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Abstract Abundant natural resources often destabilize macroeconomic performance. Effective
management of extractive industry resources, supported by sound economic institutions, is crucial
to sustaining macroeconomic stability and fostering long-term growth. This paper examines the
impact of terms-of-trade shocks on fiscal outcomes and economic growth in the Andean region. Em-
ploying a time-varying structural vector autoregression (TV-SVAR) model, we estimate the magni-
tude of these shocks and the sensitivity of fiscal and macroeconomic variables. Our results reveal
significant time-varying effects and heterogeneity across countries, which reflects varying levels of
institutional development. The findings highlight the importance of strong economic frameworks
to mitigate the adverse effects of terms-of-trade volatility.

Keywords: Fiscal policy, natural resource management, time-varying bayesian SVAR.

Resumen La abundancia de recursos naturales a menudo desestabiliza los resultados macro-
econoémicos. La gestion eficaz de los recursos de las industrias extractivas, respaldada por institu-
ciones econémicas sélidas, es crucial para mantener la estabilidad macroeconémica y fomentar el
crecimiento a largo plazo. Este documento examina el impacto de las perturbaciones en los térmi-
nos de intercambio sobre los resultados fiscales y el crecimiento econémico en la Regién Andina.
Utilizando un modelo estructural de vector autorregresivo de tiempo variable (TV-SVAR), estimamos
la magnitud de estas perturbaciones y la sensibilidad de las variables fiscales y macroeconémicas.
Nuestros resultados revelan efectos significativos y variables en el tiempo, asi como heterogeneidad
entre paises, reflejando distintos niveles de desarrollo institucional. Las conclusiones destacan la
importancia de contar con marcos econémicos sélidos para mitigar los efectos adversos de la
volatilidad en los términos de intercambio.

Palabras clave: politica fiscal, gesti6on de recursos naturales, SVAR bayesiano de tiempo variable.
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The Evolution of External Shocks and Macrofiscal Outcomes in the Andes

1 - Intro and Motivation

The abundance of natural resources often presents significant
challenges to macroeconomic stability, a phenomenon common-
ly referred to as the “natural resource curse”. Countries rich in re-
sources face unique risks, including increased volatility due to
fluctuating commodity prices, reduced incentives for economic
diversification, and the proliferation of weak institutions, which
can lead to social conflict and corruption (Frankel, 2010). For
countries heavily reliant on extractive industries, such as those in
the Andean region, effective management of these resources is
critical to maintaining economic stability and fostering long-
term growth.

This paper evaluates the impact of terms-of-trade shocks on
fiscal performance and economic growth in the Andean region
over a 20-period horizon using a VAR model that includes vari-
ables such as economic growth, primary balance, and real ex-
change rate. By analyzing annual data, it explores the main trans-
mission channels of these shocks and provides historical context
on the economic crises and the fiscal and monetary policies
adopted by Bolivia, Colombia, Ecuador, and Peru. The paper high-
lights the implementation of fiscal rules and efforts to improve
fiscal responsibility and transparency, emphasizing the impor-
tance of robust fiscal institutions in mitigating external impacts
and promoting long-term growth.

Concerning macroeconomic stability, terms-of-trade volatility
has been found to be an important source of macroeconomic
fluctuations (Kose, 2002; Mendoza, 1995), particularly in resource-
rich countries. Negative terms-of-trade shocks, for instance, can
generate larger current account deficits and significant exchange
rate variability (Harberger, 1950; Laursen and Metzler, 1950; Ostry
and Reinhart, 1992). In emerging markets, terms-of-trade shocks
are an essential source of cyclical fluctuations. Fernandez et al.
(2018) find that fluctuations in commodity prices explain an im-
portant part of the business cycle behavior in emerging countries.
In terms of economic growth, Fernandez et al. (2020) report that
global shocks affecting commodity prices are a relevant (al-
though not dominant) source of variation in the economic
growth of countries worldwide, and Céspedes and Velasco (2012)
show that commodity price shocks have a significant impact on
the dynamics of production and investment.

Despite abundant evidence on the effects of commodity price
volatility in the economic activity of commodity-rich countries,
the discussion about the evolution of its magnitude and trans-
mission channels is far from being settled, particularly in a global
and changing environment, where the sources of commodity
price volatility are multiple. In this paper, we focus on studying
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the time-varying transmission of commodity price shocks to eco-
nomic activity through the fiscal channel® , paying special atten-
tion to the procyclicality bias of fiscal policy found in commodity-
dependent economies.

A countercyclical fiscal policy involves reducing government
spending and increasing tax rates during good times and increas-
ing government spending and lowering tax rates during bad
times. This policy is termed countercyclical because it aims to sta-
bilize the business cycle, making fiscal policy contractionary dur-
ing economic booms and expansionary during recessions. This
contrasts with a procyclical fiscal policy, where the behavior of
tax revenues and the primary balance as a proportion of GDP can
be ambiguous due to the varying tax rates and tax base through-
out the economic cycle (Kaminsky et al., 2004).

Standard economic theory predicts that fiscal policy should be
countercyclical. The neo classical tax smoothing model of Barro
(1979) says that because taxes are distorting to economic activity,
the optimal fiscal response by economic authorities would be to
smooth public spending and taxes throughout the economic cy-
cle, generating budget surpluses in good times and temporary
deficits in bad times. A similar result occurs in the standard neo-
Keynesian framework (Mankiw and Romer, 1991). In this case, the
reasons are related to market failures that can spur a recession,
which in turn pushes a government to run budget deficits during
such times in order to return the economy to a path of growth.

In practice, however, the empirical literature has found that
countries present persistent deficits throughout the economic cy-
cle. Such procyclicality is most evident in Latin America (Ilzetzki
and Vegh, 2008) and in countries whose public finances rely sig-
nificantly on revenues (taxes, royalties, profits, and credit) coming
from the exploitation of natural resources (Alberola and Sousa,
2017). In developing countries, fiscal procyclicality primarily
manifests through increased spending during periods of econom-
ic expansion and decreased spending during recessions. Fiscal
revenues, which are endogenous to the economic cycle, tend to
rise during boom periods, leading governments to increase
spending proportionally or even more than proportionally due to
temptation or political pressure. Empirical evidence shows that
developing countries generally exhibit procyclical government
spending, indicating that spending directly responds to the eco-
nomic cycle, regardless of the fiscal deficit (Frankel et al.,, 2013).

One of the reasons why such procyclicality occurs is credit con-
straints. The implication of high commodity price volatility is
that, when international prices of natural resources are low, gov-
ernments in resource-rich nations are credit constrained, and
when these prices are high, governments are credit relaxed. This
condition, imposed by commodity price volatility, results in a pro-
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cyclical bias on fiscal policy. Thus, the loss (or the lack) of access to
financial markets during economic downturns may make it im-
possible for countries to follow a countercyclical policy (Caballero
and Krishnamurthy, 2004; Gavin and Perotti, 1997). This effect can
be reinforced by incomplete financial markets, which affect the
financing options available (Riascos and Vegh, 2003).

When international conditions deteriorate, such as during a
global financial crisis, investors often perceive an increased risk
in lending to sovereign borrowers. This heightened risk percep-
tion can lead to higher sovereign bond spreads, as investors de-
mand greater compensation for the risk of default, making it
more expensive or difficult for countries to access credit. Addi-
tionally, an unsustainable rise in public debt can raise concerns
about a country’s ability to service its obligations, prompting in-
vestors to either refuse to lend or demand higher interest rates
(Petrova et al., 2010). As a result, countries face credit constraints,
limiting their ability to secure financing at reasonable terms and
restricting funding for public services or investments.

Nevertheless, as Céspedes and Velasco (2014) claim, the fact
that a government can borrow during a commodity-price boom
does not mean that it will find it desirable to borrow (or increase
spending) in such a period. Thus, credit restrictions that change
according to the economic cycle do not fully explain the fiscal
procyclicality in countries rich in natural resources. For this rea-
son, additional explanations of the procyclicality of fiscal policy
have come from the field of political economy.

Based on the observation that, during booms, government ex-
penditures increase more proportionally than revenues, some po-
litical economy theories have been proposed under different po-
litical arrangements and institutional settings. One, the “voracity
effect” (Lane and Tornell, 1996; Tornell and Velasco, 1992; Tornell
and Lane, 1999), posits that in political systems in which power is
diffused among several agents (each of them pushing for their
share of the windfall), fiscal policy will be more procyclical, rela-
tive to a more centralized system.

Another theory focuses on the interaction of political agency
and information asymmetries (Alesina et al,, 2008). The setting is
straightforward: while voters observe the state of the economy
during a boom (and therefore demand higher utility for them-
selves), they cannot observe government behavior; thus, they end
up facing corrupt governments that appropriate a portion of tax
revenues for unproductive public consumption or rent-seeking,
which results in a procyclical bias in fiscal policy. Moreover, when
voters are not well informed and there exists a high degree of po-
larization, politicians may have incentives to accumulate public
debt and pursue a procyclical fiscal policy (Aguiar and Amador,
2011; Ilzetzky, 2011).
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The undesired economic and social outcomes of fiscal procycli-
cality are multiple. Among them are an unsustainable level of
public debt, regressive and intergenerational distributional im-
pacts, and the occurrence of sovereign debt defaults and other
economic crises, with the consequential increases in poverty, in-
equality, migration, social conflict, and political turmoil.

Given the importance of resources derived from commodity
exports in the Andean region and the heterogeneous develop-
ment of fiscal institutions in some of the region’s countries in re-
cent years (Kehoe & Nicolini, 2022), this paper studies the time-
varying impact of terms-of- trade shocks on economic growth
and fiscal performance in Bolivia, Colombia, Ecuador, and Peru.
To accurately capture the variation on both, (i) the magnitude of
shocks and (ii) the response of economic and fiscal variables to
them, this paper makes use of a TV-SVAR model (Primiceri, 2005).
This methodology allows us to evaluate whether improvements
in economic (fiscal) institutions generated a lower sensitivity to
terms-of-trade fluctuations during the recent decades and what
the fiscal and economy-wide time varying responses to these
types of shocks have been.

The results found in this paper show a time-varying dynamic
for both terms-of-trade shocks and the sensitivity of the Andean
region’s economies to these shocks. In addition, the results reveal
heterogeneity in the impacts of terms-of-trade shocks in the dif-
ferent countries. Thus, countries such as Bolivia and Ecuador ex-
hibit a marked procyclical effect in their fiscal policy, while Peru
and Colombia stand out for having a more countercyclical stance.
This heterogeneity coincides with the uneven institutional devel-
opment in the countries of the region. These results highlight the
importance of developing adequate economic policy frameworks
to mitigate the volatility of the terms-of-trade in the region. The
remainder of the paper is structured as follows: Section 2 includes
a short literature review. Section 3 introduces the empirical
methodology. Section 4 describes the data and our main results.
Section 5 offers some concluding remarks

2 - Literature review

Different studies have shown that variations in the terms-of-
trade can generate significant impacts on the main macroeco-
nomic variables, especially in the case of emerging countries that
are highly dependent on the exportation of natural resources.
Employing a general equilibrium model developed for 23 devel-
oping countries, Mendoza (1995) finds that variations in the
terms-of-trade explain approximately half of the variation ob-
served in GDP in the countries evaluated. These results are sup-
ported by the findings of Kose (2002) who constructs a more de-
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tailed production structure than the original framework devel-
oped by Mendoza (1995). In the case of Latin America and the
Caribbean (LAC), Izquierdo et al. (2008) show that economic
growth in industrialized countries, U.S. high-yield-bond spreads,
and terms-of-trade are the external factors that most affect the
economic dynamics of LAC countries. In addition, these authors
argue that growth in the terms-of-trade is associated with long-
term growth in the GDPs of the countries in the region.

Concerning the influence of the terms-of-trade on fiscal vari-
ables, villafuerte and Lopez- Murphy (2009) analyze the fiscal re-
sponses of oil-producing countries from 2003 to 2008, finding that
the countries present deterioration in their non-oil primary bal-
ances that is explained by an increase in primary expenditure. In
addition, the authors find that most of the countries in their sam-
ple presented a procyclical fiscal policy and a deterioration in the
long-term fiscal position. In the same vein, Erbil (2011) studies the
cyclical behavior of fiscal policy in 28 oil-producing developing
countries from 1990 to 2009, finding a high procyclicality of dif-
ferent fiscal variables. At the same time, this author presents evi-
dence of heterogeneous effects across countries according to dif-
ferent income levels, with spending being procyclical in low- and
middle-income countries and countercyclical in high-income
countries.

Different studies have found procyclical behavior in LAC
(Gavin et al,, 1996; Gavin and Perotti, 1997; Stein et al., 1999); Cama-
cho and Perez-Quiros (2014) analyze the behavior of output in Ar-
gentina, Brazil, Chile, Colombia, Mexico, Peru, and Venezuela in
the face of changes in commodity prices. The authors report that
each country’s response to commodity price shocks depends on
the moment in time, the magnitude of the shock, and whether the
shock represents a reduction or an increase in prices. Melo-Becer-
ra et al. (2020) find that the effects of changes in the price of oil on
the Colombian economy have changed over time and depend on
the direction of the variation in the commodity's price. In this
sense, significant increases in the price of oil did not seem to af-
fect public debt, while reductions in oil prices increased the level
of indebtedness.

The literature has highlighted the development of adequate
fiscal institutions as one of the factors that contributes to the re-
duction of fiscal policy procyclicality. Medina (2016) studies the ef-
fects of commodity price shocks on fiscal revenues and expendi-
tures in LAC countries in the period 2005—2013, finding that fiscal
aggregates respond to commodity price shocks, although with
heterogeneities across countries: Medina (2016) finds that
Venezuela has the highest fiscal sensitivity to commodity price
shocks, whereas Chile's fiscal sensitivity is low. This result may be
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linked to the establishment of fiscal rules that reduce the sensi-
tivity of fiscal variables to fluctuations in international prices.

Céspedes and Velasco (2012) argue that the implementation of
credible fiscal rules can reduce the impact of external shocks on
output and reduce the sensitivity of the exchange rate. Addition-
ally, the type of monetary regime and the existence of stable polit-
ical systems can reduce the sensitivity of macroeconomic vari-
ables to commodity price shocks. Frankel et al. (2013) find that
many developing countries have managed to escape fiscal pro-
cyclicality in recent years and have even implemented counter-
cyclical fiscal policies as developed countries do. According to
these authors, a key driver of this effect is the development of ef-
fective institutions in economic, legal, and political terms. Similar
results are found by Céspedes and Velasco (2014) and Cespedes et
al. (2014). However, recent works such as Bjgrnland and Thorsrud
(2019) have found that even in countries such as Norway, the es-
tablishment of fiscal rules may not have contributed much to the
reduction of the procyclicality of fiscal policy. These authors high-
light that the time-varying dynamics of shocks are crucial ele-
ments to consider in order to accurately model shocks generated
by changes in international commodity prices.

The countries of the Andean region have made heterogeneous
progress in recent years in terms of the development of fiscal in-
stitutions (Andrian et al. (2022)). Colombia, Ecuador, and Peru
have instituted fiscal rules during the last 20 years. Colombia and
Peru are the only countries with independent fiscal councils and
moreover Peru has a solid medium-term fiscal framework in
place. Meanwhile, as part of the fiscal institutional framework de-
fined in Colombia, the Ministry of Finance and Public Credit
(MHCP) publishes an annual Medium- Term Fiscal Framework
(MFMP), which presents the results and sets forth the purposes of
fiscal policy. In addition to an MFMP, Colombia has a Medium-
Term Expenditure Frame- work (MGMP). Although Ecuador does
not have a MFMP, the country has multiannual budgetary pro-
gramming. Finally, Bolivia has not shown any significant devel-
opment in its fiscal institutions in recent years compared to the
rest of the countries in the region.

3 - Methodology
3.1-Time-Varying VAR

There could be at least two sources of variation in the relation-
ship between external shocks and macroeconomic and fiscal out-
comes through time. The first is related to changes in the het-
eroskedasticity of the shocks, which are, if anything, volatile. The
second are changes in the transmission mechanism, that is, how
macroeconomic and fiscal variables respond to shocks. If shocks

>
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vary over time, this could directly impact their transmission
mechanism and, if agents are rational and forward-looking, the
fiscal policy response to those changes will be incorporated into
their economic decisions, introducing additional modifications
to the transmission mechanism. This is key for the Andean region
where, due to both shocks and policies, agent responses have var-
ied significantly over time. For an econometric model to capture
these dynamics, it must have two features: (1) a multiple equation
model, in order to capture how changes in fiscal policy affect the
rest of the economy, and (2) time- varying parameters, in order to
measure and understand how volatility and policy changes affect
agents’ behavior. Therefore, to estimate changes in macrofiscal
outcomes through time, as in Primiceri (2005), Nakajima et al.
(2011), Del Negro and Primiceri (2013), and Melo-Becerra et al.
(2020), we use the following time-varying structural vector autore-
gressive model with stochastic volatility:

Ye=0C +By; Vi g+ F+ By Ve U, (1]

where[ isal | vector of observed endogenous variables; [is
a | | vector of time-varying coefficients that multiply constant
terms;| |,[ |, are[ | matrices of time-varying coefficients; and []
are heteroskedastic unobservable shocks with variance-covari-
ance matrix|_. For simplicity, consider the triangular decomposi-
tion of [

A0 AT = 5,11, [21

where| is the lower triangular matrix:

1 0 0

A, al,zm 1
: 0
Onie Opn—-1.t 1

and| isthe diagonal matrix:
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Ty ¢ 0 0
At — [] G’zrr
0
0 0 o,;
This implies that

-1
Ve=¢Ct+ BV 1+ o+ BrVex + Ap L€

ﬁt = {CI'I Bl,t.l ey Bk,t} (3]
Ve ) =1I,.

The modeling strategy consists of estimating the coefficient
processes in equation (3). This model has two sets of time-varying
coefficients,| | and[ |, and a stochastic volatility modelfor the di-
agonal elements, [ . The dynamics of the model's time-varying
parameters are specified as follows:

Bt =Bi—1+ 0 V(e =Q @

ar=a;+u, V() =S ©

Inogy =nor_y +ve,V(vy) =W, (6]

where the elements of the vector | | are modeled as random
walks as well as the free elements of the matrix | . The standard
deviations (|—) are assumed to evolve as geometric random walks,
which belong to the class of models known as stochastic volatility
(see Blake and Mumtaz (2017)). All of the model's innovations are
assumed to be jointly normally distributed with the following as-
sumptions on the variance covariance matrix:

M
oy

___'.‘-u

-]

V =Var =

o I e T e |
o oOd O
o B o T
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where [ | is a n-dimensional identity matrix and [ [Tandl
are positive definite matrices. Primiceri (2005) states these as-
sumptions are justified, for at least two reasons: (1) the high num-
ber of parameters in the model (adding all the off-diagonal ele-
ments of | | would require the specification of a sensible prior
that is able to prevent cases of ill-determined parameters), and (2)
allowing for a completely generic correlation structure among
different sources of uncertainty would preclude any structural in-
terpretation of the innovations.

Finally, [ is assumed to be block diagonal, with the blocks cor-
responding to parameters belonging to separate equations. The
intuition is that the contemporaneous relationship among vari-
ables are assumed to evolve independently in each equation.
More formally, from equations (2) and (3), consider the following
relationship:

Atur = E¢. [8]

In the case of a three-variable VAR, this relationship implies
the following set of equations:

1 0 0 Uq¢ €1t
iz ¢ 1 0= Uzt | = €2t , [9]
Q3¢ Az3r 1 Uzt €3t

which can be rearranged and translated into the following
equation forms:

Uye = €1

Une = —Uya,Use t Eap

Uze = —Oy3,Ugr T —Or3 Uz + E3,p,
where[ | and

Ai2¢ = A12p-1 T C1t V(Hl.r) =5 10}
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Therefore, the [ | are time-varying coefficients on regressions
involving the VAR residuals.

3.1.1- Estimation procedure

Because the model includes a number of parameters that change
over time, the econometric procedure for estimating the model is
the Bayesian approach. In these types of models, parameters are
considered latent variables so that they can be estimated with
state-space models. The unobservable states correspond to the
history of coefficients [[_, |—] and the history of volatilities [[_]. A
Bayesian approach reduces uncertainty about the parameters
and evaluates their posterior distribution and that of the hyper-
parameters [I_ ).

Gibbs sampling, a Monte Carlo with Markov Chains (MCMC)
simulation method, is used for the posterior numerical evalua-
tion of the parameters of interest. This procedure sets the prior
joint distribution of the parameters function and then updates it
with the data likelihood function, which generates the posterior
probability function of the parameters. Because this function is
analytically intractable, Gibbs sampling generates samples of the
parameters from their full conditional distributions, which are
smaller than their joint distribution. It is an iterative algorithm
that builds sequence-dependent values of the parameters with
distributions converging toward their posteriors after a number
of iterations.

Priors. Following Blake and Mumtaz (2017), the priors for the
initial states of the time- varying coefficients, simultaneous rela-
tions, and log standard errors, [, [""and[  are assumed to be
normally distributed. These assumptions together with the au-
toregressive nature of time-varying parameters imply Gaussian
priors on the entire sequences of the [s,[ s, andl s (condition-
alonl |,[ |, and l_]. The priors for the distributions of the hyper-
parameter [ is assumed to be distributed as inverse Wishart, be-
cause the parameter [ isinverse gamma and the blocks of [ are
inverse gamma for [ and inverse wishart for | . More formally,
these prior distributions have the following form:

[11]
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Bo ~ N(B,V(B))
Ag ~ N(A,V(4))
Ingy ~N(Iné,1,)
Q ~ IW(Qqo, To)
W ~ IG(W,, Tp)
Sy ~ 1G(S10,Ty)

Sy ~ IW(S520,Tp)
The joint distribution of [ anal s given by
[Z7, BT, AT, VIyT] o [yTIET, BT, AT, V][ZT, BT, AT, V]

where the rectangular parenthesis is interpreted as the proba-
bility distribution and the symbol [ expresses proportionality.

Simulation method. A detailed explanation of the Gibbs sam-
pling methods used to estimate the model is provided in section
A.1.3 of the appendix. A summary is provided here. Following Del
Negro and Primiceri (2013) and Blake and Mumtaz (2017) the
Gibbs sampling algorithm is used to generate a sample from the
joint posterior of [[_,l—, [, and [_]. The algorithm is carried out in
four steps, drawing (1) time-varying coefficients [[_], (2) simulta-
neous relations [|_ ), (3) volatilities (l_ ), and (4) hyperparameters (
|_], conditional on the observed data) , and the rest of the para-
meters.

Conditional on| and| the state-space form given by equa-
tions (3) and (4) is linear and Gaussian. Therefore, the conditional
posterior of [ | is a product of Gaussian densities and can be
drawn using the Carter and Kohn (1994) algorithm. By the same
logic, the posterior of [ conditional on| ' and [ !is also a prod-
uct of normal distributions and | | can thus be drawn in the same
way. Drawing [ instead is more complicated; this can be done us-
ing the independence Metropolis-Hastings algorithm, as present-
ed by Blake and Mumtaz (2017). Simulating the conditional poste-
rior of | is standard because it is the product of independent in-
verse Wishart distributions.

Identification. As long as an exact identification scheme —like
the triangular matrix de- scribed above— for the additive shock is
available, a structural vector autoregression (VAR) can be easily
estimated in two steps. Consider the following structural VAR:
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Ve =Xe +Zee W

where [ |,[ |, are[ | matrices? and for any [ 1,["] contains at
least [ restrictions that guarantee identification. The first step
consists of estimating the reduced form VAR, following the
methodology illustrated in the previous sections. This first step
delivers the posterior of the [ 's and the [ 's at every point in
time. The second step is to obtain the numerical evaluation of the
posterior of the [ 's; it suffices to solve the system of equations
given by

[1]

=7 _ _ 13
tZt = Q¢ t = LT W

for every draw of [ . 1f the identification is based on a triangu-
lar scheme, the solution to (12) is given simply by [ | the same as
in equation (3).

Sign restrictions. In order to assess the time change in the de-
gree of procyclicality of fiscal policy to terms-of-trade shocks, we
identify the shock by assuming that a positive shock has the fol-
lowing contemporaneous macrofiscal effects:

1 0 0 0
a4 = iz 1 0 0
Or = Qi3 Aaz; 1 0
Giar Gpqy G3qp 1

The second, third, and fourth rows of this matrix correspond to
the contemporaneous response of the real exchange rate [|_], the
primary balance (l_), and real GDP (I_ ), respectively, to a terms-of-
trade shock. Restricting these contemporaneous responses the
following way [ (Real Exchange Rate [RER] appreciation);l—, [,
and[ |, [ [ implies that a contemporaneous shock [ leads to
(1) a contemporaneous RER appreciation, (2) a fall in [] (e.g., an in-
crease in primary expenditures that is not proportional to the in-
crease in revenues) and (3) a contemporaneous increase in [ (e.g.
as higher oil income increases domestic demand, both public and
private).

To answer the question of whether there is an increase in fiscal
procyclicality over time, one has to compare the dynamic behav-
ior of the contemporaneous fiscal response to oil price impulses.

~N
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Accordingly, we compare the contemporaneous response of the
primary balance, [, over time. If [ (where [_) during the period
considered, fiscal procyclicality deteriorates. Conversely, ifl | fis-
cal procyclicality improves.

The same criterion is applied to assess the direct multiplier ef-
fect of terms-of-trade shocks on the economy as well as their indi-
rect multiplier effect (through fiscal policy). If [ and | | then
terms-of-trade shocks have a higher multiplier effect on the econ-
omy, whereas if [ and!  the opposite occurs: the multiplier ef-
fect of terms-of-trade shocks on the economy is lower. The proce-
dure to drawing matrix [ is detailed in Appendix B.

4 - Data and stylized facts

This section provides a general overview of macroeconomic per-
formance and the fiscal framework to elucidate the evolution of
these countries over the past decades and an overview of the data
used. This paper evaluates the impact of terms-of-trade shocks on
fiscal performance and economic growth in the countries of the
Andean region. In addition to a variable that captures the terms-
of-trade dynamics, the VAR model for each country includes the
following variables: Economic Growth, Primary Balance (Fiscal
Measure), and Real Exchange Rate (Monetary Measure). This
framework enables the capture of the main transmission chan-
nels, which is necessary to explain the impacts generated by
terms-of-trade shocks. The data’s periodicity is annual and the
length of the periodicity depends on the availability of data for
each country. Table 1 outlines the variables and sources by coun-
try, while Figures 1, 2, 3, and 4 illustrate the evolution of the series
over their respective periods.

Each country in the Andean region has experienced significant
economic crises that have shaped their economic and fiscal poli-
cies. Bolivia experienced a debt crisis and hyperinflation from
1977 to 1986, followed by a financial crisis from 1998 to 2002. De-
spite these challenges, Bolivia maintained consistent GDP growth
from the late 1980s until 2019, with only brief periods of negative
growth, notably in the mid-1980s and during the COVID-19 pan-
demic in 2020 (Kehoe et al., 2022). Colombia faced high inflation
and fiscal deficits between 1971 and 1990, culminating in a severe
economic recession in 1999. The COVID-19 pandemic also caused a
significant GDP contraction in 2020. Throughout these periods,
Colombia’s fiscal and monetary policies evolved, with significant
reforms introduced following the 1991 constitution (Perez-Reyna
& Osorio-Rodriguez, 2021). Ecuador’'s economic history is marked
by the discovery of oil reserves in the late 1960s and dollarization
in 2000. The country experienced a severe economic crisis in 1999
due to political instability and central banking reforms, with GDP
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growth rebounding post-dollarization and another significant
decline during the COVID-19 pandemic (Cueva & Diaz, 2021). Peru
faced accelerating inflation and hyperinflation during the 1970s
and 1980s, followed by a stabilization program in the early 1990s
that led to more sustainable economic growth. Despite this, Peru
experienced periods of negative growth, particularly at the end of
the commodities supercycle and during the COVID-19 pandemic
(Martinelli & Vega, 2021).

The fiscal performance of these countries has been influenced
by their responses to eco- nomic crises and their implementation
of fiscal rules. Each country has adopted various measures to im-
prove fiscal stability and manage public finances more effective-
ly. Bolivia has not implemented a formal fiscal rule for executing
the public budget, which has led to fluctuations in the primary
balance, particularly during economic downturns such as the
COVID-19 pandemic (Kehoe et al., 2022). Colombia introduced sig-
nificant fiscal reforms with the 1991 constitution, including the
independence of the central bank and new fiscal rules in 2011.
These rules target structural balance and allow for countercycli-
cal spending, contributing to fiscal stability despite economic
shocks (Perez-Reyna & Osorio-Rodriguez, 2021; Barreix & Corrales,
2019). Ecuador has implemented various fiscal rules, including
spending, balance, and debt rules, to improve fiscal performance.
The 2018 fiscal responsibility framework limits spending growth
and restricts the deficit, aiming to maintain the debt burden be-
low 40 percent of GDP in the medium to long term (Arenas de
Mesa & Mosqueira, 2021; Barreix & Corrales, 2019). Peru’s fiscal in-
stitutional framework has undergone significant changes since
the early 1990s. The Law of Fiscal Prudence and Transparency, en-
acted in 1999, and subsequent fiscal rules have contributed to im-
proved fiscal performance. The 2013 Law for the Strengthening of
Fiscal Responsibility and Transparency established new fiscal
rules and created an independent fiscal council and a Fiscal Sta-
bilization Fund (Martinelli & Vega, 2021; Arenas de Mesa &
Mosqueira, 2021; Barreix & Corrales, 2019). The Andean Region
countries have faced significant economic challenges, prompting
re- forms in fiscal policies and institutional frameworks to en-
hance fiscal stability and economic growth. While each country
has unique experiences, common themes include responses to
economic crises, implementation of fiscal rules, and efforts to im-
prove fiscal responsibility and transparency. These efforts to ad-
dress fiscal imbalances and enhance economic resilience illus-
trate the importance of robust fiscal institutions and policies in
mitigating the impacts of external shocks and promoting long-
term growth.

5 - Results
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5.1-Bolivia

Figure 5 depicts the stochastic volatility of structural shocks for
the four variables considered in the TV-SVAR, including the confi-
dence interval computed for the shock’s 16th and 84th percentiles
of the standard deviation. In the case of Bolivia, the shocks stud-
ied do not show high variability in the period considered, a be-
havior that contrasts with the results obtained for the other
countries in the region. This result may reflect the lower develop-
ment of public economic institutions in Bolivia in comparison
with such institutions in the other countries in the Andean re-
gion and a lower degree of integration with the global economy.
It should be noted that the limited historical availability of infor-
mation only allows us to estimate the behavior of these shocks
from 2005 onward.

Figure 6 shows the impulse response functions of the variables
considered in relation to terms-of-trade shocks over time (identi-
fied by sign restrictions). The years considered in the study are
shown along the x-axis, the magnitude of the shock. along the y-
axis, and the behavior of the impulse response function each year
(for the periods 1 to 15) along the z-axis. In line with Bolivia's com-
modity-exporting position, positive terms-of-trade shocks are as-
sociated with an appreciation of the country's exchange rate in
the initial period, followed by a depreciation, the effect of which
dissolves over time. However, this effect is not pronounced, due to
the country’s fixed exchange rate system. Regarding the fiscal ef-
fect of the terms-of-trade, the results show a procyclical behavior.
Thus, positive shocks are associated with a more significant in-
crease in public spending than in income during the period con-
sidered. This effect tends to be greater around 2013. Along these
lines, output dynamics reflect the positive effect of terms-of-trade
shocks on Bolivian economic growth. This effect may be associat-
ed with higher public spending and its economic multiplier ef-
fect.

5.2 - Colombia

In the case of Colombia, the results reveal different volatility lev-
els among the variables’' shocks over time. Concerning the terms-
of-trade, the results show a sustained increase in the volatility of
the shocks during the period 2008—2014. This behavior reflect a
greater dependence on oil in the country's export basket and
therefore reflect greater sensitivity of the terms-of-trade to the in-
ternational price of oil and the so-called “commodity super cycle”.
The results show a peak of uncertainty in 2014 associated with the
fall in the international price of oil.

The volatility of shocks related to the RER showed a downward
trend during the period considered, although with some volatility
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peaks before the year 2000. This behavior can be attributed to the
country’s institutional development in economic terms, which
contributed to a gradual reduction in inflation and better mone-
tary policy management. Thus, although the country's exchange
rate continued to act as an automatic stabilizer of external
shocks, the improved institutional development in monetary
terms made it possible to reduce the relative size of these shocks,
making for a “stable” fluctuation of the exchange rate.

On the other hand, in terms of the primary balance shocks
present relatively constant volatility during the period of analy-
sis. However, there are peaks of uncertainty related to periods of
global economic recession (2000, 2008, and 2020).

Finally, in terms of economic growth, the shocks show a slight
negative trend, which is in line with the relative macroeconomic
stability of the country and the proper functioning of the eco-
nomic institutions implemented over the last few years.

The impulse response functions reveal important changes in
the magnitude of the shocks over time for the different variables.
In terms of the behavior of the RER, terms-of-trade shocks had an
initial appreciation effect on the rate (-0.6 p.p. to -0.8 p.p.), fol-
lowed by a slight depreciation effect in subsequent periods. This
behavior is present during all the years considered. The impact on
initial appreciation became much stronger during the 2008—2015
period, which coincides with one of the periods of the country’'s
most significant oil and coal production and high international
prices of these commodities. As a result of the end of the com-
modity super cycle, the impact of terms-of-trade shocks on the
RER returned to levels similar to those evidenced before the min-
ing-energy boom. This high exchange rate sensitivity to external
shocks reflects the country's inflation target regime, which allows
the exchange rate to act as an automatic stabilizer in the face of
external shocks.

Concerning the primary balance, terms-of-trade shocks show a
procyclical behavior throughout the years. In this sense, improve-
ments in the terms-of-trade generate a deterioration in the
country's fiscal position, which may be associated with a much
more pronounced in- crease in spending than in income generat-
ed by better terms-of-trade. However, since 2010 there was a slight
reduction in fiscal procyclicality, which coincided with a period of
greater exploitation of natural resources in the country. This im-
provement could be related to the establishment of a fiscal rule
and the development of fiscal institutions in the country in order
to make good use of resources derived from extractive industries.
Despite this progress, there was a tendency toward greater pro-
cyclicality in the last few years of the period under study.

Finally, terms-of-trade shocks show a positive effect on eco-
nomic growth. The most significant impact of these shocks (0.15
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p.p) was felt from 2010 to 2015, coinciding with the commodity cy-
cle and the country’s mining-energy boom.

5.3 - Ecuador

In the case of Ecuador, the behavior related to the volatility of the
different shocks remained relatively constant over time (Figure 9).
In terms of impulse response functions, except for the RER behav-
ior, the different variables show a changing reaction over time.
The dollarization of the economy explains the low effect of terms-
of-trade shocks on the RER. However, due to the crisis generated
by the pandemic and the local and foreign price differentials, the
RER showed a differential impact during 2020. Regarding fiscal
variables, positive terms-of-trade shocks generate a higher deficit,
in line with a procyclical behavior of fiscal policy. The procyclical-
ity of spending presented a greater magnitude between 2010 and
2013, coinciding with the commodity super cycle. In terms of eco-
nomic growth, due to the country’s commodity-exporting posi-
tion favorable terms-of-trade shocks are positively related to
higher economic growth, especially in the 2000—2003 and 2010—
2013 periods.

5.4 - Peru

In Peru, the behavior of the volatility of shocks shows high vari-
ability, especially in the case of terms-of-trade and RER shocks
(Figure 11). The terms-of-trade volatility shows a peak of uncer-
tainty in the period corresponding to the 2008 global financial
crisis and the sharp fall in international copper prices that oc-
curred. From this point on, the magnitude of the shocks shows a
considerable decrease with some minor peaks in 2014, coinciding
with the end of the commodity super cycle. When examining the
behavior of the RER, the shocks present high volatility with a sig-
nificant peak of uncertainty around the year 2003, which coin-
cides with a period of appreciation of the local currency. Finally,
the volatility of fiscal and economic growth shocks shows less
variation, although with a marked negative trend, mainly in the
case of GDP performance. This result may be associated with more
economic stability in Peru due to the strengthening of its fiscal
institutions in recent years.

When examining the behavior of the terms-of-trade shocks in
the variables considered, we observe in all cases a response that
varies significantly according to the years considered (Figure 11).
In the case of the response in the RER, the exchange rate apprecia-
tion effect that occurs after a positive terms-of-trade shock is of a
greater magnitude in the period close to the year 2000 (-2.0 p.p.). A
trend of greater sensitivity of the RER is also observed as of 2015,
although at much lower levels (-1.5 p.p.) than those recorded in
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2000. This result may be related to changes in the Peruvian mone-
tary authorities’ exchange rate intervention policy to maintain
price stability per the established policy objectives.

Regarding the primary balance, terms-of-trade shocks show a
differentiated effect depending on the years considered. From
1990 to 1997, trade shocks were associated with a negative re-
sponse of the primary balance (higher deficit). However, from
2000 on (except for a few years, notably 2005 and 2010) terms-of-
trade shocks resulted in an improvement of the primary balance.
This may be because of improved fiscal institutions that allowed
the country to implement a countercyclical fiscal policy. In terms
of GDP performance, the response of economic growth to terms-
of-trade shocks was similar to that of the primary balance. From
2000 on, positive terms-of-trade shocks were associated with posi-
tive economic activity.

5.5 - Responses to a Terms-of-Trade Shock for Selected Periods

Figures 13 and 14 show the responses of the primary balance and
of economic growth, respectively, to terms-of-trade shocks at dif-
ferent points in time. The periods of interest in which the impulse
response functions (IRFs) are calculated respond both to periods
of global shocks (international financial crisis, commodity super
cycle) and periods in which significant changes occurred in the
countries’ fiscal institutions (fiscal rules going into effect or new
institutional arrangements).

Figure 13 reveals that, with the exception of Peru, the countries
of the Andean region show an increase in their deficit as a conse-
quence of a positive terms-of-trade shock. In other words, the fis-
cal balance reflects a procyclical behavior in public finances. Bo-
livia is the country that shows the greatest sensitivity to the
shocks considered, with 2014 being the year with the most pro-
nounced response in its primary balance (-0.66 p.p.) and 2008 the
year with the lowest response (-0.6). For this country, no signifi-
cant heterogeneity is observed between the different time periods
considered. In the case of Colombia, the country's primary bal-
ance shows a much smaller reaction than that of the other coun-
tries considered, with the year 2000 seeing the greatest impact
(-0.06 p.p.), which makes sense given the 1999 Colombian econom-
ic crisis. The 2014 shock is associated with a lower impact (-0.05).
In Ecuador, the response to shocks varies over the period of study.
Thus, the largest (negative) impact on the primary balance was
felt in 2012, when there was a significant increase in the interna-
tional price of oil. As mentioned above, this behavior responds to
a procyclical policy by the economic authorities. In contrast, in
2018 the impact on the deficit was much lower (- 0.27), a result
that may be correlated with the development of better fiscal insti-
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tutions in Ecuador during the last few years of the period under
study. Finally, Peru is the country in the region that shows the
most variable responses to terms-of-trade shocks. The largest
shock for Peru occurred in 2011, with a deficit shock of -3.0 p.p.
that also showed high persistence. This strong shock may capture
the decline in copper prices as a consequence of the international
financial crisis and the other effects of the global economic reces-
sion on the local economy. On the other hand, Peru saw an im-
provement in its primary balance in the face of terms-of-trade
shocks in 2000, 2015, and 2018. This result may be associated with
the strengthening of Peruvian economic institutions in recent
years. In this sense, our results demonstrate significant differ-
ences between the effects that terms-of-trade shocks generate in
the countries of the region and the heterogeneity of each
country’s response during the period of study.

In terms of the impact on growth of terms-of-trade shocks, Fig-
ure 14 presents behaviors in line with the fiscal policies carried
out by the countries. Positive terms-of-trade shocks generate
higher economic growth in all countries, with the exception of
some years in the case of Peru (2011, 2012, 2014). This behavior cor-
relates with the higher public spending and infrastructure invest-
ment programs undertaken by the countries in the region made
possible by mining and energy tax revenues and their multiplier
effect on the economy. Ecuador and Peru show the greatest im-
pact on economic growth derived from positive terms-of-trade
shocks, while Colombia shows the least sensitivity.

6 - Concluding Remarks

This paper examines the impact of terms-of-trade shocks on fiscal
performance and eco- nomic growth in the Andean region, em-
ploying a Time-varying Structural Vector Autoregression (TV-
SVAR) model, following the methodology proposed by Primiceri
(2005), to capture the dynamic responses of key macroeconomic
variables over time. The results re- veal significant heterogeneity
across Bolivia, Colombia, Ecuador, and Peru, both within and be-
tween countries, in terms of the volatility and transmission of ex-
ternal shocks, reflecting differences in institutional quality and
fiscal policy frameworks.

The study shows that, within countries, terms-of-trade shocks
exhibit significant time- varying behavior, with more pro-
nounced effects during the commodity super cycle period. Posi-
tive terms-of-trade shocks, such as increases in commodity prices,
are generally associated with higher public spending and eco-
nomic growth, indicating procyclical fiscal behavior. However,
countercyclical responses are observed in certain years, particu-
larly in Peru, where more robust fiscal frameworks have been de-
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veloped. Bolivia and Ecuador exhibit the most pronounced pro-
cyclical fiscal responses, with government spending sharply in-
creasing during periods of favorable external conditions. This be-
havior has led to substantial fiscal imbalances during downturns,
underscoring the need for stronger fiscal institutions in these
countries.

In contrast, Colombia and Peru have demonstrated greater re-
silience to external shocks due to the implementation of fiscal
rules and stabilization mechanisms that have enabled them to
moderate the impact of terms-of-trade volatility on public fi-
nances, resulting in more stable macroeconomic outcomes. The
analysis emphasizes the importance of fiscal institutions, such as
fiscal rules and councils, in shaping countries' ability to manage
revenue from extractive industries and implement countercycli-
cal policies. Countries with more developed fiscal frameworks,
like Colombia and Peru, are better able to smooth public spend-
ing and ensure fiscal stability, while those with weaker institu-
tions, like Bolivia and Ecuador, remain vulnerable to the boom-
bust cycles associated with commodity price fluctuations.

These findings carry significant policy implications for re-
source-dependent economies. Policymakers should consider the
magnitude of shocks and the nonrenewable nature of resource
revenues when designing fiscal policies. Public spending should
align with intertemporal smoothing strategies to avoid excessive
spending during boom periods, which could undermine long-
term fiscal stability. Furthermore, institutional development, par-
ticularly the establishment of sound fiscal frameworks, should be
a priority for countries like Bolivia and Ecuador to enhance their
resilience to external shocks.

In the context of the global energy transition, the development
of proper fiscal institutions becomes even more critical. The An-
dean countries must prepare for potential shifts in global de-
mand for commodities and avoid significant macroeconomic in-
stability. Economic diversification should be a key goal for the re-
gion to mitigate the risks associated with dependency on com-
modity exports.

Future research could explore how further institutional re-
forms and improvements can strengthen the resilience of these
economies to external volatility. The Andean region pro- vides
valuable insights into the complex interplay between external
shocks, fiscal policy, and institutional capacity, offering impor-
tant lessons for other commodity-exporting countries facing sim-
ilar challenges.

Figures and Tables
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Country able Source
GDP Growth World Bank; Central Bank of Bolma
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Figure 5 Posterior Estimates for Stochastic Volatility of Structural Shocks,
Bolivia
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Figure 6 Impulse Response Functions, Bolivia
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Figure 7 Posterior Estimates for Stochastic Volatility of Structural Shocks,
Colombia
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Figure 8 Impulse Response Functions, Colombia
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Figure 9 Posterior Estimates for Stochastic Volatility of Structural Shocks,
Ecuador
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Figure 10 Impulse Response Functions, Ecuador
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Figure 11 Posterior Estimates for Stochastic Volatility of Structural Shocks,
Ecuador
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Figure 12 Impulse Response Functions, Ecuador
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Figure 13 Response of the Primary Balance to a Terms-of-Trade Shock
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Figure 14 Response of the GDP to a Terms-of-Trade Shock
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introduction to Bayesian inference in

A. Sampling algorithms for estimation of model parameters
A.1 Drawing coefficient states
A.1.1 Astandard state-space representation

Equations (3) and (4) have, respectively, the state-space form of
equations (14), the “observation” equation, and (15), the “transi-
tion” equation, below:

Ve =Hfr + €6 14

By =FBi_y +u,

(15]

where
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] ~tean (][5 o))

In the observation equation the unknown parameters consist
of the elements of H not fixed or given as data and the nonzero el-
ements of the covariance matrix R. In the transition equation, the
parameters to be estimated are the nonzero and free elements of

F, Q, and the state variable, r
A.1.2 Bayesian econometrics: The general procedure

A Bayesian approach to estimating this model is based on
three basic steps.

Step 1. The researcher forms a prior belief of the distribution of the

parameters to be estimated
function of the parameters.

, Where is a generic joint density

Step 2. The researcher collects data on the observed variables (l_)
and constructs the likelihood function of the model parameters

contained in the data ’_

Step 3. The researcher updates the prior belief on the model
parameters (step 1) based on the information contained in the data
(step 2). Put another away, the researcher combines the prior

distribution r and the likelihood function r to obtain the joint
posterior distribution |7

Defined by Bayes' theorem, l_ is a product of the likelihood l_

and the joint prior! . More formally,

H(B,F.H,QR|yt) o< (yt|B F,.HQR) X P(B,F,H,QR)

here r indicates proportionality.

To proceed further in terms of inference, the researcher has to
“isolate” the component of the posterior relevant to the parame-
ter of interest. For example, to conduct inference about (3, the re-
searcher has to derive the marginal posterior distribution for 8
from the joint posterior distribution of the parameters. Similarly,
inference on Q is based on the marginal posterior distribution for
Q. However, derivation of the marginal posterior distribution
(from a joint posterior distribution) requires analytical integra-
tion, a procedure that may prove difficult in complex models such
as the one used here. It was the development of simulation meth-
ods such as Gibbs sampling that greatly simplified this integra-
tion.
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A.1.3 Bayesian econometrics: The general procedure

Gibbs sampling is a numerical method that use draws from
conditional distributions to approximate joint and marginal dis-
tributions. From Blake and Mumtaz (2017), a general description
of Gibbs sampling is the following:

Suppose we have a joint distribution of r variables

f(xg, xg o Xg)

This may, for example, be a joint posterior distribution.
We are interested in obtaining the marginal distributions

Flx),i=1.k

Assume that the form of the conditional distributions |_ |_
is known. A Gibbs sampling algorithm with the following steps
can be used to approximate the marginal distributions:

(1) Set starting values for

0

xy, .x

Where the superscript 0 denotes the starting values.
(2) Sample |_ from the distribution of |_ conditional on cur-

rent values of

flalxz, .. xi)

(3) Sample r from the distribution of [_ conditional on cur-

rent values of

flelxd, x2, . x)

(4) Sample r from the distribution of r conditional on cur-

rent values of
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H(ETl}'T,F,H,Q,R] = H(JSleT!F!HJ Q'R] x H(ﬂf—ll}JTJF'HJ Q!R)

f(xiclay, x2, - Xk 1)

to complete 1 iteration of the Gibbs sampling algorithm.

As the number of Gibbs iterations increases to infinity, the
samples or draws from the conditional distributions converge to
the joint and marginal distributions of |_ at an exponential rate
(for a proof of convergence see Casella and George (1992)). More
concretely, by repeating the Gibbs sampling algorithm M times
(i.e., a large enough number to achieve convergence) and saving

the last H draws of |, we obtain H values for |7 A histogram for
r is an approximation for the marginal density of r One cru-
cial thing to note is that the implementation of the Gibbs sam-
pling algorithm requires the researcher to know or assume the

form of the conditional distributions I_
A.1.4 Gibbs sampling in state-space models

Going back to the state-space model of equations (14) and (15)
above, a Gibbs sampling algorithm for this problem can be con-
structed by assuming that the state variable, r is known and ob-
served. This observation implies the following general Gibbs algo-
rithm:

Step 1. Conditional on r sample H and R from their posterior
distributions.

Step 2. Conditional on '_ sample F and Q from their posterior
distributions.

Step 3. Conditional on the parameters of the state-space (F, H, Q,
R), sample |_ from its conditional posterior distribution.

Step 4. Repeat steps 1 to 3 until convergence is achieved.

As shown by Carter and Kohn (1994), the conditional posterior
distributionr, where [_ is the time series vector of l_ (the same

applies to [_), can be factored into the following conditional dis-
tributions.

Note that the right-hand side splits into the product of (1) the
marginal distribution of the state-space variable at time T and (2)
the distribution of the vector |_ conditioned on |_(i.e., its condi-
tional posterior). As shown in Kim & Nelson (1999), considering
the fact that |_ follows a first-order autoregressive or Markov
process, equation (16) can be rewritten as

[16]
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T-1
HH{ﬂr—ll}'t-F-H: Q,R)

t=1

H{ﬁleTJFJHlQFR} = HUSleTJ FJHFQ'R}

where, given that |_ and u_t are normally distributed:

H(B:|Br+1.¥" F.H,Q,R) ~ N{Er|r+i: Pr|r+1)

Then, to draw ’_’s from this distribution we need to calculate

its mean, [_ ,and variance, |7 ,using the Kalman filter:

.8:|r+1 = E[Btlﬁr_l.i,_}?t,F,H,R, Q)a

j'-"‘r|1‘+1 = Vﬂ?(ﬁrlﬁr+11 }JT-FJ HJR- Q)

Starting from an initial value, that is, a prior of state l_ and

variance of the state r , a standard Kalman filter consists of the
following equations, which are evaluated recursively through
time:

ﬁrlr—i =p+ Fﬁr—ilr—l
Py = E'I-"t_:m_lf'f +@Q
Nell-1 = ¥ — H.gtlr—i
fije-1 = HPye—1H' + R
Beje = Beje—1 + KMoy
Py = Pye—q — KHPy;y,
Where r is the “Kalman gain” (i.e., the weight attached to the

prediction error). Running these equations from [_ delivers r

and |7 at the end of the recursion, which are known as the “up-
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dating” equations as they update the initial estimates |_ and l_
using information contained in the prediction error, |_ .

Finally, the draw of |_ and the output of the filter are now
used for the first step of the backward recursion (which provides

|_ and |_ used to make a draw of l_ . This process can be
thought as updating |_ (the Kalman filter estimate of the state

variable) for information contained in I_ . This backward recur-
sion continues until time zero. As shown in Blake and Mumtaz
(2017, p. 74), for a given time t, the updating formulas of the back-
ward recursion are

' -1
ﬁrlr,ﬁ,_,_,_ = J‘E‘rlr + Prlr(Fr(FPrlrF + Q) (.BrH_ —u— Fﬁrlr:'
-1
Pflr-.gru = Pyje — ?lf‘FF(F‘Pflf‘Fr + Q) FPy,

The above formulas constitute the Carter and Kohn algorithm.

A.1.5 Drawing f¢’s

Equations (14) and (15) can be rewritten as the following state-
space forms:

Ve = X{Br + A7 2,
XT; = I’n ® [.l.lyé_ll "'!y;.'_k]

[17]

Be = Bt—1 + Nt [18]

The observation equation (17) is linear and has Gaussian inno-
vations with known variance. Following the procedure described
in Section A.1.4, the conditional posterior distribution r can be
factored as

T-1

HTIy™, 47, 57,V) = H(Brly ™, 47,57, 1) | [ H(BelBers ", A7, 2T.)

t=1

where

H(BelBew 1. ¥T AT ZT, V) ~ N(Byje41: Pers1)

>S INitia
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Then, to draw |_ 's from this distribution we need to calculate

its state mean, '_ and state variance |_Z ug"t - _algtult N a23ru2t + Eg'tJ Var(EE'r) [211
— T T T
Beievr = E(BelBerr, v, A E, V), Q13+ A13,t-1 Vap Uyt
a = (4 + ,Var =5, &
23t 23.t-1 V3¢ V3t

Piess = Var(B:|Bes1, }’T: AT 3T, V).

The vector of ﬁ r's can be easily drawn because it can be
computed using the forward (Kalman filter) and the backward
(Carter and Kohn algorithm) recursions presented in Section A.1.4.

The starting values of the Kalman filter, that is, the prior of the

state l_ and variance of the state [_ are the following:

Priors forj Itl-’s. The first r observations of the sample (the
20-year period 1962—1981) are used to estimate a standard fixed-

coefficient VAR via ordinary least squares (OLS) such that [_ with

|7 , where r [_ and

the subscript l_ denotes the fact that this is the training sample.

a coefficient covariance matrix given by

The last recursion of the Kalman filter provides [_ , and

which are the mean variance of the posterior distribution of |7 .
After drawing a value from this distribution, the draw is used in

the backward recursion to obtain r and [_ from period r to
[_ ,that is, to obtain I_ conditional on r

A.1.6 Drawing ajt's

From equations (8) to (11), state-space formulations for the r

's can be derived. Specifically, the state-space formulation for r
is

Because S is block diagonal, the Kalman filter and Carter and
Kohn algorithm can be applied equation by equation. The priors

of the |_ are the following:

Priors for l_ s. Let |_ and ley l_ denote the inverse of the ma-
trix |_ with the diagonal normalized to 1. The initial values for
|_ (i.e, the initial state |_ ) are the nonzero of A_0 with the vari-

ance of the initial state set equal to |_ following Benati & Mum-
taz (2007).

Note that without the block diagonality of |_ it would not be
feasible to apply the Kalman filter and Carter and Kohn algo-
rithm equation by equation and draw separately every block of

r's. However, while the block-diagonal assumption of r simpli-
fies the analysis, it is not essential and Primiceri (2005) provides a

procedure to deal with an unrestricted | .
A.2 Drawing volatilities
A.2.1 The Metropolis Hasting algorithm

In this section, following Blake and Mumtaz (2017), we briefly
describe the Metropolis Hastings (MH) algorithm in a general set-
ting. Suppose that we are interested in drawing samples from the
following distribution:

n(®),

Upp = —ypptlye + €p, Var(ey) = 05 19 @ E X 1
where is a vector that represents a set of

A1zt = Qpp—1 + Ve, Var(vye) =85, 0

and the state-space formulation for |7 and [_ is
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parameters and is referred as the “target density.” ( )

can be thought of a posterior distribution where the Gibbs sam-
pler is not operation, because the conditional distributions of dif-

ferent blocks of the j parameters are unknown. However, if
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:‘E:
provided with a value of 1 1 it is possible to

®

o nw\D
evaluate the density of , that is, VI

this is the case, the MH algorithm can be used to sample from

( ) following the steps described below:

Step 1. Specify a candidate density

q @G+1@G

of the parameters i . One must be able to draw samples from
this density.
Step 2.

@G-H
Q@G_H:mﬁG

where G indexes the draw

Draw a candidate value of the parameters

the candidate density

Step 3. Compute the probability of accepting j

(denoted by a ) using the expression

n(#5%4) /q2571 %) :]

a = min(
mi(#C)/q(#C]$0+1)

The numerator of this expression is the target density evaluat-

ed at the new draw of the parameters

divided by the candidate density evaluated at the new draw of the
tor is the same expression evaluated at the previous draw of the
parameters

parameters . The denomina-
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Step 4. If the acceptance probability a is large enough, retain

the new draw j , otherwise retain the old draw

j . We decide if a is large enough by drawing a number u

from the standard uniform distribution. If ” < a , ac-

P! @
cept : otherwise keep 3,

Step 5. Repeat steps 2 to 4 M times and base inference on
the last L draws. Provided convergence exists, the empirical

distribution using the last L draws is an approximation to tar-
get density.

A.2.2 Asimple stochastic volatility model using the MH algorithm

Consider the simple stochastic volatility model

Ve = €./explnh,
Inh, =Inh,_; +uv,

v, ~N(0,g).

where f is time-varying variance. This is a state-space
model where the observation equation is nonlinear in terms of

r and therefore the Carter and Kohn algo-
rithm does not apply. Jacquier et al. (2004) suggest applying an in-
dependence MH algorithm at each t to sample from the condi-

tional hf
f(hr‘h —1, yr)

denotes all other dates than t .

the state variable

distribution  of which is given by

where the subscript Z_
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Because the transition equation is a random walk, the knowl-

hr+1andhr—1

edge of contains all the relevant in-

formation about f . This way, the conditional distribution of

I can be simplified as

f(hr | h—n}’r} = f(hr | ht—l-hﬁls}’rj-

To sample from

f(hf hf_ 1> hf_" I yr)adate—by—date

application of the independence MH algorithm could be per-
formed following steps 2 to 4 as described in Section A.2.1. Howev-
er, this procedure does not apply for the first and last observa-
tions. Therefore, the general algorithm is modified as follows
(Blake & Mumtaz, 2017, p. 158): Jacquier et al. (2004) show that this
density has the following form:

-y
X hytex
2h, ) . (

that is, this density is the product of a normal density and a log
normal density, with

—(Inh, — p)*
Flhelheo gy hernaye) = hr_u'E exXp ( M)

20y,

(Inh;4; +1Inh._;)
2

ﬂ:

b |

aOp =

Step 1. value for

hf’.t:O T
_Emﬁ

and 6 could be set to a big number to reflect

Generate starting

)
Lt

and set the prior

=

uld be the log of the OLS estimate of the

variance of
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the uncertainty in this initial guess Set an inverse- gamima prior

~1G(80,Y0
p(g) 53

for g (e,
starting value for g.

Step 2. The drawing of f proceeds in three steps:

2a. for t=0, sample the initial value of r denoted by O

from the log normal density

f(hnlhl} = hal exp (_(]ﬂ };ﬂﬂ_ﬂ_ J”u]z)J
where the .
— 0 i, Inh,
ﬂ 0 6 | g and

_ 08
S o+g
2b. For each date t — 1 to T - 1 draw a new

value for h_t from the candidate density (call the draw

hr, new,

O

—(Inh,_ ?
f(®C*) =t exp{u,
Zﬂ'h
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o 1ﬂhf+] -+ lnhf—] Draw MHU(O’ 1) « U <a

, set
Ny = Nt pew
2 and r r’ new .Otherwise retain the old draw.
0 — 3 Step 3. Given a draw for f , compute the residuals of the
; 1 transition equation

2 .Compute the acceptance probability 1 h 1 h
VI‘ - n n [— ] . Draw g from

_ } 1nverse gamma distribution with scale parameter
r )

ht:nsu. exP (Eht new V V +
—Z N Ly vy 80
heoia exp (th old ) 2

LU0 u<a , 250
hr — hr, new

.Otherwise retain the old draw.
Step 4. Repeat steps 2 and 3 M times. The last L draws of r

& = min

and degrees of  freedom

2c. For the last time period t T compute g
and provide an approximation to the marginal posterior dis-

— 1nhf — 1 Gh — g rod deaur tributions.

and
from the candidate density A.2.3 Drawing (o;)’s

Equations (3) and (6) can be rewritten into the following state-
—(Inh, — ) 2) space forms:

2oy,

F(@5+1) = hilexp (
Ac(ye — X{B:) = Lie;

[23]
) = U
Compute the acceptance probability ('} t t‘g t ) t
o, —v; - . v .
hnow €XD (—zh ‘ ) Inoge =Inoge g +vip, Ve ~ N0, 9:), o
. L,
& = min ”; v .1
h%8 exp (l)
Id
e Ino

where I’ r is time-varying variance. This is a state-
space model where the observation equation is nonlinear in the
state variable o and therefore can be estimated by the MH algo-
rithm explained above after linearization. Note that because
Econémica « 2025« vol. 71 « January-December 23
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Zf &= A,
related, the draws 1n GI!‘ t

done separately for eachl 1 . - . 3 .

Ot Oi ¢

is contemporaneously uncor-

from the MH algorithm can be

Priors for . A starting value for is obtained

A2

from I f . The prior for ﬂ can be set equal of the ith diago-

nal element of Z U and 6 to a large number, 10 in this

case, following Blake and Mumtaz (2017).

A.3 Drawing hyperparameters

Conditional on , A ,andy ,itis

easy to draw posteriors using Gibbs sampling for Q , the block

of S ,and I l , because all of these posteriors are observ-

able. We discuss the priors we used to estimate these conditional
distributions below.

A.3.1 Priors

The first 0 observations (the 20-year peri-
od between 1962 and 1981) are used to calibrate the prior distribu-
tions.

Prior for Q . The (conjugate) prior for Q is inverse-
~IW(Qo,T0)
Wishart4 p (Q) Oj 0

where 20 0 are the degrees of

freedom. This prior is key, because it shapes the amount of time
variation allowed for in the VAR model, that is, a large value for

the scale matrix Q 0 would imply more fluctuation in j r

is the scale matrix and

Econémica « 2025« vol. 71 « January-December
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The scale matrix QO is set equal to
pmo X T XT

the researcher

r=3.510"*

the fact that the training sample is typically short and the result-

, where tis a scaling factor cho-

Some studies set

, i.e, a small number, to reflect

ing estimates of p Ol O maybe imprecise. Note that one can
control the a priori amount of time variation in the model by

varying T .

Priors for ] and 2 . The prior for ] is inverse-

P(Sl)”IG(Sm, Ty)

Wishart

gamma®

he prior for inverse

(SZ)MIW(SZ{]’ TU) . We follow
Benati & Mumtaz (2007) who setS]'[] - 0 . 001

¢ _(0.001 0
20 0 0.001

Priors for Il inverse-gamma prior for

W = gi, p(nu;)~GI(go, vo)
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go — 0 . 01 Posterior for I l . The hyperparameters in [ l have an

and de-  jnverse-gamma conditional posterior distribution
V — F’
grees of freedom O ) (V‘)NIG VIV I I g{] ] I V{
P\Vi ) -
A.3.2 Posteriors 2 2
Posterior for Q . The hyperparameter Q has an inverse-

Wishart conditional posterior distribution

is set with scale parameter

A.4 Summary of the sampling chain

p(@)~IW (11" + Qo.7 +To) B' Gij.:

Step 1. Set priors and initial values of

. Posteriors for and . The hyperparameter has [ t Q the block S ‘and [/ [f :

an inverse-gamma  posterior conditional distribution Q

S0 T.Fo\ = o
p(SH~IG| =1, Y~ IW(00.To)

. Posterior for Q. The hyperparameter Q has an inverse-wishart values of the Kalman filter: ﬁ 0'0 and UIU _
conditional posterior distribution S

~IW (i + Qo1 +Th)g 15
pQ) ; ;m Qo,rS s D~IG(S10.To)
posteriors for ~ 1 and *~ 2 . The hyperparameter S " p(S 2)”[ W(S 20s TU)

has an inverse-gamma posterior condltlonal distribution

p(S)~IG

and starting

% &

V]V 1+ S]g T ;'Estz;r@va es of I},f'
2 ’ 2 Set a stafting value for O_f ol s prior for W :

Vi, P(vi)~1G(go, Vo)
SRR S —— o Ar W, 0

. Step 2. Conditional on , draw
tional posterior
SO~IW ’ ﬁ
ot + S -IL I earter and Kohn algorithm.
p(S1) VoV 2 T 920, i
Econémica « 2025« vol. 71 « January-December 25
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ﬂ Q Step 7: Conditional on a draw for I I , draw I l from
Step 3. Conditional on the draw of , sample from

p(Q)~IW (' + QoT + Tpv)~IG( Vi 2+§o T;v(

Step 4. Conditional on ﬁ 4 , I ,and ] and 2
af j’ I Step 8: Repeat steps 2 to 7 M times. The last L draws

,draw using the Carter and Kohn algorithm.

give an approximation to the marginal posterior distribution of
a I ‘jr I the model parameters.

Step 5. Conditional on the draw of estimate residu- B Algorithm for sign restrictions

V] , Vz , Vz and sample 1 from
/
ViV 1+ S0

Once past the burn-in stage —the process of dropping

M - L Gibbs draws— and marginal posterior distribu-

S —~ IG tions of all the model's parameters are obtained, following

p ] 2 Ramirez (2010), the steps presented below are used to calculate the
S required 0 matrix with sign restrictions:

and 2 from Step 1. Draw a N X N matrix K from the stan-

p(S)~IW vy’ 11+ 8o, '+ 0...0R

2 25tep 2 Cajculate the matrix
position of K . Note that Q is orthonormal ie,

p(v)~IG VV i T80, T—I—Q’} =1

3. falculate the Cholesky decomposition of the current

2 N

draw of

Step 6. Using the draw of I from Step 4, calculate Step 4. Calculate candidate 0 matrix as

EI — Afuf anddrang IusmgtheMH algo- AO - QAO . Because Q Q ]

rithm.

ApA >
this implies that {] O will still equal , that is,
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L

by calculating the product Q 0 we alter the elements of
A Z A A

0 matrix has the following form:

U but not the property that

.The candidate

1 a a
Flu =\ dis 1 a
a3 @azz 1

The second and third rows of this matrix corresponds to the oil
price shock impact on the fiscal variable and the nonoil real GDP,

respectively. We mneed to check if a 12 < 0 ,
a ]3 > 0 ,and a23 < 0 . If this is the case,

oilprice,

to a fall in p bf‘ and an increase in
nonoilrgd p,

a contemporaneous shock in

, because the elements (

a ] 3 a 2 3 ) correspond to the current period response of

nonoilrgd p;

to an

Econémica « 2025« vol. 71 « January-December
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€ pilprice,t . A2 <0 |
a3 > Oyandagg <0

, the algorithm

stops and uses this 0 matrix to compute a draw of impulse

responses. If the restriction is not satisfied, the algorithm goes

back to step 1 and tries with a new K matrix.
Step 5. Repeat steps 1 to 4 for every retained Gibbs draw.

Notes

1 villafuerte and Lopez-Murphy (2009), Erbil (2011), and Levy et al.
(2020) show that fluctuations in commodity prices can generate
significant impacts on countries’ fiscal variables, especially in
countries with emerging economies.

2 These do not need to be triangular. See Primiceri (2005) for a dis-
cussion.

3 This essentially means that we accept the draw with probability
if this experiment is repeated many times (e.g., if and we per-
form 1000 replications we should expect 100 of the 1000 draws
to have).

4 The appendix in Zellner (1971) provides a detailed description
of the inverse-Wishart distribution.

5 See Zellner (1971) for a detailed description of the inverse-gam-
ma and gamma distributions and Bauwens et al. (1999) for a de-
tailed description of algorithms for drawing from these distrib-
utions.

Additional information

Clasificacion JEL: E62, D72, F3, H60
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