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Since 2014 Bolivia's fiscal deficithas increased from 3.4 percentof GDP to 8.1 percentof GDP in 2018, falling
slightly to 7.2 percentof GDP in 2019 before rising again with Covid-19-related fiscal measures. Overthe same
period, the real effective exchange rate appreciated by 34 percent, as the boliviano's peg to the U.S. dollar
entailed substantial appreciation againstBolivia's trading partners, resulting in a moderate overvaluation under
various IMF metrics, and helping to push the external currentaccountdeficitto an average of 4 percentof GDP
in 2015-2019. Atthe same time, international reserves fell from $US 15.1 billion (45.5 % of GDP)in 2014 to
$US 4.7 billion (12.2% of GDP)in mid-August2021. While concerns over declining reserves have been
associated with occasional episodes of depositwithdrawals, particularly during periods of political volatility,
these have been moderate, as administrative guidance and macroprudential measures have limited pressures
on the exchange rate peg.

Under these circumstances, a reduction in the fiscal imbalance can lower debt, sustain reserves, and help to
avoid an eventual disorderly adjustment. The elimination of the fiscal deficit, or its reduction to a lowerlevel, will
reduce the drain on national savings and protectreserves. Conversely, while itmay be possible to continue
funding the fiscal deficit with foreign or private domestic savings, doing so reduces netnational savings and
crowds out private investment.

Along with the fiscal adjustment, a further option would be to move to a floating exchange rate. Shifting froma
peg to a floatcanlessen the drain on international reserves, as the monetary authority is no longer obliged to
sell dollars to resistdepreciation pressures. If the shiftalso leads to a real depreciation, asis typically the case,
the positive effecton the currentaccountwould strengthen the balance of payments. If domestic prices and
wagesdisplay nominal rigidities, as is normally the case, the shiftto a floatdampens the impact of external
shocks and helps smooth consumption. In addition, the shiftto a floatoffers the country the ability to calibrate
monetary policy to its own specific circumstances.

Weighed againstthese positive aspects of a flexible exchange rate, a pegged exchange rate also offers
significantbenefits to a developing economy, particulady one such as Bolivia with a history of hyperinflation.
As a strong and highly visible policy anchor, the exchange rate peg anchors inflationary expectations. The peg
can, atleastin principle, help to discipline fiscal policy. To the extent that the unhedged liabilities of domestic
financial institutions are in dollars, a fixed exchange rate may also increase financial stability, although this
effectcan be reversed if the credibility of the peg comes into question.

What considerations should be paramountin deciding between a fixed and floating regime, orin determining to
move from one to the other? The basicopen economy Mundell-Fleming model provides no specific grounds for
choosing between the two. Based on the jointassumptions of sticky prices, uncovered interest parity, and
perfectsubstitutability of domestic and foreign assets, itimplies that, in response to a negative shock

(e.g., a negative productivity shock), a fiscal stimulus is effective under a fixed exchange rate, whereas
monetary stimulus is ruled outby the requirementto maintain the peg. Underafloat(e.g., with an inflation
target), fiscal policy becomes aless effective demand managementtool, as the positive effectof a fiscal
stimulusis partially dispersed through a currency appreciation. However, as compared with a peg, the
authorities are able to deploy monetary policy to raise output, which will be accompanied by a depreciation.
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Other relative advantages and disadvantages of the regimes, such as stability, credibility, and time consistency,
are notincluded in the model.

Speculative attack models identified with Krugman (1979), Flood and Garber (1984), and others focus on the
sustainability of fixed exchange rate regimes. Unsustainable regimes are likely toimpose high welfare costsif a
speculative attack leads to a disorderly adjustment. Krugmanshows thatunder specific conditions, which
include zero growth and uncovered interest parity, any recurring fiscal deficitwith a fixed regime leads
eventually to a speculative attack and uncontrolled float, as the central bank balance sheetis increasingly
dominated by domestic debt. The model of Flood and Garber, which assumes growth and external inflation,
yields a similarresult, butallows thatthe fiscal deficitmay match seignorage gains of the central bank (or,
equivalently, thatthe gains are transferred to the government). These models are deterministic; the inclusion
of stochastic shocks may increase the likelihood of a speculative attack or disorderly adjustment. Insofaras a
floating exchange rate is not susceptible to such attacks, the risk of disorderly adjustmentshould be countedas
a relative disadvantage of fixed regimes.

In a family of neo-Keynesian models exemplified by Schmitt-Grohé and Uribe (2017), a fixed exchange rate
regime introduces a welfare-reducing inefficiency thatlimits policymakers’ capacity to respond to adverse
shocks. The combination of nominal wagerigidity (which is well-documented across a wide range of
economies)and a fixed exchange rate resultsin involuntary unemploymentin the eventof a negative shock, as
will inevitably occurif shocks have zero mean and nonzero variance. Such shocks could originate from the
terms of trade, world interestrate, asset preferences, ordomestic productivity,among other sources. In
contrast, exchange rate flexibility allows real wages to adjustin response to a shock, permitting the labor
marketto clear,and maintaining full employmentthrough the business cycle.

Some interesting implications for fiscal policy are spelled outin work by Bianchi and Sosa-Padilla (2020), who
note that reserveslevelsin countries with pegged exchange rates average 16 percentof GDP, more than twice
the average rate forfloaters of 7 percentof GDP. This is explained withintheir modelby the need for fixed-rate
countries to maintain large reserves to help smooth consumption in the eventof a negative shock, to
compensate in partfor their inability to sustain employmentvia a real depreciation. It follows that countries with
fixed-rate regimes would need to run higher primary surpluses forsome time in order to build reserves to the
required levels.

To achieve arealistic evaluation of the policy choices facingBolivia, a dynamic stochastic model that
incorporates these price rigidities and credibility factors is needed. The model should provide evaluations of
alternative steady states with either a fixed or floating exchange rate, including assessment of the feasibility,
stability, and welfare implications of the transition paths needed to reach the steady state. Section Ill presentsa
dynamic model fulfilling those criteria, with parameters calibrated to match salientfeatures of the Bolivian
economy.

The analysis of optimal policies is done using a dynamic stochastic general equilibrium model fora small open
economy dependenton commodity exports. Production is characterized by standard upward-sloping Phillips
curves that reflectthe presence of short-term price rigidities. There are two basic goods,a home good and a
foreign good. Demand for output of the home good comes from government consumption, private consumption,
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public and private investment, and exports. Demand for the foreign good comes from domestic private
investmentand consumption.

Production of the home good is by a perfectly competitive firm that sources a continuum of intermediate goods
from monopolistically competitive domestic suppliers. Price stickiness in the goods marketcomes from Calvo
price adjustmentforintermediate goods. Similarly, wage stickiness arises from an ex-ante wage bargaining
arrangementconducted by unions, which can resultin underemployment.

The governmentreceives income from taxes on consumption, labor, and capital, from commodity revenues,
and from the quasi-fiscal balance from the central bank (i.e. seignorage). Governmentexpenditures consist of
transfers to households, publicinvestment, governmentconsumption, and interest payments on government
debt. The governmenthas access to the financial market, where the central bank and the private sector buy
publicdebt.

The modelincorporates several neo-Keynesian features thatenable transmission of fiscal policy inputs to the
real economy. First, nominal price and wage rigidities enable aggregate demand to drive outputand
employment(because workers are notnecessarily able to work as much as they wantat the prevailing wage).
Second, there are Ricardian and non-Ricardian "hand-to-mouth" households. Third, the structure of the labor
marketlimits the income effect of taxes. And fourth, there are adjustmentcosts of investment. This lastfeature
limits the degree to which governmentspending crowds out private investmenton impact. Overall, the fiscal
multiplierin the model averages 0.4 for expenditure increases.

The balance sheetof the central bank characterizes the monetary sector. The central bank holds government
bonds and foreign reserves on the assetside of its balance sheetand monetary aggregates on the liability side.
The central bank transfers quasi-fiscal (or seignorage) revenues to the central government. In the central bank
flow of funds, the quasi-fiscal revenues accrue from differences betweenthe rates on return of assets and
liabilities.

On the external side, the model diverges from uncovered interest parity with the inclusion of a financial
accelerator-style wedge between domestic and foreigninterestrates, the size of which variesinversely with
Bolivia’s netforeign assetposition. Consequently, foreign and domestic bonds are imperfect substitutes, and
sterilized intervention is effective.

The monetary authority can follow different strategies affecting the balance sheetof the central bank and the
response of the economy to different macroeconomic shocks. For example,ifitpegsthe exchange rate, the
central bank will intervene in the currency market, buying and selling foreign reserves and adjusting the money
supply accordingly. However, if ittargets the inflation rate, foreign reserves remain unchanged, and the central
bank supplies money to keep the nominal interestrate equal to the policy rate.

The model structure is presented in detail in Appendix .
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The modelis calibrated for Bolivia using the pasttwenty years of Bolivian macroeconomic data to capture the
main structural parameters of the economy. The initial state of the model, calculated to reflect Bolivia's situation
atthe end of 2019, incorporates an external deficitof 5 percentof GDP, a fiscal deficitof 7 percentof GDP,
outputgrowth of 3 percent, potential outputgrowth of 3.8 percent, an inflation rate of 1.8 percent, and foreign
reserves at 25 percentof GDP. The central bank pegs the exchange rate to the US dollarwith a target
devaluation rate of zero percent.

To facilitate policy comparisons, two steady states are obtained - one with a fixed exchange rate and the other
with a floating exchange rate and inflation target. The two steady states share the same basicratios, such as
the currentaccountto GDP, the real exchange rate, and the share of debtin GDP. However, in the second (IT)
steady state, the inflation rate is 2 percenthigher. Other nominal variables such as the nominal devaluation rate
and the nominal interestrate are adjusted to reflectthis difference.

FIX IT IT Alternative
Inflation Target 2.0% 4.0% 4.0%
Nominal devaluation 0.0% 0.0% 0.0%
Nominal Interest Rate 5.1% 7.1% 7.1%
Foreign Inflation 2.0% 2.0% 2.0%
Central Bank
Money / GDP 25.0% 25.0% 21.4%
Foreign Reserves / GDP 21.0% 21.0% 17.4%
Central Government
Long run Government Debt / GDP 40.0% 40.0% 40.0%
Quasifiscal gain / GDP 1.2% 1.7% 1.4%
Government Expenditure / GDP 14.0% 14.4% 14.2%
Government Investment / GDP 10.0% 10.0% 10.0%
Long run sustainable primary deficit / GDP -1.5% -1.9% -1.7%
External Sector
NFA / GDP 15.1% 15.1% 15.1%
Private external debt / GDP 5.9% 5.9% 2.3%
Foreign Reserves / GDP 21.0% 21.0% 17.4%
NX / GDP 0.1% 0.1% 0.1%
CA / GDP 0.8% 0.8% 0.8%
National Accounts
Private Consumption / GDP 66.9% 66.9% 66.9%
Private Investment / GDP 8.0% 8.0% 8.0%

Underinflation targeting, which is assumed to allow a rate of inflation two percenthigher than the average
inflation rate underthe peg, the quasi-fiscal balance (i.e., seignorage gain)is larger, allowingthe non-
seignorage primary deficitto be somewhatwider. However, because itabstracts from stochastic shocks, this
comparison between fixed and floating steady states leaves outimportantfactors, including the greater need
under a pegged regime for self-insurancein the form of higherreserves, as analyzed in Sosa and Padilla.
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In addition, it does notreflectthe benefits of monetary policy autonomy if business cycles are notfully
synchronized.

Consequently, a directcomparison between the fixed and floating steady states shows limited differences (see
table)in key variables. While the sustainable primary fiscal deficitin the floating steady state is 0.5 percentof
GDP largerthan with the fix, many other quantities are identical. The debt-to-GDP ratio remains unchanged,
but governmentexpenditure is higher by 0.5 percentof GDP. This difference shrinks butdoes notdisappear
under the assumption thatmoney demand becomes more inflation-elastic under IT (alternative steady state in
the table). However, as indicated above, if values were computed in a stochastic steady state setting, 'itis
expected that there would be greater differences between the fiscal balances in the fixed and floating steady
states, given the greater need to self-insure in the case of a fixed exchange rate.

As Boliviais farfrom a sustainable steady state — whether with a fixor a float—the question of how to transition
from the currentjuncture to long-run sustainability, identified here with the steady state, becomes a central
concern, potentially determining policy over several years. To identify an optimal path, an objective function for
the policymakerisintroduced thatincorporates the household utility function aggregated over the two types of
households (Ricardianand non-Ricardian), an adjustment cost of altering tax policy, and a term that penalizes
the policymaker for divergences from the steady state public debt stock (this helps to ensure thatpolicymakers
do notbehave in a non-credible fashion, such as by running a large deficitin the initial period while promising
to tighten policy sharply in subsequentperiods).

max UGB =UCyNymy) + w; (BY — BY) +a, (Tr, — TF)?
{policy variables}
The modelincorporates stochastic shocks over the transition path. In this version of the model policymakers
are able to credibly committo a trajectory for the exchange rate regime and other control variables. Private
sector expectations correspond to the authorities' policy commitment. Although the policymakeris trying to
maximize expected utility and the period utility function is concave, the factthat the model islinearized entails
that solution paths are certainty-equivalent.

Subjectto the ex-ante determination of either a fixed or floating exchange rate in the steady state, the
policymaker selects the optimal trajectory for expenditure and thus the trajectory for the fiscal deficit. If the
transitionisto afloating exchange rate, the central bank shiftsimmediately to an inflation target corresponding
to the inflation rate in the floating steady state (4 percent), and refrains from intervening in the foreign exchange
market. If the transitionisto a peg, the nominalexchange rate eitherremains fixed or depreciates ata steady
2 percent. Domesticinterestrates, which affectboth demand and capital flows, are adjusted following a
standard Taylorrule, with reserves meeting any financing gap in the balance of payments.

' This possibility is ruled out by the calibration strategy employed in finding the steady state.

2 This term approximates the effect of requiring a time consistent policy trajectory on the part of the policymaker. Under certain
conditions, full time consistency can be imposed by requiring the policymaker in the initial period to incorporate as constraints
his or her own first-order conditions in subsequent periods. However, the presentmodeling framework does notpermit this.
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Optimal paths for fiscal policy are obtained in each case. As shown in Figure 1, the optimal fiscal deficitunder
inflation targeting is wider than under the peg, with the difference attributable mainly to the larger quasi-fiscal
balance associated with the higherrate of inflation. However, underthe IT regime consumers also enjoy a
higheraverage level of utility than they do underthe pegged regime, due to the advantage of a flexible
exchange rate in absorbing external shocks, as there is less underemploymentand a smallerdecline in
consumption in the eventof a negative shock.

Figure 1. Transition Paths
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Underinflation targeting, the currency undergoes an 11 percentnominal depreciation and 6 percentreal
depreciation on impact, with a cumulative nominal depreciation of 21 percentand real depreciation of

10 percentafterfive years. Inflation rises to 7 percentin the firstyear of inflation targeting, then converges
quickly to the 4 percenttargetas interestrates are increased underIT. There is of course no changein the
nominal exchange rate under the peg, while the real exchange rate depreciates modestly with a decline in
domesticinflation below its 2 percent steady state level. Withoutthe possibility of achieving relative price
adjustmentthrough a movementin the nominal exchange rate, the economy adjusts through domestic
disinflation, with adverse impacts on GDP and domestic welfare due to nominal rigidities.

Overall, the weightplaced on publicdebt, w4, makes alarge difference to the fiscal consolidation path under
eithermonetaryregime. If the weighton public debtis high, raising the cost of maintaining debtabove the
target level, the fiscal balance reaches the steady state level after three years under IT and afterfourunderthe
peg. Conversely, when the weighton public debtislow, the foreign reserveslevel declines rapidly underthe
peg. Thisscenario corresponds to a case where the government’'s commitmentto an announced fiscal reform
trajectory s likely to be questioned, and is unlikely to be time consistentor credible.
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The higherthe weighton public debt, the more likely itis that the optimal policy path will be self-reinforcing and,
as a result, fully credible to private agents. However, even in this case, the commitmentto the chosen
exchange rate regime is assumed to be fully credible, ruling out ex ante the possibility of switching regimes
under pressure.

The preceding considerations suggestthata crucial difference between a fixed and a floating/inflation-targeting
exchange rate regime lies in the implications for fiscal policy. Inthe hypothetical steady state, these are limited
to the seignorage, or quasi-fiscal, gains associated with the higher average inflation rate in the IT regime.
However, the inclusion of stochastic shocks in the transition path to the steady state introduces an additional
elementthatworksin favor of the floating rate, as the combination of a fixed exchange rate with labor market
rigidity implies a lower rate of employmentin the eventof a negative shock, and thus a greater need for
countercyclical fiscal supportto households. In addition, the ability of a floating rate to accommodate the
monetary policy adjustments needed to address the domestic business cycle is reflected in the model. As a
result, in the pegged regime there is a need to adhere to a more conservative fiscal policy to provide fiscal
space for future countercyclical expenditure. It also follows from the capacity of the floating/IT regime to
accommodate shocks that, as the variance of such shocks increases, the relative advantage of the floatover
the currency pegrises.

To presenta more realistic range of policy option, the model needs to accommodate the possibility of achange
in the exchange rate regime, either expected or unexpected, atsome pointafter the initial period. If private
agents are aware that the regime will change in the future, they will adjusttheir behavior to reflect this
expectation. The exercise demonstrates the feasibility of an announced future shiftaway from a pegged
exchange rateS.

In the case in which the transition is expected, the authorities announce the eventual adoption of an inflation
targeting regime and indicate when the transition will take place. All agents know the transition date. The
authorities adoptan optimal fiscal path. Atthe crossover point(three years after the initial period in the model),
the exchange rate floats, and the monetary authority switches to targeting a four percentinflation rate. In the
case of an unexpected transition, private agents do nottake into accountthe possibility thatthe authorities may
switch to an inflation target.

® Appendix 2 describes the solution method.
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Figure 2. Expected Transition to IT Regime
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Figure 3. Unexpected Transition to IT Regime
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In either case, the policy path is optimal in the sense that the social planner (or the authorities) maximizes the
intertemporal objective function and proceeds to execute the indicated policies. In the case of an expected
transition, itis assumed thatfull commitmentis possible, so that private sector agents know the policy trajectory
and expectit to be implemented, even if atsome pointalong the way there is an incentive forthe plannerto
diverge from it. Under these conditions, the transition takes place smoothly with a steady reduction in the fiscal
deficit,and a gradual depreciation of the currency once the transition to the IT regime takes place. This
trajectory yields a level of intertemporal welfare, comparable to, though slightly below, thatresulting from
immediate adoption.

Although the scenarios considered so far are stochastic, they have not extended to the relative responses of
pegged and IT regimesto large, persistentnegative external shocks, orto sudden changesin the preferences
of domesticinvestors. Acommon shock, seen in “risk-off” scenarios in emerging markets, is an adverse shiftin
asset preferences, prompting investors to demand a higher risk premium to hold domestic assets (e.g., the
shock that afflicted many emerging markets in the “tapertantrum” of 2013). Within the model, thisresultsin a
higherinterestrate charged to Bolivians borrowing in dollars, and, through the imperfect substitution between
domesticand foreign assets, a higherdomesticinterestrate. If the shockis large, the effectis similartoa
sudden stop. As implemented in the model, this preference shifttakes the form of a one-off increase in Qy, the
coefficienton debtin the interestrate specification, which effectively increases the interestrate that investors
charge to hold domestic assets.*

Figure 4. Response to One-off Increase in Qu
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* Equation 4 in Appendix 1.
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A sudden shiftin asset preferences may also arise as a result of loss of confidence on the partof domestic
agents. This mightoccurif private agents come to doubtthe authorities’ commitmentto a fiscal or exchange
rate target. Such doubts, as noted above, are more likely if the authorities’ announced plans for bringing the
economy to a sustainable steady state equilibrium depend on a sequence of increasingly difficult policy
adjustments. Agents may doubtthe willingness of the authorities to follow through on a plan thatwill become
more painful overtime. Plans thatare notcredible, in the sense of not being time consistent, maylead to a loss
of confidence and depositor capital flight. Such shifts can occur quite quickly.

Undereitherthe peg orIT regime, a large unexpected risk-off shock forces a sudden switch in the current
account, from a 5 percentof GDP deficitto a surplus of 5 percentof GDP, in just two periods. However, under
the pegged regime (even allowing for a two percentnominal devaluation) there is a sudden large loss of
reserves and increase in the real interestrate as the monetary authorities struggle to maintain the designated
exchange rate againstdepreciation pressure. Prices adjustdownward under the peg, butdue to price
stickiness, unemploymentincreases. In contrast, underinflation targeting, the nominal exchange rate
depreciates 19 percenton impact, and another 5 percentin the following period. Domestic prices rise in local
currency terms but decline in dollarterms. The loss in output and employmentis significantly less than with the
peg. The differential response to a sudden unexpected shock highlights the advantages of exchange rate
flexibility in response to shocks to investor preferences.

The risk-off shock scenario illustrates the pressures on prices, employment, reserves, and outputthat may
become too greatto bearunder continued adherence to a fixed exchange rate regime after a large shock.
Underthisinterpretation, it shows circumstances underwhich the authorities may determine thatthey have little
choice butto switch to a floating exchangerate. Future iterations of the model will expand on this approach, in
order to quantify the risk of a disorderly adjustmentduring the transition to a steady state, or even while in the
steady state.

The model points to a cumulative real depreciation of 10 percentto bring Bolivia into a sustainable equilibrium,
corresponding to the change between the initial conjuncture and the steady state. The adjustmentis the same
whether Bolivia adopts inflation targeting or a fixed exchangerate regime; the difference is in the speed of
convergence. However, this degree of adjustmentis smaller than the real exchange rate appreciation of

34 percentthat Bolivia has experienced overthe past7 years, and is also of a lower order of magnitude than
whatis suggested by some other models. Some of the discrepancy between the real exchange rate
depreciation shown in the model and the larger depreciations indicated elsewhere is attributable to the large
fiscal adjustmentimplemented to reach the steady state in the model.? Assumptions aboutchangesin other
parameters may also explain partof the discrepancy. To the extentthat alternative models presuppose, either
explicitly orimplicitly, an immediate shutdown of foreign financing, the situation may be better comparedto the
20 percentreal exchange rate depreciation realized on impactin the omega shock scenario, in which the risk
premiumon Bolivian assetsrises suddenly.

°See IMF (2021)
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It is not possible foratheoretical model to incorporate every aspect of the complextransition fromafixedto a
floating exchange rate regime, and credibility factors are often difficultto model. The framework employed in
the presentstudy recognizes these factorsin the attribution of rational expectations to private agentsin the
model, in the restriction that fiscal policies be optimal given the exchange rate regime, and in the inclusion of a
penalty for divergence from the steady-state debtlevel in the policymaker’s objective function (which tends to
force the policymaker towards a time consistent path with respectto private expectations). However, the time
consistency requirementdoes notextend to the selection of an exchange rate regime, anditmay be the case
undera pegged regime thatthe social plannerwould be better off switching to inflation targeting. In addition,
by imposing a first-order linear approximation of the economy’s response to stochastic shocks, the model rules
out some disorderly adjustmentscenarios that mightobtain in response to a series of negative shocks. The
risk-off scenario approximates the impactof a shock strong enough to prompta disorderly adjustment.

In general, individual country experience with transition demonstrates the importance of guiding expectations
and maintaining a strong and credible fiscal trajectory, both of which are features of regime transitions in the
model. Anumber of countries, including Chile (1984-99), Israel (1995-2005), Poland (1990-2000), and Russia
(2005-14), have successfully managed transitions to greater exchange rate flexibility while avoidingdisorderly
marketadjustments. Other countries, including Brazil (1999), the Czech Republic (1997), Turkey (2001),and
Uruguay (2002), experienced more stressful transitions, although in the cases of Brazil and the Czech
Repubilic, large outputlosses were avoided, and the transitions were ultimately effective. The successful cases
typically took place under fairly tranquil market conditions with adequate reserve coverage, and involved careful
communication from the authorities and parallel development of complementary institutions such as derivatives
markets. Most were implemented gradually, often with a one-time step devaluation, followed by a sliding peg,
and then awidening of a currency trading band. In the case of Bolivia, many of these factors are in place,
notably a relatively benign external environment, and some institutions, such as a foreign currency auction
mechanism thatcould be further developed in tandem with the regime shifts. Reserve coverageislow,in
contrast with the successful cases, and the fiscal deficitis large, butan up-frontshiftin fiscal policy together
with an increase of availablefinancing frominternational financial institutions may serve to make up this gap.

In future versions of the model, credibility issues may be accommodated more fully by introducing a
requirementof time consistency between exchange rate regimes, and by doing second-order linearization of
the model. Nominal money demand in the model is assumedto be relatively inelastic with respectto inflation;
a stronger negative correlation between the two would yield a lower quasi-fiscal gain from the ITregime. An
additional area for exploration is that, whereas the model assumes free capital flows, Bolivia's capital account,
like those of many otheremerging markets, mightbestbe characterized as possessing some informal limits
and aspects of moral suasion to discourage large outflows.
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The small country open economy DSGE model developed in this paper provides a detailed elucidation of the
tradeoffs and differences entailed in the choice between a fixed and floating/IT exchange rate regime in Bolivia.
Incorporating many, although notall, of the conditions that could provoke a loss of credibility and/or speculative
attack under a fixed exchange rate, the model generates stable transition paths to a steady state under eithera
fixed orfloating exchange rate regime.

If fiscal policy is time consistentand optimized for the chosen exchange rate path, the transition will be viewed
as credible by market participants. There are welfare benefits from adopting a floating regime. However, these
welfare gains are relatively modest, leaving continued adherence to a fixed exchange rate as a plausible policy
alternative, albeitone thatrequires alarger fiscal adjustmentand a higher path for the fiscal balance. In a risk-
off scenario thatreplicates some of the conditions of the 2013 emerging market “taper tantrum,” the relative
welfare advantage from exchange rate flexibility increases significantly.
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The model described in this Appendix incorporates features from the canonical Pillar IV DSGE macroeconomic
model of the financial programming initiative of the 2.0 of ICD.

Households

There is a continuum of households indexed by i € [0,1]. As in Gali, Lopes, and Valles (2004,2007),
householdsin the interval [0, w) cannotaccess financial markets and do nothave an initial capital endowment.
Therefore, these households consume their disposableincome in each period. The otherhouseholds, in the
interval (w, 1], have access to the financial marketand own physical capital. The utility function is common

across agents and has the following functional form:
1+o0yp, 1

Mt 1-oym
2 (CNe) = 7, IN(C, = habCy ) = yy o + vt —— (3)
L M t

where C, denotes consumption, N, labor,and % the stock of real money balances. The parameters in the utility
t

function are the inverse of Frisch elasticity,o;, the elasticity of money demand g,,, and two scale parametersy,
andy,,. This utility function allows for slowly changing consumer habits, where hab is the parameter that
controls the speed of habitadjustment. z,,, is the preference shock and follows and ARMA process.

Thereis a non-competitive labor marketimplying thatthere is a wedge between the marginal rate of
substitution and the real wage. To incorporate the non-competitive labor market, we follow Schmitt-Grohé and
Uribe (2005)

Non-Ricardian Households

Non-Ricardian households maximize their utility with respectto the following budget constraint:
(1 + Tc,t)Pc,tCr,t +M,, = (1 - Tw,t)f VVthr]_tdj+ Mo 1+ F Ty

where [ thNr’:tdj denoteslaborincome, C,., per-capita non-Ricardian consumption, P, . the consumer price
index,andz_, and 7, . the marginaltaxrates on consumptionexpenditure and laborincome.T, , are transfers
from the government.

The first-order conditions with respectto consumption and money demand are:

Z Z
1+ 7, )P =——2———BhabE <$>
( c,t) rtlet C,.— habC, ;_, ‘ Cy 41— habC,,
Y
—— i T BE (Arps1) = Ay =0
(M)

where A, , is the Lagrange multiplier.
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Ricardian Households

The resource constraint of these households is given by the following equation:

(1 + Tc,t)Pc,tCo,t + P i Xoe+ Mo,t + B, +S:By: =
R 1Byi1t+ StR:—lB;,t—l + (1 - Tw,t)f th({,tdj‘F (- Tf)Ré"‘+ Tg((th—l]Ko,t—l

}/C om

Ta-w

StC_OPct),t +Tor+ 80+ Moq

where, C, . denotes per-capital consumption by the Ricardian household, X, , investment, P, . nominal price of

the investmentgood, B
nominal exchange rate defined as domestic currency per unitof foreign currency,and B, , nominal bond

,,. anominal governmentbond thatpays a risk-free nominal interestrate R, S, the
denominated in foreign currency.®[(1 — 7, . )R¥ + 7, ,0Q,_, ] is the after tax capitalincome, where Rf isthe
nominal rate of return of capital, Q, is the nominal price of a unitof installed capital, and 7, , is the marginal tax

rate on capitalincome. (’;C_L:)StfoPc’;_t is the per-capital revenue coming from the commodity exportsector’. P, .

is the external nominal price of the commodity goods, and Co is a constantflow of commodity exports. Finally,
T, . are governmenttransfers, and ¢, , are benefits from the production firms.

We assume thatrapid changesin investmentare costly and the cost is modeled through the quadratic function

given by:
2
)
Xo,t—l 2 Xo,t—l

Parameter a controls the speed of the adjustmentof investment.

The household’s stock of capital evolves based on the following equation:

X
Ko = a- 5)Ko,t—1 + Zx,th,t<1 _f<X = >>

ot—1

where K, _, is per-capital the stock of capital available attime t, and § is the depreciationrate. z, , isan
investment-specific exogenous shock and follows an ARMA process.

The first-order conditions with respectto consumption, governmentbonds, foreign bonds, investment, capital,
and money are as follow:

Z

wt — B hab Er<C Zut+1 >

1+ Ay By =———
( Tc't) otiet Co,t — habCo‘t_l ot+1 habCO.f

_Ao,t + BEtAo,t+1Rt =0

_Ao,t5t+ BEtAo,t+1St+1R: =0

® In this notation, a negative numberimplies a debt.
- Yeom)S:CO Py, is the share of the commodity revenue accrued to the government.
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X A X, A Xot+1
— Ao P+ U Zyy <1_f<X = >_f <X = )Xo,t>+ B E; <.ut+1Zx,t+1f < )O(H )Xg,t+1> =0
ot—1 0t—1

ot
—u + Pue 1 (1—-38)+ B E, (Ao,t:+1 ((1 - Tgc+1)th€+1 + Tgc+15Qt)) =0

)4
—m‘l‘ﬂ E. (Ao,t+1) _Ao,t =0

(M)™

where

X X 1 X 1
f/( o,t )= a( ot 1) and f/( o,t+ >
Xo,t—1 Xo,t—1 Xo,t—1 Xo,t

Labor Markets and Wage Setting

_ Xo,t+1 1
_a(x_ Vs
ot ot

Households forgo laborand wage decisions and instead allow labor unions to make decisions forthem. This
introduces some rigidity into the labor market, allowing for the possibility of underemployment. We assume that
there is a continuum of labor unions one for each labor type, and that labor types, i, are uniformly distributed
across household. Labor unions will maximize profits, considering thattheir decision affects both Ricardian and
non-Ricardian utilities. Foreach laborunion j, the maximization is subjectto two restrictions: A resource
constraint

1 P .
N, = fo N.(j,Ddi Eq1
that limits the total available laborforunion j,and to the demand forlabor type j given by

= (%)™ g Eq2

Wt

N;,
where €, denotes elasticity of substitution across labor type varieties, N the aggregate labordemand, W, the
aggregate nominal wage index, and W, , the wage fixed by union j. 8

When selecting the optimal wage, unions take into accountthatthey cannotadjustwages freely and thatthere
is an exogenous probability of notbeing able to adjustwages each period. In fact, each period thereisa 1 - 6,
probability of setting wages optimally. When a union is able to adjustwages it does it by maximizing a weighted
average of lifetime utility functions

maXEt Z(Gwﬁ)s{[((l - (‘))In(co,ﬁs - habCo,t+s—1) + (‘)In(cr,Hs - habcr,t+s—1)) - U(Nt+s)]}
Wi 5=0

subjectto Eq1 and Eg2. In the above specification we have used the factthat labor types are uniformly
distributed across householdtypes. Hence, aggregate demand forlabortype j is spread uniformly across the
households. When the unionis not able to adjustwages optimally, itadjusts them accordingly to the indexation
rule

W, = W, g,m 5w

® The section on firms contains the formal derivation of this demand equation.
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where , denotes the consumer price inflation and 7 the inflationtarget. This indexation rule implies that
nominal wages are indexed to a weighted average of pastinflation and the inflation targetand to the long run
productivity growth, g,. x,, is the wage indexation parameter. If y,, = 1, there is fullindexation to pastinflation.

To find the optimality condition for the unions thatcan adjustwages, it is useful to find the value of the nominal
wage s periods after the last re-optimization. Using the indexation rule, we can show that the value of nominal
wage afters periodsis

S
— AT* = (1—xw) AW
W tvs =W, | |(gz7T W et
k=1

and,in realterms, it is
— * yw
Wirs = W Xps
where
S ﬁ(l—){W)T[XW
X — 9z~ " Merk-1
ts —
o1 Ttk

We .
wherew, = —is the real wage.
ct

In every period, a union chooses the optimal level of labor N,(j), employing a weighted average of utilities of
Ricardian and non-Ricardian households to obtain the following optimality condition:

Uy(Nio)= (1 =1, )w (0, + A — @)A, )met

where mct}’, . is the co-state variable of the restriction Eq2. Unions thatare able to select wages will selectit
suchthatw; is

o —ew ey 1 1 X €
E, Z;(ew B Uy (N ) (X%) W;Sh‘g+s{[(1 - w) MRSEL. +w MRSE-S]XZ‘_;Wt - TM:D} =0
S=

where

(1 + Tc t+s) UN t+s
MRS, = ' '
o (1 - Tw,t+s) Uc?,t+5

(1 + Tc t+s) UN t+s
MRS, = ' :
o (1 - Tw,t+s) UCr,t+S

are the marginal rates of substitution (MRS) between consumption and labor. Uit isthe marginal utility of
consumption of Ricardian and non-Ricardian agents.

Note that, if wages are flexible, the firstorder condition simplifies to

1 1 €Ew
(1-w +w W =———
MRS?,, MRS, G, -1
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This implies thatthere is a constantmark-up between the MRS and the real wage. Hence households of both
types will always be willing to supply more labor when real wage increases (see Gali, Lopes and Valles, 2007,
formore details).

The negotiated wage in all unions are identical,and (1 — 6,,) of unions are able to negotiate wagesin every
period. Then, we have the following equilibrium condition

— d
Ny =v,,N;

where v}” is a numberbonded above one and measures the inefficiency created by the wage dispersion. Since,
itis largerthan one, itimplies thatthe labor supplyis larger than what the firms use effectively in production,
N&. v may be expressed recursively as follows:

Aw =1— —€w . —6

_g We_q TN 1-6.) wi\ W
Yyt = Oy 9z vw,t—1+ U\ T
Wy Ty Wy

Note that when wages are fully flexible, the wage dispersion disappears, thatis v,, , = 1.

The aggregate real wage index evolves asin the following equation:

T[g(_uiﬁl—xw 1-€w -6y
we =6, <Wt—1gz T ) +(1- ew)(wt*)l—ew

t

Firms

There are three types of goods producers in the economy: producers of final goods, producers of intermediate
goods, and producers of domestic goods. Final goods are for consumption and investment. These goods are
produced by combiningimported and domestic inputs. Intermediate goods producers use labor and capital to
produce inputs for the domestic producer. The domestic producer produces a homogenous good used as input
in the production of the final goods and itis also exported.

Producers of Final Goods
Consumption Goods

The final consumptiongood is produced using domestic, C, ., and foreign goods, C;., asinputs. The producer
of this good minimizes costsubjectto the production technology

e
N1 Ne—1n~1

1 1
Ce=| —a)e(Cye) T + (@c)x(Cr) e

where 1, is the elasticity of substitution between home and foreign goods and a,, is the share of foreign goods.
The optimality conditions for this problem are:

Cpe= 1- ac)(pH,t)_nCCt

Cpe= (ac)(pF,t)_nCCt
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These conditions representthe demand for domestic and foreign goods and depend negatively on domestic
relative prices py , = il't, and foreignrelative pricespp, = I;L't = rer; and positively on aggregate
ct ct

consumption, C,.
Investment Good

The producer of the investmentgood solves a similar problem. Thatis, it minimizes costs subjectto the
following production technology:

x
Nx—1 Nx— 1] Nx—1

1 1
X, =[1- ax)a(XH,t) o+ (ax)a(XF.t) T

where 1, is the elasticity of substitution between home and foreign investmentgoods and «a,, is the share of
foreign investmentin the production technology. The first-order conditions are

AL
Xpe=0—ay) <ﬂ> X

x,t

Pre s
Xpi = (a,) <_ > X
Dyt

wherep, , = %’Z is the relative price of investment. This relative price is function of the domestic good price and
the price of the'im ported good.

Producers of Domestic Good

In each period t, a the domesticgood Yy , is produced by a perfectly competitive firm combining intermediate
goods according to the following production function

€H

1 1_i €g—1
Yip= (f v e dj)
0

where €, is the elasticity of substitution between goods varieties,j. Producers of the domestic good takes
prices as given and choose the quantities of intermediate goods thatmaximize their profits. This generates the
demand forthe intermediate good j and the price of the domestic good as represented below:

en

Y, .. = i Y4

H,jt — P H,t
H,t

1

and Py , = (fol PHlyngdj)@. The demand forthe final domestic goods is

Y =Che+Coe+ Xy +Cpot Xy,

where Cy; . is the foreign demandfor domestic output (exports) and X, . is publicinvestment.
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Intermediate Goods

Intermediate goods are produced by a continuum of monopoalistic firmsindexedby [. These firms use capital
and laborto produce yj , .. The production function is

1-a—a 1-a g \%
Yuue = 2y, K12, g(Nl,t) (Kt—l) !
where a € (0,1) is the capital share of total output, Z, is a permanent productivity shock such that

Ziq _
7, 9zt

9zt = (1 - pgz)gz + PgzY9zt—1 + €zt

and z,,, is an exogenous transitory productivity shock, g, . is a transitory shock to the growth rate of productivity

and th-1 is public capital. Note that each intermediate-good firm [ has access to the same public capital stock
and that the latter grows along the balanced growth path.

Following Schmitt-Grohe and Uribe, 2007, we assume thatthe laborinputused by firm [ is a composite made
of a continuum of differentiated labor services. Formally, the labor inputis provided as follows:

N, = [fo N, ew d]] Eq3

Firms selectthe optimal combination of labor varieties by minf01 W; . N;dj subjectto Eq3. The optimaldemand
forlaborservicesj by firm L is

W\~ W

N, . = (_1'f> N4
Ljt M/t Lt
1 1

where W, is the nominal wage index W, = (fo Vlﬁ_e"")l‘e“’dj. The total demand forlaborservicesj is, N;, =

folNU‘t dland equals

W\~ W
N () v
t

where N& = fol N, dl This last expression is the labor demand used in the household optimization problem.
The optimality conditions of the costminimization problems are

Yie

VVt = (1 _a)MCH.fN_
it
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where MC[is the marginalcost, which is determined as follows:

6w = () ()
Ht _Ztl_a_aGK;f_l a 1—a

1-a

Note that, we dropped the index (! since MCy,,, = MC}, . forl.

As in the tradition of Calvo pricing, firms will notadjust prices frequently. Instead, in each period (1 — 6,,) firms
will adjust prices optimally and the remaining 6, firms will adjusttheir prices following a simple rule.
Consequently,when choosing its optimal price, a firm will maximize the expected profittaking into accountthat
there is a probability thatit won’tbe able to adjustpricesin the future. Formally, the profitmaximization
problem,in nominal terms, can be written as follows:

P..Z

o t+stct“t

max (BGH)S t\p . 7 [PH,l,t+sYH,l,t+s - MCH,t+sYH,l,t+s]
o, t c, t+s“t+s

P
HLt 5o9

—ey
. P . . . .
subjectto ¥}, = (:—”) Y,?_t. Here, MC,, , denotes the nominal marginal cost, and P, , the nominal price of

H,t

the domesticgoods.

We allow for price indexation. Thatis, firms that cannotadjust prices optimally change their prices following the

indexationrule: t/! = Hnl ' Hence,when a price attime t is not adjusted optimally, the price next period
nominal price is determined as follows:

— lH =1—1y
Biye = Pygeo1me 4T

where , is a parameter thatcontrols the degree of price indexation. When ¢, = 1,there is full indexation to
pastinflation. If 4, = 0, price changes follow the inflation target.

The firstorder condition of this problem is:

P
Z(ﬂQH)SEt OHS:HSXH,tS [XHts

/10 t c,t+s

PI;t €n MCH,HS] YH.t+s] -0
P, (1 —€y) Pyies 1 Ztas

where P"*denotes the optimal price in period t,and

Writing the firstorder condition in stationary variables, we get

t Pt t e €y MCyy
Z(ﬁGH)S [ - +SpH,t+sXH,t51 EH_YH t+s] Z(ﬁHH)S [ > +SPH t+s(XHtS) m +SyH,t+s
€ Phg+s
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Denoting the sum on the left-hand side and on the right-hand side £, the optimality condition can be written in
a recursive form by the two equations

z rH\17€H_H
H . G111 Tt Tiv1 .y
feo = Ph,eYue T OnE; R T T fe+1
t UPee) t+1
Z TH\ ~€H
H _ €n 0 It+1Tce+1 [ Tt H
fe = —1mCH,tyH,t+ wEt R\ fei1
€y — t Ty

To complete the model, we need the nominal price index

1

! 1-€ey 1=¢n
| v
0

which can be written as

1-€y

1
mll = [0, (mt @) "M+ (= 0,) (7 tl) ]

t

While we have found the optimality conditions atthe firm level, we need to aggregate them. Underthe current
assumptions, aggregation is straightforward since the production technology is the same across firms, and the
marginal costis the same. The main difficulty is the price dispersion thatcreates a wedge between the output

demandedand its supply. Formally,
1 1 P, —€H
f Yy, dl= f <’”’t> Yy cdl
0 0 B

H,t

which we write as

_ d
Yie=VuYae

ey
where vy, = fl Cr it dl.v, , capturesthe price distortion, which is related to the welfare costs of inflation.
H,t 0 Py ¢ H.t

vj, , can also be written recursively as
rH
-1

—ey
% —€]
Vye = 0Oy <F> Vie-1F a- HH)(PH,I:) "

t
Monetary policy

We model two monetary policy regimes. An inflation targeting regime with flexible exchangerates and a peg
regime. In the inflation targeting regime, the central bank controls the short-term nominal interestrate and sets
it following a rule thatresponds to deviations of inflationfrom the target. In particular, the monetary policy rule is

b () et

where p, is the smoothing parameter, ¢,, measure the sensibility of the policy rule to deviations of inflation from
the target, and z;™ is the monetary policy shock. This shock is exogenous and follows an ARMA model.
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In the peg regime, the nominal devaluation rate is constant

To completely characterize the policy regime, we write down the balance sheetof the central bank. The bank
issues money, M,, holds foreign reserves, B, , and netdomestic assets comprising governmentand central

bankbonds, B, . Hence, the balance sheetof the central bank is
M, = Bepe +SBipe
The central bank flow of fundsis
My =My 1 +R1Bope 1+ R 1SBipe—1=Bepe +SiBipe + Peedfbe

Accordingly, the quasi-fiscalbalance (qf b,) is a function of the return on external and domestic assets, the
domesticinflation rate, and the real exchange rate.

The adjustmentof the balance sheetof the central bank depends on the policy regime. In the inflation targeting
regime, the central bank adjusts the money supply is such that the short-term interestrate aligns with the policy
rate. The holding of external assets is constant, and net domestic assets adjustendogenously. In the pegged
regime, the central bank adjusts external asset holdings to maintain the exchange rate aligned with the target.
The bankaccommodates the changesin the holdings of external assets with changes in the supply of money.
In the pegregime, changesin the governmentassets atthe central banklead to changesin holdings of foreign
assets.

Fiscal policy

The governmentcollects taxes on consumption, capital, and labor, receives the quasi-fiscal balance from the

central bank and revenues from the commodity sector. It issues public debtto finance its overall balance. The
central bank holds a fraction a, of the governmentdebtand households the remaining part. The government

spends on consumption, investment, transfers to households, and interestpayments onits debt.

In real terms, the governmentbudget constraintis

_ R,
rerDio (1 — Veom)Co+ Tax{ + Tax{+ Tax{ + b, + qfb, = pH,t(Cgt + th) + —7; ‘b, + T,
t

qt—
6t1

where Taxk = tf [rtk - ]Kt_l, Tax; = tiw,N, and Tax{ = t{C,, py,Cy;rand py, X, are government

Tt
expenditures on consumptionand investmentgoods. In the currentsetup, marginal tax rates, government
consumption, and governmentinvestmentare constant. An alternative to this assumption is to include afiscal

rule for each instrument.

Transfers to households are setoptimally and the government maximizes the following objective function:

— 2 _
Uy =U(C.,Np,mp) + wy (b — b9) +w,(Tr, — Tr )?
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where U(C,,N,,m,) is a weighted average of Ricardianand non-Ricardian utilities. The term w,(T7, — Tr )?
captures the cost of adjusting the fiscal instrument. This term reflects the inability (or unwillingness) of the
governmentto change the fiscal instrumentabruptly. We added the public debtdeviations with respectto the
steady-state to the planner's objective function to capture the welfare effects of macroeconomic stability, and
as a means of encouraging time consistency in fiscal policy. When w, is small, the impactof the public debt
level on the planner's objective function is low, allowing the governmentto run larger deficits and deviations
from the long-run debtlevel target.

Publicinvestmentis used to build public capital thatenters with a lag in the production function of the
intermediate good producers. Public capital isaccumulated according to the following equation:

Kye = (1= 8)Kye g + Zyg 1 Ages

where a;,_, denotes authorized budgetfor governmentinvestmentin period t — L. Governmentinvestment

implemented att is

th = Z bnAgt—n

n=0

with X%~1 b, = 1. This specification of the investment process assumes thatittakes time to build public
investmentand thatthere are lags between the announcement of publicinvestmentand its implementation.

Z, 4, IS @ productivity shockin publicinvestment.
External sector and current account

The external interestrate is the sum of an external risk-free rate R; and an endogenous risk premium. Thatis,

R;=R;— 0, (exp(re?DZ’:at - W%ga) - 1) Eq 4

The country risk premium is a negative function of the ratio of NFA to GDP and 02, is the elasticity of the
country risk to the NFA-to-GDP ratio®. With this parametrization, the risk premium reacts to domestic
productivity and commaodity price shocks. Accordingly, GDP in the model equals

GDP, = pf'Y! +rer,CoP.,,
where y/' is domestic output.

Non-commodity exports are modeled as

H \ ¢
el = (p—> c:
rer,

where C{ is proportional to the external outputand €, is the elasticity of exports to the exchange rate. The
balance of payments equation is found by aggregating the household budget constraint, the government
budgetconstraint, and the balance sheetof the central bank.

° Real net foreign assets are defined asnfa, = by, 41— b, ,_;



IMF WORKING PAPERS Fix vs. Float: Evaluating the Transition to a Sustainable Equilibrium in Bolivia

*

t

rer, (nfa, —nfa, ;) = [(PHCH" + Corer, P, ) — ren, (€I + X)) + ( =5 1>ren nfa;_,

Tt

where the net foreign asset position in domestic currencyisnfa, = by + by,
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This appendixdescribes the linear time iteration (L TI) solution method proposed by Rendahl (2017). The LTI
algorithm is a generalization of the traditional perturbation thatallows simulation of models with regime
changesata knowntime in the future. Rendahl (2017) contains a general presentation.

The perturbation method finds an approximate solution of models written in the following way
E[F(cpxpy1,%042)1 =0 (AO)

where x, is a vector of endogenous and exogenous variables. The perturbation method finds an approximate
solution around the non-stochastic steady state x* that satisfies

F(x*,x*x*)=0.
In particular, the procedure approximates (AO) with a first-order Taylor expansion of
E [FCp, x40, %042)] =0
ataround x* = x, = X, ,; = X;,,. The approximation can be written as

E[FOcpxes1Xeyn)] = E[FGhx™,x") + ], (g —x7)

+]xt+1(xt+1 —x") +xisn (2 —x7)] (A1)

where J; is a Jacobian matrix with respectto x,, x,,, and x,,,, evaluated atx". It can furtherbe simplified as
0= ]xt(xt —-x)+ ]xt+1(xt+1 —x") +Jxisn (g —x7)
and written conveniently as
Au,_ +Bu,+Cuyy ;=0 (A2)
u, = (x,,; —x") and 4, B and C representthe Jacobian matrices.
The solution of (A2)is
u, = Fu,_, (A3)
where F is an unknown matrix.

There are many ways to find F. We briefly describe aniterative process thatwill be used laterin the appendix.
The iteration starts by replacing the solution (A3)into (A2) to get

0=Au,_;+Bu.+ CF,u, (A4)
where F, denotesourinitial guessforF. Solving (A4)foru, as a function of u,_,, we get
u,=—(B+CF) *Au,_; =Fu,_,

where F, = —(B + CF,)"*A. Thislast expression provides a new approximation for F. The above procedure
can be applied iteratively to find F.
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The iterations can be summarized as follows:
1. Assume aninitial guessfor F, callit F,, and compute F, asfollows:
F,=—(B+CF,)A
2. ComputeF, using F1:
F,=—(B+CF,)A
3. Continue theiteration until convergence isreached:
F,->F

The algorithm can be generalized to solve the system of equations (A1) around any pointx, notnecessarily
equal to the steady-state solutions. In this case,

F(x,x,%)=D*
and the linearapproximation wouldbe
Au, 4 +Bu+Cuy+D"=0 (A5)
The solution of (A5)is in the form
u=E+Fu, 4

where the matrices E and F are unknowns.
The same iterative algorithm leads to
u,=—(B*+C*Fp) *Au_;— (B*+C*Fy) " (C*E, + D*)
and the iteration yields:
Fpiy=—(B"+CE)'A
E,.1=B"+CE)*(C’E,+D")
Again, the algorithm ends when
E,-E F,»>F

The above algorithm can be used to solve regime-switching models where the time of the regime switch is
known. For simplicity, we assume two regimes M1 and regime M2. The regime M, is characterized by

Au,_; +Bu, +Cupy ;=0
and the regime M, by
Au,_;+Bu+C'uyy + D=0

To find the solution, we assume thatregime M1 satisfies conditions similar to Blanchard and Kahn (1980) and
that the system returnsto M1. Thatis, M1 is an absorbing regime.
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The solution method uses the factthat at some time T, known, the system will be in M1 and that it will not
returnto M2 after T. We know thatattime T, the solution for M1 is:

up = Frue

For t=T-1<T, a period before T,we are in regime M2 and we know that the solution for T is (u; = F,u,_;). We
can use this solution to find F and E forperiod (T — 1) as follows:

A'u_+Bu+C*Fpu+D*=0

from where
u,=—(B*+ C*FT)‘lA*ut_1 —(B*+ C*FT)‘lD*
Hence:
Froy =—B*+ C*FT)‘lA*
Er_y =—B*+ C*FT)‘lD*
For T-2, theyare
Fr_, =—(B"+ C*FT_l)‘lA*
Er_, =—(B*+ C*FT_l)‘lD*

The solutions for the regime change model are a sequence of E'sand F’s. Thus, agents adjusttheirdecision
rules forevery period before T, internalizing the deterministic convergence towards the stable and absorbing
regimen. Consequently, this algorithm allows us to analyze the dynamics and transitions from potentially
unstable regimens towards a stable regime.
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