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level analyzed through a mixed frequency Bayesian VAR with a stochastic volatility model,
and the impact and effectiveness of the fiscal policy using a time-varying parameter vaR
model. The results indicate that the pandemic had a heterogeneous effect on the region’s
economic activity and the capital expenditure from the national treasury was the most
effective fiscal policy to reduce the recessive effects of the crisis. We also noted that
some regions positively reacted to regional and local government capital expenditure.
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2 Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

Efectos macroeconémicos de la politica
fiscal durante la crisis del Covid-19:
evidencia de Bolivia a nivel regional

Resumen

Este trabajo evalia el impacto de la politica fiscal aplicada en Bolivia durante la crisis
del Covid-19 a nivel regional. Incluye dos anélisis: la desaceleracién econémica a nivel
regional analizada a través de un modelo VAR bayesiano de frecuencia mixta con un vo-
latilidad estocastica; y el impacto y efectividad de la politica fiscal utilizando un modelo
VAR de parametros variables en el tiempo. Los resultados indican que la pandemia tuvo
un efecto heterogéneo en la actividad econémica de las regiones y el gasto de capital del
Tesoro General de la Nacion fue la politica fiscal mas efectiva para reducir los efectos
recesivos de la crisis. También notamos que algunas regiones reaccionaron positivamente
al gasto de capital de los gobiernos regionales y locales.

Palabras clave: politica fiscal; Covid-19; choques; ciclos econémicos; vectores autorregresi-
vos de frecuencia mixta; volatilidad estocastica; gasto de gobiernos regionales y locales.
Clasificacion JEL: C32, C53, E32, E62, H54, H72.

Efeitos macroecondmicos da politica fiscal
durante a crise do Covid-19: evidéncias
da Bolivia em nivel regional

Resumo

Este artigo avalia o impacto da politica fiscal aplicada na Bolivia durante a crise do
Covid-19 em nivel regional. Inclui duas anélises: a desaceleragdo econémica regional
analisada por meio de um modelo bayesiano var de frequéncia mista com volatilidade
estocastica; e o impacto e eficicia da politica fiscal usando um modelo var de parame-
tros varidveis ao longo do tempo. Os resultados indicam que a pandemia teve um efeito
heterogéneo sobre a atividade econdmica das regides e o gasto de capital do Tesouro
Geral da Nagao foi a politica fiscal mais eficaz para reduzir os efeitos recessivos da crise.
Também observamos que algumas regides reagiram positivamente aos gastos de capital
dos governos regionais e locais.

Palavras-chave: politica fiscal; Covid-19; falhas; ciclos econdmicos; vetores autorregres-

sivos de frequéncia mista; volatilidade estocdstica; gastos de governo regionais e locais.
Classificagdo JEL: C32, C53, E32, E62, H54, H72.
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Introduction

The Covid-19 pandemic forced policymakers to rethink economic policies
to mitigate the macroeconomic effects caused by it and the social isolation
measures. The most important economies in the world responded by carry-
ing out the most extensive stimulus packages in history —various provided
fiscal stimulus through cash transfers. Bolivia's context when facing this
catastrophe was of financial restrictions and limited fiscal space for policy
intervention. Because of this, the fiscal stimulus package from 2020 and the
coming years must be planned to maximize its effect. An efficient fiscal
policy will enable a prompt return to the country’s growth path without
compromising fiscal sustainability.

The present paper provides a complete analysis of the impact of fiscal
stimulus on economic growth during the first stage of the health crisis. To
accomplish that, we use a two-phase process: 1) analyzing the pandemic’s
effect on regional’ economic growth and 2) quantifying the impact of fis-
cal impulses. Following Koop et al. (2018), we estimated a model of mixed
frequency autoregressive vectors with stochastic volatility (MF-vAR-5V) us-
ing the quarterly growth rate of the National GDp, the annual growth rate of
the regional GpP, quarterly macroeconomic indicators relevant for a small
open economy, and quarterly activity indicators for each region. This model
allowed the estimation of the quarterly growth rate for Bolivian regions.?

With the quarterly regional growth rate, we estimated a time-varying
autoregressive vector (Tv-vaRr) model for each region, using capital and cur-
rent expenditure data for the three levels of government: central government,
regional government, and main local government (annex A). This model
allowed us to analyze how the economy has responded to different fiscal
impulses over time. The results primarily indicate that the pandemic had a
heterogeneous effect on the region’s economic activity, and the capital expen-
diture from the national treasury (NT) was the most effective and significant
fiscal policy to reduce the recessive effects of the crisis. These findings are
of great value for designing a more efficient fiscal policy. Additionally, the
method used to quarter regional GDPs opens various possibilities for future
research. The data obtained are an asset that will facilitate future regional

1 Bolivia’s political division is into nine regions called departamentos.

2 It should be noted that this method was used to estimate the quarterly growth
rate of the different states of the United Kingdom, which is published quarterly by the
Centre for Economic Statistics of Excellence (ESCOE).
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4 Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

cyclical synchronization analyses and study the spatial economic relation-
ship among regions.

The document comprises five sections. The first one presents the litera-
ture review on fiscal policy measures in the face of Covid-19 and the studies
regarding fiscal policy in Bolivia; the second provides a summary of the
main statistical facts for the Bolivian economy during the pandemic crisis
and details the economic policy measures taken during it; the third section
explains the data and methodology used, and the fourth one analyses the
results of the estimations. In the last section, we present our main conclu-
sions and their relevance to public policy.

1. Literature Review

Bayer et al. (2020) presented one of the first studies examining the impact of
fiscal impulses on the economy during the Covid-19 pandemic. They analyzed
the fiscal multiplier associated with government direct cash transfers. The
authors argued that unemployment aids mitigate ex ante the risk on income
and the adverse impact of lockdown, while unconditional transfers affect
income stabilization. However, it is ex post. Using a Neo-Keynesian Hetero-
geneous Agent (HANK) model, the authors found that the fiscal multiplier
varies between 0.1 and 0.5 for unconditional transfers, while conditional
transfers range from 1 to 2. Once they quantified the transfers made by the
U.S. government, they found that the measures applied reduced the loss
of production caused by the lockdown by approximately 50 %. Along the
same lines, Casado et al. (2020) showed that, in the U.S., the Federal Pan-
demic Unemployment Compensation (Fruc) had a positive effect on local
consumption, increasing it by 44 %.

Faria-e-Castro (2020) studied the effects of the Covid-19 outbreak in
the U.S. and the subsequent fiscal policy response using a non-linear DSGE
model. The author concluded that universal income (ur) has been the most
effective tool to stabilize the incomes of borrowers, who were the most af-
fected, while unconditional transfers favored savers. In addition, he found
liquidity assistance programs to be effective in stabilizing employment in
the concerned sector. On the other hand, Fornaro and Wolf (2020) consid-
ered the possibility of the disruption in supply chains caused by Covid-19
being severe and persistent, lasting beyond the end of the pandemic. Under
this premise, their analysis suggests that while monetary expansion may
help mitigate the fall in global demand in the short term, aggressive fiscal
policy interventions that support investment are needed to pull the global
economy out of stagnation.
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Having seen some pioneering studies in analyzing the effect of the
pandemic and the emergency measures taken by governments, we will now
review the literature that explicitly investigates the role of fiscal policy. Di
Pietro et al. (2020) investigated the fiscal policies adopted in Italy, one of the
countries most affected by the first wave of the pandemic. Using a model with
taxes, transfers, and subsidies calibrated to the Italian economy, they found
these policies reduced by 25 % the impact on the gross domestic product
(GDP) at the height of the crisis. They also showed that a further reduction
in corporate taxes and more significant increases in public spending could
have achieved an even softer contraction of the Gpp, though less desirable
from a distributive perspective and for financial health.

Likewise, fiscal policy has played a decisive role to counteract unemploy-
ment. Bredemeier et al. (2020) demonstrated that job loss due to Covid-19
occurred mainly in industries with intense worker-customer interaction
for both manual labor and service occupations. The different fiscal policy
instruments successfully promoted employment growth for service workers.
However, stimulating the creation of manual labor jobs proved to be more
complicated. Additionally, the authors found that labor tax cuts worked the
best in stabilizing total employment and the composition of employment.

While fiscal policy measures have effectively controlled the global
economic recession of Covid-19, they have been conditioned by a country’s
income level. A country’s credit rating was the most critical determinant of
its fiscal spending during the pandemic (Balajee et al., 2020). Benmelech and
Tzur-Ilan (2020) noticed that high-income countries implemented broader
fiscal policies than lower-income countries. In addition, high-income coun-
tries entered the crisis with historically low-interest rates and, as a result,
were more likely to use unconventional monetary policy tools. Nonetheless,
Wilson (2020) compares the recessions in the U.S. caused by the pandemic
with that of 2008. He suggests that fiscal stimulus will mostly impact the
GDP over the next few years. The timing will depend on how quickly and
to what extent leisure, tourism, and other consumption activities resume.

For Latin American countries, few studies evaluate the role of fiscal
policy. For example, Botero et al. (2013) evaluated the impact of supply shocks
(productivity) and demand shocks (international trade) for an emergent
small open economy. Using a Dynamic Stochastic General Equilibrium
Model (psGE) calibrated for Colombia, they showed that an expansionary
fiscal policy increases employment and production in the short run but
generates a long-run cost that exceeds the short-run benefits.

In Bolivia, authorities applied a fiscal policies package to counteract
the negative economic impact of Covid-19 throughout 2020. However, the
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6 Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

measures ranged from direct cash transfers to tax relief for businesses. Fur-
thermore, the increase in current and capital spending played a decisive role
in Bolivia during 2020. There is limited literature regarding the effectiveness
of fiscal policy. Montero (2012) analyzed public investment’s impact on Bo-
livia’s growth, using panel and spatial econometric techniques (considering
the nine regions) with annual data from 1989 to 2008. His findings indicate
that total public investment has no statistical relationship with economic
growth. However, infrastructure and education investment has a positive
impact, although the education sector is statistically non-significant. Like-
wise, productive and social investments always negatively affect economic
growth, although with different degrees of statistical significance. On the
other hand, there is no statistical evidence showing that Bolivia’s regions
are economically integrated, meaning that the region’s real Gpr does not
seem to be affected by its neighbor’s real GDP.

On the contrary, Lépez (2016) showed, through a time series analysis,
that there is a positive and statistically significant relationship between
GDP per capita growth and public spending. It also showed that taxes nega-
tively affect production, indicating that the current tax structure influences
production. He pointed out that an active fiscal policy has contributed to
improving Bolivian economic growth. Moreover, Ugarte and Bolivar (2015)
evaluated the role of fiscal policy as a buffer to minimize the impact of oil
prices on Bolivian economic growth. Through impulse-response functions
from a structural VAR, they claimed that fiscal policy fosters economic
growth directly. The results indicate that public spending is counter-cyclical
to oil revenues, considerably counteracting the oil price fluctuation effect
on economic growth.

In addition, Banegas (2016) found that government consumption is the
primary exogenous determinant for potential growth, with an effect that
fluctuates over time. He found that it simultaneously accelerates economic
growth and acts as a dynamic mechanism, which negatively impacts the
long-term growth rate. Besides, public and private investment has a signifi-
cant dynamic substitution (crowding-out effect).

Another interesting result is the one that Humérez (2014) presented,
which determined domestic demand’s impact on economic growth through
error correction models and Bayesian autoregressive vectors (BVAR). The
results indicate that domestic demand is the primary source of economic
growth in Bolivia, highlighting private consumption (mainly food) and
that external demand shows a long-term effect on growth, although small
in the short term. Later on, Humérez (2018) estimated the determinants of
Bolivia’s economic growth using regional panel data from 1993-2014. The
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results identify human capital fertility rates and, to a lesser extent, public
infrastructure investment as the main factors.

Alarcén (2020) found evidence that expansionary public investment
policies positively affect production and observed that this effect is more
significant during a recession on international prices. On the other hand,
Huanto (2020) indicated that the pandemic induced a strong and persistent
economic recession generated by a 7.2% drop in aggregate consumption
at the national level; these findings were obtained through a Susceptible-
Infected-Recovered-Deceased (sIRD) and a general equilibrium model.

In a more recent study, Escalante and Maisonnave (2021) showed that
the most vulnerable groups within the Bolivian economy were affected
by the measures to combat the pandemic, especially women. Thus, they
revealed negative impacts on overall employment using a gender-sensitive
computable general equilibrium (CGE) model to assess the impacts of Co-
vid-19 shocks on poverty and inequality in Bolivia. Their results indicated
that the poverty rate of women increased by 6.6 % in the severe scenario,
while the poverty rate of men increased by only 4.4 %, indicating that a total
of 42.3 % of female-headed households were at risk of poverty.

In summary, evidence shows that fiscal policy boosts economic growth
in Bolivia in the short term. Based on the literature reviewed, it can be stated
that governments tend to implement large fiscal stimulus packages for boost-
ing the economy. Additionally, direct cash transfers such as those made
by the Bolivian government during Covid-19° can be a valuable initiative
to confront the pandemic’s economic consequences. Thus, it is possible to
indicate there are no empirical studies showing evidence of the pandemic’s
impacts on the reduction of economic growth at the regional level in Bolivia.

2. Covid-19 in Bolivia

2.1. Impact of Covid-19 in Bolivia

On March 10, 2020, the first two cases of Covid-19 were officially reported
in Bolivia. According to Bolivia’s Ministry of Health, the peak of the conta-
gion curve, during the first phase of the pandemic, was reached in July and
August 2020 (Figure 1). However, different waves of infections continued to
affect the country in the following two years. Like most countries, Bolivia
established a series of mobility restrictions to flatten the curve of infections

3 Bono Universal, Canasta Familiar, Bono Familia, Renta Dignidad y Bono contra
el Hambre.
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8 Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

and thus avoid the health system collapsing. Although this measure was
effective for social distancing, it negatively impacted the country’s economic
activity and labor demand.

The lockdown measures resulted in a negative shock in both demand and
supply. In terms of aggregate supply, private firms’ marginal productivity of
the labor force was affected due to transportation restrictions and a portion
of their workers getting infected. Moreover, the restrictions on land and air
borders had a negative impact on goods imported for firms. The lockdown
decreased the population’s consumption and aggregate demand. In addition,
the decrease in economic activity and the restrictions applied to companies
caused a significant reduction in the private businesses’ generated income.

140,000 3,000
129,419
2,687
120,000 — — 2,500
100,000 —
— 2,000
80,000 —
— 1,500
60,000 —
— 1,000
40,000 —
20,000 | o0
0 =41 \ I I I — 0
Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20

Total cases (Number of cases per day)

New cases (Number of cases per day)

Figure 1. Total and New Covid-19 Cases Reported in Bolivia, March 10,
2020-September 19, 2020

Source: Based on data from Mathieu et al. (2020) by Our World in Data.

In this way, economic activity quickly declined. As can be seen in Fig-
ure 2, the variation in the same period in the General Index of Economic
Activity (IGAE) was negative twice: 1) during November 2019, as a product
of social and political conflicts, and 2) between March and June 2020, as a
result of the implementation of the lockdown.
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10 Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

During the first quarter of 2020, there was a slowdown in economic
activity of only 0.5 % in the cumulative growth rate for those months —the
lowest economic growth rate since the beginning of the twenty-first century.
During the second quarter, the economic contraction deepened even further.
In addition to the consequences of the lockdown, a historic fall in oil and
commodity prices should be noted, further weakening economic activity
and deepening the government’s tax revenues recession.

The national economy experienced a decline, and most economic activities
showed considerable negative growth rates (Figure 3). The most contracted
economic activities were construction, transportation, and mining. How-
ever, it cannot be considered a generalized effect, given that activities such
as agriculture, communications, and public administration services grew.

Agriculture, Livestock, Forestry,
Hunting and Fishing

Communication

Public Administration Services

Financial Establishments

Electricity, Gas and Water

Other Services (1)

Manufacturing

Petroleum and Natural Gas

Trade

Construction | -26.8

Transportation -249

Mining -25.8

I I I I I I I |
-30.0 -25.0 -20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0

Figure 3. Variation to the same period in IGAE by economic activity, June 2020
(in percent)

(1) Includes the activities of restaurants and hotels; communal, social and personal;
and domestic services.

Source: Based on National Institute of Statistics of Bolivia data.
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Due to this economic scenario, Bolivia’s unemployment rate increased since
March 2020. As of July 2020, 11.8 % of Bolivia’s economically active popula-
tion was unemployed (Figure 4). This employment behavior is in line with
other countries in the region.

Two essential factors characterized Bolivia’s 2020 public finances situ-
ation: 1) a decrease in tax revenue caused by the tax relief policies imple-
mented and a decrease in economic activities due to the drastic reduction
in mobility and trade among countries, and 2) an expansionary fiscal policy
measures to counter the adverse economic effects of the Covid-19 pandemic.

As a result, in June 2020, Bolivia had a current fiscal deficit for the first
time since 2004 (Figure 5), reaching a budget deficit of 12.7 % in relation to
the Gpp. On the other hand, the national public debt reached 19.4 billion
dollars in the first months of 2020 (Figure 6) due to loans from international
organizations and the Bolivian Central Bank to meet the needs generated
by the health emergency. As of May 2020, the national public external debt
in relation to the Gppr reached 28.2 %, a number below the limit of 50 %
recommended by the International Monetary Fund (tmF), which is a good
indicator of debt sustainability.

In general, the pandemic affected the deterioration of the national
economy, the deterioration of sectoral economic activity, unemployment,
and other macroeconomic variables, but the effects at the regional level
have not been quantified.
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Figure 4. Bolivia’s Unemployment rate, January 2018-July 2020 (in percentage)

Source: Based on National Institute of Statistics of Bolivia data.
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2.2. Stylized fact of economic growth by region in Bolivia

Figure 7 reflects the effects before the pandemic. Thus, before it, the real Gpp
growth of Santa Cruz was the highest compared to the other departments
followed by La Paz and Beni, with a growth of 4.15%, 3.21 %, and 3.09 %,
respectively for 2019.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Bolivia Chuquisaca LaPaz Cochabamba Oruro

Potosi Tarija Santa Cruz Beni Pando

Figure 7. Economic Growth by Region in Bolivia, 2000-2019 (in percentage)

Source: Based on National Institute of Statistics of Bolivia data.

On the other hand, the annual GpP growth, in general, presents an erratic
behavior for all departments, leaving aside Tarija, which presents a decreas-
ing trend since 2013, due to its dependence on hydrocarbon production. It
should be noted that only annual observations are available to measure the
level of economic activity of the departments.

2.3. Economic Policy Measures in the Face of Covid-19 in Bolivia
To reactivate the economy, Bolivia’s Ministry of Economy and Public Fi-
nance and the Central Bank designed and implemented an expansionary

fiscal and monetary policy package. The following tables summarize the
central economic policies performed in Bolivia.
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16 Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

Table 1. Main Monetary and Financial Policies Applied
to Counteract the Economic Impact of Covid-19

Bolivian Central Bank Policies

Purchase of public securities held by the Pension Fund Administrators.

Loans guaranteed by the cpvis II and III Funds.
Loans in Repos with public titles.

Loans guaranteed by the RaL Fund.

Increase in funds held in Escrow.

Credit lines guaranteed by the Caprosen Fund.

Credit lines with repo of fixed-term deposits as collaterals.

Rescheduling of amortization payments of credits from the Financial System to the pri-

vate sector.

Bolivia’s Financial Sector Policies

Program to support Micro, Small, and Medium Enterprises.
Program to support Employment and Job Stability.

Credit lines 1, 2, 3.

Social Interest Housing Guarantee Fund (Fogavis).

Economic Reactivation Credit Lines for Health Emergency (CREES).

Source: Based on Bolivian Central Bank data.

Table 2. Main Fiscal Policies Applied to Counteract
the Economic Impact of Covid-19

National Cash Transfers

Family Voucher
Family Basket
Universal Voucher

Dignity Income

Regional and Municipal (local) Cash Transfers

Basket of El Alto Municipality

Heads of household voucher - Tarija Government
Basket for families - La Paz Municipality

Baskets - Cercado Municipalities (Cochabamba)

Food subsidy - Oruro Municipality
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Basket - Achocalla Municipality

Basket - Beni Government

Basket - Sucre Municipality and Chuquisaca Government
Basket - Potosi Government

Solidarity Food Bag - Santa Cruz Municipality

Gas, electricity, and water bill discounts.

Covid-19 Solidarity Transfers for Municipalities.

Transfer 12 % of the revenue from the Direct Tax on Fossil Fuels (idh) to public
universities and regional and local governments.

Tax incentives, tax exemptions, and deferrals.

Increase in tax credit for the Transaction Tax.

Temporary change in the tax base deducting the Value Added Tax.

Deduction of up to 50 % of the Value Added Tax using Employer Contributions.
Deferral of Import Tariff.

Exemption of the Import Tariff for wheat and derivatives.

Exemption of Import Tariff and Value Added Tax for imported supplies and medical
equipment.

Deferral of the Value Added Tax and Import tariff for taxpayers in the leftover category.

Deferral of Business Utilities Tax.

Source: Based on Bolivia’s Ministry of Economy and Public Finance data.

The three levels of government implemented measures to expand current
and capital expenditure: central, regional, and main local governments. The
central government contributed to the implementation and disbursement
of direct cash transfers such as Bono Familia, Canasta Familiar and Bono
Universal, basic services payment deferrals, and deferral, and extension
of tax payment, among others, to guarantee income for Bolivian families.
In addition, the government transferred resources from the NT to the local
governments for prevention, containment, and treatment of the Covid-19
pandemic.

The expenditure plan for the NT in 2020 aimed at dealing with the na-
tional emergency and lockdown measures. It focused on strengthening the
country’s health system (purchasing of medical supplies and hiring health-
care personnel), mitigating the contraction of economic activity (increasing
public spending and tax reliefs), and protecting the vulnerable population
(providing cash transfers).
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3. Methodology and Data

3.1. Mixed Frequency Multivariate Autoregressive
Vectors with Stochastic Volatility

We aimed to quantify the economic performance by region in Bolivia (quar-
terly economic growth) to improve the regional economic policy design
data. This study adopted an empirical model in line with the methodology
of Koop et al. (2018) and applied it to Bolivia. We used a Mixed Frequency
Multivariate vArR model with stochastic volatility (MF-vAR-sv) and a Bayesian
method using the machine learning algorithm known as Dirichlet-Laplace
Hierarchical.

The MF-vaR-sv model allows the estimation of high-frequency unobserved
variables (quarterly, monthly, or daily) by simultaneously modeling the
data of high-frequency not observed variables and low-frequency observed
variables, subject to temporal and spatial restrictions. The Kalman filter is
used to fill in missing observations.

Following Kim and Nelson (1999), the Kalman filter, initially developed
by Kalman (1960), is a recursive process used to compute the optimal estima-
tor of the unobserved component of a system, also called the state vector,
at time ¢, based on the information available up to that period. The Kalman
filter has a long history in different fields. For economics, the original devel-
opers were Sargent and Sims (1977) and Geweke and Singleton (1981), who
began to use this filter through frequency domain methods. Then, Engle and
Watson (1981) and Watson and Engle (1983) showed that these models could
be estimated using maximum likelihood and state-space models, which
allows for estimating the values of the latent factor using the Kalman filter.

To use the Kalman filter, one must express the dynamic system, in-
cluding the unobserved variable, through a state-space model. State-space
models consist of the transition equation and the measurement equation.
The estimation of the model used the maximum likelihood method. The
estimated coefficients were then adjusted using the Kalman filter algorithm.
The following is the notation of the model in the state-space form:

Y, =DZ, + FX, )
Z,=AZ, , +Cg @)

Where Z, is the vector containing the unobserved state variables, which
in this context is the regional gdp, the error terms of the measurement
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equation, and their innovations; Y, is the vector containing the endogenous
variables; X, is the vector containing the exogenous variables, and ¢, is a
vector containing the error terms of the measurement equation.

Whereas F, A, and C are the matrix that contains the time-invariant
parameters of the model. It is assumed that the error terms of the measure-
ment equation have a normal distribution, with zero mean and no serial
correlation:

g, ~N(©, Q) )

E[e,g] = 0 for everything s = t. “)

Our model was constructed using the quarterly logarithmic variation
of the gdp for Bolivia’s r regions (r = 9) and transition and measurement
equations. The transition equation seeks to estimate the quarterly indicator
of economic activity for the nine regions of Bolivia (Y,9) using all the observ-
able information available through the following var model:

Yi=op+oY, +..+0,Y,  +u, ®)

y= (L Y2 Y)Y ©®)
Y=y vy vy gt )
Y/ = (ipc, m, rer, tot)' 8)

Where Y, is a vector of endogenous variables composed of three sets of
variables:

1) Quarterly Real gpd (Y,”), which is an observed variable.

2) Quarterly Regional Real gdp (Y,2) which is a not observed vari-
able. The regions were the following: La Paz (lp), Santa Cruz (scz),
Cochabamba (cbba), Chuquisaca (chuq), Potosi (pot), Oruro (or), Tarija
(trj), Beni (ben) and Pando (pnd).

3) Quarterly macroeconomic indicators observed in Bolivia relevant
to a small and open economy: consumer price index (cp1), monetary
aggregate m2 (m), the real exchange rate (RER), and terms of trade
(TOoT).
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All variables are in logarithmic differences with one period lag. We used
Census-13 seasonal adjustment to all variables. The sample ranges from the
first quarter of 2001 to the second quarter of 2020. In the second quarter of
2020, we used the 1IGAE variation as a proxy of the quarterly Gpp variation,
which was the indicator available at that time. Although it is a sample that
could be considered small, our analysis period is restricted by the availabil-
ity of fiscal information. As will be seen in the following sections, we used
disaggregated information on current and capital expenditure for central,
regional, and main local governments that we could only obtain from the
year 2000. We want to point out that this is an unprecedented database
that was possible to build thanks to close collaboration with the Ministry
of Economy of Bolivia, to which we send our thanks.

The elements Y, are all observable and measurable except for the vector
Y2 In addition, u, is the error of the estimation in equation (5), which is
assumed to be independent and identically distributed with a distribution
N(@, =).

We adopted a popular multivariate stochastic volatility specification (see
Cogley and Sargent, 2005; Carriero et al., 2015). It decomposes the covari-
ance matrix of the error as:

> 1=LD/IL ©)

Where L is a lower triangular matrix and the diagonal D, is formed by
the volatilities, which follow a random walk.

As it is well known, most empirical macroeconomic applications present
evidence of changes in volatility. However, there is a tendency in mixed-
frequency VAR literature to ignore this issue and work with homoscedastic
models. As can be seen in Koop et al. (2018), which is the working paper
version of Koop et al (2020), there is evidence in support of the use of this
kind of MF-vAR-sv, because marginal likelihoods strongly indicated that
stochastic volatility is present in real and nominal data.

We performed a robustness check using two quarterly exogenous
variables per region: supermarket sales and consumption of concrete. The
results from this exercise are not qualitatively different from the original
specification. Given they restrict the sample, we did not use them for the rest
of the document’s analyses. They are available upon request to the users.

In line with Koop et al. (2018), Mariano and Murasawa (2003, 2010),
Mitchell et al. (2005), and Schorfheide and Song (2015), the following mixed
temporal frequency restriction was used:
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Y4 —Y’+2Y[1+4Y[2+Y’ +— Y* +2Y,’5+ Y’ (10

Equation (10) is a restriction relating the endogenous variable observed
at aregional level to the weighted sum of quarterly latent states. Specifically,
it holds the relationship between the annual gdp growth rate (Y,”#) and the

t=17°

quarterly growth rate (Y’ Y! tfﬁ) for each region. In this way, we estab-

lished a restriction between the annual frequency time series (Y,"4) and the
quarterly frequency (Y}), both expressed in logarithmic differences. This
condition maintains the linear structure of the space state model. Note that
(10) shows an approximate relationship between the annual and quarterly
log differences. It does not represent the econometric specification but is a
way to match quarterly and yearly growth rates.

To apply the restriction imposed in equation (10) to each of the country’s
regions, equation (11) was constructed:

YA=MAQAz, (11)

The vector YA contains the annual regional gdp growth rates and is
mathematically represented as:

YtA — (ytA, Ip, ytA, scz’ ytA, cbbu, . ytpnd)/ (12)

In equation (11), M/* = 1. The matrix Q* represents the numerical time
constraints explained in equation (10), as presented in Koop et al. (2020). So,
equation (11) links our quarterly regional data with the unobserved regional
quarterly growth rates we wanted to estimate.

The vector z, is a matrix composed of 6 column vectors with the respective
quarterly lags expressed in (7) for each region. Therefore, z, is defined as:

Z,(Y YY) (13)
= (ytlp, ytscz, thbb”/ e ytpnd)f (14)
Y2 = (00w yl ) (15)
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scz . cbba pnd )/

Y7 :(.]/Zwytfe/]/rfs s Yig (16)

In addition, two restrictions were introduced for the country’s Gpp:

ytbol — MtbOZQbUlyt (17)
bol 1 : r
Y :Ezyt'ﬂ‘lﬁ (18)
r=1

with u, ~ N(0,62).

This last equation represents the transversal restriction we imposed,
which dictates the sum of the regional GDpP to be equal to the national Gpr.
The derivation of this equation, using data on logarithmic differences, can
be found in Mitchell et al. (2005).

We resolved the notorious over-parametrization problem of the proposed
VAR with a Bayesian estimation method and selected priors values using
the Dirichlet-Laplace Hierarchical algorithm (Bhattacharya et al. 2015). In
this model, the variance priors determine the degree of contraction of the
coefficient matrix.

The state equations for our state space model can be written in multi-
variate regression form, where §§ = vec([®,, @, ..., <I)p]’) is a k-dimensional
vector of var coefficients. We define f = (§,, ..., ), then the priors of each
coefficient are independent:

B, ~N(0,w}vi, 53),

B 1
V) ~exp| 5 |,

ﬁj/ﬁ~ Dir(ocﬁ, ey OLB),
1
~G| ko, —
T ( of 2)

Note that this prior would shrink the estimate of f; towards the prior
mean of zero relatives to a maximum likelihood estimate (mle). The prior
variance, ng)]?'ﬁ,‘c; determines the degree of shrinkage. Large values of vari-
ance priors imply a tiny contraction, and the Bayesian estimate is similar
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to that of maximum likelihood. However, if the variance priors are close to
zero, the coefficient becomes zero, and the corresponding variable is re-
moved from the model.

The determining factors of the previous variance priors were treated as
unknown parameters and estimates. Therefore, the algorithm automatically
decided whether these variance priors should be close to zero. The Dirichlet-
Laplace priors were hierarchically chosen because they are expressed in
unknown parameters requiring their priors. They involve only one prior

hyperparameter ag. Bhattacharya et al. (2015) recommended setting it to %,

and we use this recommendation.

The previous explanation regards the reduction of the MF-VAR coefficients
matrix, but the Dirichlet-Laplace algorithm also chooses the coefficients of
the covariances matrix for the error. Empirical evidence shows that this type
of previous reduction in a high-dimensional parameters vector may help
induce parsimony in a model (see Park and Casella, 2008). This model led
to a posterior approximating to true value at a theoretically optimal rate,
superior to other alternatives such as the Bayesian Lasso.

3.2. Time-Varying Parameter Vector Autoregressions

Time-varying parameter vector autoregressions (TvpP-vAR) have become
widely used to analyze macroeconomic time series behavior. Chan and
Eisenstat (2018) found that TvP-vAR with stochastic volatility works better
than a vAR of constant coefficients for macroeconomic modeling. TVP-vARs
often include stochastic volatility (sv), which allows variation over time in
the variations in error processes affecting var. Thus, the method intended
to capture the data’s temporal variation using a parsimonious but flexible
model as in the var. Generally, it works within a flexible framework with
random time variation for a wide range of non-linear behaviors in the data.
Following Cogley and Sargent (2001), a substantial part of the literature
opted for a flexible specification that can be used for many temporal varia-
tion patterns.

Unlike the fixed coefficient version of the VAR, the intersection parameters
and the matrix of lags are allowed to vary over time in a prescribed manner
(Lubik & Matthes, 2015). The TvP-vAR was specified as follows:

y=ct 25:1 A/’,iyt—j+ & (19)
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However, as the subscript t indicates, the intersection of direction and
strength of autoregressive effects in (19) can take on different values over
time.* The lagged values were collected as follows: X{:I*(l,y;l...,yLL).
0, collects the var time variable coefficients in the vectorized form: 6, = vec,
([c A, A, ... AL ]') which allowed us to rewrite the previous equation as
follows:

y,=X,6,+ € (20)

The commonly assumed law of motion for 0, is a random walk:

0,=0, ;+u, (21)

Where u, ~ N(0, Q) is assumed to be independent of ¢, The random
walk specification is parsimonious because it can capture many patterns
without introducing additional parameters. This assumption is primarily
for parsimony and flexibility.

4. Results

This section presents the empirical results based on the methodologies
indicated previously.

4.1. Analysis of the region’s economic slowdown in Bolivia

We present the estimated series of quarterly growth rates for the nine regions
from the second quarter of 2000 to the second quarter of 2020 and a robust-
ness check using an alternative specification with two exogenous variables
-supermarket sales and concrete consumption in each region (Figures 8, 9
and 10). The graph shows that both series behave consistently. To convince
the reader that our estimation produced accurate results, we present a plot
with annualized quarterly economic growth (calculated using equation 10)
by region, along with credible intervals which cover the 16" through 84"
percentiles in annex B.

4 Identifying the precise way in which these coefficients vary over time is a data-
driven process.
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Figure 8. Seasonally Adjusted Quarterly Economic Growth by the Andean
Region, 2000Q2-2020Q2 (in percentage)
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Figure 9. Seasonally Adjusted Quarterly Economic Growth by the Sub-Andean
Region, 2000Q2-2020Q2 (in percentage)

Source:
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Figure 10. Seasonally Adjusted Quarterly Economic Growth by the Llanos
Region, 2000Q2-2020Q2 (in percentage)

Source:

The pandemic and the confinement of economic activity, through the
ex-post situation, allowed to appreciate a decrease of 7.2 % in national pro-
duction as of June 2020 (National Institute of Statistics). Therefore, Table 3
also displays the seasonally adjusted quarterly growth rate by region for

the last four quarters.

Table 3. Seasonally Adjusted Quarterly Growth rate
by Region, 20190Q2-2020Q2 (in percentage)

2019 Q3 2019 Q4 2020 Q1 2020 Q2
Chuquisaca -0.67 -0.42 0.42 -4.15
La Paz 0.84 1.19 1.65 -1.17
Cochabamba 0.07 -0.06 0.51 -2.39
Oruro 0.06 -1.42 -0.32 -13.27
Potosi -0.01 -0.78 1.19 -6.79
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2019 Q3 2019 Q4 2020 Q1 2020 Q2
Tarijo -2.19 -3.20 -1.42 -14.12
Santa Cruz 0.38 -0.14 -0.24 -9.93
Beni 0.92 0.29 0.68 -3.80
Pando -0.56 -1.18 -0.42 -8.96

Source:

The results show that the negative impact differed for each region, with
Tarija, Oruro, Santa Cruz, and Pando being the most affected. In addition,
from Figure 7, it can be deduced that the economic behavior is quite het-
erogeneous among regions, an example being Tarija, with a complicated
economic situation since 2014, while others remained in a stable growth
path at least until the second quarter of 2019.

4.2. Fiscal Policy Impact and Effectiveness
Evaluation during Covid-19

Through the TvP-vAR models, we can appreciate that during the second
quarter of 2020, the growth rate of the nine regions responded positively
to the shocks of capital expenditure of the central government. Chuqui-
saca, La Paz, and Beni reacted positively to regional government capital
expenditure shocks, while Santa Cruz, Chuquisaca, and La Paz responded
positively to capital expenditure shocks made by main local governments
(Table 4).

Table 4. Growth Rate Response of Growth Rate to Capital and
Current Expenditure Shocks (Second Quarter of 2020)

Capital expenditure Current expenditure
Central Regional Main Local  Central Regional Main Local
Govern- Govern- Govern- Govern- Govern- Govern-
ment ment ment ment ment ment

Chuquisaca + + + + NR NR
La Paz + + + NR NR NR
Cochabamba + NR NR + NR NR
Oruro + NR NR + NR NR
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Capital expenditure Current expenditure
Central Regional Main Local  Central Regional Main Local
Govern- Govern- Govern- Govern- Govern- Govern-
ment ment ment ment ment ment

Potosi + NR NR NR NR NR
Tarija + NR NR NR NR
Santa Cruz + NR + NR NR NR
Beni + + NR NR NR NR
Pando + NR NR NR NR NR

NR = No response

Source:

On the other hand, there is evidence that the regional growth rate did
not respond to current expenditure shocks from regional and main local
governments. However, Chuquisaca, Cochabamba, and Oruro’s growth
rates reacted positively to the current expenditure shocks of the central
government.

To summarize, we noted that during the Covid-19 pandemic, central
government capital spending was the most effective mechanism to mitigate
the economic slowdown. We also identified that the response of economic
activity to central government capital spending in the second quarter of 2020
was similar to that of the second quarter of 2009 and 2014 (time of economic
slowdowns). Still, the magnitude of the former was much more significant
(evidenced in annex B).

Finally, as a robustness check, we also made estimations using the
variables of regional economic activity (supermarket sales and concrete
consumption) following Koop et al. (2020). The results were consistent and
very similar (see Figures 8, 9 and 10).

Conclusions

This research evaluates the role of fiscal policies applied in Bolivia to coun-
teract the economic slowdown during the Covid-19 pandemic at a regional
level. In general, it can be noted that the effects of the pandemic on economic
growth at the regional level show a wide heterogeneity and depth of the
impact, also, it must be considered that the speed of recovery will depend
on each region’s economic structure.
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A Bayesian model of Mixed Frequency vaRr with stochastic volatility
(MF-vAR-sv) was estimated to construct a time series that represented the
quarterly Gpp growth rate for Bolivia’s nine regions. In this way, we observed
the country’s regional Gpr behavior. The results show that the negative
impact on economic activity has been highly heterogeneous among the
regions.

Later we assessed the effectiveness of fiscal policy during the pandemic.
We estimated time-varying parameter vector autoregressions (Tvp-vaRr). The
results show that the growth rate responded positively to central govern-
ment capital spending shocks in most regions analyzed.

The model presented some limitations because the quarterly regional
growth rates used are estimations, which can raise the difficulty of future
predictability. Therefore, each region’s sector effects (by economic activity)
could not be obtained. For future research, we plan to analyze the level of
regional cyclical synchronization since, in a scenario of economic contrac-
tion, it is essential to consider the economic synchronization of the different
regions to find the most convenient economic policy.

Finally, we consider that high heterogeneity in regional economic growth
has an implication for public policies. Policymakers should consider car-
rying out public policies differentiated by region to counteract economic
recessions based on the optimal use of resources and the depth of economic
contractions presented in each region. Our recommendation is in line with
the administrative decentralization occurring in the country in recent years.

References

Alarcén, S. (2020). Multiplicador de inversion publica durante el auge y de-
clive de precios internacionales. Revista Latinoamericana de Desarrollo
Econémico, (33), 79-104. https://doi.org/10.35319/1ajed.202033416

Balajee, A., Tomar, S., & Udupa, G. (2020). Covid-19, fiscal stimulus, and credit
ratings. Fiscal stimulus, and credit ratings. Indian School of Business.
https://dx.doi.org/10.2139/ssrn.3577115

Banegas Rivero, R. A. (2016). Role of government spending on economic
growth: an endogenous potential model for Bolivia. Revista Nicolaita
Estudios Econémicos, 11(1), 27-49. https://rnee.umich.mx/index.php/
rnee/article/view/267

Bayer, C., Born, B,, Luetticke, R., & Miiller, G. J. (2020). The coronavirus stimu-
lus package: how large is the transfer multiplier? cEPR Discussion Paper,
(DP14600). https://ssrn.com/abstract=3594222

Revista de Economia del Rosario. Vol. 26. No. 1. Enero-Junio 2023. 1-39


https://doi.org/10.35319/lajed.202033416
https://dx.doi.org/10.2139/ssrn.3577115
https://rnee.umich.mx/index.php/rnee/article/view/267
https://rnee.umich.mx/index.php/rnee/article/view/267
https://ssrn.com/abstract=3594222

30 Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

Benmelech, E., & Tzur-Ilan, N. (2020). The determinants of fiscal and monetary
policies during the Covid-19 crisis. National Bureau of Economic Research.
https://doi.org/10.3386/w27461

Bhattacharya, A., Pati, D., Pillai, N. S., & Dunson, D. B. (2015). Dirichlet-
Laplace priors for optimal shrinkage. Journal of the American Statistical
Association, 110(512), 1479-1490. https://doi.org/10.1080/01621459.2014.
960967

Botero, J., Franco, H., Hurtado, A., & Mesa, M. (2013). Choques exégenos y
politica fiscal en un modelo de equilibrio general dindmico estocastico
(DsGE): una aplicacién para economia emergente. Revista de Economia
del Rosario, 16(1), 1-24. https://revistas.urosario.edu.co/index.php/eco-
nomia/article/view/2828

Bredemeier, C., Juessen, F., & Winkler, R. (2020). Bringing back the jobs lost
to Covid-19: the role of fiscal policy. Covid Econom Vetted Real Time Pa-
pers, 29, 99-140. https://repository.uantwerpen.be/docstore/d:irua:1157

Carriero, A, Clark, T. E., & Marcellino, M. (2015). Bayesian vaRs: specifica-
tion choices and forecast accuracy. Journal of Applied Econometrics, 30(1),
46-73. https://doi.org/10.1002/jae.2315

Casado, M. G,, Glennon, B., Lane, J.,, McQuown, D., Rich, D., & Weinberg,
B. A. (2020). The effect of fiscal stimulus: evidence from Covid-19. National
Bureau of Economic Research. https://doi.org/10.3386/w27576

Chan, J. C, & Eisenstat, E. (2018). Bayesian model comparison for time-
varying parameter vaArs with stochastic volatility. Journal of Applied
Econometrics, 33(4), 509-532. https://doi.org/10.1002/jae.2617

Cogley, T., & Sargent, T. J. (2001). Evolving post-world war II us inflation dy-
namics. In B. S. Bernanke & K. Rogoff (Eds.), NBER macroeconomics annual
2001. Volume 16 (pp. 331-388). http://www.nber.org/chapters/c11068

Cogley, T., & Sargent, T. J. (2005). Drifts and volatilities: monetary policies
and outcomes in the post wwit us. Review of Economic Dynamics, 8(2),
262-302. https://doi.org/10.1016/j.red.2004.10.009

Di Pietro, M., Marattin, L., & Minetti, R. (2020). Fiscal policies amid a pan-
demic: the response of Italy to the Covid-19 crisis. National Tax Journal,
73(3), 927-3A. https://doi.org/10.17310/ntj.2020.3.13

Engle, R., & Watson, M. (1981). A one-factor multivariate time series model
of metropolitan wage rates. Journal of the American Statistical Association,
76(376), 774-781. https://doi.org/10.1080/01621459.1981.10477720

Escalante, L. E., & Maisonnave, H. (2021). Gender and Covid-19: are women
bearing the brunt? A case study for Bolivia. Journal of International
Development, 34(4), 754-770. https://doi.org/10.1002/jid.3603

Revista de Economia del Rosario. Vol. 26. No. 1. Enero-Junio 2023. 1-39


https://doi.org/10.3386/w27461
https://doi.org/10.1080/01621459.2014.960967
https://doi.org/10.1080/01621459.2014.960967
https://revistas.urosario.edu.co/index.php/economia/article/view/2828
https://revistas.urosario.edu.co/index.php/economia/article/view/2828
https://repository.uantwerpen.be/docstore/d
https://doi.org/10.1002/jae.2315
https://doi.org/10.3386/w27576
https://doi.org/10.1002/jae.2617
http://www.nber.org/chapters/c11068
https://doi.org/10.1016/j.red.2004.10.009
https://doi.org/10.17310/ntj.2020.3.13
https://doi.org/10.1080/01621459.1981.10477720
https://doi.org/10.1002/jid.3603

Miguel Sebastiano Chalup Calmotti, Luis Fernando Escobar Caba 31

Faria-e-Castro, M. (2020). Fiscal policy during a pandemic. Federal Reserve
Bank of St. Louis Working Paper. https://doi.org/10.20955/wp.2020.006

Fornaro, L., & Wolf, M. (2020). Covid-19 coronavirus and macroeconomic policy.
CEPR Discussion Paper (DP14529). https://ssrn.com/abstract=3560337

Geweke, J. F, & Singleton, K. J. (1981). Maximum likelihood “confirmatory”
factor analysis of economic time series. International Economic Review,
22(1), 37-54. https://doi.org/10.2307/2526134

Huanto, C. M. (2020). Dinamica e impacto del Covid-19 en la economia
boliviana. Revista de Anlisis del BCB, 33(1), 39-68. https://EconPapers.
repec.org/RePEc:blv:;journl:v:33:y:2020:i:1:p:39-68

Humérez Quiroz, J. (2014). Determinantes del crecimiento econémico en
Bolivia: un enfoque de demanda. Revista de Andlisis del BCB, 20(1), 9-40.
https://www.bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/
ra_vol20/articulo_1_v20.pdf

Humérez Quiroz, J. (2018). Determinantes del crecimiento econémico en
Bolivia. Cuadernos de Investigacion Econémica Boliviana (CIEB), 2(2), 7-43.
https://www.economiayfinanzas.gob.bo/publicaciones-en-espanol-4.
html

Kalman, R. E. (1960). A new approach to linear filtering and predic-
tion problems. Journal of Basic Engineering, 82(1), 35-45. https://doi.
org/10.1115/1.3662552

Kim, C. J.,, & Nelson, C. R. (1999). State-space models with regime switching:
classical and Gibbs-sampling approaches with applications. MIT Press Books.
https://doi.org/10.7551 /mitpress/6444.001.0001

Koop, G., McIntyre, S., Mitchell, J., & Poon, A. (2018). Regional output growth
in the United Kingdom: more timely and higher frequency estimates. 1970-
2017. Discussion Paper 2018-14. https://strathprints.strath.ac.uk/66292/

Koop, G., McIntyre, S., Mitchell, J., & Poon, A. (2020). Regional output growth
in the United Kingdom: more timely and higher frequency estimates
from 1970. Journal of Applied Econometrics, 35(2), 176-197. https://doi.
org/10.1002/jae.2748

Lopez Churata, R. I. J. (2016). Gasto ptblico y crecimiento econémico en
Bolivia. Cuadernos de Economia, 1(2), 32-37. http://cuadernosdeeconomia.
azc.uam.mx/wp-content/uploads/2019/08/CE2_4LopezChurata.pdf

Lubik, T. A., & Matthes, C. (2015). Time-varying parameter vector autoregres-
sions: specification, estimation, and an application, economic quarterly,
Federal Reserve Bank of Richmond. Economic Quarterly, 101(4), 323-352.
http://doi.org/10.21144/eq1010403

Revista de Economia del Rosario. Vol. 26. No. 1. Enero-Junio 2023. 1-39


https://doi.org/10.20955/wp.2020.006
https://ssrn.com/abstract=3560337
https://doi.org/10.2307/2526134
https://EconPapers.repec.org/RePEc
https://EconPapers.repec.org/RePEc
https://www.bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/ra_vol20/articulo_1_v20.pdf
https://www.bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/ra_vol20/articulo_1_v20.pdf
https://www.economiayfinanzas.gob.bo/publicaciones-en-espanol-4.html
https://www.economiayfinanzas.gob.bo/publicaciones-en-espanol-4.html
https://doi.org/10.1115/1.3662552
https://doi.org/10.1115/1.3662552
https://doi.org/10.7551/mitpress/6444.001.0001
https://strathprints.strath.ac.uk/66292/
https://doi.org/10.1002/jae.2748
https://doi.org/10.1002/jae.2748
http://cuadernosdeeconomia.azc.uam.mx/wp-content/uploads/2019/08/CE2_4LopezChurata.pdf
http://cuadernosdeeconomia.azc.uam.mx/wp-content/uploads/2019/08/CE2_4LopezChurata.pdf
http://doi.org/10.21144/eq1010403

32 Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

Mariano, R., & Murasawa, Y. (2003). A new coincident index of business cycles
based on monthly and quarterly series. Journal of Applied Econometrics,
18(4), 427-443. https://doi.org/10.1002/jae.695

Mariano, R., & Murasawa, Y. (2010). A coincident index, common factors,
and monthly real Gpr. Oxford Bulletin of Economics and Statistics, 72(1),
27-46. https://doi.org/10.1111/j.1468-0084.2009.00567.x

Mathieu, E., Ritchie, H., Rodés-Guirao, L., Appel, C., Giattino, C., Hasell, J.,
Macdonald, B., Dattani, S., Beltekian, D., Ortiz-Ospina, E., & Roser, M.
(2020). Coronavirus pandemic (Covid-19). Our World in Data. https://
ourworldindata.org/coronavirus

Ministry of Economy and Public Finance (MEFP) of Bolivia. (2020). Vice Min-
istry of Treasury and Public Credit. https://www.economiayfinanzas.gob.
bo/viceministerio-de-tesoro-y-credito-publico.html

Mitchell, J., Smith, R., Weale, M., Wright, S., & Salazar, E. (2005). An indica-
tor of monthly gdp and an early estimate of quarterly gdp growth. The
Economic Journal, 115(501). F108-F129. https://doi.org/10.1111/j.0013-
0133.2005.00974.x

Montero Kuscevic, C. M. (2012). Inversién ptblica en Bolivia y su incidencia
en el crecimiento econémico: un andlisis desde la perspectiva espacial.
Revista de Andlisis del Banco Central de Bolivia, 16, 31-57. https://www.
bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/ra_vol16/
articulo_2_v16.pdf

National Institute of Statistics of Bolivia (INE). (2020). Estadisticas econdémicas.
https://www.ine.gob.bo

Park, T., & Casella, G. (2008). The Bayesian Lasso. Journal of the American Statistical
Association, 103(482), 681-686. https://doi.org/10.1198/016214508000000337

Sargent, T. J., & Sims, C. A. (1977). Business cycle modeling without pretending
to have too much a priori economic theory. https://www.minneapolisfed.
org/research/working-papers/business-cycle-modeling-without-
pretending-to-have-too-much-a-priori-economic-theory

Schorfheide, F., & Song, D. (2015). Real-time forecasting with a mixed-
frequency VAR. Journal of Business and Economic Statistics, 33(3), 366-380.
https://www.jstor.org/stable/43701548

Ugarte Ontiveros, D., & Bolivar Rosales, O. (2015). La relacion precio del
petrdleo y crecimiento econémico en Bolivia: el rol de la politica
econdémica. Revista de Andlisis del Banco Central de Bolivia, 22, 9-40.
https://www.bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/
ra_vol22/articulo_1_v22.pdf

Revista de Economia del Rosario. Vol. 26. No. 1. Enero-Junio 2023. 1-39


https://doi.org/10.1002/jae.695
https://doi.org/10.1111/j.1468-0084.2009.00567.x
https://ourworldindata.org/coronavirus
https://ourworldindata.org/coronavirus
https://www.economiayfinanzas.gob.bo/viceministerio-de-tesoro-y-credito-publico.html
https://www.economiayfinanzas.gob.bo/viceministerio-de-tesoro-y-credito-publico.html
https://doi.org/10.1111/j.0013-0133.2005.00974.x
https://doi.org/10.1111/j.0013-0133.2005.00974.x
https://www.bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/ra_vol16/articulo_2_v16.pdf
https://www.bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/ra_vol16/articulo_2_v16.pdf
https://www.bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/ra_vol16/articulo_2_v16.pdf
https://www.ine.gob.bo
https://doi.org/10.1198/016214508000000337
https://www.minneapolisfed.org/research/working-papers/business-cycle-modeling-without-pretending-to-have-too-much-a-priori-economic-theory
https://www.minneapolisfed.org/research/working-papers/business-cycle-modeling-without-pretending-to-have-too-much-a-priori-economic-theory
https://www.minneapolisfed.org/research/working-papers/business-cycle-modeling-without-pretending-to-have-too-much-a-priori-economic-theory
https://www.jstor.org/stable/43701548
https://www.bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/ra_vol22/articulo_1_v22.pdf
https://www.bcb.gob.bo/webdocs/publicacionesbcb/revista_analisis/ra_vol22/articulo_1_v22.pdf

Miguel Sebastiano Chalup Calmotti, Luis Fernando Escobar Caba 33

Watson, M. W,, & Engle, R. F. (1983). Alternative algorithms for the estimation
of dynamic factor, mimic and varying coefficient regression models.
Journal of Econometrics, 23(3), 385-400. https://doi.org/10.1016/0304-
4076(83)90066-0

Wilson, D. J. (2020). The Covid-19 fiscal multiplier: lessons from the great
recession. FRBSF Economic Letter, (13), 1-5. https://fedinprint.org/item/
fedfel /88052

Annexes

Revista de Economia del Rosario. Vol. 26. No. 1. Enero-Junio 2023. 1-39


https://doi.org/10.1016/0304-4076(83)90066-0
https://doi.org/10.1016/0304-4076(83)90066-0
https://fedinprint.org/item/fedfel/88052
https://fedinprint.org/item/fedfel/88052

Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

34

SuopNINSU] N39S [21908 IO |
s SISYNI - 2JNJNSU] SIULINSU [ [PUOHEN
4D - punf YI[eaH] Umajorag
SND - pun [[eaH [PUoHeN

Jduemsuy [e0S

sens AVAVINT - 19JM 2[qEI0] PUe 98emag Jo Auedwio) [edioruny eyders |
4(T91) sIuBWIWAA0Y) snowouoiny [ed DN BYIO
,(991) SIUAWILIA0S) SnOWOUOINY [ediIMN [PIUMOL]
OV [ Jo Justw@I0n snowouojny [edprnpy

efigoD) Jo JusrIaN0) snowouojny fedumiy 10)23G d1[qng

PePIUII], JO JURWIIAN0) snowouojny fedumiy [enueUY-uoN

150304 JO JUAWIUINOE) SNOWOUOINY [edromun)
fsoted o o RV PRI SJUAUILIIAO0) Snowouojny eddIuny
elue] JO JUAWILIANO0D) snowouony [eddunpy
0INIQ) JO JUILILIAAO0D) showouony [edmmy
150§ JO JUAWIIINON SnoWoUOINY TediommyY

Do o} Tednmpy

LIS ] 9 711D LIS JO JUBWILIMOE) Snowouoiy fedioruniy

Ze e JO JUIWILIAA0D) snowouony [edpmmiy

- JUSWLIDAO0) [RISUDD)
OpUE JO JUSUWILIANOL) SNowouoIny judtupredac]

1udg JO JUPIIIANS SnowouoY JuswTeda
150104 JO UPHILIALOE) SNowoUOINY JudTedaq
eftre] Jo JUPWIM0E snowouony uanedaq
0IMIQ) JO JUIWILLIAO0D) snowouoNy Judwredac]
SJUSILIDA0D) Snowouoiny [ejudunredaq
eoesmbny jo JudWILIAN0) snowouony judwredac]

opueq jo A1s@amun uer D0 o a
Amyuod a0 Jo Ansmnrun evoren ZNID JURS JO UBILIANOD) SnowouINY Juduedac]
eigfeg 9sof A1sin snowouoIny g Ze ¥ JO JUAILIAN0D) SnoWOUOINY Judurredac

0INIQ JO ANSIAIN eI

SeL sewo] AJisiaAmn) snowouony suonMUSU] PAZIEIUNA YO |
oydeies [PESIA uenf Ajsianrun (1) sour 1
o3[V 14 Jo Kyrszaatun drqn g ANED - AJISIDAUN URIATIOF JO 9)ILILIOD) AHNIIXT
IDAEY SIDURIL] JUTES JO AJSIATUN [eOHHUOJ A0y BUISNOH PUE SIDNIAG ‘SHI0 M JT[qN JO ANSTUIA
AYSIAIUN SNOWOUOINY OUDIOI U [PLAED) asuapQ Jo Anstumy
oG Ueg Jo ANSIantun J0Kepy spue pue juswdopasaq femy jo AnsmuIy
SaIpuy ues jo Aysiatun 104epy WeaH Jo Anstury

I9JeA| PUE JUDWIUOIAUY JO ATSTUTN
JUBUIIRA0D) JO ANSIUIA

(VNVSVV) uoneduneN 11y Jo sadnIag Arer[ixny pue uonensmunupy podiry

aaaa - Suroueury uSIog pue JuAUNSAN] AN JO ANSIIN-TA

JUIWUIIA0L) [RIJU)

= ¥aNd - yuawdopanaqy [euorSay 10§ puny [euoneN

ewiog sindug

28V - uopensiunupy AemySi ueniog

eLAog-SeIA

Sdd - JUBWISAAU] [R190G PUP JATINPOI 10§ PUn [PUOHEN

NOL - UOHEN 34 JO ASeai] [e1uen

3INJONI)G 10309G dI[qNJ [EIDUBUL-UON YV XdUuUuy

Revista de Economia del Rosario. Vol. 26. No. 1. Enero-Junio 2023. 1-39



35

Miguel Sebastiano Chalup Calmotti, Luis Fernando Escobar Caba

‘SAII[0] Pue SISA[eUY [BISI] JO 9)RI0DIII(] [BIBUID)-}IPAID) dI[qNJ Pue AINSeai], Jo AIJSTUI dDIA - SIdURUL] JI[qnJ pue AWouody Jo AISTUTA 994108

“PajeaId ST sojudwIY (vad) Aueduwro)) S9ATIRALId(] PUR POO] URIAI[Og 3} 76GE 99109(] dwaxdng ySnoiyy pue (ved) saA1y

-eALId(] pue spuow|y jo Auedwo)) uerarjoq ayj pue ‘(jarwoiJ) Auedwo)) oryqn,J aanonpoid reininordy ‘(joqsoajoe) syonpoxd I uerarjog :931our saruedwod U I s
"810T ISN3NY 90UIS MOJJ YSed Pa3RIdUDS JOU SBY I 4y sex

‘JUSUWILLISAOL) [BISUIL) AU} UT PIJePI[OSU0D ST UOHjewIojul oy} ‘Auedwod 19yem e st i1 ydnoyjje aedewy ..,

+10309s d1[qnd a3 jo jaed jou st gee1 dduts ‘edewreg .,

‘SJUSWIUIIAOK) JUBSEd ] SNOUISIPU] dATIEN SNOWOUOINY 3} PUE SJUSWILISA0L) [edIDTUNIA [EIDUTAOL] SNOWOUOINY PAIOJTUOW-UOU 31} JO }SaI 3y} 03 spuodsariod i .,
*)[o'( Y} UO dIE SJUSWUIIAOL) snowouoiny [edIdIungA [eIOUTA0I] Y} JO S[TeId(] 4

‘4 LNT - Auedwo)) UOISTAI[S], [EUOTIBN] URTAI[OG-XT ;

‘Auedwo) A1punoyg [euoneN-Xq ¢

“INS S} UT PapN[IUT ST T AYm STYDIYM ‘@8e[ain) (aamw) SuruueJ juawrdo[aad(] Jo ATISIUTA 33 I9PUN UOHNINISU] [RIDURUL] dI[qNJ SUIULR-UOU ‘PIZI[IJUIP € STI[ YANI ], ;
‘08%7-1d X ;

mabdewes - 931195 WeysAS 19Mag puE 191E M AqeI0g Snowouoiny [ediormpy |
SOdVY - $YI0 M ATBJIUES 10§ UOHEHSIUIWPY SNOWOUOINY

sedeyg - Auedwon 2Femag pue 16 A [e207 2105

sarueduro)) 1a3epm

edewng - 20wiag aemog pue sojep ediommpy

VS - 201196 a8emag pue onpanby [ed0]

souedwo) feuoneN B0 |
seSenug - fuedwon sen) elirey
£-dSV - BIAIOg UOHEHSIUTIPY 99198 HOJ
eneas Vil - SOABRALISC] PUE P00 J0 Auedwior uenijog
541 - Auedwo) uogonpoi ] paag drfejeng
AVddd - SI9ZI[I9 JO UonINpo1 ] ay3 10§ Auedwo) sifajeng
eueoeg Auedwod ajeig
L owsun] ap euenijog,, Auedwod ajeig
LOLRPPL TN, Auedwo) yodsuel ajqe) arerg
LsndmDy,, Auedwio) ayerg
unaisyA - Auedwos unoisiy
agv - [ A>uaBy adedg uenrjog
NNLAW-SE - Auedwo) poys umyny
vasva - fuedwo) 1e8ng emjuaseuang ueg
108304 - eTog Jo sjuswa)) Auedwio)) drqn g [euoneN d18arens
searars]0QOOH - IO 3504 UEIOg
[0qUO3IED) - SPIEOGIED) UBIAI[Og
4VQ - SISNOYAIP A SWOISND) UPIATOg
Joqeug - Auedwon Suiddys weniog
euspejo) - juswdofaraq euoreN 10 uoeiodios $210 pawry
avy - spodsuery a1y uenrog
HI9 - SU0qIE20IPAL JO UoneZIESApU] a3 10} Auedwon uentjog
VOM - UoenY ueIog
Vdvid - Auedwo) y1oddng uonanpor g poog

saruedwo) d1qng

10613dvd - Auedwio)) 1ade] uenrog
AL Bnog

AN - Auedwio) Kemrey [euoneN

saruedwo) [euoneN

ana - Auedwion Ayrormoo

[euoneN
- Auedwioy oS

r: [eIRA OLNIA
Suedwon Suruny unuengy

[oquuos - uoresodion Surury wenrog

€444 - SPPL [1O [e2SL wentog

Revista de Economia del Rosario. Vol. 26. No. 1. Enero-Junio 2023. 1-39



36

Macroeconomic Effects of Fiscal Policy during the Covid-19 Crisis

Annex B. Annualized regional quarterly economic growth by
region (2000Q2-2020Q2): Estimates and Credible Intervals
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