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RESUMO

O presente trabalho tem o objetivo de estudar modelos macroecondémicos de metodologia
DSGE aplicados para economias regionais, assim como utilizar um modelo DSGE para
estudar o Estado do Rio Grande do Sul (RS), localizado no Brasil, e simular a possivel
trajetoria economica estadual durante o Regime de Recuperagao Fiscal (RRF). O primeiro
ensaio aborda diferentes trabalhos ao redor do mundo utilizando tal metodologia para
economias regionais (subnacionais), monstrando a relevancia do tema. No segundo ensaio,
um modelo primeiramente desenvolvido para uma regiao do Japao, chamada Kansai, é
aplicado ao Rio Grande do Sul, sendo adaptado ao Estado tanto em sua parametrizacao,
quanto a sua modelagem de equagoes (énfase na parte fiscal do governo - divisao dos gastos
entre os entes federal e local e inclusdo de investimento ptiblico). O modelo passa a se
chamar Kansai-RS, nos moldes da nomeacao do modelo SAMBA, consagrado na literatura
brasileira macroeconomica. O modelo, apesar de suas limitagoes, apresentou resultados
interessantes e um ponto de partida para a utilizacao de tal metodologia para o Rio Grande
do Sul. A dindmica da produtividade na economia do RS se mostrou fundamental para o
desenvolvimento do Estado, assim como o uso adequado de recursos piblicos por parte do
governo local. No terceiro ensaio, simulagoes utilizando o Kansai-RS foram feitas a respeito
do Regime de Recuperacao Fiscal, assinado em 2021 pelo RS. As simulagoes mostraram
que o indexador da divida nao é o mais relevante, e sim o crescimento sustentado do PIB
estadual. Sem aumento da produtividade do Estado, a divida se torna recessiva ao RS.
Por fim, ressalta-se que a contribuicao da tese é sobre revisao metodolédgica e resultados

empiricos.

Palavras-chave: Macroeconomia regional. Modelos DSGE. Rio Grande do Sul. Modelo

Kansai-RS. Divida Publica Estadual.



ABSTRACT

The present work aims to study macroeconomic models applied to regional economies
that use the DSGE methodology, as well as using a DSGE model to study the State of
Rio Grande do Sul (RS), in Brazil, and also simulating its potential economic trajectory
during the Fiscal Recovery Regime (FRR). The first essay addresses different works around
the world using this methodology for regional (subnational) economies, demonstrating
the relevance of the topic. In the second essay, a model first developed for a region of
Japan, called Kansai, is applied to Rio Grande do Sul, being adapted to the State both
in its parameterization and in its equation modeling (emphasis on the fiscal part of the
government - division of government spending into local and central and inclusion of public
investment). The model was named Kansai-RS, inspired by the SAMBA model, which
is well-established in Brazilian macroeconomic/DSGE literature. Despite its limitations,
the model presented interesting results and provided a starting point for the use of such
methodology in Rio Grande do Sul. The dynamics of productivity in the economy of
Rio Grande do Sul proved to be fundamental for the state’s development, as well as
for the adequate utilization of public resources by the local government. In the third
test, simulations using Kansai-RS were carried out regarding the Fiscal Recovery Regime,
signed in 2021 by RS. The simulations showed that the debt index is not the most relevant
factor; rather, it is the sustained growth of the state’s GDP. Without an increase in State
productivity, the debt becomes recessive for RS. Lastly, we highlight that the present work

contributes providing methodological review and empirical results.

Keywords: Regional Macroeconomics. DSGE Models. Rio Grande do Sul. Kansai-RS

Model. State Public Debt.
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1 INTRODUCTION

The present work aims to study macroeconomic models applied to regional economies
that use the DSGE methodology. Throughout the decades, DSGE models became more
relevant and are now one of the main tools for macroeconomic analysis. The first developed
models focused on national economies, such as the USA, countries of the European Zone
and Japan. Later, other models have started to analyze subnational economies, i.e., regional
economies within a country or larger geographic region, such as a European country. The
first essay surveys those DSGE models applied regionally and shows how this type of
research is growing in terms of quantity and application around the world, as well as its

main characteristics and lessons.

In the second essay, a specific model used in Japan is adapted and applied to the
State of Rio Grande do Sul, Brazil, and named Kansai-RS model. The adaptations are
for the parameters, which are intended to demonstrate the regional characteristics of RS,
as well as for some variables, specially the ones of the government block. For example,
central government expenditure enters the output equation and both local and central
governments are further expanded, allowing the accumulation of capital stock through
government investment. The model, divided into two firms sectors (non-durable goods and
services and durable goods and services, the last representing the civil construction sector),
two types of households (Ricardians and Non-Ricardians), two fiscal and one monetary
authorities show the behavior of the RS economy after fiscal and productivity shocks.
The results showed that RS depends on productivity to grow, and the fiscal governments
should aim the policies which contribute to this type of growth. Despite its limitations,
Kansai-RS model presented good starting results and showed what might improve the

modelling of the RS economy and topics for future research.

The third essay used Kansai-RS model to simulate the Fiscal Recovery Regime, an
agreement between Brazilian central government and RS local government to start the
payment of RS public debt. Basically some part of the local government tax revenues will

be drained in order to pay this debt, and then the regional economy might suffer from
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the lack of public spending and investment. The simulations showed that, although the
FRR is significant and drains taxes from local government, productivity shocks are more
important for the regional output path. Therefore, it is fundamental that the RS output
grows enough, allowing the debt amortization with less harm. On the other hand, since
the RS economy is slightly improving in terms of GDP from 2011 on, and have episodes
of climatic disasters, such as big droughts, floods and intense rain or warm, there is a

warning about the failure in paying the debt installments of negative shocks occur.

Overall, this PhD Thesis, composed by three interdependent essays, explores a new
field within DSGE modeling and regional macroeconomics topics to be used for specific
regions. Also, despite the limitations of the methodology and Kansai-RS model, it has
presented interesting results in order to study the RS economy and its future, as well as
identified what drives most its growth (productivity shocks). Moreover, topics for further
research, including other types of households, firms and governments modelling, alongside
the use of Bayesian estimation on longer time series might improve the analysis and

planning of public policies for the State of Rio Grande do Sul.
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2 ON REGIONAL DSGE MODELS: A SURVEY ABOUT THE CURRENT STATE
OF THE ART OF REGIONAL DSGE MODELS

This essay! is a survey about regional macroeconomic models. It will discuss the
evolution and main results of one specific methodology named Dynamic Stochastic General
Equilibrium (DSGE) models which are applied to regions, sometimes geographically small,
sometimes larger (such as entire countries), but always within a larger region and involving
and with two types of government (local and central ones) or more. Also, the latest

contributions and a summary of these types of models are presented in Table 1.

2.1 INTRODUCTION

In the last decades, in order to address macroeconomic analysis, Dynamic Stochastic
General Equilibrium (DSGE) models have been used extensively, especially to verify
monetary and fiscal policies outcomes in whole continents or countries. However, when a
researcher desired to study a smaller region using a DSGE model, there was a lack of this
particular type of methodology applied at the regional level. To overcome this issue, the
creation of regional DSGE models was useful to identify particularities of such regions,
specially in heterogeneous and large economic spaces such as Brazil, United States (US)
and the European Union (EU), for example. Pytlarczyk (2005) was one of the pioneers
in creating a two-region model where Germany was the smaller region in relation to the
larger one, which corresponded to the EU. Since the model described the heterogeneity
between Germany and other EU countries, it could analyze how Germany affected the EU

and vice versa, properly.

Later, more models for even smaller open economies/regions came, such as Papa-
georgiou and Kazanas (2013) analyzing how Greece behaved within the European Union
and the global sector. Papageorgiou and Kazanas (2013) built a detailed fiscal policy block,
given Greece’s high debt levels, making this type of analysis fundamental for the country.

Also, Greece does not rely on its own monetary autonomy, because the European Central

L The current essay was part of the 13° meeting of the Chilean Society of Regional Studies (SOCHER),
which occurred in Valdivia, Chile, from November 29th to December 1st of 2023, at the Austral de
Chile University (UACh).
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Bank (ECB) conducts monetary policy for most European countries, including Greece.
Flores et al. (2016) went further, building a model for multi-country interaction, showing

how many regions could interact economically.

Outside Europe, other authors created theoretical and applied models for small-
regions in Asia, such as Tamegawa (2013), Tamegawa (2012) and Okano et al. (2015),
the last building a model for a specif Japanese region named Kansai, one of the total
of nine in Japan. Additionally, a model for Indonesia addressed how monetary policy
affected several regions differently within the country (WALUYO, 2017). Another example,
alongside the previous models, is the one applied to Russia, built by Dubrovskaya, Shults

and Kozonogova (2022).

For South America, more specifically Brazil, three regional DSGE models exist: one
focused on the northeast of the country, for the State of Ceara (PAIVA, 2019), simulating
changes in the steady state of the region in a closed economy framework; another for the
center-west of the country, in the State of Goids (JUNIOR; TEIXEIRA; SILVA, 2022),
addressing fiscal (tax hikes) simulations for the region and the rest of Brazil, in a small
open economy framework; and the last one, expanding the national “Stochastic analytical
model with a Bayesian approach” (SAMBA) (CASTRO et al., 2015) to incorporate regional

features and outcomes, created by Penna et al. (2023).

From different continents around the world, many regional DSGE models came
by. It all began with a country being the small region in relation to an entire continent,
and then the method was improved for even smaller regions, e.g., states or regions of a
country, in an open economy framework or not, and with more than one fiscal authority
(usually a local government and a central government). Therefore, the research problems

arise naturally by these three questions:

1. Why regional DSGE models, and what is the need of them in macroeconomic

analysis?

2. What are their main characteristics and differences in relation to “standard” DSGE
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models built for entire countries or continents?

3. What are the main results and lessons presented by the available regional DSGE

models?

In order to respond to them, the present survey will follow Christiano, Eichenbaum and
Trabandt (2018) methodology, surveying many works, but with the difference of focusing
only in regional DSGE models and their applications. Also, the scope of the research does

not encompass monetary /currency unions?,

Therefore, in the following sections we shall analyze those regional models, their
particularities and their main objectives, alongside their main results, contributing to a
better comprehension of this topic and possible further research developments. This survey

can also be used as a guide for lectures.

About the main results of the regional DSGE models, they presented several types of
different lessons, from very different fiscal and monetary outcomes to different productivity
dynamics too. Since each of them was built for a specific research problem and had
particular results, the most appropriate way to present their reviews was to show one by
one, highlighting the news and grouping them by some geographic measure, of which the
continent level grouping was the chosen one. However, the main results and lessons are

also compiled in Table 1 for a quicker and summarized understanding.

After this introduction (Section 2.1), Section 2.2 will present the theoretical basis of
a regional DSGE model, which involves the division of government into two or more fiscal
authorities, and the presence of the regional economy within a broader framework®. This
section will respond to why regional DSGE models are fundamental for a good regional
macroeconomic understanding, and will detail their broad characteristics. Specifically, one

important example, designed for theoretical economies (i.e., applicable to any region), is

2 For readers interested in the study of regions inside a monetary union using the DSGE methodology,

for example, other works such as (MIRKO; SEBASTIAN, 2019) and (MONTEIRO, 2023) bring this
type analysis.

Even if it is a closed economy, the central government, representing the national economy, sends
financial resources to the local government or applies its own fiscal policy to it. Additionally, the
monetary authority, which belongs to the central government, also applies its interest rate affecting
the regional/local economy.
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the work of Tamegawa (2013). Its modelling for the government block, the model main
results, as well as its possible variations will be exposed. Section 2.3 divides the models
applied to real regions by area (continents), such as Europe, Asia, and South America.
Then, Section 2.4 will highlight important points and best practices when building and
calibrating/estimating regional DSGE models. Finally, the conclusion (Section 2.5) shall

present the last remarks.

2.2 CONTEXTUALIZATION OF DSGE MODELS

In this section, after some contextualization about the DSGE methodology and its
attractiveness, the question about “Why regional DSGE models and the need for them?”
will be responded. Later, we shall detail some basic and fundamental concepts about
the models applied at the regional level, such as the division between local and central
governments (fiscal policy block), using theoretical examples (i.e., not applied for a specific

region).

2.2.1 Country/Continent DSGE models and beyond

The state of art in creating macroeconomic models is the one that brings structural
relations between all sectors of the economy, from households to enterprises and government,
the last one comprising both monetary and fiscal authorities. In line with this characteristic,
a Dynamic Stochastic General Equilibrium (DSGE) model can demonstrate the micro-
foundations of these relations between all economic agents in a way that the analysis
becomes deeper and more accurate, showing the whole behavior between all variables of

the model.

After the work of Kydland and Prescott (1982) on Real Business-Cycle (RBC)
models in the early 1980s, representing a classical macroeconomic model with full price
and wage flexibility, perfect competition, and the dynamics of productivity (real or non-
nominal) shocks on the economy, New-Keynesian school of thought features (price and

wage rigidity, monopolistic competition, and monetary effects on output level, for example)



23

were incorporated into such models in the 1990s* (ROMER, 1993). Alongside these
improvements making this macroeconomic methodology more robust and now known as

DSGE models, computational power increased significantly from 2000 onwards.”.

These facts led to a massive quantity of different models trying to represent and
analyze different areas around the globe, mostly for the United States and Europe, but
also for other countries in different continents. Therefore, hundreds of models emerged
world-wide focused on big areas. However, what if there is a need to analyze a small
country inside a big continent, such as the European Union, or some even smaller region

inside a country, such as a state or a city, using the DSGE methodology?

2.2.2 Why regional DSGE models?

When there was the need to disaggregate from the continent or national level
analysis, constructing such models became more challenging, as it requires that the model
maintains its stability within the dozens of new equations, parameters, and forward or
backward-looking exogenous and endogenous variables for each desired additional region
(WALUYO, 2017, page 95). However, analyzing economic policies at national level does not
mean it will be accurate for every region, since their structure might differ from each other.
One simple question can clarify this point: Shall the impacts of the national monetary
policy be the same for every region of a specific country? Probably not. For this type of
analysis, Waluyo (2017) created a five-region DSGE model for Indonesia to address this
problem. Hence, a researcher or governmental agent who wants to analyze some specific
region must pass this point of disaggregation, or the model will not respond adequately to

the problems it is meant to address.

In order to surpass the problem of expanding a country/continent model, the first
natural step was to create a two-region model (big and small regions interacting with

each other). This is exactly what Pytlarczyk (2005) did for a real region (Germany and

4 Plosser (1989) provides an introduction to RBC models as well as a summary of main details and
results for this type of methodology.

> DAgostini and Dammski (2022) details in great detail the rise and consolidation of DSGE models,
with historical and chronological perspectives. See this work for greater detail about the beginning of
such methodology and the most recognized papers and models.
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EU) and Tamegawa (2013) did for a theoretical region. Other models will be detailed in
Section 3, such as the ones presented in Table 1, where there is “only” one region, but it
still depends on the national framework. But, firstly, there are main properties of regional

models that should be exposed. For now, we will use Tamegawa (2013) as an example.

2.2.3 How to Construct a Small Regional Model — Tamegawa’s (2013) example

The literature to construct a regional DSGE model, wherever the region is on the
globe, is quite reasonable. Tamegawa (2013) shows that it is possible to create a regional
model that describes a prefecture in Japan, some state in the US, or a country in the UK,
for example, in contrast to most of the macro-regions DSGE models made for big countries
or an entire continent such as Europe. The author highlights that there are small regions
whose output is a small fraction of the nation/continent GDP, even smaller than 1% of the
total production of goods and services in the whole area. In this context, “small region’s
policymakers need an effective small-region DSGE model to evaluate their policies”, as
Tamegawa (2013, page 1) argues in his study, and what can be the main objective of other

regional models.

The main goal of Tamegawa (2013) is to create a DSGE model in which the local
economy, ruled by two types of fiscal authorities (local and central), does not affect the
national economy, since “the region’s activity does not alter both interest rates [...] and
prices” (TAMEGAWA, 2013, page 1). This perspective also creates the possibility of a
non-crowding-out effect, since the increase in the local government expenditure shall not
increase the nation’s demand for money and hence interest rates, which would lead to a
decrease in private investment and consumption. Thus, this is one new possibility that

Tamegawa (2013) brings to this type of research.

Going further, Tamegawa (2013) shows that the small-region DSGE model is similar
to a small-open economy DSGE model (in the line with Papageorgiou and Kazanas (2013)),
without, however, the international trilemma, in which monetary policy must not affect
the economy that operates with a fixed exchange rate. Here, this is not important for the

small-region, and the basic framework is the following: the national fiscal and monetary
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policies can affect the regional economy, as well as the local government can alter (only)
economic activity of its own area. Then, many types of economic policies coming from both
governments can alter economic variables of the region, depending on the parametrization

as well. Let us now examine specific points of this theoretical model.

2.2.3.1 Tamegawa’s (2013) model, parametrization, and features

The model of Tamegawa (2013) assumes 4 agents: households, wholesale goods
producers, retail goods producers and the government, divided by fiscal and monetary
authorities. Also, their behavior is given by macroeconomic states, such as GDP and
nominal interest rate. After detailing the usual way households and firms maximize their

utility and profit, the author focus on the government block.

Here, we have the most important difference from the standard (nation or continent-
wide) DSGE models, which is the division of the government in relation to fiscal policy.
Also, there are different possibilities for debt modelling: only central government can
issue bonds; only local government can issue bonds; both can; or, finally, neither can.
Tamegawa (2013) chose to only the local government to issue bonds, while Okano et al.
(2015) chose to only the central government issue bonds. Since every region is different, the
choice about which type(s) of government(s) may issue bonds is significant for the model
outcomes. Moreover, this model feature is also important when analyzing the smaller
region because the results can differ substantially from a local government that issue bonds
to a local government without the possibility to issue bonds. In the presence Ricardian
and Non-Ricardian agents in the economy, the transmission of shocks and other variables
dynamics may differ®. Tamegawa (2013, page 5) explains this point:

“In our settings, the central government’s spending and the local govern-
ment’s spending have an equivalent effect on output because local debt

does not affect a small region’s economy other than through the local
tax and local bond rates. However, if non-Ricardian households exist

6 In the DSGE literature, the model may bring two types of households: one who can borrow money in the

financial market and another who spends every earning in the same period which it is received. In the
same line, if a government must not borrow (issue bonds to conduct fiscal policy when deficits occur),
it could be called a non-Ricardian as well, since its budget can not be extended to receive resources
from future periods. Cavalcanti and Vereda (2015) brings a detailed model with this perspective for
households, for example.
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as in Gali, Lépez-Salido and Vallés (2007) and central debt and local
debt have a different risk premium, a difference emerges. The increase in
government’s spending raises the bond rate. This leads to a higher tax
rate, and therefore, if governments have different elasticity of tax with
respect to bonds, it yields the different consequences”.

About the parameters, Tamegawa (2013, page 5) states they should be estimated to
match actual economic data of the region, which is reasonable for most models when there
is public data about the macroeconomic variables of the regional agents. For example, the
author states that consumption share to GDP (5) is around 56%, while governmental
expenditure share (%) is around 20%. Many “national” parameters can be imported
from other large region models, as well from international literature. However, there
is a characteristic that must be detailed for open economy regional models: since the
policymakers are interested in the effects of local fiscal shocks in Tamegawa’s model
(TAMEGAWA, 2013), there is one parameter that modifies completely their behavior,
which Tamegawa (2013) states to be the imports elasticity. When there is an increase in
demand due to local fiscal policy, and interest rates remain unchanged (no crowding-out
effect), depending on the imports elasticity, there will be more demand from goods and
services from “abroad” (other states or regions) or not. In the second case, this demand
will boom more local economic activity because local sales would increase more than
imports. So, imports elasticity is important for this type of analysis and for the model

construction and parametrization if it is an open economy.

For a researcher who desires to build a local DSGE model, Tamegawa’s methodology
(TAMEGAWA, 2013) helps to construct (build the equations) the model, learn how to search
for ideal parameters, initiate the assumptions for it, run simulations and compare with
other models. Notice that there might be a few mandatory differences when constructing
a new model, such as the local government being able or not to issue bonds, and other
possible differences, such as an open or closed economy framework and other common
DSGE features, like household behavior and private investment (firms) technologies and
preferences. Hence, Tamegawa (2013) is a good theoretical model starting point if one

researcher wants to build their own applied model for some specific region.
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2.2.3.2  Government block: The division of local and central governments block

About specific equations of Tamegawa (2013), the ones which turned it regional (by
including a local and a federal government) are crucial. While monetary policy follows the
standard DSGE model results, fiscal policy shocks have different outcomes, since both local
and central governments affect only the region’s economy. Also, there is no crowding-out

effect, because interest rates do not rise after a fiscal shock.

The new and important government block creates two types of government entities:
local and central. Also, we highlight that it is possible to create a third government entity
or more, such as a municipal government, according to the research problem. For the
local government equation, Tamegawa (2013) assumes that it spends G¥ and collects a
lump-sum tax T3, and, if it is insufficient to finance the governmental spending, it issues
bonds (b;) with a gross nominal interest rate of R?. Note here that we have a difference
from other regional models, since, for example, the federations units of Brazil (the states)
are not allowed to issue government bonds for debt funding (PAIVA, 2019) (JUNIOR,;
TEIXEIRA; SILVA, 2022). So, for their modelling, local government is intertemporally

constrained.

Tamegawa’s local government has the following budget constraint:

b
Ry

bt+1 - m@“‘ (Gf _Tt) (1)

Also, Tamegawa assumes that local government bond rate is related to its deposit rates as
follows:

log R? = const. + logRiV + prlogbyq, (2)

where prlogb:y is a risk premium, the constant is the value that is consistent with the
steady state value and R}Y is the national interest rate, set up by the central government

monetary authority.

For the local government budget constraint, there is the need to set it in such way
that it maintains its sustainability in the long run, which means that the local government

can not issue debt and increase the debt level permanently. With this assumption, the tax
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rule is set as follows:

log T} = constant + piqz log by. (3)

Local government expenditure is set in the following manner:

log G = constant + pg.1,log Gfl +ek. (4)

Finally, “the central government can consume the small region’s goods denoted by

G¢ and this is defined as follows” (TAMEGAWA, 2013, page 3):

log GY = constant + paG.clog GY | +€C. (5)

If the researcher wants to simulate the effects of national level shocks on the small
region’s economy, and vice versa, it is necessary to construct a macroeconomic block.
According to Tamegawa, his model endogenizes output, interest, and inflation variables
with a simple dynamic IS-LM model expressed in three equations. One for an IS curve
(Euler equation), dynamic LM curve (the Taylor Rule) and a New-Keynesian Philips Curve.
Tamegawa (2013) highlights that it is also possible to use “a full-blown DSGE model such

as Christiano, Eichenbaum and Evans (2005)”. The macroeconomic log-linearized block is

as follows:
Ei[Yy] + [fir41] = Vi + By (6)
e = BE[Ri1] + kY + €. (7)
RY = ity + €l (8)

where Yy, with capital Y, is the national output, and inflation (7;) and nominal interest

rates (R}') are the other two exogenous variables that were made endogenous.

With the equilibrium condition (equation 9), it is possible to simulate local and
central expenditure shocks, monetary policy shocks, the behavior of interest and inflation,
the local debt dynamics, how net exports behave and how households and firms are affected

by those policies, as examples.

Yt = ¢t + 1t + gt + Ny, (9)
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where g, = GF ~|—Gtc. Remembering that Gtc is central government expenditure “inside”
the small-region. Also, equation 9 has two more aggregations: ¢;” + c¢j = ¢; is the total
consumption of the region, where “rr” stands for remaining regions consumption and “s”
stands for small-region consumption. The same is applied for investment: ;" + i} = 4;.

Net-exports is the exports minus imports of the region.

2.2.3.3 Model Results and Lessons

Tamegawa (2013, sections 4 and 5) shows the impulse response of fiscal, monetary,
and productivity shocks, and how local and national outputs are differently affected. For
fiscal shocks, while a local government expenditure shock boosts local output, national
output, interest, and inflation remain constant. Central government expenditure shock
presented similar dynamics, since non-Ricardians are not present in this model (according
to Tamegawa’s reference 2.2.3.1). Another important point is the possibility of a crowding-
in effect: after a government expenditure shock, interest rates remains constant and
consumption does not change either. Then, Tamegawa (2013) states that “the fiscal
multiplier is larger than 1 because the countercyclical markup boosts labor demand and
investment demand. Thus, government spending has crowding-in effects on investment.

This property is not obtained in standard DSGE models.”.

Local and national economies have different dynamics when a monetary shock
happens, as shown in Figure 4 (TAMEGAWA, 2013, page 7), since national output
increases more than the regional output. For technology and productivity shocks, there are
differences too. While a regional technology shock (in the Cobb-Douglas function of firms,
represented by A;) boost the regional economy, national output is not affected at all. On
the other hand, a TFP shock (total factor productivity), which is a €, affects more the
national than the regional economy. Tamegawa (2013) also highlights that a technology
shock declines the regional output, but increases it later. The explanation is that wholesale
prices decrease, leading to a decrease in labor demand. However, technological advances
raise the marginal output of capital and increase investment since the value of capital has

risen.
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About the lessons of Tamegawa (2013), the main ones are on how to model agents
and firms (allowing heterogeneity or not), the government’s budget constraints (allowing
debt or not), if it will be a closed or an open economy (interaction between the region and
other regions), and the parameters. While the news are for the division of the government
block, every feature shall modify the results that the model will present, as explained

previously”.

One last point about the government block is how the taxes and fiscal rules will be
modelled. While Tamegawa (2013) used a simple rule for local government debt stability,
the way taxes are split between governments and other types of fiscal rules might modify
the model outcomes as well. Okano et al. (2015) shows a way to split the collected taxes,

for example.

2.2.4 Extended version of Tamegawa’s Two-Region model: Multi-Region DSGE model

for small regions with local governments

After the presentation of Tamegawa (2013), the same author published earlier, in
2012, an extended regional DSGE model. This regional DSGE model actually presents the
possibility of a multi-region DSGE, which is set for two or more regions, and the existence
of more than one local government. Tamegawa (2012) incorporates others characteristics
for households (Non-Ricardian and Ricardian) and private and public investment. However,
the main assumption about the existence of local and central governments is still present
in the model, as well as expanded: now we have two local governments and one central
government. Tamegawa (2012) shows the difference between four types of fiscal simulations:
where the first local government implements a fiscal expansion, the second local government
implements a fiscal expansion, the central government implements a fiscal expansion in

the region of the first local government, or in the region of the second local government.

Differently from an entire country, the effects of a certain fiscal policy are not

uniform since there are regional heterogeneities, and the fiscal multipliers (parameters that

7 Tamegawa (2013) divides consumption and investment into regional and remaining regions ones, which
can be stated as innovation as well.
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measure the impact of fiscal stimuli in the model) can alter significantly depending on
which region and what government (local or central) implemented it. In Tamegawa’s words
(TAMEGAWA, 2012), “Our main result is that the magnitude of the fiscal multiplier
depends on which government implements the fiscal policy and where the policy is imple-
mented. This implies that to measure fiscal multipliers, we have to consider heterogeneity
across regions”. Hence, a difference between a state fiscal policy may have not equal impacts

such as a national fiscal policy, as shown earlier in 2.2.3.3.

The idea of Tamegawa is pretty similar to Lindé (2018) when this author posits
the possibility of a DSGE model composed by a core region and its satellites, which
may be an advance for this type of research. Lindé (2018) uses an example of core euro
area economies, such Germany and France, and the peripheral euro economies (Italy and
Spanish). A shock may have different impacts in aggregate terms and in relation to the

peripheral area only (LINDE, 2018, page 282)8.

2.3 REGIONAL DSGE MODELS FOR SPECIFIC REGIONS

In this section, an introduction to the available and up-to-date regional DSGE
models shall be presented. After the presentation of such models, grouped by their
respective areas (continental location) they are located, a summary of the ideas, lessons

and main results of these regional models is presented in the Table 1.

2.3.1 Europe: First attempt to create a two-region DSGE model (Europe and Germany

area) and the Greece region example

The paper of Pytlarczyk (2005) offers a valuable perspective of a regional DSGE
Model for Germany, a small open economy without its own monetary authority, as the
monetary authority in Europe is the European Central Bank (ECB). Similarly, the paper

by Papageorgiou and Kazanas (2013) brings another perspective as well in this context for

8 See the example at the end of page 281 and the beginning of page 282. Lindé explains that a European

Central Bank policy could have different outcomes in terms of the whole Euro area and in terms of
the smaller regional economies. This is exactly what Tamegawa suggests and most authors in Table 1
apply in their research, using a national economy and a small region.
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Greece (a small open economy without monetary authority and with a high debt level
relative to its GDP). Apparently, Pytlarczyk (2005) was the pioneer in dividing a DSGE

model into more than one region.

Pytlarczyk (2005) starts by pointing that “the vast majority of existing DSGE
models for the euro area treats this conglomerate as a single country” (PYTLARCZYK,
2005, page 2). Hence, the main focus of this paper is to disaggregate the homogeneous
single-area of Europe into a two-region model. According to Pytlarczyk (2005), this
approach is valid because there is significant evidence of structural heterogeneity between

Germany and the rest of the European Monetary Union (EMU).

According to Pytlarczyk (2005), the model is an extended version of both the Smets
and Wouters (2003) and Christiano, Eichenbaum and Evans (2001) models, incorporating
specific elements related to the currency union into his own model. Another interesting
point is the one which Pytlarczyk (2005) identifies distinct permanent technology shocks
for each region of the model (Germany and other countries of Europe) and they are

assumed to be cointegrated?:19.

Pytlarczyk (2005) also examines how a single currency would affect the transmission
of shocks in the model, and the results are satisfactory. However, the author claims that for
each monetary regime (flexible exchange rate or monetary union settings), the results may
vary. Therefore, a DSGE model for each type of monetary setting is necessary to analyze
the different types of results. In short, the estimated DSGE model of Pytlarzcyzk (2005)
replicates with significance cross-country correlations of real and nominal variables and
finds international spillover effects between them, which are attractive results. Also, the

author uses both German data (Volkswirtschaftliche Gesamtrechnung (VGR) database)

9 Because of this feature, Pytlarczyk (2005) highlights the model is able to match low and high
frequencies of the data, integrating growth and business cycle theory (long and short-run macroeconomic
conditions).

Cointegration is a property of time series data which demonstrates that two or more historical time
series can have a long-run relationship, although their short-run changes may vary. This means
that the econometricians can estimate a more sophisticated model including both short and long-
run characteristics of the series and create a model with more information, since the series can be
estimated in levels, differently from non-cointegrated series, which need to me estimated in stationary

(differentiated once or twice if not stationary) condition. For more information about cointegration, see
Enders (2015).

10
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and the whole aggregated data of the European Union (Area Wide Model (AWM) database).
This allows the model to take advantage of the disaggregated information of the analyzed
region. Lastly, the author used Bayesian techniques to estimate some parameters and
calibration for others. Pytlarczyk (2005) highlights that using prior information for the
parameter estimation to enrich the model and other calibrated parameters are the simple

mean of the respective data series from the first quarter of 1980 to the last one of 2003

(PYTLARCZYK, 2005, page 28).

2.8.1.1 Results of the estimation and Home-Foreign Shocks

In section 6 of Pytlarczyk (2005), the author shows the results of parameter
estimation, impulse response functions (IRF) and unconditional second moments of the
model. Also, he highlights that even small variations in the model structure and on the
estimation data substantively change the results of the analyzed DSGE model. The author
begins estimating the baseline two-region model “with variable capital stock and integrated

good and financial markets” using two types of data sets:

1. Estimation of the model in log-differences of the raw data.

2. Using the HP-filter to smooth and find the long-run trend of the time series.

Some results of the estimates indicate that, in the long-run, the response of nominal
interest rate to inflation is greater than one (1.59), which follows the basic Taylor Rule.
Another interesting fact is that wage stickiness in Germany is lower than in the rest of
the European Monetary Union (EMU). Tables 4 to 11 show the whole set of prior and
posterior estimates of the parameters that model calculated with the available data and
this study also indicates a fine adjustment to the data, according to Pytlarczyk (2005,
pages 36 and 37).

Other interesting results come from the IRF, showing how home and foreign shocks
impact both economies, dividing the shocks into flexible exchange rate or monetary

currency union. As we can see, in this example of an investment shock hitting the German
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economy, GDP increases in both Germany and Europe. However, employment falls in
Germany, remaining stable in Europe. Consumption and investment increase in Germany,

but remain stable in Europe.

Here, the main contribution discovered, while creating a regional model, was
comparing IRF from both “home” (small region) and the “foreign” economies: the foreign
economy (EU), using monetary shocks, affected Germany and the Euro-Zone differently.
Another point that Pytlarczyk (2005) contributes is the use of data from both home and
foreign economies, i.e., the smaller and the bigger regions. Usually, both regional /local
and federal /central governments around the world have institutes and secretaries which

have economic data and may be used for this kind of research proposal.

Another regional model, inside Europe (PAPAGEORGIOU; KAZANAS, 2013),
presented key contributions as well. Firstly, since Greece is a highly indebted country,
facing public finance problems for years, it required fiscal measures such as government
expenditure cuts and income taxes rises (PAPAGEORGIOU; KAZANAS, 2013, page 10).
Therefore, this led the research to analyze a region in where the local government had
a weak fiscal condition. The main results showed that the best option to improve fiscal
and external imbalances is to reduce government spending via cuts in public sector wages,
government transfers and public sector employment. On the other hand, the most harmful

way in terms of output losses is to increase taxes on labor income (PAPAGEORGIOU;

KAZANAS, 2013, pages 38 to 46).

2.3.2 Multi-Country DSGE Model example

The paper of Flores et al. (2016), about a multi-country DSGE model, shows the
possibility of creating a model in terms of many (big or not) geographical units (in this
case, countries). He addresses the first two big questions beyond a two-region model: What
if there are many (multi) regions, and how do they interact with each other? How could
we distinguish the specific impacts of one region on many other members of a multi-region
model? Flores et al. (2016) explains further that there is a gap in recent literature, stating

that there was only a two or three-region DSGE model, usually composed of the United
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States, Japan or the Euro-zone as a whole, or a model with a monetary authority such as
Europe with the European Central Bank (ECB), which is exactly what Pytlarczyk (2005)
did for Germany and the rest of Europe (a two-region model with a common monetary

authority).

For a multi-region analysis, Flores et al. (2016) shows how to build a DSGE model
that specifies different regions around the globe (OECD, Euro-Zone and NAFTA countries),
and, moreover, how to analyze the impact of these regions on each other. There are many
possibilities of interactions (shocks) that shall be done following what Flores et al. (2016)
showed, such as global and regional supply and demand shocks. The results varied according
to the parameter specification and the region that created and was affected by the shock.

For example, Canada and Mexico presented different sensitivities for US monetary shocks.

2.3.3 Asia: A Regional DSGE Model for Japan

Now, analyzing real regional models in Asia, in this case Kansai, Japan, Okano et
al. (2015)!! bring the same perspective as Tamegawa (2013) for constructing a regional
DSGE model using both local and central government. Okano et al. (2015) also explains

how a researcher could benefit from a regional model:

o Specific simulations for the region shall reveal results that a national DSGE cannot.

e One of the most interesting details is the following: the regional differences can be
expressed with different parameter calibration. One set of calibrated parameters for
Kansai (or some state of a country) and another set for another Japanese region
(for example, Kanto) or country state. The researcher can use local data to calibrate
the parameters. This leads to discovering “differences between their underlying

economic structures...” (OKANO et al., 2015, page 4).

o The relation between local and national economies may facilitate testing scenarios

(what should happen in the small region if the federal government expands its fiscal

11 Tn the subsection of South American models (in Brazil), two other authors apply some of Okano’s
characteristics (OKANO et al., 2015) for Brazilian states, which are Paiva (2019) and Junior, Teixeira
and Silva (2022), demonstrating that are plenty of possibilities for this kind of macroeconomic research.
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policy or alters tax allocations?). In Okano’s words: “For example, by identifying
the fiscal structure of a region and that of the central government, we can run
simulations wherein policy alters links between the two governments (e.g., tax

allocations).” (OKANO et al., 2015, page 5).

Hence, a regional model for Kansai could show differences among regions inside Japan.
Okano et al. (2015) also showed significant improvements in relation to Tamegawa (2013),
where the governments split taxes and the central government transfers resources to the

local one.

2.8.8.1 The construction of specific points of Okano et al. (2015) model for the region of

Kansas

One important point of Okano et al. (2015)12 is the way the authors differentiate
the local and the central governments. Here, the central government issues bonds instead
of the local government, as modeled in Tamegawa (2013). Also, there is a difference in
receiving the collected taxes over households and firms between the central government
and the local one, as well as there is a specific way which the central government passes
some collected taxes to the region of Kansai. Let us take a look at the government (G
and T') equation of expenditure and revenues (7) for the local government budget (the

superscript L is for the regional government while the superscript C'is for the central one):

PGF=(1—00)(+F PEC,+ 7P PPIP)
+(1—QW)(TtWCWtCNtC"‘TtWDWtDNtD)

+(1=0p)7F (¢ + ¢P) +wTRy. (10)

The first line of equation 10 represents the taxes over consumption of non-durable
(C) and durable (D) goods, while the second represents taxes over wages from work
producing non-durable and durable goods and the last one over firm’s profits from non-

durable and durable goods. The last component w1 R; represents the amount of taxes

12 Tn the subsection of South American models (in Brazil), two other authors apply some of Okano et
al. (2015) characteristics for Brazilian states, which are Paiva (2019) and Junior, Teixeira and Silva
(2022), demonstrating that are plenty of possibilities for this kind of macroeconomic research.
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that is transferred from central to local government. Now, turning to the central (federal)
government, the equation is exactly the same, increasing only the fact that the national

budget can issue debt in terms of bonds (B):

PGS = Byi1+ R Bi+wT'Ry = 0c(r PCCy+ 7P PP IP)
+ 0w (R CWENE + 7V PWP NP

+0pmF (67 + o)+ Th. (11)

Note that along the fact of issuing debt the federal government receives taxes in the
opposite proportion of the local government. While one receives 6, the other receives
(1—0¢). Also, T; stands for resources used for the central government policy but not

collected inside the local economy.

2.8.8.2  The main results of Okano et al. (2015)

Okano et al. (2015) runs several impulse-response functions to simulate different
shocks for this specific region in Japan and to compare them with a neighboring region,
named Kanto. In this perspective, there are different outcomes for productivity shocks on
non-durable goods (positive and negative ones) and tax shocks (tax hike in consumption).
Both central and local governments policies can affect the local economy differently and

create several scenarios for analysis.

For productivity shocks on non-durable, when it was positive, investment, and out-
put increased. However, the bigger output suppresses inflation and consumption increases.
The declining inflation rate makes real interest higher, which negatively affects inventory
investment (Tobin’s Q). Even though investment in non-durable goods increases, housing

investment and consumption decline (since real interest rates are higher).

On the other hand, a negative shock on the productivity of non-durable goods has
other results. First, this type of shock decreases investment in non-durable goods, lowering
both consumption and output in Kansai. Since Kansai has a higher adjustment cost for

investment, it suffers way more than an average region would. According to Okano et
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al. (2015, page 15), if Kansai had an adjustment cost close to the Japanese average, the

investment adjustment would be instantaneous, while in Kansai it takes more periods.

Later, a negative productivity shock to non-durable goods hits the economy again.
However, the focus now is on the adjustment cost in housing investment (investment
in durable goods). Okano et al. (2015) uses two different values for housing investment
adjustment cost in the simulations, and the simulation using Kansai higher adjustment
cost shows a decrease in investment on non-durable goods and a tiny increase in housing
investment and demand. In the overall of Japan, housing investment and demand are
higher when a negative productivity on non-durable hits the economy. This difference in
residential investment adjustment cost “emerges as one cause for stagnation in Kansai’s

economy” (OKANO et al., 2015, page 16).

The tax shocks simulations are even more harmful for Kansai. Two announced
increases in non-durable goods taxes, in period 5 and 10, show interesting results. The
population starts demanding more of this type of good, but in a decreasing rate until period
5 is reached (last-minute demand). After period 5, household consumption is relatively
restored until period 10, but does not return to the consumption level of period 5 or earlier.
After period 10 (second tax increase), Kansai consumption drops even more and does not

reach its steady state value in the twentieth simulation period.

2.3.4 Asia: A Regional Model for Indonesia

For another application in the context of an Asian economy, Waluyo (2017) creates
a two-region DSGE model applied for five different regions in Indonesia (national economy
and the smaller region). The main goal is to address the following question: “Is the Central
Bank of Indonesia implementing optimal monetary policy for all five regions? Do the
results differ when considering the five regions separately as opposed to the whole nation?”.
So, the research problems are now focused on regional monetary policy outcomes. The

model presents the following blocks:

e A household block;
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A firm block;

A terms of trade block;

A national risk sharing block;
« Price setting block;

o Market clearing block;

o Monetary Authority block;

« Fiscal policy block.

After the construction of the model, Waluyo (2017) estimates the parameters for
all five regions, and then applies an interesting exercise to quantify if the loss function of
output gap and inflation gap is minimized for each region. It is found that there must be
a better monetary policy rule in order to achieve the best outcome for each region, and
observing the whole country may induce a public planner to not reach the optimal results

using monetary policy.

2.3.5 Eurasia: A Regional Model for Russia

The paper of Dubrovskaya, Shults and Kozonogova (2022) creates a regional DSGE
model for Russia, a country located in both Europe and Asia. Dubrovskaya, Shults and
Kozonogova (2022, page 9) highlights that Russia is divided into 78 regions, hence the need
to disaggregate the national analysis becomes even more important. Also, it is interesting to
highlight that Russia is the biggest country in territory dimension in the world. Therefore,

the regional analysis of this country becomes more necessary and challenging as well.

Dubrovskaya, Shults and Kozonogova (2022) gives more importance to regional
fiscal policy which increases human capital, e.g., healthcare and education. The authors
posit that each Russian unit (or region) use their local budget constraint in a long-run
balance, so revenues and expenditures are equal, and the regions divide such expenditures
into public obligations and human capital development. After the model is built and
log-linearize by Uhlig’s method (UHLIG, 1999), Dubrovskaya, Shults and Kozonogova
(2022) made the parametrization using Russian data and then ran simulations for shocks

to the endogenous variables within the horizon of 20 periods (years) ahead. We shall see
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their results now.

Dubrovskaya, Shults and Kozonogova (2022) results showed that, to achieve short-
run goals, economic policy should focus on current budget expenditure. On the other
hand, spending on education and healthcare creates an impact on the stock of human
capital and long-run economic growth. Also, it is important to highlight that, according
to Dubrovskaya, Shults and Kozonogova (2022), investment effects on human capital can
be underestimated if expressed in variable deviations. Investment effects may shift the

path of potential growth to a higher level as well.

For countries with dozens of regions, the interaction becomes even more intense
and deeper. Inter-regional flow of goods, labor, and capital can change the results of the
model, then even more different calibration values must be tested. The way Dubrovskaya,
Shults and Kozonogova (2022) showed attractive results for only two regions interacting,
positing that more sophisticated outcomes can appear when analyzing more than two

small regions.

2.3.6 South America: A Regional Model for the Northeast of Brazil

In the Northeast of Brazil, a regional DSGE model was built for a specific state.
Paiva (2019) builds a model similar to Okano et al. (2015). Basically, it is a regional model
for the State of Ceara, with a local government and the federal government interacting
with the smaller region. It includes households’ behavior and private and governmental
investments. The economy is not open, however, which means there is no interaction
with others states in terms of imports and exports. Let us take a look at this DSGE

specifications.

2.3.6.1 Ceard’s model specifications

Firstly, after the DSGE model was mathematical built, the calibration of the pa-
rameters showed to be definitely important as well, as the values can change significantly

in the results. Otherwise, the model would suggest worse impulse responses and sensitivity

analysis. Paiva (2019) brings the GDP value for the year of 2019, as 126.05 billion Reais.
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Consumption and private investments were defined by their share to GDP. Additionally,
Paiva (2019) shows that government expenditure C,, represents the spending with employ-
ees and other current expenses. On the other hand, public investment Iy, represents the
total amount of capital that is used to increase the potential production of the economy
through infrastructure (direct way) or investing in the health and educational systems

(indirect).

Regarding the configuration of the system of equations, there are nine endogenous
variables and two exogenous ones. Y;,Cy, Iy, Cy,, 1y, , TRy, Ky, T, Ly are the endogenous,
while TRy (F'G) and TT are the exogenous variables. They represent, respectively, output
(GDP), private consumption, private investment, government expenditure, government
investment, social transfers for local families, stock of capital, state taxes and labor
supply. For the exogenous ones, they are transfers from Federal Government to the local

government and state taxes over local families.

About the parameters themselves, Paiva (2019) classifies them into 3 types: fiscal
parameters, structural parameters and behavioral parameters. The first type refers to
collected taxes and public spending. The second type consists of technological parameters
such as depreciation and total factor productivity. Finally, there are the behavioral

parameters that represent the preferences and intertemporal discount factor of the families.

2.8.6.2 Paiva’s (2019) results

Paiva (2019) focuses on two type of simulations to identify how effective and
sustainable the fiscal policy is for the regional (local) economy: the first one attempts
to answer this question by running permanent shocks on public investment, in terms of
increases in the physical capital stock. The second one focuses on temporary shocks to

public investment, which are later replaced by increases in public consumption.

The first scenario shows outstanding results because of the increase in public
investment. Long-run GDP grows by almost 2%, while consumption, public investment

and even private investment grow as well (1.92%, 10.86% and 1.72%, respectively) (PAIVA,
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2019, page 40). Basically the greater public investment increases the public stock of capital,
growing output, and the greater labor supply also favors the economic development of
the region. As total consumption falls (both public and private), leisure becomes more
costly and the households decide to offer more of their workforce to maintain their utility
levels. Regarding the private stock of capital and its financial return, as the private stock
decreases, its productivity increases, thereby rising the profitability for the entrepreneurs.
Lastly, local revenues (State of Ceara) also increase, based on the improved results of the

other main endogenous variables (GDP, consumption, and investment).

On the other hand, temporary shocks on public investment create a totally different
scenario. Every variable, except for public consumption, falls from its previous steady
state (PATVA, 2019, page 45, Table 2). For example, GPD falls by about 5% and public
capital stock by falls about 26%. Therefore, those two types of fiscal simulations bring

interesting results for researchers interested in investigating deeper regional fiscal shocks.

2.3.7 South America: A Regional Model for the Center-West of Brazil

Now, another model for a Brazilian state is presented, bringing further results in
the perspective of tax calibration. This DSGE model created for a Center-West state
in Brazil, named Goids, was developed by Junior, Teixeira and Silva (2022). The main
objective of this author is, after building the model for Goids (G) and the rest of the
Brazilians states (REB), to analyze fiscal shocks that change one specific state tax in
Brazil, named ICMS (tax on circulation of goods and services). Therefore, this regional

model is an open economy one and focused on fiscal policy simulations.

Junior, Teixeira and Silva (2022) begins his model identifying each block: households,
firms of intermediate goods, firms of final goods and the government, represented by a
monetary authority and one state (local) fiscal policy and a federal fiscal policy. The fiscal
block is very detailed, showing the local government budget costs divided by items: private
goods and services bought by the local government and made available to the population,
goods and services produced by the government itself, inputs for the production of public

services and public investments. Revenues come from the ICMS and loans from the federal
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(central) government. After presenting the equations, parametrization is done via Bayesian

estimation and calibration.

2.3.7.1 Results

The main result of Junior, Teixeira and Silva (2022) corresponds to what happens
when a decrease in the state tax is implemented. If only the State of Goias decreases the
consumption tax (ICMS), GDP remains stable. However, when the other states do so,
Goias’ output falls. Similarly, Goias implements this fiscal policy alongside the rest of the

Brazilian states, it also experiences an output decline.

This type of result is important as it shows how a model can highlight differences
among regions when they implement the same fiscal policy. The national results strongly
differ from the regional results, and, in this case, one specific region faces a recession while

the others do not.

2.3.8 The regionalization of the SAMBA model

The SAMBA model (CASTRO et al., 2015) applied regionally is named SAMBA
+ REG (“REG” stands for “Regional”). This model, developed by Penna et al. (2023),
analyzes a specific region of Brazil, contrasting with the national focus of the original
model. Alongside Paiva (2019), Penna et al. (2023) found how aggregate shocks affect
the State of Ceard. It was shown that the results are in line with previous studies, and
it can be easily applied to other regions. For instance, one result showed that Ceara’s
regional variables are highly correlated with national variables, and the shocks differ only

in magnitude.

About the model properties, it follows basically Tamegawa’s way (TAMEGAWA,
2013) to disaggregate consumption into regional and foreign (world and rest of Brazil),
investments and other variables, such as labor. As it is an open economy model, it is
possible to observe both national and state GDP. The Taylor Rule is not only affected
by regional outcomes, as there are also national variables in the model, differently from

Okano et al. (2015) model for example.



44

2.3.9 A good idea to quantify environmental shocks in regional economies

The paper of Lim (2017) summarizes key factors to build a DSGE with the
conditions to run natural resources shocks, such as a drought. This event usually occurs in
agribusiness-intensive economies, such as the Brazilian State of Rio Grande do Sul, for
example, ranging from every year to approximately every four to five years. For Lim (2017),
the goal was to analyze if the Central Bank of the Philippines should aim to control the
inflation inside the desired target or to deal with some “Dutch Disease” effects (LIM, 2017,
page 2) which could happen if another country gives foreign aid to recover the Philippine

economy from some natural disaster.

Differently from Lim (2017), other models could simulate natural disaster scenarios
of natural disasters like floods or droughts, which results in an intense decrease in economic
activity and, hence, affect the region’s public accounts, such as the State of Rio Grande
do Sul government. The agriculture in Rio Grande do Sul represents around 8% of the
regional GDP (IBGE, 2019) and its collected taxes are important for the maintenance
of the public services and deficit control. Lim (2017) studies how the Philippine Central
Bank deals with a natural disaster situation. However, if the monetary policy is centralized
under a national Central Bank, the regional economy cannot rely on monetary incentives.
Therefore, the economic policy would be fiscal driven to keep the economic activity stable
or to maintain other objectives. According to the author, his DSGE model follows closely
Peiris and Saxegaard (2007) with the new feature, which is the introduction of foreign aid
to this small open economy. With the specification of “learning-by-doing” in the production
of intermediate goods, it is possible to quantify how the Dutch Disease would play its role
in the model. The foreign aid received is entirely spent, and the Central Bank operates in
the financial market selling or buying bonds and intervening in the exchange market. In
other regional models, the “foreign aid” could be simply extra central government transfers

into the local one.

Lim (2017, pages 14 and 15) shows how firms’ production reacts when a natural

disaster hits the economy. According to Lim (2017), “the Calvo parameter cannot remain
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Author DSGE Purpose Motivation Main details Results Parameters
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2013 Greece with the EU. external economy. improves fiscal and exter-
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analysis. regional levels. interaction.
How to cons- Local and central Go-
truct a regional The need of models vernments  are present Shocks & diff t
for prefectures in Japan, s . ocks have dilierent re-
Tamegawa DSGE model pre’ i distinctly in the economy  sults depending on which  Calibrated.
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ciic  region - In *  investment specifications. . .
Japan (Kansai). cause Kansai stagnation.
Central Bank of
. Difference in monetary closed economy with a Indonesia does not
"Two-Regions policy outcomes for system of continuum react optimally to the .
Waluyo (2017) DSGE for Indone-  yifferent regions within  regions represented by an  regional shocks and de- Estimated.
sia. Indonesia. interval [0,1]. segregation enhances the
analysis.
Regional DSGE Efeiiieei:;g?_l?::rﬁugz closed economy with  Sustainable and effective
. model for a p fiscal transfers from  public investments can lead .
Paiva (2019) . rary or permanents) im- X . Calibrated.
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Brazil. gmy government. run GDP.
. R . No DSGE for this Specific  tax shock for If the tax shock hap-
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eira and Silva  for a_center—'west need to quantify e e economy, results change Estimated.
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(2022) 78 regions. performance. p '
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Brazil within regions outcomes. regional features of the  economy.

State of Ceara.

Source: Author’s own research

constant”, which is the probability of the firms adjusting their prices. This assumption

implies that price adjustment is costly for the firms that produce intermediate non-traded

goods, and this fact changes the economic dynamics when there is a natural disaster shock

and the government spends the foreign financial aid received after the event.
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2.4 IMPORTANT NOTES ON REGIONAL DSGE MODELS

This section provides important information about calibrating/estimating regional
DSGE models, how to choose the most proper data and model properties. For open
economy models, it is important for the researcher to clearly notice the difference between
national and regional output, or foreign and regional output. As Penna et al. (2023) and
Tamegawa (2013) show, there will be two (or more) outputs, consumptions, investments,
and so on. Also, this point is important for the calibration or estimation of parameters,
since the amount of consumption in GDP must be the proportion in relation to the
desired region. In the beginning, it can be tricky because there are two output time series,
two government expenditure time series, and so on, for a two-region model. This also
applies for a closed economy in the government block, because there will be also two time
series for government expenditure. So, clearly visualizing the difference between regions or

governments is crucial to avoid mistakes.

Secondly, about the Taylor Rule for monetary policy, if a model is a closed economy,
it will not have variables at national level. Hence, the Taylor Rule will be affected only
by regional output and inflation. In the case that regional output and inflation is not
correlated to national output and inflation, the Taylor Rule will not capture well the
monetary policy dynamics and the results may alter. Also, if the sensitivity of interest to
inflation is less than one, Taylor’s principle will not be satisfied. It is important to watch
out for the sensitivity of interest to the output gap, too: it should not be far from national

Taylor Rule estimates.

Third, for the log-linearization of regional DSGE models (although it is the same
procedure as standard DSGE models), the steady states can be a little different. For
example, when log-linearizing Okano’s model (2.3.3), the budget constraint of central and
local governments have different results for the steady state of central government transfers
to the local government, if government spending has different weights in output. If G* and

G have different values, the steady state of ngst 3 or ngscf S will present different




47

values!'. A best practice is to open up every possible parameter, in opposition to the
practice of “summing” them. When calibrations or priors for the parameters change, many
steady states will change as well. Therefore, it is a good practice to set every parameter
separately and not summing them up in one steady state. An example illustrates this
situation for equation 10: The steady state of (1 —60¢)(7¢ PYC) can be coded this way,
or set as one single parameter (tazes.) which would describe how much of consumption

taxes finance government spending'®. For experience, the latter option was not the best

((1=0¢) (¢ PYC) is better than tazes,).

Finally, small regions (geographically and economically) might have less data than
national level data. One possibility is to use national parameters or national data, such as
a proxy for the regional model. For example, if the regional data does not afford GDP in
the expenditure way (Y = C'+ I +G), but there is data for G and Y, when using national

data as a proxy for I, one can easily obtain C'.

One last remark is that the procedure to detrend series, calibrate, and estimate
parameters follows the standard DSGE models practices, which is good news. The big

deal is to visualize the “extra” variables and how they interact in the model.

2.5 CONCLUSION

The current study surveys aspects of DSGE models facing the particular character-
istic of describing a region. In some cases, the region is affected by the bigger economy,
usually the country or continent which it is inserted, if the model is an open economy.
Also, there will be two or more types of government fiscal policies will be present. In
others, although the model is built as a closed economy, there are still two or more types
of fiscal policies, specifically the central government (federal) and the local government
(regional). For models with interaction with the foreign world, because the region is signifi-

cantly smaller geographically and/or economically, there are some differences compared

13 Note here that this type of transfers is from one government (central) to another (local), and not in
relation to government transfers to households.

¢ pC
14 When log-linearizing the model, %—TLPQ =taxese.
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to country and continent models (such as the ones for EU) appear. The region does not
have much influence over the rest of the country and many parameters differ, resulting in
different simulation outcomes. Also, even if the model is built as a closed economy, the
smaller region has no monetary authority, hence local economic policy is not concerned
with money supply and interest rates settings. The greater possibility here is using fiscal
policy to produce the desired outcomes by public planners, increasing or decreasing local
expenditure or increasing or decreasing taxes, along with some public policies that may

drive regional productivity to a higher level, developing its economy.

The regional DSGE models presented show that there is a vast literature concerned
with regions within a country or continent, and how the local government shall behave to
optimize its fiscal policy. The need to analyze specific units within a country or continent,
as opposed to the national/continent level, and the fact that the results should vary
significantly when narrowing the analysis, have led researchers to create these regional
models. While Tamegawa (2013) created a model that shall be the starting point for
any two-region model (one small region and another bigger) in the world, other authors
focused on creating models for a specific and real (not theoretical) region, such as Okano
et al. (2015), Japan, Pytlarczyk (2005), German, Waluyo (2017), Indonesia, Paiva (2019),
northeast of Brazil, Junior, Teixeira and Silva (2022), center-west of Brazil, Dubrovskaya,

Shults and Kozonogova (2022), Russia, among others studies!®.

In this perspective, regional DSGE models became notorious in the last years
and are growing in number and relevance. Advancing in this topic of macroeconomic
research might benefit both academia and society, when public planners enhance economic
policy focused on the regional level in opposition to national objectives only, widening and
deepening the horizon of analysis. The big trend now is the appearance of more and more
regional DSGE models, showing new and interesting results from different macroeconomic

policies.

15 For all regional DSGE models that this research found available, the references shall give the reader
sufficient information, as well as Table 1.
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3 KANSAI-RS: A REGIONAL DSGE MODEL APPLIED FOR THE STATE OF
RIO GRANDE DO SUL

The following essay is an application of a specific regional DSGE model (originally
applied for a region in Japan) for the State of Rio Grande do Sul (RS), Brazil. After
explaining the motivation to use a DSGE model for this Brazilian state, the presented
model, parameter settings, results of the model moments (to verify if it is reasonable for
the studied region), and possible policy outcomes show that it has interesting properties

for RS and how it can be improved/extended for better results.

3.1 INTRODUCTION

This essay about the State of Rio Grande do Sul (RS) aims to use a regional DSGE
model, based on Okano et al. (2015), for this specific region of Brazil (the further south
state of the country, RS). This model contains some interesting differences compared
to most of DSGE models built for entire countries. Firstly, this DSGE model for RS
has no regional monetary authority, since the monetary authority of the country is the
Central Bank of Brazil, located in Brasilia, Federal District. Another fact is that this model
analyzes a small economy, even smaller than Brazil (which already is a small economy
compared to the USA and China, for example), with a large percentage of debt/GDP ratio
that drains a significant part of its tax revenue. Hence, the results shall follow other models
for countries without monetary authority and with a high debt-to-GDP ratio (for example,
the model of Papageorgiou and Kazanas (2013) applied for Greece)!. Also, government

fiscal policy is divided into local and central entities.

The current regional DSGE model could help analyze how the variables of the
RS economy are related and how the model could be useful for setting future economic
policies. The unique characteristics of RS, what should be the main economic policies to
be implemented by the regional government and what kind of economic reforms should

happen will be findings and lessons from the model. In a similar methodology using

1 RS is currently under a fiscal regime to recover its public accounts. Its debt is almost 200% of its net

tax revenue, according to (SEFAZ/RS, 2022c).
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General Equilibrium as well, but the Computable one (CGE), works such as those by
Porsse, Palermo and Portugal (2011), Fochezatto (2003) and Braatz (2018), studied the
RS economy and showed how exogenous shocks affected the region. More specifically, for
example, Porsse, Palermo and Portugal (2011) used a CGE model to simulate changes in
RS tax rates and their effects on output, noticing that these shocks can change output

growth positive or negatively, but with tax revenues losses in the medium and long runs.

For the present study, the research problem is divided into three key questions:

1. Why use Kansai-RS DSGE Model for the Rio Grande do Sul State?
2. Does the Kansai-RS model accurately describe the RS economy?

3. Based on the results, what should be improved for future research?

Therefore, the model can serve as a starting point to answer these questions using the
DSGE framework, as well as providing a new contribution to studying the RS economy

and its possible outcomes compared to other researches.

In Section 2 (Essay 1), after exposing the relevance and potential of DSGE re-
gionalization as referenced by authors worldwide, the first natural question arises: Why
use a regional model specifically for Rio Grande do Sul (RS), when there are twenty-six
other units of the Brazilian Federation? Firstly, it shall be highlighted that RS is one of
the three most indebted states in Brazil (IFI, 2020). This state has more than 200% of
debt compared to its net revenue, indicating that it will take long and arduous effort to
overcome this problem (the last signed recovery regime projects decades starting from
2023). Secondly, for the years between 1971 and 2020, RS local government had primary
surplus only seven times. If someone, a company or a governmental entity spends more
than it earns, debt accumulates. Also, If debt installments are not paid, debt accumulates

even faster. This is exactly the situation of RS, which has accumulated debt owed to the

2 Brazil is a Federation of 26 states and a Federal District. Most central government decisions come from

the Federal District, such as the monetary policy setting. Rio Grande do Sul is one of the twenty-six
states within the country, located in the southernmost part of Brazil, near Uruguay and Argentina.
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central (or federal) government of Brazil and did not pay all its installments, suspended

since 2017 by a Supreme Court decision®.

Lastly, in 2022, by law, RS signed a regime for fiscal recovery, named Fiscal Recovery
Regime (FRR). This means RS must begin to pay its debt installments to the federal
government gradually from 2023 on. Hence, it is natural to have the will to study the
macroeconomic dynamics of this transition, and the division between local and central
government arises as a necessity for an eventual model. Some researchers may desire to
study the state with the most payable debt. However, it is reasonable to focus on states in
a more sensitive condition. Also, Okano et al. (2015) highlights the possibility of studying
any region wanted, stating that “it is possible to compare one region’s DSGE to another’s.
For example, separate DSGE models with the same theoretical structure can be created
for Kanto and Kansai”. Therefore, even if the focus for now is one (if not the most) fragile

state of Brazil, other Brazilian regions can be studied further?.

After this introduction, which presented specific aspects of the Rio Grande do
Sul economy (such as its highly indebted situation) and why to use Kansai-RS model to
analyze this specific region, Section 3.2 will present the Kansai-RS DSGE model, based on
Okano et al. (2015). Additionally, a section will explain all the parameters used and how
they were set. In Section 3.4, there will be an analysis of how the model series fit the real
data, in order to verify if it has a good power to explain the real world macroeconomic
dynamics of RS and some possible bias in its results. The conclusion summarizes the main

results and proposes directions for future research.

3 In the case of Brazilian states, most of their debt is owed to the central (federal) government. Also,

some of them assigned a fiscal recovery regime in 2022, instituting a formal promise to pay the full
debt installments value of the debt owed to the federal government until the beginning of 2030 decade.
Before, in 2017, the Supreme Court of Brazil, the STF, decided no installments should be paid until
the details and technical doubts about those accumulated regional debts were completely understood
and defined.

According to IFT (2020), RS has some of the worst fiscal indicators. RS is the state with most expenses
set for public employees pensions. Also, according to the IBGE, RS population is aging in the fastest
pace when compared to other Brazilian states, along with the fact that its population started to
decrease in many key cities, including its capital, Porto Alegre, according to the latest IBGE census.
Public health care, financial assistance, and pensions tend to increase in the following years, and
the current situation is already critical. Moreover, the RS economy is strongly dependent on the
agricultural sector. Frequently, droughts or heavy rains push the RS economy into recession, making it
more volatile than other regional economies in Brazil. It is also important to highlight that RS public
sector has around 1.5 inactive workers per active worker.

4



52
3.2 KANSAI-RS DSGE MODEL

In this section, we shall analyze the Kansai-RS DSGE model, based on Okano
et al. (2015) regional DSGE model for the region of Kansai, in Japan. The Kansai-RS
DSGE model, applied to the State of Rio Grande do Sul (RS), has different parameter
calibrations, in order to model cycles fit the RS macroeconomic conditions, and some
adaptations, especially for local and central governments equations. The Kansai-RS model
has the following blocks: households, durable and non-durable goods producers, local
(state and municipalities) and central (federal) governments, which run their own fiscal

policies, as well as a monetary authority, which runs its monetary policy. We now turn to

the Kansai-RS DSGE model equations.

3.2.1 Households

In Kansai-RS model, households derive positive utility from consuming durable

and non-durable goods and negative utility from supplying labor.

1
Eoolt1011Df+77 12
0> 6" |vlogCi+ (1 —7)log ek (12)
t=0 n

Here, C} denotes the consumption of non-durable goods, while D; denotes consump-
tion of durable goods, which are land and fixed property (civil construction), according
to Okano et al. (2015). The parameter « represents the relative weight of consumption

between durable and non-durable, and N; is the labor supply with its elasticity denoted
by n.

For the labor supplied by households, it is assumed imperfect substitution, following

Tacoviello and Neri (2010).

Ny = b (NEYH 4 (11— ) U(NP) T, (13)

In this equation, Ntc represents the quantity of labor supplied to produce non-
durable goods, while NtD represents the labor supplied to produce durable goods. b is

the relative weight that each firm uses to produce the mentioned goods. [ represents the
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substitutability between each type of labor. According to Okano et al. (2015, page 3),
“imperfect substitution of labor between producers of durable and non-durable creates
wage inequality between the two sectors”. Moving forward, we have the household budget

constraint, which is the following:

(1+7)PEC+ PP +7P) P + B, <
Ri 1By 1+ (1—7VOWENE +(1—VPYWPNP + RE K, 1+

of +or. (14)

Here, PX denotes the non-durable prices, and PP denotes the durable prices and I
represents the amount of household investment on durable goods. W, and W} are the
wages for producing non-durable goods and durable goods, respectively. ¢tc and gb? are
the profits rate of non-durable and durable goods as well. B;_1 represents the bonds issued
by the central government and R;_; represents the nominal interest rates. C, the steady
state of consumption, encompasses the amount of money transferred from the governments
(Transf ersL +Transf ersc) to households, such as pensions, wages for retired employees,
and financial aid, in the steady state®. Note here that profits, financial assets returns, wages
for laboring, and the rent of capital stock must be equal or smaller than the consumption

of durable and non-durable goods.

Also, the 7 parameter represents taxation on durable and non-durable goods, as well
as on labor income. For durable and non-durable goods, we use the D and C superscripts,

and for wage for producing durable and non-durable, we have WD and WC superscripts.

Going further, there are two laws of motions: one for durable goods and another

for inventory investment, which are as follows:

D

Dy=(1-0P)YDi_1 + [1—513 (ﬁg) IP. (15)
t—1

SD=g5D" =0, SD">0. (16)

> The reason for including a part of government spending in form of transfers to households is due to the
fact that around 40-50% of government expenses are for pensions, financial aid and retired workers’
wages, which are part of consumption, and the consumption share of GDP (Q) was low. Therefore,
consumption tax contribution for government budget constraint was underestimated. When a part
of government spending is transferred to households in the steady state, C increases, as well as the
revenues from its taxation. As a result, taxation over labor and firms presented better tax rates.
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[C
Ki=(1-6K,_ 1+[1+SK (1 ) IC. (17)
t—1

SK=gK' =0, SK">0. (18)

Here, the superscripts C denotes non-durable and D denotes durable again. D; is the
left-hand side of the law of motion for durable goods investment, while K; represents the
left-hand side law of motion for inventory investment. S is an adjustment cost and ¢ is the

depreciation of stock of durables or inventory.

Now, we shall present the households’ block Lagrangian:

0 1+n
L=EyYy B} [7logCi+(1—7)log Dy — —
=0 1+n
w¢ wp
wcC WD
A | R By + (1-7V9) =L 2 —LNE 4 (1-7VP) L B —t NP+REK,
+0f +of — (1+79) PCC, - PP (14+7P) 1P - B)] (19)
IP
+ut[(1—5 ) Di- 1+[1—5D< —L ) ItD—Dt]
174
k(£ \] ¢
+M Qs (1 )Kt N i IC — K| }.
The first-order conditions are the following:
1
Cy : vH—PtC(HTtC)At:o. (20)
t
Bt : )\t == BEth)\thl' (21)
1
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A (T 15\
+BE; tHQH Sk (;gl> <;+Cl> —0. (26)
t

At+1

Ki:Qi=pE——— N

Vi1 + Qupa (1 —65)]. (27)

3.2.2 Non-durable goods producers

Then, there is the non-durable goods producers output function, which is as follows:
YE() = A7 K ()N o) (i) K gy vi € [0,1]. (28)

a, a4 € [0,1], which means there are constant return to scale. Where Y is the output of
non-durable goods, A is the level of technology used, K is the stock of capital, N is the
labor force, Kg is the public stock of capital. Then, we have the cost-minimization problem

of the firms:

W R a—Q « .
L= L NG+ oK — o (AS K (ONE U0 () K g2, () - YO). (29)
t t

Here, we have a new variable, which is RtK , denoting the nominal rate of rental price of

capital stock. gotc is the real marginal cost that the firms of non-durable goods face for

their production.

The first-order conditions for the non-durable goods producers’ block are the

following:
Wtc Yt 27
— = (1- 30
P = (-0 (30)
th Pt Yt
2t ) 31
In this way,
11—«
Qot ACKgag 9
Kt_l o wtc (33)

wtc and rtK with lowercase letter means they are in real terms, i.e., they are already divided

by prices P;.
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3.2.3 Durable goods producers

Now, we have the following output function for the durable goods production:
Y2 (i) = AP NP (i)vi € [0,1]. (34)

And those firms have the following cost-minimization problem:

WtD D D D arD D
L= pD Ny = (A7 Ny (i) = Y7). (35)
t

The FOC is the following, deriving the Lagrangian in relation to N

WD D 4D
Piij = Ay (36)
t
The durable output equation is the same as the non-durable goods producer’s
output equation, with the difference that there is no stock of capital used in the production

function. A? represents the technology level used to produce durable goods, while NtD

denotes the labor force used to produce these goods as well.

The durable goods producers’ cost minimization problem results in the following

first-order conditions (FOC):

D 1 WtD -1

Yr = @ Ptc a; (37)
PD

h =L 38

where g = oo (38)

In these FOCs, P represents the real marginal cost to durable goods firms, while g

denotes the relative price of durable goods in terms of the price of non-durable goods.

3.2.4 Calvo Pricing

In the Kansai-RS model, firms face price rigidity, implying that monetary policy
may affect the output level, not just prices. Some firms adjust their prices while others do
not, with a probability of (1 —w) (OKANO et al., 2015, page 11). Also, some components
of Amato’s rule-of-thumb are present (AMATO; LAUBACH, 2003):
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for z=C,D.

With the assumptions presented above, the log-linearized New-Keynesian Philips

Curve (NKPC) is as follows:

T =B i+ Kiep + Ky for 2= C.D. (41)
Also,
wkp
s 42
TE WE A (1 —wE(1-75)) 42)
/\K
z — 4
K WE A (1 —wE(1-75)) )
() (- (1 )
L= WK NK(1—wK(1-03)) (49)
1—wf) (1—wEp) (1= \E F
s L) () (1) .

WwE+AE(1—wK(1-5)) 1-7F
3.2.5 Monetary Policy

Also, the central bank has the following monetary policy rule, which is already

log-linearized:

Ri = (1= py — p2)(duir+ & Vi) + pr Re—1 + p2 Ry 2. (46)

In this equation, p, represents the inertia of the interest rate, © denotes inflation
and YV signifies the output gap. If inflation is higher or output is increased, the central
bank will raise interest rates to control the inflationary pressures. Additionally, if the

interest rate from the previous period was higher, the current interest rate will also be
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higher. Appendix B presents the results for the estimation of p;., p?, ¢ and ¢y using RS
data following Carvalho, Nechio and Tristao (2021).
3.2.6 Government: Important block and adaptations

For the government block, the following equations comprise the regional/local

government and the national government, respectively.

CPCC D pD D
GtLJrIGL:(l—Qc)(Tt AN t)

Py
+(1_‘9W>(Ttwcw?Ntc+TtWDthNtD)

+(1=0p)7" (6 +¢7) +wT Ry, (47)
where Transf ersL to households is subtracted from G*.

The first line of the above equation represents taxes on consumption of non-durable
(C) and durable goods (D), while the second represents taxes on wages from work producing
non-durable and durable goods, and the last one on profits from non-durable and durable
goods. The last component w1 R; represents the amount of taxes transferred from the

central to the local government.

Now, turning to the central government, the equation is exactly the same, adding

the fact that the national budget can issue debt in terms of bonds (B):

CPCC DPD]D
Gf+[Gf—Bt+1+RtBt+wTRt:GC<Tt (I ) t)

Py
+0w (i Cwf NE + 7" PwP NP)

+9FTF(¢?+¢P)+T15, (48)

where Transf ersc to households is subtracted from GC. Here, it is necessary to highlight
that their budgets are the same, with the one difference that the federal government issues
debt, and while one receives 6, the other receives (1 —6,) with the taxes collected, for z =
C, W, F. Also, wT R; represents the portion transferred from the central government, while
T; “is the portion of funds transferred to the central government from local governments

other than the specific local government examined in the model” (OKANO et al., 2015,
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CyC
page 12). ®¢ are the profits of non-durable firms in real terms (% —rf K 1 —wE NP,

. D PtD YtD D arD . .
while ®;” are the profits of durable firms (~t5 = —w;” N;”) also in real terms. While Okano
et al. (2015) do not include the central government expenditure in output, our model
incorporates this feature, such as Tamegawa (2013). Additionally, our model incorporates

public investment (/G§ and IGF) and monetary transfers, such as pensions for retired

workers and financial aid (T'ransfers), in the steady state of C', G and G©.

3.2.7 Equilibrium conditions

Now, there are equations describing the equilibrium of the model for output, labor,

and goods markets. The equations are the following ones:

Y=Y +YP, (49)
Y =Ci+IP +1F +GF+ GY + 1GE + 1GY (50)
N; = NF + NP, (51)
By =0, (52)
NE = /O 'NE ()i, (53)
for K = C, D.
K = /0 ' Ko(i)di. (54)

Then, the presented optimized system of equations, from the first order conditions,

is log-linearized (using an approximation of order one) around the steady state.

3.3 PARAMETRIZATION

In this section, all calibrated or estimated parameters (by econometric techniques) of
Kansai-RS model are presented. These parameters are based on international and national
(Brazilian authors) literature, as well as historical data collected from governmental
institutions such as the “Brazilian Institute of Geography and Statistics”, named IBGE,
and the Department of Economics and Statistic of the RS Government, named DEE/RS.

The parameters are set in annual frequency (e.g., depreciation rate) or percentage of
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another variable (e.g., government consumption share of output). Table 2 shows their set

values and sources®.

The discount factor () is calibrated to the historical average of the Brazilian basic
interest rate, named Selic, divided by regional inflation calculated by IBGE from 2011 to
2019. This results in an average of 4.35% of real interest rates. According to Issler, Piqueira
et al. (2001, page 26), (8 typically ranges from 0.88 to 0.96 in annually, with a value of
approximately 0.9585 used in the model (8 = %, where R is 1.0435).Issler, Piqueira et al.
(2001) states that the annual discount rates in Brazil are close to 0.90 in annual basis,
whereas in the United States, they are close to 1.0: “comparing the Brazilians consumers

to the American ones, it is clear that the Brazilian ones are more impatient”.

For the depreciation rate parameters (d; and d4), which are the depreciation of
private capital stock and depreciation of public capital stock, they are set at 5% per
year, according to the Penn World Tables data average from 2011 to 2019 (FEENSTRA;
INKLAAR; TIMMER, 2015)7. Carvalho et al. (1996, page 20) estimates an approximate
annual depreciation rate of 4.32% for Brazil, aligning closely with the chosen value. Also,
this yields a value of approximately 2.5 capital /output ratio, following IPEA (2024, page 3).
The public capital stock is estimated at approximately 0.5 of output, following Frischtak
and Mourao (2017, page 132).

For the production function, we follow Filho, Pess6a and Veloso (2010), who claims
that o plus ay is around 0.4 in the production function of the Brazilian firms, hence capital
stock represents around 40%, while labor represents 60% for the output of non-durable

goods, disregarding technology/efficiency (A®) in the equation®.

— — — L —
GL, GC, IG” and I GO represent the steady states share of the types of government

6 For alternate options for calibration, Cavalcanti and Vereda (2011) presents various references for the

Brazilian economy, comparing Brazilian and international literature. There are plenty of possibilities,
and Kansai-RS model will be calibrated to best describe the RS economy inside the reasonable zone
for parameters values.

Data available at available for download at www.ggdc.net/pwt.

Also, regional accounts of RS shows that the historical average of workers’ total earnings (wages
multiplied by labor) in relation to output is 40%. Setting these parameters alongside the others (e.g.,
depreciation rate and durable and non-durable shares of output) resulted in the model steady state of
workers’ earnings compared to output to be the same as the data average value.
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expenditure in GDP between the years of 2011 and 2019 in RS and in Brazil, according to

the historical data series from governmental entities (FINBRA, 2024) (NTB, 2023a)°.

The elasticities of durable and non-durable investment are set in 1.25 (¢ and ¥¢),
in annual terms, according to Cavalcanti and Vereda (2011)1°. The Inverse-Frisch elasticity

of labor supply is set at 1.94, following Almeida et al. (2011).

The share of durable goods inflation in the Consumer Price Index (CPI) is set at
0.15, based on inflation data of IBGE (2023a). The share of durable in GDP follows the

national accounts data with an average of DEE/RS (2022), and is set for 0.05.

For the monetary policy block, we estimate the parameters following Carvalho,
Nechio and Tristao (2021), who shows it is possible to estimate monetary policy coefficients
using the Ordinary Least Squares estimator (OLS). The results are approximately 0.55
for the interest autoregressive component, 1.75 for the elasticity of interest to inflation,
and 0.65 for the elasticity of interest to output gap. Those values are close to national

estimates, and Taylor Rule principle of p; > 1 is satisfied.

The share of housing investment (durable goods) equals durable GDP. Inventory
investment (non-durable goods) is set according to national investment data minus RS
housing investment, as RS GDP is not calculated by the expenditure view. Consumption
is set by subtracting from 1 all other components (C' =Y — ¢ —1P -G —G¢ — I_GL —

- C - L - C
IG™ +Transfers +Transfers ).

The taxes rate, the share between local and central governments revenues for

The Local government expenditure share in RS output (around 15% of state GDP), was calculated
as the average of 2011-2019 data, summing all committed expenses of the 497 cities of the state
(around 6 to 7% of the state GDP) plus state government expenditure (around 7% of the state GDP).

Government transfers of income to households, Trans fersL and Trans fersG7 are around 40% and
50% of GT and G, respectively.

Dynare community recommends dividing by four adjustment costs to turn quarterly frequency into
annual frequency.

Since a significant part of the local and central governments budget is transferred to households, such
as pensions for retired workers and financial aid, there was the need to include this type of revenue
for households in order to increase C' in the steady state share of GDP. This adjustment allows more
contributions from consumption taxes for the government’s budget and reduces the adjustment allows.
During the simulation about government spending, however, it is considered that the shock is on the
part of G; that does not include transfers for households. A possibility for future research is to divide
those variables in order to account for the cycle of transfers as well.

10

11
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consumption, income and corporate taxes, and how much each type of tax (consumption,
income and corporate taxes) contributes to the governmental budget are set based on
the FINBRA (2024) data. According to the data, approximately 70% of local government
spending comes from consumption taxes, 16% from central government transfers and
the rest from income taxes (primarily from public employees and social contributions for
retirement and health care). From these values, it was possible to calculate the tax rates
over consumption and over labor. Using data from RFB (2024) and FINBRA (2024), it
was also possible to calculate the share of consumption and labor taxes that belongs to
each type of government. Local governments receive around 90% of consumption taxes,
while central government receives around 85% of labor taxes. Taxes over firms are entirely
for central government, hence 85 = 1. This scenario results in tax rates of: 7¢ = 7P =0.21
and Ty = Twwp = 0.24, with uniform taxation on workers regardless of the sector they
work in and equalized consumption taxes on durable and non-durable goods for simplicity.
It is also known from RFB (2024) that around 45% of central spending come from income
taxes (wages and social contributions), 45% from firms and the rest over consumption,

which is the minority of the collected taxes.

Also, some additional parameters are set in order for the model to be able to
demonstrate properly the RS variables cycles. A, and A4, respectively the share of rule-
of-thumb firms in non-durable and durable sectors, are set after the results showed to
be appropriate. ( comes from Castro et al. (2015), around 0.4. Calvo lottery parameters
are set to around the fourth power of 0.66, turning this usual parameter value to annual

frequency.

The parameter I; represents the labor disutility of switching sectors between durable
and non-durable goods, and is sensitive for the model. To represent properly the second
moments of the model, it was calibrated to 0.85. This lead the model to have upward

output movements and wage movements after a productivity shock for each sector.



Table 2 — Kansai-RS model parameters (Annual frequency)

Parameter Description Value Source
B Discount Factor 0.9585 Historical Average
Depreciation rate of private capital
Ok stock 0.05 Penn World Tables
dg Depreciation rate of public capital stock 0.05 Carvalho et al. (1996)
Qg Productivity effect of social capital 0.05 (2%11]85 Pessoa and - Veloso
o Production Function 0.35 (]';1511185 Pessoa - and - Veloso
P Elasticity of durable investment 1.25 Cavalcanti and Vereda (2011)
Yo Elasticity of non-durable investment 1.25 Cavalcanti and Vereda (2011)
o Inverse-Frisch elasticity of labor 25 Almeida et al. (2011)
supply
I; Labor disutility of switching sectors 0.85 Author’s calibration.
y Share of durable goods inflation in CPI  0.15 IBGE (2023a)
ay  Share of durables in GDP 0.05 DEE/RS (2022)
0 Calvo lottery for non-durable 0.05 Cavalcanti and Vereda (2011)
04 Calvo lottery for durable 0.05 Cavalcanti and Vereda (2011)
A Share of rule-of-thumb firms in 0.85 Author’s calibration
non-durable sector
iy Share of rule-of-thumb firms in durable 0.855 Author’s calibration
sector
¢ Share of Non-Ricardians Households 0.4 Castro et al. (2015)
Inflation response in monetary policy .
oy ule 1.75 Appendix B
Dy Output response in monetary policy rule  0.65 Appendix B
Pr Interest rate smoothing (t—1) 0.95 Appendix B
p2 Interest rate smoothing (¢t — 2) -0.40 Appendix B
Steady State Shares
P Share of housing investment 0.05 DEE/RS (2022)
I¢ Share of investment 0.1285 IBGE (2023b)
c Share of consumption (including govern- 0.6 Author’s caleulations
ment transfers)
arL Share ' of local government 0.113 FINBRA (2024)
expenditure
ae Share . of  central  government 0.087 NTB (2023a)
expenditure
I L Share of local government 0.0137 FINBRA (2024)
investment
I c Share of central government 0.014 NTB (2023a)
investment
er Local ' transfers to households 0.04 FINBRA (2024)
expenditure
Trc Central transfers to households 0.08 NTB (2023a)

expenditure

Source: Author’s own research (2024)
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Table 3 — Kansai-RS model parameters — Fiscal and persistence parameters

Parameter Description Value Source
Tax parameters
TC Consumption tax of non-durable goods 0.21 Based on other pa-
rameters
™D Consumption tax of durable goods 0.21 Based on other pa-
rameters
- Income tax for worker in non-durable 0.24 Based on other pa-
we goods firms ' rameters
Income tax for worker in durable goods Based on other pa-
TWD 0.24
firms rameters
TI Corporate tax 0.275 Based on other pa-
rameters
Budget Parameters
Share of consumption tax on local govern-
L
ors) ment budget 0.72 FINBRA (2024)
I Share of income tax on local government
W budget 0.12 FINBRA (2024)
Share of consumption tax on central gov-
g : FINBRA (2024
oc ernment budget 0.08 BRA (2024)
h fi 1
¢1§V IS)uzrgZ : income tax on central government 0.45 FINBRA (2024)
- Share of transfers from central government 0.025 of GDP FINBRA (2024)
to local government
0 (L;' Percentage of collected consumption tax 0.9 FINBRA (2024)
for local government
0 I%V Percentage of collected income tax for local 0.15 FINBRA (2024)
government
Persistence parameters®
Persistence of productivity shock (non- None Estimated with
PAc durable) data
Estimated ith
PAL Persistence of productivity shock (durable) None d;;ma e W
Estimated ith
paL Persistence of local government spending  0.45 d;;ma ¢ Wi
Estimated ith
pae Persistence of central government spending None d:t;ma ¢ Wi
prqr  Persistence of local government investment None dE:E;mated with
Persistence of central government invest- Estimated with
Prge None

ment

data

Source: Author’s own research (2024)

64

@ Since the data is in annual frequency, most of AR(1) coefficients were not significant. Also, the series
presented strong random behaviors, varying intensively from year to year.
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3.4 DOES THE KANSAI-RS MODEL EXPLAIN THE RIO GRANDE DO SUL ECON-
OMY? COMPARISON OF THE MODEL AND DATA MOMENTS AND IRFS

In this section, we analyze the differences between the data generated by the
Kansai-RS model and the real data from the State of Rio Grande do Sul. Since the
model operates in terms of log-deviations from the steady state, we need to compare the
model-generated data with the cycles of RS, which are measured by the difference between
the historical series (log-data) against the trends of the analyzed variables. We used the
linear trend (estimated by OLS) to measure these values, resulting in the cycle of each
variable (Annexes A and B show all series used for econometric estimations, including

productivity shocks).

To compare the model-generated data and the real data from RS, we use the second
moments (standard-deviation and correlations) of both types of data. The observed series
of the RS economy include: i) Output; ii) Wages; iii) Inflation; iv) Local government
spending; v) Local government investment; vi) Central government spending; and, finally,
vii) Central government investment. They are collected from DEE/RS (2022) for the State
output, FINBRA (2024) and NTB (2023b), for local and central government spending and
investment series, IBGE (2023a) for local inflation, represented by Porto Alegre inflation
(capital of RS), and IBGE (2023c¢), for the regional total wages. Linear trend separates

the trend and cycle of these series, and they were previously deflated in order to do so.
We will run two types of simulations to compare the model moments with observed

data moments:

1. One shock at a time, adjusting key parameters until the simulations are appropriate

(i.e., according to economic theory and data moments).
2. A sequence of several types of shocks using values from data cycles series.
To perform these comparisons, we will follow Kydland and Prescott (1982), Sbordone

et al. (2010) and Leite (2019) to compare the moments of the simulations. Their works use

different parameter calibrations to compare the results of the theoretical model moments
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with the original data moments, using standard-deviation, correlation, and sign of the
results as benchmarks. Since the Kansai-RS model is a calibrated model, this will be the

chosen method.

Five simulations will be done: government expenditure shock (local and central),
productivity shock for non-durable and durable (housing, lands and fixed property)

products, and local and central governments shocks together.

For the second type of simulation, which involves running a sequence of several
types of shocks for different exogenous variables, Costa-Filho (2022) shows how this can be
done in a simple way. About the estimation of the shocks, Brinca, Filho and Loria (2023)
show an interesting procedure: estimating an AR(1) process from the cycle of the series,
and the residuals are the respective shocks. If the AR(1) coefficient was not significant,
it was considered zero, and the shocks were considered the total amount of the cycle.
This happened especially for productivity shocks, where events such as droughts, national
recessions and pandemics explain the randomness of those series. Also, those periods are
based on events of table 4, which classifies them in terms of when they occurred, direction
of the impact in output, whether they are supply, demand or both types of shocks, their
magnitude and, how they are set inside the model. The estimated shocks came from the

series in Annexes A and B.

Table 4 shows all macroeconomic events of Rio Grande do Sul from 2012 to 2022,
starting with a huge drought that was faced in 2012 to another drought in 2022, with
a short amount of time from the big recession caused by the pandemics in 2020 and
2021. Mapping these events is important to perform the second proposed exercise. The
generated series of output will then be compared to the total amount of earned wages
(W = w®NY + wP NP, which are the costs of labor for firms) and inflation in the RS

economy 2.

It is necessary to highlight that the model has adaptations in the government fiscal

block, GDP identity, and has public stock of capital and Ricardians households. Okano et

12 Since w is the real wage, W is the sum of wCNC +wP NP compared to deflated data.



Table 4 — Shocks to the RS economy during 2012-2022 period

Event Year Shock Sign Size Further information
. It can describe in the model as a
Drought 2012 Supply Negative Intense productivity shock.
Fiscal It can describe in the model as a
1seal 2013 Demand Positive Significant  local government expenditure shock.
expansion
o o It can describe in the model as a
Agro-Boom 2013 Supply Positive Significant productivity shock.
It can describe in the model
Nati as consumption and in-
avion 2015 Both Negative  Significant ~ vestment  shocks ~ to  the
CTISIS local economy (plus bad news
for expectations).
. . . It can be described as an
Tax hike 2016 Demand Negative Medium upward local tax shock.
" . It is described in the model as a
Agro-Boom 2019 Supply Positive Medium productivity shock.
It can be described as productivity
Pandemics . shocks, plus demand side decreases
and Drought 2020 Both Negative Intense (consumption and investment, for
example).
o It is described in the model as a
Agro-Boom 2021 Supply Positive Intense productivity shock.
. . It is described in the model as a
Drought 2022 Supply Negative Medium

productivity shock.

Source: DEE/RS (2022), FIERGS (2022) and SEFAZ/RS (2022b)

al. (2015) also suggests this type of analysis for other works'3:

‘.
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| it is possible to compare one region’s DSGE to another’s. For

example, separate DSGE models with the same theoretical structure
can be created for Kanto and Kansai. Regional differences would be
expressed in different parameter calibrations and calibrated with reference
to regional data from previous empirical research such that the models
would somewhat reflect each area’s respective characteristics” (OKANO

et al., 2015, page 4).

3.4.1 Moments Comparison: Correlations between observed and model cycles

After the presentation of real data moments of RS, the simulated theoretical

moments will be presented using fiscal and productivity shocks (all shocks are of 1

standard-deviation).

Output and local government spending are procyclical, as well as wages and inflation.

13 Okano et al. (2015) sent their original Dynare codes, and this academic exchange was a great contribution
to the understanding and adaptation of the model. The whole code provided by Okano et al. (2015)
can be promptly requested to the author.
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Table 5 — Correlations of RS Data

Variable Y GL IGE G°¢ I1G¢ w TPOA

Y 1.00 038 0.1 -0.38 -0.16  0.62 0.27
e 0.38 1.00 -0.42 0.457 0.312 0.907 -0.085
IGE 0.1 -042 1.00 -0.223 0.219 -0475  0.256
G¢  -0.38 0457 -0.223 1.00 075 0.175  -0.505
IGY  -0.16 0.312 0219 0.75 1.00 0.112 -0.164
4% 0.62 0.907 -0.475 0.175 0.112  1.00 -0.0229
mpoa 027 -0.085 0.256 -0.505 -0.164 -0.0229  1.00

Source: Author’s calculations

Table 6 — Standard-Deviation of RS Data

Variable Y G IGY G¢ IGC W TPOA
Standard-Deviation 0.032 0.00397 0.2014 0.052 0.2195 0.0555 0.024

Source: Author’s calculations

On the other hand, output and central government expenditure are countercyclical. This
is easily explained: when the local economy grows, local government receives more taxes
and spends more. From the same perspective, when output grows, wages exhibit the same
behavior. However, central government spending is countercyclical, since it may try to
smooth the economy cycle (more spending in recessions, such as the pandemic, and less

during normal times).

It is necessary to highlight that local inflation is negatively correlated to wages.
Local government and central government have different impacts on wages as well (the
magnitudes are higher for local spending, lower for central government spending and
counter-cyclical with local investment). Additionally, central government is negatively
correlated to inflation. It is not usual in economic theory, where increases in government

spending usually raise inflation rates via demand increases.

3.4.1.1 Results of productivity shocks: Non-durable

Non-durable shock is quite similar to the durable shock. However, they differ in the
magnitude of the second moment of correlation. The non-durable shock aligns closely with

the real data correlation of output in relation to wages. Perhaps, this is due to the fact that
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Table 7 — Correlations of Simulated Data: Non-durable productivity shock

Variable Output Wages Inflation

Y 1.00 0.65 -0.71
w 0.65 1.00 0.07
TPOA -0.71 0.07 1.00

Source: Author’s calculations

Table 8 — Standard-Deviation of Simulated Data: Non-durable productivity shock

Variable Output Wages Inflation

Standard-Deviation 0.82 0.36 1.66

Source: Author’s calculations

non-durable goods are the most part of the regional economy output, thus a non-durable
shock creates a closer output and wages dynamic than a durable shock. Again, wages
are less volatile than expected by real data, but inflation is more volatile. In summary;,
productivity shocks exhibit correlations close to those in real data variables, but they are

slightly more volatile than expected.

3.4.1.2  Results of productivity shocks: Durable

Table 9 — Correlations of Simulated Data: Durable productivity shock

Variable Output Wages Inflation

Y 1.00 0.77 -0.72
14 0.77 1.00 -0.13
TPOA -0.77 -0.13 1.00

Source: Author’s calculations

Table 10 — Standard-Deviation of Simulated Data: Durable productivity shock

Variable Output Wages Inflation

Standard-Deviation  0.042 0.02 0.08

Source: Author’s calculations

For a durable productivity shock, positive results appear. Output is positively
correlated with wages, and negatively correlated with local inflation, as theory predicts.

Wages and inflation are negatively correlated. This is due to the fact that wages rose due
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to an upward productivity shock, which means workers are producing better, hence goods

and services might be cheaper.

For the standard-deviation of simulated data, we see that wages are less volatile
in comparison to output. On the other hand, inflation is more volatile than real data

standard-deviation.

3.4.1.3  Results of Local Government Fiscal Shock

Local government spending shock is highly correlated to output, as indicated by
real data. However, real data shows it should be negatively correlated with inflation. We
suppose this discrepancy arises because the historical series are not so long. Actually, it is
reasonable to suppose local government expenditure shock increases inflation by uprising

demand for goods and services.

Regarding local government investment shocks, they are almost not correlated to
inflation, because they increase output capacity, thereby offsetting prices increases (and
expanding supply). Also, it is almost not correlated with wages, while real data present

negative correlation.

For the standard-deviation, local government spending is more volatile than output,

and real data shows (for that sample period) that they should be very close.

Table 11 — Correlations of Simulated Data: Local government shock

Variable Y W  7poa GF IGF

Y 1.00 0.93 0.67 081 0.15
w 093 1.00 085 0.70 0.15
mpoa  0.67 085 1.00 0.64 0.07
GF 0.81 0.70 0.64 1.00 -0.05
e 0.15 0.15 0.07 -0.05 1.00

Source: Author’s calculations

3.4.1.4 Results of Central Government Fiscal Shock

The central government shock is similar to the local government shock. Real data

suggests it should be countercyclical, which it is reasonable according to economic theory.
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Table 12 — Standard-Deviation of Simulated Data: Local government shock

Variable Y W wpoa GL IGE

Standard-Deviation 0.06 0.04 0.10 1.21 1.08

Source: Author’s calculations

However, it may not necessarily be a causality situation that the model can capture. It
would not be logical for the model to indicate a decrease in output when central government
increases its expenditure, at least in the first periods. Also, inflation is very procyclical
in relation to both local and central governments shocks, which is quite reasonable (it
would not make sense for inflation to decrease when government spending increases). For
the standard-deviation second moment, the model exhibits significant volatility for the

governments fiscal shocks compared to real data results.

Table 13 — Correlations of Simulated Data: Central government shock

Variable Y W  7wposa G¢ IGC

Y 1.00 094 0.89 0.90 0.16
W 094 1.00 098 076 0.14
tpoa  0.89 0.98 1.00 0.74 0.11
G°¢ 0.90 0.76 0.74 1.00 -0.02
IGY 016 0.14 0.11 -0.02 1.00

Source: Author’s calculations

Table 14 — Standard-Deviation of Simulated Data: Central government shock

Variable Y W  apoa G¢ IGC

Standard-Deviation 0.05 0.04 0.12 1.08 1.08

Source: Author’s calculations

3.4.1.5 Results of Both Governments Fiscal Shock

When both local and central governments increase their expenditure above steady
state values, the results are similar when only one of them initiates a shock. Wages continue
correlated with output in this simulation compared to local and central governments shocks.

Inflation is strongly correlated to local and central governments and output.
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Table 15 — Correlations of Simulated Data: Local and central governments shock

Variable Y W wpoa GE IGE G¢ IGC
Y 1.00 0.93 0.82 0.69 -0.05 0.54 0.18
W 093 1.00 095 052 -0.08 054 0.20
mpoa 082 0.95 1.00 0.39 -0.07 058 0.21
GL 069 0.52 039 1.00 0.06 -0.06 -0.01
IGL -0.05 -0.08 -0.07 0.06 1.00 -0.18 -0.04
G¢ 054 054 058 -0.06 -0.18 1.00 0.13
IGY 018 0.20 0.21 -0.01 -0.04 0.13 1.00

Source: Author’s calculations

Table 16 — Standard-Deviation of Simulated Data: Local and central government

spending

shock

Variable

Y

W 7mpoa

Gl gt Gg¢ I1G¢

Standard-Deviation 0.08 0.06 0.17

1.28 098 1.07 097

Source: Author’s calculations

3.4.1.6  Variance and Historical Decomposition of RS Output Cycle

The variance and historical decomposition of the RS output cycle show interesting

results. As shown in Table 17 and Graph 1, most of RS’s output dynamics are attributed to

productivity shocks. However, interest and government (local and central) spending shocks

are also relevant. It is possible to verify that in 2015 and 2020, the years when recessions

hit their lowest levels, most of them were due to non-durable and durable productivity

shocks.

On the other hand, interest rates (Selic), local government spending, central govern-

ment spending and other minor shocks, such as households preferences and taxes, helped

to explain the cycle as well.

Table 17 — Variance Decomposition, simulating one shock at a time (in percent)

Shock in A¢ AP gL 16t G¢ IG¢
Y 102.64 024 0.76 0.01 045 0.02
W 99.62 0.28 1.64 0.04 1.42 0.05
Tpos 9815 0.24 0.54 0.02 0.63 0.02

Source: Author’s calculations
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Figure 1 — RS Output Cycle Decomposition — 2012-2021
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3.4.2 Results of Simulated Sequence of Shocks

For this type of simulation, six shocks hit the RS economy in order to simulate
the real data between 2012 and 2021, derived from the residuals of the estimations from
the original series shown in Annexes A and B. Table 4 also shows all macroeconomic
events within the state economy. For the productivity shocks, it was made a growth
decomposition between capital, labor, and productivity over output growth'4. The shocks

are the following:
1. Local government expenditure shock.
2. Central government expenditure shock.

3. Local government investment shock.

4. Central government investment shock.

14 For the creation of A€ and AP series, labor was first decomposed according to IBGE (2024b) and
CBIC (2024), dividing labor growth between the two types of sectors. Later, using the perpetual
inventory method, it was estimated the stock of capital of non-durable sector. Subtracting labor and
capital growth from output growth, the productivity series is created.
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5. Non-durable productivity shock.

6. Durable productivity shock.

The estimated shocks reasonably represented the random part of the series. Addi-

tionally, the mapping of events and their intensities aligns with the estimation results of

the shocks. Therefore, both the quantitative and qualitative research of the shocks are in

harmony, indicating that the Kansai-RS model captured the dynamics of real data from

Rio Grande do Sul.
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Figure 2 — RS Simulated Output and Cycle of Output - 2012-2020
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After running all exogenous shocks, we compared the simulated sequences with the

real data series, from the years of 2012 to 2021, this way: correlations between the model

variables and correlations between model and actual variables. The series we used for

the comparison were output, inflation and total workers’ income (W = wCNC +wP ND),

collected from IBGE (2023a) and IBGE (2023c).
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Figure 3 — RS Simulated Wages and Cycle of Wages - 2012-2020
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Comparing to the regional economy output, the movements are quietly appropriate.
For inflation and wages, the results are reasonable as well. However, when the pandemic
hit the economy, the model did not appropriately explain what really happened to inflation
and wages. Initially, the values of the inflation series are also somewhat different from what
the data shows. Besides these moments, the model captured relatively well the dynamics

of the real data cycle movements.

For the moments comparison, wages are procyclical in relation to output, as they
should be. Also, simulated inflation delivered a good result in terms of real data moments.
In terms of standard-deviations, the model presented good results compared to real data

as well. Output is very close to data’s standard-deviation, as well as inflation and wages.
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Figure 4 — RS Simulated Inflation and Cycle of Inflation- 2012-2020
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Table 18 — Correlations of Simulated Sequence of Shocks

Variable Output W  7poa

Y 1.00 0.73 -0.49
W 0.73 1.00 0.22
Inflation  -0.49 0.22 1.00

Source: Author’s calculations

Table 19 — Standard-Deviation of Simulated Sequence of Shocks

Variable Output %Y TPOA

Standard-Deviation  0.019  0.009 0.04

Source: Author’s calculations

3.4.3 Impulse-Response Functions

The IRF for a local government shock showed an increase in output, in wages, and

inflation. It is interesting that wages increase in the first period, then decrease, and then
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Table 20 — Correlations of Simulated and Observed Series (Not including the Pandemics)

Variable Correlation

Model and Actual Output 0.78
Model and Actual W 0.59
Model and Actual mpog 0.57

Source: Author’s calculations

return to a slightly below steady state level. For inflation, it increases and then falls below

the steady state (SS) level. Later, it remains above SS.

On the other hand, a local government investment shock has a different behavior,
since it made inflation fall below SS after the first periods. Since IGF increases the
economy’s stock of capital, the supply grows and decreases prices. However, there is still

positive inflation in the first periods since demand increased.

For productivity shocks, the scenario is more optimistic if they are positive. A and
AP boost output and wages, and lower inflation (as expected). After two-three periods, the
variables reach their steady state again. In the simulated sequence of shocks (Subsection
3.4.2), it is possible to notice the relevance of positive and negative productivity shocks

conducting the RS output!®.

In summary, the simulations show that the local government can boost economic
growth in the short-run, as well as increase inflation rates. Wages react similarly to output
since they are very correlated with each other. Inflation reacted according to economic

theory: more demand rises prices, while positive supply shocks lower inflation.

15 The time Series of A¢ and AP are in Annex B.
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Figure 5 — Shock of Local Government Spending to Output, Wages, and Inflation - G*
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Figure 6 — Shock of Local Government Investment to Output, Wages, and Inflation - IG*
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Figure 7 — Shock of Non-durable Sector productivity to Output, Wages, and Inflation -
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3.5 SENSIBILITY AND IDENTIFICATION ANALYSIS OF KANSAI-RS MODEL

The Kansai-RS Model is sensitive to some parameters. For example, the parameters
related to labor demand can modify the model results in such a way that the model
explains the RS cycle in an opposite way. This is because if those parameters make labor
reacts differently to productivity shocks, output might have unsatisfactorily outcomes.
Also, parameters related to the New-Keynesian Philips Curve (NKPC), such as the Calvo
Lottery parameter, and the proportion of Ricardians and Non-Ricardians (Hand-to-Mouth,
or HTM consumers) in the model, modify the results. Therefore, hundreds of simulations
were done in order to capture the best possible the cycles of output, total worker’s income

(W) and inflation.

The Frisch elasticity parameter and the disutility of labor for switching sectors
were tried around the national and international literature values (which are 1.94 and 1.5)
until the model captured relatively well the cycle of output and remaining series. Also,
the autoregressive components of the exogenous series change the model dynamics. Since
data is in annual frequency, the best option was to set it to zero if it was not significant in

the estimation using the cycle series.

Another fact noticed is the cyclical behavior of output and inflation in the model,
depending on the NKPC and parameters related to it. If NKPC parameters change, the
correlation between inflation and output can be positive or negative, which changes the
model dynamics during the shocks. For future research, the use of estimation techniques

instead of calibration might improve the model’s performance.

In relation to the monetary policy rule, a curious model behavior was identified if
there are only local government shocks. Since the model’s Taylor Rule captures the changes
in regional inflation and output gap, if the regional economy is affected by a sequence of
downward local government expenditure, the monetary policy shall respond with decreases
in interest rates. However, since interest rates are set based on the national economy,
they might not decrease as much as the model shows. Therefore, for a sequence of local

government policies, it shall be better to reduce the sensibility of the monetary policy to
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output gap and inflation. Graphs 9 shows what happens in a sequence of decreases in local
government spending and investment if the Taylor Rule is highly sensitive to inflation
and output gap. In summary, interest rates can decrease if the local government keeps a
constant austerity policy, and perhaps it shall have a smaller reaction since interest rates

are set based on the national economy and not strictly to the RS economy.

Figure 9 — Simulated Interest Rates after a sequence of only local government
spending/investment decrease
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3.6 CONCLUSION

The current study aimed to apply a regional DSGE model for the State of Rio
Grande do Sul (RS), named Kansai-RS model. Since this specific Brazilian state is one
(if not the most) of the states facing a weak fiscal condition, it is reasonable to try to
identify if this type of methodology might help to understand the regional economy and
how economic policies can help in its growth and development. After the exposure of the
model, based on Okano et al. (2015), we made some adaptations. For example, central
government spending was included in GDP, as well as public investment. Also, a whole
section about a parametrization for the State of RS is widely shown, time series constructed
for productivity, an estimation of a Taylor’s Rule with regional data and the estimation of

cycles and shocks using econometric techniques are done as well.

Some simulations showed interesting results for the Kansai-RS model. Although not
all results matched with real data moments, it could capture some real-world dynamics of
RS and can be a starting point to be improved and used to explain better this Brazilian
region. For example, local government spending shocks are positively correlated with
output growth and wages, such as real data shows. Also, productivity shocks are negatively
correlated to local inflation, which occurs for RS data too. On the other side, some model
moments are not attached to the data moments. For example, central government spending
shock is negatively correlated to RS output, according to the sample period of the data,
but the model shows a procyclical behavior. Also, some standard-deviation moments are
higher than those from data. Therefore, the model is reasonable to explain some variables

for some shocks, and not much for others.

Two points are important for now on: using this model as a starting point to
simulate other types of shocks for the next years, such as the payment of RS debt owned
against the central government and explored in Essay 4, and to verify possible variables
paths for the future. Also, since the model captures well the dynamics of productivity
shocks on output, the negative impacts of climatic events on output, such as droughts or

intense periods of rain/floods, such the ones that happened in 2024 in dozens of cities in
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RS, can be studied!®.

For future research, there are some points already clear from the results of Kansai-
RS. To improve the model, including the agribusiness sector in the model, or switching
it with the durable sector that represents civil construction, might show better results
for the simulations, since RS economy is even more dependent on this type of activity
(agribusiness). Secondly, using data for Bayesian estimation might improve the parameters
setting as well as the model results. Thirdly, improving the sample periods of the series
and turning the model to quarterly frequency might be another agenda for future research.
Lastly, other improvements can be done to the model equations, not only for firms, but
also for households (preferences) and government (further division to incorporate public
employees wages, following Papageorgiou and Kazanas (2013) for example). However, the
results are positive and make the Kansai-RS model already able to be used for simulations

for the RS economy.

16 Lindé (2018) brings the possibility to use climatic events shocks in a DSGE model.
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4 THE FISCAL POLICY OF RIO GRANDE DO SUL: SUBNATIONAL PUBLIC
FINANCE ANALYSIS AND SIMULATIONS FOR THE FISCAL RECOVERY
REGIME USING KANSAI-RS DSGE MODEL

The following essay is an applied study of the Kansai-RS model to simulate the
RS economy during the years of the Fiscal Recovery Regime, as well as providing a
contextualization of the past and current situation of the most indebted States in Brazil

and, mainly, Rio Grande do Sul.

4.1 INTRODUCTION

The present essay aims to address what shall happen in the next few years to the
State of Rio Grande do Sul (RS) economy in light of the beginning of debt payments to
the Brazilian central (or federal) government. In order to pay the State debt, RS local
government assigned an agreement named the “Fiscal Recovery Regime”, which outlines
the probable debt installment values to be paid over the years. This topic is central for
the public finance debate of RS and other states in Brazil, such as Rio de Janeiro, Goias,

and Minas Gerais.

Other studies, such as Plosser (1989) and, Fochezatto (2003) have used Computable
General Equilibrium (CGE) models to study the RS economy and how shocks affect its
economic dynamics. Now, using the Kansai-RS DSGE model, new outcomes can emerge to
enrich the debate due to the different methodology. It is expected that the state’s public
debt payment might significantly reduce RS output growth, since a significant part of
local output consists of State government spending (around 7% of output). Therefore, this

essay is presented as follows.

In section 4.2, a contextualization of the subnational public finance, or, in other
words, the Brazilian states’ public finance situation, will be exposed, as well as its origins
decades ago. Later, section 4.2.1 will present the specific RS perspective, which is one
of the weakest fiscal positions in Brazil (if not the weakest). Section 4.2.2 discusses the

evolution of RS debt alongside the Fiscal Recovery Regime. Finally, simulations using
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the Kansai-RS DSGE model will demonstrate how the RS economy shall behave during
the FRR. Therefore, these simulations can provide evidence of a possible necessity for
renegotiation of the RS public debt, if the regional economy suffers output losses during
the debt payment. Moreover, since the RS historical perspective and the model simulations
can provide relevant information for this debate, they are one possible justification for the

existence of this present work.

Regarding the research problems, the desired questions to be answered are the

following;:

1. How did the indebted Brazilian states arrived at the current situation?
2. How is RS in relation to these states? Is it better or not?

3. Using Kansai-RS model, what are the perspectives for the RS economy during the
FRR?

The main hypothesis is that the RS local government will have a relevant part of its tax
revenue drained, and, since it is a very weak state in terms of public finance, it has less
margin for tax hikes or spending/investment cuts. Thus, the loss of regional output might
be significant during the years of the FRR plan. In Section 4.3, three types of simulations
will be done: i) Local government spending cut; ii) Local government investment cut; and,
iii) Local government tax hikes on consumption, which is one of the major revenue sources

of state governments in Brazil.

4.2 SUBNATIONAL PUBLIC FINANCE IN BRAZIL

The public financial crisis in subnational entities of Brazil is not recent. Lopreato
(2002a, page 62) and Lopreato (2002b) posit that its origins date back decades, around the
1970s. Half a century has passed since then, and past and present proposed solutions are
far from their conclusions, while several states still owe significant amounts of debt to the
Brazilian federal government. Focusing on the highest state GDP in Brazil (Sao Paulo, Rio

de Janeiro, Minas Gerais and Rio Grande do Sul), Lopreato (2000, page 135) shows that,



86

until the 1990s, most of the state debt belonged to these states, accounting for around of
90% of the total. In the 2020s, all states together broke the record of 1 trillion of Reais of
debt (NTB, 2024b). This scenario, which has been present for decades, only shows the need
to research deeper into the national public finance, analyzing the subnational entities as
well. One example is Vasconcelos (1999), who presents the subnational finance perspective
for three Brazilian states, which are Ceara, Rio Grande do Sul and Parana, comparing
their results to each other and showing how Ceara conducted its fiscal adjustment in the

late 1980s.

To overcome this century-old problem of subnational public finance crisis, the
federal government of Brazil proposed a regime to initiate the debt installments payments
gradually, until the states can pay the full amount of each debt installment again (in 2017,
the Supreme Court of Brazil suspended the payment of debt installments until 2023). This
new regime is named the “Fiscal Recovery Regime”, and it presents a schedule extending
until 2031 for the states to pay the full amount of their debt installments and finally start
to successfully pay their total stock of debt. Therefore, the subnational finance weakness,

which began decades ago, will persist for some more decades.

During the 1970s and 1980s, some economic conditions helped the states to be
indebted but not suffer as much as in the 2000s onwards. The 1970s experienced greater
GDP growth in Brazil, alongside increasing inflation. While the years of 1980 did not
present much economic growth, inflation reached high levels, leading to a hyperinflationary
process. This created inflation tax not only for the federal government, but for the
subnational governments as well. This effect is usually called "Tanzi Effect", when high
inflation depreciates government costs and, for example, when wage payment is made, it

has less real value.

Another point in relation to government revenue is that, until the years of 1990,
state governments could also issue bonds, so a primary deficit could still be financed by
their own debt. Moreover, the years of 1990 marked a period of privatization of public

companies (both federal and state), which helped to maintain the health of state public
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finance for a while, with increased extraordinary revenue. However, after the end of the
1990s, when there was (almost) no more public assets to sell, inflation tax (since the
Real Plan stabilized inflation after 1994) or bonds for the state governments to finance
themselves (SANTOS, 2022), the only way to solve the state debts was fiscal discipline in
order to achieve a government primary surplus'. Furthermore, the government primary
surplus should be enough to cover all interest payment on the stock of debt, and the
amortization required. For example, in recent years, this has not happened for Rio Grande

do Sul’s public finance in almost any year.

4.2.1 The State Finances of Rio Grande do Sul

The State of Rio Grande do Sul (RS) faces the same fiscal problems as other
aforementioned Brazilian states in Section 4.2. According to IFI (2020), this specific
state is the weakest one in terms of public fiscal indicators. Also, other studies such as
Junior (2005), Junior and Jacinto (2011), Nova and Marquetti (2009) and Junior (2015)
provide an extensive analysis of the historical perspective of public deficits and fiscal
sustainability of RS, dividing the analysis by sample periods (1970 to 2003, 1970-1997
and 1997-2003, 1999-2006 and 2011-2014, respectively). Moreover, Junior (2005) and Nova
and Marquetti (2009) show econometric studies to test, for example, if long-run public
finance sustainability holds in RS and under what circumstances, and what may cause the
fiscal deficits to occur constantly. Hence, a vast literature has already explored this specif

subnational entity over the last decades.

To summarize the reasons for constant public deficits, it is important to understand
the current economic conditions of federal unity in Brazil. As shown in subsection 4.2,
when a subnational entity cannot issue money or debt, and has limited possibilities for
public asset selling and no other extraordinary revenue source such as inflationary tax, it

must have less government expenditure than revenues (taxes) to pay its debt (interest on

L For example, many public state banks were sold in the 1990s and 2000s. This fact helped to lower the

state’s debt for a while. A greater discussion is presented on Branddo (2009) and Luz and Videira
(2013). However, it is important to highlight that Rio Grande do Sul was one of the few states not to
sell its public bank. This fact leads to intense debates during every electoral period, when the proposal
to sell this asset to lower the debt or make regional investments is occasionally brought up
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the stock of debt and amortization) (SANTOS, 2022). Recently, the RS government sold
some remaining public companies in 2021 and 2022, which created one of the few nominal
surpluses during the last 50 years. Figure 10 shows the nominal results from 2001 to 2022
in real terms. It is possible to notice that, except for the years 2021 and 2022, only 2007,

2008 and 2009 also presented positive nominal result, with 2009 being almost even.

There are some main factors that frequently create nominal deficits in the RS public

budget. They are the following:

1. High share of state expenditure on public employees wages;

[N}

. High share of state expenditure for retired employees’ wages and other pensions;

w

. High share of state expenditure in debt amortization and interest;

4. Significant financial deficit related to the retired employees wages;

(S48

. Cyclical climatic events that reduce the state GDP, reducing tax revenues.

Figure 10 — Nominal Result of RS in Billions of Reais — Prices of 2022 (Deflated by
IGP-DI)
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For the first and second items of the list, it is possible to note that these specific
expenditures increase rapidly over time. However, the second one (expenditure on inactive
employees) increases even faster (Figure 11). Although both are decreasing in real terms,
they consume a significant proportion of local revenues. In 2022, for example, together they
represented around of 60% of the total amount of RS expenditure (SEFAZ/RS, 2022b).
Also, the public employees’ contribution for retirement was insufficient in the last decades

(and still is), thus creating significant pensions deficits each year (item 4).

Figure 11 — RS active and non-active employees expenditure in Billions of Reais -Prices of
2021 (Deflated by IGP-DI)
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In Figure 12, it is possible to verify that, since the late 1990s, RS has allocated
around of 12.5% of its net revenue to debt interest and amortization payments. Summing
with active and non-active employees expenses, RS spends around of 90% of the state
net revenue with those expenses. Therefore, the State of RS has limited possibilities to
boost economic growth through public policies such improvements in the health system,

education, infrastructure, or public security.
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Figure 12 — Debt Cost over State Net Revenue (in %)
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4.2.2 Evolution and Negotiation of Rio Grande do Sul Public Debt and the current
Fiscal Recovery Regime (FRR)

The current plan for RS and some other Brazilian states that are indebted to the
federal government is named the Fiscal Recovery Regime (FRR), which goes from 2022
to 2031. The states that are under this new regime have a payment plan to restart their
debt amortization, reaching a full installment payment in 2031. From 2022 to 2031, these
states will pay from 0% of their debt installment to 100%, increasing by 11% each year.
For example, if a state has a debt payment plan of 1 billion Reais starting in 2022, it will
pay 110 million Reais in the year of 2023, 220 million Reais in 2024, and so on, until the
full amount in 2031. In 2022, there is a 100% payment suspension and the non-paid value
for each year will be incorporated into the stock of debt. SEFAZ/RS (2024a) and NTB
(2024a) present a detailed schedule and economic forecasts of GDP and debt installment

amounts for each year of the FRR.

In terms of the formulation of the FRR, a researcher might ask why it was conceived

this way, and the reason is quite simple. Due to the fact that both state (local) and federal
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(central) governments project that economic activity will increase in the following years
(after FRR began in 2022), government revenue from taxes shall increase as well. However,
if some other event occurs, such as a drought, flood or a period of intense rains in RS
and GDP falls, the State government might not be able to honor its agreement. Also,
not only can downward economic activity frustrate the FRR plan, but the debt indexing
might also do this as well. The FRR sets the interest payment on debt as the Brazilian
official consumer price index, named IPCA, plus 4%, or the Brazilian basic interest rate,
named Selic. The lower rate will be chosen. Hence, if interest or inflation rises, the interest
on debt will increase. Also, there is another negative possibility, which is when economic
activity falls and the debt index rises. For instance, this scenario is the worst one possible.
Will the RS government be able to pay the debt installment correctly every year? It might
depend on economic activity, as well as the behavior of the debt index. The DSGE model
used for RS in essay 3, named the Kansai-RS model, will be used in the next section to

verify the path of macroeconomic variables during the FRR period and beyond.

Figure 13 — Forecast for amortization and interest on RS debt in Billions of Reais —
Prices of 2022 (Deflated by IGP-DI forecasts)
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Figure 13 shows the path of future payment in terms of amortization and interest
on debt. According to the Secretary of Finance of RS(SEFAZ/RS, 2024a), which made
available forecasts for these two expenses until 2031, it is possible to see that they will
reach about ten billion Reais by the end of the forecast. This scenario, combined with the
increasing spending on active and non-active employees, shows that RS government will
have much fewer possibilities for output growth and public policies than in the beginning
of the FRR. Simulations using a dynamic macroeconomic model in the next section will
explore some scenarios, such as ranging from a high output growth to a low or negative
growth and a higher payment for interest on debt scenario. The values presented in Graph
13 will be normalized to the RS output and used as data for the simulation shocks. The
objective is to analyze what shall happen when the RS government pays debt installments
and interest over debt in the following years, withdrawing revenue usually used of other

purposes.

4.3 SIMULATIONS FOR THE FISCAL RECOVERY REGIME OF RIO GRANDE DO
SUL

In this section, five simulations using Kansai-RS model will be performed:

1. Local debt payment without any other shock hitting the economys;
2. Local debt payment with negative productivity shocks hitting the economys;
3. Local debt payment with positive productivity shocks hitting the economy;

4. Local debt payment with interest rates shocks increasing the interest payment on

debt and negative productivity shocks hitting the economys;
5. Local debt payment with interest rates shocks increasing the interest payment on

debt and positive productivity shocks hitting the economy.

This will make it possible to visualize what shall happen when the local government starts

paying its debt owed to the central government. Also, since each year the debt installments
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increase, due to the 10-year period until the full amount of amortization is paid, according
to the FRR, it will be possible to visualize the path of output in those scenarios, followed

by concluding remarks.

According to Section 3.5, it was identified that the monetary policy rule changes
output dynamics in the presence of a sequence of local government shocks. Therefore, it is
necessary to offset an undesired reaction of interest rates due to a local output decrease.
This could lead to a decrease in interest rates and create the behavior of a growing economy,

which is probably not the case during the FRR.

The equation 47 now has a new component, which is a shock draining revenue from

the local government budget constraint. It is as follows:

CPCC D pD D
GtLJrIGL:(l—QC)(Tt AN t)
t

+(1_9W>(Ttwcw?NtC+TtWDw?NtD)

+(1—0p) 7" (¢ +¢F) +wT Ry — P (55)

In order to conduct this type of simulation, to address the trajectory of output cycle

B

during the local government spending/investment reduction, e will be incorporated to

the model in two ways?:

GtL = PGk~ EFLa (56)

or
G} = Prgl — e, (57)
where etBL refers to a negative revenue shock from the payment of local bonds in relation

to amortization and interest. The size of the shock is proportional to the steady state of
G¥ or IG*. Thus, ePl for IG* must be larger, since the steady state of IG* is smaller

than the steady state of GL3.

2

Remembering that 6 is equal to 1, since all firms’ tax revenues go to the central government budget.
States and municipalities in Brazil receive taxes mainly from consumption, such as ICMS (Tax on
consumption of goods and services) and ISSQN (Tax on services of any nature).

For example, if amortization and interest over debt are 1% of RS output in a specific year, it will enter
BL BL BL BL
€t

as &z or tr. Since G is 0.113 of output and IG* is 0.0137 of output, - = 0.0884, while T&r =
0.7299 of output.
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The following graphs show the behavior of output in relation to its steady-state
(37) during the scenarios, where the debt payments will come from negative shocks to local
government spending or investment (i.e., reductions in public spending or investment). In
the absence of productivity shocks, the debt installments cause GDP to fall. As the debt
installments increased, output declined further (Graph 14). This fact is in line with the
previous planning between the local and central governments regarding the RS debt, where
the debt installments would increase according to the growth of RS economy. Nonetheless,
if a negative shock hits the economy, especially a productivity one, the planning fails, since
output enters a recession, and, consequently, taxes fall as well (Graph 15). In the presence

of positive periodicity shocks, RS economy performs well and the local government can

pay the debt installments without a recession (Graph 16).

A,

Figure 14 — Scenario 1 for Output Cycle (Y): No other shock hitting the economy — 2024
to 2031
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About the fourth and fifth scenarios (Graphs 17 and 18), where interest on debt

increases or decreases, it was interesting to notice that, in the presence of productivity
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Figure 15 — Scenario 2 for Output Cycle (f/) Negative productivity shocks hitting the
economy - 2024 to 2031
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shocks (negative or positive ones of 1%), the payment of interest on debt and amortizations
does not affect the RS economy significantly. Therefore, interest rate shocks were not
significant enough to change output dynamics in the model. These simulations show the
importance of positive productivity shocks, making the RS economy grow. If the regional
economy does not grow in terms of output, the debt installments will consume tax revenue
from the local government leading to a natural decrease in GDP, since the local government

has less impact on output.

One positive aspect of the FRR simulation to be highlighted is the dependence
of the RS cycle on productivity shocks, which aligns with Table 17, where the majority
of output variance reacts to productivity shocks. This fact is also noticed for Brazilian
and international models, but it seems in more intense for RS. Droughts, floods, intense
rain, or heat may explain this significant behavior of productivity shocks on output, since

climatic events often drop RS economic activity.
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Figure 16 — Scenario 3 for Output Cycle (}A/) Positive productivity shocks - 2024 to 2031

8%

.7% /

.6%
5%
4%
3%

2%
2024 2025 2026 2027 2028 2029 2030 2031

— Shock to Local Government Spending
__ Shock to Local Government Investment

Source: Author’s calculations (2024)

Finally, in line with Paiva (2019), local public investment appears to be much more
important than local public spending for output dynamics. This highlights the importance

of adequate local public policy to ensure the growth and development of a region.

4.3.1 What if the Local Government increases taxes to maintain its spending/investment

policies?

Now, a different simulation is conducted. In order to maintain government spending
and investment, the local government will increase taxes on consumption, since this tax
is one of its major sources of revenues*. Now, the shock will be incorporated into the
following equation:

T = potel. (58)

4 In Brazil, all states can set their tax rate on consumption, named ICMS (Taxes on goods and services).
It is a major source of tax revenue. In the beginning of March 2024, the RS government was trying
to increase this tax rate in order to keep its budget balanced with the payment of debt installments
under the FRR and the restructuring of public employee careers.
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Figure 17 — Scenario 4 for Output Cycle (Y): Negative productivity and increasing
interest shocks - 2024 to 2031
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The tax increases are set in accordance to the debt installments values, in order to maintain
GF and IGY unchanged, with no need of reduction. Alesina (2019) and Alesina, Favero
and Giavazzi (2019) show that a fiscal adjustment by spending cut is better in terms of
GDP loss than through taxes increases. After this type of simulation for RS, it will be

possible to notice if Kansai-RS is in line with these works.

Visualizing Graphs 19, 20 and 21, it is possible to see that tax increases create a
similar dynamic to spending cuts. If no shock hits the economy and taxes rise in order
to pay the FRR debt installments, output falls. If positive productivity shocks hit the
economy, output slightly increases. For a negative productivity shocks scenario, output
falls. Therefore, the worst scenario among the three types of simulations (government
spending cut, government investment cut or tax increases) is when local government cuts

public investment.
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A

Figure 18 — Scenario 5 for Output Cycle (Y): Positive productivity and increasing interest
shocks - 2024 to 2031
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A

Figure 19 — Output cycle path (V') in the presence of tax increases and no other shock
hitting the economy - 2024 to 2031
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Figure 20 — Output cycle path (Y') in the presence of tax increases and positive
productivity shocks hitting the economy - 2024 to 2031
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A

Figure 21 — Output cycle path (V') in the presence of tax increases and negative
productivity shocks hitting the economy - 2024 to 2031
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4.4 CONCLUSION

The State of Rio Grande do Sul (RS) is facing a challenging situation, and this is
not recent. Since the 90s, the state stock of debt has been increasing in a non-payable way;,
along with other concerns such as high spending on active and retired public employees
and other types of pensions for households (related to public employees). Also, RS State
is aging faster than all other Brazilian states, which suggests that this type of expenditure

might increase in the coming years, as well as for public health.

In 2021, RS signed an agreement with the central government of Brazil to start
paying its debt. However, the payment would not be in its full value since the beginning:
the debt installment would increase during the years from 2023 to 2031, with the hope
that output would increase and boost tax revenues. After all, the debt installments are
a draining of revenue from the local government budget that would probably decrease
output. Using the Kansai-RS DSGE model, the main objective of the current study was to
study the possible trajectories of the regional output during the years from 2024 to 2031

under the FRR, and the results were not so optimistic.

In one scenario, where no shock increased/decreased interest payments over debt
nor productivity, the debt payment already caused GDP to fall. However, in the presence
of a small positive shock of productivity, the RS economy could grow instead of the
local revenues being drained. Also, if negative shocks of productivity hit the economy,
the scenario is not good. The RS economy decreases, emphasizing the need for public
policies to stimulate a sustainable growth of the regional macroeconomy, even more in the
presence of adverse climatic events. Also, since the Kansai-RS model shows that RS GDP
suffers more with public investment cuts than public spending cuts, the results are in line
with Papageorgiou and Kazanas (2013), who claim that a public policy to boost public
investment is more efficient than boosting public spending. Also, Paiva (2019) posits that
public investment boosts output more than other types of spending, and Kansai-RS model

simulations are in line with him as well.

Regarding tax increases to maintain government spending and investment, output
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presented similar dynamics to government spending cuts. It is interesting to highlight that
Junior, Teixeira and Silva (2022) found the results of a tax decrease for one specific state
of Brazil (Gois) in relation to all other states. If Goids decreased consumption tax, its
output grew. However, if every other state decreased consumption taxes as well, Goias

output fell. This is in line with the Kansai-RS model, where a tax hike decreased output.

The scenarios in Section 4.3 explain and demonstrate what might happen in the
RS economy from 2024 to 2031 during the FRR regime. Productivity shocks demonstrated
to be fundamental for the sustainable growth of RS, and the need to rethink the FRR
payment during negative shocks is also a concern. For example, at the beginning of May
2024, a huge flood affected dozens of cities, including the capital of RS, Porto Alegre.
This led immediately the Brazilian central (federal) government to suspend the debt
installments for three years, as well as the incidence of interest over debt during this

period.

On the other hand, it is also possible to state that an improved model can explain
and demonstrate even further the consequences and possible outcomes for the next years
in the RS economy. This is not strict to the model, but also for the available data for
RS. Alongside the inclusion of the agribusiness sector in the model, expanding the series
samples and/or turning it to quarterly frequency might improve this type of analysis for

the RS economy.

In short, according to Kansai-RS results and in accordance with economic theory,
the best possibilities for the RS State, which has a worse fiscal situation in relation to
other indebted states (item 2), are to use economic policies to boost productivity growth.
Among three options to pay its debt owed to the central government, the best is to
reduce spending or raise taxes, and the worst scenario is to cut investment. However, it
is important to highlight that tax hikes can be worse for economic growth since they
reduce consumption. Hence, tax hikes could be bigger than predicted to keep government
spending and investment constant. Nevertheless, cutting public investment is much more

harmful than cutting spending. If the FRR has other options for agreements, paying the
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debt in another way, such as public estate transfers (public companies and properties) to
the central government, might be part of the solution. Also, reducing interest over debt is
important, as well as a clause that pauses the payment and does not run interest while it
is paused in case of natural disaster, national recession, or other factors that induce GDP
to fall. Ideally, as less as possible output suffer and more quickly the end of the state debt

comes, the better for RS, responding to the research problem in item 3.
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5 CONCLUDING REMARKS

The present Thesis aimed to study regional DSGE models, a field within the DSGE
methodology that is increasingly growing, as shown in Essay 1 (content 2). This type of
DSGE model opens new possibilities: a researcher can apply a DSGE model to a specific
region, which can be small in terms of output, geographic size, or both. Developed countries,
such as Japan, and developing countries, such as Brazil, are "divided" into many regions.
Therefore, the possibility of creating a specific model for each region arises. Table 1 shows
many models applied to regions around the world, as well as their main characteristics,

results, and lessons.

One possibility, alongside surveying these models, was to apply one of them to a
specific region. This is what Essay 2 (content 3) did, using the State of Rio Grande do
Sul (RS) for this study. Based on the model of Okano et al. (2015), a regional model
was parameterized and adapted for the RS economy, especially in the government block
of equations. The results were positive, although further research agenda and possible
limitations were also identified. In general, the second moments (correlation and standard
deviation) presented positive results for some variables. Additionally, one-time exogenous
shocks presented reasonable results, as did the impulse-response functions. Beyond the
one-shock instance, one type of simulation analyzed a sequence of shocks, estimated with
RS data using simple econometric techniques (OLS), and the results were also positive.
Some other parameters were also estimated, as shown in Appendix B, and they presented
interesting results, such as demonstrating that regional data might explain interest rate

settings by a national government authority.

Essay 3 (content 4) used Kansai-RS model to simulate a future sequence of shocks,
starting in 2024, due to the debt installments of RS local government. It was possible to
notice that productivity shocks have a crucial influence on RS output, and in the absence
of positive productivity shocks, the RS economy might suffer during the FRR regime. For
example, reducing public investment to pay the debt installments was the least favorable

option to be used in terms of output growth.
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The results of the Kansai-RS model were also in line with other works, such as
Papageorgiou and Kazanas (2013), Paiva (2019) and Junior (2015), which focused more on
fiscal policy simulations. Papageorgiou and Kazanas (2013) and Paiva (2019) found that
public investment has more positive effects on output than other types of local expenditures.
Moreover, Junior, Teixeira and Silva (2022) found that a decrease in consumption taxes can
be beneficial for output growth, and the Kansai-RS model showed that consumption tax
hikes are harmful. Therefore, the way how the RS government will pay its debt presented
to be highly relevant. About productivity dynamics, Okano et al. (2015) showed that
regional differences are relevant for output growth, and Kansai-RS model results verified
that RS economy is also very sensitive to adverse productivity shocks. Hence, this type of

concern must be part of the governmental agenda for the next few years.

For future research, there are many possibilities. Firstly, the regional model for
RS can add the agribusiness sector and become an open economy (interacting with other
states and countries). For households, other types of preferences can be modeled, as well as
the inclusion of government services in the utility function. For the government block, the
budget constraint can be expanded to include public employees” wages, as well as transfers
for households in the form of financial aid and pensions for retired workers. Another point
is to use Bayesian estimation and longer time series in quarterly frequency. It might be
challenging because most local government series are in annual frequency and the sample

period is short, but it is worth trying.
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GLOSSARY

Small Region: A region inside a greater region (e.g., a country inside a continent or a
state/prefecture (city) inside a country) which is geographically smaller and surely smaller
in economic terms as well, i.e. it does not significantly impact the country or continent
that it belongs to, but it is affected by its policies. Most smaller regions belong to this
definition; however, there are exceptions. For example, California State in the United
States, is a smaller region in relation to the country. Still, it might affect the national
economy, since it is the highest state GDP in the USA. Another example could be the
state of Sao Paulo, in Brazil. Since it is the wealthiest state of the Brazilian economy (in
terms of GDP), it might affect the national economy and be affected by it as well. This
concept differs slightly from the one of small open economies in macroeconomics. For that
academic subject, the small open economy is “small” in economic terms only, e.g. Brazil,
which is huge geographically (of continent proportions), but does not affect the world

economy due to its small representation among other countries’ wealth (in GDP terms).

DSGE Models: Dynamic macroeconomic models based on general equilibrium identities
(microeconomic foundations) which suffer stochastic or deterministic shocks that disturb
the equilibrium conditions of the endogenous variables and show the path back to their

original point!.

Regional DSGE Models: A DSGE model applied regionally. This means the model
describes a region inside a greater framework, usually a nation or continental economy. Even
if it is a closed economy, with no interaction with other regions, it is still influenced by a
central authority (divided into central government and a monetary authority), representing

the “bigger” region.

L Although this explanation is brief, it is necessary to differentiate it from a regional DSGE model. For

more information about the history of DSGE modelling, Plosser (1989), Christiano, Eichenbaum and
Trabandt (2018) and DAgostini and Dammski (2022) provide significant contextualization of this
methodology.
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APPENDIX A - LOG-LINEARIZED EQUATIONS OF KANSAI-RS DSGE MODEL

Euler equation for nondurable goods:

+C

ét = Etét—H — (ﬁgt — Etﬁg1> + 1+77_ (EtTtJrl AC) . (59)

First-order conditions for durable goods (land and fixed property):
A 1
Di=— [(1=6P) BEsfirs1 — ] .
t =1 B(1=0D) [(1=67) BE i1 — ful (60)

Private residential investment:

C D
™ T . N
Qo+ Cot a0+ 0P (10 = 12.) = 57 = i+ Bupusa + 807 (B2, 1P)
(61)
Law of Motion for durable:
Dy=(1-06) Dyy+0P1IP. (62)
Labor for non-durable goods:
c C_ pC e ~AWC ¢ AC_ A
(n—1) Ny —IN Wt - P — 1+TWCTt — 1+TCTt — 4. (63)
Labor for durable goods:
D _ /D _ pC 4 WP WD ¢ ~C_ A
( l) SS—ZN Wt _Pt —Qt—WTt _1—|—7'C7_t —Ct. (64)
Relation between non-durable and durable labor supply:
NE = NP 417 (0 — o) =17 g+ 171 (FVC = 2VP), (65)

where ¢ = WC — P, and @P = W, — P,. Therefore, they are in real terms (constant price level).

Tobin’s Q:

A

Qi=— (Rt —Eyftee1 +8 [RKEtétlil + (1 - 5K> EtQtHD ' (66)



Private inventory investment:

B V¢

RIS Ic o
1153 tt+1+1+5t1+ 5@:&

If =
Law of Motion for Private Stock of Capital:

K= (1-65) Ry +551F

Law of motion for relative price:

G =G+ —#f.
New Keynesian Phillips Curve (NKPC):

“C_ _CpAC CAC 1 .C
wy =GB +f i + KE@y — Keit,

1 D
e —’VFEtWt+1+’Yb P+ Kpep — Kbl
~C _ HC _ HC

7 =P~ —PF,

_ pD pD
=7 =P

Production function of a non-durable goods firm:

th = x‘itc +ak +aGf€Gt—1 +(1-a —QG)NtC'

Production function of a durable goods firm:
0 _ AD 4 NP,
Real marginal cost for non-durable:

¢¢ = (1—a—ag)wf +arl — AY —agKg.

Labor demand for non-durable:

A A K

Real marginal cost for durable:
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(69)

(70)

(74)

(75)
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Local Government budget constraint:

G* A IGL . L eps

TPIP D D 1D TWCwONC wc_ , C C
+(1—6c) (GL—l—IC?L) (o + B+ 17 —F)+(1—0w) <GL+IGL> (7"~ 4wy + Ny )+
TWDU)DND WD D D TR

(76)

Central Government budget constraint:

G¢ R 1G¢ . C ey
<GC+IGC> Gi+ <GC+]GC> 1G, =fc (M (7 + P{ +Cy = P+

L D, pD_ 1D TWOUINCN  we o e
+6c <G0+IGC> (i + P+ 1,7 —P)+ 60w ( GO 1aC ) ("% +wy + N7 )+
TWPwPNPN wp b D ¢ Cc ., _F s D _F
+ W<M> (7" 7 +w +N;7)+0F GOrI1GC (07 +7 ) +0F GO Ia° (¢ +7 )+

TR
—— | TR;.
+(GC+IGC) ¢

where 0 = 1, since all firms taxes are for central government, and ¢¢ and ¢P are the profits of

(77)

each sector’s firms in real terms, i.e. already divided by prices.

Taylor Rule (Monetary Policy - Central Government):

Rt = (1 —Pr— pr2) (QsﬂﬁtPOA + qbyﬁ) +,07'Rt71 +;07"2Rt72~ (78)

Market Clearing;:

. C ID R IC’ . GL R GC’ R IGL R IGC N
Vi=—Ci+—IP+—I°+—GL,+—-—GC GL IGC,. 79
thJrYtJrYtJrY t+Y t+Y t+Y t (79)
Aggregate prices:
Py = (1—y)PC +~PP. (80)
Inflation:
#POA =P, — P, (81)

Aggregate labor:

\ NC D ND vC
Ne=\ oo | Vot \ worwn | N (82)
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Non-Durable and Durable in total output:
Vi=(1-ay)V¢ +ayYL. (83)
Total working earnings of households, representing the sum of labor costs of the firms:
Wi = (N“wO)(NF +0f ) + (NPwP) (NP +@P). (84)

Mark IT - Inclusion of Public Stock of Capital and Hand-to-Mouth consumers (Non-

Ricardians)

Law of Motion of Public Stock of Capital:

-G G -G IGL rGL IGC rGC
Ky =Q-"Kl)+ el + g I (85)
Hand-to-Mouth Consumers (HTM) or “Non-Ricardians”:
ANR C_ nC e wcC D | D VP WD
Ct :NRl (u?t +Nt _1_7-VVC> Tt +NR2 (?f]t +Nt _1_7-VVD> Tt y (86)

’wCNC(lfTWC)
CNE(147C)

wDND(lfTWD)

where NRy = TONR(110)

and NR2 =

Aggregate Consumption:

Cr=1—¢)CF4+¢CNE, (87)
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APPENDIX B - TAYLOR RULE ESTIMATION FOR KANSAI-RS MODEL

Following Carvalho, Nechio and Tristao (2021) in order to estimate the coefficients of
Kansai-RS monetary policy rule via OLS Ordinary Least Squares (OLS), we present the results of
the autoregressive component (¢, ), the elasticity of interest rate to inflation (¢), and elasticity
of interest rate to output gap (¢,) below. Carvalho, Nechio and Tristao (2021) extensively
demonstrate that estimating a Taylor Rule using OLS is feasible with little or no loss of efficiency
or increase in bias. Following their procedure, which includes the equation and the data used
for estimation, we use the basic interest rate of Brazil, known as Selic rate (which corresponds
to the FED funds rate in the USA) and provided by the Central Bank of Brazil, the consumer
price index of Rio Grande do Sul (RS), represented by the prices of Porto Alegre metropolitan
region collected by IBGE (2023a), and a measure of output gap represented by a broad retail
sales volume in RS, also collected by IBGE (2024a). The Hodrick-Prescott (HP) filter is applied

to the retail sales volume series, resulting in a measure of output gap.

The data for the output gap and inflation are represented by their accumulated moving
averages over 12 months. The Selic rate is annualized. The coefficients estimated using monthly
or annual data showed virtually the same results for ¢, and ¢,. ¢, monthly estimation is ¢,

annual estimation raised to the power of twelve. The sample period ranges from 2006 to 2023.

The estimated equation is the following;:

Tt = d)rlrt—l + d)T‘ert—Q + ¢7r7Tt + ¢yy7fgap- (88>

To obtain the real parameter values, we back up the estimation results using the following

formulas:

L. ¢ = Gry + iy

2. = 1%
3. Gy = 1"

Using annual data, (57« is approximately 0.55 (¢, = 0.95 and ¢,, = —0.40), gb} is approximately

1.75 and (ﬁy is approximately 0.65. qﬁAﬂ is close to national estimated parameters, in line to the fact
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that RS inflation is about 97% positively correlated to Brazil inflation (Graph 23)!. Given that
it is reasonable that the Brazilian monetary authority prioritizes control over the output gap,
this might explain why RS and Brazilian Taylor Rule coefficients are close to each other. Also,
RS’s economy is strongly correlated with the national economy in terms of economic activity

(not just inflation).

Graph 22 illustrates the regression fit for monthly data. All coefficients (¢,,, ¢r,, Or,
¢y) are statistically significant at 1% or near it. Only ¢, slightly exceeds 0.05 (0.0642) (Table
21). Because Taylor Rule’s principle of ¢, is greater than one is upheld, and estimations using
nation-wide data closely align with those using RS data, alongside Okano et al. (2015, page 22),

the regional Taylor Rule for RS is justified.

Table 21 — Taylor Rule Estimation for RS - Coefficients Results with monthly data

Variable Coefficient Std.Error t-Statistic Prob.

Interest (t-1)  1.64983 0.054 30.27  0.0000
Interest (t-2) -0.665764  0.0537  -12.39  0.0000
Inflation 0.03 0.00786  3.773  0.002

Output Gap 0.01042 0.005598 1.861 0.0642

Source: Author’s own research

Table 22 — Taylor Rule Estimation for RS - Additional Information for monthly

S.E. of regression 0.002162 Mean dependent var  0.098580
Sum squared resid 0.000926  S.D. dependent var  0.033919

Log likelihood 960.2236  Akaike info criterion -9.411069
F-statistic 12377.91 Schwarz criterion -9.329463
Prob(F-statistic) 0.000000 Hannan-Quinn criter. -9.378055

Durbin-Watson Statistics 2.436657

Source: Author’s own research

I Since Kansai-RS DSGE model is in annual frequency, the monetary parameters were also estimated

with annual data. The results 0.55 for gZ;T, 1.75 for (,ZSAW and 0.65 for qu are from the annual estimation,
which are virtually the same of the quarterly estimation when converted from quarterly to annual
frequency.
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Figure 22 — Taylor Rule Estimation for RS - Actual, fitted and residual values for
monthly data
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Figure 23 — RS and Brazil’s inflation - Compounded 12 month rate of change
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ANNEX A - TIME SERIES OF THE KANSAI-RS MODEL

Figure 24 — RS Observed Time Series - 2010 to 2021 (in Natural Log)
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ANNEX B - UNOBSERVED TIME SERIES THE OF KANSAI-RS MODEL -
PRODUCTIVITY DECOMPOSED USING LABOR, CAPITAL AND OUTPUT
GROWTHS

Figure 25 — RS Productivity Series - 2011 to 2021 (in Natural Log)!
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Source: Author’s own research (2024)

1" Data for RS non-durable and durable employment comes from IBGE (2024b) and CBIC (2024), for
investment in stock of capital comes from FINBRA (2024) and IBGE (2023b) (private capital), and
for output growth of non-durable and durable sectors comes from DEE/RS (2022).
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