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Abstract

We show quantitatively that an expansionary fiscal policy that considers future borrowing
can be a tool valued by individuals to stabilize open economies subject to infrequent but
severe shocks in a flexible exchange rate context. We assume that fiscal spending is reused
as subsidies to boost private spending and replace the selfish preferences with preferences in
which households value economic recovery after a severe shock. These seemingly unrelated
conditions jointly allow an expansionary fiscal policy to produce a genuine recovery of the
economy and, in welfare terms, to outperform not only passive-rule monetary policy, but also
an arbitrarily expansionary monetary policy. Thus, a faster recovery would be preferable
to targets such as inflation and/or debt, which can still be maintained, but to preserve
long-term stability.
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Introduction

The contribution of our article is to show quantitatively in a group of open economies some
apparently unconnected conditions that jointly cause that an increase in fiscal spending,
adequately financed in the future, used to deal with infrequent but severe external shocks
not only produces a genuine recovery of the economy but is also superior to monetary policy
in terms of welfare. The conditions we explore are the following: first, whether the increase
in fiscal spending is reused as subsidies to stimulate private spending and, second, whether
the economic recovery produced by fiscal policy is valued by households and, thus, included
in their preferences.

In general terms, the macroeconomic mechanism and welfare impact underlying these
conditions is straightforward and can be summarized succinctly. First, instead of assuming
that the increase in government spending is completely useless, it can be assumed that a
percentage can be transferred in the form of different types of subsidies to households and
investors. So that these differentiated subsidies partially offset the increase in the interest
rate in relative prices (crowding-out effect) that these agents consider when making their
intertemporal decisions and directly on the spending of financially constrained households.

Second, the expansion of the economy could produce a cost in welfare: the increment in
labor may reduce the welfare of optimizing households because, these households are still
able to smooth their consumption more than constrained households. On the contrary, if we
consider that the utility function incorporates the valuation of the recovery of the economy,
the aforementioned cost is compensated because now the difference between consumption
and labor is widened by the economic recovery and, therefore, the welfare of optimizing
households also increases.

Both conditions operate in tandem to produce a genuine recovery of the economy, i.e.,
neither condition alone is sufficient to achieve this recovery. To the extent that subsidies
help maintain private investment and consumption of restricted households, the valuation of

the recovery in consumption of optimizing households boosts this spending and vice versa.



We show numerically for different cases (different types of utility, absence or not of the social
component in the utility function, and different subsidy alternatives, including the absence
of subsidies) that it is this joint mechanism that ensures a recovery of the economy (and is
formalized in proposition 2).

We find that the simultaneous increase in welfare in both types of households that is
achieved with fiscal policy has two characteristics: (i) it cannot be obtained with an expan-
sionary monetary policy or a standard Taylor rule because both (in different types of utility
functions) tend to benefit only optimizing agents, and (ii) the increase in welfare is similar
to that which would be obtained in a hypothetical case of flexible prices, without restricted
households, with or without consideration of the economic recovery in preferences, without
any type of fiscal and monetary policy, and with households internalizing the cost of external
indebtedness (the Pareto constrained equilibrium).

In more concrete terms, and in conjunction with a series of targeted subsidies that alter
marginal consumption and investment decisions, we propose to add to the difference between
consumption and labor a measure of the state of the economy to represent the valuation of
the recovery in a standard GHH utility function (initially proposed by Mendoza (1991) and
lately extended by Garcia-Cicco, Pancrazi, and Uribe (2010) to analyze open economies)
and, in this way, reinforce the mechanism that characterizes this function: a lower disutility
of labor, which in terms of labor supply translates into the absence of the wealth effect to
replicate the volatility observed in open economies (see proposition 1).

The rationale for including this indicator of economic recovery in the GHH function
comes from the behavioral economics literature. Schmidt (2011) points out that in the
case of aggregate risk and incomplete financial markets, it is feasible to assume that social
preferences do not behave as if they were purely selfish. In an economy in which agents
can be fully insured, concern for other agents is left to insurance, and the selfish preferences
would be appropriate. In the absence of such insurance, however, the GHH utility function

could include an indicator of the state of the economy that represents at the macroeconomic



level concepts such as strong reciprocity (see Bowles and Gintis (2011), and Bowles (2012))
and inequity aversion (Ferh and Schmidt (1999)).

Despite the rationality of including this social component in the utility function, the ques-
tion remains to what extent the new assumption of the utility function is realistic and, if so,
its policy implications. In case of crisis, there is circumstantial evidence that the population
has repeatedly demanded a more active government policy to regain full employment, and
governments strive to meet these demands, as in the case of COVID (OCDE (2020)) or the
2008 international financial crisis (Schwartz, Andres, and Dragoiu (2009)). Thus, the GHH
preferences with a social component could be consistent with this informal evidence relative
to the purely selfish preferences. This point is controversial, since there is abundant liter-
ature indicating that collective actions occur if and only if individuals receive some benefit
(Olson (1971)). However, more recently, there is evidence from neuroeconomics that would
support this social component, as it has been found that economic rationality is moderated
by social rationality (Declerck and Boone (2015)), that is, by the valuation of belonging to a
group, having networks and avoiding ostracism. Elements that can be preserved by a genuine
economic recovery through policies, as there are a number of distortions and externalities
that limit and hinder cooperation in crisis circumstances.

If so, we conclude that expansionary fiscal policy implemented in a precise manner would
prove to be a more valued response by the population to cope with an externally induced
shock and thus return to full employment than simple rules that ensure compliance with
limited targets such as inflation or debt control, although these are still necessary to ensure
medium and long-term stability.

Although the macroeconomic mechanism is simple, novel, and could potentially be present
in cases of severe but infrequent external shocks, it has important limitations. First, the
social component in the preferences is still a reduced element, so more research on its con-
nection with the rest of the model and empirical corroboration are needed. Second, the

segmentation between restricted and optimizing households is an important simplification



that can be substantially improved by incorporating a more realistic structure of heteroge-
neous agents. Third, the feasibility of the proposed subsidies should be further analyzed in
terms of transfers to households and public investment. We hope to advance future research
on these limitations and issues.

Finally, in terms of methodological aspects, the average size model used in the quanti-
tative analysis is calibrated nonlinearly with parameters estimated from a linearized version
of the same model (we implicitly assume that in normal times the shocks are moderate
and frequent, and we can thus recover the microfounded parameters) for several countries:
Australia, Canada, Chile, Colombia, Mexico, and New Zealand. The medium-sized model
has several standard features, including price and wage rigidity, restricted agents, use of
endogenous capital, and adjustment costs at different levels. This imposes a strong chal-
lenge: omitting certain structures or overemphasizing others may ultimately bias the results
in favor of the study’s central hypothesis.

Therefore, we introduce a wide range of available structures that have been developed
in the literature in recent years to understand the dynamics of open economies and to be
as accurate as possible in measuring welfare effects: (i) financial frictions and country risk
premium (Gertler, Gilchrist and Natalucci (2007); Céspedes, Chang and Velasco (2004);
and Schmitt-Grohé, and Uribe (2003)); (ii) an international liquidity shock in the uncovered
interest rate parity (UIP) (Bréduning and Ivashina (2020); Itskhoki and Mukhin (2019); and
Gabaix and Maggiori (2015));' (iii) exports that are fixed in dollars in international markets
and also independent of the currency in the destination market (Gopinath et al (2020) and
Devereux and Engel (2003)); and (iv) delayed portfolio adjustment (Bacchetta and van
Wincoop (2019)).

The paper is organized as follows. Section 1 presents the medium-sized model. The
results of the simulations of this model are summarized in section 2. We conclude of the

study in section 3.

1See also Miranda-Agrippino and Rey (2020); Di Giovanni and others (2017); Bruno and Shin (2015);
Razin (2014), chapter 8; Bekaert and others (2013); and Rey (2013).
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1 Model

1.1 Households

The model considers a continuum of family units, indexed by ¢ € [0, 1]. There are two types
of families: a fraction (1 — \.) of families has access to the national and international capital
markets, and a fraction A. is restricted to income from work. Preferences are of two types:
the selfish separable preferences and the GHH preferences with a social component.

The selfish separable utility function:

(1)
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where C} is consumption, VY is the labor supply, o measures relative risk aversion, ¢ — 1
measures the disutility of working, v measures exogenous habit formation, which depends on
the lagged aggregate consumption of Ricardian families, and W is a parameter for calibrating
hours worked.

The function 6, measures the effect of growth on the GHH preferences with a social
component, and it assumed that families take this function as given. The explicit form of

this function used in the article is:
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where the parameter 62, , is 0.8, which is the maximum value found in the literature

(Dhami (2016)), and the parameter 02 5 is 4.0 to express the growth in annual terms.



Thus, the function is around 0.4, which is the average value found in this literature. The
specific form selected is a logistic function, so that the social component has an upper limit.
The effect of including the function 6, in the utility functions is compactly explained in

proposition 1.

Proposition 1. (The social component and disutility of labor). The inclusion of
the social component measured by the growth of the economy in the GHH utility function
further reduces the marginal disutility of labor relative to a selfish separable utility function

(or a purely selfish GHH function).

Proof. The marginal disutility of labor in a selfish separable function is (omitting the super-

script 70" for consumption and labor of optimizing households):
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where UtC’S = (Cy — vCy_1)~ 7 is the marginal utility of consumption. In contrast, in a GHH
function with a social component the marginal disutility of labor is, without the superscript
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the term UZ-CHH social (Ct (1) = vCio1 + 0, (1) — \I’N;(W)i is the marginal utility of con-

sumption in case that the GHH utility function is social.

UtC',GHH social

The difference between the two expressions (in addition that is less decreas-

ing than U%) is U~ “HH Socmlj—]f;t > 0, therefore, in absolute value we have that:

UtN,GHH social
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The proposition 1 shows that including the social component encourages households to
work more. In other words, households prefer endogenously to work and consume more so
that the economy recovers more quickly from a negative shock.

The budget constraint is given by

Br.i(i) | SiBE ()
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where W is the wage rate, B? and BY" are the domestic and external debt of households, S;
is the nominal exchange rate, Df corresponds to dividends, ®; is the country risk premium
function, and TtS’O, T, R;, and Ry are subsidies, lump-sum taxes, the gross domestic interest
rate, and the gross foreign interest rate, respectively.

The introduction of a subsidy TtS’O can offset the crowding-out effect because the relevant

S,o

interest rate for optimizing households is now ;%Rt in the Euler equation of consumption,
t

where R, is real interest rate, thus, a specific and exogenous sequence of this subsidy can
partially compensate the increases of G over Ry:
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The specific form of the subsidy sequence must be such that the subsidy at time ¢ must be
higher than at ¢t + 1, thus, we assume a specific functional form to connect this sequence

with the reused government expenditure is:

S0
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in other words, a fraction k1 € (0,1) of the increase in spending over its steady-state value

S,o0

is reused to increase the subsidy by ¢ with respect to its ¢t + 1 value. Thus, the fraction ?; L

t

moves in the opposite direction than R.

Households are not price takers in the labor market, we assume that there is a union



that acts as a wage setter on behalf of each family to negotiate with the firms that produce

noncommodity goods. Wages are staggered a la Calvo (1983):
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where 6, is the probability that a given wage can be re-optimized in any particular period,

subject to:

0, measures the level of indexation, A, is the stochastic discount factor, MRS, is the
marginal rate of substitution of leisure for consumption for each type of preference, t" is
a subsidy to eliminate the non-competitive markup in the labor market and concentrate
only on the effects of wage rigidity, and €, is the elasticity of substitution between any two
households.

Constrained families have a utility function like (1) and (2), i.e., proposition 1 is also
satisfied for these families, but they are subject only to their labor income net of taxes and

plus subsidies:

PCy(i) < (WoNJ (i) — T,) T, (6)

Again, constrained households receive a subsidy TtS’T, which is a fraction ko € (0,1) that is
reused from fiscal spending G, and which follows the same logic as the subsidy for optimizing

households:

T = (14 5 (G1fC 1))

1.2 Firms

We assume two types of firms, those producing intermediate goods, which are not competi-

tive, and those producing capital or investment goods, which are competitive.



Intermediate goods. Firms that produce intermediate goods —indexed by j € [0,1]-
have a Cobb-Douglas production function with diminishing returns to scale in the short
term, which depends on three inputs—mnamely, capital utilization, I?t( J); labor, Ny(j); and

imported inputs, M,(j):

Yi(j) = Ai) K ()N (5) M (5), (7)

where A;(j) is total factor productivity (TFP).

As mentioned, the firms that produce intermediate goods are not competitive. To make
the estimation as simple as possible, we assume that firms set prices in a similar way to wage
setting, and prices are staggered a la Calvo (1983):

max i or, {At,t+k |:)/t+k(j)ﬁt(j>1—l§€:1 (1 4+ myy 1)’ = tP MCyiy (Yt-i-k(j))} } , (8)
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where 0p is the probability that a given price can be re-optimized in any particular period, dp
measures the level of indexation, A, ;1 is the stochastic discount factor, €p is the elasticity of
substitution between any two firms, t* is a subsidy to eliminate the non-competitive markup
in the intermediate good market and concentrate only on the effects of price rigidity, and
MCyy is marginal cost.

As usual, there is an aggregator that competitively produces an aggregate good from
intermediate goods, which is used for consumption, investment, exports, and so forth.

Investment goods. In contrast, only competitive firms, indexed by [ € [0, 1], are involved
in the production of capital. We assume a remarkably simple form of capital accumulation,
in which these firms maximize the benefits of leasing capital subject to market prices, ad-

justment costs, and depreciation at every moment in time. These firms decide not only the



quantity of capital to build, but also the intensity of its use, measured by the variable p;(1).
Thus, the capital stock used by firms that produce investment goods is K, (1) = ps(1)K,(1).
We define investment and adjustment costs as I;(1) and ¢,(l), with the standard properties
that ¢(6) = ¢ and ¢,(0) = 1.0, respectively. The maximization problem of capital-producing

firms in terms of the Bellman equation is:

P,
v, = {IE%;(} (Ztut (1) K (1) — 757 I (l)> + By (Args1v44) (10)
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where Z;, P, Tts’i, and A1 are the capital rental price, the investment price, a subsidy,
and the stochastic discount rate, respectively; and d0,(1) is the depreciation rate of the capital
stock, which depends on capital utilization p;(1) (see equation (12)) and the parameter n™V.
We arbitrarily set the parameter ¢ such that ;= 1 in steady state.

To explain the effect of the subsidy TtS " to compensate for the crowding-out effect, we

show the first order condition for investment:

1=FE (QtT¢/t) )

A , Lok T . X . . . .
where QT = % is the Tobin’s Q, and A1 is the stochastic discount factor (in real

terms), and v{il is the derivative of v, with respect to K. Then, by using the envelope

condition we obtain the equation that determines the dynamic of Q7:

N Z l 1 K ;
QF = B, ) Ry | 2ot 1 ((1 W) + e — ¢'t+li1) TS
Py Ti7, It

10



The expression for Tobin’s Q clarifies the role of the subsidy Tts’i: this must increase Tobin’s
Q in both periods to incentivize investment in ¢, if fiscal spending rises. To achieve this goal,
and recalling that the subsidy sequence is defined exogenously by the government in each

period, we propose in this study these functional forms for the subsidy for ¢t and ¢ + 1:

1

Tts’i = (1 + K3 (Gt/é - 1)) ’ Tlizl - (1 + K3 (Gt+1/é - 1))

Where k3 € (0,1).

1.3 Exports

Export modeling for small open economies assumes that the price of exports —including both
noncommodity and commodity exports— is fixed in dollar terms. Therefore, noncommodity

exports are

PX — 1-Qx
XP = (x2)™ (( Pt*) GDP;) : (13)
t

where P/ is the dollar price of domestic exports and P} is the international price level
(specifically, the U.S. consumer price index). We further assume that prices in dollars are
fixed a la Calvo (1983), but for the sake of simplicity, we do not repeat the pricing equations
(they are similar to equations (8) and (9)).

Total exports are

x, = BBE
Pt*

XP + B, PeMXEM (14)

where Ej is the real exchange rate, P is the commodity price in real terms, and X is
commodity exports.

While the price of domestic exports is fixed in dollars —and thus determines their demand
in international markets— the total value of exports remains dependent on the real exchange

rate (see equation (14)). To close the export block, we assume that commodity exports
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depend on the commodity price:

-Q
XM = (XEJ‘IJ)QXCM [(PtCM)d)XCM:|1 XCM

(15)

We assume that the commodity export price is fixed in dollar terms. We maintain this
assumption for the larger economies as well, so the commodity supply depends on the inter-

national price in dollars expressed in real terms (equation (15)).

1.4 Government and Monetary Policy

In relation to fiscal policy, we focus on public spending, G;. We assume that there is a
long-term level, G, which can be interpreted in different ways, such as a fiscal rule that fixes
spending according to permanent tax revenues or a more general policy that seeks to keep
the ratio of spending to GDP constant. Deviations from this long-term expenditure are
financed by changes in public debt (both domestic and foreign):

B B* \’
— 1—pg PG t+1
Gy = G reGre, (1+—GDPt/—GDP> : (16)

We further assume that the government considers the excess borrowing of the economy when

adjusting spending over time. The fiscal budget constraint is defined as

S;BS,  B? .
PGy < S0 T gy i 1)
t

where BY = | Al B¢ (i)di. As explained above, we assume subsidies that incentivize private
spending, altering the first-order conditions of the Euler equations of both consumption
and investment and restricted household net income, therefore, subsidies must satisfy the

following constraint:

I€1+I€2+I€3§1.
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In the case of monetary policy, we assume a simple Taylor rule, which depends on the
inflation rate, I, and GDP and which also considers the level of the exchange rate, E;, and

its volatility, AFE;:

7QR

1
R, = R® |TIV*GDPYY B (AE,)" . (18)

The importance of all these parameters depends on the values obtained in the model esti-

mates. However, 1), must be greater than one to ensure a unique sticky-price equilibrium.

1.5 Risk premium

As in Schmitt-Grohé and Uribe (2003), we close the model by assuming that the country risk
premium function, ®;, depends on the country’s total external debt over real GDP —that is,
i.1/GDP,, where b; = S;B; /P, and Bf = B{" + BS", By = f/\l B¢ (i)di— as follows, where

A represent differences from the steady state:

A i1 A by 1Bt
L+ ¢rPo1 (6 (GDPt) — 1)+ ¢rpo2 | € (QtTKt“Et“) 1) (19)

The second term in the risk premium —that is, (b}, ,/Q Ki41) (E;/Ey41)— corresponds to

@t:

the financial accelerator proposed by Gertler, Gilchrist and Natalucci (2007) for a small open
economy, where QT is Tobin’s Q ratio. This term connects the exchange rate with financial
distress—measured by the value of external debt, including expectations of real exchange rate
depreciation—relative to the value of capital—as a measure of the collateral for the economy.
Both effects produce an upward-sloping supply of funds, indicating that the economy faces
financial frictions in the external credit markets. We measure the Schmitt-Grohé-Uribe effect
and the financial accelerator effect by ¢rpo1 and ¢rpoe, respectively.

In the first-order conditions of households, we assume that the contemporary real ex-
change rate depends on a lag in order to include a gradual portfolio adjustment in the UIP

equation, which is measured by the parameter g.
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1.6 Equilibrium

We assume that commodity exports affect the market for noncommodity goods in the equi-
librium condition:

Yi=Ci+ I + Gy + X, (20)

where [Y,(j)dj =Y, [ (@)%de, I = [LO)dl, C, = [*Ci(i)di + [, Ce(i)di, and

= [N()dj = f’\c Ny (i)di + f/\l Ny(i)di. The rationale behind this simplifying as-
sumption is that commodity production is not an isolated enclave and thus needs the rest
of the economy’s resources. Once we sum the restrictions from restricted and unrestricted

households, government, and firms, we get the total restriction of the economy:

S,B
oBin — 8B > P,Cy+ P, + PG+ S;M, — PY, . (21)
¢Rt ~ ~~ S—~— S~~~
N -~ 4 Domestic Imports  Output
Foreign Debt ~ ~~ o
Ezxpenditure

We measure real GD P using the definition of national accounts —that is, at constant prices,
assuming F; = 1.0:

Finally, the model is completed with the definition of the sticky-price equilibrium, which we
estimate and simulate in the next section. It is expressed in real terms using P, and P},

which are the domestic and external price level, respectively.

Definition 1 (Sticky-price equilibrium with subsidies). A sticky-price equilibrium is

a set of prices in real terms with subsidies 'I}S’O,Tts’r, and Tts’l, and: :

Wi
{ ‘ Et7Qt7PCM

Z - RIP; PX}
P =0

ty * ) *
PV PP,

such that a fraction (1—\.)fy of households maximizes utility, a fraction 6p of intermediate-

good producers maximizes profits in the domestic market, a fraction 6x of noncommodity
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exporters maximizes profits in foreign markets, all capital producers maximize profits, mar-
kets clear, and the current account restriction is fulfilled. Agents who cannot optimize at a
specific point in time use either a simple rule for consumption (equation (5)) for a fraction
A¢ of restricted households or Phillips curves to update wages and prices (or both), and they

then make work and production decisions, respectively.

In this definition of equilibrium, agents take as given the technological constraint, social
component of utility function, habit, external activity, domestic and external financial fric-
tions (including the country risk premium), government expenditure, subsidies, initial debt,

initial capital, and all shocks, which we define in section 2.1 .

1.7 Numerical solution of the model, price and wage dispersion,

and welfare measurement

Since the model simulates drastic changes in some variables (see section 2.1), it is not desir-
able to linearize the model to find a solution. Therefore, the model is solved simultaneously
using the standard Newton’s method with sparse matrices (Heer and Maussner (2009)) and
values for the parameters explained in the online appendix for Australia, Canada, Chile,
Colombia, Mexico, and New Zealand. For the application of this method, we take the cur-
rent steady state of each economy as our initial values?. However, the model solution for each
country presents important challenges that are worth mentioning. Given the magnitude of
the shocks, the simulations do not always converge directly using the above method, and in
those particular cases, we use the homotopy —or divide-and-conquer— technique to simulate
the model.

How accurate are the welfare results in this context? Under the nonlinear solution tech-
nique, which is based on consecutive linear approximations, the welfare effects of price and

wage dispersion should be negligible in the simulations. Despite this important weakness of

2The steady state and calibration are explained in detail in the online appendix, and the programs are
available on request via email.
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the solution method, the welfare measurement error will ultimately depend on how severe
the dispersion may be in practice. In this regard, our measurements indicate that by making
separate approximations up to the third and fourth order for price and wage dispersion,
P(j)tJrk €D W(j)t+k W :
measured by | —5-"+ and | — , given the sample average values of parameters
t+k t+k
ep and ey, both quantities would be close to one —1.0001 in the cases of the maximum

change in prices and wages— so the effect of dispersion would be negligible. Therefore, the

simulations were made without considering these elements.
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2 Results

2.1 Shock definition

The challenge of analyzing severe external disturbances is to recognize that they are generally
not isolated phenomena and, in some circumstances, last several periods longer than normal
fluctuations. Indeed, the crises facing open economies are complex events in which several
external variables simultaneously record sharp movements. For open economies, changes in
the dominant economies —namely, the United States, Europe, and China— translate into si-
multaneous changes in both real variables (terms of trade and growth) and financial variables
(risk premium, capital flow, and interest rates). For instance, Fernandez, Schmitt-Grohé and
Uribe (2020) find that world shocks that affect commodity prices and the world interest
rate explain more than half of the variance of output growth, on average, across countries
between 1960 and 2018.

Most likely, common factors are triggered that end up changing the balances in various
markets. For example, the financial decisions of foreign investors that trigger capital flows
may derive from a combination of changes affecting external growth, commodity prices, the
federal funding rate, and other variables. It is difficult to think of these elements working
separately, especially when financial integration falls sharply. In fact, in normal times, the
synchronization of the business cycle across countries may be weakened by access to credit,
as observed by Kalemli-Ozcan, Papaioannou and Peydré (2013). However, in generalized
crises such as the Great Recession of 2008 and the COVID pandemic, in which the financial
markets would have been paralyzed without the intervention of the government and the
central bank, international synchronization reappears and intensifies for any open economy.

To address this last point, we defined a composite shock that encompasses the difficulties
faced by open economies in a crisis triggered by external factors and that lasts four quarters,
contrary to standard simulations using shocks that last one quarter and then quickly dis-

appear. In other words, we are interested in fluctuations that are an intermediate between
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high frequency cyclical fluctuations and super-cycles. These are negative shocks whose ef-
fects can extend over a number of quarters, which is why they are defined as severe and the
government intervenes, but not decades as in the case of commodity super-cycles. Examples
of shocks with these characteristics include the international financial crisis of 2008 and the
COVID crisis presented in table 1.

In concrete terms, instead of looking for correlations between variables or developing a
complete model for the world in these circumstances, we use the average values of the 2008
international financial crisis and the COVID pandemic, considering only the external effects
and leaving aside the internal effects. The simulations are not intended to replicate these
particular crises, but to isolate the external elements that directly affect open economies.
The shocks considered in the simulations are averages of table 1 and occur only once, i.e.,
once they occur the risk disappears completely, and they follow trajectories perfectly known
by the economic agents. The variables that change exogenously and jointly are the following:
the external activity GDP; in equation (13), the commodity price PE™ in equation (15),

the risk premium ®; in equation (19), and the external interest rate R; in equation (3).
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Table 1: Compound Shocks for Severe Crisis in Open Economies

Australia Canada Chile
COVID  IFC 2008 COVID  IFC 2008 COVID TIFC 2008
UIP shocks 6.2 9.05 2.23 5.36 4.38 9.34
Quarterly foreign GDP growth —0.7 0.11 -0.94 -0.19 —-0.58 0.27
Federal funds rate 0.3 —0.46 —0.32 —0.46 —0.32 —0.46
Commodity price 9.9 12.71 33.05 42.85 2.87 32.98
Colombia Mexico New Zealand
COVID  IFC 2008 COVID  IFC 2008 COVID IFC 2008
UIP shocks 3.31 4.23 2.95 3.27 5.37 11.16
Quarterly foreign GDP growth -0.75 —-0.02 -0.90 —-0.15 -0.75 0.13
Federal funds rate —0.32 —0.46 —0.32 —0.46 —0.32 —0.46
Commodity price 33.05 42.85 33.05 42.85 4.07 23.12

Source: Three-month or 90-day rates: FRED and Central Bank of Chile; CPI, real effective exchange rate,
WTT oil price, copper price, iron ore price, and coal price: FRED; Trade weights: BIS; and ANZ
Commodity price index: ANZ.

Notes: For the COVID crisis, the calculation compares the first two quarters of 2019 and 2020, in
percentage terms. For the 2008 international financial crisis (IFC), it compares the first quarter of 2007
and 2009, because the crisis materialized in these countries mainly in 2009. UIP shocks are the errors of
the uncovered interest rate parity. External GDP growth for each country is the weighted average of the
GDP growth of China, Japan, Europe, and the United States. The commodity price corresponds to oil for
Canada, Colombia, and Mexico; copper for Chile; coal and iron ore for Australia; and the ANZ Commodity

Price Index for New Zealand.
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2.2 Policy definitions

We consider four policy cases. The first case is without any policy since prices and wages
are fully flexible, optimizing consumers internalize the effect of their consumption decisions
on debt accumulation, and thus on the country risk premium, and there are no financially
constrained households. This alternative corresponds to the Pareto equilibrium constrained
by transactions in the international financial market and serves as a benchmark for the other
cases.

In the second case, we assume the Taylor rule of the model. In this alternative; prices
and wages are rigid, optimizing households do not internalize the effect of their consumption
decisions on external debt accumulation, and restricted households are included.

In the third case we add to the previous case an expansionary monetary policy, in the
form of a shock that reduces the interest rate arbitrarily in equation (18). The Taylor rule
must still be satisfied to guarantee the uniqueness of the equilibrium; recall that the Newton
method approximates the nonlinear solution with a series of linear approximations.

The fourth case again uses the second case as a basis, but this time an expansionary fiscal
policy is incorporated instead of monetary policy, i.e., there is a fiscal shock that arbitrarily
increases fiscal spending in equation (16). This simulation, in addition to maintaining the
Taylor rule, includes a passive fiscal rule that considers indebtedness as described above. In
this sense, the simulations presented below always consider stability in terms of inflation and
public indebtedness in the medium and long term.

Finally, the magnitudes of active monetary and fiscal policies were arbitrarily calibrated

considering the magnitude of the compound external shock of table 1.

2.3 Simulations with different utility functions

The first simulation is with the selfish separable utility function, this is a case widely used
in the literature, especially in closed economies, while the second is with the GHH function

with a social component. The results are presented in figures 1 and 2, respectively, and the
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welfare effects are summarized in table 2, where, for the sake of comparison, we also include
the purely selfish GHH case (achieved with 62 , = 0 in equation for 6 page 5, paragraph
3). The policy cases of section 2.2 are represented in each of the graphs by the following
colors: magenta for no policy, blue for Taylor rule only, red for expansionary monetary policy,
and green for expansionary fiscal policy.

The first result from these two simulations is that the compound external shock causes
strong fluctuations in the economies due to the price rigidities, restricted households, and
the externalities of financial frictions. Most macroeconomic variables fluctuate more than
in the case where prices were fully flexible and external financial frictions were properly
internalized, although in all cases the response is a real depreciation.

The second result is that despite the large fluctuations, expansionary macroeconomic
stabilization policies, whether fiscal or monetary, paradoxically reduce welfare in the case of
separable preferences. According to table 2, a better option than these expansionary policies
is to follow a passive Taylor rule, although constrained households lose, they lose less than
in the more expansionary cases.

As explained in proposition 1, the excessive consumption smoothing and the negative
effect of labor end up burying the good intentions of an expansionary stabilization strategy
if we try to measure welfare with the selfish separable preferences. Indeed, the big difference
between figures 1 and 2 is that the consumption of optimizing agents fluctuates radically less
in the former than in the latter, whereas fluctuations in labor are equivalent for both types
of preferences. In other words, in the case of separable preferences, expansionary policies,
rather than being a solution, become an additional problem, because they introduce even
more fluctuation than is already produced by for all distortions considered.

This last result is related to what is known in the literature by the divine coincidence
(Gali (2015)) that optimal monetary policy coincides with responding to price and wage
inflation. This reflects the assumption of the selfish preferences, any shock leaves agents in a

suboptimal situation and it is natural to prescribe central banks to respond strongly to price
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and wage inflation to return to steady state rather than adding new shocks to the economy.

The third result is about the effect of reusing government expenditure as a subsidy to
compensate for the crowding-out effect, column E in table 2, in the selfish separable utility
function. In this simulation, we chose arbitrary values for k; = 0.195, ko = 0.03, and
k3 = 0172, which are included in the first-order conditions of private agents (as we will see
below, these values were selected so that the case of the GHH utility function with a social
component approximates the Pareto constrained equilibrium). Due to the specific stimulus to
the constrained household, expansionary fiscal spending policy can produce positive welfare
changes. However, with respect to the case without reusing fiscal spending, column D,
the welfare of optimizing households worsens. This result is again explained because the
recovery that would be triggered by subsidies to mitigate the crowding-out effect produces
excess labor in these families.

Could the latter result be reversed if we replace the selfish separable utility function with
a purely selfish GHH function? Table 2 indicates that the use of this function reverses some
results. Since in this function the marginal disutility of labor is lower than in the separable
case, expansionary policies (without reusing fiscal spending as a subsidy) have better welfare
outcomes than the Taylor rule (compare columns B with C and D) for optimizing households.
While subsidies substantially improve the welfare of constrained households, this comes at
a cost: it worsens the welfare of optimizing households for the same reason as in the selfish
separable case: the recovery produces too much work for these households despite the lower
disutility of working.

The fourth result is about the effect of including recovery valuation in the GHH pref-
erences. Figure 2 indicates that in the case where fiscal spending is reused as a subsidy
there is a genuine recovery especially in the consumption of both types of households, the
real depreciation is somewhat lower (recall that the external shock depreciates the exchange
rate, but fiscal policy reduces that depreciation by the crowding-out effect), although there

is decidedly more inflation than in the separable case. In terms of welfare, the results are
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like the case where the GHH utility function is purely selfish, see table 2.

However, there is one case where it is substantially different. Indeed, column E of table
2 indicates that optimizing households still have a welfare gain. Achieving for the first time
that both households are better off with expansionary fiscal policy, and moreover, similar to
the results obtained in the Pareto constrained equilibrium.

Summarizing, in the GHH preferences with a social component, the disutility of an addi-
tional unit of labor is lower, as explained in proposition 1. This means that in the face of a
severe negative external shock, consumption also changes strongly, unlike the oversmoothing
of this variable that occurs with separable preferences (see figures 1 and 2). In the specific
case of the GHH preferences, the “social” element reinforces the general mechanism of these
utility functions. It is an endogenous mechanism that pushes households to consume and

work more, accelerating the recovery of the whole economy in a virtuous circle.
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Table 2: Welfare

Flexible prices, wages, Fixed prices, wages,

and endogenous and exogenous,
financial friction financial friction

No macroeconomics  Taylor rule Active monetary Active fiscal Active fiscal

policies policy policy policy and

with public expenditure
reused as subsidy
Households (A) (B) (©) (D) (E)

Selfish separable standar preferences

Ricardian 14.34 3.09 -16.74 -6.79 -9.48
Restricted 14.34 -2.63 -8.33 -7.14 19.39
Selfish GHH preferences

Ricardian 0.01 0.32 1.29 1.66 -0.23
Restricted 0.01 -2.70 -10.05 -7.96 8.19

GHH preferences with a social component

Ricardian 0.08 0.42 1.33 1.89 0.07
Restricted 0.08 -5.50 -13.06 -13.46 0.59

Source: Authors’ calculations.
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Figure 1: Effect of a severe external shock on open economies: the selfish separable utility function case
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Source: Authors’ calculations, based on the model presented in section 1.

Notes: Impulse responses are the average of the impulse responses of each country. C: consumption; I: private investment; E: real exchange rate;
PHI: inflation rate; W: real wages; N: employment; R: real interest rate; C'O: Ricardian consumption; C'R: restricted consumption; X: total
exports; M: total imports. Magenta: Flexible prices and optimizing consumers internalize the effect of their consumption decisions on debt
accumulation. Blue: Taylor rule only. Red: Active monetary policy. Green: Public expenditure is not reused as subsidy.
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Figure 2: Effect of a severe external shock on open economies: the GHH utility function with a social component case
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Source: Authors’ calculations, based on the model presented in section 1.

Notes: Impulse responses are the average of the impulse responses of each country. C: consumption; I: private investment; E: real exchange rate;
PHI: inflation rate; W: real wages; N: employment; R: real interest rate; C'O: Ricardian consumption; C'R: restricted consumption; X: total
exports; M: total imports. Magenta: Flexible prices and optimizing consumers internalize the effect of their consumption decisions on debt
accumulation. Blue: Taylor rule only. Red: Active monetary policy. Green: Public expenditure is reused as subsidy.



2.4 The relationship between the subsidies and the social compo-

nent

One of the features of table 2 is that it appears that the best combination is when the GHH
utility function with a social component is combined with subsidies. In contrast, in the same
table both conditions separately appear to be not sufficient to ensure that fiscal policy is
superior to the other alternatives. To clarify this point, in figure 3 we show GDP growth for
different cases of utility functions and subsidies, recalling that the objective of fiscal policy
is to generate a genuine recovery (GDP should grow) that is valued by households.

The results in figure 3 numerically confirm the assessment that both conditions are nec-
essary together to produce a genuine recovery that is valued by households over other al-
ternatives. The results in figure 3 are summarized as follows: panel (A) indicates that the
social component cannot be replaced by subsidies alone. Panel (B) reveals that it is also not
enough to just specifically subsidize restricted households. Panel (C) shows that subsidies
are vital to produce recovery, but panel (D) shows that subsidizing investment is vital. We

take an additional step and formalize this important result in the following proposition:

Proposition 2. (Synchronization between the social component and subsidies).
Fiscal spending reused through subsidies will produce an economic recovery if families value

this recovery and vice versa.

Proof. Since the compound shock occurs only once, and it is assumed that there is no risk

afterwards, the Euler equation can be written as:

UtC’GHH social Ti(i .
C,GHH social = 5 S.0 Rt»
Ui Ty
the effect of the subsidy is:
TS,O _ R
/8 t;:i Rt < /BRta
T;
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and we also know that the investment subsidy increases in the simulations and considering

that:
o S\ P o
pecni s [ (Ctyy () =1C, + 0 — E20)
C.GHH social , e )
Ut+1 socia (Cto (Z) _ WCt_1 + et —_ W)
Tti({ . UC,GHH soctal ~
then, we have that the effects of TS0 and 0; is to reduce m below SR;. O
t t+1

Repeating the results of the last section (see table 2) we have that the type of monetary
policy works under certain assumptions: rules with a separable and discretionary (expan-
sionary) utility function with a purely selfish GHH utility function, changes in the interest
rate put optimizing agents in a better situation. However, this policy cannot resolve the wel-
fare fall of restricted agents, whose stabilization goes beyond the interest rate. Our results
indicate that fiscal policy is useful in solving this problem, but at a cost: a dilemma arises
with the smoothing of optimizing agents.

However, if the true utility function is a GHH with a social component, then it is possible
to have an additional argument in favor of fiscal policy to solve the dilemma between fiscal
and monetary policy at the welfare level, as summarized in proposition 2. Fiscal spending
must be reused through subsidies to adjust for interest rate changes, especially in investment,
arising from the crowding out effect. On the contrary, in the absence of either of these two

conditions, the solution is again the use of standard policies with the dilemma they entail.
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Figure 3: Effect of a Severe External Shock on GDP: different utility functions
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Source: Authors’ calculations, based on the model presented in section 1.

Notes: Impulse responses are the average of the impulse responses of each country.

Panel (A): The importance of the social component in the utility function is compared. The GHH utility
function with a social component and all subsidies (green line), the purely selfish GHH utility function with
all subsidies (dashed blue line), and the selfish separable utility function with all subsidies (dashed red line).
Panel (B): The importance of the social component is compared to the subsidy only for restricted
households. The GHH utility function with a social component and all subsidies (green line) and the
purely selfish GHH utility function with subsidy only for restricted households (dashed blue line and square
markers).

Panel (C): The importance of all subsidies is compared to having no subsidies at all. The GHH utility
function with a social component and all subsidies (green line) and the purely selfish utility function GHH
without subsidy (dashed blue line and circle markers).

Panel (D): The relevance of different subsidies is compared. The GHH utility function with a social
component and all subsidies (green line), the GHH utility function with a social component and subsidy
only for restricted households (dashed green line and circle markers), the GHH utility function with a
social component and with subsidy only for investment (dashed green line and square markers), and the

GHH utility function with a social component and with subsidy only for optimizing households (dashed
green line and triangular markers).
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3 Conclusion and policy implications

In this study we quantitatively explore two apparently unrelated conditions that together
could make an expansionary fiscal policy (fully financed in the future) likely to produce a
genuine recovery of the economy and make this policy preferable in welfare terms compared
to a discretionary or rule-based expansionary monetary policy in response to infrequent but
severe external shocks. The analysis is done in a standard (nonlinear) general equilibrium
model, in a flexible exchange rate context, for a set of open economies with different degrees of
development, and microfounded parameters estimated previously with Bayesian econometric
for the last decades.

Despite the limitations and simplifications of the modeling, we show that the following
conditions i) the reuse of fiscal spending through differentiated subsidies to compensate the
crowding-out effect of this policy and ii) the social valuation of the recovery in the GHH utility
functions, allow us to generate with fiscal policy an endogenous recovery of the economy with
more consumption that reinforces the standard mechanism of the GHH functions, achieving
that different types of households obtain welfare levels comparable to the equilibrium with
Pareto restrictions.

Under these conditions, a fiscal policy outperforms in welfare terms not only passive
policies subject to mechanical rules linked to strict targets such as debt and inflation, but
also an expansionary monetary policy in a context of a flexible exchange rate. Thus, if these
conditions are present, it would be preferable to temporarily postpone specific targets such
as inflation or public debt to produce a faster recovery in case of infrequent but severe shocks,
although these targets should remain present in the long run to ensure stability, as assumed

in all the simulations of this study.
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Appendix Parameters utilized by the medium-size model

The model was estimated using six open economies with different characteristics: namely,
Australia, Canada, Chile, Colombia, Mexico, and New Zealand. The sample in each case
depends on data availability, as explained in the online appendix. The estimates were made
with Bayesian econometrics, defining priors for each of the parameters that determine the
model dynamics based on a first-order approximation of the model, with 10° simulations to
achieve appropriate convergence in all cases. The rest of the parameters—associated with
the nonstochastic steady state—were calibrated (see the online appendix for details).

All the estimated parameters and the visual criteria for checking the convergence of the
estimated model for each country are reported in the online appendix. With regard to the

latter, most of the parameter values are within the ranges found in the literature.
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On the other hand, and remembering that the model has multiple elements that increase the
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values in the literature, which allows us to concentrate on the elements highlighted by the study
and not on particular values of the parameters.
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Appendix A.1 Data, Observed Variables, and Shocks

The model was estimated for the following countries: Australia, Canada, Colombia, Chile,
Mexico, and New Zealand. The length of the sample in each country—which depends on data
availability—is as follows: Australia: 1994Q2-2017Q4; Canada: 1997Q2-2017Q4; Colom-
bia: 2005Q2-2017Q4; Chile: 1997Q2-2017Q4; Mexico: 2007Q2-2017Q4; and New Zealand:
1994Q2-2017Q4. The data are from the Organization for Economic Cooperation and De-
velopment, the Bank for International Settlements, the Federal Reserve Economic Database
(FRED), and the respective central banks of each country.

The following observed variables are considered in the estimation of the model: real
gross domestic product (GDP), private consumption expenditure (C'), general government
consumption expenditure (G), gross fixed capital formation (7), exports of goods and services
(X), imports of goods and services (M), CPI inflation rate (II), nominal interest rate (R),
real exchange rate (E), employment (), wage rate (W), commodity prices (P*), U.S. CPI
inflation rate (II*), effective federal funds rate (R*), and U.S. real gross domestic product
GDPY

There are 19 shocks and 15 observed variables. Since an excess of shocks can cause
the shocks to be correlated (Pagan and Robinson (2020))), we reduced the number to 16
and calibrate three of them to achieve the estimates. The selection criterion was to leave
the structural shocks that are traditionally used in this type of model (productivity, prefer-
ences, international liquidity premium, cost-push, fiscal policy, monetary policy, investment,
domestic exports, commodity prices, foreign GD P, foreign inflation, and external interest
rate) and measurement shocks in variables that the model has trouble explaining (employ-
ment and wages) or are fundamental for explaining the article’s hypothesis (exports and
imports). The calibrated shocks correspond to variables that are assumed to have high
measurement certainty (GDP, consumption, and investment). Table indicates the
calibration of the standard deviations of the group of this variables, which is based on the
statistical information available by country.

The measurement equations were expressed as follows:

V,OBSjﬂg = Q; + /1)\]"15 — i)\j,tfl + €ty €Ejt ™~ N (0, O'j2) (All)
V,OBSM = + 6“ - 7)\2‘715_1, <A12)

where ©; = In(V) — In(V) when the variables are measured in levels (V is the steady-state

!The programs and the database are available on request from the authors by e-mail.



value; 0 is simply the rate if the variable is originally measured in this way).

The observed variables that were estimated with an equation of type are GDP,
C, 1, X, M, N, and W. Therefore, the set of parameters «; are: {agpp,an,aw}. We
restrict the model so that the variables GDP, C', I, X, and M have the same long-term
growth rate, agpp, ie, balance growth path. The standard deviations are grouped in the
following set: {02 p, 0%, 0%, 0%, 0%, 0%, 0%}

The observed variables that were estimated with an equation of type are G, 11,
R, E, P°M TI*, R*, and GDP*. Therefore, the set of parameters «; are:

{OéG, arr, AR, g, ApoM, Qqp+, AR*, aGDP*} .

Table A.1.1: Calibrated Standard Deviations for GDP, Consumption, and Investment.

AUSTRALIA CANADA CHILE CoLOoMBIA MEXICO NUEVA ZELANDA

oGppP 0.53 0.63 1.03 0.93 1.19 0.87
oc 0.53 0.44 0.11 0.65 1.30 0.81
or 291 1.97 3.95 3.16 2.58 4.01

Notes: GDP: gross domestic output; C: private consumption expenditure; and I: gross
fixed capital formation.



Appendix A.2 Steady State and Calibrated Parame-

ters

The steady state is the solution of the model without uncertainty and assuming flexible

prices. Throughout the section, an overbar indicates steady-state values.

National account variables

The methodology consists of obtaining information from the sample so that the stationary
state depends on three structural parameters: 3, §, and oy (see Table |A.2.2)).
The solution to the steady state starts with calculating the conditions of optimality in

the factor markets:
Y, 4, Y,

R TR M,

Unlike the short-term model, in steady state we assume constant returns to scale:

E,. (A2.1)

K 0416 Oz—M
f— 3 = =

Y 1-6(1-9) Y’ A2

Next, we deal with the aggregate restriction of the economy and GDP definition:

—CM
Y=C+I+G+X +E?7 ; (A2.3)

(A2.4)

Y N
 GDP GDP’

We can obtain the ratio =55 by assuming, a given value for imports over GDP:

Y M GDP 1
GDP GDP Y 14 ML




Combining equations (A1l.1]) and (A1.2), we get the investment-GDP ratio in function of the
parameters: 3, d, and «; (see Table [A.2.2)).

F o (50415
Y

- s (A2.6)

The above condition is achieved if the parameter £ has a specific value that ensures that ¢;

is equal to 9. Indeed, from the first-order condition of capital utilization, we have:

_ 7 MU
o= ( _T> : (A2.7)
0@
Considering that @T =1]and Z = £ r(é,l 6), then
_ 1-p(1-9)
=1 = A2.8
i=1%¢ 55 (A2.8)
Next, B L
I 1Y
GDP Y GDP
On the other side,
G G Gpp XM X“MGDP
— e, —— = == (A2.10)
Y GDP Y Y GDP Y

We can then define exports as follows:

— =D CM D ~ oM
- — X X X X X X
X=X"+XMos o o = (A2.11)
Y Y Y Y Y Y
where: o o
X X DP
Y GDP Y

Then we can calculate the Consumption-output ratio in function of the parameters: f3, 9,

and «; (see table|A.2.2):

C+I1+G=GDP—-(1-8)B, (A2.13)
c 1 G GDP B
Y Y Y Y Y



Then,
c B
—=—— = — = — 1-58) =, A2.15
. 1-6)% (A2.15

and _ o —
¢ _¢r B _ 5 GDP (A2.16)
GDP YGDP Y GDP Y
On the one hand, investment- GDP and consumption-GDP ratios can be calculated using
the information from the country sample presented in table

On the other hand, the parameters 3, d, and a; can be set as follows. We assume that

the total capital of the economy, PK, is composed of domestic and imported capital. Then

the following expression holds:

PK:()(1+OC3:>061:PK—CY3, (A217)
and _ o
M M DpP
Y GDP Y

We use various values for the parameters PK € [0.4,0.65], with intervals of 0.05, and
d €[0.01,0.03] (the depreciation rate), with intervals of 0.005, to get the steady-state ratios
for investment and consumption. A summary of the parameters needed for this calculation
is presented in table The accuracy in terms of errors between actual and estimated
ratios is presented in table [A.2.3] which indicates that the parameters in table are

reasonable for making our estimates.



Table A.2.1: GDP Ratios in Steady State obtained from country samples

AUSTRALIA CANADA CHILE COLOMBIA MEXICO NUEVA ZELANDA

B
—_— 0.99 1.19 0.42 0.44 0.36 0.98
GDP
YCM
—_— 0.18 0.23 0.15 0.09 0.01 0.10
GDP

M
_— 0.20 0.33 0.30 0.19 0.29 0.28
GDP

G
_— 0.17 0.20 0.11 0.17 0.11 0.18
GDP

X
e 0.19 0.35 0.34 0.16 0.28 0.29
GDP

Source: Authors’ calculations.

Notes: B*: external debt; GDP: gross domestic output; X“M: commodity exports; G:
general government consumption expenditure; M: imports of goods and services; and X:
exports of goods and services.



Table A.2.2: Calibrated Parameters to Calculate Investment-GDP and Consumption-GDP Ratios
in Steady State

AUSTRALIA CANADA CHILE CoLOMBIA MEXICO NUEVA ZELANDA

PKC 0.60 0.50 0.50 0.40 0.55 0.45
o 0.42 0.29 0.26 0.23 0.32 0.22
9 0.40 0.45 0.50 0.60 0.45 0.55
o3 0.17 0.25 0.23 0.16 0.22 0.22
) 0.01 0.01 0.02 0.02 0.01 0.03

Sources: Authors’ calculations.
Notes: PK: domestic and imported capital; «q: capital share; as: labor share; ag: import
share; and ¢: depreciation rate. In all countries, we assume a value for parameter 5 of 0.99.

Table A.2.3: Calibrated Investment-GDP and Consumption-GDP Ratios in Steady State

AUSTRALIA CANADA CHILE CoLoMBIA MEXicO NUEVA ZELANDA

C Model 0.55 0.54 0.63 0.63 0.67 0.59
Gapp Data 0.56 0.55 0.61 0.64 0.67 0.58
Error 0.012 0.011 0.018 0.013 0.001 0.010

I Model 0.25 0.23 0.24 0.18 0.20 0.21
Gpp Data 0.26 0.22 0.23 0.20 0.20 0.22
Error 0.007 0.018 0.016 0.021 0.001 0.002

Sources: Authors’ calculations.
Notes: GDP: gross domestic output; C': private consumption expenditure; and I: gross
fixed capital formation.



Indexation in the Phillips curve

In relation to the calibration of the Phillips curve of the prices of products exported from
small open economies, there is a wide dispersion of estimated values for price indexing in
studies between and within countries. In the cases of Europe and the United States, [Smets
and Wouters (2003,2007)) estimate a dx of 0.65 for Europe and 0.2 for the United States; (Gali,
Gertler, and Lopez-Salido| (2001) obtain estimates of 0.6 for both European and U.S. data;
and |Christiano, Fichenbaum, and Evans (2005)) find that full dynamic indexation delivers
the best-fitting value for U.S. data.

In the case of Japan, Fujiwara, Hirose and Shintani (2011) find a value of 0.3 for the
parameter dx, but [liboshi et al (2015) obtain much higher estimated values of 0.5-0.8. For
China, Dai, Minford, and Zhou (2015) find values of 0.17-0.6 depending on the econometric
technique used, while |Li and Liu| (2017) find values around 0.6.

The labor markup

Finally, for the calculation of the parameter €, there is no direct information, as in the case
of ep with |De Loecker and Eeckhout| (2018]), so we need to use an approximation. This was
based on two facts. First, in the steady state, wage flexibility allows demand to be equalized

with labor supply:

€ 1 Y
( v )N“” T =1 -1t as=—, (A2.19)
€w— 1 N
where t is the tax wedge and (Ee—il> is the markup that families get, after firms deduct their
markup, since we assume that firms also have market power. Second, in the literature, the
estimated values of parameters ¢ and ¢ are remarkably close to 2, which is also our priority

for both cases. Therefore, assuming that both parameters will be close to two is a reasonable

approximation, as we found in our estimates (see [Appendix A.5)). The above equation can

then be ordered as follows, assuming that the level of technology has been set arbitrarily
such that Y = 1.0 in steady state:

€ 1
v =(1—-t —. A2.20

(ew—l) = (A2.20)
We obtain the value of €, using the steady state value for C' from above and the tax infor-
mation ¢ for 2018 from the OECD.Stat database and imposing the effective values of total
hours worked over the total time for work in year N for 2018, also from the OECD. Stat

database.



Appendix A.3 Log linear model, adjustments, addi-
tional shocks, and definition of some es-

timated and calibrated parameters

We include a demand shock in the log-linear model, u” ~ N(0,0%), in the Euler equation
to improve the model fit to the data.

In relation to the wage setting in the model, the parameters 6,, and ¢, are estimated,
and the parameter ¢, is calibrated according to information from each country explained in
the previous section.

Then, to improve the empirical adjustment of the macroeconomic model —and parallel
to the Euler equation for consumption— we also include a supply shock uf ~ N(0,02) in
the Phillips curve of the log-linear model. For the same reasons, we assume that there are
lags in conditional demand and in the response of each demand to input prices. In the
log-linear model, the lags for the conditional demand for imports and labor are measured
by parameters €23, and Qy, respectively. In a similar fashion, the parameters that measure
this lower response to input prices are &y and &yp for the conditional demand for imports
and labor, respectively.

As in the case of wages, the parameters 0 and dp are estimated, and the parameter ep
is calibrated according to information for each country, which was obtained from De Loecker
and Eeckhout| (2018).

Also relevant in the estimates, it is the parameters AC' that measure the response of
investment to Tobin’s Q in real terms or Q7 this parameter is the inverse of the adjustment
costs. For the same reasons that we included shocks in the Fuler and Phillips equations,
the log-linear model includes a shock in the investment equation, u! ~ N(0,0?), where this
variable is determined by Tobin’s Q.

Other shocks are 4/, aMP 4f, and 4P, all with normal distributions and represent
shocks to the risk premium, monetary policy, fiscal spending, and exports, respectively.

Next, the parameter n¢ —the price elasticity of demand— was also calibrated based on
market power information obtained from |De Loecker and Eeckhout|(2018]), taking the average
of China, the United States, Europe, and Japan.

Unlike domestic prices and wages, the Phillips curve associated with the P/ price is par-
tially calibrated according to values used in the literature to model the international inflation
rate. The parameters associated with this calibrated Phillips curve are dx, an indexation
measure; fx, the probability that a given price can be re-optimized in any period; and €y,

the elasticity of substitution between any two firms. The values are equal to 0.45, 0.75, and



3.1, respectively. The criteria for choosing these values were the following: for indexation, we
averaged the value used in several works, which estimate this parameter between 0.2 and 1.0
(see previous section for details); for the probability of changing prices, we used a standard
value of average price rigidity used in many models; and for the substitution elasticity, we
averaged the markups for China, the United States, Europe, and Japan, as reported by De
Loecker and Eeckhout| (2018). However, the marginal costs —expressed in real dollar terms—
and the parameters associated with economies of scale are specific to each open economy.
Finally, in the log-linear version of the model, we approximate P/X/P; for the differences

(mX — m), where 7% is an AR(1) process and 7} corresponds to U.S. inflation.
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The model is as follows:

- 1 R Yo 1 /1T—=7Y\ . . N
G=1x +7E{Ct+1} MO S (m) (Fe — E{ e }) + @), (A3.1)
& = by + Ny, (A3.2)
&= (1= \)& + A&, (A3.3)

@ = Qqir1 + (1= 00) (B{du} — (7 — E{fen}) + (7 —E{#i}) + &), (A34)

b0 = dmror (b1 — 9dp,) + dreos (B{B 1} — 470%™ = B} + 6o — B{disa}) +af”,

(A3.5)
. B (14 Bow) .  Awpw
= + + E{# -
Wy 1+ {t+1} 1+Bt1 1+ﬁ{t+1} 1+5 Us 1"‘5 <A36)
A~ ~ g ~0 ~0 .
<wt —(p—1)n; — 1—~ (Ct - 'th—1>) )
Uy = ap + (l%t + ﬂt) + apny + azmy, (A3.7)
me; = (o2 + aoy + asqy) , (A3.8)
e = Qv+ (1= Q) (or (= @) + b+ i) (A3.9)
e = Qs + (1= ) (xom (30— ) + o+ ) (A3.10)
A 5 N op . 1 R
=— [ —_— T — ) A A3.11
7ty T 6oy {7Tt+1}+1+66D7Tt 1+1+55D pmMmcy, (A3.11)
G O™ = BE{G; "™ + (1= (1 = 0)B) Ef 21} — (P — E{f1}) (A3.12)
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i = ACGFOBIN 4 ke + !NV (A3.13)

. . R . 1—(1=94
[ (zt - m) (=Y, =l (56 )8). (A3.14)
. . .
He = —— (Zt - QtTOBIN) ] (A3.15)
Nymu
ge = pagi-1 +0p (152‘+1 - ggipt> + (A3.16)
" N R ~ NEW " “ N
7 = Qi1+ (1 — Qpg) <¢7r7Tt + Yy gdp, + UG + ¢2AQt> + 4", (A3.17)
7%,5 — ft - ]E{'frt_i_l}, (A318)

~X BX 5X 1 X o . 1 R N
e 1—|—5X5XE{ tH}—i_w t1+w)\ mct_Qt—i-E(xt—yt) ,

(A3.19)

i = Qx4+ (1 - Qx) (n (77 = 7)) + 95%7) + 4%, (A3.20)
)}ixt - );_D (& + @+ 7" — 7)) + %CO (G + M +7) (A3.21)
47° = Qocod’ + (1 — Qoco) docops™, (A3.22)

U = (;ct - iixt - 1[/ ¢+ i—:gt, (A3.23)

gdp, = Yoo g M (Ge + 1), (A3.24)

GDP."~ GDP.,

iy YSS Css ]ss 2 Gss XD co Mss
NEW ( ~ : ~ ss AD + ss ACO) _ 5 (A325)

P TR L VR aDP, "
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C ~ Iys - Gss
GDP. =9 Gpp. T GDRLY A (A3.26)
+ o (4= Blan) = (7 - B{7) + By - & - Ruby).
Gy = paby_1 + €1, (A3.27)
aP = éP, (A3.28)
" = prett + &, (A3.29)
al =&, (A3.30)
ad = &%, (A3.31)
a't = &r, (A3.32)
" =EM, (A3.33)
P =P, (A3.34)
P = ppoupy Y + el M, (A3.35)
i = pyexrii +& 7, (A3.36)
7 = pprexrir_ + eFTEXT (A3.37)
P = pNrExTT | + ENREXT (A3.38)
GDP_OBS = ¢TREND 1 g™ gap ™" 4 ¢GDP-OBS (A3.39)
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G OBS = ¢0TREND + 0t — Gi—1,

C_OBS = ¢IBEND ¢ — ¢, + ¢C-0BS,

INV_OBS = ¢LREND 4, 4, | + ¢INV-OBS

X OBS = ¢EREND + px (-ﬁt - ft—l) + €

?

~X_OBS

M_OBS = ¢lREND |y, — i,y + eM-0BS

PI.OBS = ¢y + 7ty — 1,

NR-OBS = ¢y + 7y — 71,

Q*OBS = ¢0Q + (jt - dt—l,

P.CM_OBS = ¢hoM 4 peM _ poM

EMP_OBS = ¢OEMP + 7y — Ay + €tEMP,OBS

Y

Y

)

WAGE_-OBS = ¢V + iy — 1,y + &)Y ACGE-0BS

PI.EXT.OBS = §FTPXT 4 ax _ gz

NR.EXT.OBS = ) REXT i —

Y_EXT_OBS = ¢TRENDYEXT g
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Appendix A.4 Stability of the Estimates

Figure A.4.1: Brooks-Gelman Criteria for Checking Stability of Estimates: Australia

Source: Authors’ calculations, based on the model presented in section 2 of the article.
Notes: The figure shows the differences of the value of the marginal likelihood with respect
to the within and between mean (first graph: Interval), variance (second graph: m2), and a
third moment (third graph: m3), according to the standard methodology of Brooks and
Gelman| (1998). The blue line corresponds to the convergence between the chains; the red
line is the convergence within the chains.
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Figure A.4.2: Brooks-Gelman Criteria for Checking Stability of Estimates: Canada
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Source: Authors’ calculations, based on the model presented in section 2 of the article.

Note: See figure

Figure A.4.3: Brooks-Gelman Criteria for Checking Stability of Estimates: Chile

Source: Authors’ calculations, based on the model presented in section 2 of the article.

Note: See figure
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Figure A.4.4: Brooks-Gelman Criteria for Checking Stability of Estimates: Colombia

Interval

Source: Authors’ calculations, based on the model presented in section 2 of the article.

Note: See figure

Figure A.4.5: Brooks-Gelman Criteria for Checking Stability of Estimates: Mexico

Source: Authors’ calculations, based on the model presented in section 2 of the article.

Note: See figure
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Figure A.4.6: Brooks-Gelman Criteria for Checking Stability of Estimates: New Zealand

Source: Authors’ calculations, based on the model presented in section 2 of the article.

Note: See figure

Appendix A.5 Estimated Parameters

This appendix presents the estimates for all the model parameters and the shocks mentioned

in the article by country.
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Table A.5.1: Estimated Parameters: Australia

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

Structural Parameters

o B 0.30 0.48 042  0.52
o G 2.00 1.99 1.98  1.99
pYe B 0.20 0.16 0.11  0.21
Qo U 0.30 0.19 0.10  0.29
®RPO1 B 0.10 0.07 0.06  0.08
®RP02 B 0.10 0.05 0.05  0.06
O B 0.75 0.78 0.77  0.78
S B 0.45 0.39 0.35  0.41
© G 2.00 1.98 1.97  1.99
nMU U 0.26 0.28 0.15  0.42
Qs B 0.50 0.57 0.54  0.60
Qn B 0.50 0.61 0.56  0.66
6p B 0.75 0.74 0.74  0.75
6D B 0.45 0.60 0.54  0.66
AC G 0.25 0.27 0.22  0.32
Qg B 0.70 0.70 0.66  0.74
Vr G 2.00 1.88 1.84  1.92
(e G 0.50 1.07 1.00  1.14
Vo1 G 0.10 0.08 0.08  0.09
o2 G 0.10 0.10 0.09  0.10
bxom U 0.50 0.20 0.09  0.31
Qyoum U 0.50 0.14 0.00  0.32
Qx B 0.50 0.53 0.50  0.57
65 U -0.05 -0.01 -0.01  0.00
Persistence of the Exogenous Processes

oA B 0.50 0.94 0.92 095
PPCM B 0.50 0.87 0.85  0.88
ORP B 0.50 1.00 1.00  1.00
oG B 0.50 0.85 0.79 091
PYEXT B 0.50 0.94 0.93 095
PPIEXT B 0.50 0.83 0.78  0.89
PNREXT B 0.50 0.94 0.92 095

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, IG:
Inverse-Gamma. 19



Table A.5.2: Estimated Standard Deviations and Measurement Equation Pa-
rameters: Australia

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

St. Dev. Innovations

e IG 1.00 0.98 0.81  1.14
eP 1G 1.00 1.76 1.50  2.03
err 1G 1.00 1.13 092  1.33
e IG 1.00 1.16 1.02  1.30
eMP IG 0.25 1.05 0.89  1.22
ePeM IG 6.00 6.88 6.26  7.52
& IG 1.00 0.32 027  0.37
eINv IG 3.00 2.05 1.66  2.37
exp IG 4.00 4.11 3.85  4.34
ey BXT 1G 1.00 0.68 0.59  0.77
ePIEXT 1G 1.00 0.68 0.60  0.77
eNREXT 1G 1.00 0.85 0.73  0.96
Measurement Equation Parameters
pX U 1.00 0.04 0.00  0.08
P REND N 0.67 0.69 0.64  0.74
RS G 0.51 0.61 0.56  0.66
bt G 1.00 1.13 1.08  1.18
o N 0.20 0.38 0.31  0.46
oy M N 0.12 0.12 0.08  0.15
Pt RENDYEXT N 0.60 0.57 0.53  0.61
Py TEXT G 0.55 0.56 0.54  0.58
PV REXT G 0.65 0.62 0.57  0.66
pmr N 0.67 0.66 0.58  0.75
oy N 0.25 0.36 028  0.43
St. Dev. of the Measurement Equations
éx IG 4.50 3.26 3.03  3.51
eM IG 4.50 3.71 3.45  3.96
epMP 1G 2.50 1.54 .32 1.77
eV AGE IG 2.50 1.89 1.45  2.26

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, 1G:
Inverse-Gamma.
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Table A.5.3: Estimated Parameters: Canada

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

Structural Parameters

o B 0.30 0.40 0.37  0.43
o G 2.00 2.00 2.00  2.01
pYe B 0.35 0.36 0.34  0.37
Qo U 0.20 0.40 0.39  0.40
®RPO1 B 0.15 0.09 0.09  0.09
®RP02 B 0.15 0.07 0.07  0.07
O B 0.75 0.62 0.60  0.64
S B 0.45 0.38 0.34  0.42
© G 2.00 1.99 1.99  2.00
nMU U 0.26 0.03 0.01  0.05
Qs B 0.50 0.41 0.39  0.43
Qn B 0.50 0.42 0.40  0.44
6p B 0.75 0.72 0.72  0.73
6D B 0.45 0.41 0.39  0.44
AC G 0.25 0.28 0.23  0.33
Qg B 0.70 0.83 0.79  0.86
Vr G 2.00 1.88 1.85  1.91
(e G 0.50 0.75 0.68  0.82
Vo1 G 0.10 0.06 0.06  0.07
o2 G 0.10 0.14 0.13  0.14
bxom U 0.50 0.93 0.86  1.00
Qyoum U 0.50 1.00 1.00  1.00
Qx B 0.50 0.73 0.70  0.75
65 U -0.05 -0.06 -0.06  -0.05
Persistence of the Exogenous Processes

oA B 0.50 0.94 0.92 095
PPCM B 0.50 0.76 0.74  0.78
ORP B 0.50 0.55 0.54  0.56
oG B 0.50 0.95 0.94 095
PYEXT B 0.50 0.94 0.93 095
PPIEXT B 0.50 0.95 0.95  0.95
PNREXT B 0.50 0.76 0.74  0.79

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, IG:
Inverse-Gamma. 21



Table A.5.4: Estimated Standard Deviations and Measurement Equation Pa-
rameters: Canada

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

St. Dev. Innovations

e IG 1.00 1.90 1.64  2.20
eP 1G 1.00 2.99 2.77  3.21
err 1G 1.00 4.25 4.01  4.50
e IG 1.00 1.10 096 1.24
eMP IG 0.25 0.62 0.51  0.72
ePeM IG 6.00 18.74 18.26  19.39
& IG 1.00 0.57 0.36  0.76
eINv IG 3.00 2.90 2.64  3.11
exp IG 4.00 5.72 555  5.92
ey BXT 1G 1.00 0.67 0.61  0.73
ePIEXT 1G 1.00 0.90 0.77  1.03
eNREXT 1G 1.00 1.47 1.31  1.63
Measurement Equation Parameters
pX U 1.00 0.05 0.00  0.08
P REND N 0.67 0.90 0.85  0.97
RS G 0.51 0.42 0.37 048
bt G 1.00 0.59 0.54  0.65
o N 0.20 0.69 0.60  0.77
oy M N 0.12 0.25 0.19  0.31
pE RENDYEXT N 0.60 0.64 0.61  0.67
Py TEXT G 0.55 0.29 0.26  0.31
PV REXT G 0.65 0.49 0.47  0.51
Mr N 0.67 0.23 0.15  0.32
oy N 0.25 0.36 0.32  0.40
St. Dev. of the Measurement Equations
&x 1G 4.50 2.92 2.69  3.17
eM IG 4.50 3.04 2.78  3.30
epMP 1G 2.50 2.76 2.51  3.05
eV AGE IG 2.50 1.38 1.20  1.55

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, 1G:
Inverse-Gamma.
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Table A.5.5: Estimated Parameters: Chile

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

Structural Parameters

vy B 0.30 0.26 0.18 0.35
o G 2.00 1.99 1.98 2.01
Ac B 0.35 0.41 0.35 0.48
Qg U 0.30 0.12 0.00 0.26
®rRPO1 B 0.35 0.27 0.19  0.37
PRPO2 B 0.35 0.17 0.11  0.23
Ow B 0.75 0.84 0.79 0.89
ow B 0.45 0.63 0.47 0.77
%) G 2.00 2.00 1.98 2.01
nMU U 0.26 0.03 0.01  0.06
Qs B 0.50 0.48 0.42 0.54
QN B 0.50 0.76 0.72 0.79
Op B 0.75 0.75 0.73 0.76
oD B 0.45 0.44 0.35 0.51
AC G 0.25 0.31 0.22 0.40
Qr B 0.70 0.89 0.87 0.91
Vr G 2.00 1.99 1.90 2.07
Yy G 0.50 0.84 0.54 1.08
Vo1 G 0.10 0.09 0.08 0.10
Vo2 G 0.10 0.11 0.09 0.13
Pxom U 0.50 0.05 0.00 0.12
Qxom U 0.50 0.88 0.70 1.00
Qx B 0.50 0.71 0.64 0.79
OB U -0.05 -0.01 -0.01 0.00
Persistence of the Exogenous Processes

PA B 0.50 0.94 0.93 0.95
PPCM B 0.50 0.80 0.76 0.85
PRP B 0.50 0.79 0.55 1.00
PG B 0.50 0.79 0.70 0.88
PYEXT B 0.50 0.91 0.88 0.95
PPIEXT B 0.50 0.85 0.80 0.90
PNREXT B 0.50 0.95 0.94 0.95

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, 1G:
Inverse-Gamma.
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Table A.5.6: Estimated Standard Deviations and Measurement Equation Pa-
rameters: Chile

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

St. Dev. Innovations

e IG 1.00 1.32 1.08  1.55
eP 1G 1.00 0.56 0.40  0.73
e IG 1.00 4.53 3.29  5.63
e IG 1.00 1.29 1.09  1.47
eMP IG 0.25 0.38 0.24  0.51
ePeM IG 6.00 14.30 12.30  16.45
& IG 1.00 0.44 0.35  0.53
eINv IG 3.00 2.30 1.86  2.74
exp IG 4.00 7.77 6.13  9.29
ey BXT 1G 1.00 0.69 0.59  0.79
ePIEXT 1G 1.00 0.70 0.61  0.79
eNREXT IG 1.00 0.69 0.59  0.78
Measurement Equation Parameters
p~ U 1.00 0.13 0.02  0.22
Pt REND N 0.67 0.92 0.84  1.00
o' G 0.51 0.84 0.79  0.88
ot G 1.00 1.14 1.09  1.20
o N 0.20 0.39 0.30  0.48
oy M N 0.12 0.24 0.09  0.36
pF REND-YEXT N 0.60 0.52 0.48  0.56
Py TEXT G 0.55 0.55 0.52  0.58
Y REXT G 0.65 0.56 0.51  0.62
Mr N 0.67 0.46 0.31  0.62
oy N 0.25 0.27 0.13  0.38
St. Dev. of the Measurement Equations
éx IG 4.50 3.82 3.44 418
eM IG 4.50 3.86 348  4.24
epMP 1G 2.50 1.92 1.62 222
eV AGE IG 2.50 1.31 1.15  1.47

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, 1G:
Inverse-Gamma.
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Table A.5.7: Estimated Parameters: Colombia

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

Structural Parameters

vy B 0.30 0.33 0.26 0.39
o G 2.00 2.00 1.98 2.01
Ao B 0.30 0.35 0.28 0.41
Qg U 0.20 0.17 0.00 0.30
®RPO1 B 0.35 0.20 0.14  0.26
PRPO2 B 0.35 0.13 0.10 0.16
Ow B 0.75 0.75 0.73 0.76
ow B 0.45 0.41 0.35 0.49
® G 2.00 2.00 1.98 2.02
nMU U 0.26 0.10 0.01  0.22
Qur B 0.50 0.43 0.37 0.50
Qn B 0.50 0.61 0.50 0.70
Op B 0.75 0.73 0.71 0.74
op B 0.45 0.46 0.39 0.53
AC G 0.25 0.32 0.23 0.40
Qgr B 0.70 0.74 0.69 0.79
U G 2.00 1.97 1.90 2.05
Yy G 0.50 0.79 0.64 0.94
Vo1 G 0.10 0.09 0.07 0.10
Vo2 G 0.10 0.09 0.08 0.11
dxcm U 0.50 0.03 0.00 0.06
Qycoum U 0.50 0.32 0.00 0.63
Qx B 0.50 0.49 0.43 0.56
05 U -0.05 -0.04 -0.05  -0.02
Persistence of the Exogenous Processes

pA B 0.50 0.88 0.84 0.92
PPCM B 0.50 0.67 0.59 0.74
PRP B 0.50 0.99 0.99 1.00
oG B 0.50 0.56 0.36 0.79
PYEXT B 0.50 0.84 0.78 0.90
PPIEXT B 0.50 0.68 0.58 0.78
PNREXT B 0.50 0.92 0.90 0.95

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, IG:
Inverse-Gamma. 25



Table A.5.8: Estimated Standard Deviations and Measurement Equation Pa-
rameters: Colombia

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

St. Dev. Innovations

e IG 1.00 1.81 1.25 231
eP 1G 1.00 0.55 0.39  0.71
e IG 1.00 3.96 3.15  4.77
e IG 1.00 2.47 1.85  3.13
eMP IG 0.25 0.51 0.39  0.62
ePeM IG 6.00 16.89 14.49  19.33
& IG 1.00 0.48 0.38  0.58
eINv IG 3.00 2.25 1.84  2.64
exp IG 4.00 3.92 3.28  4.55
ey BXT 1G 1.00 0.69 0.57  0.80
ePIEXT 1G 1.00 0.84 0.70  0.99
eNREXT IG 1.00 0.60 049  0.71
Measurement Equation Parameters
pX U 1.00 0.10 0.03  0.16
P REND N 0.67 0.97 0.88  1.06
RS G 0.51 1.02 0.96  1.09
ot G 1.00 1.41 1.34  1.49
o N 0.20 0.13 0.02  0.29
oy M N 0.12 0.05 -0.07  0.17
pE RENDYEXT N 0.60 0.40 0.35  0.45
Py TEXT G 0.55 0.46 0.43  0.50
PV REXT G 0.65 0.37 0.31  0.44
pmr N 0.67 0.62 0.47  0.77
oy N 0.25 0.20 0.07  0.33
St. Dev. of the Measurement Equations
éx IG 4.50 4.09 3.66  4.48
eM IG 4.50 4.28 3.79 477
epMP 1G 2.50 2.56 2.14  2.99
eV AGE IG 2.50 6.61 5.69  7.49

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, 1G:
Inverse-Gamma.
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Table A.5.9: Estimated Parameters: Mexico

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

Structural Parameters

v B 0.30 0.31 0.22  0.40
o G 2.00 2.00 1.98  2.02
pYe B 0.35 0.35 0.27  0.42
Qo U 0.30 0.37 0.24  0.51
®RPO1 B 0.15 0.10 0.04  0.16
®RP02 B 0.15 0.09 0.04 0.14
O B 0.75 0.76 0.68  0.84
S B 0.45 0.48 0.31  0.64
© G 2.00 2.00 1.98  2.02
nMU U 0.26 0.19 0.01  0.39
Qs B 0.50 0.50 041  0.58
Qn B 0.50 0.63 0.55  0.72
6p B 0.75 0.76 0.74  0.77
6D B 0.45 0.49 041  0.57
AC G 0.25 0.26 0.17  0.34
Qg B 0.70 0.79 0.74  0.84
U G 2.00 1.99 1.91  2.07
(e G 0.50 0.55 0.39  0.71
Vo1 G 0.10 0.09 0.08  0.11
Vo2 G 0.10 0.10 0.08  0.11
bxom U 0.50 0.47 0.00  0.88
Qyoum U 0.50 0.57 0.14  1.00
Qx B 0.50 0.57 0.49  0.65
65 U -0.05 -0.02 -0.04  -0.01
Persistence of the Exogenous Processes

pA B 0.50 0.64 042  0.89
PPCM B 0.50 0.94 0.87  1.00
ORP B 0.50 0.85 0.77  0.94
oG B 0.50 0.49 0.35  0.64
PYEXT B 0.50 0.81 0.74  0.88
PPIEXT B 0.50 0.56 0.43  0.69
PNREXT B 0.50 0.91 0.88  0.95

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, IG:
Inverse-Gamma. 27



Table A.5.10: Estimated Standard Deviations and Measurement Equation Pa-
rameters: Mexico

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

St. Dev. Innovations

e IG 1.00 0.82 042  1.27
eP 1G 1.00 0.57 0.39  0.75
err 1G 1.00 2.31 1.60  3.00
e IG 1.00 0.71 0.58  0.84
eMr IG 0.25 0.47 0.34  0.59
ePeM IG 6.00 16.91 14.02  19.81
& IG 1.00 0.78 0.58  0.97
eINv IG 3.00 2.30 1.87  2.72
exp IG 4.00 4.08 3.32 485
ey BXT 1G 1.00 0.75 0.60  0.89
ePIEXT 1G 1.00 0.80 0.66  0.94
eNREXT 1G 1.00 0.49 0.39  0.59
Measurement Equation Parameters
p~ U 1.00 0.33 0.12  0.54
P REND N 0.67 0.59 0.55  0.64
RS G 0.51 0.99 0.96  1.03
ot G 1.00 1.25 1.20  1.29
o N 0.20 0.07 -0.07  0.22
oy M N 0.12 0.11 -0.05  0.28
pE RENDYEXT N 0.60 0.41 0.35  0.47
Py TEXT G 0.55 0.41 0.37  0.44
PV REXT G 0.65 0.28 022  0.34
pmr N 0.67 0.62 0.47  0.78
oy N 0.25 0.25 0.09  0.42
St. Dev. of the Measurement Equations
éx IG 4.50 3.77 3.29  4.25
eM IG 4.50 4.34 3.76  4.92
epMP 1G 2.50 1.84 1.51  2.17
eV AGE IG 2.50 5.15 4.34 591

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, 1G:
Inverse-Gamma.
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Table A.5.11: Estimated Parameters: New Zealand

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

Structural Parameters

y B 0.30 0.53 0.41 0.64
o G 2.00 2.12 2.04 2.20
Ao B 0.20 0.21 0.15 0.30
Qg U 0.30 0.38 0.31 0.45
®RPO1 B 0.10 0.09 0.05  0.13
®RP02 B 0.10 0.04 0.01  0.06
Ow B 0.75 0.69 0.63 0.74
ow B 0.45 0.49 0.41 0.57
% G 2.00 2.00 1.98 2.02
nMU U 0.26 0.06 0.01  0.14
Qur B 0.75 0.50 0.42 0.57
Qn B 0.45 0.76 0.72 0.79
Op B 0.50 0.75 0.70 0.80
op B 0.50 0.49 0.41 0.58
AC G 0.25 0.20 0.13 0.26
Qgr B 0.70 0.87 0.85 0.90
U G 2.00 1.90 1.81 1.99
Vy G 0.50 1.23 1.07 1.42
Vo1 G 0.10 0.09 0.08 0.10
Vo2 G 0.10 0.10 0.08 0.12
dxcm U 0.50 0.56 0.20 1.00
Qyoum U 0.50 0.39 0.03 0.67
Qx B 0.50 0.57 0.45 0.68
Op U -0.05 0.00 -0.01  0.00
Persistence of the Exogenous Processes

PA B 0.50 0.89 0.84 0.95
pPPCM B 0.50 0.74 0.68 0.80
PRP B 0.50 0.82 0.76 0.88
oG B 0.50 0.82 0.77 0.87
PYEXT B 0.50 0.93 0.92 0.95
PPIEXT B 0.50 0.79 0.74 0.84
PNREXT B 0.50 0.95 0.95 0.95

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, IG:
Inverse-Gamma. 29



Table A.5.12: Estimated Standard Deviations and Measurement Equation Pa-
rameters: New Zealand

PARAMETERS TYPE® PRIOR MEAN POSTERIOR MEAN 90% HPDI

St. Dev. Innovations

e IG 1.00 0.75 0.57  0.95
eP 1G 1.00 0.51 0.38  0.64
e IG 1.00 1.35 1.07  1.63
e IG 1.00 1.32 1.15  1.47
eMr IG 0.25 1.12 0.90  1.35
ePeM IG 6.00 5.04 4.46  5.65
& IG 1.00 0.35 0.30  0.41
eINv 1G 3.00 2.21 1.87 257
exp IG 4.00 4.27 3.21  5.58
ey BXT 1G 1.00 0.67 0.58  0.75
ePIEXT 1G 1.00 0.71 0.62  0.79
eNREXT 1G 1.00 0.76 0.67  0.85
Measurement Equation Parameters
pX U 1.00 0.08 0.00  0.16
P REND N 0.67 0.72 0.68  0.75
RS G 0.51 0.47 0.42  0.51
P! G 1.00 1.27 1.22 133
o N 0.20 0.43 0.34  0.51
oy M N 0.12 0.11 0.02  0.21
Pt RENDYEXT N 0.60 0.58 0.54  0.62
Py TEXT G 0.55 0.57 0.55  0.58
PV REXT G 0.65 0.65 0.60  0.70
Mr N 0.67 0.63 047  0.78
oy N 0.25 0.26 0.13  0.39
St. Dev. of the Measurement Equations
&x 1G 4.50 3.15 2.84  3.46
eM IG 4.50 4.29 3.87  4.70
epMP 1G 2.50 1.40 1.21 160
ey AGE IG 2.50 1.12 1.03  1.21

Source: Authors’ calculations. Note:* U: Uniform, G: Gamma, B: Beta, N: Normal, 1G:
Inverse-Gamma.
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