F 4.20
(1 + lZ) t <et)‘t (1 + 7Tt+1) ( )
Combining equations (4.19) and (4.20), we obtain the uncovered interest parity

condition (UIP):

Atyi€e4
(1 + it) . E; (e:)\;(lle:rtJlrl))

(1 + Z:) - E, (M(At“ )

14741)

(4.21)

Labour Supply Households supply labour in equilibrium up to the point

where the marginal cost of working equalises its marginal benefit:

W,
Upt = At?t (4.22)

The marginal benefit A\;WW; depends, amongst other things, on the level of nominal
interest rates and on the degree of currency substitution through A;. This is a
second channel through which currency substitution affects the economy. Since,
real wages affect marginal cost of firms and through the Phillips curve, inflation,
the degree of CS, as we discuss in detail in the next sections, will affect inflation

dynamics.
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Risk Sharing Condition The complete markets assumption implies
that the price of the state contingent bond domestically and abroad have to be
the same, therefore, we have that the following condition it must hold:

_ /8)‘:+1Pt* _ BAtr1Piert1

= = 4.23
§e+1 P M€ P (4.23)

Denoting by @; the real exchange rate, the relative price of foreign goods in terms

of domestic goods, Q; = i ;f‘ we can transform the previous expression into the
following condition:
1A
t+1 Nt
= — 4.24
Qt+1 WIS TaA (4.24)

Following Chari et al. (2002) we iterate the previous equation backwards to obtain

the following risk sharing condition?®:

A*
Qe = COA—t (4.25)
t
where the constant term ¢, is defined as follows:
A
G = j\ng (4.26)
0

4.1.2 Firms
Final Good Producers

There is a continuum of final good producers of mass n indexed by j in the domes-
tic economy, which operate under perfect competition, and a mass 1 — n of final
goods producers in the foreign economy. Domestic final goods producers use home,
Yu,, and foreign, Yz, intermediate goods as inputs into the following production
function:

7+ ()7 (Yie) 7 (4.27)

-1 zz—_l] —Ll-n

Y/ = [(1- )7 (Vi)

16 Chari et al. (2002) use a model of an open economy with complete markets to analyse the role
of price stickiness in explaining the volatility of the real exchange rate.
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e-1

O}ZYHJ &% d(z)) ; Yie= <(1in)% ,{lYp,t (2) d(Z)) )
(4.28)

o

Y= (@)

where 17 > 0 is the elasticity of substitution between domestic and foreign inter-
mediate goods, whereas, € > 1, is the elasticity of substitution across varieties of
intermediate goods. Then the cost minimizing demand functions by firm j of each

type of differentiated good is given by the following two conditions:

: P /Py \TT .
Y} (2)=(1~0) (——H’t(z)) (ﬂ) Y{ (4.29)
’ Py B
j Pry(2) A Pre\ 7"
j - ’ ’ J 4.
Vo) =a(Z) " (T) Ty, (430)
The price level charged by final good producers is equal to its marginal cost and it
is given by:
P,=((1—a) Py +aPg,") ™ (4.31)
where:

1
n 1-—
Puc= (3] Pl (222
0

Final goods producers in the foreign economy have a similar technology to that

1—e

Pry = (% Of Pr(2) dz) (4.32)

€

used by domestic intermediate producers, see appendix B.1 for details on the foreign

economy.

Intermediate Good Producers

There is a continuum of intermediate good producers of mass n allocated in the
domestic economy and of mass 1 — n, in the foreign economy that operate under
monopolistic competition. Each of these producers uses a constant returns to scale
technology to produce a particular variety of intermediate goods. This technology

takes labour as production input as follows :
YH,t(Z) - AtLt(Z) (433)
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where A; represents an aggregate productivity shock that follows the following
AR(1) process:

In(A4:) = xIn(A-1) + & (4.34)
with (; ~ N (O, og) . 'With this type of technology, the real marginal cost of the

representative intermediate good producers is given by
_ W, P
AP Phy

Similarly, the foreign intermediate goods producers uses a constant returns to scale

meg (4.35)

production function given by:
Yri(2) = A} L{(2) (4.36)

where A} represents the foreign productivity shock, which also follows an autore-
gressive process:

In(A47) = x"In(A;_;) + & (4.37)
with ¢ ~ N (0, 02.) . The aggregate demand for the intermediate good z is obtained
by adding up the demand of both the home and foreign final goods producers for

this good, as follows:

n 1

Yadd) = [ Vi) + [ (Vi) (2)d0) (4.38)
0 n
In this economy the law of one price holds for a particular good z, therefore we have

that: Pps(z) = e:P,(2), and Pry(2) = esPp, (2), consequently, the aggregate

demand for home intermediated good z is written as follows:

Yire(z) = (E{ﬁ;ﬂ,(f)) h (%) B ((1 )T+ 8 Q*L(l ) Q??:) (4.39)

o . 1
Where, Y; = [Y/d(j), and Y, = [Y{"d(j), represent the aggregate production
0
level of final goods at the domestig and foreign economy, respectively. Using a
similar derivation for the foreign economy we obtain Yr.(2) , which is given by:

Pre(2)\ ™ [ Prs\ " o
o= (52)" ()" c2errwam) o
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The Small Open Economy

Following Sutherland (2002), we parameterise the participation of foreign inputs in

the production of home and foreign final goods, a , a*, respectively as follows:
a=(1-n)y 1—o*=ny

where n represents the size of the home economy, and 7 its degree of openness!’.
This particular parameterisation implies that as the economy becomes more open,
the fraction of imported goods used in domestic production increases, whereas as

the economy becomes larger, this fraction falls.

The SOE corresponds to the home economy when the size of this economy
approaches to zero, n — 0. In this case we have that  — 7 and a* — 1. Conse-
quently, the foreign economy does not use any home produced intermediated good
for production of foreign final goods and changes in home aggregate demand have

OYp,

a nil impact on the foreign economy, this is v = 0. Furthermore, in this limiting

case, P* = Py and:

Vi) = (22E) 7 (B) " (- Tinnair)

Vo) = (ZE) 7 (22) 7 () (442)

In order to save notation, we define domestic output, Yz, and foreign output, Yz,

as follows: "
Pra:\ - —x
Vi = () (@ =0 Te41QIT) (4.43)
t
P\ /o
Y= () (@7) (4.44)

17 Sutherland (2002) derives the SOE in a model where the home and foreign economy trade
final consumption goods. In this chapter in contrast, the home and the foreign economy trade
intermediate goods.
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thus, the demand facing individual intermediate goods producing firms can be sim-

ply expressed as:

—e —€
Yu(z) = (%}%Z)) Yu: Yru(2) = (%’;ﬁ%‘)’) Yry (4.45)

Price Setting

At each period t intermediate goods producers face an exogenous probability of
changing prices given by (1 — ). Following Calvo (1983) and Yun (1996), we
assume that this probability is independent of the price level chosen by the firm
in previous periods and on the date the firm last changed its price. A typical firm
choose its price Pg,(z) to maximise the present discounted value of its expect flow
of profits, given by:

E; [f: (9¢@)k (/\t+k (Pﬁ’t(z) - mct+k> ?H,t+k(z))] (4.46)

P
P Ht+k

let “s denote by W, the inverse of the cumulative domestic inflation level as follows:

P,
Prvk

Uypp = (4.47)

and by ?H,Hk (2) the demand of intermediate good z conditioned on that its price

has kept fixed at Pg,(2):

7 _ (Bl gy, 4.48
H,t+k(2) = —%— t+k L Ht+k ( . )
The first order condition that maximises equation (4.46) is given by:

3 (09)" (C;:; (P”T(z)m - ﬁmcm) ?H,H.k(z))] ~0 (449)

k=0

E,

As it is shown in appendix B.2, from this first order condition we can derive a non
linear recursive representation of the Phillips curve given by the following three

equations:

Nt = ,U)\thtYH,t + 6,67T;1¢+1Nt+1 (450)
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Dy = MYy + 087511 D (4.51)
1—e€
0(mh) ' =1—(1-0) (&) (4.52)
D,
Where, N; and D; are auxiliary variables defined in this appendix. A similar set of

equations characterises the Phillips curve in the foreign economy.

Real Exchange Rate and Terms of Trade

Next, we define some identities that are helpful in describing the dynamic equilib-
rium of an open economy. First we define the terms of trades, T3, as the relative

price of foreign goods in terms of domestic goods, as follows:

-lFt
= =t 4.
T; Pras (4.53)

since the domestic economy is small and the law of one price holds, the price of
foreign goods is determined by Pr; = e;F;". Using, the previous identity, it is

possible to obtain the terms of trade from the following equation,:

T,= 2 (4.54)

Py

= P . . .
where Py, = ll’i t. Furthermore, using the definition of the consumer price indices

for the home and foreign economy and the small open economy assumption, we

have that: .
Qt ” _ 1-n
= =00-7+T (4.55)
T;
Using this last identity, we can define a relationship between CPI inflation and home
inflation as follows: . .
-1 1-— T, ™"
(.’Lt.) _d=mHaTi (4.56)
THt 1=+
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4.1.3 Monetary Policy

The central bank sets monetary policy by choosing the nominal interest rate ac-

cording to a Taylor rule. We consider the following generic type of Taylor rule,

' . o (T éx(1-pi) " ¢z (1-pi) e $e(1-p1)
o) =TT () () ()
where i = {H,CPI}, ¢ > 1, ¢, >0 , ¢. > 0, T; represents the inflation target of
the domestic central bank, 7, the natural level of output in the domestic economy,

H, stands for home prices, and CPI for the consumer price index.

4.1.4 Baseline Parametrisation

The model is calibrated with standard parameter values for small open economies.
In particular, we choose, ¢ = n = 1, to mitigate the effects of terms of trade on
the dynamic equilibrium of the economy, as in Gali and Monacelli (2005). The
parameter [ is set to 0.99, which implies a annual real interest rate of 4 percent.
The inverse of the elasticity of labour supply, ¢, is set to 3, consistent with micro
studies that report low labour supply elasticities. The parameter 6 is set to 0.75,
which implies that firms keep prices unchanged on average four quarters. The
degree of openness of the domestic economy 1 — « is set to 0.7, whereas, € is set
to 6, which implies a mark up over marginal cost of 20 percent. The persistence
of all shocks is set to 0.95 and the variance of their innovations to 0.0071%2. The
parameters that characterise the transaction frictions are calibrated to generate a
relatively low steady-state level of CS under zero inflation, thus we set ¥y = 0.01,
¥, = 1.1, ng = log(2 — B) + 0.151 and ; = 0.01, which imply a 15 percent degree
of CS.
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4.2 Dynamic Equilibrium and Currency Substitution

In order to highlight the effects of CS on the economy we choose a parametrization
where the intertemporal elasticity of substitution and the elasticity of substitution
between domestic and foreign intermediate goods are equal to 1, ie. 0 =7 =
1. In this case, the welfare effects of terms of trade are completely eliminated,
since the income and substitution effects that terms of trade generate perfectly
cancel out each other. Consequently, domestic and foreign shocks do not affect the
current account of the economy. This simplification makes easier to characterise
analytically the implications of CS for welfare and optimal monetary policy. We use
equations, (4.15), (4.19), (4.25), (4.43), (4.54), (4.55) and (4.56) to obtain domestic
consumption in terms of domestic and foreign output and the transaction cost

distortion, as the next equation shows,

1\ 1
— 1-v *\7Y

Using equation (4.57) and the definition of marginal costs, equation (4.35), we
eliminate the lagrange multiplier A; and the marginal costs, mc; from equations

(4.50) and (4.51) to obtain the following non-linear representation of the Phillips

curve,
Ya:\" (1+97T:\
Ne=w ( ;:;t) ( 1 +7Ttt) MC; + 0BE; (41 Neta) (4.58)
Yae\? (1+7T .
.Dt = Yt* 1 + Tt + o/BEt (HH,t+1Dt+1) (4.59)
l1-¢
ani’_yt1+l =1-(1-6) (%ﬁ) (4.60)

Similarly, we use equations (4.22) and (4.35) to write the real marginal costs
in terms of domestic output, Yz, the transaction cost distortion, T;, productivity,
A; and the relative price distortion generated by domestic inflation, A;, as follows,

YflI-it-<p 1 + Tt @
mey = AT (1 n ’YTt> Af (4.61)
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-8
Where, A; = fon (&Iﬁt(—z)) dz , can be written recursively as follows,

(4.62)

1— 6l =1
1-6

At=9At_1+(1—0)(

Similarly, we use equation (4.57) and equation (4.56) to eliminate consump-

tion from the Euler equation,

1 YHt+1>_1(1+7Tt+1) ( 1+Tt) 1
—  _=03E T 4.63
(1 +14y) PE: (( Y 1+ Yo 1+9Y:) Uy (4.63)

These transformations allow us to define the rational expectations equilibrium as

the solution of the system of Non linear equations given by equations (4.16), (4.17),
(4.9), (4.58), (4.59), (4.60), (4.61), (4.62), (4.63) and (4.1.3), for a given a sequence

of {i;} and {y;},

Equations (4.58) to (4.62) represent the non-linear version of the Phillips
curve, whereas equation (4.63) the corresponding aggregate demand. Notice that
besides marginal costs, domestic and foreign output and future expected inflation,
transaction distortions, T;, which depend on CS, determine inflation. Transaction
costs, as we discussed previously, depend on both the domestic and the foreign

nominal interest rates as it is established by equations (4.16), (4.16) and (4.9).

It is through this variable that CS affects the economy. When transaction
frictions are not present,Y; = 0, the economy collapses to a standard cashless SOE,
as the one analysed by Gali and Monacelli (2005). However, when YT; > 0 CS plays

a role in the transmission mechanism of monetary policy.

In particular, transaction frictions, T;, act as a stochastic tax for holding
cash that breaks the equality between the marginal utility of income and consump-
tion. This stochastic tax affects, by making more costly to transform income into
consumption, the dynamics of both the aggregate demand and of inflation. The role

that CS plays in this mechanism is to determine the weights of both the domestic
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and the foreign nominal interest rates on T;. In the coming subsections we explain
in detail the effects of CS for the steady-state, the flexible and the sticky price equi-
librium. In section 4 we address the implications of CS for optimal monetary policy
and for the determinacy of the equilibrium of Taylor rules. From now on, we adopt
the convention of denoting by capital letters without time subscript, the correspond-
ing steady-state value variables, and by lower case letters their log deviations from

their steady-states, i.e. X is the steady-state of X; and z; = log(%t).

4.2.1 The Steady State

We analyse a deterministic steady-state where all shocks take their unconditional
means, and where both domestic and foreign inflation rates are equal to zero. Since
at this steady state, MC = i, from the corresponding steady-state analog of equa-
tion (4.61) we obtain the following steady-state level of domestic output,

Yi=(1-®)T (4.64)

where 1 — & = KI_TT()&;—;TZ accounts for the overall distortions in this economy. As
equation (4.64) shows, the level of output is below its optimal level of 1. Two factors
distort output at the steady-state, the degree of monopolistic competition, measured
by the degree of mark-up, y, that induce firms to produce below its efficient level,
and transaction frictions, measured by T, that rise the marginal cost of firms above

its optimal level.

The size of this second distortion is positively related to both the long-
run levels of the domestic and foreign nominal interest rates. In economies where
steady-state nominal interest rates are high, the cost associated with transanctions
would also be high and therefore consumers would endongenously choose to use

more foreign currency as medium of payment.

Figure 4.3 plots the welfare loss associated to the nominal interest rate
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Figure 4.3: Transaction Costs and Currency Substitution
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Note: On the vertical axis, steady-state costs are measured as proportion of consumption
levels. On the horizontal axis the nominal interest rates is measured in units

generated through the distortion on output previously discussed. As this figure
shows, this cost is increasing on the nominal interest rate, though it is much lower
when CS is allowed. CS reduces the welfare costs of inflation because it permits
households to optimally minimise transaction costs by shifting their money demand

towards a foreign currency when the cost of using the domestic currency rises.

4.2.2 The Flexible Price Equilibrium

In contrast with the monopolistic distortion that only affects the steady-state of the

economy, transaction frictions also distort the dynamic equilibrium of the economy,
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in particular, they induce an inefficiently dynamic output level. In this economy,
the efficient flexible price output level coincides with domestic productivity, yet, as
equation (4.65) shows, transaction frictions generate a gap between this efficient

level and the output level under flexible prices. Next equation illustrate this latter

point,
1—v
r=a; — 9 4.65
Yp = e 1+¢ Ut (4.65)
where, v; = log(%t) and ¥ = a +1,m 18 This gap is increasing on both the domestic

and the foreign nominal interest rates weighted by the degree of CS as follows,
v =w ((1 — 8) 4 + st;) (4.66)

where, w = Crucially then, in economies where CS is high, the foreign

1
20+9)-1°
interest rate is the variable that has a larger impact on distorting the dynamic

behaviour of output and not the domestic one.

The efficient output level in this economy is achieved when v; = 0 . How-
ever, this allocation is not feasible under neither a policy of zero inflation nor a
policy of zero domestic nominal interest rates. When inflation is zero, both the
nominal interest rate and the degree of CS are positive, therefore, v; # 0. Similarly,
when the domestic interest rate is fixed to zero, as equation (4.9) shows, the degree

of CS is not necessarily equal to zero, thus, v; # 0.

To achieve the efficient allocation we assume, similarly to Woodford (2003),
that the central bank has additional instruments, in particular that it can pay
interest on money holdings, ¢;* and that it can tax the holdings of foreign currency,
7™ 19 These two additional instruments can be used to make v; = 0. Under these

assumptions, v; and § are determined by the following two equations,

ve=w((1—35) @G —i") +s(i; +1)) (4.67)

18 Equation (4.65 ) is obtained by taking a log linear approximation of equation (4.61), details of
this derivation are provided in appendix B.4

19 Woodford (2003) studies models with transaction frictions but with only one currency for close
economies and Walsh and Ravenna (2006) studies models with working capital.
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1455
(ﬂo — ¥o + log (%))
1+ 143

(V1 —na)
It follows from equations (4.67) and (4.68) that by setting, ¢, = i the central bank

(4.68)

S =

can eliminate the distortion generated by the domestic nominal interest rate, and
by making ™ = % (2 — exp (ng — ¥y)) — 1, the corresponding distortion generated
by the foreign nominal interest rate, thus v; = 0. Therefore, under this particular
set of money holding taxes the central bank can induce an efficient level of domestic
output, yf = a;, and equation (4.65) can be written as follows,

n e Y
Yy =Y — T (pﬁvt (4.69)

In what follows, we assume that the economy exhibits some degree of transaction
frictions in steady-state, thus, we set 7™ = 0 and ¢ — ™ to be small. Consequently,
vy # 0, thereby the flexible price equilibrium and the efficient one do not coincide.
This discrepancy affects how the central bank implements monetary policy in a

fundamental way. In the next section, we show this issue in detail.

4.2.3 The Equilibrium under Sticky Prices

In order to analyse the effects of CS on the dynamic equilibrium under price stick-
iness, we take a log-linear approximation of equations from (4.58) to (4.62) around
the deterministic steady-state. It turns out that the economy exhibits a canonical
representation of three equations: a dynamic aggregate demand, a Phillips curve

and an interest rate policy rule. These three equations are presented next:

Ty = Byxiyy — (3 — By — 1) + 0iEDNigyy + 03 B A7 (4.70)
THt = BETH 141 + KTy + Kite + ﬁfi: (4.71)
it = GxThs + Py (4.72)
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where, z; represents the gap between output under sticky prices and its efficient
level, i.e, z; = y; — yf, and r7 the natural interest rate, which is function only of

structural shocks. The new set of parameters are defined as follows:

Table 1: Definition of Parameters

ogi=wd(l—79)(1—-35) s=A1+¢)
o =Vw(l—7)s ki = w1 —7) (1 —23s)
Ky =Vw(l —9)s

It is apparent from its canonical representation that the economy with CS
exhibits two new features. First, the foreign interest rate shows up in the Phillips
curve, equation (4.71), as a cost-push shock, where the magnitude of its impact on
inflation depends on the degree of CS. Only when the degree of CS is zero, s = 0,
the foreign interest rate does not affect the dynamics of inflation. In this case, the

economy behaves similarly to the one analysed by Woodford (2003)2°.

The mechanism that generates the channel by which i} appears in the
Phillips curve works as follows: transaction costs create a gap between the marginal
utility of consumption and that of income, given by v;. This gap, for a given degree

of CS, is increasing in both the domestic and the foreign nominal interest rates,
At = —C — Ut (473)

Consequently, as interest rates go up, the real value of a given real wage in terms of
consumption falls. Since more real resources have to be allocated for transforming
wage income into consumption, workers respond by cutting their labour supply.

This, in turn, pushes real wages up and accordingly marginal cost rises. The next

20 Woodford (2003) analyses a model of a close economy where transaction frictions affect the
equilibrium of the economy. He finds that in this type of economies, the domestic interest rate
affects directly the dynamics of inflation, similarly to the implications of our model.
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equation makes explicit this link between transaction and marginal costs,
mee = (1+ ) (g — @) + 9 (1 —7) vt (4.74)

The degree of CS determines the relative weight that the domestic and the foreign
interest rate have on marginal costs. Equation (4.75) shows how the presence of
transaction frictions distorts the proportionality between the real marginal cost and
the output gap,

mey = (1+ @)z + (1 —7) vt (4.75)

Therefore, a central bank that targets ; = 0, can not stabilise the marginal cost
of firms, since zero output gap does not imply zero transaction costs, v; = 0%!. If
the central bank does not stabilise marginal costs, can neither stabilise inflation.
Consequently, in an economy with CS, it would be impossible for the central bank

to simultaneously achieve zero inflation and zero output gap.

The second new feature of this type of economies is a negative effect of é;
on aggregate demand. This effect is different to the one based on the intertemporal
substitution mechanism. As equation (4.76) shows, its impact on aggregate demand
is given by o;+, which is increasing on the degree of CS. Also, notice that under CS,
the partial response of the output gap to an increase on the domestic nominal
interest rate becomes, — (1 + 0;). Since as the degree of CS increases, o; falls, the
output gap become less responsive to changes in the domestic interest rate as CS

increases, weakening the interest rate transmission channel of monetary policy:
. n . . . "
Iy = Etxt+1 - (Zt — EtWH,t-i—l — T ) — 031t — Oy + JiEt2t+l + gy Etzt+1 (476)

Under CS, when an agent decides to postpone one unit of income for future con-
sumption, the cost of her decision in period ¢ is given not only by the marginal utility
of consumption but also by the transaction cost, v;. Similarly, the next period ben-

efits of that decision includes, besides the present discounted value of the marginal

21 Note that transaction costs reach their minimun value only when the domestic nominal interest
rate is set close to zero.
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utility of consumption, the corresponding expected value of the transaction cost,
E,vy4;. Since all shocks in the model are transitory, it holds that —v; + Eyvi41 < 0.
Thus, when nominal interest rate increases, the associated transaction cost rises,
making more expensive to consume in period ¢ relative to future periods. The inter-
action of these two effects induces agents to reduce their consumption levels. The
effect of transaction costs on savings decisions can be seen more easily by observing
the following representation of the Euler equation that results after ); is replaced

by its equivalent given by equation (4.73),
Ci= Etct+1 — v+ Etvt-{-l - (it_EtTrt+1) (477)

In order to illustrate the effects of these new mechanisms on the rational expecta-
tions equilibrium, we solve for it, by considering that there exist only one shock in
the economy, the foreign nominal interest rate. This assumption help us to obtain
simple analytical solutions. Furthermore, we assume that ¢; follows the following
autorregressive process:

i = Pyt €&
Under this assumption, the rational expectation equilibrium of equations (4.70),

(4.71) and (4.72 ) is given by the following two equations:

Ty = —bi; (4.78)
__ kp—br
THe = T 5y K/i¢1th (4.79)
where,
. (858 + 016 s + 0w (1= Bp = i)

(1+ (i + 1) o) (L= Bo — i) + (88 + 0i6 ) (s + wid)

For most parameterizations, b > 0 and &y — bx > 0. Therefore, an increase in
foreign interest rate leads to a fall in output gap and to an increase on the domestic

inflation rate. However, it is important to highlight that the inflation responses to
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Figure 4.4: Response of Output and Inflation to a Foreign Nominal Interest Rate
Shock (a)
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the foreign nominal interest rate is smaller than that of output gap, since the fall
in output gap through the standard aggregate demand channel partially offset the

direct impact of 7f on inflation in the Phillips curve.

These implications are confirmed in figures 4.4 and 4.5 that shows the im-
pulse response functions of domestic inflation, output gap and the nominal interest
rate to a positive foreign interest rate shock. These responses were obtained under

the benchmark parameterisation for two different levels of the steady-state degree

of CS.
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As figure 4.4 shows, the response of the three aforementioned variables to
the foreign nominal interest rate shock is stronger when the degree of CS in steady-
state is higher. It is also important to highlight that as the analytical solution of
the equilibrium indicates, the response of inflation is much lower than the one of
output gap, since the endogenous response of the domestic nominal interest rates

and the output gap partially offsets the initial impact of i} on inflation.

Notice that when the output gap weight on the central bank’s reaction
function is large enough, ¢, — 00, the response of the output gap to ¢;, measured
by b shrinks towards zero. In this case, the effect of i; on domestic inflation reaches

its maximum value,
Kf
THt = ———————
1- IBP - Ki¢1r

On the contrary, when the central bank does not react to the output gap, ¢, = 0,

*k
Y

the fall in output more than compensate the direct effect of the foreign nominal
interest rate on inflation, kK — bk < 0, thus, both the domestic inflation and the
nominal interest rate falls in equilibrium. As in the previous case, here as well,
the response of the three variables, output gap, inflation and the domestic nominal
interest rate are increasing on the degree of steady-state CS. Figure 4.5 shows the
impulse responses of these three variables when ¢, = 0 for two different levels of

steady-state CS.

A direct implication of our model is that economies with CS should be more
sensitive to foreign nominal interest shocks than economies without CS. This result
is in line with the empirical evidence reported by Agénor et al. (2000), Neumeyer
and Perri (2005) and Uribe and Yue (2004), who document a negative correlation
between domestic output and the foreign nominal interest rate for emerging markets,
where CS is more frequent. The next section explores the implications CS for the
design of monetary policy; in particular we derive the micro-founded loss function

of the central bank, then this loss function is used to evaluate the performance
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Figure 4.5: Response of Output and Inflation to a Foreign Nominal Interest Rate
Shock (b)
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of different interest rate rules. Finally, we analyse the implications of CS for the

determinacy of the rational expectations equilibrium.

4.3 Monetary Policy under Currency Substitution

In this section we analyse how CS affects monetary policy. In particular, we discuss
the implications of CS for the convenience of exchange rate smoothing and for infla-
tion determination. Although, there exist empirical evidence that shows that many
central banks in emerging economies, in particular, in economies with dollarisation,

tend to actively intervene in the exchange rate market to reduce the volatility of
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their nominal exchange rates, it is not clear cut whether or not this behaviour is
optimal. Authors like Calvo and Reinhart (2002), emphasise the role of financial
dollarisation. However, Céspedes et al. (2004), and Gertler et al. (2004), using
dynamic stochastic general equilibrium models, find that even with financial dol-
larisation, a flexible exchange rate outperforms a fixed one. Also, chapter 3 shows
that in economies with sector specific productivity shocks it is possible to sustain
an equilibrium with price dollarisation, and that in this case, it is optimal for the

central bank to allow some degree of exchange rate smoothing.

In order to evaluate the benefits of exchange rate smoothing in economies
with CS we derive the micro-founded loss function of the central bank. As in
Woodford (2003) and Benigno and Woodford (2005), this loss function comes from
a second-order approximation of the utility function of the representative household,
around a particular steady-state. We choose a steady-state where the effects of terms
of trade are eliminated, but where transaction frictions play a role. In particular,
we choose an steady-state of zero inflation, but where, ¢ — ¢™ is relatively small,
thus both domestic and the foreign nominal interest rate distort the dynamics of

the economy.

4.3.1 The Central Bank Loss Function

As we show in appendix B.6, the loss function for a central bank in a SOE with CS

has the following form,

t=00
% Z ﬁt [(1 - S) (Aiit + AHZE + SAii* ’Lﬂ:) + Amt + W?—[,t] (480)

t=0

L=
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where, A;, 2, A;, A and A« are positive parameters. Notice that this loss function
differs, in at least two dimensions, from those obtained for economies where trans-
action frictions are not allowed??. First, in an economy with CS, both the domestic
and the foreign nominal interest rates generate welfare losses. In particular, the
central bank has an incentive to keep domestic interest rates low and stable, but
also to induce a negative correlation between the domestic and the foreign interest

rates.

To understand why the central bank has this incentive, notice that when
CS is positive, s > 0, the foreign nominal interest rate also generates transaction
costs for households, therefore a central bank, which aims at maximizing households
welfare, would have the incentive to move %, in the opposite direction of ¢; to com-
pensate the costs generated by fluctuations in the foreign interest rate. Remarkably,

this incentive is larger, as the degree of CS increases.

The cross term between domestic and foreign interest on the central bank
loss function, also has implications for the desirability of exchange rate smoothing.
Since, smoothing exchange rate implies that the central bank has to move the
domestic interest rate to mimic the path of foreign domestic, the welfare loss of
exchange rate smoothing turns out to be increasing on the degree of CS. Thus, we

can argue that CS does not provide a rational for fear of floating.

Second, the incentives of the central bank to smooth fluctuations on the
domestic nominal interest rate are decreasing on the degree of CS. In the limit, when
s = 1, the domestic interest rate does not generate welfare losses, thus the central

bank has no incentives to smooth domestic nominal interest rate fluctuations. In

22 For instance Woodford (2003), obtains, for an economy with transaction frictions, a loss func-
tion that depends on quadratic terms of inflation, output gap, and the nominal interest rate.
He shows that this latter term justifies some degree of interest rate smoothing.
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this case, the loss function collapse to the one derived by Woodford (2003)2.
Interestingly, steady-state CS only affects the interest rate weights on the central
bank loss function but not the weights of the output gap and inflation. This is so

because CS does not affect production efficiency, only consumption levels.

Next, we use the micro-founded loss function, equation (4.80), to rank
different interest rate rules. In particular, we compare the performance of domestic
inflation and consumer price inflation interest rate rules under different degrees of
interest rate and exchange rate smoothing, the policy rules are parameterised as

follows,

iy = pite—1 + (1 — i) [@rTHt + Pt + P ErAey] (4.81)

i = pitg—1 + (1 — p;) [paT: + G2Tt + P ErAey (4.82)

A policy rule would outperform another if it generates a rational expecta-
tions equilibrium that implies a lower expected welfare loss than the alternatives.
In order to calculate the expected welfare loss for each interest rate rule we solve
up to second-order the rational expectations equilibrium of the economy, defined
by equations (4.58) to (4.63), plus the interest rate rule defined previously?*. The
rational expectations equilibrium is calculated for a set of economies, each of one

defined for a particular value of ¢, and p;.

This strategy allow us to consider the case of economies where the degree
of CS is not too small, as it is indeed the case of economies with CS, but at the
same time it permit us to keep approximation errors small enough. This in turn

allow us to evaluate implementable monetary policy rules in a consistent way.

Figure 4.6 compares the welfare loss generated by implementable interest

23 Woodford (2003), shows that in a close economy where there exist transaction frictions, the
expected loss function of the central bank depends, besides the variance of output gap and
inflation, on the variance of the nominal interest rates.

24 To solve up to second-order the dynamics equilibrium of the economy we use the perturbation
method and the code produced by Schmitt-Grohe and Uribe (2004)
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rate rules that react to the CPI and domestic inflation, the output gap, the lag
interest rate and the change in the exchange rate, considering different degrees of
exchange rate smoothing. In all figures, the horizontal axis measures the degree of

exchange rate smoothing, indexed by the value of ¢..

Figures 4.6a and 4.6b, show the welfare losses under domestic inflation
rule and CPI inflation, where the solid line represent rules without interest rate
smoothing, whereas the dotted line considers those where the central bank reacts
also to the one period lagged domestic nominal interest rate. Figure in Panel 4.6c¢,
compares a rule that reacts to domestic inflation to one that reacts to CPI inflation,
when both do not consider interest rate smoothing, whereas 4.6d does the same

comparison but considering that both rules feature interest rate smoothing.

All three figures show that welfare losses are increasing on the degree of
exchange rate smoothing. However, as 4.6¢ describes, welfare losses are higher for
those rules that target the consumer price inflation in comparison with those that
target instead domestic inflation. Thus, as in Gali and Monacelli (2005), we also
obtain that targeting domestic price inflation allows the central bank to deliver a
superior outcome in terms of welfare. This results comes directly from the central
bank micro-founded loss function, where the definition of inflation that generates
welfare losses is not CPI inflation but domestic inflation. Consequently, a central
bank that reacts to CPI inflation generates higher volatility on the output gap
and the nominal interest rates which are not compensated by a lower volatility on

domestic inflation.

Also, Panel 4.6a and 4.6b, show that rules that consider some degree of
interest rate smoothing outperform those that do not smooth the nominal interest
rate. Consequently, interest rate smoothing turns to be a desirable objective for the
central bank under CS. The intuition of this result is simple, a lower variability on

domestic nominal interest rates reduces expected transaction costs, thus expected
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Figure 4.6: Welfare Ranking of Interest Rate Rules

a) Domestic Inflation Taylor Rule b) CPI Inflation Taylor Rule
no Interest rate smoothing no Interest rate smoothing
With Interest rate Smooting 3.5 With Interest rate Smooting
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Note: In panel (a) and (b) a value of 0.8 for the lag of the nominal interest rate has been consider
for rules with interest rate smoothing, those represented with dotted lines. Panel (c) compares
both type of rules without interest rate smoothing and Panel (d) does it when a value of 0.8 is
used for the parameter of the lagged interest rate. In all cases, a steady-state value of CS of 5
percent has been considered

welfare losses are mitigated.

To sum up, in small open economies with CS the central bank should al-
low the exchange rate to float and put less weight on interest rate smoothing, in
comparison to economies without CS. Also, the steady-state degree of CS does not
affect the relative weights the central bank put on output gap and domestic inflation

stabilization, it only affects the weight on interest rate smoothing.
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4.3.2 Determinacy of Equilibrium

In this subsection we analyse the implications of CS for the determinacy of rational
expectations equilibrium. A question that has not been analysed yet in the literature
is whether or not CS affects the capability of the central bank to anchor inflation
expectations. We address this question in this subsection by showing how the
conditions for the determinacy of the rational expectations equilibrium changes
with CS for interest rate rules that target domestic inflation. With this purpose
and following Woodford (2003), we write the canonical representation of the model

economy as follows:

Etzt-i-l = AZt + ae

where: z = , and
Tt

(1-kipr) _ [ Ethide
= ﬂ 1 . g +r4 (4'83)
(1+a,~)¢,,-(1+a,«¢,)1%‘”"1 1+(1+m)¢1+(1+w¢")£~_';z&2
1400z 1+0i¢s

Since there are two forward looking variables in the model, the rational expectations
equilibrium is uniquely determined when both eigenvalues of matrix A are outside
the unit circle. As it is detailed in Woodford (2003), the necessary and sufficient

conditions for this to hold are:

detA>1 (4.84)
det A + trace(A) > —1 (4.85)
det A — trace(A) > —1 (4.86)

Writing conditions (4.84),(4.85) and (4.86 ) in terms of the parameters of the model

we obtain:
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(1_1)+(iiﬁﬂ:ﬁg¢a+(“+mm”““§¢w>o (4.87)

B B B
(1-B—ki)¢e+6(pr—1) >0 (4.88)
2(0+8)  ((A+5) N ki B2
3 +( . u+%u+ﬂ)%+(ﬁ+ﬁ(, ’0>0 (4.89)

It turns out that conditions (4.87 ) and (4.89 ) hold for any pair of positive values
of ¢, and ¢, when the inverse of the elasticity of substitution is large enough. In

particular when it satisfies the following lower bound?.

0> # (4.90)

Therefore, under this parameterisation the only condition that is relevant for de-
terminancy is (4.88 ). Notice that this condition coincides with the Taylor prin-
ciple when k; = 0. This occurs when the degree of CS is 1, (s = 1), since,
ki = A(1 =) (1 —s). Interesting, the model implies that the conditions for de-
terminacy under full CS coincides with those of a cashless economy, panel (a) of

figure 4.7.

In a cashless economy, the domestic nominal interest rate affects the econ-
omy only through its effect on the dynamic IS curve, the same happens when s = 1
in an economy with CS. In contrast, when s # 1, the area of determinacy is much
smaller, panel b, figure 4.7. In this case, the domestic interest rate have a direct
effect on inflation through the wedge that transaction cost generates between mar-

ginal cost and output gap. The effect of the domestic interest rate on inflation is

25 To understand why this is so, notice that condition (4.87 ) holds when (B0;x — k;) > 0. Since,
under our benchmark parameterisation, o; = (1—79)(1—3), ki = A(1—9)(1 —s) and & =
A(1+ ). we have that

(Boik— ki) =(1=7)(1-8)A(B(1+¢)-1)

which is positive for values of ¢ that satisfy condition (4.90). Similarly, condition (4.89), holds
when (oik — k) = A(1—7)(1—5s)yp > 0, which is always true when ¢ > 0 . Therefore,
the only condition that determines the set of parameter values for ¢, and ¢, that render the
equilibrium determine is condition (4.88)
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Figure 4.7: Determinacy and Currency Substitution

a) CDI Policy Rule No Transaction Cost b) CDI Policy Rule CS=0.7
|Area of Determinancy Determinate
|Area of Indeterminancy Indeterminate

larger, as the degree of CS decreases, /q is smaller. This additional effect of the
domestic interest rate on inflation generates the possibility for indeterminacy of the

equilibrium.

To see how this mechanism for indeterminacy works, let’s suppose that
the central bank observes a negative output gap, by the Taylor rule the central
bank would reduce the interest rate, however this reduction on nominal interest
rates leads to a lower inflation through a® This second round effect generates
a further reduction on the nominal interest rate, since the central bank tries to

stabilise inflation. When (o is large enough, the direct effect of nominal interest
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Figure 4.8: Determinacy and the Degree of Currency Substitution

a) CDI Policy Rule CS=0.7 b) CDI Policy Rule CS=0.85

1 IDeterminate 1 Determinate

Indeterminate | Indeterminate

rates on inflation is larger than the indirect effect on output gap, therefore, the
nominal interest rate and domestic inflation will keep falling and the central bank
will not be able to stabilise the economy. This cycle leads to the indeterminacy of
the equilibrium. Consequently, in economies with CS as the degree of CS falls the
area of determinacy for the rational expectations equilibrium shrinks, this is shown

in figure 4.8, panel (a)

On the contrary, when the degree of CS increases, falls, the area for
determinacy of the rational expectations equilibrium increases, figure 4.8, panel
(b). This, however does not imply that the CS delivers a more stable economy. As
we discussed in the previous section, the volatility of both inflation and output gap
increases with the degree of CS. Therefore, even though CS allows the central bank
to react more aggressively to stabilise output gap and guarantee the determinacy of
the rational expectations equilibrium, at this equilibrium both the output gap and

domestic inflation volatility would be larger.
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4.4 Concluding Remarks

In this chapter we have developed a very tractable and fully micro-founded model
of a small open economy with CS that can be used for monetary policy analysis.
The model economy have a canonical representation analogous to their counterparts
without CS but differ from the latter ones in two important dimensions: first, the
foreign nominal interest rates appears as an endogenous cost push shock in the
Phillips curve, where the magnitude of its effect on inflation depends on the degree
of CS. Second, the domestic nominal interest rates has a direct effect on inflation,

making less effective the use of the nominal interest rate for the control of inflation.

These new features that CS adds to a standard small open economy model
have interesting implications for monetary policy. First, the central bank faces a
trade-off between stabilizing inflation and the efficient level of output gap, where
the magnitude of this trade-off depends on the degree of CS. In particular, as the
degree of CS increases, the central bank have to accept a higher volatility of output

gap to maintain the volatility of inflation.

Second, CS increases the volatility of inflation, both domestic and CPI,
and output gap under a variety typical interest rate target rules. Moreover, rules
that smooth the nominal exchange rate perform worse than those that allow more
flexibility on the exchange rate. In particular, the volatility of inflation and output
gap increases with the degree of smoothness of the exchange rate, similarly to the
case of economies without CS. Therefore, CS does not justify ”fear of floating”,

smoothness of the exchange rate.

Finally, CS increases the area of determinacy for the rational expectations
equilibrium under contemporaneous domestic inflation Taylor rules. In the limit,
when there is full substitution of the domestic currency, the area of determinacy

coincides with the one of a cashless economy, therefore the Taylor Principle holds.
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In contrast, when there is no CS, but money matters in the dynamic equilibrium,
the set of parameters that allow its determinacy shrinks. In particular, for a given
reaction of the central bank to inflation deviations, the central bank cannot react

too much to output gap to guarantee equilibrium determinacy.

The model can be extended to several directions. For instance, the as-
sumption that transaction costs are rebated to households can be relaxed. Also,
the terms of trade distortion can be included to analyse the interaction between

this channel and CS. We leave these extensions for future research.
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CHAPTER 5

INCOME DISTRIBUTION AND DOLLARISATION

Chapter 2 presented some evidence suggesting that the degree of PD is related
to the country’s average income-levels. Casual evidence, furthermore, reveals that
PD is concentrated mostly on goods whose demand is derived from the consump-
tion of high-income customers; and to a lesser extent on goods associated to the

consumption of low-income customers, like necessity goods®.

Motivated by this evidence, this chapter develops a model where agents’
dollarisation decisions and income distribution are related. In particular, the model
allows us to study whether differences in income levels matter for the pattern of PD
across type of goods and for agents’ portfolio decisions regarding foreign-currency

denominated assets.

The model is an overlapping generation monetary model with two key as-
sumptions: a) prices are sticky, and b) agents’ preferences are non-homothetic?.
The type of preferences is important in our modelling strategy since it allows dif-
ferences in income levels to play a role in consumption and portfolio decisions. In

particular, under this type of preferences changes in agents’ income levels affect the

! This pattern of PD is independent of the type of good being considered, whether goods are
tradable or not tradable, or whether its purchase implies a large or small payment. For instance
in Peru, firms offering education services set prices in different currencies depending on the
location of the institution - in rich neighbourhoods prices are in dollars, whilst in poor ones
prices are in pesos. Moreover, small transactions like haircuts are charged in dollars in some
beauty shops located in rich neighbourhoods, and large transactions, like real estate, are priced
in pesos in poor areas.

2 See Matsuyama (2000) and Matsuyama (2002) for macroeconomic models with non-homothetic
preferences
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composition of agent’s consumption basket. As income rises the participation in
the consumption basket of some goods rises, whereas that of the others fall3. The

former are considered as luxury goods, and the latter, as necessity goods.

We introduce non-homotheticity as in Schmitt-Grohe et al. (2006) by
assuming that agents need to consume a fixed minimum amount of each good to
receive utility. This amount constitutes a subsistence point. Goods with larger
subsistence points can be considered as necessity goods since agents’ consumption of
these goods fall by less in states of nature where income is low. Whereas goods with
low subsistence levels are considered as luxury goods because agents’ consumption

of these goods increase (fall) by a larger proportion when income also increase (fall).

The key implication of this type of preferences for firms’ decisions is that
it generates a time-varying demand price elasticity, which depends on the income
level of firms’ customers. In particular, the demand price elasticity increases when
the income of firms customers increases. Firms produce differentiated consumption
goods under monopolistic competition using labour and a constant returns-to-scale
production function. Also, they can choose between a domestic and a foreign cur-

rency for invoicing?.

The main implications of the model can be summarised as follows. First,
income distribution matters for agents’ portfolio decisions. More precisely, a low-
income agent’s portfolio decisions are more sensitive to the volatility of agent’s
purchasing power, which is crucially determined by the degree of PD, and to a

lesser extent to the volatility of the exchange rate. High-income agents’s portfolio

3 This feature is in contrast to the case of homothetic preferences, where only the average level
of income in the economy determines the demand for goods, and other moments of income
distribution do not play any role.

4 One of the first works in invoicing decision theory is Klemperer and Meyer (1986), who discuss
the decision between Cournot and Bertrand oligopoly competition under uncertainty. Other
papers, such as: Giovannini (1988), Donnefeld and Zilcha (1991), Johnson and Pick (1997) and
Bacchetta and Wincoop (2005), study the decision of pricing in the exporter’s or the importer’s
currency under international trade. For general equilibrium Devereux et al. (2004), Loyo (2001)
and Corsetti and Pesenti (2004).
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decisions, instead, respond more strongly to the volatility of exchange rate than the

volatility of domestic prices, when forming their portfolios.

At the aggregate level, agents’ optimal portfolio decisions imply that FD
is positively related with PD. The intuition for the existence of this link is simple.
Since PD induces uncertainty in agents’ purchasing power, agents optimally choose
their portfolio to minimize the effect of this type of uncertainty on their consumption

choice.

Second, that firms would optimally choose to invoice depending on the
volatility of exchange rate, the correlation of their marginal costs with the exchange
rate and on the degree of non-homotheticity of their customers’ preferences. In
particular, we find that firms would have more incentives to invoice in dollars when
the volatility of exchange rate is low, their marginal cost are highly positive cor-
related with the exchange rate and when the degree of non-homotheticity of their

customer’s preferences is relatively low.

An interesting result that helps to explain some of the stylised facts on
PD discussed above is that optimal firms’ invoicing decision implies, under certain
conditions, that firms producing necessity goods would not choose to set prices
in a foreign currency even when their marginal costs are highly correlated with
the exchange rate. This result, couple with the implication of non-homothetic
preferences that in low-income countries necessity goods represent a large share
of the typical consumption basket, implies that PD does not have a large effect
on the degree of exchange rate pass-through. This implication of the model is
consistent with what is observed in Bolivia and Peru, where necessity goods, like
food, represent more than 45 and 35 percent of their corresponding consumption
baskets used to measure the CPI inflation; and the degree of pass-through is below

20 percent, although the levels of FD are above 60 percent.
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In those economies then, monetary policy can operate when FD is high, be-
cause income distribution limits the effect of dollarisation on the degree of exchange

rate pass-through to prices®.

Why firms that have marginal cost highly positive correlated with the ex-
change rate do not choose to invoice in dollars?. The answer is related to the effect
that exchange rate movements have on firms’ profits when their customers have
non-homothetic preferences. Under this type of preferences the exchange rate does
necessary have the beneficial effects on firms’ expected profits that otherwise it
would generate, in particular, when firms’ marginal costs are highly correlated with

the exchange rate.

In this case, invoicing in a foreign currency increases firms’ relative prices
precisely in those states of nature where the demand-price elasticity is high, thus,
increasing firms’ profit volatility. Therefore, when firms’ customers have non-
homothetic preferences, firms’ expected profits are reduced under dollar invoicing
relative to peso invoicing. For firms producing necessity goods the negative effect
of invoicing in dollars dominates its positive effect on expected profits, hence, firms
producing these type of goods may choose to invoice in a domestic currency. For

firms producing luxury goods, however, the oppositive happens.

Third, we find at the aggregate level it is possible to obtain multiple equilib-
rium. Importantly, however, we find that the set of multiple equilibrium is reduced
when firms’ customers have non-homothetic preferences. In particular, in this case,
there exist an stable equilibrium where the degree of PD is determined by the size of
the sector producing luxury goods. This result is interesting since it rationalises the

fact that in economies where income distribution is unequal PD is not very large.

5 Gonzalez-Anaya (2002) provides evidence showing that low levels of PD coexist with high
levels of FD for a large sample of dollarised economies. They measure price dollarisation by
the short-run level of pass-through of the exchange rate. Also, see Armas et al. (2001), Miller
(2003) and Winkelried (2003) for estimations of degree of exchange rate pass-through to prices
for Peru.

123



Our model is related to previous work on endogenous dollarisation deci-
sions in general equilibrium frameworks. In particular to Sturzenegger (1997) and
Ize and Parrado (2002)%. In those two papers, endogenous dollarisation decisions
are analysed but in different macroeconomic frameworks. Sturzenegger (1997) uses
an endogenous cash-in-advance model to analyse the welfare implications of en-
dogenous currency substitution. In his framework, the size of the transaction is
the key feature in explaining the pattern of dollarisation. Agents decide the cur-
rency in which to trade comparing the fixed cost that implies trading in dollars
with the cost of trading in domestic currency, the inflation tax. As the inflation
tax is proportional to the value of the transaction, they show that expensive goods
are endogenously traded in foreign currency since the benefit of trading with this

currency (avoiding the inflation tax) exceeds its cost.

On the contrary, with cheap goods the cost of trading in dollars is higher
than the inflation tax, therefore the transaction is made using domestic currency.
This approach, however, does not explain why small transactions associated with
high-income customers are made in foreign currency. We instead consider that the
size of the transaction is not the most important element in determining dollari-
sation patterns, but the interaction between the firm’s customers income-level and

the optimal strategies of firms in setting prices.

On the other hand, Ize and Parrado (2002) use a representative agent
general equilibrium model to analyse the interaction between PD, FD and monetary
policy. In their model, the decisions of FD and PD are endogenous decisions based
on minimum variance portfolios. They find that both FD and PD respond to the
variance of real exchange rate and inflation, but PD responds as well to monetary
policy and to the nature of the shocks. Since this model uses homothetic preferences,

it predicts homogenous pricing strategies for firms and consequently it is not able

6 Recent papers on dollarisation, such as Céspedes et al. (2004) focus more on the effects of
liabilities dollarisation on the transmission mechanism of monetary policy and in exchange rates
regimes.
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to explain the pattern of dollarisation across types of goods.

Also, the model in this chapter is very closely related to the literature
on endogenous exchange rate pass-through to prices, in particular to Bacchetta
and Wincoop (2005), Devereux et al. (2004), and Corsetti and Pesenti (2004).
In all these models exporting and importing firms choose endogenously between a
domestic and a foreign currency for invocing by comparing expected profits under
each invoicing strategy. Bacchetta and Wincoop (2005) analyse this problem in a
general equilibrium static framework, whereas Devereux et al. (2004), and Corsetti

and Pesenti (2004) study this problem ina a dynamic general equilibrium setup.

This chapter is organised as follows: in section 5.1 we present the model.
In section 5.2 we discuss the optimal financial and price dollarisation decisions of
individual agents. Section 5.3 shows determination of the general equilibrium level
of PD. Section 5.4 discusses the link between the degree of pass-through and the
income level. Finally, section 5.5 presents some concluding remarks. The proofs of

the propositions are detailed in the appendix C.

5.1 The Model

The economy is populated by a continuum of two overlapping generations, the
young and the old. Each generation lives for two periods and it is composed by a
continuum of agents of mass 1 indexed by their labour productivity levels 6;, which
are distributed according to F (6) over the support [Q,?J, with 0 < § < 8 < oo and
fg 6dF (6) = 1. Agents, when they are young, supply labour inelastically to firms
and take portfolio decisions, whereas when they are old only consume a continuum

of differentiated consumption goods.
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We restrict the set of assets available to young agents to fiat money, conse-
quently their savings are constituted only by their domestic currency money hold-
ings. Young agents have, however, the option of indexing their money holdings to
the nominal exchange rate. The nominal exchange rate, e; is defined as the price of
the domestic currency in terms of the foreign one. In addition, it is assumed that
the exchange rate depreciation rate, denoted by & = f—’i';t;e‘, is normally distrib-
uted with a positive mean and constant variance, i.e & ~ N(d, ag). This variable
represents the only source of uncertainty in the model. On the other hand, agents’
preferences over consumption goods are non-homothetic, which implies that agents’
income-level heterogeneity generates heterogeneity in agents’ consumption basket

composition.

Consumption goods are produced by a continuum of monopolistically com-
petitive firms using all types of labour supplied by young agents and a constant
returns to scale technology. One period in advance, these firms choose their prices

and the currency for invoicing optimally.

The timing of decisions is as follows, first , before observing the realisation
of the exchange rate, young agents choose the degree of indexation of their portfolios
that maximises their next period expected utility. Simultaneously firms choose their
optimal price and their currency for invoicing. Then the exchange rate is observed,

firms produce at the pre-set prices and agents consume.

5.1.1 Preferences

Each agent ¢ lives for two periods, ¢t and ¢+ 1. When young, during period ¢, agents
supply labour inelastically to firms and take saving decisions. Whereas during
period ¢ + 1, when they are old, agents consume a bundle of differentiated goods,

X;,,. Preferences over the consumption bundle X}, are defined by the following
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generic utility function,

Vi = BEU (Xi,s) (5.)
where U is a continuous and concave function of X}. On the other hand, the
consumption bundle is a composite of a continuum of differentiated consumption

goods defined by the following Dixit-Stiglitz aggregator,
1 1 =7

xi= [ i) - % ae) (5:2)
where, € > 1 represents the elasticity of substitution across differentiated goods
and 4} a subsistence consumption level for good 2. We follow Schmitt-Grohe et al.
(2006) in using idiosyncratic subsistence levels to model non-homothetic preferences.
As we show in the next sections, non-homotheticity has crucial implications for
the portfolio agent’s decisions and invoicing firms’ decisions. With this type of
preferences, the households’ marginal valuation of different goods changes with their

income levels, how much it changes depends on 7, .

Goods with larger «, represent goods whose consumption is more a neces-
sity. This is so because when agents’ income falls their consumption of those goods
falls by a smaller proportion in comparison with how much fall agents’ consump-
tion of goods with lower 7,. On the contrary when income rises, the expenditure on
goods with lower 7, increases by a larger proportion that the expenditure on those

goods with larger ,.

During period ¢ agents receive dividends and wages according to their labour
productivity, which is indexed by ;. Since agents do not consume during this period
they use all their income for savings. The only asset available for savings is money,
consequently agents’ savings coincide with their money holdings at the end of period
t, which are given by,

M; = (W + Di) (5.3)
Where, W, represents agent’s ¢ wages and D;; her corresponding dividends. In-

dividual’s dividends in turn are defined in terms of agents’ labour productivity as
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follows,

D} = 6,D, (5.4)

Where D, represents aggregate dividends. A simple way to rationalise this dividend
rule is to assume that workers receive a contingent bonus on the firm’s profit level.
During period ¢ + 1, agents use their savings to finance consumption expenditure.

They face the following budget constraint,

' P1(2) M;
[ 2l i) < i 69
o P Py

where, P;;1(z) represents the price of good z during period ¢ + 1, which is defined
as follows,
Pi(z)er1 ifz€ T

Pt 1(2) =
¥ P;(z) otherwise

(5.6)

and P, denotes the aggregate consumer price index given by,

-

o= [ [ rea@+ [ E@ay @] 60
Here, T is defined as the set of all firms that set prices in a foreign currency. This
set has mass v and measures the degree of price dollarisation in the economy. On
the other hand, we denote by 7 the fraction of money holdings of agent i indexed
to the nominal exchange rate, her degree of financial dollarisation, and by M}, her
money holdings at the end of period ¢, which is defined by,

M, = M; (1 + 1 [—et“ — e‘]) (5.8)

€t
Agents Consumption Decisions

The optimal amount of consumption for each type of differentiated good is obtained
by minimising the expenditure of consuming the bundle X!. From the first order

conditions of this cost minimization problem, we obtain that the consumption of
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each differentiated good is decreasing on its relative price and increasing in the level

of total consumption, as the next equation shows,

fle) = (B2E) g ot (59)

Notice that C},,(z) is contingent on the realisation of the depreciation of the nom-
inal exchange rate because both, X}, , and P11 depend on this variable. On one
hand, P;y; is linked to &1 through the degree of PD. In this case, when a large
fraction of firms find optimal to invoice in a foreign currency the correlation between
P;;1 and & is positive and high. On the other hand, X} +1 depends on §; through
agent’s porftolio decisions. If an agent choose to index a large fraction of her money
holdings to the exchange rate, then the correlation between X}, ; and & would be
also positive and high. To illustrate this latter point let’s link X7 , and 7* using
the agent’s budget constraint. By aggregating agent i consumption across type of

goods we have that,

1 1
Piy1(2) ' Pii(2)
S0 (2)d(2) = Xy + / 1) id(2) (5.10)
0o I o P
Let’s denote by Ci,, = 01 %ﬂ t1(2)d(2) the total consumption of agent i,
and by ~i,, = 01 %?Wid(z), her subsistence consumption level. Hence, total

consumption level for agent i is defined as follows,

ti+1 = Xti+1 + ’72+1 (5.11)

By using equation equations (5.11) and (5.8), equation (5.5), the budget constraint

of individual i, can be written as follows,
) M , )
t41 = T:l (1 + 771£t+1) /] (5.12)

The previous equation shows that for a given price level, when 7* is large,

the correlation between X7, and 41 is also larger.
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Portfolio Decisions

The consumption level of agent ¢, C},,; depends not only on her income level but
also on the realisation of the exchange rate. This latter variable affects consumption
decisions through the portfolio choice of individuals, n* and also through the the
degree of PD. In states of nature where the exchange rate depreciates, those agents
with larger 7' would benefit more, since their income levels would increase more
than those who have chosen to index a lower proportion of their money holdings
to the foreign currency. The opposite would happen in the case of an appreciation,
where agents with relatively low values for 5 would face lower reductions in their
income levels. Consequently, financial dollarisation become a crucial determinant

of both the expected level and the volatility of consumption.

Given the distribution function for the depreciation rate, contingent paths
for P,;; and P,41(2), and a mass v of firms that set prices in foreign currency, agents
choose 7' to maximise their expected discounted utility, equation (5.1), subject to
the budget constraint, equation (5.12). The optimal n* that solves this problem is

determined by the following condition,

n' = arg max [ﬁEtU ( M, (1 + nigﬂ) — 7f+1)] (5.13)
B

€t

In section 5.2.1 we fully characterise this decision and discuss its main

implications.

5.1.2 Firms

Consumption goods are produced by monopolistically competitive firms using
labour and a constant return to scale production function. Each firm uses a com-
posite of all types of labour available in the economy. Let’s define by hy(z) the

amount of aggregate labour utilised by firm, 2z, and by 8¢ the marginal productivity
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of labour offered by agent i, then, the production function is defined as follows,

Yi(z) = ( /0 1 aih:(z)dz-)

Under these assumptions, the aggregate nominal wage rate, which for each firm

represents their marginal cost, is given by,

1
W, = ( / W;’dz')
0

Where, individual wages are determined by the value of agent’s marginal produc-

tivity of labour,
Wi =0'P, (5.14)

By aggregating this condition across types of labour we obtain,

1
W, = ( / QiPtdz') =P, (5.15)
0

Using, the previous equation to eliminate P; from equation (5.14) we can write the

agent’s ¢ wages in terms of its productivity and aggregate wages as follows,
Wi = 0'W, (5.16)

Before observing the realisation of the depreciation rate, an important decision
that firms take is the currency on which they set prices. They can choose between
a domestic and a foreign currency for setting prices one period in advance. Price
rigidity is a key building block of the model, since when prices are flexible firms’s
invoicing decisions do not have any meaningful effect on firms’s expected profits
and consequently, firms are indifferent between invoicing in domestic or in foreign

currency.

Aggregate demand for each type of good is obtained by adding up demand
for goods across the distribution of individuals. For a typical firm, its aggregate

demand function is defined as follows,

Yi(2) = (ngtz))—eXt +7 (5.17)
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Where the aggregate subsistence level of good z, v, is defined as, v, = fol v dF 6.
Furthermore, we normalise the subsistence levels of good 2, 7,, as follows 7} =
o (@)_e X, where, 3 < 1 and variables without time subscript denote steady-
state variables. This normalisation has the advantage of delivering analytical solu-

tions for the steady-state price level of each type of good.

Notice in equation (5.17) that because preferences are non-homothetic firms
face a time varying demand-price-elasticity. As this equation illustrates, the total
demand for good z is given by the sum of two types of demands, one which has a
constant price elasticity, €, and another which is completely inelastic. Consequently,
with non-homothetic preferences the demand-price-elasticity of good z is a weighted
average of 0 and £ where the weights that each of these values receives depend,

amongst other factors, on the level of aggregate demand.

When X is high, the weight that £ has on the determination of the demand-
price-elasticity is also high, increasing the demand-price-elasticity for good z. The
opposite happens when, X; is low. To the extend that X, is positively correlated

with the exchange rate so does the demand-price elasticity.

In particular, in states of the nature where the depreciation of the ex-
change rate increases(decreases) aggregate demand, the demand-price-elasticity also
increases (decreases). Importantly, the effect of exchange rate on the demand-price-
elasticity is stronger when <, is larger. This novel link that non-homothetic prefer-
ences generate between demand-price-elasticity and the exchange rate is a crucial

determinant of the firm’s invoicing decision, as we show in the next section.

Price Setting

One period in advance firms take two decisions, a) they choose the currency in which

set prices and b) they pick up the corresponding optimal price level. At the end
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of period ¢, each firm chooses the price level, P(z), that maximises their expected

profits. When setting prices in domestic currency, the firm’s expected profits is

(Pt(Z) — Wt+1) ((%ﬁ) - Xty1 + ’)’z):l (5.18)

and its corresponding first order condition by,

given by,

Eth_|_1 (Z) = Et

0 = [1-¢]P(2) B (P Xew1) + (5.19)
eP(2) " B, (W1 P Xe1) + %

Whereas, when the firm is setting prices in foreign currency its expected profit

function is given by,

EtH:+1 (Z) = Et (520)

P

(P! (2)ert1 — Wipa) ((P—t(m) B Xe + 'yz)

where P;(z) and IIj,, (2) represent the optimal price in foreign currency and the
corresponding expected profit function, respectively. In turn, the first order condi-
tion that determines the optimal price in foreign currency is characterised by the

following equation,
0 = [1—¢€]P(2) B (P 1 Xer16441) (5.21)
+eP}(2) VB, (g, Wer1 Py Xe1) + Vo Ererin
conditions (5.19) and (5.21) determine, for firm z, its optimal prices in pesos and
in dollars, respectively. The corresponding second order sufficient conditions are

satisfied provided 7, is not too large. For the case of domestic currency, 7, has to

satisfy the following upper bound to have a well defined maximisation problem.

Wi Pt(z) -
. < E; ( 2 (J;) ( Pt+1) Xt+1> (5.22)

Whereas, for the case of foreign currency price, the corresponding upper bound is

’)’z<Et( Win (Pt(z)et+1> Xt+1) (5.23)

given by,

Pt*(z)et+1
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Firms Invoicing Decisions

Firms choose the currency for invoicing by comparing the expected value of their
profits when using pesos and dollars in setting their prices. Notice that although
firms face the same cost structure, they will not choose the same pricing strategy,
since they face different demand functions. In particular, firm z will choose to set

prices in dollars, if and only if,
Etl-.[:_*_l(Z) > Eth_H_(Z) (524)

Where, E;Il;11(2) and E;II;,;(2) are defined in equations (5.18) and (5.20), respec-
tively. Firms maximise their profits taking as given, wages, the portfolio decisions
of agents and +,. Using condition (5.24) we can define the dollarisation decision of
firm 2 and the set YT that contains all firms which set prices in foreign currency, as

follows:

dd (z) _ 1 if EtH:+1(Z) > Etnt+1(2) (5 25)
’ 0 otherwise

T ={z | ddi(z,m) =1}
Consequently, degree of price dollarisation is given by the dimension of T,
v =dim (T) (5.27)
5.1.3 Market Clearing Conditions and Equilibrium

The equilibrium in the labour market is obtained by aggregating the condition

(5.16), which implies that,

17
% = /Q 0dF (0) = 1 (5-28)
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By further defining the aggregate demand level as:

&=/}mm (5.29)

and by aggregating the condition (5.17 ) we obtain the following aggregate resources

constraint

Ci=Y=Xi +v (5.30)

where, Y; = fol P*—“Wdz, and vy = fol %zwdz. On the other hand, the equilibrium
degree of financial and price dollarisation is determined by the solving the following
fixed point problem,

v = dim (T(5(v)) (5.31)

Given the income distribution, F'(6), and the distribution of the depreciation of
the exchange rate, a rational expectations Nash equilibrium is defined as a set
of allocations {C:},{C:},{X}}, {ni}, {Yi(2)}, {ddi(2)}, T, v and n; and prices,
{Pi(2)}, {P7(2)} ,W; and {P;} that satisfy conditions,(5.9), (5.30),(5.31), (5.12),
(6.13), (5.17),(5.27), (5.31), (5.25),(5.19), (5.21), (5.28), and (5.7).

Since the model is highly non-linear, analytical solutions are not easy to
obtain. For this reason, we use a log-linear approximation of the model around a
deterministic steady-state to obtain the equilibrium dynamics and a second-order
approximation of the economy around the steady-state to analyse agents’ portfolio
and firms’ invoicing decisions’. The log-linear dynamic equilibrium of the economy
is provided in appendix C.3, and it is used to calculate the second moments of the
endogenous variables, which, in turn, allow us to determine the equilibrium portfolio

and invoicing decisions.

7 In a recent paper Devereux and Sutherland (2006) propose an algorithm to solve open economy
macroeconomic models with endogenous portfolio composition, they show that it is enough to
fully characterise the portfolio composition to approximate the up to first-order the equations
that determine the dynamics of the economy and up to second-order, those that determine the
agent’s portfolio choice
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5.2 Dollarisation Decisions: Partial Equilibrium

5.2.1 Portfolio Decisions

From equation (5.13), the first order condition that characterises the agent’s port-

folio decision is given by,

E, [Ux (Xet1) fj:l ] =0 (5.32)

Following Devereux and Sutherland (2006), we take a second-order approximation
of equation (5.32), and a first-order approximation of the agent’s budget constraint,
equation(5.12), to obtain the agent’s optimal portfolio choice. In both cases we

approximate these equations around the non-stochastic steady-state.

A critical issue, though, when approximating these equations is how to de-
termine the appropriate steady-state value for the portfolio allocation, since this
variable is undetermined at the non-stochastic steady-state. However, as Judd and
Guu (2001) show, it is still possible to find an approximation point by locating a
bifurcation point in the set of non-stochastic equilibria. Devereux and Sutherland
(2006) show that the steady-state gross portfolio derived using their method corre-
sponds to the approximation point derived by Judd and Guu (2001) method. In

appendix C.2 we proof that this is indeed the case in our model.

From now on, we use hats to denote deviations of variables with respect
to the steady-state values, i.e, Z¢,, = % The second-order Taylor expansion
of the agent’s first order optimal portfolio condition evaluated at the steady-state,

X =X,II=T1I and £ = 0, is given by,
— ok, (5t+1§t+1) — E; (§t+1ﬁt+1) =0 (5-33)

where, 0 = 22%(5 In turn, the corresponding linear approximation of budget
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constraint is given by,

i ) . =R 1 p(» ; - -
1= Z) 8 =P = [ D (Buva(a) — Purs) de) + O (s )
C o PC
(5.34)
The optimal degree of financial dollarisation of agent ¢ is obtained by solving
for the value of 7 that satisfies equation (5.33) after obtaining E; (z:y1&:41) and
E; (&:417¢4+1) using equation (5.34). The following proposition establishes the con-

ditions that determine the optimal degree of financial dollarisation, nt.

Proposition 5.2.1. The optimal degree of financial dollarisation of agent i, n', is

given by the following condition,

i ’Yi Etﬁt+1§t+1
= g — —_— _—
7= (- (1-5)) TEE

+Et§1}2+1 (/01 P;)zgv?; Ey ((Pe41(2) — Pee1) &e41) d(z))

See appendiz C.2

Several interesting results follows from the previous proposition: first, when
preferences are homothetic, 42 = 0, all agents have the same degree of financial
dollarisation. Consequently, relatively poor and rich agents have exactly the same
proportion of their savings indexed to a foreign currency. In this case, the degree of
dollarisation of agent’s portfolio depends on the degree of PD and on the variance

of the nominal exchange rate, as the next equation shows ,

i Etﬁt+1€t+l
t=(0—-1) ———
Tl ( ) 0Et£t2+1

The previous condition shows that agents choose higher degrees of financial dollari-
sation when the correlation between the consumer price index and the exchange rate
is also higher. By indexing their savings to a foreign currency, agents protect the

purchasing power of their money holdings against unexpected changes in domestic
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inflation®.

When preferences are non-homothetic, 4* > 0, however, additional implica-
tions can be obtained from proposition 5.2.1. In this case, agents optimally choose
different degrees of financial dollarisation. In particular, for agents with relatively
higher income-levels, lower g,i,-, their degrees of financial dollarisation depend on a
lesser extent on the degree of pass-through, measured by the correlation between
the exchange rate and the aggregate price level. The opposite happens with low-
income agents. In the limit, a very poor agent, whose consumption is very close to
her subsistence level, —z,i — 1, the sensitivity of her portfolio choice to the degree
of financial dollarisation would reach its maximum value of 1. This latter result
follows directly from the fact when preferences are non-homothetic, the level of
consumption that generates utility, X! 1 is more sensitive to the depreciation rate

for relatively low-income agents. Therefore, for those agents, the volatility of the

exchange rate has a greater negative effect on their expected utility.

5.2.2 Invoicing Decisions

To choose which currency to use as unit of account, firms compare the expected
value of their profits under the two alternative pricing strategies, pricing in pesos
and pricing in dollars. In particular, firm z will choose to set prices in dollars, if
and only if,

By, (2) > Edliya(2) (5.35)

In order to gain tractability and ease the interpretation of the determinants of the
invoicing firm’s decision, as in the case of portfolio decisions, we take a second-order
Taylor approximation of both, Il;1;(2) and II},, (2) around a deterministic steady-

state and then, we use these approximated expected profit functions to evaluate

8 Ize and Parrado (2002) find a similar result when analysing the dollarisation decision for wage
setters. Different from them, in this chapter, this result is a particular case of a more general
result where dollarisation decisions differ across agents depending on their income levels
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condition (5.35). Also for clarity, in what follows we assume that E:§ = 0 The

following proposition summarises the main result.

Proposition 5.2.2. A particular firm will choose to set prices in a foreign currency

iof and only if the following conditions holds,

0<—7, [COU (§t41Te41) — ';‘ (VGT§t+1)]
—%, [ECov (§141Pt41) + Cov€priwey]

1
+(e-1) (Covft+1wt+1 3 (VaT€t+1))

Proof. See appendix C.2 O

The condition established in proposition 5.2.2 has two components: the first
one, depends crucially on 7,, and it is associated to the time varying price elasticity
that non-homothetic preferences generates. The second one, is independent of 7,,
and it is determined by the cost structure of the firm. In the particular case of
homothetic preferences, i.e 4, = 0,, the demand-price-elasticity is equal to ¢, and
consequently the firm’s invoicing decision is only determined by the cost structure
of the firm. In this case, a particular firm would set prices in dollars if the following
condition holds

Bt 1wiq1 — % [Varéa] >0 (5.36)

Interestingly, this condition implies that setting prices in dollars would be
a dominant strategy for firms when marginal costs are highly correlated with the
exchange rate °. By setting prices in dollars, firms with this cost structure generate
a positive correlation between its revenues and its costs, which stabilise their profits

and increase expected profits.

Setting prices in dollars, however, also increases the volatility of firm’s

revenue, which reduces expected profits. When the former effect is larger than

9 This condition is similar to condition (3.70) in chapter 3, and to those found by Devereux et
al. (2004) and Loyo (2001) but using different macroeconomic frameworks.

139



the latter one, firms find optimal to invoice in a foreign currency. This is exactly
what condition (5.36) establish. Consequently, in this particular case, the model
predicts that invoicing in a foreign currency would emerge only in sectors where
firm’s marginal costs are highly correlated with the exchange rate, as it would be

the case of the importing sector.

Let’s consider now the case of non-homothetic preferences, 7, # 0. In
this case, the demand-price-elasticity is not constant, but it depends on aggregate
demand, the aggregate price level and the firm’s pricing strategy. In particular, this
price elasticity covaries positively with the aggregate demand and the aggregate

price level.

As we have shown previously, when marginal costs are highly correlated
with the exchange rate, setting prices in a foreign currency makes sense, because it
allows firms to stabilise expected profits. With non-homothetic preferences, how-
ever, the beneficial effect of invoicing in a foreign currency diminish, since, in this
case, the demand-price-elasticity is time varying and correlated with the exchange
rate. Through this link, when both Cov&;1ps41 and Cov (§417¢41) are positive
(negative), setting prices in dollars generate a positive(negative) correlation be-
tween the exchange rate and the time varying price elasticity, which in turn in-
crease(reduces) the volatility of profits and, consequently, reduces (increases) ex-

pected profits.

This additional effect of the exchange rate on expected profits depends on
the value of %,. Given that 7, is idiosyncratic, firms choose, different invoicing

strategies, even when they have the same cost’s structure.

In particular, provided, Cov&jwirq > 0, Cov (§4124+1) > 0, and condition
of proposition (5.2.2) holds, only firms with a sufficiently small 7, are likely to set
prices in dollars. On the contrary, firms with a large 7,, large enough to violate

the condition established in the previous proposition, find optimal to set prices in
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domestic currency. This is a remarkable result, since, the latter type of goods can
be categorised as of more necessity than those with low values of 74,. Hence, the
previous proposition implies, under certain conditions, that only goods which are
considered as relatively luxury are invoiced in dollars. In contrast, goods considered

as necessity goods, those with larger values for 7,, are invoiced in domestic prices.

This implication of the model fits pretty well the pattern of dollarisation
observed in economies like Bolivia and Peru, where, as we discussed previously, firms
discriminate prices, by invoicing in dollars those goods consumed by high-income
customers and in pesos those goods consumed mainly by low income customers,

even when their marginal costs are highly correlated to the exchange rate.

The previous proposition also implies that there exist strategic complemen-
tarities amongst firms when choosing their invoicing strategy. In order to visualise
this implication, let’s rewrite the condition established in the previous proposition

as follows,

0 < —fe-1) -7 | L))

—%:C0v (§+1Ze41) + [(€ — 1) — 72 (1 + €)] Cov (&41Pe41) (5.37)

Since the sufficient condition for the optimal price at the steady-state im-
plies that (e —1) — 7, (1+¢€) > 0, for a given 7,, the previous condition is more
likely to hold when the degree of pass-through is higher. This is, when there exist a
larger fraction of firms that set prices in dollars. Consequently, larger(smaller) the
fraction of firms that set prices in dollars, more (less) likely that at the margin a

firm set prices in dollars.
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5.3 General Equilibrium

In this section we use conditions (5.27) and (5.25) to solve for the equilibrium level
of PD. To fully characterise condition (5.25), it is convenient to rewrite condition

(5.37) as follows,

~

(e-1) (Covft+1wt+1 - (Va—rftﬂz)
Ve <
* e [Cov (wes1€e41) — § (Var&e)] + Cov (41%e41) + Cov (Eer1wesr)
Interestingly, the degree of FD, 7, affects the firms’ invoicing decision through its

(5.38)

effect on Cov (§412¢41)- As it is show in appendix C.3, the degree of FD and the

Cov (&4+1%141) are linked through the following condition,

cov(€s41, Pet1)
Var(§i41)
1

where, A\, = ' 1_ i and ¢ is a variable that denotes relative price disper-
P 0 1__'017

sion, defined in the appendix previously mentioned.The degree of FD, n however, is

Cov (§41T141) = (0 — Apv) —

linked also to PD. By aggregating the individual’s portfolio decisions, established

by proposition 5.2.1, we obtain the following conditions for 7,

_ v cov(€e41, 1)
N = ApU o + —_Var(ft.,_l) (5.39)

Clearly, FD is increasing on the degree of PD. Consequently, PD and FD are si-
multaneously determined. To define this equilibrium, we express equation (5.38) in
terms of deep parameters by eliminating the second moments that characterise con-
dition (5.38). We achieve this transformation by using the dynamics equilibrium
of the economy, detailed in appendix C.3. After using this equilibrium to write
Cov (wey1€e41), Var(&41) and the Cov (&41wi41) as function of structural parame-

ters, the firm’s condition for invoicing in dollars would be given by as follows,

0<%*(z,v) (5.40)

STYRINY A\ NP I DONCET)

where




Using equation (5.39 )the optimal degree of financial and price dollarisation is ob-

tained as fixed point over the following set,
v=dim(Y) =dim[{z | 0<7"(z,0v)}] (5.42)

Solving this fixed point is not a trivial task. Nevertheless, it is possible to provide

some qualitative implications of the model by analysing the determinants of ¥*.

5.3.1 Benchmark case: Homothetic Preferences

In this case, the condition that characterizes firms’ optimal invoicing choice, the

expected firm’s profit of invoicing in dollars relative to pesos, is given by,

EIL(2) - Bll(z) = <v - %) >0

Notice that since the invoicing decision of a particular firm depends on what other
firms do, in particular on the fraction of firms that choose to invoice in a foreign
currency, v, there exist multiple equilibriums. According to this condition, a mar-
ginal firm would find optimal to invoice in dollars only when v > 0.5. Otherwise it
would choice to invoice in pesos. Therefore, there exist three possible equilibriums
in this case, v = 0, v = 0.5 and v = 1. These are depicted in figure 5.1 as points
A, B and C. Two of these equilibriums are stable, points A and C; and one, B, is

unstable:

1. Point A, v = 0 is an equilibrium point since at this point, given that all firms
have chosen to invoice in pesos, an individual marginal firm’s expected profits
under peso invoicing are larger than under dollar invoicing, thus, firms do not

have incentives to deviate from the equilibrium strategy.

2. Point C, v = 1 is also an stable equilibrium since, in this case, given that all

firms have chosen to invoice in dollars, any individual firm’s expected profits
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are large under dollar invoicing than under peso invoicing, therefore, it has no

incentive to deviate from the equilibrium strategy.

3. Point B, v = %is also an equilibrium. In this case, firms would be indifferent
between choosing invoicing in pesos and in dollars, because its expected profits
are exactly the same under these two strategies. Firms can coordinate in this
equilibrium by playing mixed strategies by which each firm with probability
0.5 chose to invoice in pesos and with probability 0.5 choose to invoice in
dollars. This equilibrium point, however, is not a stable one, since if a small
mass of firms choose to deviate slightly from its equilibrium strategy, all firms
find optimal to deviate and therefore the equilibrium moves to A or C in figure

5.1

5.3.2 Equilibrium with Non-homothetic Preferences

When preferences are non-homothetic the determination of the equilibrium PD is
more complex. In particular, the equilibrium depend on proportion of luxury and
necessity goods in the economy . To illustrate this point, we focus on a simple 2-
good economy case where a mass of n; firms produces good 1 and a mass of 1 — n,
firms produces good 2. We further assume that good 1 is a necessity and that good
2 is a luxury good. In this case, the equilibrium is determined by two conditions,

the optimal invoicing choice of type-2 firms, given by,

2

And the optimal invoice choice of type-1, determined by the following condition

B () — Billy(z) = (v - 1) >0

g

BT (2) — Ely(z) = (e — 1) (v _ %) oy (e [U _ %] P 1)) >0
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Figure 5.1: Equilibrium PD Homothetic Preferences

-2 Typel firms
Typ” firms

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

Note: The vertical axis shows the relative expected gains of invoicing in dollars and the horizontal
axis the degree of PD

Notice that this latter condition differs form the former one only when
7 ~ o and a > 1. Otherwise, the equilibrium with non-homothetic preferences
would be the same as the one with homothetic preferences. In what follows we
focus the analysis on the case 7 ~ o and ca > 1. A first interesting implication of
non-homothetic preferences is that as the value of 7 increases, type-1 firms would
find optimal to invoice in pesos for a larger set of values of v. To see this point notice
that the value of v that makes type-1 firms indifferent between invoicing in pesos
and dollars is increasing on 7. As figure 5.2 shows, for type-1 firms it is optimal

to invoice in pesos when v G {va,vd) whereas for type-2 firms this would be the
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case if v € (va,vp). Effectively then, non-homothetic preferences, by creating a
time-varying price elasticity, reduce type-1 firms’ incentives to set prices in dollars.
The set of equilibriums is depicted in figure 5.2. As this figure shows, besides A,
and C, a new stable equilibrium arise in this case, point E, where, v =1 — n;. At
this equilibrium all type-1 firms choose optimally to invoice in pesos and all type-2
firms choose to invoice in dollars. This equilibrium holds when n; > % Instead,
when n; < %, point B, is not anymore equilibrium. In this case, type-1 firms find
optimal to invoice in domestic currency regardless what type-2 firms do. Therefore,
given that type-1 firms chose to invoice in domestic currency, type-2 firms would
also find optimal to do so and the equilibrium would be point A. Similarly, point
D would not be an equilibrium either. In this case, the equilibrium would shift to

point C.

An interesting implication of the previous results is that in poor economies
where necessity goods, type-1 goods, represent a large fraction of consumer’s ex-
penditures, n; — 1, the degree of PD, v = 1 — n; would tend to be small. This key
implication of the model is in line with the observed pattern of PD in economies
like Bolivia and Peru, low-income countries where the levels of PD are small besides
the high levels of FD and CS. Next, we show how non-homothetic preferences have

further implications for the degree of pass-through.

5.4 Implications for the Exchange Rate Pass-Through

A key implication of non-homothetic preferences in our model is that the structure
of the consumption basket changes as agents’ income changes. In particular, the
participation of necessity goods on the consumption basket fall as income rises.
This implication is consistent with cross-country data on consumption basket com-

position, which shows that in developing economies the participation of food on
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Figure 5.2: Equilibrium PD Non-Homothetic Preferences
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Note: The vertical axis shows the relative expected gains of invoicing in dollars and the horizontal
axis the degree of PD
the average consumption basket is larger than in developed economies. To illus-
trate how the average income level affect the degree of pass-through, let’s define the
following CPI index,
Pcrry = [ a{z)Pt(z)dz
Jo

where, a(z) = , represents the steady-state participation of good 2: in the
consumption basket of the representative agent. Using this definition of price index

the degree of pass-through is defined by ¢ = a(z)d:z.

Let’s further consider that there exist a continuum of economies, which are
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indexed by their average income level, {5,}j:f’ Using the steady-state calculated
in appendix C.1, it is easy to calculate the weighs (1) and «(2) for the two-good
economy described in the previous section. The steady-state equilibrium price levels

of economy j are given by,

. P £ . f— _.E
PJvl e-1-71 Pﬂ’z e—1

and their corresponding consumption levels, by
P\ (3 ~ P ~ P;
Cu= (%) (0-3%) +3% Ca=5

To ease the exposition of the link between income levels and the degree of pass-
through, we calculate the degree of pass-through, «(2) for a set of calibrated
economies. Since the analytical solution for this parameter value is highly non-
linear, to gain in clarity we calibrate its solution using the following values € = 10,

F = 0.3, and §; = [1 : 10].

As figure 5.3 illustrates the degree of pass-through is decreasing on the
country’s income level. For low-income countries, the degree of pass-through is

below the degree of PD, whereas the oppositive is true for high-income countries.

This novel result fits very well the pattern of dollarisation in countries like
Peru and Bolivia. These are low-income economies, where the degree of PD is
relatively large, but the degree of pass-through is much lower. This implication
also explains why the degree of pass-through across regions in countries like Peru,
as section 2.3 shows, is negatively correlated to their corresponding average-income

levels.
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Figure 5.3: Pass-Through and Average Income
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Note: The vertical axis shows the degree of pass-through and the horizontal axis the country’s

income level

5.5 Concluding Remarks

This chapter develops a simple overlapping generations model that allows a com-
prehensive analysis of both agent’s portfolio decisions and firm’s invoicing problem.
The model shows that PD induces FD. A high degree of PD induces agents to save
in foreign-exchange indexed assets to avoid the effect of unexpected movements
in the exchange rate in their purchasing power. The portfolio decision of agents,
though, depends on their income levels. Low-income agent’s FD decisions are more
sensitive to the degree of PD, whereas those of high-income agents to the expected

exchange rate depreciation and its volatility.

Also, the model provides a rationale of why prices of necessity goods tend
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to be set in domestic currency, even when firms face marginal costs in foreign
currency. At the aggregate level, this result implies that the degree of exchange
rate pass-through into prices has an upper bound which depends on the average

income level.

Two features of the economy turn out to be critical in limiting the scope
of a foreign currency in performing the function of unit of account, sticky prices
and income distribution. On one hand, the combination of sticky prices and un-
certainty about the exchange rate turns the invoicing decision of firms meaningful.
Hence, setting prices in a foreign currency may become, under certain conditions,
a dominant strategy for firms. On the other hand, differences in customer’s income
and non-homothetic preferences generate a time varying price elasticity of demand,

which reduces the benefits of setting prices in a foreign currency.

Although the model is highly stylised, we believe it captures reasonable well
the main stylised facts of PD. However, we would like to explore some extensions
to the model, in particular, we would like to provide a numerical solution of the
general equilibrium implied by the model. Also, the use of alternative type of

non-homothetic preferences are considered in our future research agenda
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CHAPTER 6

INDIVIDUAL HETEROGENEITY AND DOLLARISATION
PERSISTENCE

In this chapter dollarisation means deposit dollarisation! which leads eventually
to credit dollarisation and to the vulnerability of the financial system of highly
dollarised countries. As stressed by Cook (2004) and Céspedes et al. (2004), the
efficacy of monetary policy in small open economies with flexible exchange rates
is compromised by the negative balance sheet effects generated by dollarisation.
In this case, sudden real depreciations can have detrimental consequences on the
economic activity by reducing the net worth of firms and generating adverse effects
on investment. This situation gives a rationale for a “fear of floating” behavior of

central banks, Calvo and Reinhart (2002); Morén and Winkelried (2005).

One of the most salient features of dollarisation, and probably the one that
causes more concern to policymakers, is its persistence. It is well documented that
dollarisation increases sharply during episodes of unduly macroeconomic instability
and that it remains stubbornly high even after successful stabilizations.? A prima
facie explanation of the hysteresis is lack of confidence in domestic currency assets
as a result of the traumas brought by past inflation, devaluations, banking crises,
and so on. This, however, is not very consistent with the strong macroeconomic

fundamentals observed in several highly dollarised countries, notably Peru and some

! This is also known as asset substitution Reinhart et al. (2003) or financial dollarisation Ize
and Levy-Yeyati (2003).

2 See Guidotti and Rodriguez (1992), Savastano (1996), Quispe (2000) and Kamin and Ericsson
(2003).
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transition economies in the early 2000s.

An alternative avenue to address this puzzle is to adapt the existing cur-
rency substitution literature based on adjustment costs or network externalities.
Guidotti and Rodriguez (1992), Sturzenegger (1997) and Uribe (1997) develop mod-
els where the cost of using the dollar for transactions depends negatively on the
aggregate currency substitution ratio, so once transactions get dollarised, there is
no benefit to switch back to using domestic currency if others continue using dollars.
An obvious limitation is that this approach refers to the medium-of-exchange and
not to the store-of-value function of money. Moreover, these models rely heavily on
a knowledge stock that drives the persistence (a “ratchet variable”), so e\'ren though
they can neatly explain upward trends in the depth of dollarisation, they are not
useful in explaining how to de-dollarise, as this may imply an implausible reduction

in the knowledge stock.

Ize and Levy-Yeyati (2003) provide a different framework for modelling
dollarisation. They derive a minimum variance portfolio (MVP) that depends on the
relative volatility of inflation and real depreciation rates. Dollarisation would persist
even when inflation is low and stable insofar as the real depreciation volatility is
smaller than that of inflation. However, this framework is static whereas persistence
is inherently a dynamic phenomenon. In our view, the MVP approach, which is
now very popular and has proven successful in explaining cross-sectional variation
of dollarisation levels,? was not designed to deal with dynamics, since the MVP, the

underlying equilibrium level of dollarisation, depends on unconditional moments.4

Curiously, the fact that researchers have apparently overlooked is the very

3 Ize and Levy-Yeyati (2003) provide empirical evidence that the MVP has some explanatory
power for the average level of dollarisation across countries. De Nicol6 et al. (2005) extends
this empirical analysis by considering a broader set of countries.

4 Dollarisation hysteresis is observed in several countries with high real exchange rate volatility,
e.g. Russia. The reason of this apparent contradiction with the portfolio approach may be
that it is very difficult to get a sound estimate of the unconditional variances that compose the
MVP.
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nature of the participants of the dollar deposit market in dollarised economies: de-
positors are extremely heterogenous, ranging from large entrepreneurs to small firms
to non-profit organizations and to individuals (rich and not-so-wealthy).® Partici-
pation costs in the dollar market are virtually nil due to liberalization; deregulation
and, importantly, due to the emergence of informal currency traders — known as
cambistas in many Latin American countries — who benefit from buying and selling
dollars with tighter markups than those in the banking sector.® A typical cambista
would hold a limited amount of money for business (say, between US$2,000 and
US$5,000) as she is aiming to meet the dollar demand of individuals or small firms,
normally unwilling to pay the higher bank premium to get their savings dollarised.”
As a result, participation becomes independent of the scale of the transaction and

hence widespread.

The aim of this chapter is to draw attention to the fact that heterogene-
ity of depositors can easily explain the persistence of financial dollarisation. As
pointed out by Granger (1980), differences in individual dynamics lead to aggregate
persistence. Thus, as it is reasonable to expect that the dynamics of the optimal
currency portfolio of a financial expert differs from that of a blacksmith, a persistent
aggregate dollarisation ratio arises naturally. There are of course various differences
between a financial expert and a blacksmith, but provided that both access the dol-
lar deposit market almost for free, the relevant difference to our analysis centers
in their ability to process information and, therefore, to take informed portfolio

decisions.?

The rest of the chapter is organised as follows. In section 6.1 we briefly

5 An exception is Sturzenegger (1997) who studies the implications of income inequality on cur-
rency substitution, yet with no reference to deposit dollarisation.

6 Agénor and Haque (1996) provide an account of informal currency markets.

7 Even large firms may find it profitable to trade with a pool of (well-organised) cambistas.

8 Surely, income differences can also be important if the income gap between the financial expert
and the blacksmith is wide. However, we find that in dollarised economies the dollar deposit
participation of (many) firms and (a lot of) individuals can be taken roughly as having the same
importance.
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explore these issues using Peruvian and Polish data.® For reasons explained be-
low, these cases illustrate nicely our claim about the interplay between individual
heterogeneity and aggregate persistence. Besides, it gives us an idea of how the
dollar deposit markets in representative countries are shared amongst various types

of depositors.

In section 6.2 we develop a stylised model where agents face noisy infor-
mation and differ in their ability to forecast when taking portfolio decisions. An
important result from this setup is that the dynamics of the individual’s optimal
portfolio depends on her prediction errors of future dollar returns. It turns out that
it is optimal for agents to be cautious when modifying the currency composition
of their deposits as there is uncertainty on the quality of the data agents receive.
This caution is reflected in portfolios that may adjust in a relatively slow fashion.
Finally, we show that upon aggregation of the individual dollarisation decisions it

is possible to generate a very persistent economy-wide dollarisation ratio.'®

In section 6.3 we test the empirical hypotheses of the theoretical model and
find supportive evidence from aggregate data of three Latin American countries
and Poland. The results suggest that the distributions of “forecasting abilities”
behind the aggregate dollarisation ratios are very widely spread. We regard this
result as consistent with the idea of financial experts sharing the dollar market with
blacksmiths who save in dollars. In section 6.4 we discuss possible extensions to the
analysis. Section 6.5 concludes and gives policy recommendations. Derivations and

complementary results are shown in the appendix D.

9 The figures used in section 6.1 come from the Central Bank of Peru and the National Bank of
Poland. The facts discussed there are recorded in the annual reports of these institutions.

10 Qur approach is related to other branches of the literature. For instance, Lewbel (1994) uses ag-
gregate information to test heterogeneity on consumption dynamics whereas Michelacci (2004)
explains the high degree of persistence of output with the cross-sectional heterogeneity of pro-
ductive firms.
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6.1 Two Illustrative Cases

As documented by Savastano (1996), dollarisation emerges progressively in response
to macroeconomic instability, particularly high levels of inflation, showing a well-
defined pattern: first agents replace domestic currency as reserve of value, holding
usually dollars outside the financial system ( “under the mattress”). Then, the dollar
is used in some transactions, typically involving real estates and durable goods, and
eventually some prices are set in dollars. Most governments later on allow banks to
issue deposits in foreign currency to avoid financial disintermediation.!! The actual
experience of various countries shows that within a year an economy can increase

its dollarisation ratio enormously, see Figures 6.1(a) and 6.2(a).

On the other side, episodes of dedollarisation (i.e., a sustained reduction in
the dollarisation ratio) are not very common and thus there is no well-established
pattern in the literature. Yet, if ever happened, the dedollarisation process is likely
to be slow. The analysis of these events, as opposed to the increase of dollarisation,
provide very useful information about the way different depositors decide the cur-
rency composition of their savings and on how they respond to news coming from

the macroeconomic environment.

6.1.1 Peru in the Early 2000’s

Although the Peruvian dollarisation experience shares various of the aforementioned
features, it has its own appeal.’? As shown in Figure 6.1(a), in 1991 (after a four-
digit hyperinflation in 1990) the ratio was 60% and has remained fluctuating roughly
between 65% and 70% for a decade. Since 2000, it has shown a sustained reduction
to about 50% in 2005. Of course, 50% is still a big number, but there are some

interesting facts behind this recent drop.

11 See also Kamin and Ericsson (2003), De Nicol6 et al. (2005) and Levy-Yeyati (2006).
12 See Quispe (2000) for a careful historical account of the dollarisation experience in Peru.
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There are at least two forces driving this decrease. Firstly, after 8 years
of announcing inflation targets within a monetary targeting regime (since 1994)
and after 5 years of having achieved a one-digit inflation rate, the Central Bank
announced the adoption of a fully fledged inflation targeting regime in 2002. This
has helped to anchor inflation expectations and has reduced inflation and nominal
interest rate volatility. Secondly, between 2001 and 2005, the nominal and real
exchange rates have appreciated (6.2% and 5.1%) as a result of a very favorable
foreign environment: increasing terms of trade leading to an export boom and very
low international interest rates. In a nutshell, the real return to holding deposits
dollars vis-a-vis holding deposits in domestic currency has fallen considerably in the

early 2000’s.

Figure 6.1(b) shows deposit dollarisation by type of deposit: demand, sav-
ings and a breakdown of time deposits in certificates, “CTS” and others. A glimpse
of the figure reveals that both demand and “CTS” deposits have not reacted to the
recent change in the dollar real return trend. Demand deposits accounts for about
20% of total deposits and as the most liquid, almost transactional kind of deposit
the flat pattern is justified. On the other side, the CTS is the Peruvian version of
an unemployment insurance; by law, it is hold exclusively by individuals and can
be claimed only when an individual becomes unemployed. The CTS deposits have

reacted even less than the demand deposits, which is puzzling.

The figure also shows a moderate downward trend in the savings and other
time deposits. About 80% of the saving and roughly half of the other time deposits
are held by individuals. From 2001 to 2005 both ratios have decreased in about
10%. What is remarkable from Figure 6.1(b) is the strong reaction of the certificate
of deposits ratio which has fallen in almost 40%, and with no doubts is driving the
fall in the aggregate ratio of Figure 6.1(a). The interesting fact is that although the
certificate of deposits have similar term than the CTS and the other time deposits,

they are mainly held by firms and not individuals.
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Figure 6.1: Deposit Dollarisation in Peru

(a) Dollar deposits to M2 (b) Dollarization of banking deposits
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Source: Central Bank of Peru.

6.1.2 Poland Towards a Market Economy

The Polish experience is regarded as the most successful shift from a planned to a
market-oriented economy, and is a thriving example of dedollarisation. By the end
1980, Poland was on the verge of a profound economic crisis. The huge distortions
on relative prices and the cumulative fiscal deficits, inherited from the years of
central planning, induced a rapid increase in inflation that reached its historical
maximum of 550 percent in 1989. In response to this unstable macroeconomic
environment, dollarisation ratios increased rapidly, from levels around 20% in 1985

to a peak of 60% in 1989. This is shown in Figure 6.2(a).

After the introduction of a series of pro-market reforms and of a stabilization
program (the so-called “shock-therapy”),13 dollarisation ratios dropped to averages

13 A drastic series of institutional and market reforms were put in place in 1990: the government
liberalised controls of almost all prices, eliminated most subsidies, abolished administrative
allocation of resources in favor of trade, promoted free establishment of private businesses,
liberalised the system of international economic relations, and introduced an internal currency
convertibility with a currency devaluation of 32%.
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Figure 6.2: Deposit Dollarisation in Poland

(a) Dollar deposits to M2 (b) Dollarization of banking deposits
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Source: National Bank of Poland.

of 40% percent by the end of 1993, hand-to-hand with the reduction of inflation
(from 500% to 36%). As the macroeconomic conditions kept improving, additional
institutional reforms were put in place. Notably, in 1997 the National Bank of
Poland was granted independence and a well-defined objective: to guarantee price
stability, dollarisation decreased even more reaching by 2001 the level of 18%,

comparable with that of developed European economies, as the UK.

A common feature of the Polish experience with the Peruvian one discussed
above is the observed heterogeneity of dollarisation dynamics amongst type of de-
posits. Figure 6.2(b) reveals that by the end of 1993, the difference between the
dollarisation ratios of households and firms was of the order of 70% for time deposit
and 40% for demand deposits. These differences remained on the range of 20% for

more than 4 years.
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6.1.3 Moral

The differences between how individuals and firms decide their portfolio composition
is obvious. Usually firms have more resources allocated to the management of their
funds, whereas individuals often base their decisions on their experience, those of
some neighbors and their limited access to information. Moreover, the decision-
making even within firms or within individuals is likely to be dissimilar. Our brief
inspection of the Peruvian and Polish experiences illustrates our main claim that
these differences accounts for much heterogeneity in dollarisation decisions. We

next analyze how this translates into persistence.

6.2 A Simple Model

We use a simple framework to show how the combination of imperfect, noisy infor-
mation on real returns of foreign assets, and specially the heterogeneity amongst

market participants can generate a persistent degree of dollarisation.

The model economy is populated by a number of almost identical individ-
uals. They share the same endowment, which is normalised to one, and the same
preferences, but they differ in their ability to process information and therefore in

their expectations on future outcomes.*

Agents choose every period the composition of their portfolio between two
assets, one that offers a fixed real return R which is denominated in domestic
currency (pesos from now on) and the other denominated in dollars with real return
RP. The real ex-ante excess of return of the dollar over the pesos asset is simply

R,= RP — RP.

14 Our analysis hold for agents with heterogenous endowments, i.e. wealth/income inequality,
as long as they are correlated with the abilities to process information. See appendix D.3 for
details.
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6.2.1 Portfolio Decision

Depositors are risk adverse. Individual ¢ devotes an amount z;; of her savings to the
dollar asset and the remaining 1 — x;; to purchase the asset in pesos. We follow Ize
and Levy-Yeyati (2003) in postulating a standard mean-variance utility function.
The portfolio decision is ex-ante and based on imperfect information on real returns,
so utility for individual ¢ is defined in terms of the conditional expectation for period

t + 1 with information up to period t,'®

Uit = Et [Z’ithL_)‘_l + (1 - .'L'it)RP] - 0.5V&I‘t (mith_l + (1 - mit)RP) (61)
= E; [mith+1 + RP] — 0.5var; (T4 Rey1) = Tigfiry1 + R — 0-5($it)2vit+1

where 7;;,1, and v;;4; are the mean and variance of the excess return R; that indi-

vidual ¢ expects for period t + 1, conditional on information up to period t.

The value of z;; that maximises (6.1) is

Ty = Tit+1 (6.2)
Vit+1

Thus, agents will increase their dollar deposits when they expect a higher real return
on this asset for the same expected variance, or when they expect a lower variance

given a level of excess of returns.

6.2.2 Forecasting

As equation (6.2) reveals, the only relevant pieces of information for portfolio deci-
sions are the ex-ante excess return and its variance. To make things easier, consider
that each agent focuses directly on forecasting Ry, and not on forecasting its compo-
nents (RP or R, which may imply forecasting inflation, depreciation, confiscation

risk and so on), and assume that R; follows a general AR(1) process

Rigy=p(l—a)+aRi+wy1  w ~iid(0,02) (6.3)

15 We have imposed a value of one to the risk aversion parameter in the utility function. This
assumption is harmless to our results.
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In period ¢, the excess return R; cannot be perfectly observed. What agents observe
is an idiosyncratic noise-ridden version of Ry, Si; = R; + €;; where &;; ~ iid(0, 02).
Our assumption that agents receive different signals can be easily rationalised as
a reduced form of a problem where agents face a common signal, but they have
different capacity for processing aggregate information. As in Sims (2003), when
agents face limited capacity for processing information, they would choose optimally
how much effort to allocate in certain activities, as portfolio management. Since
individuals face different resources and capacity constraints, when agents have to
invest real resources to increase its capacity for processing information on manage-
ment activities — for instance, to learn how to read and interpret financial news —
they can rationally choose to allocate different capacity for processing information

on this activity, therefore agents would eventually face different signals.

Each individual has a forecasting model of the form

Riy1 = p(l—a)+aR+ wi wy ~ 1d(0,02) (6.4)

S; = Ri+ey €ir ~ 19d(0,0%)
Since S;; is a noisy indicator, individual i has first to extract R; from S; (i.e.,
“nowcasting”) and then forecast its mean and variance to implement (6.2). Define
¢; = 02 /0% as signal-to-noise ratio which plays a key role in determining how the
noisy observations are weighted for signal extraction and prediction. The higher is
g; the more past observations are discounted in forecasting the future. As it can be
seen from (6.4), each individual is given a value of g; to perform her predictions, and
this value alone determines the whole forecasting model. This is the only source

of (cross-sectional) heterogeneity in this setup. Everything else — o, u, 02 and the

process (6.3) — is of common knowledge across individuals.

That individuals are heterogenous in their ability to extract information
from their signal rationalises in a simple manner the fact that those with high g; (the
financial experts) are able to extract more information from the noisy indicator S;

than those with low g; (the blacksmiths). In contrast to the latter, the former might
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be able to distinguish whether changes in S;; reveal underlying movements in R; or
are just due to noise. This in turn implies differences in the speed in which short-
run forecasts are adjusted as new information becomes available, and translates
directly to portfolio differences amongst market participants. We interpret this

heterogeneity as differences in the ability people have to forecast.

Define 7;: the optimal predictor of R; conditional on the information of
agent 7 available at time t — 1, i.e. conditioned on S;; and v = E; [(R; — 711)?] as its
mean squared error (MSE). Standard results from the signal extraction literature

lead us to the optimal prediction rule'®
Figyr = p(1 — Ot) +afy+ kit(Sit — fig) = ,U(l —a) + (o — ki) fi + kit St (6~5)

where the forecasted value of R; for next period is the projection of today’s fore-
casted value plus a correction, an updating that is proportional to the latest pre-
diction error incurred (S;; — 7;).1” The value of k;;, the Kalman gain, is given by

the (adjusted) ratio of the MSE of #; to the variance of the noisy indicator,

v.
ki, = it 6.6
w=a (”it + 0521') (66)

The MSE of #;; evolves according to the following recursion

2.2 2 2 .2
Uit(a O¢; + Ow) + O¢i0y

L= 6.7
Vit+1 Vit + 052,' ( )
For expositional convenience define %;; = v;;0.;2. Then, (6.7) becomes
> v2 . .
'Eit+1 — vlt(a + ql) + q; (68)

Ui +1

16 The reader that is familiar with state-space modelling will note that the recursions (6.5) and
(6.7) above are straightforward applications of the Kalman filter. See Ljungqvist and Sargent
(2000, ch. 2 and ch. 21) and Harvey and De Rossi (2006) for further details.

17 1t is important to emphasise that #;; represents the best forecast of R; conditional on information
up to period t — 1. Since portfolio decisions are to be taken one period in advance, they do
not incorporate the information contained on the signal S;, but this information is taken into
account to improve the next period’s forecast of R;41.
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It is clear from equation (6.8) that 9;11 = f(%;;). Thereis a fixed point such
that 9; = f(%;)'® and moreover, since f'(#;) < 1 it is globally stable: regardless of the
initial condition ¥;p we have that ¥;; — ©; and consequently k;; — k; = o @;(0;+1)7!
as 7 — o00. This means that as 7 becomes larger, i.e. as each individual has
performed the signal extraction exercise a number of times, the updating process
defined in (6.5) and (6.7) converges to an equilibrium rule.’® If it is assumed that
this recursive process was initialised long before period ¢ then ;; (or v;) and k;
can be safely treated as constants that depends on ¢;. This fact simplifies the

calculations considerably without compromising our conclusions.

To have a better grasp of the way heterogeneity amongst agents affects
their forecasts (and portfolios), assume for a moment that @« — 1 and solve (6.5)

recursively to get
o0

Tite1 = ki Z(l — ki) Sit—
=0
It is clear from this geometrically distributed lag expression that different draws of

¢; (and hence of k;) are associated with different ways of weighting the available

information (the noisy indicators up to period ¢) in order to produce a forecast.?

18 The fixed point is the positive root of ¥? + [(1 — a?) — ¢;]; — ¢; = 0.

19 Convergence is monotonic (#;; > #;r4+1 > ;) because v;,4 is based on more information than
Vir.

20 As noted in Harvey (1989, ch. 4), the forecasting model converges to the popular Exponential
Smoothing method (ES) if o — 1. However, the scheme explained here is optimal in the sense
that it minimises the one step ahead MSE, whereas ES is basically ad hoc.
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6.2.3 Individual Dynamics

Using the fact that v; — v;, ki — k; and the optimal updating/forecasting rule
(6.5), the optimal dollar investment (6.2) boils down to

gy = ot T p(lm0) g (E) + (i—) S; (6.9)

Vit+1 (%3 (% i i

After plugging (6.5) into (6.9), we get

Tit = a;Tig—1 + Ci + biSie (6.10)

where a; = (o — k;), ¢ = u(1 ~ a)v;* and b; = (¥; + 1)~L. The individual’s
dollarisation ratio follows an autoregressive process and, as such, exhibits some
degree of persistence that depends on k;. It is easy to show that k; is increasing in g;,
which implies that the individuals with higher ¢; (those who gain more information
from the signal each period) have less persistent dollarisation ratios. As (6.10)
shows, the higher the k;, the lower the degree of persistence of dollarisation ratios.
Furthermore, individuals with low ¢; will tend to consider the dollar asset as less
risky, since they would attach a higher fraction of the variance of the signal to the

noise and not to real excess return.

The dynamics of individual dollarisation decisions shows that with noisy
signals of returns, individuals have to rely on past information to optimally forecast
them, and have to react with caution to news. To the extent that past portfolio
decisions contain past information of returns, it becomes optimal for individuals to
make their dollarisation ratios depended on past dollarisation ratios.?! Thus, our
simple model shows that noisy information can render not only persistence but also

an higher individual dollarisation ratio.

21 A similar result but in a different setup can be found in Aoki (2003). In that paper the central
bank sets interest rates in an environment with noisy information on output and inflation. The
optimal policy rule implies some persistence coming from the cautiousness that the lack of
perfect information demands.
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6.2.4 Aggregate Dynamics

In a static world the effects of aggregation are well-known: it tends to smooth away
individual erratic movements and to fill in discontinuities that may be present at
the disaggregate level. Within a dynamic framework, aggregation also increases
persistence.?? To see why consider a group of individuals who hold a small amount
of the dollar asset and face an aggregate shock that makes it more attractive (e.g.,
a strong real depreciation). According to (6.10), these individuals will increase
their dollar holdings immediately. But then, they will also revise their expectations
about future returns in favor of the dollar asset, thereby perpetuating the impact
effect of the shock on é,ggregate dollarisation. Thus, the moderate persistence in the
individual portfolio formation due to the lack of perfect information, summarised

in equation (6.10), is exacerbated by aggregation.??

Consider that ¢; is drawn from a distribution such that the cdf of a; is
F(a). To better understand the workings of aggregation and how aggregate data
can help us to draw conclusions about the underlying heterogeneity in dollarisation
decisions, it is convenient to focus for a moment on the case where the aggregate

signal, S;; is an iid sequence. We then relax this assumption.

Aggregation When Signals Are iid

Appendix D.1 shows that aggregation of (6.10) across the distribution of a renders

the following process for the economy-wide dollarisation ratio X;,

X, =) AiX, ;+C+U, (6.11)

j=1

22 The classic reference for the econometrics of this effect is Granger (1980), which assumes that
F(a) (defined below) is a Beta distribution. See also Pesaran (2003) and Zaffaroni (2004) for

recent developments.
23 See Michelacci (2004) for a similar analysis.

165



where the 4; (j =1,2,...) are coefficients, C is a constant and U, is an aggregate
serially uncorrelated disturbance. As suggested before, the remarkable fact is that
although at the individual level the dollar share in the portfolio follows an AR(1)
process, it becomes AR(00) at the aggregate — usually known as a process exhibiting

long-memory.

As stressed by Lewbel (1994), the coeflicients in (6.11) are tightly related to
the shape of F(a). In appendix D.1 it is also shown that they satisfy the recursion

s—1
A =mg — st_]-Aj for s=1,2,... (6.12)
j=1

where m; is the s-th moment of the distribution of a, m; = [ a®*dF(a). Hence, it

is easy to verify that

mean(a) = m; = A;
variance(a) = my —m2 = A,
skewness(a) = (mz— 3mymg + 2m3)(my — m?)~%2 = (A3 — A1 Az)(A) %2

These relations allow us to determine how the distribution of forecasting abilities
affects persistence at the aggregate level. The higher A;, the higher the mean
which implies that the average individual has herself a more persistent behaviour,
rendering subsequently a more persistent X;. On the other side and strikingly,
a higher A, renders also more persistence: the higher the heterogeneity amongst
individuals, the more persistent the aggregate dollarisation ratio. Finally, as pointed
out by Zaffaroni (2004), the low frequency behaviour of the aggregate is determined
by the shape of the cross sectional distribution as a — 1~. Hence, a distribution
with a heavy left tail (43 < A;As), which indicates a higher mass of persistent

individuals (a =~ 1), would suggest higher aggregate persistence.

It is now clear that this framework can be tested straightforwardly. If the
estimates of A; using aggregate data are inconsistent with the notion of various

dynamic processes that have been aggregated into (6.11), then we are to reject the
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model.?* The most obvious symptoms of contradiction would be a non-positive

estimate of Ay, the variance of a,?® or a very negative value for A;, the mean.

Aggregation When Signals are Correlated

Recall now that S;; = R; + €;;, where ¢;; is an idiosyncratic shock. Then, the

aggregation of (6.9) (see appendix D.1) leads to

j=1 r=0
which as opposed to (6.11) includes a distributed lag of R;. This difference is clearly
a consequence of postulating different assumptions about the nature of S;;. Yet,

the coefficients A; (s = 1,2,...) have the same interpretation and implications as

before.

6.3 Empirical Evidence

This section tests whether the dynamics of the aggregate dollarisation ratio in se-
lected countries can be regarded as coming from the aggregation of heterogeneous
depositors. In other words, we estimate the parameters A, in equations (6.11) and
(6.13) and investigate, from the estimated moments of the underlying distribution

F(a), the extent of heterogeneity amongst participants in the dollar deposit market.

It is important to bear in mind that the amount of information about
individual behavior that can be inferred from aggregate data, as we attempt to
do below, is unquestionably limited. Different assumptions regarding individual

decisions can be found to be consistent with a given observed aggregate variable.

24 Or the assumptions behind the aggregation, see appendix D.1.
25 Note that A; = 0 implies a degenerate distribution of a on the point 4,, i.e. a model with a
representative agent or identical individuals.
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Yet, there are some facts reported below that are supportive to the main hypothesis

of this paper and the predictions of the theoretical model.

6.3.1 Baseline Specification

Consider equation (6.11). Three points are worth mentioning before presenting
some results. Firstly and unsurprisingly every dollarisation ratio X; we considered
has a unit root?® and to avoid well-known biases in the estimation of autoregressive

coefficients when a unit root is present we estimate (6.11) in first differences,

AX, = AAX, ;+ U} (6.14)

j=1
Appendix D.1 shows that (6.14) is not only the first-differenced version of (6.11),
but is also the result of aggregating (6.10) after first-differentiating. Hence, the
coefficients in (6.14) are indeed the same as in (6.11). The disturbance U} is auto-

correlated and heteroscedastic®” so robust inference is required.

Secondly, due to data limitations it is not possible to estimate equation
(6.14) as it stands. Data are finite, so a truncation in the lags of the AR(o0)

process is unavoidable.

Lastly, if convenient, we consider even richer dynamics than the suggested
by our very stylised theoretical model by introducing a MA(1) component in (6.14).
In practice, this fact has no other implication for our analysis than to produce
better estimates of the A;. As noted by Lewbel (1994), with a MA component
present only a finite number of the moments of F'(a) can be recovered as an infinite
autoregression in X; (or in AX;) cannot be separated from the MA parameter, say
6. This is a theoretical rather than empirically substantive concern; as noted earlier,

our attempt is not to recover every moment of F'(a), but just the first few.

26 Results of unit root tests are available upon request to the authors. See also appendix D.2.
27 See Pesaran (2003) for further details.
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We gathered information for Peru and Uruguay (two highly dollarised coun-
tries), Mexico and Poland. Data are quarterly spanning roughly from the mid-1980’s
to the mid-2000’s. As it is customary in the dollarisation literature, X; is measured
as the ratio of foreign currency deposits from the private sector in the domestic
banking system to M2.22 This information is widely available and our sources are
the websites of the various central banks and the International Financial Statistics
database, IFS. The regression with the shortest time series (Poland) has N = 69
observations; the one with the largest (Peru), N = 94.

Results

For each country an ARIMA(2,1,0) was first fitted to equation (6.14). Then, we
test for residual autocorrelation and include further lags until the residuals appear
serially uncorrelated. In every case, no more than 2 lags is needed, but for Mex-
ico the lag length is 4. For robustness sake we then include a MA component
in the best autoregressive specification. Table 6.3.1 reports for each country the
best autoregressive model, ARIMA(2,1,1) or ARIMA(4,1,0), and the corresponding
ARIMA(2,1,1) or ARIMA(4,1,1) equations. The column labelled 6 contains the
estimated MA coefficient. For each country we have marked our preferred specifi-
cation, i.e. the more parsimonious model that describes the data sufficiently well,

with a *.

A finding that is robust amongst countries and specifications within the
same country, is that the coefficients A; and A, are significantly positive. Recall
that A; is the mean of F(a), and A, is its variance. Besides, the estimates of
the implied third central moment Az — A; A, in each country suggest that F'(a) is
skewed to the left. Provided that A; > 0, a left-skewed F'(a) would be expected

28 A popular alternative definition of the dollarisation ratio discriminate between residents and
non-residents, which includes deposits by residents abroad (Ize and Levy-Yeyati, 2003). We did
not include this definition in our empirical work as the corresponding available time series are
shorter for the pool of countries analyzed.

169



Table 6.3.1: ARIMA Models of the Deposit Dollarisation Ratio in Selected Countries

ARIMA model Al A; A3 Az g A3 - A4 R?
Mexico (1985.Q4 to 2005.Q3, N = 77)
(4,1,0) 0.221* 0.199* —0.192* 0.114* -0.236*  0.221
(0.078)  (0.078)  (0.072)  (0.064) (0.095)
(4,1, 1)* 0.480*  0.195* —0.216* 0.251* —0.097* —0.310* 0.261

(0.111)  (0.094)  (0.063)  (0.047)  (0.018) (0.086)
Peru (1980.Q1 to 2005.Q3, N = 94)

(2,1,0)* 0.173* 0.142* —0.024** 0.200
(0.063)  (0.058) (0.013)
(2,1,1) 0.186** 0.139* —0.058 —0.026 0.173
(0.094)  (0.065) (0.143) (0.016)
Poland (1985.Q4 to 2002.Q4, N = 69)
(2,1,0)* 0.474* 0.113* —0.053* 0.215
(0.016)  (0.052) (0.024)
(2,1,1) 0.476* 0.111* —0.007 —0.053* 0.275
(0.010)  (0.049) (0.045) (0.024)
Uruguay (1985.Q1 to 2005.Q3, N = 83)
(2,1,0) 0.218*  0.290* —0.063* 0.153
(0.091)  (0.116) (0.029)
(2,1,1)* 0.265** 0.215* —0.093* —0.057**  0.196
(0.147)  (0.055) (0.034) (0.033)

Maximum likelihood estimates. Figures in parentheses are robust (consistent) standard errors.
* [**] denotes significance at a 5% [10%)] level. The standard error of the third central moment
A3 — A) A, was computed with the delta method. R? is the adjusted R2. Regressions include a
constant and, if necessary, a few dummy variables for outlier removal. In all reported equations,
Breusch-Godfrey and Jarque-Bera tests suggested uncorrelated and normally distributed residuals.
The preferred specifications are marked with a *.

if the mass of those individuals with relatively persistent portfolios is relatively
large respect to the mass of individuals with a close to zero (corresponding to those
who change their portfolio quickly). Negative skewness, thus, is consistent with a
financial expert sharing the dollar market with a non-expert blacksmith saving in

dollars.

A remarkable fact from Table 6.3.1 is that the estimates for Peru are close to
those of Uruguay, whereas the Mexican estimates are similar to the Polish. Recall
that Peru and Uruguay are heavily dollarised (above 50%), whereas Mexico and

Poland, even though have reported sizeable dollarisation ratios by the early or
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mid-90’s, have dollarisation ratios less than 30% by the end of the sample. In
Peru and Uruguay the coefficients are of comparable magnitude, A; =~ A;, which
means that the underlying F(a) is very spread, the a’s are fairly heterogeneous®.
Hence, the highly dollarised economies appear to have a spreader F(a) which is
consistent with the idea of decreasing participation costs as dollarisation expands.
Furthermore, when parameterise F'(a), we found the dollarised countries are more
heavily skewed than Mexico and Poland. The estimated of the mass of persistent

individuals, Pr(0 < a < 1), is roughly 0.85 for Peru and Uruguay and about 0.6 for

Mexico and Poland.

6.3.2 Augmented Specification

Consider now equation (6.13). In the likely case that signal S; is not éid, then the
estimates of Table 6.3.1 may be biased due to the omission of relevant variables.
Next, we augment the ARIMA models of Table 6.3.1 to investigate whether this

omission changes our main conclusions.

As discussed above, the actual object to be estimated is

Px PR
AX, =) AjAX, ;+> B;AR,_;+U} (6.15)
j=1 =0

where px and pg are finite lag lengths. The presence of R, and its lags in (6.15)
follows directly from the fact that the individuals in the theoretical model base their
decisions exclusively on this variable. Nonetheless, a richer modelling framework

can easily extend (6.15) to
bx PR PR
AX;= AAX.;+Y BPARY;+) BfAR?+Ul  (6.16)
Jj=1 j=0 j=0

As R, = RP — RF, equation (6.16) encompasses (6.15) which is a restricted version

29 These estimates imply a coefficient of variation v/A3/A; of 2.18 for Peru, 1.75 for Uruguay, 0.91
for Mexico and 0.71 for Poland
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with BP = —BF for every s. For this reason, we will focus on (6.16) from now on.3°

An empirical issue that raises with the introduction of the real returns in
the aggregate equations is, precisely, how to measure them. The “true” returns
involve expectations of future macroeconomic variables, which historical data are
barely available for the countries in our analysis. Call i and iP the nominal interest
rates in domestic currency and US dollars, respectively, §; the nominal depreciation
(i-e., the percent change of the nominal exchange rate, domestic currency per US

dollar) and 7; the CPI inflation. We entertain two measurements of the real returns:

1+4F 1+3F
P__— 1t _ RF = L1
Rt 1+7Tt+1 t 1+7Tt
gp o A+@)148w) | pp (Q+#)A+E)
1+7Tt+1 1+7Tt

CPI and nominal exchange data are readily available. For if we use the
deposit rate in domestic currency for Peru, Poland and Uruguay and the saving rate
in domestic currency for Mexico. For iP, we found data on the interest rate paid
to domestic deposits in dollars only in the case of Peru and Uruguay. For Mexico
and Poland we approximate iP with the deposit rate in the US.3! Our sources are

still the central banks and the IFS.

Finally, the presence of a contemporaneous return (6.16) may rise the pos-
sibility of endogeneity bias. We use a 2SLS procedure to estimate this equation.
The instruments are listed in the note to Table 6.3.2. It is worth mentioning that

OLS or the exclusion of the contemporaneous returns did not alter the main results

30 The estimations of (6.15), which are similar to our purposes, are available upon request to the
authors.

31 Unfortunately we could not find time series long enough of country risk to have a better measure
of RP in these two countries. The estimation results, though, were robust when we considered
the LIBOR rate (in US dollars, at various terms) instead of the US deposit rate.
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of this robustness check.32

Results

Table 6.3.2 displays the estimation results. To save space we do not report the
coefficients of the returns (as they are not of direct interest for our analysis) but do
report an F'-statistic assessing its overall significance. We set the lag length px = 3.
This is the best choice for Mexico; for the other countries, the optimal is px = 2,
but we still set px = 3 to ensure that no autoregressive effect is ignored. The choice

of pg, reported in the table, responds to the minimization of the Schwarz criterion.

Recall that by estimating the augmented equations we are assessing whether
the results of Table 6.3.1 are robust. So, are they robust? In general they are. A
quick comparison of the estimates in Table 6.3.2 with those in Table 6.3.1 reveals
that due to the presence of the returns, the fit of the various equations increases,
but the estimates of A;, A and A3 — A;A; do not change much. The notable
exception to this pattern is the Mexican case when the returns are measured in the
ez-post manner, as A; losses statistical significance. However, the main claim of the
previous sections still holds, qualitatively and almost quantitative: the heterogene-
ity of decision-makers that underlies the aggregate dollarisation ratios is high, and

this fact leads to aggregate dollarisation persistence.

6.4 Caveat: The Role of Learning

An alternative way to rationalise the fact that individuals are heterogeneous in their
forecast of R; is to assume that they cannot perfectly observe the true process that

governs the evolution of R;. For instance, because they do not know the exact

32 We did not find a significant cointegration relationship between X;, R’ and RP or between
X: and R; to treat (6.16) as an error correction model. Structural breaks in our 20 year data
span may explain this failure. Consistently with this, the levels of the returns did not appear
to have enough explanatory power in the equations of Table 6.3.2.
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Table 6.3.2: Augmented Equations

A7 A, A3 A3 —A1A, Ho:B=0 pr R?
Mexico (1985.Q4 to 2005.Q3, N = 77)
ex-ante 0.291* 0.202* -0.273* -0.331* 11.50* 2 0.554
(0.096)  (0.066)  (0.002) (0.113) [0.000]
ez-post 0.129 0.287* —0.240* —0.278* 22.56 2 0.565
(0.108)  (0.089)  (0.080) (0.091) [0.000]
Peru (1980.Q1 to 2005.Q3, N = 89)
ex-ante  0.242* 0.195* 0.003 —0.047* 9.086* 3 0.435
(0.043)  (0.047)  (0.053) (0.015) [0.000]
ez-post 0.501* 0.138** —-0.027 —0.069** 30.85 2 0.649
(0.098) (0.083) (0.068) (0.036) [0.000]
Poland (1985.Q4 to 2005.Q3, N = 68)
ez-ante 0.449* 0.132* —0.002 —-0.059* 1.638 3 0.275
(0.043)  (0.058)  (0.049) (0.022) [0.203]
ez-post 0.586* 0.164* —0.123 —-0.096* 2.402** 4 0.394
(0.077) (0.070) (0.160) (0.043) [0.099]
Uruguay (1985.Q1 to 2005.Q3, N = 80)
ex-ante 0.252* 0.280* —0.109 -0.070** 3.153* 3 0.124
(0.104)  (0.114 (0.140) (0.038) [0.049]
ex-post 0.267* 0.349 -0.073 —0.093** 2.189 2 0.152
(0.103)  (0.117)  (0.143) (0.047) [0.119]

2SLS estimates. Instruments for RP and R} (and for the ez-ante RP ; and R} ) are oil prices
changes, US GDP growth and lagged values of these and the R-variables. Figures in parentheses
are robust (consistent) standard errors. * [**] denotes significance at a 5% [10%)] level. Figures in
the Hy : B = 0 column are F-statistics, p-values shown in braces. For Peru, Poland and Uruguay,
we set A3 = 0 to compute the third central moment and its standard deviation. Diagnostic tests
suggested well-behaved residuals, see notes to Table 6.3.1.

value of a in (6.3). In this case, individuals should form priors on the value of this
parameter in order to forecast R; and to make their portfolio choices. Agents may
have different priors on «, but they can update those priors as new information on

R, arrives.33

This assumption is plausible in circumstances where the central bank does
not have an explicit inflation target or it has one that is not perfectly credible, for
instance because it attempts to stabilise simultaneously the exchange rate and the

inflation rate. Uncertainty of this type may induce positive expected values for R;,

33 For models with learning and heterogenous priors, see Arifovic (1996) and Marimén et al.
(2004).
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since some agents might expect higher levels of inflation, making more profitable to

invest in dollar assets.

Consider a common signal, S;; = S; = R; + &; where &; ~ #d(0,02) is an
aggregate shock. Under this type of uncertainty, the perceived law of motion for R;

of individual 7, becomes
Fag1 = p (1 — Gug) + Gy Pig + wy (6.17)

Although every agent faces the same signal extraction problem, they portfolio
choices differ since they have different priors of a. In this case the optimal portfolio

allocation for individual 7 would be given by

\ B a?
Tip = QuTy—1 + - + Quyy (Ui n Ug) it (6.18)

where &+ = €, + R; — 7. Notice that the implications for aggregation and hetero-
geneity are different in this case to those obtained in the baseline model. Here, all
agents have the same ability to extract information, but they differ on their priors
on a. Since, agents update their beliefs as new information arrives, heterogeneity

is not a permanent feature, it only last while agents learn the true value of a.

This fact have remarkable implications, but complicates considerably the
empirical implementation of model. Firstly, the degree of aggregate persistence
would decrease as agents learn, since the dispersion on the values of &; would
decrease, therefore, the coefficients of equation (6.11) would be time varying. Al-
though the available sample used in the empirical analysis is relatively short, no
strong evidence of time varying parameters was found. Secondly, the speed of the
reduction on the degree of persistence would depend on the dispersion of the initial
distribution of priors on a: if initial dispersion is high, the reduction on the persis-
tence would be slower. Finally, central banks that adopt a credible inflation target
regime for conducting monetary policy, can help not only to reduce the mean value
of dollarisation but also its persistence by reducing the dispersion on the priors that

individuals have on «.
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6.5 Concluding Remarks

In countries with high dollarisation ratios, participation in the dollar deposit market
has become massive. Financial deregulation, liberalization, innovation and infor-
mal currency markets have allowed a very heterogenous group of agents — from a
large firm that uses state-of-art portfolio management techniques to an uninformed
individuals who base their portfolio decisions simply on their own experience and
limited information — to participate in the same market. This paper shows that such
an heterogeneity turns out to be enough to generate persistence in dollarisation ra-
tios upon aggregation. Empirical evidence from three Latin American countries and

Poland supports this claim.

The presence of heterogeneity in individual dollarisation decisions has in-
teresting policy implications. Ize and Levy-Yeyati (2003) conclude sensibly that a
necessary and sufficient condition for dedollarisation is higher exchange rate flexibil-
ity. In our setup this condition is not sufficient (though we reckon it is necessary), as
there may exist a mass of individuals that do not respond at all to such a volatility.
This makes a case for a more active policy on improving the communication skills
of the central bank, in order to better convey its policy of more flexible exchange
rates and possibly its commitment to price stability to a broader set of agents,
specially to those regarded as uninformed. In this way the policymaker would be

contributing to reduce individual heterogeneity and thus aggregate persistence.

This policy implication is particularly relevant for developing economies
with an inflation targeting regime or for those evaluating moving towards this
regime, as it heavily relies upon transparency and communication strategies. Our
analysis suggests that the benefits of the such a policy regime in reducing dollarisa-
tion may be condemned to be limited, unless the central bank effectively commu-
nicates the implications and benefits of such a regime to the less informed segment

of participants in the dollar market.
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A APPENDIXES OF CHAPTER 3

A.1 Dynamic Equilibrium

The equations that determine the dynamic equilibrium of the economy are the following:

1. Aggregate Demand

1 Ya 141 ) R
— = BE, : Al
1+ b t(( Yo, Oa 41 (A1)
_ Yy.Pu,
€y = Y?.P: (A2)
Yu:=T; "C (A.3)
Ci
Qt= o~ (A4)
Y
Q:=T}" (A.5)
2. Aggregate Supply
Py
;= : A6
e Pryiy (4.6)
1
1-¢
Pyt = %/Pb‘f (2)dz + /P}{Tf (2)dz+ / P}{f (2)dz+ (A7)
e b [0,n]\ZU©
HWtAE(Z)PH't l)f z€0O
etEt_l tht(z)d%’ .
Pus(2) =4 P Ea@)  LFEZ (A.8)
Et_l(tht(z)Pg,t) .
B (P5)) otherwise
wy = A;’Y]};U (A.9)
L (Belwaers ) (BoaGi))
ot (Z) = (Et_l('IDtAt(Z)d;,’t))l—E (Et—l(d;;_',l)) (A.].O)
0 otherwise
Y={z|ot(2) <1} (A.11)

3. The foreign Economy
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1 ;_11)-1 1
= BE. - A.12
1 ' 7’t* ﬂ ' (( }t* II:+1 ( )

P}

I = 7 (A.13)
=
1 _ _
Pr= — / (P} (2))'cdz + / (P} (2))' ¢ dz+ (A.14)
e [n1\8
pwiArP ifz€©
Pyy(z) = Mfg_lzuﬁ:lj“) otherwise (A.15)
t— ( t )
wi = AY; Y (A.16)

A.2 The Steady-State

We define an steady-state as an equilibrium where both economies have zero inflation,
IT = IT* = 1 and where technology shocks at the home and the foreign economy take their
unconditional means, A = A(z) = A* = 1. In this equilibrium, the steady-state analog
equations of (A.8) and (A.9) are given by

1

—=w (A.17)
7]
w =Y (A.18)

From the previous two equations it follows immediately that
Yo = (1— &)™ (A.19)
similarly for the case of the foreign economy,

Yy =(1-&%T (A.20)

Where (1 — ®) = 1=Z. Since the degree of monopolistic competition is the same in both
economies, & = ®* and Yy = Yj;. Combining the steady-state analogs of equations

(A.3),(A.4) and (A.5), we obtain

Y
T=-2-1 A.21
Y* ( )

finally, from the steady-state analogs of equations (A.4) and (A.5), we have that,

C = Yu=(1-0)7 (A.22)
Q = 1
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The Flexible Price Equilibrium

We analyse the flexible price equilibrium using the log-linear approximation of equations
(A.1) to (A.16). The approximation is taken around the deterministic steady-state defined
previously. The flexible price equilibrium is an equilibrium where all firms set prices every
period observing all shocks in the economy. Under these conditions the log-linear version
of equation (A.8), after aggregating across firms, becomes

0= @t + at(z) (A23)

combining equation (A.23) with the log-linear version of equation (A.9) we obtain
the output level under flexible prices,

y?{,t =0t (A.24)

Similarly, from the log-linear approximation of equation (A.1) we obtain the natural
interest rate as follows

P =Bt (Yh o1 — Y1) (A.25)

On the other hand, the natural real exchange rate level can be obtained by from the
log-linear approximation of equation (A.5)

=0-7) Yk —v)=—(010-7)(ar—a5)

The Aggregate Supply Curve

In order to obtain the domestic aggregate price level, we take the log-linear approximation
of equation (A.7), thus we have,

pri =7 [ ral2)d(a) (4.26)

0
Furthermore, from equation (A.8) pp ¢(2) if defined as follows,

Wt + Pht + at(z) ifze ©
ph,t(z) = Et—l (wt + Pht + at(z)) ifze X (A27)
E¢_1 (wi + dnyt + at(z) + e;) otherwise

The by aggregating py +(z) across firms we have,

Phy = / [wi + phe + an(2)] d(z) + (A.28)
(S]

/ [Et—l (wt + dh,t + at(z) + et)] d (Z)
b

+ / [Ei—1 (we + Pt + a:(2))] d (2)
[0,1\Z
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Using the fact that,

/ ai(2)d(z) = bas (A.29)

e
ai(2)d(z) =(1-6)a (A.30)

[o,n]\©

We find that,
Prt = O(wi+pnt+ar)+

(1 - 9) S (Et—l (wt + Dht +a¢ + et) - et) (A31)
+(1-0)(1-5)Et—1(we +prs +ar)

Rearranging properly we further obtain that,

Pht = 6 ('wt + at) + (1 — 9) (Et—l (wt + at)) (A.32)
+(1—6)s(Ei-1(er) — et) + Opnt + (1 — 0) Et_1pn s
Using this equation, we can show that,E;_; (w¢ + a¢) = 0, thus, we have,

wy = —ag + ( ; 6) (Pht — Et—1(pnt)) — a ; 0)3 (et — Et—1(et)) (A.33)

Since real wages are given by

we = (14+v)yns +vay (A.34)

the aggregate supply equation, which relates domestic prices with the output gap and
inflation expectations errors, and exchange rate expectations errors, would be given by,

Phs = Bt (pne) + (1+0) ﬁx +5(e¢ — Be () (A.35)

Where, z; = y; — yf and yf = a;. Using a simple transformation, equation (A.35), we
obtain the Phillips curve in this economy,

)
Th,t = Et—17rh,t -+ (1 + V) (1—_7).’1,'13 + s (Aet —FEi 4 (Aet)) (A36)

Aggregate Demand

The aggregate demand block is given by the following set of equations,

Yui = EtYuie1 — (i — By 41) (A.37)
YHt =Yt + ¢t (A.38)
Qt = Ct —_— y: (A.39)

Combining equations (A.25) and (A.37) we obtain the dynamics of the output gap in this
model economy,
zy = Eyxiy1 — (it — EyTgg1 — 1)
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Derivation of Aggregate Productivity

In order to derive equation (3.16) from the main text, lets use the definition of domestic
prices, equation (3.51) of the main text, and the definition of optimal price under the
flexible price allocation, equation (3.40), as follows,

1
1-¢

Py, = % / Py 4(2)t4dz = (A.40)
0
! 1
1 n l—e 1 n 1-¢
M maal = w2 [
0 ]

thus, by simplifying the previous expression , allow us to write the domestic aggregate
price level as a mark-up over nominal marginal,

Py = uWiA; (A.41)
where, A; represent the aggregate productivity shock, defined as follows,

1
n 1—¢

At = ;ll-/A;;EdZ (A.42)

0

this last equation corresponds to equation (3.16) in the main text

A.3 The Central Bank Loss Function

In what follows we derive the micro-founded central bank’s loss function by using a second-
order Taylor approximation of the representative agent’s utility function, equation (A.43),
around the economy’s deterministic steady-state,

1+v
ht

U=1nC’t—1+v

(A.43)

We use a generic form of the previous utility function to have a general result, thus we
approximate,

U=U(C) - V(h)

Where total labour depends on output, productivity and the relative price distortion, as

follows,
ht = V1A Ay (A44)

and we know from section 5 that at the first best allocation it must hold that,

WY = C(1—7) (A.45)
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The second order expansion of the utility generated by consumption is given by, :
w(C) =T+ 8T (@ + %63) + %nwﬁéf +o(ll®) (A.46)
collecting terms appropriately we have that:
u(Ct) = TC (@ + % (1-0) 63) +tip+o (||e||3) (A.47)
For our particular case where, o = 1. equation (A.47) becomes,
w(Cy) = TOC: + tip+o (||e||3)
Next we take a second order expansion of v(h;), we use equation (A.44) to define the

aggregate level of labour in terms of output,productivity shocks and price dispersion,thus
a second order approximation for the disutility of labor effort is given by,

(~ o 1( u¥\so T\ o ~
v(he) = THY (At+Yt+§(1+”’%’; )1@2+<1+”’%’; )YtAt) (A.48)

+tip+o ("6”3)

Notice that since Ay is of order o ( ||e||2> all terms involving second order terms of A; are
dropped out from equation (A.48) , thus, we have,

— —(~ ~ 1 ~ ~~
u(Cy) —v(hy) = wLCCr—(1-7)T.C (At +Y; + 3 1+v)Y2+(1+v) YtAt)
+tip+o (||e||3) (A.49)
imposing the restriction on the coefficient of risk aversion, o = 1, we have:

_ o G- R (=)t o) R
‘ —(1 =Y A— (1-7) A +v) T,

+tip+o (||e||3) (A.50)

Let’s define the following parameters:

Uy =—(1—7)(1+4v) (A.51)
uya=(1-7)(1+v) (A.52)
ua=(1-7) (A.53)

Moreover, since: N ~ ~
Ci=(1-7Y:+¥
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We can now write the utility function of the representative agent as follows:
u(C) —v(hy) = WY (—%uyyi’? - uAEt - uyAl//\i]l\t>
+tip+o (||e||3) (A.54)
Rewriting appropriately the quadratic terms we have:
%uyy?f +uaY, Ay = % (1-7) ((1 +v) (22 -2V, A, + A?)) (A.55)

since we have eliminated all the distortions of the steady-state equilibrium, the quadratic
terms of the approximated loss function of the central bank can be written as follows:

1 5 o 1 -
E'u,yth2 + upY: A = 3 (1-9)(1+v) z?

u(Ct) —v(he) =uY (—% 1-71+v)z2—-(1-7) 3t> +tip+o (||s||3) (A.56)

Now we have to find the second-order approximation of Bt,

n

_ 1 PH,t(Z) € Az,t
At = n/( PH,t At dz (A57)
Pr4(2) Azt

In order to simplify notation, let’s denote by R,(z) = —pr— and by Ra(2) = 4=, then
A, can be written as follows,

n

A, = % / Ry(2)~*Ra(2)d2 (A.58)
0
Ay = 14 %/ [—erp(2) + 74(2)] dz (A.59)
0
437 [ [ 0o + ()]
0
—Eifrp(z)ra(z)dz
0

From the definition of the aggregate domestic price level and aggregate productivity we
have,

0=121 [Z&(z)l-f] dz 0=12% [ZRa(z)l‘E] dz (A.60)
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A log-quadratic approximation of the previous equations around their corresponding de-
terministic steady-state give us,

[fr,,(z)+ (a3, )] dz 0=1 [Zra(z)+£—1;—s)rg(z)] dz (A.61)

Using the previous equations to eliminate rp(2) and 74(2) from equation (A.59 ) we obtain,

Ay = 1+ %/ [(6 (1-¢)) (7',,(‘2))2 —(1-¢) rﬁ(z)] dz (A.62)
0

tor [ [ @) + (ra(2))?] s

0

—e% / ro(2)ra(2)dz
0

Simplifying the previous condition we further obtain,

_ % [ [¢ (rp(2))* + £ (ra(2))?]

—6%7rp(z)ra(z)dz

0

Which, can be easily expressed as,

n

€
A= [ rgla) = rala)?d

0
Since, ppt(z) and pp ¢ have second order effects on A; we only need a first order approxi-
mation of py, ¢(z), which from the previous section is given by,

P1e(2)

rp(z) = Ei_1p14(2) — (Pht — Et-1Pn)
Ei_1p14(2) — (prt — Et—1pnt) + (er — Ei—1(et))

where, we denote by p; : the relative optimal price under flexible prices,
P14(2) = wi + az + 74 (2)
Since, Ey—1(wt + a;) = 0, we have that,

Et_1p14(2) = E4—_1(ra(2))
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let’s denote by, p; = w; + a¢, thus we have that,

Tp(2) =

Ei 1 (ra(2)) = (Pt — Et-1Pnt)

{ P; + 7a(2)
Ei_1(ra(2)) — (Prt — Et—1Pnst) + (et — Et-1(ex))

Therefore, we have that,

rp(2)—7a(2) = {

r1(2) =B
T2,t(2) = — (ra(2) — Et-1(ra(2))) — (Pht — Et—1Pnt)

134(2) = — (ra(2) — Et—1(7a(2))) — (Ph,t — Et—1Pn,t) + (e — E¢—1 (et))

Furthermore, we have that,

Z[rp(z)—ra(z)]zdz = /erl,t(z)zdz

+/ rz,t(z)zdz +/ r3,t(z)2dz
[o,n\ZUS =

In order to save notation, lets define by z; = z; — F;_1:, then we have

therefore,

Aggregating we have,

) P (S

1-0)\2 - .
P = (%) + %€} — 25D, 16t
n
[ 13 = ral)dz = M+ Fi+ Gy
0

Where, M; contains the quadratic terms that come from aggregate variables,

M, = 6p;

Next we consider the quadratic terms specific to each group of firms,

Fo= (1-0)(1— ) [fa()® + 7] +2 ( / Fa(z)dz) P

And finally,

Gt

/ ?a(z)zdz +(1-6)s (f)%t + 'éf - Z'ﬁh,t’e})
[o,n\zUe

+2 (Fhs — &) ( / a(z)dz)
[0,n)\SUS
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Adding up, equations (A.63), (A.64) and (A.65) we obtain,

[0 -rala e = 62+ (1-0) (R,
0

+(1—8)se + / 7o (2)2dz
=
2[2Fa(z)5h,tdz —2(1—-0)s(prs)er — Z/EFa(z)Etdz
Further simplifying, we obtain,

y 1-6)> .
/ [rp(z) — ro(2)]Pdz = ( 7 ) [ﬁ%yt + 5262 — 25ph t€t] +
0

A-0R+ -0+ [ Flaids
[U,n]\e
+ 2/ Ta(2)dzpht —2(1 — 6) spp 1€ — 23/ Ta(2)€rdz
[0,n]\© b))

Simplifying the previous expression we obtain,

-leAt = ((1 ; 0)) f)%,t + (—1;—023 (1 + ( ; a)s) &
(5| )
2 (/[o,n]\e Fa(z)dz) Dht — 28 (/2 ra(2)d (z)) et

Using the following properties of large numbers we have that,

/ a:(2)d(2) = fas

e

ai(2)d(z) = (1—0) at
[o,n)\©

therefore, it follows that,

(/ Fa(z)dz> =(1-6)a;—(1-6)a;=0
[op]\©
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Consequently, we obtain the following expression for the distortion generated by the
relative price dispersion,

A - 1(A=0\,  (1-9) (1-6) \»
25At = 2( 7 )ph,t+ T 1+ 75

s ((1 - o)) BB+ % < /[0 e Fa(z)de)
- ( L Fa(z)d(z)) 2,

Plugging in the relative price dispersion equation into the welfare function derived pre-
viously, we obtain the following quadratic welfare function for this economy with price
dollarisation,

u (Cy) — v(hy) = WY (—% 1-v)(1+v)z2 - qut) +tip+o (||s||3) (A.67)

Thus the loss function of the central bank, presented in the main text as equation (3.61)
can be written as,

o0
W=-QFE Y BL
t=0

1o, 1 Ao ~ o~ ~ ,
L, = Aixf + —f)?m + =282 — SPh,t€t — Nea€tst +ti.p+ 0 (||e||3)

2 2
where,
Q=ﬂ‘c_}7(1—')/)c-:(l—;(’2 Aea=1—f—9
A=1+v) .t = (5Ta(2)d(2))
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A.4 Monetary Policy Under Commitment

The central bank choose the path for the domestic inflation, the output gap and the
exchange rate to minimize the following lost function

oo
min W = —-QEy Y AL,
t=0

1. 1 Ao ~ o~ ~ .
L= AE.'L'? + 55?” + fetz — SPh,t€t — Aeaetas,t +tip+to (”5”3)

subject to the constraint of the Phillips curve and the dynamics of the nominal exchange
rate, equations (A.68) and (A.69), presented next,

ﬁh,t = KT+ s€; (A.68)

€t =DPht+ Tt + M (A.69)

where, k = (1+v) —(1_0%95, denotes the slope of the Phillips curve, and 7; represents a shock
to the real exchange rate that summarizes the effect of the following structural shocks on
the nominal exchange rate,

m = — (a; — ay)

This shock can be also We solve for the optimal monetary policy under commitment by
maximizing the following Lagrangian function, which after applying the law of iterative
expectations, can be written as follows,

[o o]
Eo{ t;){ ALBEE + 18472, + Bt e e~
,BtS%h,tgt - Aeaﬂtgtas,t
+11,8  (The — Thy — KTt — S (€1 — €)) +
240" (e — The — Tt —mt) } }
where, ¢+ and ¢z are the Lagrange multipliers of the Phillips curve and of the

equation that constraints the dynamics of the nominal exchange rate. The first order
conditions are given by the following three equations,

A:’E\t —Kl1t — L2t = 0 (A70)
Tht —S€t —tat =0 (A.71)
Ae’é’t - S%h,t - Aeaas,t + L2’t = 0 (A-72)

These conditions hold at each t, with ¢t > 1. They also hold at time 0, given the initial
conditions,
t1,-1 = 12,1
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The optimal plan is a set of policy functions for Zy, mp¢, es, t1,4,and toy, that satisfy
conditions,(A.68),(A.69),

(A.70),(A.71),and (A.72), given the initial conditions and the processes for the
exogenous variables, as ¢, and 7;. To find the allocation under optimal policy we combine
equations (A.71) and (A.72) to eliminate, ¢, as follows,

(Ae—s)et — Aegast + (1 —8)The =0 (A.73)
the remaining equations that define the economy are given by,
ATy — ki1 — The + 56, =0 (A.74)
et = Tht + Tt + 1 (A.75)
Tht = KTt + S€t (A.76)
Since from the Phillips curve we have that, F;_jz; = 0, thus we can write equation (A.75)

as follows,
€ =Tht+ Tt + (A.77)

using the previous equation and the Phillips curve we can eliminate the output gap,thus
we have, a second condition that relates exchange rate and domestic prices,

(k+s)ee=(1+K)Tht + KNt (A.78)

combining equations (A.73) and (A.78) we solve for the exchange rate and level of domestic
prices,
€ = w17} + W2ass (A.79)

where,

w = £ Ty = Acq
T e E S]] T (SR ket (he—s)]
using, equation (A.73) and equation (A.79) we can find the rational equilibrium of prices,
Pht = —w37t + W4as¢ (A.80)

where the parameters, w3 and w4 are defined as follows,

— K’(Ae'i's) — (K+3)Aea
W3 = [ l—s)+(+R)(Ae=s)] P4 = [TFe)r-8)F (14K (Re—3)]

A.5 Endogenous Price Dollarisation

Deriving The Profit Function

In this appendix we derive equations (??) and (3.29 ) of section 3.4. The firm’s expected
discounted profit function under peso invoicing is given by,

Q(2) = By [(Paa(2) — Wedd(2)) Pis(2) P (A8D)
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and the corresponding first-order condition for its optimal price is given by
Be1 [(Paa(2) - iWede(2)) P | =0 (A8

Using equation (3.24) we eliminate P ¢(2) from equation (A.81), thereby, firm’s expected
profits can be written as follows,

l-¢e

(Bes Wrai(2) PEY)

Q@)=(p-1)p™* — (A-83)
(B (P5))
In terms of real wages, it can be alternative expressed as follows,
l1-€
Et—l (’tht(Z) PPEI )
Q)=@k-1)p* ( ! ) (A.84)

(B (P))

Following similar steps, we obtain the expected discount profit function under dollar
invoicing, which is given by the next equation,

(Bex (Wee  Au(2) ;)

(B (42))

To ease the comparison between ¥ (2) and 2 (2), we write ¥ (z) in terms of Py ; and e,
as follows,

l—¢

U(z)=(m-1)p" (A.85)

1-¢
(B (Wede(2) Pyl er?))

(s (i)

Equation (A.84) cbrrespond to equation (??) , whereas equation (A.85) to equation (3.29),
in the main text.

V(z)=(u-1)nu" (A.86)

Equilibrium Condition for PD

After taking a log-quadratic approximation of equation (3.29) around the corresponding
expected values of variables that determine 2 (z) we obtain ,

2
log(2(2)) ~ —-(e-1) ((e —1)Ey_1pns + (e —21) Et—li’%,t)

-1 (Et_{vfft ¥ Bitis) + 3 Eea W2 + %Et_la’z(z))
—(e—-1) ((5 -1)E [(Wt + 5t(z)) 5h,t])

- 1)2
c 2 ) Et—lf’%,t) +log(2(2))

€ ((5 —1)E;_1Dpt + (
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where variables with tilde T;, represent log deviations from expected values, i.e T; =
log(X:) — Ei—1 (log(X})) Similarly, the log-quadratic approximation of ¥ (2) around the
same steady-state is given by

2
log(¥ (2) ~ log¥(2) — (e — 1) (<6 1) By + E2 Y Elﬁ%)

2
~ 52 ~2
- (E - 1) —eEBy_qe; + 7Et_16t
—_ _ 1 —~ 1 ~
-(e-1) (Et—IWt + E_104(2) + §Et—1Wt2 + §Et—1at2(z))
—(e—=1) ((8 -1)Ei [(Wt + Et(z)) ﬁh,t])

—(e-1) (—sEt_l [(Wt + ?it(z)) a] — (e -1)eEiy [ztﬁh,t])

~ e —1)2
+& ((8 — l) Et—lph,t + ( 2 ) Et_lf)% t)

il

(1-¢)?

+e ((1 —e)Ei_16 + Et—léf) ~e(l-¢€)?E [€¢Dh,t)

Then, log ¥ (2) — log 2 (2) is given by

1-¢e)e

log ¥ (2) — log Q2 (2) ~ Ey_1 ( Et_léf) —(1-€)eE [(Wt + 'dt(z)) a]

Therefore a firm will set prices in dollars when, \IJ/(?) - Q/(;) < 0, which holds, when,

E;_1e?

S [(Wt+?it(z)) e’t] <0

since we know that,

(1-9)

—— —— 1
Wi — E;_1We =at — Ex_1at + - (Prt — Et—1 (Pht)) — 7

0

s(e: — Et—1 (er))

and that,Z; = Z; — E;_17; A firm will set prices in dollars if and only if

1 1-6 _ - 1 _ o~
(5 + 8( 7 )) E; 1€} — Ey_1 [, (a(2) — ar)] — EEt—l (Pncet) <O

This last equation corresponds to equation (3.70) in the main text,
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B APPENDIXES OF CHAPTER 4

B.1 The Foreign Economy

Household’s preferences at the foreign economy are given by the following utility function,
oo 0*1;0 1 +
U =E k[ i+ _ e B.1
- e () - oy 1)

Where E; represents the expectations operator conditional on information up to period
t, B € (0,1), is the household’s subjective discount factor, o > 0, the coeflicient of risk
aversion and ¢ > 0, the inverse of the Frish labor supply elasticity, L} stands for the
foreign household’s working hours and Cf for their corresponding consumption level of a
final consumption goods, which is defined as follows,

1
InCr = ( / InC; (s)d(s)) (B.2)

0

For simplicity we assume that the foreign economy is a cashless economy. Hence, final
good’s consumption is not subject to any type of transaction frictions. On the other hand,
final good producers’s technology in the foreign economy is characterised by the following
equations,:

1
n—1

¥ = (@)% (0™ + 0 -0 (1)) (83)

n 11

Y, = ((%)_ [ Vit (2)F d(z)) i, = ((1_4,,) [ Vi ()2 d(z)) T (B4

and the corresponding demands for domestic and foreign intermediate goods are given by:

—£_
-

LY

v (@) (P
V() = a ( 2 ) (7)) w (®:5)
* * PI*{ (z) ” P} B
Ys,t<z>=(1—a)( = ) (F) w ®6)
o)

Associated to this technology, the corresponding marginal cost of final goods producers,
which also represents the price of consumption goods, is given by,

P = (o (Pi) "+ (1 - o) (PR) ") (B.7)
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where

1

1
n 1—e¢ —< n l1-€ T—¢
Pr,= (%f (Piz,t (z)) dz) P, = (% [ (P;,,t (z)) dz) (B.8)
0 0
The set of non-linear equations that describe the behaviour of the foreign economy is

given by:

Table B.1: Non Linear equations

Phillips Curve Marginal Cost
e—1 N* 1—e¢ Y*cp

6(rp) " =1-(1-6) (3F) mef =1

= p(Y) " me; Y408 (n},1)  Niy1  Taylor Rule

- - T (7O [y \ Py
D= (V) Y408 (ni) T Dy (i) =0+ ) ()7 (4)” exp 00)
Euler Equanon Marginal Utility
— 1 *—0_

1‘“ BEt( A 7‘:+1) Yt ’= /\:

B.2 The Phillips Curve

Intermediate good producers update their prices randomly. At each updating point they

choose the price level, Pf,(z) that maximises the following profit function:

E: [Z (gﬁ)k ('\t+k ( PI;Z(;) - mct+k) 17'H,t+lc(z))] (B.9)

k=0 ’
To write the firm’s profit function in terms of its contemporaneous relative price, it is

useful to denote by V¥;,, the cumulative domestic inflation, ¥yt = P—H""—. Using this
auxiliary variable, firm’s demand, conditioned on the optimal price can be written as

follows,

=~ Py (z
YH,t+k(z) = (%(t)) \Ift-HcYHH-k (BlO)

Hence, the firm'’s first-order condition to determine its optimal relative prices is given by,:

P .(z € =~
E; lZ (68 ( Citk (%(t)‘l’wk - mmcwk) YH,t+k(z))} =0 (B.11)

]
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From this latter expression, firm’s optimal price as defined as follows:

g[’t(z) Et 20 (gﬂ)k (At+kmct+k‘llt_-:kYH,t+k)J

Py

=5 _ (B.12)
E, |:k2=:0 (68)" ()\t+k‘1’t1;£YH,t+k)]

A more tractable representation of the firm’s optimal price can be obtained by using
two auxiliary variables, Ny and Dy, as in ?. This two auxiliary variables represent the
numerator and denominator of the previous equation, as follows

Ni = pE; [Z 68)* ()\t+kmct+k‘1’t_kaH,t+k)] (B.13)
k=0
and
Dy =E; [Z (68)" (/\t+k‘1’t1I§YH,t+k)] (B.14)
k=0

Hence, the intermediate good producers’ optimal price will be given by:

Phi(2) N

Pa: D, (B.15)

where N; and D; can be written recursively as follows,
Nt = pdhemeeYh s + 087y 441 Neya (B.16)
D; = \Yu: + 687541 Dina (B.17)

On the other hand, since firms have the same cost structure, all of them choose the same
optimal price P;}yt(z) at every updating point, whereas the remaining firms maintain
fixed their corresponding prices. This imply that upon aggregation, domestic inflation is
determined by the following non-linear condition,

E_ Po (Z) 1—€
0 (mps)t=1-(1-10) (-—’}‘__’,;t ) (B.18)
Which, can also be written as follows:
— N 1-€
0(mHs) P =1-(1-10) <HZ) (B.19)
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B.3 Aggregating Consumption Decisions

In this appendix we derive a close form expression for the marginal utility of income, A; ,
which we use later to show the implications of CS for the dynamic equilibrium of the SOE.
To achieve this objective, we aggregate the optimal consumption conditions of different
varieties of final consumption goods, summarised by the following set of equations

Oct _ qt N~z
Uc’tm = Py(s)\¢ (1 + /\t) (14+g(s)) for s> (B.20)

Oct Tt _
c,tm = B(S)At (]. + )\—t) (1 +7T (S)) for s < 3 (le)

Also, from the equilibrium condition for CS we have that,

1+7(3%)  1+$ 1+

- - B.22
1+g(3) 1+% 1+4 (B.22)

Since final good’s prices are the same in equilibrium, equations (B.20 ) and (B.21 ) can
be written as:

Uet = Ptctc(s) At (1 + %) (1+g(s)) for s>3; (B.23)
t t

Uet = Ptctc(s) At (1 + %) (1+7(s)) for s<73 (B.24)
t t

To facilitate aggregation we take logs to equations (B.23) and (B.24) and then integrate

over s . The resulting condition is,
1
log U = log (PAr) + (1 — %) log (1+ £ ) + [ log (1+ g (s)) ds
3t
3¢
+3¢log (1 + %) + Oflog (1+7(s))ds
We take logs to equation (B.22 ) to obtain an expression for % , which is given

At At

Using equation (B.25) we eliminate % from the marginal utility of consumption, obtaining

log (1 + ﬁ) = log (1 + @) —log (1+ 7 (5,)) + log (1 + g (31)) (B.25)

the following expression,
log Us,s = log (PAr) + log (1+ ) +

1 St
1 1 —
gjt‘log (1:;(;3) ds + 0flog (1::(;3) ds +log(1+ g (3t))
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Hence, by taking antilog to the previous equation, the the marginal utility of

aggregate consumption can be written as follows:

Uet = PA (1 4+ Ty)

(B.26)

where, T; represents the aggregate distortion generated by transaction costs. This new
variable depends on both the domestic interest rate and the degree of CS, as follows,

1+7T)=1+4)(14+T(E))

where

(14T (5) = exp(/ log ((11:5((:3))) ds +

5

1
02764, g1 1

5t

By using the following functional forms for transaction costs,

7(st) = exp(¥o+ ¥15;) — 1
g (st) =exp(no+mnis)) —1
where, ¥; > nj n, > ¥, , the three components of (1 + I' (3;)) are given by,
1

1
CEI0) P S
[ros iy = [mi-md

St St

52 1 1 32
G oe)], = mGaed)
2

St 1
/Iog —(}—-’-—T—(_s—))ds = /\111 (st —35t)ds = ——‘Ill 5
0

Similarly, we have,

(I+7(6)
5t
log (14 ¢(3t)) = no + 13
Therefore, we have that

- n1 5;
1+T'(3) =exp 7+no—(\111—n1)3
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B.4 The Non Linear Economy

The home economy is fully characterised by the following set of non-linear difference

equations:

Non linear equations
Phillips Curve Terms of Trade

_ l1-e n—1 _
o) =1-1-0)(8) (%) =a-n+m
Ni= pAymeYy+08 (Mg e41)€ Ni+1 CPI inflation

1 ) P R € ) o o
Di= A\Y3+08 (g t41)" Disa (—L) =t

Uae T (=TI
Euler Equation Taylor Rule
by . = (11 ¢ ¢z
= E, (X2 rk;) (1+i) =i (%24)™ (¥)
Aggregate Demand Marginal Utility of Consumption
R - —
= (%) (=7 Ce+QIYy) Cr=A(1+Ty)
Risk Sharing Transaction cost distortion
AY i —
Marginal Cost CS distortion
T.Y¥ _ <2
mCt=W 1+ (3t)=exp (7—‘2" + 1o — (¥1 — m1) %)
Demand for money Dollar transaction cost
5
A—I’,Iti = [Ci(s)d(s) T (st) = exp(¥o + ¥1s5:) — 1
0
Peso transaction costs CS condition
147(5 i
g(st) = exp (no + nlst)) -1 1+; ;: =%&f

Next we reduce the previous system by combining some of its equations. First,
we use the marginal utility of consumption to eliminate, A; from three equations, the
Euler equation, the marginal cost and the risk sharing condition, the resulting conditions
are given by the following equations,

1 Ci+1 ) B B R |

—= QF B.33
1+ g t(( C 14+ Toy1 e (B.33)

T;Y,? T
Mo =T Gt T (B.34)

QtAt ¢
CG(1+7T
Q=2 ( v 2 (B.35)
t
Next, we impose 7 = 1, hence, the terms of trade and CPI inflation equations become,

Q=T;"" (B.36)
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n o
I =g | /7 (B.37)
Ti1
Domestic aggregate demand can be further simplified by using equation (B.35) as follows,
(!
Yi=\7 ] A+1T)C (B.38)
t

From the previous equation we eliminate the real exchange rate by using (B.36), thus
domestic output would depend only on terms of trade, domestic consumption and the
transaction friction distortion, as follows,

Yt=f[? (1 + ’)’Tt) Ct (B39)

On th other hand, by plugging in equation (B.39) and (B.37) into equation (B.33), we
obtain the dynamic IS , equation (4.63) of the main text,

1 Yt+1>—1 1+ 1494YT¢4q 1
—= gFE B.40
144 A t((Yt 1+ T 14+97 I (B.40)

Next, we use equation (B.39) and (B.36) to eliminate, C; and Q; and T; from equation
(B.34), we obtain the following condition for the marginal costs,

Y1+¢ 1+ ")’Tt
MC, ==t ¢ .

which corresponds to equation (4.61) of the main text. Notice that, A; measures price
dispersion generated by price stickiness,

n -6
som [ (B2) "
o \ P
from equation (B.34), we can further obtain consumption in terms of the real exchange
rate as follows .
QY]

C“(l + Ty

and by plugging in the consumption level obtained in the previous equation into equation
(B.39), we obtain terms of trade as function of domestic and foreign output and the
transaction distortion.

T, = Y; (1+1y)
Y (14+17e)

Notice that when, T; = 0, terms of trade are determined only by relative levels of output

as in standard S.O.E models. We use equations (B.42) and (B.39) to derive an expression

that determines the level of consumption in terms of domestic and foreign output and the
transaction distortion.

(B.42)

1-
= V1=7 v+ 1 1
Ce=Y, (YY) (1 T 7Tt) i+ Tt)7 (B.43)
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Finally, using the definition of A; we obtain,

\ 1 1+ '7Tt ) 1=y
At = B.44
YTy (5 -

We plug in this expression in equations that define the Phillips curve to obtain equations

(4.58) and (4.59) of the main text.

B.5 The Log Linear System of Equations

Combining the log linear approximated equations (4.58), (4.59) and (4.60) of section 3,
we obtain,
THt = IBEt"rH,t+l + )\mct (B45)

where, A = (1—_[’03(;0). The corresponding log linear approximation of equation (4.61) is
given by,
mer = (1 +¢) (y: — ar) + (1 —7) vy (B.46)

by plugging in combining equation (B.46) into equation (B.45) we obtain the following
linear representation of the Phillips curve,

Tt = BEH 41+ K (Y — ag) + A (1 — ) vt (B-47)

On the other hand, the dynamic aggregate demand condition in its log linear form is
obtained from equation (4.63),

it = EyAye + 41 + (1 — 7)0Av (B.48)

The Dynamics of the Flexible Price Allocation

When prices are fully flexible marginal costs are constant, therefore, up to a log linear
approximation, mcf = 0. Imposing this condition in equation (B.46), we obtain the
following definition for the natural level of output,

(1-7)9
n _ —_——
Y =ae 1+ ¢ Ut (B.49)

This equation corresponds to equation (4.65) in section 3.1. Similarly, using equation
(B.48) we derive the natural interest rate,

e = EAyly, + (1 —v)0Av (B.50)
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Notice that both the natural level of output and the natural interest rate depend on the
distortions generated by transactions frictions. Hence, the flexible price allocation is not
efficient. To achieve the efficient allocation we assume similarly to Woodford (2003) that
the Central bank has additional policy instruments that it can use to offset the impact of
transaction frictions on the economy’s flexible price allocation. In particular we assume
that the central bank pays interests on domestic money holdings, i;* and that it taxes
foreign currency holdings, 7/® . Under these assumptions, v; and s will be given by,

vp=w((1—s) (it —d") +s(ig +75)) (B.51)
(no —¥o + log (—iﬁ)h‘l:_ti;g ))
3= i (B.52)
(¥1 —n1)

By setting, iy =%, i =™ and ™™ = % (2 — exp (ng — ¥p)) — 1, it holds that, =0, and
consequently that, v;. When these conditions hold, transaction frictions do not affect the
dynamic equilibrium under flexible prices, thus, the level of output become efficient,

e
Yt = at

This latter equation corresponds to equation (4.69) in section 3.2. By defining
the efficient output gap, as z; = y; — a;, and by using equations (B.47) and (B.51), we
obtain equation (4.71) of section 3.3 . Similarly, by subtracting equations (B.48) and
(B.50) we obtain equation (4.70) of section 3.3.

B.6 The Central bank Loss Function

To obtain the welfare based central bank’s objective function we approximate up to
second-order the domestic household’s utility function, U;

Ue=Eq | Y B [U (Cor) = V(Lo4i)] (B.53)
k=0

This approximation is taken around a deterministic steady-state where there exist a pos-
itive but small level of CS. By choosing this particular steady-state we make explicit the
effects of transaction costs and CS on household’s welfare. Before approximating the
utility function, however, it is useful to write it in terms of domestic output. In doing so
we use equations (B.54) and (B.55), which link consumption and labour to domestic and
foreign output and two additional terms associated to transaction costs and relative price
distortions, T; and A, as follows,

Ce =Y, 77 (¥)"G(Ty) (B.54)
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Yi A
L =
t A

() () o

and Y is defined by equations (4.16), (4.17) and (4.9). Similarly, A; measures the dis-
tortions that relative price dispersion generate on labour usage. This latter variable is

defined as follows,
n -0
A = / PH—t(z) dz (B.57)
0 P;

Under the assumption of log utility and using equations (B.54) and (B.56), U(Ct)
can be written as follows,

(B.55)

where,

UC)=1-y)In(Y2)+yInY - (1 —4)In(1 +47) —yIn (1 + Ty) (B.58)

whereas its log-quadratic approximation is given by,

* 1-—
U(C) = 1=+t - (@ =or (vt T57502) +o (ITel®) (@59

where vy = In (%)’ or = %{% ,and Ay = (%ﬁ%}—:’%) The previous equation
implies that both the level and the volatility of transaction frictions affect negatively

household’s welfare. Furthermore, by noticing that U,C = 1, equation (B.59) can be
written more compactly as follows,

UCy) = (1-7) (yt - -2—5_%;5 (ve + 5)2) +tip+o (||r, e||3) (B.60)

a

where, U = 1—_’_‘;— Next, we write v; in terms of the domestic and the foreign interest rate
and the degree of CS, as follows

v = In(1+14;) + ln(%r(ét))) (B.61)

Since only second-order terms of v; affect welfare it is sufficient to consider a first-order
approximation of v; to obtain an accurate measure of welfare associated to transaction
frictions. The log-linear approximation of v, is given by,

vp = i — 8 (4t -i;)+o(||r,eu2) (B.62)

simplifying this expression we obtain,

vt = (1 — 8)ig + sif + 0 (||T,e||2) (B.63)
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Alternative, we can write equation (B.59) in terms of the domestic and foreign interest
rate by eliminated those terms in equation (B.60) that are independent of policy, as follows

UC) = (1-9)(yt—ox(l—s)it)
1—o0r

(1= 7)(1 - s)or [( ) (- o)+ (o) s

ttip+o (||r, e||3)

On the other hand, the second-order approximation of v(L;) is given by,
Y, —
o(le) = o(Ag) =T +0a (B —1)+7y (Y- V) + 04 (4 - 1)

1
+= [ﬁyy (Yt - ?)2 +Tan (A — 1)2 +Taa (A — 1)2] +

2
+Tya (Y = Y) (Ae = 1) +Tya (Y = Y) (Ae - 1)
174 (A= 1) (4= 1) + o (Il (B.64)
Where A; can be written in terms of domestic inflation as follows,
S I e
At = 0At_1H§,—’t + (1 - 9) Te’ (B65)
and its second-order approximation is given by:
A~ oA b 1M, 3
By=6R 1+ =52 +o (||e|| ) (B.66)

Under the assumption that the initial relative price distortion is small, this is A_y is of
order o (||e||3) , A¢ would be of order o (||e||2) , thereby cross terms of A; can be eliminated
from equation (B.64). Hence, this latter equation can be written as follows,

-~ —f~ 1~ -
v(Ly) = T+TaA+T,Y (Y; + §yt2) +T4A: +
17 2o =5 .
> [vasz] + T, A Y VA, + tip+o (||s||3) (B.67)
Furthermore, since at the steady-state it holds that ,

the total period ¢ utility flow is given by ,

— 1—
u(Cr) —v(he) = —TyY(1-s)oy ()‘vit + ( UT) (1—8)i2+ (1 —or) siti:)
¥ (L) FR e A TR
w7 (50+ o) 7+ 255+ 2474, (B.69)
+tip+o (||e||3) (B.70)
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By defining the following new set of parameters:

Uy = (14 ¢) (B.71)
uys = 24 (B.72)
y
TA
- — B.73
e (B.73)

The utility function of the representative agent up to a second-order can be written as
follows:

— 1-
u(Ct) —v(ht) = -TyY (1—3s)or (Avit + ( 5 ) (1-s)i2+(1- ar)wsztzt>
—v(l o A VA ; 3
—TyY §uyth +uaAr+uyaYiA; ) +tip+ o el (B.74)

By iterating forward equation (B.65) we obtain:

t=00
N H t
BtAL = gt —== B.75
2 FBe= (1—ﬂ9)z (B.75)
Using this latter equation to eliminate gt, we obtain the following equation,
t=o0 R
—oyY Z Jii (+ uy Y2 + up 5 + uAnAt) (B.76)
t=0

t=0c0
- 1—
—TyYwor (1 —s) Z B (/\v’it + ( 20T) w(l — 8)iZ + (1 - o) wsitit*)

t=0
Where,
Uy = (14 ¢) (B.77)
ua =1 (B.78)
Upa = —(1+¢) (B.79)
we have that: 9 0
U = d d 2 (B.80)

T-0)(1-p88) @1-6)(1-08) A

Completing the quadratic form on output and productivity, we have that, :

1 = ~~ 1 -~ - '
sun ¥+ uatide = 5 (1 +9) (¥ - 204, + &7) ) (B.81)
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by defining the output gap, as: z; = 171 — }”\;e, where i/\'te represent the efficient level of
output, the welfare based lost function for a central bank in an economy with currency
substitution is given by:

t=00

_ T v t((1+0)A o '
55 VY tgg B ( —8 + T (B.82)
by t=00
—2—€-Vh?0"rw (1-5s) Z B[22t + (1 — ox) w(l = 8)i? + 2 (1 ~ o) wsiziy
t=0
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C APPENDIXES OF CHAPTER 5

C.1 The Steady-State

The steady-state is determined by the following set of equations,

(e —1) P(z)*P°X (E = - )) +7,P(z) =0 (C.1)
Y="h (C2)

P= [ /0 1 P(2)'¢d (z)] = (C.3)

h= / 1 0'h(i)di (C.4)

4 / Wi (C5)

Ve =¥.P(2) " P°X (C.6)

% ¢ (C.7)

Using equation (C.6) to simplify equation (C.1) , we obtain the following condition for
the optimal price level,
eW —(e—1)P(2)+7.P(z) =0 (C.8)
from this equation we obtain,
€

PO(Z) = mw (Cg)

To guarantee that P*(z) is a maximum, it must hold that gzp—‘g% (P*(2)) < 0.
Taking a derivative respect to P (z) of equation (C.1) we obtain the following second order
condition for the optimal price,

0%T1(2)

— P —e-lpey _ P —e—2 pe
3P (2) =(€—-1)eP(z) 1P X —e(1+e) WP(2) " 2PX <0

simplifying the previous condition, we obtain,

8211(2)

P 0)? =(-1)-(1+e)WP(2)"' <0
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after plugging in the optimal price, given by equation (C.9), we obtain the fol-
lowing upper bound for 7,,

0°TI(2) 1) (1+e)(e-1-7,) <

L = 0
P (2) e

By simplifying the previous condition, this upper bound is determined by,

~ _(e-1)
Tz < (1+¢)

<1

Additionally we assume that the government uses a subsidy specific to each
industry to eliminate the monopolistic distortion, hence, the equilibrium at the steady-

state become efficient.

Po(z) = %W = W

Therefore,

ol ¥
I

Also, from the aggregate demand condition,

X=Y -4«

We normalize, Y = C =1,then X =1 — vy and C* = §¢ — 4*

C.2 Proof of Propositions

Proof. Proposition 5.2.1 The optimal degree of financial dollarisation of agent i, 7, is
given by the following condition,

; v\ (Etft41) ( ( ’Yi)) EiDt16t41
o (1= B | (0 (12 2)) EPraben
7 ( Cl) UiEtft2+1 : c UiEtfg.H

1 VP L -
+Et§t2+1 (./0 PCt Ee((Per1(2) = Pre1) i) d(z))

The budget constraint of a typical household is given by,

Xi — Mtz (1+ ig )_ (]
t+1 —Pt+1 'st+1 Y41

where,
' Pa(2)

td(z

i _
Y+1 =
0
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We take a second order approximation of the previous two equations around the deter-
ministic steady-state

i M M (P —-P) M (Piy1 — P)
Xip—X = U€t+1 - P 775 P

%’g_ (%:f)z_/ol P(P)”Yz [Pt+1(;)(;) P(Z)} d(2)
/ P(Z’de()[PHl ] / P(Z'de()[Pt+1 P]

/ P(): [Pt+1(;)(z—)P(z)] [PH; -F ] (2) +0 (llgoel’)

We denote by 7t = ﬁ%— hence the previous condition can be written as follows,

fyi , . ~ . ~ o,
(1 - 57) Zip = 0641 — D1 — 01Dt +P%+1 (C.10)

IP 2 i N N
N (s (2) - Ber) dl2) - b

0
o P(2)7; 3
+pt+1/0 PC,th+1( 2)d(z) + O (II&, oell )
On the other hand, the utility function up to second order approximation is given by,
. . . . o,
BU (Cia — i) = Be [ (811 — 2351 | + 0 (e, o)

Then, the optimal portfolio allocation can be obtained by maximizing the previous utility
function respecto to n*, hence we have the following first order condition,

BU( t+l) ] 6.”12'\:;_{_1 653%-4—1/\'
g fo (5 o)

From equation (C.10), we can easily obtain that,

0Tt (€eg1 — E41Pes1)

)
a$t+1? _ §t+1
anz t+1 (1_-2%)
(W61 = Prrr = Jo R (s () — Pin) (=)

(1-%)
O (llessoell®)
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hence, we obtain,

3zt+m (n"ﬁfﬂ — Pe+16t+1 — Jo %7‘ (P+1(2) — ﬁt+1)§t+1d(z))'
Tpt Lt+l T i\ 2
’ (1-%)
0 (I, oell’)
0 = o1 —&a1bra1)

(1-%)

(77i§t2+1 — Per1berr — Jy P1(32~7 (Pe+1(2) — ﬁt+1)§t+1d(z))

i\ 2
(1-%)

Simplifying the previous expression we obtain,

4

0 = (1——) (Etbtv1 — Eebey1Dt41) —

g; (ﬂiEt§t2+1 ~ Eipr1ét1 —/0 P}(ch)':/z E¢ ((Pe+1(2) — De+1) €e+1) d(z))

hence, the optimal portfolio decision is given by,

N o= (1 )(Et§t+1 Et{t+1Dt+1)
Ct oiEélyy

_Et§t+1 o (Etpt+1§t+1 + i PI(D?JZ E; ((Pe41(2) = Pey1) E441) d(z))

Alternatively we can write the previous expression as follows,

N = (1 — i) (Et€er1) + ( (1 _ ___)) Epri16t+1
Ct) oiEl, Ct oiE2,

1 YP@E)Y e -
"B, (/o por (e (e) =) o) d(z))

O

Proof. Proposition 5.2.2A particular firm will choose to set prices in a foreign currency
if and only if the following conditions holds,

0< -7, [COU (bt+17t41) — % (Varéss1 + 2Ei€i41 (Béeyr — Etpt+l))]

-3 [eCov (§441Pt41) + Cov€y1wig1)

v + 2F, E - F
+(e—-1) (Cov§t+1wt+1 - (Vargi tg”;( §e+1 tPt+1)))
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Proof. Thus, the profit function of this typical firm can be written as follows,

Eth+1 (Z) = Et

t4+1

(Py(2) — Wiy1) ((I;;(z))_e Xep1 + ’)’z)

(C.11)

the corresponding second order quadratic Taylor expansion of the previous equation is

given by,

- g
EIL 4 (Z) = (P(Z) - W)P(z) *PEXE; <€ [pt+1 + Epfﬂ] + x¢41 +
1

-WP(2)"*P*XE; (Ept+1wt+1 + W1 T4 + Wep1 + 5

P(z)'*P*XE, ((1 —¢) [Pt(z) +1 ; EPt(z)z])
P(2)1*P*XEy (1 - €) P.(2) (epts1 + 2141))
—~WP(z)"*P*XE, (—z—: [Pt(z) n %spt(zf]) +
WP(2)"*P* X EePy(2) (We41 + €pe41 + Te41)

1 1
PG ((s) + 3R ) — 1 WE (s + Juda

14
5Tt+1 + ETt4+1Dt+1

“’t2+1) +

a

Lets now compare the value of expected profits when the firm sets price in dollars.
The steady-state is the same, the only difference is that we replace, p:(z) by p;(z) and
e:. Thus a second order approximation of the profits function under dollar price setting
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is given by,

- _ € 1
Eth+1 (Z) = (P(Z) - W)(P(z) 5P5X) Et <E [pt+1 + Epf_‘_l] + x4 + —.’17%_',1 + E.’L’t+1pt+1)

then, we have

2

_ 1
—WP(z) ‘P*XE; (3Pt+1wt+1 + We1Te41 + Wep1 + '2.wt2+1) +

P(z)'*P°XE, ((1 —€) [Pt*(z) + 12;€Pt*(z)2]>
P(2)'"*P°XE; (1 - €) P} (2) (epe+1 + Te41)
~WP(z)~P*XE, [—5 [Pt*(z) + %EPt*(z)ZH
WP(2) ¢ P X Ee P (2) (we41 + €pt41 + Te41)
P(z)'°P°XE, ((1 —€) [§t+1 +1 g 5§t2+1D
P(2)'*P°XE; (1 — €) €41 (ePt41 + Te41)
—WP(2)"*P*XE, [-—e [gm + szgtﬂl“ +

W P(z)~° P°X Eretry1 (Wes1 + epre1 + Top1)

1 . 1.
Y2 P (2) Ex (€t+1 + §§t2+1 + Pl (z) + §Pt (Z)Z) — W Eqwi 1

Edliyy (2) — Eelleys (2) >0

The previous condition can be written as follows,

P(z)'"*P*XE; ((1 —¢) [ém +

1-—
2

E£t2+l} + (1 —€) &1 (EPtr1 + ﬂct+1))

_ —€
-WP(z)*P*XE; [—5 [§t+1 + —2-ft2+1] — e€t1 (Wep1 + EPt1 + l't+1):| +

P(2)'*P*XE, ((1 —€) [Pt*(z) — Py(2) + 1——;—6 (Pt*(z)2 - Ptz(z))])
+P(2)! P XE, (1 —€) (P} (2) = Pi(2)) (ept41 + Te41)
WP P XE e [Pr() - )+ S (B - B ||
+WP(2) P X Ese (P} (2) — Pi(2)) (w41 + €pey1 + Te41)

Y2 P (2) Eq <5t+1 + %€?+1 + P (2) — Pi(2) + %‘ (P} (2)? - Ptz(z))) >0
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Rearranging the previous expression in a more convenient way, we have,
0< [(1—€)P(2)'"*P°X + eWP(2) *P*X + 7,P (2)] Ee€t41+
[(1 —€) P(2)!"°P°X + eWP(2)°P°X] E; (€441 (ept41 + Te41)) +
-g [(1— &) P(2)"°P°X + eWP(2)*P°X] B2, +

2
[(1 - £) P(2)'*PEX +7.P ()] 255 4 W P(2)*P* X Byuanwen
(1 — &) P(2)!"P°X + eWP(2) *P*X + v, P (2)) (P} (2) — Pi(2))
+((1 =€) P(2)' "6 PEX + eWP(2) *P*X + v, P (2)) E; (P} (2) — Pi(2)) (ept+1 + Te41)
EWP(Z)_EPEXEt (Pt*(z) - Pt(Z)) W41
~2 [(1 - &) P(2)'"P*X + eWP(2)“P*X] (P ()" - PX(2))

P!(2)’ - P(2))
2

From the first order condition of the firm, we have that,

(1 — &) P(2)1"°PEX + eWP(2)"*P*X = —v,P(2)

[(1-¢)P(2)!"°P°X + v, P (2)] (

and also, we know that, up to log-linear approximation, P}(z) = Py(z) — E£t+1 thus the
previous condition becomes.

0 < =7 P(2)Etft+1 (€pt+1 + Te41)
+[(1+¢€) P(2)y, + (1 —€) P(2)!~°P°X]

+EWP(Z)—6P6XEt€t+1’wt+1

+7.P(2)Ett+1 (eEtprs1 + Erzey1) +
* 2 2
[(1+¢€) P(2)7: + (1 — €) P(2)'~*P°X] (Pf(2) 2_ P(z)

—sWP(z)—EPEXEtftHEtth

Eyt},,
2

Further simplifying the previous condition we obtain,

0 < —7,P(2) [eCov (§+1Pt+1) + Cov (§441Tt41)]
+[(e+1) P(2)7s + (1 — &) P(z) e pex] Yot

2
+eWP(2) ¢ P X Coviy1wis1
+ [+ 1) P(2)7: + (1 — €) P(2)' " P°X] Es€ii1 (E€es1 — Exprar)

Thus, when «y, = 0, the firms choose to set prices in dollars only if the correlation
between the nominal exchange rate and real wages is high enough,

Varéiy1 + 2E, Efiir — E
COU§t+1wt+1 > gt-l-l tEH—; ( €t+1 tpt+1)
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In the general case we have that,
0< [—%P(z)P(z)”EPEX] [eCov (&+1pt+1) + Cov (§s41Tt+1)]
E -~ b E
+35 [Y.P(2)P(2)°P°X] (Var&s1 + 2Eibiy1 (B€41 — Etpes1)) +

(1-¢€)P(2)!°P°X (Varée + 2Et€t+; (E€t+1 — Eiprs1))

+eWP(2) ¢ P X Covir1wis1
.Therefore, we can further simplify the previous expression,
0 < [-7:P(2)] [eCov (§t4+1Pt+1) + Cov (§e+12t41)] +
%sz (2) (Varée1 + 2E&e41 (B — Eipeta))

—(e-1) P(2) (Var§ia + 2Et€t+; (E€t41 — Etpey1))

+eP(2)Covéer1wetr
since,
P@) = (e~ 1-T)W
we have that,

0 < [-7.P(2)] [eCov (€t+1Pt+1) + Cov (€t+1Tt41)]
+% [7P(2)] (Varéis1 + 2E€+1 (E€t+1 — Epry1))

—(e-1)P(2) (Varéis1 + 2Et§t+; (E€t+1 — Etpry1))
+CO’U€t+1’wt+1P(Z) (6 -1- ﬁz)

We can further eliminate, P(z), hence we obtain,

0 < [-72] [eCov (§441P¢41) + Cov (€t41Tt41))
+§ 2] Varésy1 + 2E€i11 (E&t+1 — Eipi+1))

(Var€ey1 + 2E:t41 (Eét41 — Etpis1))
—(e-1) >
+Cov€t1wey1 (e — 1 —7z)

then we can further simplify

0 < —7; [eCov (&+1Pt+1) + Cov (§t417t41)]
~ €
a3 (Varéis1 + 2Ee+1 (E€e+1 — Eipet1))

(Var&ey1 + 2E:&i4+1 (Eét+1 — Eipie1))
—(e-1) >
+CO’U§¢+1’LU¢+1 (6 -1- ﬁz)
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C.3 The Dynamics of the Economy

Aggregate Demand

In order to obtain the aggregate demand of the economy we add the linear approximated
budget constraint. across agents This strategy allows to characterize the dynamics of
the aggregate demand only up to first order of approximation. However, since we use
the dynamics equilibrium of the economy to obtain the second moments of endogenous
variables, a first order approximation is sufficient to deliver accurate measures of second
moments up to second order approximation. For agent i the first order approximated
budget constraint is given by,

i U 1 .
Tey1 = 7 §t+1 — 7 DPt+1
(-%)" (-&)
1 L P(2)vt

(Be1(2) = Per) d(2) + O (I ell”)  (C.12)

i / PCt
(1-&) %
we define aggregate demand by , ;41 = fol 7 +1d%, then, we obtain,

Tey1 = /1 ——nif—diﬁtﬂ - /1 ;-diﬁt+l
R =

Ct

- /01 (1 _1 %) /01 P,(fc),?; (Pt+1(2) — Pe+1) d(2)di + O (Ilﬁt, 05||2)(C.13)

Lets denote by aggregate degree of financial dollarisation by n = fol Tﬂifdi and
-3

by Ap = fol L diand by pyy1 = fol 1_1 01 P}()zc)‘?; (Pt+1(2) — De+1) d(2)di, therefore,

aggregate demand can be written as:
Ter1 = Née1 — ApDt41 — 41+ O (IIEt, 05"2) (C.14)

Aggregate Supply

We obtain the aggregate supply by combining the optimal price setting decision of indi-
vidual firms and the optimality condition at the labour market. From the optimal price
setting

P (2) = { ki Erwiy1 — k5 (€Ewpe1 + Erxq1),if 2 € T (C.15)
41 — Eibir1 + K Bywery — K2 (EEtpH.l + Et$t+1) otherwise

224



—1_~Z ~Z
where, k%, = s—(i—i/', Ly o K5 = (e_—l_%m and T represent the set of firms
which choose to set prices in domestic currency with mass 1 —wv. Also, from the optimality
condition of labor demand we have that,

Wet1 = P41 (C.16)

By using the previous condition to eliminate real wages from the optimality
condition for price setting we obtain,

_ Eipiy1 — ki Eixi41,if2€ T
Pe1(2) = { §t+1 — Etbev1 + Erpry1 — k5 ErTey1, otherwise (C.17)

then the aggregate price level can be determined by aggregating the individual
price decisions, as follows,

v v
P41 = / (§e+1 — Exéer1 + Eepry1 — w3 EiTe41) d2 +/1 (Eepet1 ~ Kz Erzeyr) dz (C.18)
0

therefore, we obtain,

Pt+1 — Etpiy1 = v (€41 — Eebir1) —TEize (C.19)

where,

=} 7? d
Ce-1-70+e) "

Dynamics Equilibrium
The dynamics equilibrium of this economy is given by the path of the endogenous variables
Pt+1 — Eipry1 and Ty — Fy in terms of (€41 — Et€ir1). To solve this system we start

by taking conditional expectations to the aggregate supply equation, then we obtain,
Eix; 11 = 0, we use this condition into the aggregate demand equation, then we obtain,

Et5t+1 = nEt€t+1 - /\pEtﬁtH - Et<Pt (0-20)

which in turn implies that,

0 = nEii+1 — MpEtbr1 — Erpr (C.21)

since EyDi+1(z) = Etpr+1, we have that E;p; = 0, therefore, we obtain that,

Eipry1 = /\iEtft+1 (C.22)
P
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Using the latter condition, we can write the aggregate demand equation in the
following form,

Tey1 — ExTey1 = 0§41 — Eierr) — Ap (Pt+1 — Eibes1) — Pr1 (C.23)

We use the aggregate supply and the previous condition to solve for the dynamics
equilibrium of this economy,

P41 — Eipey1 = v (€41 — Eebiy1) (C.24)

and
Tir1 — EeZip1 = (0 — Apv) (€e4+1 — Eebis1) — o1 (C.25)

Second Moments of Endogenous Variables

Using the previous conditions it is easy to show that,

Cov(pt41,&t+1) = vVar(§e41) (C.26)

Cov(Ti41,&t+1) = (1 — Apv) Var(€e41) — cov(§e+1, pev1) (C.27)

From the definition of ; we have that,

1 1 i
cov(€e+1, pt) = —/ (1 —111;) _/0 P;“g?’E(ﬁt+1(z) — Dt+1) (€t41 — Eebey1) d(2)di

0
(C.28)

From the definition of py+1(z), we are able to simplify the previous expression as
follows,

1 1 P i
o) = - | i ! y | B d@aicon i, éen)

QR

_ 11 PP o Ve
/0 (1_%"7)  “PC d(z)diVar(§i+1) (C.29)

Since, at the steady-state, P(z) = P,the previous condition can be written as,

cov(§e41,0t) = —_/01(—lj;lyj_—)cTi/OIVid(z)dicov(ﬁ+1,§t+1)
C‘l
_ / 1; / 1 ~yid(2)diVar(Ee1) (C.30)
ook
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Lets define by Ay = fol 1—1,-—0 fol vid(z)di, and by A\,v ~ fol 1—1-—? f.Il. vid(z)di,
—_ rel 2 —_— 1

ok

S,

then we have,
cov(€t+1, pt) = —ApCov(Pe+1,&e+1) — AwvVar(€41) (C.31)

therefore,

Cov(Zet1,€e41) = (1= p = Ap — M) V) Var(€et1) (C.32)

~

we further simplify notation by defining, A = (Ap — Ay — Ay), then we have,

Cov(Ti+1,8t41) = (n - XU) Var(&41) (C.33)
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D APPENDIXES OF CHAPTER 6

D.1 Aggregation

The derivations herein follow Lewbel (1994) closely. To alleviate the notation we drop
the ¢ subscript in this appendix.

Equations (6.11) and (6.12)
Consider equation (6.10),
It =ari_1+c+ u (D.1)

where u; = bS;. Note that ¢ and u; are individual specific and hence depend on a. Since
by assumption S; is a sequence of serially uncorrelated shocks, so is u;.

Let E, be the expectation operator across individuals, E,[z] = [ zdF(a), such
that X; = E[z:], C = Eg[c] and Uy = E,[us]. Aggregation of (D.1) renders

Xt = Ea[a:ct_1] +C + Ut (D2)

Define a random variable a;, a scalar A; = E,[as] and a recursion as41 = (s — As)a
with initial conditiqn a1 = a. Note that for s > 1 the above recursion implies that
as =a®— E;;i a®*" I A,. After taking E, expectations we get equation (6.12) in the main
text, where mg; = E,[a®] is the s-th moment of the distribution of a. Note also that
Ea[asxt—s] = AXi—s+ Eq [(as - As)xt—s]

= AXi-s+ Ea[(as - As)a$t—(s+1)] + Ea[(as - As)c] + Ea[(as - As)ut—s]

= AsXi-s+ E, [as+lxt—(s+1)] + cov(as, ¢) + cov(as, ut—s) (D.-3)
where cov(as, ¢) is the cross-sectional covariance of a; and ¢ which is time-invariant. On

the other side, cov(as, us—s) is the cross-sectional covariance of a5 and u¢—s which is time
dependent, but as this dependency comes from S, it is serially uncorrelated.

Equation (D.3) shows a recursion between E;[aszt—s] and Eglast12:—(s41)]- Af-
ter solving it,

o0 o0 (o ]
Eilazi—1] = Z A X i+ Zcov(aj, c)+ Z cov(a;, ug—j) (D.4)
i=1 =1 =1

Let V; = 322, cov(aj, ut—;) and V = E[V;], where E is the expectation operator over
time. Define also € = C +Z§°=1 cov(e;, €) +V and Uy = Uy+V, — V. Then, after plugging
(D.4) into (D.2) we get equation (6.11) in the main text, X; = >°2; A; X + C + Uy,
where U; is serially uncorrelated.3* The underlying assumptions behind the aggregate

equation (6.11) are thus, that M and V; are both finite or the sequences {cov(aj,0)}52,
and {cov(a;,us—;)}52; are absolute summable.

34 Pesaran (2003) shows that it is heteroscedastic, though.
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Equation (6.14)

Consider now equation (D.1) in first differences
Azy = aAzi_y +ug — ug—1 (D.5)

so that after aggregation, AX; = E,[aAz;_1] + Uy — Us—1. Following the same procedure
leading to equation (D.4),

o0
EolaAze 1) =Y AjAX; j+Vi— Vi (D.6)
j=1

so that AX; can be written as

oo o0
AXy =Y AiAXe j+ U+ Vi) = Up-1+ Vi) = D 40X +Uf (D7)
j=1 i=1

which corresponds to the first-difference version or (6.11). The new aggregate error Utt is
serially correlated and the coefficients are the same as those in (6.11).

Equation (6.13)

All the results derived above go through straightforwardly when S; = R; + ; where ¢, is
iid. Coeflicients a and b and the noise €; are individual specific whereas R; is an aggregate
figure, so X; = Eg[azi—1] + Eq[b| R + Ea[bet]. Equation (D.4) is now

(o9} (o <] o0 [e ¢}
E.lazi—1] = Z A X i+ Zcov(aj, c) + Z cov(ay, b)Re + Z cov(ay,be)  (D.8)
j=1 j=1 j=1 j=1

Call By = E,[b], Bj = cov(e;,b), U, = E;'io W;—; where Wy = E;’il cov(aj, bet). Fur-
ther mechanical manipulation leads to (6.13). The aggregate disturbance U, is serially
correlated.
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D.2 A Brief Note on Fractional Integration

Consider the univariate dynamic model
®(L)(1 - L)?X; = ©(L)m (D.9)

where L is the lag operator, n; ~ iid(O,a,zl) and d is the differencing parameter. When
d = 0, X, is stationary and follows an ARMA process, ®(L)X; = ©(L)n;. Whend =1,
X: has a unit root and hence follows an ARIMA process, ®(L)AX; = ©(L)np:. More
generally, when d takes non-integer values, X; is said to be a fractionally integrated
ARMA (ARFIMA) process. When d € (0, 0.5], the autocovariance function of X; declines
hyperbolically to zero, making X; a stationary long-memory process. For d > 0.5, X; is
non-stationary (has infinite variance).

Granger (1980) has shown that under particular assumptions about F(a) — the
distribution of individual autoregressive coefficients — the aggregation of AR(1) processes
like (6.10) leads to (D.9).3% In our empirical application, we simply imposed d = 1 and
proceeded. If d < 1 truly, then we would have over-differentiated the data, with possible
negative effects in our statistical inference.

Table D1 displays estimates of d and tests Hp : d = 0 and Hp : d = 1. We did not
find enough evidence to reject Hy : d = 1 whereas Hy : d = 0 is systematically rejected.

Table D1. Estimated Fractional Integration Parameter in Dollarization

Ratios
R Ho:d=0 Ho:d=1
d t-stat p-value t-stat p-value
Mexico 0.825 2.376 0.0491 0.505 0.6294
Peru 0.932 3.883 0.0037 0.282 0.7843
Poland 0.955 4.605 0.0025 0.219 ~ 0.8333
Uruguay 0.788 2.485 0.0378 0.667 0.5236

The estimation method is that of Geweke and Porter-Hudak (known as GPH). The asymptotic
standard error of d is 72 /6 which is used to compute the t-statistics and p-values. Both tests
(Ho : d =0 and Hp : d = 1) are two-tailed. See Baillie (1996) for a review of ARFIMA modelling
and for critics to the GPH estimator.

35 See also Baillie (1996) and Zaffaroni (2004).
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D.3 The Distribution of Endowments and Abilities

Our results were derived under the assumption that agents are homogenous in their en-
dowments. In particular, we restricted the analysis to the case where each agent has an
endowment of size one. Here, we show that our results hold for a more general case, one
in which agents have different size of endowments, but where the distribution of abilities
(a) across agents is correlated with that of the endowments. We regard this correlation
as plausible in reality.

Consider equation (6.10). For the sake of argument, set u = 0 so ¢; = 0, define
&+ = b;S;: and assume that aggregate income is equal to one and that there are two
agents in the economy: one with ability a; and income n; and the other with ability as
and income ns =1 — ny. Then,

(1 —aiL)zi = &t

for i = 1,2(D.10) After generating a common lag polynomial for both process we have
that .
(1 —a;L)(1 —ail)zi = (1 — a; L)t

fori = 1,2 and ¢ # j(D.11)The aggregate level of dollar deposits, which coincides
with the aggregate dollarization ratio, is X; = njx1s + noxe:. Aggregate the equations in
(D.3) to get

(1 -a1L)(1 - a2L) X = n1(1 — aoL)&xt + n2(1 — a1 L)z (D.12)
Define §~it = n;€;t for ¢ = 1,2. Then, (D.12) boils down to

X: = (a1 + a2)Xi_1 + a1a0Xs_9 + €1t — ag€re_1 + €t — a1éas1 (D.13)

We have that if S; is an iid sequence, the aggregate dollarization ratio follows an
ARMA(2,1) process. This simple example can be generalizad to the case of N AR(1)
process (hence N ability or endowment levels); in such a case the aggregate dollarization
ratio follows an ARMA(N*, N*—1) process, where N* < N. We can increase the number
of agents involved by simply replicating the individual behaviour for a given ability a an
arbitrary number of times. Therefore, the aggregation results derived in appendix D.1 go
through under the assumption that the distribution of endowments is correlated to that
of the abilities to process information. When N — oo, we get the limiting case exposed
in appendix D.2. These derivations apply straightforwardly to the alternative case where

S;: is not id.
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