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Chapter 1

Introduction

The Mexican economy has shown persistent inflation since the Covid-19
crisis, with a crucial impact on the purchasing power of the population and
a reduction in output and employment, followed by a slow recovery that is
nowadays still away from the situation before the pandemic. Inflation is the
main variable remaining distant from the earliest value.

The food and the energy industries have been the industries with greater
negative effects from the sanitary crisis. Both industries are characterized
by highly concentrated markets where a couple of firms hoard most of sales
(COFECE (2021), COFECE; 2020, and González Santana et al. (2015)).
The prime source of this effects is the price increase in raw materials coming
from the global supply chains cuts and, to some degree, from the Russo-
Ukrainian War (BANXICO; 2022). We want to see how a positive cost-
push shock affects the Mexican economy, particularly the food and energy
industries (in order to account for the Covid-19 crisis), both industries char-
acterized by concentrated markets.

For our purposes, there are two key results from the theoretical frame-
work concerning imperfect markets that are essential to justify this study.
The first one is that the cost pass-through is greater the more market power
there is (Meyer and von Cramon-Taubadel; 2002), while the second one is
the markup counter cyclical behavior, meaning that the markup tends to in-
crease in times of lower economic activity (Chevalier and Scharfstein; 1996).
We build upon both results to formulate our hypothesis, where we suggest
that recent inflation in Mexico comes from a mixture of both price increases
in raw materials and the market power in the most affected industries.

Even if inflation initially increased due to external conditions (Esquivel
and Leal; 2022), the possibility of large cost pass-through in the affected
national industries and the markup behavior on crisis seem to be fundamen-
tal causes for the huge inflation increase in Mexico since most of the rise
in costs derived in a symmetrical increase in consumer prices, amplified by
price increases coming from firm’s lower expected markups and higher ex-
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4 CHAPTER 1. INTRODUCTION

pected inflation. We will test the hypothesis that greater inflation in Mexico
in the sanitary crisis is due to its impact on intermediate good industries
with concentrated markets.

In this study, we will use two variations of a DSGE model to analyze
recent inflation in Mexico and its fundamental sources, since we want to sim-
ulate the price increments from raw materials and the consequent increase in
national consumer prices. We will estimate two DSGE models that includes
a cost-push shock following an AR(1) stochastic process with zero mean
and constant variance, the first one with an implicit mark-up equation and
the second one with an explicit one. Market power will be modeled using
firms that produce differentiated goods and that are restricted by some price
stickiness when setting prices.

Our DSGE model consists of three sectors: households, firms and the
monetary authority (Central Bank). To test our particular hypothesis about
intermediate goods inflation we define a cost-push shock that simulates this
inflation, to account for the market power and its positive impact on in-
flation, we set a continuous index of firms producing differentiated goods
and facing some restrictions when setting their prices. In this case, we will
not incorporate an explicit equation or parameter concerning global supply
chains since we will model inflation shocks using the cost-push AR(1) shock
(following the methodology framework).

We first implement a model with implicit sticky prices where the index of
price stickiness has a positive impact on inflation and a negative impact on
the implicit natural output. Since an increase in price stickiness reduces the
natural level of output, it also decreases the markup gap (since the markup
is counter cyclical and a reduction in the natural level of output tends to
increase this markup, Zaleski; 1992), deriving in greater inflation.

In a second model, we define an explicit markup equation affected by
the capital participation, and which increases when the output gap does, as
Zaleski (1992) suggests. Price stickiness has the same impact on the New
Keynesian Phillips Curve as in the first model. With this second model we
plan to study the markup behavior during the Covid-19 crisis in Mexico and
some differences with respect to the first model emerging from the output
gap in this model.

For both models, we found that a cost-push shock has a negative effect
on output, with a greater response and length for the second model, which
is consistent with the Mexican data; in both models, we have an increase in
price level and inflation. For model one, we have an increase in the output
gap, and for model two, we have an increase in the markup. A key difference
from both models is that, while in the first model we have a reduction in
the interest rate after the cost-push shock with a subsequent increase and
stabilization of the interest rate above the original rate, in the second model
we see an initial increase on the interest rate followed by a reduction of the
interest rate bellow the original rate converging asymptotically to the rate
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before the shock.
The reminder of this work is organized as follows. Chapter 2 has a brief

introduction to current inflation in Mexico, as well as a study about market
concentration in the main industries affected by recent inflation; Chapter
3 follows the theoretical framework about imperfect markets and markups;
Chapter 4 summarizes some of the fundamental works and papers related
to DSGE models; Chapter 5 breaks down the model used (based on Gali
(2015)) with specific calibration for Mexico, all the mathematical derivation
was done by us; Chapter 6 illustrates the pseudo-code latter implemented in
Dynare; Chapter 7 shows the key results from applying the DSGE model for
the Mexican economy based on the Impulse Response Functions obtained;
Chapter 8 are the conclusions.



6 CHAPTER 1. INTRODUCTION



Chapter 2

Literature review

This work is related to New Keynesian Models applying some nominal rigidi-
ties such as Gali (2002), where they implement price rigidities for firms
producing differentiated goods. Inflation follows a New Keynesian Phillips
curve and this inflation will come from the impossibility from firms to set
prices every period, causing a gap between the output and the natural level
of output (defined as the output with flexible prices).

Some of the fundamental hypothesis from these type of models is that
they define a dynamic general equilibrium model where the equilibrium con-
ditions for the aggregate variables come from the individual optimization
behavior of the economy sectors and assuming clearing for every market.
Finally, these types of models put together Keynesian elements (such as
imperfect markets and nominal rigidities) with the Real Business Cycle
paradigm.

For the Gali (2002) model, some underlying hypothesis are that firms set
their prices taking into account expectations on the future cost and demand
conditions, so the inflation equation will also forward look and will be defined
with a New Keynesian Phillips Curve, Another assumptions are a perfectly
competitive labor market, a continuum of firms producing differentiated
goods and a monetary policy looking to maximize households utility. This
model focuses on a monetary shock given by an exogenous path fro the
growth rate of money supply and the corresponding responses from output,
inflation and the exchange rate.

The difference between this paper and our work is that while the author
considers monetary and technology shocks on models with different charac-
teristics such as sticky prices and different monetary policy rules, he does
it by theoretical analyzing each situation and without applying the model
to a particular economy. On the other side, we study cost shocks inside the
inflation equation to evaluate the impact of a change in the firm’s costs from
an increase in intermediate good prices and we apply a model with nominal
rigidities and imperfect competitions to the Mexican economy..
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8 CHAPTER 2. LITERATURE REVIEW

Another paper related to our work is Christiano et al. (2005), where
they set price and wage rigidities to account for observed inflation dynamics
and persistent effect on other variables from a monetary shock, such as the
output level. They seek to account for inertial inflation and persistence
output movements as a response to a monetary shock via nominal rigidities
in the economy. Some keys assumptions of the model are nominal price
and wage rigidities, adjustment costs in investment, and variable capital
utilization.

They size the effect of a monetary policy shock, departing from a policy
rule given as a function of the information available at the time, plus a
stochastic shock. In contrast to our model, they separate the producing
sector by setting perfectly competitive firms producing unique final goods
and monopolistic firms producing intermediate goods indexed by j ∈ (0, 1).
This model also includes capital so the production function also depends on
the capital stock and there is a capital formation equation, in contrast with
our model, were we omit capital to simplify the analysis.

A key contribution for nominal rigidities in dynamic models comes from
Calvo (1983). Most of the developments in models with nominal stickiness
are derived from the model specified in this paper. This model introduces
nominal rigidities by assuming that prices change probabilistically following
a geometric distribution and independent of the last price change from the
firm and independent across firms. In contrast with the model implemented
in this work, prices will be updated by firms taking into account the average
price and the excess demand (which depends on real monetary balances).
In our model, instead, firms will update prices taking into account current
and expected deviations on markups from the desired one (particularly, due
to changes in costs and expected inflation) and expected periods until the
next price update.

In Gali and Gertler (2000) they study inflation using a New Keynesian
Phillips curve (NKPC) where real marginal costs play a fundamental role
on inflation. They use marginal costs instead of output gap in the NKPC
because , they explain, it allows to show productivity gains on inflation, in
contrast to the output gap. Also, they introduce a ”cost-push” term in the
NKPC with the discounted expected future inflation. On the other hand,
they incorporate two different characteristics for firm prices: the first one is
some stickiness on prices in the style of Calvo (as have been introduced in
the previous mentioned papers), the other one is allowing some fraction of
firms to use a backward looking rule to set prices, this last parameter helps
to account for the degree the NKPC fits the data. The main results are that
real marginal costs is a better measure of inflation than the output gap and
that the degree of firms using a forward looking rule goes from 60% to 80%.

The latter model uses US quarterly data from 1960 to 1997. A key
difference from this model with respect to ours is that they define the NKPC
using marginal cost instead of output gap, and this inflation equation has a
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forward looking component as weel as a backward looking component, while
the NKPC defined in our model only has the forward looking component.

On the other hand, Smets and Wouters (2007) introduce several nominal
rigidities, combined with seven types of shocks in a DSGE model for the US
economy. There are demand and supply shocks, particularly, some rigidities
come from price and wage stickiness, which allow to have a bigger general
inflation. This model follows the classical DSGE model assumptions for the
households, but there is some monopolistic power in the labor market. They
introduce capital adjustment costs and a differentiated good market for the
products in the economy. in this model, the price adjustment equation
depends on current and future marginal costs, as well as the past inflation
path, and the wage equation depends on the past and the future inflation
and wages.

For the shocks introduced in the model, three of them come from a
cost-push shock; two of those shocks are markup shock on goods and wages
and the other one is a shock in the risk premium on capital. In contrast
to this article, we use a forward looking price adjustment equation with
no backward component, we omit capital, and we set perfectly competitive
labor market with no rigidities, as we have the objective of showing the
particular effect of marker power and a cost-push shock on inflation.

Andic et al. (2014) also study inflation dynamic for the Turkish economy.
They focus on the role of costs in the consumer price index. In contrast to
our model, they separate real marginal costs into domestic and foreign costs
and focus on the first ones. With respect to the real marginal cost, they
use the output gap as an approximate measure of it and they show that
the output gap better fits the Turkish domestic marginal cost. Using this
perspective, they are able to separate the impact from a foreign or domestic
cost increase.

The last model uses an hybrid NKPC, meaning that the inflation equa-
tion has a forward looking component, as well as a backward looking com-
ponent. Another interesting variation from our model is that the marginal
costs in the NKPC add import prices and lagged import prices since it takes
some quarters for the exchange rate pass-through to the CPI.

With respect to the Mexican case, Ramos-Francia and Torres (2008)
estimate the short-run inflation dynamics for the country with an hybrid
NKPC. With this approach, they found that the more backward looking
firms there are, the inflation persistence is higher so, as inflation falls, there
are less firms using a backward looking criteria to set prices and more firms
focusing on the forward looking component. Unlike our model, the authors
use a structural econometric approach to estimating the hybrid NKPC pa-
rameters and they focus on the study of this equation while we integrate the
NKPC to a DSGE model for the Mexican economy.

While most of the literature related to our work use a hybrid NKPC,
we will use a NKPC without the backward-looking component. Some of
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these models incorporate the exchange rate to study an open economy, and
we do not integrate it since our NKPC uses the output gap instead of the
marginal cost (the exchange rate is a component of this costs). on the other
hand, unlike other models, we stick to a model that incorporates firms that
produce differentiated goods for simplicity.



Chapter 3

The stylized facts on inflation
and market power in Mexico

This work aims to develop a model able to explain recent inflation in Mex-
ico and the transmission mechanism. For doing so, we first consider which
factors or products have impacted to the greatest extended recent inflation
in the country; as a second duty, we study the market structure in these
particular products to define more realistic assumptions in our model. Fi-
nally, with the former research, we will simulate the impact of these product
prices on inflation with a DSGE model characterizing the phenomenon for
Mexico. In this section, we will characterize sectors and products influenc-
ing recent inflation so we can later define the particular market structure of
these sectors or products.

Since march 2021, there has been an inflation increase in Mexico. At the
beginning, the source of inflation was, on the one side, a rise in energetic
prices due , initially, to the recovery from the lock down at the beginning
of 2021 and, latter, to the Russian invasion later at 2022, on the other side,
the cut of global supply chains due to the shut down of many firms because
of the pandemic Celasun et al. (2022).
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Figure 3.1: Source: Celasun et al. (2022)

Later, there has been a change in inflation source from energetic to
merchandise (Index integrated by processed foods, beverages, tobacco and
other merchandise) as can be shown in the next chart from Instituto Nacional
de Estadistica y Geografia (INEGI).

Figure 3.2: Source: Instituto Nacional de Estadistica y Geografia (INEGI),
consulted on the web page: https://www.inegi.org.mx. Information cal-
culated and published by INEGI from July 15, 2011, in accordance with
articles 59, section III, First and Eleventh Transitory of the Law of the Na-
tional Statistical and Geographic Information System (LSNIEG).
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The change of inflation source from the energetic sector to the merchan-
dise sector can be associated with a recent stabilization of energetic prices
(particularly petrol for the Mexican case) joint with an increase in core in-
flation variation as a consequence of the service demand recovery and the
continuous increase in merchandise prices. The increase and stabilization of
both the energy sector and services can be associated with a phenomenon
called the trend reversal (Bernoth and Gokhan; 2021), which refers to the
recovery on some product prices to their trending levels, attributed to the
reboot from some reduction in demand and prices of different products gen-
erated by the pandemic restrictions.

We apply Pearson’s correlation coefficients between energetic price per-
cent change over previous period (PNRG) and all commodity price percent
change over previous period (PALLFNF) and between food and beverage
price percent change over previous period (PFANDB) and all commodity
price percent change over previous period using quarterly data from the
World Economic Outlook publication of the International Monetary Fund
(IMF) from 2020Q1 to Q1 2023Q1 world data to show how these sectors
separately influence general inflation on this period of time.

Figure 3.3: Data from International Monetary Fund (IMF), consulted on the
web page: https://www.imf.org/en/Research/commodity-prices on April
17, 2023
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Figure 3.4: Data from International Monetary Fund (IMF), consulted on the
web page: https://www.imf.org/en/Research/commodity-prices on April
17, 2023

We apply the Pearson correlation coefficient for both pairs and we found
that the correlation coefficient between PALLFNF and PNRG is 0.9610801427404376,
with a p-value of 1.7400789692967406e-07, while the Pearson correlation co-
efficient between PALLFNF and PFANDB is 0.5632882771672514 with a
p-value of 0.04500910088926913.

The Pearson’s correlation for both energy prices (PNRG) and inflation
(PALLFNF) and food and beverage (PFANDB) and inflation shows a strong
positive correlation and statistically significant relationship between the two
variables for each correlation.

Inflation can be separated into core and non-core inflation. Core in-
flation is made from all the products considered in the National Consumer
Price Index, excluding those that vary with factors different from the market
conditions, like external conditions or supply shocks, while non-core infla-
tion measures the inflation from the products excluded in the core inflation.
Energetic sector is measured by the non-core inflation, while merchandise
and services are associated with the core inflation.
With this in mind, we can measure the particular effect of energetics and
merchandise on inflation in order to characterize the roots of this phe-
nomenon in Mexico. We show the participation of core and non-core in-
flation on the consumer price index (CPI) with a simple linear regression to
look for energetic and merchandise specific contribution on consumer price
index and we conclude that core inflation contributes with 75% of consumer
inflation, while non-core inflation contributes with 25% of consumer infla-
tion.
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Figure 3.5: Source: Prepared by the author on the basis of data supplied by
Nacional de Estadistica y Geografia (INEGI), consulted on the web page:
https://www.inegi.org.mx. Information calculated and published by INEGI
from March 2020

With respect to the core inflation (services and merchandise), the par-
ticular behavior of services inflation has made us choose to focus on mer-
chandise, leaving services aside. This is because, while merchandise have
continuously increased it prices since the beginning of the pandemic (due to
a change in consumption preferences and the cut of global supply chains),
we have seen an initial decrease in service prices followed by an increase in
service prices (in response to a demand recovery) and, lastly, a partial sta-
bilization of services prices. The decrease in service prices can be explained
by the consumption changes in the pandemic, since demand on services
(particularly those with direct contact) fell at the beginning (Esquivel and
Leal; 2022). If we want to focus on the effect of core inflation price increase
on headline inflation, we have to leave services aside due to its particular
behavior in the period of time evaluated.

Although production is know increasing with the recovery from the pan-
demic, it seems to be the case that producers are still not able to meet the
demand requirements (primarily as a consequence of supply delays and ma-
terial shortages), so this supply shock continues to contribute to inflation in
the world (Bernoth and Gokhan; 2021). The former affects Mexican prices
through the intermediate goods imported by firms to make their production.

In accordance to Esquivel and Leal (2022), the increase in merchandise
prices associated with raw material external price shocks in the food industry
has contributed to Mexican inflation with 67%, while the contribution to
inflation from input supply shocks has been 16%. Inside the food industry,
the sectors that have contributed the most are the corn tortilla, the edible
oil industry, small food businesses, the soda and beverage industry and the
milk industry.
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According to Hellegers (2022), the cereal and edible oil global indus-
tries have been two of the most affected sectors with to Russian invasion to
Ukraine, because both countries are among the largest producers in these
sectors. This could be one of the external shocks affecting oil and corn tor-
tilla prices. On the other hand, Russian invasion has give rise to an increase
in the energy sector prices, affecting food industry and livestock industry
input prices, inducing price increases for the entire agro-industry.

With this preliminary overview of inflation and its sources in Mexico, we
want to test the assumption in the DSGE model concerning market concen-
tration in the agro-industry and the energetic sector so we can describe how
the increase in firms costs in this sectors have been passed to the consumers,
in order to evaluate the contribution of raw material (including energetic)
on inflation with a model that incorporates oligopolistic markets, following
the market structure in the Mexican industry. The study of market concen-
tration in Mexico will focus on those industries mainly affected by inflation
following the Covid-19 crisis.

Globally, in the last decades there has been a continuous industrialization
of the agriculture and an expansion of agro-industrial complexes, in view of
the economies of scale present in that particular sector. Vázquez (2015)

Following Ibarra (2016), this tendency is consistent with the agro-industrial
national sector for 2016. He divides this industry in 7 sectors (as in Urzúa
(2009)): corn tortillas, processed meat, chicken and egg, milk, soda and
beverages, beer and medicine; we are going to focus on the first 6 of them.

For the first sector, corn tortillas, we can split it into corn flour and nixta-
mal dough, with 36% and 64% of production respectively. Grupo Industrial
Maseca (GIMSA), from Grupo Maseca (GRUMA), has a 70% market share
in the corn flour side, while Minsa has 24% of market share. With respect
to the nixtamal dough, we can see a market with over 80000 small firms, so
no oligopoly is present.

Processed meat sector can be split into beef and pork. The first one
has 3 big firms, SuKarne (from Grupo Viz), Grupo Gusi and Praderas
Huasteca, with 16%, 6% and 5% of market share, respectively. The sec-
ond one has 5 big firms, Gruupo Porcicola Mexicano, Grupo Kowi, Norson,
Sonora Agropecuaria and Grupo Bafar, with 10%, 8%, 7%, 6% and 5% of
market share, respectively. The rest of the market is divided with atomistic
firms.

The chicken and egg sector can be divided as well in two sectors: chicken
and egg. The chicken sector is dominated by 3 big firms: Bachoco, Prim’s
Pride and Tyson, with 38%, 14% and 12% of market share, respectively,
the rest of the market is divided by 29 medium size firms and 150 small
firms. For de egg market we have 4 big firms, Proan, Industrias Bachoco,
El Calvario and Empresas Guadalupe, with 13%, 8%, 6% and 5% of market
share, respectively, the rest are 37 medium size firms and 150 small firms.

For the milk sector we have 4 big firms, Lala, Alpura, Nestle and Santa
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Clara (owned by Coca-cola), with a market share of 34%, 22%, 9% and 3%,
respectively. The rest of the market is divided in a lot of small firms.

The soda and beverage sector con be separated into soda, juice and
bottled water. We have a dominant big firm in the soda sector, Coca-cola,
with 68% of market share, and the rest is divided by other 6 medium size
firms. The juice sector is shaped by 3 big firms, Jugos del Valle, Grupo
Jumex and Grupo Industrial Lala, with 29%, 27% and 16% of market share
respectively, and the rest of the market is shared by 5 medium size firms.
For the bottled water we have 4 big brands, Danone, Coca-cola, Pepsi and
Nestle with 38%, 26%, 18% and 5% of market share each one, the rest of
the market is hared by more than 8000 small brands.

At last, we have the beer sector, dominated by a duopoly with Anheuser
Busch InBev and Heineken, with 52% and 34% of market share each one.

Taking into account the participation of different food industry products
to inflation in Mexico (Esquivel and Leal; 2022), we still need to study the
case of the oil industry in the country. Even though this industry has an
important participation of total production in the agro-industry it has to
import 95% of seeds and a large percentage of crude oils used in production.

For the energy sector, we have that Russian energy exports was around
11% of global exports for 2020. In the case of Mexico, this is the fourteenth
country with the most energy imports worldwide, covering about 2% of
global imports; Mexico consumes more energy than it produces, even if this
tendency has decreased because of the pandemic, it is still a considerable
amount SENER (2020). For 2020, crude oil represented more than 56% of
total energy production, with 96.76% of national crude oil production from
Petroleos Mexicanos (PEMEX), followed by natural gas production with
25.67%.

The trade balance with respect to the energy sector is negative, where
the largest surplus contribution is from crude oil and the largest deficit
contributor is from gas and gasoline. We have that, for 2020, 45.59% of
total national energy was from imports, with the main representative of
these imports being the USA.(SENER; 2020)

Incorporating the market structure for the agro-industry, we can confirm
that there are oligopolistic markets in the sectors pushing recent inflation in
Mexico. With respect to the energy sector, the previous analysis let us con-
firm that we have a significant share of imports in total national consump-
tion, but also, most of national production is made by a few firms managed
by the state. Whit this in mind, we are going to test our hypothesis with
a DSGE model that assumes oligopolistic markets on intermediate goods to
analyze the contribution of these sector prices on inflation in Mexico.
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Chapter 4

Theoretical framework

4.1 Inflation and market concentration

Literature has described market power as the capacity of firms to set prices
above marginal costs (Syverson; 2019). Following Structure-Conduct- Per-
formance theory, market structure conditions firm’s decisions on a specific
market, where market structure consists on market characteristics such as
market concentration, product differentiation, barriers to entry and the rate
of market demand (Boru and Kuhil; 2018). All these factors determine the
level of competition in a market.

The market concentration is related to the number of firms in an in-
dustry, the fewer firms there are the closest the market is to a monopoly
and market concentration is greater. In the case of raw materials in Mex-
ico, we have showed that these markets are characterized by a high market
concentration.

Product differentiation can lead to market power following different frame-
works. If we consider a Bertrand oligopoly where firms set their own prices,
products are homogeneous and there is a single marginal cost, firms have no
market power and there is an unique Nash equilibrium equal to the marginal
cost, but if we introduce product differentiation we reduce the rate of com-
petition and increase prices above marginal cost.

The economic intuition about the product differentiation leading to mar-
ket power has been explained by Anderson et al. (1992) who considers that
consumers are wiling to pay more to product variants that are closest to
their tastes and this premium yields to market power for each firm.

Another aspect that determines market power is the residual demand
curve and it incorporate the elasticity and cross-elasticity of demand, which
depends on the substitutability of a product and the product differentiation
in the supply side and on consumer preferences in the demand side. (Massey;
2000)

Scheffman and Spiller (1987) estimated the residual demand curve with
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a cost-push shock. The more a cost-push shock is passed through prices,
the more the demand is inelastic and there is market power, the less a
cost-push shock affects prices, the more elastic the demand is and the less
market power a firm has. Massey (2000) accounts that market power can
be determined with the slope of the residual demand curve, the steeper it is
the greatest the market power of a firm.

When we mix inflation and market power we can think of the New Key-
nesian Phillips Curve developed by Gali and Gertler (2000). While the
traditional Phillips Curve focuses on inflation dynamics based on backward
looking agents were inflation depends on lagged values of itself, the New
Keynesian Phillips Curve states that inflation is a forward looking phenom-
ena consequence of some nominal stickiness (Roeger and Herz; 2012).

In Gali and Gertler (2000) New Keynesian Phillips Curve we have nom-
inal stickiness via each firm adjusts its price at period t (p∗t ) with some
probability 1 − θ and keeps the last price with probability θ, so the aggre-
gate price level is given by

pt = θpt−1 + (1− θ)p∗t . (4.1)

Each firm will adjust its price considering expectations on future marginal
cost (mc) path and the probability θ of the price remaining the same for
multiple periods, all affected by a discount factor β, so it follows

p∗t = (1− βθ)

∞∑
k=0

(βθ)kEt

{
mcnt+k

}
. (4.2)

Since firms in this model set their prices according to some markup price
from marginal cost, they have to consider expected future marginal cost to
set a price at period t. Combining (2.1) and (2.2) and letting πt = pt − pt−1
be the inflation rate at period t we get the following inflation equation

πt = λmct + βEt {πt+1} (4.3)

where λ = (1−θ)(1−βθ)
θ depends on the probability of changing the price

and the discount factor.
The previous model allows us to have a first approximation to incorpo-

rating market power in the inflation equation, stating that inflation depends
on market power via the expected marginal cost path a firm has when setting
its price for an uncertain number of periods.

4.2 Demand-pull and Cost-push inflation

When considering inflation itself, we have two canonical representations of
the inflation causes: demand-pull and cost-push inflation, and each has
different theoretical frameworks. The first one states that monetary policy
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is active on determining the inflation rate of the economy, driven by an
increase in money demand or by a demand shock. The later states that
inflation is due to market power, which makes possible to transfer costs
shocks to prices, so monetary policy just increase money supply according
to these price changes and it is passive on determining inflation. (Barth and
Bennett; 1975)

The demand-pull inflation was conceived by neoclassical economists, this
model assumes that real variables are independent from level prices, so if
we have a doubling in all prices, we can keep relative prices and real vari-
ables levels if we double money. The main problem of neoclassical view of
demand-pull inflation is that it is not able to explain price rises when we have
unemployment or under capacity production, since wages and prices should
not increase in this situations following their assumptions. Samuelson and
Solow (1960)

Later, Keynes came back with demand-pull inflation but using different
assumptions than the neoclassical theory. In the limit case, prices and wages
had downward inflexibility, so any change in money spent will be translated
into changes in the real variables. This point of view has some similarities
with the neoclassical model, but it uses the total money spent instead of the
stock of money. As well as the neoclassical model, keynesian demand-pull in-
flation is not able to explain price rises in scenarios with unemployment and
under capacity production, so we need to extend the demand-pull inflation
to study more general cases and market structures.

For the cost-push inflation, we focus on imperfect competition as the ba-
sis for the explanation. A first insight on this matter is that, given oligopolis-
tic sellers or some other non-competitive market structure with more than
one producer, they rise prices as an attempt to capture a bigger national
income share, giving rise to ”seller’s inflation”. Another explanation for the
cost-push is the demand-shift theory of inflation, which states that we may
have a sector with strong demand, which makes prices rise, and other sector
without a strong demand but, with it’s market power, it can imitate in some
degree the price-wage trajectory from the strong demand sector, giving rise
to a general price increase.

Gardiner Means is considered the father of ”administered prices” since
the 1930s when he described these prices as those established by some pro-
ducer and kept for a number of periods unchanged, contrary to ”market
prices” that depend on supply and demand forces in the market. He recog-
nized that ”administered prices” in concentrated industries should be mon-
itored since the greater the market concentration the less restrictions on
pricing discretion and the greater possibility to abuse from this discretion.
(Auerbach; 1962)

In a market power environment, following ”administered price” theory,
firms will pursue a target rate of return instead of a profit maximizing
price. As demand becomes more inelastic, firms will adopt greater cost pass-
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through strategies when setting prices and this amplifies inflation. With this
scenario, if there is a cost shock, it will full pass to consumers and inflation
will increase (Zaleski; 1992).

Pricing controls involve some degree of planning from the producers or
any economic agent setting the price, the way decisions are modeled corre-
sponds to the formulation of expectations by the agents.

4.3 Rational and adaptive expectations

Literature concerning how agents formulate their expectations focus on two
types of models: full-information rational expectations (FIRE) and mod-
els regarding constraints on agents capability to acquire information Kose
et al. (2019). The first type of expectations was adopted by Lucas (1976)
and has been used as a main assumption on most macroeconomic theory.
The rational expectations assumption has the property concerning that the
expected value of the agents is the same as the conditional expected value
in the model used by the researcher, so it is consistent with the model; the
agents know the construction and solution of the model Milani (2012). Ra-
tional expectations has been typically used in New Keynesian models, but
there are critics on it’s closeness to reality and they have not been able to
model some phenomena, like sustained inflation.

For the models with constraints on information obtained by agents, there
are mainly two types: those models considering sticky-information and those
using noisy-information or inattention models.

The sticky-information models assume that agents have costly informa-
tion, so they update forecast slowly, while the noisy-information and inat-
tention models suppose agents continuously update their forecast but the
information received is noisy of they do not pay attention to all signals.

If we combine rational agents with agents that have information con-
straints, we get the hybrid New Keynesian Phillips curve. Models using
both rational and adaptive expectations are empirically justified because, as
there are normally three ways to measure expected inflation (market-implied
measure, professional forecaster’s measure and consumer survey measure) it
has been shown that surveys to professional economic forecasters from the
private sector tend to better capture the true expected value of these type
of agents and they normally incorporate broader economic conditions than
other type of agents, so we can model these expectations using rational
expectations, while for the expected inflation of typical consumers we can
model them using adaptive expectations. Adeney et al. (2017)

We only have one way of modeling rational expectations while there are
a lot of ways to restrict the rational expectation model to get a more real-
istic expectation formulation of agents. When we try to conciliate reality
with agent’s beliefs, using empirical evidence, we get the adaptative expec-
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tations model where agents do not have full information so they base their
forecast on some parameters that get updated every time agents have new
information See (Özden; 2021). This models allows for some deviations from
the rational expectation model while keeping agents formulations close to
reality.

Adaptative expectations models first focused on agents having the cor-
rect model specification but without knowing the magnitudes involved in the
model, but they have recently evolved to allow for misspecification models
where agents use some learning rule to update the model parameters. Dif-
ferent algorithms have been used for the learning rule, with AR(1) being
one of the most used.

4.4 Imperfect competition and price setting

Regarding the behavior of the agents, we need to consider producer’s choice
model. Since we are concerned about the particular case of market power
in Mexico, we are going to present some important characteristics about
oligopolies and the way prices are chosen in this kind of models.

Rotemberg and Saloner (1984) show that prices in a concentrated market
tend to be counter cyclical, since a large shock in demand makes the profits
from cheating on the commitment made by all the firms in the oligopoly
greater than the punishment received from cheating. Since producers will
not higher their prices at times with more demand because they would lose
a lot of sales, they will compete by lowering their prices, this means that
there will be price wars at times of high demand. Thus, if there is a big
commitment to agreed prices or if there are price adjustment costs, it is more
likely to cheat on the agreement if the demand shock is large. The oligopoly
theory proposed by Rotemberg and Saloner suggests that distortions in the
economy are bigger in recessions than in booms, so it is desirable to have a
high output equilibrium.

On the other hand, Afrouzi Khosroshahi (2018) introduce a dynamic
general equilibrium model with oligopolistic sectors, pointing out that this
type of markets implies bigger monetary impact on real variables compared
to the monopolistic competition model or to the perfect competition model.
Oligopolies tend to have less information about external shocks because,
the more concentrated the market is, the less the firms spend on acquiring
information of the market conditions and the more they base their prices to
changes in the rest of the firm’s prices. Since more concentrated markets
have less information about market conditions, oligopoly firms will react
less and more persistent to external shocks, making monetary shocks impact
greater and larger in time.

Markups in monopolistic competition depends on consumers elasticity of
subtitution and it is constant, so any change in market concentration or the
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producers behavior impact these markups and, ultimately, monetary policy.
Monopolistic competition and CES preferences imply constant markups,
incomplete cost pass-through and no strategic complementarities (a change
in competitors prices leads to a change on a firm own price). (Wang and
Werning; 2022)

Moreover, contrary to monopolistic competition with constant elasticity
of substitution, markup is not constant in oligopolies and depends on relative
prices from the rest of the firms in the particular industry. The level of
optimal markups increase with larger market share from each firm, and
converges to the monopolistic competitive markup as the firm’s share goes
to zero. (Afrouzi Khosroshahi; 2018)

Finally, the later model shows that large strategic complementarities
(which are positively correlated with the market concentration of a given
industry) implies that prices for a particular firm will dependent more on
the rest of the firm’s prices than on aggregate demand; at the end, inflation
in this model is driven from expectations on prices from competitors and not
from changes in aggregate demand. The higher the strategic complemen-
tarities, there will be bigger markups and it will give rise to greater output
responses to monetary shocks. (Wang and Werning; 2022)

Amiti et al. (2019) develop a theoretical framework and create an em-
pirical approach to calculate how strategic complementarities around firms
impact markups and cost pass-through. While the monopolistic competi-
tion model considers constant markups and a 100% cost pass-through, the
results from Amiti et al. (2019) show that strategic complementarities have
a positive impact on price change and cost pass-through is less than 100%.

Despite results from the later paper show this behavior, the authors
found heterogeneity around firm responses based on their size. Small firms
have no strategic complementarities and have a 100% cost pass-through (so
they can be modeled using monopolistic competition), while large firms ex-
hibit strong strategic complementarities and incomplete cost pass-through.
When there is a cost shock, since small firms have a minor markup, they
can only reduce it to some point so they appeal to a cost pass-through in
order to offset the cost shock, while large firms have higher markups they
can adjust to maintain their market share (markup elasticity is increasing
as the market share is bigger). (Amiti et al.; 2019)

The advantage of using monopolistic competition models is that we
can model imperfect competitive markets with a framework easier than
oligopolistic competition and taking into account general equilibrium. (Par-
enti et al.; 2017)



Chapter 5

Methodology framework

5.1 RBC and MBC models

The first step for constructing our model is to study the fundamental model
that tried to use dynamic stochastic general equilibrium (DSGE) models to
evaluate the impact some specific shock in different macroeconomic variables
by establishing a micro-founded model for different sectors in the economy.
We will begin with a Standard Real Business Cycle (RBC) model, which
follows the basic assumptions of a neoclassical framework and exacerbates
the role played by a productivity shock on the economy with no role for
monetary fluctuations on real variables. We have two fundamental models,
the classical RBC model with high substitution, and the monetary one,
which adds a Taylor rule and a Phillips curve to the RBC model (Nakamura;
2009).

Real business cycle models link the classical growth theory with business
cycles to generate a model capable of simulating responses on macroeco-
nomic variables due to some economic shock (usually they emphasize the
productivity shocks). The outstanding feature about the RBC models is
that they can approximate the fluctuations on official data given by differ-
ent events very precisely, so they are able to evaluate a multi-dimensional
problem by just locking a particular variation. Also, the microfundamenta-
tion of these type of models allows to use different sources that examine the
behavior of individual agents when justifying the quantitative definition of
the model.

Moreover, the parameters in these models refer to concepts in economic
literature (such as labor participation or depreciation) so we can rely on em-
pirical knowledge to evaluate the result or calibrate the model, and not only
adjust the parameters to have statistical fit. (Rotemberg and Woodford;
1997).

After this first look of the classical RBC model, we will introduce Mon-
etary Business Cycles (MBC) to establish a central bank in our model,
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based on Rotemberg and Woodford (1997). The approach of MBC mod-
els have been applied mainly for evaluating monetary policy and its impact
on macroeconomic variables, by using an utility-based measure of the dead
weight loss, instead of defining a loss function to measure this.

Then, we focus on a combined expectations model, that establishes differ-
ent types of households with distinct expectations respectively. This model
was motivated by the 2007 crisis, as standard DSGE models were not able to
reproduce this phenomenon without the implementation of arbitrary enor-
mous preference shocks, and their performance on reproducing the crisis has
been very satisfying.

The final goal is to use the latter model to construct a framework with
a law of motion for inflation as a random walk plus some noise, like in the
case of shocks implemented in the adaptive expectations model explained in
the last part of this section.

5.1.1 Standard RBC

RBC models where first introduced by Kydland and Prescott (1982) in or-
der to integrate business cycles with the equilibrium growth model. They
take the household’s consumption problem in the same way as conventional
growth theory, which takes a representative infinity-lived household, but also
aggregates inter temporal substitutability between past and future leisure.
On the other hand, the production function assumes constant returns to
scale and this function will be affected by some production shock, also it
is required some constant period to build capital. Investment is split into
investment on projects and inventories; elasticity of substitution between
capital and inventory is less than one. Capital in the model reflects all tan-
gible goods, including housing. Consumption does not consider purchases of
durable goods but income includes services from consumer’s stock of them.
In addition, different types of capital have different periods of construction.

Classical RBC literature select productivity shocks to evaluate fluctua-
tions and responses on the economy due to their capacity to simulate empir-
ical responses on almost every industrialized country. They were preferred
to monetary shocks because it was a common belief that monetary shocks
have minimal or no effect on real variables. The issue with a standard pro-
ductivity shock and production function is that they require a large shock to
simulate actual responses of the variables in the data. To simulate this large
responses on the economy, RBC models make use of high subtitutability in
production factors via two assumptions: labor supply is highly responsive to
changes in wages, and the capital services are highly responsive to changes
in hours of labor, hence, when calibrating the model, the parameters repre-
senting both phenomena are going to be close to 1. (See King and Rebelo;
2000)

The microfundamentation of the consumption function on this model
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says that leisure is used in household production. They will allocate leisure
on projects with the greatest returns per unit time, thus, when they have
allocated in past more hours in household projects, they will allocate less
hours to projects with less returns per unit time, so the marginal utility of
leisure will be smaller. There will be a variable that reflects past leisure
choices effects on current and future preferences (Kydland and Prescott;
1982).

Stating the information structure of the model, there will be a produc-
tivity shock with different persistence components affecting the production
function and it reflects the fact that nobody has a precise measure of the
productivity at period t, but at the beginning of the period, consumers have
some noisy measure of it, so investment and consumption will be chosen tak-
ing into account this measure. The noise could represent some lack of full
information in the model. Decisions on labor and investment will be made
without knowing the precise productivity, just taking into consideration past
realizations on this variable, while decisions on inventories will be made later
in that period, when firms can estimate productivity by observing output
and inputs.

Finally, authors calculate the steady state for the model (no shocks
added) and they approximate the problem by a quadratic function in the
neighborhood of the steady state. The model has average good adjustment
with US data, but inaccurate reflects dynamics in hours of labor; authors
suggest that this dynamics in hours worked (that does not have relation
with changes in output) might be due to heterogeneity in labor force and on
the way productivity shocks are introduced in the model. The influence of
past leisure on current consumption makes possible intertemporal substitu-
tion of leisure, which helps making consistent the observation of employment
fluctuating substantially more than productivity. (Kydland and Prescott;
1982).

The general assumptions of the classical Kyndland and Prescott model
are:

a) Perfect competition.

b) Fully flexible prices.

c) The role of money is just to serve as a unit of account.

d) Households are firm’s owners.

e) Produced goods are only consumed (they do not serve as investments,
government purchases or net exports); hence Yt = Ct.

f) Money does not affect real variables like output, consumption or real
wage, but inflation and nominal interest rate are affected by money.
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g) Output and real wage are positively affected by a productivity shock.

h) Employment will be affected positively or negatively depending on the
curvature of the utility of consumption, the substitution effect of labor
supply due to an increase in the real wage can dominate over the reduc-
tion in marginal utility of consumption, depending on the later factor.

They model the infinite life representative household maximizing prob-
lem with an utility function where there will be decisions on time t of con-
sumption and labor, and this function will be affected by a preference shock
which summarizes the effect of past elections of leisure and labor on current
and future preferences, so an increase in the shock increases the marginal
utility of consumption. Also, there is a discount factor meaning that deci-
sions today get less affected by future elections the farthest you are in time.
Consumption has a positive effect on utility, but the effect is decelerating,
while hours of labor have a negative effect on consumption and are non
increasing.

The household obtains income from labor and dividends from firms
(households are the owners) and they spend their income in the unique
consumption good and in a one-period risk-less bond paying a monetary
unit at the next period, this means that households only save for future
consumption in the form of bonds. In this particular model, the only trad-
able asset are these bonds, and the clearing condition for markets tells us
that there is no asset trade in equilibrium. Finally, we add the transversality
condition, otherwise, we could have a time t where it is possible to consume
more and increase utility without giving up to future consumption.

In the case of firms, we have a large number of identical firms with a
Cobb-Douglas production function with labor as the only input, so we have
positive but diminishing returns to scale on labor. Additionally, the state of
technology will behave as an AR(1) process, so we will have the productivity
shock there. These firms will maximize their profits according to the income
from sales (which is equal to consumption, due to the assumption Yt = Ct)
minus the payment on labor.

Since we do not have any equation about prices or any monetary policy,
money in this type of models is neutral in the sense that in is considered an
intermediate good that rises or fall depending on the output level and have
no effect on the economy. This is a very simple model and can be extended
to add other aspects of the economy, as the monetary policy rule, and a
price equation, which is fundamental for our duty given that we try to use
this type of models to evaluate the impact of a shock in raw material prices
on inflation. Next section explores an extension of this model to include a
monetary sector.
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5.1.2 MBC

The motivation of this type of models is the introduction of explicit mone-
tary influence on the economy, as well as the inclusion of an inflation-target
equation and some monetary variables to the standard RBC model, by pre-
senting a bank sector, the monetary rule that it follows and some other
equations that reflects the effect of monetary variables in the economy. One
significant difference between this model and the RBC one is that prices have
no longer free adjustment costs. This is made by introducing a stochastic
equation to the price adjustment of the firm where they can change the prices
only when this stochastic moment arises, otherwise, they have to keep prices
constant. We follow Ireland (2004) to represent the general idea of a MBC
model in this section.

To see how money aggregates can affect real variables, we will split pro-
duced goods in two sections; the first one is a group of intermediate goods,
where firms producing these type of goods behave as monopolistic competi-
tors facing a price adjustment cost, while the second group of goods is of
final goods, where we have a large number of firms in a competitive market.
Furthermore, we have a household sector with a representative household
and a monetary authority.

First we have to establish the monetary rule followed by the central bank,
in this case we followed Taylor (1993) to achieve our goal. The rule will be
defined as a reaction function that sets interest rate levels based on past and
present output and inflation. One of the most important contributions of
this model is the insertion of a shock in the monetary policy, the monetary
shock, to estimate the reaction on macroeconomic variables due to changes
in monetary policy. Money and nominal fluctuations are no longer neutral to
output and real wages, instead, they can affect the real economy at different
levels.

The monetary rule is described as follows:

rt = r∗ +

nr∑
k=1

µk (rt−k − r∗) +

nπ∑
k=0

ϕk (πt−k − π∗) +

ny∑
k=0

θkyt−k + ϵt

where rt and πt are the central bank interest rate at period t and the inflation
rate between period t− 1 and t, respectively; yt is the deviation of product
from its trend at t; r∗ and π∗ are long run target values for the interest rate
and the inflation, respectively; ϵt is the monetary stochastic shock, it follows
an AR(1) process. µk, ϕk, θk are parameters describing specific preferences
of the monetary rule.

A first implication on output and inflation is that interest rate on period
t does not affect output or inflation at period t, this can be due to lack
of information that agents have in this model, so they do not know the
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current money-market conditions when making their decisions. (Bernanke
and Rotemberg; 1997)

Another feasible monetary policy, described in Ireland (2004), is as fol-
lows:

r̂t = ρyŷt + ρππ̂t + ρµµ̂t + ϵrt

where r̂t, ŷt, π̂t and µ̂t are deviations of the respective variable from the
steady state value at period t. µt =

Mt
Mt−1

is the money growth.

We will have an infinitive live representative household maximizing prob-
lem with an utility function that is going to be positively affected by con-
sumption, negatively affected by hours of labor, but also positively affected
by real money balances. The household receives nominal income from work,
nominal transfers from the monetary authority, nominal dividend payments
(households are owners of firms), nominal value of bonds maturing at pe-
riod t, and also nominal money balance carried to period t. The household
spend on consumption, bonds maturing in the next period and nominal
money balances carried to the next period.

We have two shocks for households, both following an AR(1) process,
one concerning general preferences on consumption and the other one rep-
resenting a shock in money preferences. So, one is going to impact our IS
demand curve, while the other one is going to impact the money demand
curve. This means that the money balances increase with deviations of GDP
from steady state and from the shock on money preferences, and are reduce
with deviations of interest rate from the steady state value

In the case of the final-good producer, each firm uses yt(i), with i ∈
[0, 1], units of intermediate good i to produce a unit of final good yt with
a constant-returns-to-scale technology. This firms are going to maximize
profits but, as we have competitive markets for the final good, in equilibrium,
profits are going to be equal to zero.

For the intermediate producing firms, they are continuously indexed by
[0, 1], each firm produces a differentiated intermediate good, so we can also
index intermediate goods with [0, 1]. Each firm uses ht(i) units of labor in a
constant-returns-to-scale-technology affected by a technology shock follow-
ing an AR(1) process. In equilibrium, this supply-side disturbances act as
a shock in the Phillips curve (Ireland; 2004). As each intermediate good
is different and enters in a different way in the final-good production func-
tion, the intermediate firms are in a monopolistic competitive market, so
every single firm settles it’s own price, but it most satisfy the demand from
final-good firms at that price.

There will be a quadratic price adjustment cost for intermediate goods,
inflation will increase this cost. The profits from the production of interme-
diate goods are distributed as dividends to households. At equilibrium, with
symmetric intermediate firms, each firm will produce the same amount of
goods and they will sell them at the same price, paying the same dividends
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to each firm.
From the first order conditions for the intermediate good, we can derive

the Phillips curve and the IS demand curve that optimizes every maximiza-
tion problem in this model, given by

π̂t =
π

r
Etπ̂t+1 + ψ

[
1

w1
ŷt −

w2

w1
(m̂t − êt)− ẑt

]
(5.1)

ŷt =Etŷt+1 − w1(r̂t − Etπ̂t+1)+

w2[(m̂t − êt)− (Etm̂t+1 − Etêt+1)] + w1(ât − Etât+1)
(5.2)

every variable with a hat refers to the deviation of the variable at period
t from the steady state variable (the steady state is the variable without
hat or sub index). The parameters are given by different preferences and
technologies from the households and firms.

For the IS curve, we can see that changes in monetary balances and in
preference on these balances actually affect the output. Also, the interest
rate affects negatively the output and the inflation affects it positively. In
the case of the Phillips curve, we have that nominal changes on inflation
at period t are affected by expected changes in next period inflation, by
deviations of GDP from the steady state, by changes in money balances and
by the productivity shock.

5.2 DSGE with adaptive expectations

This type of models will integrate adaptive expectations to households; they
were first motivated by the necessity to address the excessive volatility in
house prices, because standard DSGE models needed enormous and per-
sistent preference shocks to adjust to the phenomenon seen in 2007. The
problem of the standard DSGE is that there is no explanation on why pref-
erences changed that much and even on the basis that the changes in house
prices were truly driven by changes in preferences. (Gelain and Lansing;
2014)

This adaptive expectations are modeled with moving-average forecast
rules which give great importance to recent values of the variables. The
moving-average rule uses a unit root in a random walk to shape the increas-
ing volatility. They are combined with rational expectations in weighted
average to produce the amount of volatility consistent with empirical house
price, house debt and output.

The model has two types of household, the first one is a patient one,
which are owners of the entire capital and operate monopolistic firms, while
the second type are impatient households, who only receive income from
labor and their credit constraint is given by their housing stock. This par-
ticular way of dividing households aims to simplify the difference in income
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distribution in an economy, which has been one of the main criticisms of
standard RBC models, which ignore the distribution of income.

Combining these two types of household with their respective expecta-
tions, we can get a model that reflects the 2007 crisis, where this moving-
average households could be thought of as this ”new homebuyers” with
simplified expectations just taking into account the recent values to forecast
future house prices and income.

5.2.1 The model with hybrid expectations

We have two types of households, patient households and impatient house-
holds. The discount factor from the utility function is lower for impatient
households, so impatient households tend to borrow more. To focus on the
house pricing problem, we set nominal stick prices for consumption goods.
We also have a monetary policy following a Taylor rule. We will follow the
model by Gelain, et al (2013).

Households

The general maximization problem involves a function where households
generate utility from a flow of consumption and services from their house
stock, and disutility from labor . We have a parameter that represents the
habit formation in the utility function, concerning a referential consumption
level. In addition, we have three parameters showing the importance of
housing services and labor on utility, and the elasticity of labor supply.
House stock is normalized so the combination from both types of households
sums one at each period of time.

The impatient household (borrower), receives income from labor and
debt acquired at that period of time and have expenses on consumption,
house stock and the payment of the debt from the past period; in this case,
debt lasts one period. Moreover, we must consider the constraint on the
quantity impatient household can borrow. They can only borrow a fraction
of the subjective expected value lenders have about their house stock at time
t+ 1.

In the case of the patient household (lender), they receive income from
the one-period loans to impatient households, plus the real wage from labor,
plus payments from capital services and profits for being the owners of cap-
ital and firms. The patient household spends on consumption, investment,
increment in house stock and loans to impatient households, which are equal
to the borrowing by the impatient households in each period. Finally, the
law of capital accumulation will be affected by depreciation of capital and
some price adjustment cost.
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Firms

We have two types of firms: final-good firms and intermediate-good firms.
Final-good firms are assumed to be in a competitive market and are owned
by patient households, so this firms also have rational expectations. There is
going to be an unique final good made with continuum intermediary goods
, where the production of the final good has a constant returns to scale
function.

For the intermediate-good firms, each one of them produces one of the
intermediate goods, and they are owned by patient households. In this case,
we have a monopolistic market, with a constant-returns-to-scale function
and a stochastic shock following an AR(1) process.

Ultimately, we are going to model inflation following Calvo (1983), with
some stickiness in prices given by a probability of changing prices for inter-
mediate goods. Thus, we will get a New Keynesian Phillips curve (NKPC).

5.3 New Keynesian model

There is a step further regarding DSGE models, this is a combination of
RBC model structure with some assumptions departing from the classical
monetary models (Gali; 2015). We will present the particular character-
istics taken from the RBC model followed with assumptions added to the
classical DSGE in order to create a New Keynesian DSGE model framework.

RBC assumptions

1. An infinitely lived representative household, seeking to maximize util-
ity by selecting a path for consumption, leisure and work, subject to
an inter temporal budget constraint.

2. A large number of forms with access to the same technology and af-
fected by external shocks.

3. Equilibrium takes the form of stochastic processes for endogenous vari-
ables, consistent with optimal decisions from firms and households and
implying market clearance.

New assumptions departing from the classical model

1. Monopolistic competition. Differentiated products produced by firms
that choose the market price of their own product.

2. Nominal rigidities. There are price stickiness since just some propor-
tion of firms are able to change prices at time t. Alternatively, the face
price adjustment costs.
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3. Non-neutrality of money in the short run. Since there are nominal
rigidities, a change in nominal interest rate will not be followed by the
exact same change in prices, which leads to changes in real interest
rates.

With the previous framework, we obtain the sticky price Phillips curve,
which sets that prices will be adjusted following current output gap and
the expected next period price change, so it is a forward-looking inflation
equation. (Arslan; 2008)



Chapter 6

Model specification

We will use a New Keynesian DSGE model with monopolistic competition
and price stickiness following Gali (2015), there will be consumers, producing
firms and a monetary policy rule. Due to its simplicity advantage when
handling with imperfect competition and market power, we opted to use
a model with monopolistic competition instead of one with oligopolistic
market structure.

Regarding the cost-push shock, it will be introduced in the NKPC by
adding an stochastic term to the forward-looking inflation equation.

6.1 Households

We have a representative household that maximizes a lifetime utility func-
tion Ut depending on its election on consumption Ct, hours worked Nt and
an exogenous preference shifter Zt subject to a budget constraint.

Max. E0

∞∑
t=0

βkUt = U(Ct, Nt;Zt) s.t. PtCt+QtBt ≤ Bt−1+WtNt+Dt

(6.1)
where the utility function takes the form:

Ut =

(logCt − N1+φ
t
1+φ )Zt, if σ = 1

(
C1−σ

t −1
1−σ )− N1+φ

t
1+φ )Zt, if σ ̸= 1

(6.2)

β is the discount factor for future expected utility, σ ≥ 0 is the curvature of
the utility of consumption and φ ≥ 0 is the disutility of labor.

The utility function satisfies the following conditions: Uc,t = ∂Ut
∂Ct

> 0,

Ucc,t =
∂2Ut

∂C2
t
≤ 0, Un,t =

∂Ut
∂Nt

≤ 0, Unn,t =
∂2Ut

∂N2
t
≤ 0 and Ucz,t =

∂2Ut
∂NCt∂Zt

> 0,

which means that an increase in consumption will have a positive impact on

35
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utility but with diminishing consumption marginal utility, leisure will have
a positive impact on utility but with diminishing leisure marginal utility and
an external increase in the preference shifter Z will amplify the impact on
the utility from an increase on consumption.

The consumption index will be given by:

Ct =

(∫ 1

0
Ct(i)

1− 1
ϵ di

) ϵ
ϵ−1

(6.3)

where ϵ is the elasticity of substitution between goods, Ct(i) is consumption
of good i at time t, and the firms are assumed to be continuous and indexed
on the interval [0,1]

From the consumption index, we define Pt =
(∫ 1

0 Pt(i)
1−ϵdi

) 1
1−ϵ

as the

price index for all goods.

Adding the consumption index definition to the budget constraint, we
have that the household can spend his income in one-period riskless bonds
Bt, the price of which is Qt, and in consumption, where Pt(i) is the good i
price, where i ∈ [0, 1]. The household receives income from the bonds from
period t-1 that gives one unit of money at maturity, a wage Wt from the
hours workedNt, and dividendsDt since, as a model assumption, households
are owners of firms.

Substituting Ct and Pt, we get the following budget constraint:∫ 1

0
Pt(i)Ct(i)di+QtBt ≤ Bt−1 +WtNt +Dt (6.4)

Since total consumption must be equal to the aggregate of consumption
of every good, we have ∫ 1

0
Pt(i)Ct(i)di = PtCt (6.5)

There is a transversality condition that comes from an extra assump-
tion for households to avoid Ponzi schemes and it states that any current
consumption reduces future consumption and it is established as follows:

limT→∞Et

{
βT−t

Uc,T

Uc,t

BT

PT

}
≥ 0 (6.6)

The solution for the consumption allocation on goods must follow (For
details, see Gali; 2015, appendix 3.1):

Ct(i) =

(
Pt(i)

Pt

)−ϵ
Ct (6.7)
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Substituting (6.5) in (6.4) we get

PtCt +QtBt ≤ Bt−1 +WtNt +Dt (6.8)

Optimality conditions

Solving (6.1) we can derivate the optimality conditions (For further detail,
see Gali; 2015, Chapter 2):

Cσ
t N

φ
t =

Wt

Pt
(6.9)

Qt = βEt

{(
Ct+1

Ct

)−σ Zt+1

Zt

Pt

Pt+1

}
(6.10)

In log therms (See Gali; 2015, appendix 2.1 for (6.12)):

wt − pt = σct + φnt (6.11)

ct = Et {ct+1} −
1

σ
(it − Et {πt+1} − ρ) +

1

σ
(1− ρz)zt (6.12)

where it = − logQ is the nominal interest rate and ρ = − log β is the
household’s discount rate.

Finally, we have the following money demand equation (in log terms):

mi − pt = yt − ηit (6.13)

where mt is the log nominal money holding, pt = logPt, yt = log Yt and
η is the semi-elasticity of money demand.

Parameters:

• The discount factor β

• The demand elasticity between goods ϵ

• The curvature of the utility of consumption σ

• The disutility of labor φ

• The semi-elasticity of money demand η
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6.2 Firms

We have a continuous number of firms indexed by [0,1] producing differ-
entiated goods with the same technology (for simplicity, production only
depends on labor) given by the following Cobb-Douglass production func-
tion:

Yt(i) = AtN
1−α
t (6.14)

where 0 ≤ α ≤ 1 is the capital share and At is the level of technology
evolving exogenous in log therms as

at = ρaat−1 + ϵat (6.15)

were a = logA, we have here our first shock ϵat , which is a productivity
shock, and ρa ∈ [0, 1].

Each firm faces the same demand given by (5.7). The price stickiness
index is given by θ, we have that in each period there is a proportion 1− θ
that can change its price while the proportion θ keeps the last price and
it is independent of the last time a firm changed its price. Given this, the
average duration of a price is given by 1

1−θ .
A firm will maximize its profits, given by:

PtYt −WtNt (6.16)

subject to (5.14), with price and wage taken as given.
Let us use the Lagrangian method to solve this:
Max PtYt −WtNt s.t. Yt(i) = AtN

1−α
t

L = PtYt −WtNt − Λ(AtN
1−α
t − Yt(i))

F.O.C.
δL

δYt
= Pt + Λ = 0

δL

δNt
= −Wt − ΛAt(1− α)N−αt = 0

δL

Λ
= −AtN

1−α
t + Yt(i)) = 0

∴ Pt = −Λ and then −Wt + (1− α)PtAtN
−α = 0

Then

Optimality condition

Wt

Pt
= (1− α)AtN

−α
t (6.17)
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Parameters

• The capital share α

• The productivity shock ρa

6.3 New Keynesian Phillips Curve

We have price rigidities, which means that only a fraction 1−θ of total firms
are able to adjust their prices at period t. We define prices at period t by

Pt = θPt−1 + (1− θ)P ∗t (6.18)

where P ∗t is the price optimized by the proportion 1 − θ of firms at period
t (it is the same for all of these firms), and P t-1 comes from the fact that
the price from firms not changing its prices at period t is the same as the
price at period t-1.

Using this definition and the price index for all goods, we have

Pt =

[∫ 1

0
θPt−1(i)

1−ϵdi+ (1− θ)(P ∗t )
1−ϵ
] 1

1−ϵ

=
[
θP 1−ϵ

t−1 + (1− θ)(P ∗t )
1−ϵ] 1

1−ϵ

(6.19)

Dividing by Pt−1 both sides, and defining Πt =
Pt

Pt−1
we get the following

inflation equation

Π1−ϵ
t = θ + (1− θ)

(
P ∗t
Pt−1

)1−ϵ
(6.20)

where Πt is the inflation rate from period t-1 to t. In the steady state Πt = 1
so P ∗t = Pt−1 = Pt.

Inflation of period t in log therms is given by

πt = (1− θ)(p∗t − pt−1) (6.21)

The adjustment on prices at period t (P ∗t ) is forward-looking, so it de-
pends on a discount factor from future and expected future marginal cost,
as the Calvo formulation (Calvo; 1983):

P ∗t = (1− βθ)
∞∑
k=0

(βθ)kEt

{
mcnt+k

}
(6.22)
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Following Gaĺı and Gertler (1999), we define a New Phillip’s Curve using
marginal costs instead of the output gap,

πt = λmct + βEt {πt+1}

where λ = (1−θ)(1−βθ)
θ , and it implies that we have market power, so we

can set a markup on price that will depend on expected future inflation, the
fraction of firms able to change prices and a discount factor.

If we have no price rigidities, the price that firms update at period t is
given by:

P ∗T = MΨt (6.23)

where M is the optimal markup without price stickiness and it is often
referred as the natural or desired markup and Ψt is the nominal marginal
cost at period t.

Rearranging therms and using the optimality conditions for the firms
(See McAdam and Willman; 2007, Appendix B), we get that firms will
update their prices at period t following the next equation (in log therms):

p∗t = µ+ (1− βθ)

∞∑
k=0

(βθ)kEt

{
ψt+k|t

}
(6.24)

where µ = logM and ψ = logΨ. The previous price equation tells us
that firms will set prices at period t taking into consideration the desired
markup and the expected present and future nominal marginal costs with
weights being proportional to the probability of the price remaining the
same at each period k, θk and the discount factor βk.

Finally, we have the market clearing condition Yt = Ct.

Parameters:

• The index of price stickiness θ

6.4 Marginal cost

A key variable for the marginal cost is employment Nt given by:
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Nt =

∫ 1

0
Nt(i)di

=

∫ 1

0

(
Yt
At

) 1
1−α

di

=

∫ 1

0

(
Ct(i)

At

) 1
1−α

di

=

∫ 1

0


(
Pt(i)
Pt

)−ϵ
Ct

At


1

1−α

di

=

∫ 1

0


(
Pt(i)
Pt

)−ϵ
Yt

At


1

1−α

di

=

(
Yt
At

) 1
1−α

∫ 1

0

(
Pt(i)

Pt

)− ϵ
1−α

di

(6.25)

where the second equality is obtained by replacing the production function
inside the integral, the third equality comes from using the clearing condi-
tion and the forth equality comes from applying (5.7).

If we apply logarithms to both sides we get

(1− α)nt = yt − at + (1− α) log

∫ 1

0

(
Pt(i)

Pt

)− ϵ
1−α

di (6.26)

where lowercase letter nt is the logarithm for N(t).

Let pt and pt(i) be the logarithm of Pt and Pt(i) respectively. Defining
p̂t(i) = pt(i)− pt, we have that(

Pt(i)

Pt

)1−ϵ
= e(1−ϵ)p̂t(i) (6.27)

Using the first three therms of the Euler expansion ex =
∑∞

n=0
xn

n! with
x = (1− ϵ)p̂t(i) as an approximation of the equation, we have(

Pt(i)

Pt

)1−ϵ
= 1 + (1− ϵ)p̂t(i) +

(1− ϵ)2

2
p̂t(i)

2 (6.28)

Since
∫ 1
0

(
Pt(i)
Pt

)1−ϵ
di = 1, using a second-order approximation from the

Taylor expansion around the zero inflation steady state, we get
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1 =

∫ 1

0

(
Pt(i)

Pt

)1−ϵ
di

=

∫ 1

0
e(1−ϵ)p̂t(i)di

≈ 1 + (1− ϵ)

∫ 1

0
p̂t(i)di+

(1− ϵ)2

2

∫ 1

0
p̂t(i)

2di

≈ 1 + (1− ϵ)

∫ 1

0
(pt(i)− pt)di+

(1− ϵ)2

2

∫ 1

0
(pt(i)− pt)

2di

≈
∫ 1

0
pt(i)di− pt +

(1− ϵ)

2

∫ 1

0
(pt(i)− pt)

2di

(6.29)

and then

pt ≈ Ei {pt(i)}+
(1− ϵ)

2

∫ 1

0
(pt(i)− pt)

2di (6.30)

Ei {p̂t(i)} ≈ (ϵ− 1)

2
Ei(p̂t(i))

2di (6.31)

where Ei {pt(i)} =
∫ 1
0 pt(i)di is the expected cross-sectional mean of the log

prices, and Ei {p̂t(i)} =
∫ 1
0 p̂t(i)di is the expected cross-sectional mean of

the log price differences.

With the two previous results, we can see that

∫ 1

0

(
Pt(i)

Pt

)− ϵ
1−α

di =

∫ 1

0
e−

ϵ
1−α

(pt(i)−pt)di

≈ 1− ϵ

1− α

∫ 1

0
(pt(i)− pt)di+

1

2

(
ϵ

1− α

)2 ∫ 1

0
(pt(i)− pt)

2di

≈ 1 +
1

2

ϵ(1− ϵ)

1− α

∫ 1

0
(pt(i)− pt)

2di+
1

2

(
ϵ

1− α

)2 ∫ 1

0
(pt(i)− pt)

2di

= 1 +
1

2

(
ϵ

1− α

)(
(1− ϵ) +

ϵ

1− α

)∫ 1

0
(pt(i)− pt)

2di

= 1 +
1

2

(
ϵ

1− α

)(
1− α+ ϵα

1− α

)∫ 1

0
(pt(i)− pt)

2di

(6.32)

Since variance can be expressed as V ar(X) = E[(X − E[X])2], setting
X = pt and E[X] = pt(i), we have that∫ 1

0

(
Pt(i)

Pt

)− ϵ
1−α

di = 1 +
1

2

(
ϵ

1− α

)
1

Θ
var i {pt(i)} (6.33)
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with Θ = 1−α
1−α+ϵα .

And then,

(1− α)log

∫ 1

0

(
Pt(i)

Pt

)− ϵ
1−α

di ≈ (1− α)

(
1 +

1

2

(
ϵ

1− α

)
1

Θ
var i {pt(i)}

)
≈ ϵ

2Θ
var i {pt(i)}

(6.34)

Finally, with the previous result, an approximately relation between em-
ployment, production and technology would be:

nt =
1

1− α
(yt − at) (6.35)

The marginal product of labor = MPN is the same for all firms (they
use the same technology) and it is derived from the production function as

MPN =
∂Yt
∂Nt

= (1− α)AtN
−α
T (6.36)

in logarithmic therms:

logMPN = mpn = log (1− α)At − α logNt

= log (1− α) + logAt − α logNt

= log (1− α) + at − αnt

(6.37)

Since marginal cost is equal to the labor needed to produce an additional
unit of output times the wage (the production function in the model only
requires work), we have

Ψt =
Wt

(MPN )t
(6.38)

Now, if we consider the marginal cost for an individual firm at period
t+k where its last price update was at period t, we get

ψt+k|t = wt+k − (mpn)t+k|t

= wt+k − (log (1− α) + at+k − αnt+k|t)
(6.39)

and the average marginal cost ψt =
∫ 1
0 ψt(i)di is given by
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ψt = wt − (log (1− α) + at − αnt) (6.40)

Using the previous results, we get

ψt+k|t = ψt+k + α(nt+k|t − nt+k)

= ψt+k + α

(
1

1− α
(yt+k|t − at+k − (yt+k − at+k))

)
= ψt+k −

α

1− α

(
yt+k|t − yt+k

)
= ψt+k +

α

1− α
((−ϵ) ((p∗t − pt+k − logCt+k)− (pt+k − pt+k − logCt+k)))

= ψt+k −
αϵ

1− α
((p∗t − pt+k)

(6.41)

where the second equality follows from (5.26) and the fact that at+k =
at+k|t since technology is the same for all firms and the forth equality follows
from (5.3), (5.7) and the clearing condition Yt = Ct.

6.5 Expectations and the inflation equation

Substituting (6.41) in (6.24) we get

p∗t = µ+ (1− βθ)
∞∑
k=0

(βθ)kEt

{
ψt+k −

αϵ

1− α
(p∗t − pt+k)

}
(6.42)

Remember that, if r ∈ (0, 1),
∑∞

k=0 r
k is a geometric series converging

to 1
1−r . Using the fact that the expected value E is a linear function and

βθ ∈ (0, 1) we have that
∑∞

k=0(βθ)
k is a geometric series that converges to

1
1−βθ , so we get

p∗t = µ+ (1− βθ)

∞∑
k=0

(βθ)k
(
−Et

{
αϵ

1− α
p∗t

}
+ Et

{
ψt+k +

αϵ

1− α
pt+k

})

= µ+ (1− βθ)
∞∑
k=0

(βθ)k
(
−
(

1

1− βθ

)
αϵ

1− α
p∗t + Et

{
ψt+k +

αϵ

1− α
pt+k

})
(6.43)
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Since− 1
1−βθ

αϵ
1−αp

∗
t does not depend on k, we have that

∑∞
k=0(βθ)

k
(
−
(

1
1−βθ

)
αϵ
1−αp

∗
t

)
=

−
(

1
1−βθ

)
αϵ
1−αp

∗
t . Assuming that

∑∞
k=0(βθ)

kEt

{
ψt+k +

αϵ
1−αpt+k

}
converges,

we can split the sum to get

p∗t = µ− αϵ

1− α
p∗t + (1− βθ)

∞∑
k=0

(βθ)kEt

{
ψt+k +

αϵ

1− α
pt+k

}

(1 +
αϵ

1− α
)p∗t = µ+ (1− βθ)

∞∑
k=0

(βθ)kEt

{
ψt+k +

αϵ

1− α
pt+k

}
(
1− α+ αϵ

1− α

)
p∗t = µ+ (1− βθ)

∞∑
k=0

(βθ)kEt

{
ψt+k +

αϵ

1− α
pt+k

}
(6.44)

Using the previous definition of Θ = 1−α
1−α+αϵ we get

p∗t = Θµ+Θ(1− βθ)
∞∑
k=0

(βθ)kEt

{
ψt+k +

αϵ

1− α
pt+k

}

= Θµ

(
1− βθ

1− βθ

)
+ (1− βθ)

∞∑
k=0

(βθ)kΘEt

{
ψt+k +

αϵ

1− α
pt+k

}

= (1− βθ)

(
Θµ

1− βθ
+
∞∑
k=0

(βθ)kEt

{
Θψt+k +Θ

αϵ

1− α
pt+k

})

= (1− βθ)

( ∞∑
k=0

(βθ)kΘµ+

∞∑
k=0

(βθ)kEt

{
Θψt+k +Θ

αϵ

1− α
pt+k

})

= (1− βθ)

( ∞∑
k=0

(βθ)k
(
Θµ+ Et

{
Θψt+k +Θ

αϵ

1− α
pt+k

}))

= (1− βθ)

∞∑
k=0

(βθ)kEt

{
Θµ+Θψt+k +

(
1− α

1− α+ αϵ

)
αϵ

1− α
pt+k

}

= (1− βθ)

∞∑
k=0

(βθ)kEt

{
Θ(µ+ ψt+k) +

αϵ

1− α+ αϵ
pt+k

}
(6.45)

Since αϵ > 0 and 1 − α > 0, then 0 < Θ = 1−α
1−α+αϵ < 1 so Θ = 1 − Λ

with Λ = αϵ
1−α+αϵ , which implies that αϵ

1−α+αϵ = 1−Θ, using this we have
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p∗t = (1− βθ)

∞∑
k=0

(βθ)kEt {Θ(µ+ ψt+k) + (1−Θ)pt+k}

= (1− βθ)

∞∑
k=0

(βθ)kEt {Θ(µ+ ψt+k) + (pt+k −Θpt+k)}

= (1− βθ)

∞∑
k=0

(βθ)kEt {pt+k −Θ(pt+k − (µ+ ψt+k)}

(6.46)

If we set µt = pt − ψt as the markup at period t and µ̂t = µt − µ =
pt − (ψt + µ) the difference between the markup at period t and the desired
markup, then

p∗t = (1− βθ)
∞∑
k=0

(βθ)kEt {pt+k −Θµ̂t+k} (6.47)

We can manipulate the previous equation to get a recursive expression
of it:

p∗t = (1− βθ)Et {pt −Θµ̂t}+ (1− βθ)

∞∑
k=1

(βθ)kEt {pt+k −Θµ̂t+k}

= (1− βθ)Et {pt −Θµ̂t}+ (1− βθ)

∞∑
k=1

(βθ)k−1(βθ)Et {pt+k −Θµ̂t+k}

= (1− βθ)Et {pt −Θµ̂t}+ (1− βθ)(βθ)

∞∑
k=1

(βθ)k−1Et

{
pt+1+(k−1) −Θµ̂t+1+(k−1)

}
= (1− βθ)Et {pt −Θµ̂t}+ (1− βθ)(βθ)

∞∑
k=0

(βθ)kEt {pt+1+k −Θµ̂t+1+k}

(6.48)

P.D. Et

{
p∗t+1

}
= (1− βθ)

∑∞
k=0(βθ)

kEt {pt+1+k −Θµ̂t+1+k}

Proof 1

Et

{
p∗t+1

}
= Et

(
(1− βθ)

∞∑
k=0

(βθ)kEt+1 {pt+1+k −Θµ̂t+1+k}

)

= (1− βθ)

∞∑
k=0

Et

(
(βθ)kEt+1 {pt+1+k −Θµ̂t+1+k}

)
= (1− βθ)

∞∑
k=0

(βθ)kEt (Et+1 {pt+1+k −Θµ̂t+1+k})

(6.49)
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Applying the tower property of conditional expectation (Kallenberg; 2021,
, Theorem 6.1 (VII)) we get

Et

{
p∗t+1

}
= (1− βθ)

∞∑
k=0

(βθ)kEt {pt+1+k −Θµ̂t+1+k} (6.50)

□
Substituting (6.50) in (6.48) we get the following recursive equation for

p∗t :

p∗t = (1− βθ)Et {pt −Θµ̂t}+ (βθ)Et

{
p∗t+1

}
(6.51)

Combining (6.51) with (6.21) we get the following inflation equation:

πt = (1− θ)
[
(1− βθ)Et {pt −Θµ̂t}+ (βθ)Et

{
p∗t+1

}
− pt−1

]
= (1− θ)

[
(1− βθ)(pt −Θµ̂t) + (βθ)Et

{
p∗t+1

}
− pt−1

]
= (1− θ)

[
pt − βθpt −Θµ̂t + βθΘµ̂t + (βθ)Et

{
p∗t+1

}
− pt−1

]
= (1− θ)

[
πt − βθpt −Θµ̂t + βθΘµ̂t + (βθ)Et

{
p∗t+1

}] (6.52)

then

πt − (1− θ)πt = (1− θ)
[
−βθpt −Θµ̂t + βθΘµ̂t + (βθ)Et

{
p∗t+1

}]
(θ)πt = (1− θ)

[
−βθpt −Θµ̂t + βθΘµ̂t + (βθ)Et

{
p∗t+1

}]
πt =

1− θ

θ

[
−βθpt −Θµ̂t + βθΘµ̂t + (βθ)Et

{
p∗t+1

}]
= (1− θ)

[
−βpt −

Θ

θ
µ̂t + βΘµ̂t + βEt

{
p∗t+1

}]
= (1− θ)

[
−βpt −

1− βθ

θ
Θµ̂t + βEt

{
p∗t+1

}]
(6.53)

Defining λ = (1−θ)(1−βθ)
θ Θ, using the linearity of the expected value and

(5.20), we get the NKPC expressed in one step forward expected inflation
and the output gap

πt = (1− θ)βEt

{
p∗t+1

}
− (1− θ)βpt − λµ̂t

= Et

{
β(1− θ)(p∗t+1 − pt)

}
− λµ̂t

= Et {βπt+1} − λµ̂t

= βEt {πt+1} − λµ̂t

(6.54)

We have that inflation is forward-looking since it depends on the expec-
tation of the future inflation, also, it is increasing with the index of price
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stickiness θ which means that higher price stickiness will increase inflation.
It is also decreasing with the demand elasticity ϵ, meaning that greater de-
mand elasticity will decrease inflation (as stated in the previously examined
market power theory).

P.D. πt = λ
∑∞

k=0 β
kEt {µ̂t+k}

Proof 2

πt = βEt {πt+1} − λµ̂t

= −λµ̂t + βEt {βEt+1 {πt+2} − λµ̂t+1}
(6.55)

Applying the tower property of conditional expectation

πt = −λµ̂t − λβEt {µ̂t+1}+ β2Et {πt+2}

= −λ
1∑

k=0

βkEt {µ̂t+k}+ β2Et {πt+2}

= −λ
1∑

k=0

βkEt {µ̂t+k}+ β2Et {βEt+2 {πt+3} − λµ̂t+2}

= −λ
1∑

k=0

βkEt {µ̂t+k}+ β3Et {πt+3} − λβ2Et {µ̂t+2}

= −λ
2∑

k=0

βkEt {µ̂t+k}+ β3Et {πt+3}

...

= −λ
n∑

k=0

βkEt {µ̂t+k}+ βn+1Et

{
πt+(n+1)

}

(6.56)

Applying a limit to both sides we get

lim
n←∞

πt = lim
n←∞

[
−λ

n∑
k=0

βkEt {µ̂t+k}+ βn+1Et

{
πt+(n+1)

}]

πt = − lim
n←∞

λ
n∑

k=0

βkEt {µ̂t+k}+ lim
n←∞

βn+1Et

{
πt+(n+1)

}
= −λ

∞∑
k=0

βkEt {µ̂t+k}+ lim
n←∞

βn+1 lim
n←∞

Et

{
πt+(n+1)

}
(6.57)

since β ∈ (0, 1), limn←∞ β
n+1 = 0,

πt = −λ
∞∑
k=0

βkEt {µ̂t+k} (6.58)
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□
With this recursive equation we can see that inflation depends on current

and future expected markup deviations from the desired markup, which is
consistent with the fact that firms with the possibility to change prices will
set a greater price if they expect future markups to be lower than the desired
one.

In this context, contrary to the classical monetary model, inflation comes
from market power that allows firms to set their prices following their ex-
pectations.

6.6 Dynamic IS equation

Since we already defined the logarithm of price markup as

µt = pt − ψt (6.59)

Combining the household optimality condition (6.11) with (6.35) and
(6.40), and applying the clearing condition Yt = Ct yields:

µt = (wt − σct − φnt)− ψt

= (wt − σct − φ
1

1− α
(yt − at))− ψt

= wt − σct − φ
1

1− α
(yt − at)− wt + log (1− α) + at − αnt)

= −σyt − φ
1

1− α
(yt − at) + log (1− α) + at − αnt)

= −σyt −
φ

1− α
(yt − at) + log (1− α) + at −

α

1− α
(yt − at)

= −σyt −
φ

1− α
yt +

φ

1− α
at + log (1− α) + at −

α

1− α
yt +

α

1− α
at

= −(σ +
φ+ α

1− α
)yt + at(

φ+ α

1− α
+ 1) + log (1− α)

= −(σ +
φ+ α

1− α
)yt + at(

φ+ α

1− α
+

1− α

1− α
) + log (1− α)

= −(σ +
φ+ α

1− α
)yt + (

φ+ 1

1− α
)at + log (1− α)

(6.60)

Let us examine the case where there are flexible prices, meaning θ = 0.
In this case, the average markup µt is equal to the desired markup µ. The
output from this case is denominated natural level of output, and will be
denoted as ynt . Replacing both the desired markup and the natural level of
output on (6.60) we get:
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µ = −(σ +
φ+ α

1− α
)ynt + (

φ+ 1

1− α
)at + log (1− α) (6.61)

clearing ynt yields

ynt = −(
1− α

σ(1− α) + φ+ α
)µ+ (

1− α

σ(1− α) + φ+ α
)(
φ+ 1

1− α
)at

+ (
1− α

σ(1− α) + φ+ α
) log (1− α)

= −(1− α)(µ− log (1− α))

σ(1− α) + φ+ α
+

φ+ 1

σ(1− α) + φ+ α
at

= Ψy +Ψyaat

(6.62)

where Ψy = − (1−α)(µ−log (1−α))
σ(1−α)+φ+α and Ψya = φ+1

σ(1−α)+φ−α . Since (1− α) ∈
(0, 1), log (1− α) < 0, also, we have that Mt ∈ (0, 1) so mt < 0 and then

Ψy = − (1−α)(µ−log (1−α))
σ(1−α)+φ+α > 0.

We can see with this that the markup (that comes from market power)
lowers the natural level of output, while it does not depend on the preference
shock zt or the monetary policy.

Since µ̂t = µt − µ, when subtracting (6.61) from (6.60) we get

µ̂t = −(σ +
φ+ α

1− α
)yt + (

φ+ 1

1− α
)at + log (1− α) + (σ +

φ+ α

1− α
)ynt

− (
φ+ 1

1− α
)at − log (1− α)

= −(σ +
φ+ α

1− α
)(yt − ynt )

(6.63)

This equation shows that the markup gap is proportional to the output
gap yt − ynt denoted as ỹt. Substituting (6.63) in (6.54) we have:

πt = βEt {πt+1}+ κỹt (6.64)

where κ = λ(σ + φ+α
1−α ).

The last equation is the New Keynesian Phillips Curve (NKPC). It de-
pends on expectations on future inflation and the output gap, so it is forward
looking.

Using the clearing condition in the optimality condition (6.12) and rewrit-
ing all in therms of the output gap, we get:
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yt − ynt+1 = Et { ˜yt+1} −
1

σ
(it − Et {πt+1} − ρ− (1− ρz)zt)

yt − (Ψy +Ψyaat+1) = Et { ˜yt+1} −
1

σ
(it − Et {πt+1} − ρ− (1− ρz)zt)

yt − (Ψy +Ψya(ρaat + Et

{
ϵat+1

}
)) = Et { ˜yt+1} −

1

σ
(it − Et {πt+1} − ρ− (1− ρz)zt)

yt − (Ψy +Ψyaρaat) = Et { ˜yt+1} −
1

σ
(it − Et {πt+1} − ρ− (1− ρz)zt)

yt − (Ψy +Ψyaρaat) + Ψyaat −Ψyaat = Et { ˜yt+1} −
1

σ
(it − Et {πt+1} − ρ− (1− ρz)zt)

ỹt −Ψyaρaat +Ψyaat = Et { ˜yt+1} −
1

σ
(it − Et {πt+1} − ρ− (1− ρz)zt)

ỹt + (1− ρa)Ψyaat = Et { ˜yt+1} −
1

σ
(it − Et {πt+1} − ρ− (1− ρz)zt)

ỹt = Et { ˜yt+1} −
1

σ
(it − Et {πt+1} − rnt )

(6.65)

where the third equality comes from (6.15), the technology process, and the
forth equation comes from the fact that the expected error therm in the
technology process is zero. Equation (6.65) is defined as the Dynamic IS
curve.

We define

rnt = ρ+ (1− ρz)zt − σ(1− ρa)Ψyaat (6.66)

as the natural interest rate.

Using the tower property for conditional expectation we can express
(6.65) as
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ỹt = Et

{
Et+1 { ˜yt+2} −

1

σ
(it+1 − Et+1 {πt+2} − rnt+1)

}
− 1

σ
(it − Et {πt+1} − rnt )

= − 1

σ
Et {it − Et {πt+1} − rnt } −

1

σ
Et

{
(it+1 − Et+1 {πt+2} − rnt+1

}
+ Et { ˜yt+2}

= − 1

σ

1∑
k=0

Et

{
it+k − Et+k {πt+1+k} − rnt+k

}
+ Et {ỹt+2}

= − 1

σ

1∑
k=0

Et

{
it+k − Et+k {πt+1+k} − rnt+k

}
+ Et {ỹt+2}

+ Et

{
Et+2 {ỹt+3} −

1

σ
(it+1 − Et+1 {πt+2} − rnt+1)

}
= − 1

σ

2∑
k=0

Et

{
it+k − Et+k {πt+1+k} − rnt+k

}
+ Et {ỹt+3}

...

= − 1

σ

m∑
k=0

Et

{
it+k − Et+k {πt+1+k} − rnt+k

}
+ Et {ỹk+m+1}

(6.67)

Applying limits to both sides and assuming that the effect from expected
nominal rigidities vanishes after some time (limm→∞Et {ỹk+m+1} = 0) we
get

ỹt = − 1

σ

∞∑
k=0

Et

{
it+k − Et+k {πt+1+k} − rnt+k

}
+ lim

m→∞
Et {ỹk+m+1}

= − 1

σ

∞∑
k=0

Et

{
it+k − Et+k {πt+1+k} − rnt+k

} (6.68)

Finally, we can define the real interest rate as

rt = it − Et {πt+1} (6.69)

so we get

ỹt = − 1

σ

∞∑
k=0

Et

{
rt+k − rnt+k

}
(6.70)

it states that current deviation from output will be directly correlated
to the actual and future deviations of the real interest rate from the natural
interest rate.
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6.7 Monetary policy rule

In the previous section about the model specification we where assuming that
the natural level of output was equal to the efficient level of output (ynt =
yet ) at every period t. In the present section, we are departing from that
assumption and letting real imperfections to have an impact on the natural
level of output. This particular instance of real imperfections produces a
short-run deviation of the natural level of output ynt from the efficient output
level yet . We will assume that the steady states is the same as in a model
without real imperfections, so in the long run we have that ynt = yet .

Let us define xt = yt − yet as the welfare-relevant output gap. In this
case, we have that ỹt = (yt − yet ) + (yet − ynt ). Substituting the last equation
into (5.55) we get

πt = βEt {πt+1}+ κ ((yt − yet ) + (yet − ynt ))

= βEt {πt+1}+ κxt + ut
(6.71)

where ut = κ(yet − ynt ).

Since monetary authorities have no influence on the natural or the effi-
cient level of output, we assume ut comes from an exogenous process. Fol-
lowing Gali (2015) (Chapter 5), deviations in the short-run of the natural
level of output from the efficient level of output will come from a cost-push
shock ut given by an exogenous variation of desired price markup following
the stochastic process

ut = ρuut−1 + ϵut (6.72)

with ρu ∈ [0, 1) and ϵut have zero mean and constant variance σ2u.

From the consumer optimality condition definition (6.14), we have
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ct = Et {ct+1} −
1

σ
(it − Et {πt+1} − ρ) +

1

σ
(1− ρz)zt

applying the clearing condition yt = ct

yt = Et {yt+1} −
1

σ
(it − Et {πt+1} − ρ− (1− ρz)zt)

using the definition xt = yt − yet

= Et {xt+1} −
1

σ
(it − Et {πt+1} − ρ− (1− ρz)zt) + Et

{
yet+1

}
= Et {xt+1} −

1

σ

(
it − Et {πt+1} − ρ− (1− ρz)zt − σEt

{
yet+1

})
= Et {xt+1} −

1

σ

(
it − Et {πt+1} − ρ− (1− ρz)zt − σEt

{
yet+1

})
hence

yt − yet = Et {xt+1} −
1

σ

(
it − Et {πt+1} − ρ− (1− ρz)zt − σEt

{
yet+1

})
− Et {yet }

xt = Et {xt+1} −
1

σ

(
it − Et {πt+1} − ρ− (1− ρz)zt − σEt

{
yet+1

}
+ σEt {yet }

)
= Et {xt+1} −

1

σ

(
it − Et {πt+1} − ρ− (1− ρz)zt − σ(Et

{
yet+1 − yet

}
)
)

(6.73)

We have that the Dynamic IS equation from the assumption that there
are deviations of the natural level of output from the efficient one is given
by

xt = Et {xt+1} −
1

σ
(it − Et {πt+1} − ret ) (6.74)

where ret = ρ+ (1− ρz)zt + σEt

{
∆yet+1

}
is the real interest rate corre-

sponding to yet .

From (6.62), and assuming that the efficient level of output is propor-
tional to the technology level, we have

yet = Ψyaat (6.75)

6.8 Calibration

The discount factor, which accounts for how much relevance future periods in
time will have on the agent’s current decisions, is set as β = 0.987, following
Aguiar and Gopinath (2007), who estimates a business cycle for emerging
countries.

For the Frisch elasticity of labor φ, we took the unemployment rate for
Mexico from 2005 to 2021 from INEGI (INEGI; 2023) and the average wage
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per hour in USD from the OCDE (OCDE; 2023a, , OCDE (2023b)). Using
a simple linear regression we found that there is a Frisch elasticity of labor
of 0.14, according to this, we set φ = 7.

We use the Taylor rule as the monetary policy rule, since there is evidence
suggesting that this is the underlying Mexican Central Bank monetary rule
(Carlos and Galindo; 2003). The Taylor rule involves two parameters, the
first one is the weight of the product gap on the interest rate, ϕy, and the
other one is the weight of the inflation on the interest rate, ϕπ. Following
Sánchez Vargas (2020) we have that ϕy = 0.636 and ϕπ = 1.611.

With respect to the capital share of production α, we first calculated
the labor participation on production by dividing total salaries by total
gross domestic product using data from the 2009 economic census (INEGI;
2009). We got that the labor participation in production is 0.1524, so we
set α = 0.8476.

For the Calvo parameter, we follow the estimation by Ramos-Francia
and Torres (2008), who uses Generalized Methods of Moments, and is set
as θ = 0.858.

As we use the following characterization of household’s utility (cf. Gali;
2015, Chapter 3 pp. 54):

Ut =

{
(logCt −

N1+φ
t

1 + φ
)Zt

}
So we have that σ = 1.

In the case of the interest semi elasticity of money demand, we estimated
an OLS on the next model:

md = γii+ γgdpGDP + γππ + u (6.76)

where m d is the money demand (we used the M1 monetary aggregate
from the Mexican Central Bank to proximate this variable), i is the interest
rate from the 28-days government bonds, GDP is the gross domestic product,
and π is the CPI. We converted each variable to monthly data and took
logarithms for each variable and the time horizon is from December 2000 to
December 2017. All data was obtained from BANXICO (BANXICO; 2023).
The γ’s are the variables respectively contribution on money demand and u
is the error therm.

The parameter of interest in the former equation is γi, since it is the
interest semi elasticity on money demand. From the OLS regression we got
that this elasticity is equal to 0.17, so in the model ge set η = 0.17.

With respect of the elasticity of substitution between goods, which in-
verse is given by ϵ, as this elasticity depends on the market concentration
and we have market power (who’s key point is the price elasticity of de-
mand,) we keep these elasticity small to show the market concentration in
the consumption goods. Following Gali (2015), we set ϵ = 9.
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Finally, we define a cost-push shock in the model, which allows us to
introduce the raw material price increase and the following consumer price
index (CPI) parallel increase due to market concentration. This cost-push
shock is defined with an AR(1) process so we have to estimate a value for
the parameter ρu reflecting the persistence of the shock.

Since this cost-push shock is directly introduced into the NKPC, this
parameter will somehow reflect the persistence of a cost shock in inflation.
Having said this, we follow Sánchez Vargas (2020) to set a value for this
parameter. In their paper, they estimate the Phillips Curve for the Mexican
economy estimating the following equation:

πt = λππt−1 − λuUt−1 + λddiesel t+ λppa t (6.77)

They introduce energy prices diesel t and international food prices pa t
to the standard Phillips curve to take into account the particular character-
istics of the Mexican economy. Each λi (with i ∈ {π, u, d, p}) corresponds
to the weigh each variable has on the Phillips Curve.

What interests us about this model is the parameter λπ since it accounts
for the inflation persistence as we need. The value found by the author is
λπ = 0.528, so we will set ρu = 0.528.
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6.9 Model implementation

Variables

π = inflation

ỹ = output gap

yn = natural output

y = output

re = efficient interest rate

ye = efficient output

x = welfare-relevant output gap

rr = real interest rate

i = nominal interest rate

n = hours worked

δm = money growth

u = AR(1) cost-push shock process

a = AR(1) technology shock process

rr,ann = annualized real interest rate

iann = annualized nominal interest rate

πann = annualized inflation rate

p = price level

z = AR(1) preference shock process

(6.78)

Shocks

ϵa = technology shock

ϵu = monetary policy shock

ϵz = preference shock innovation

(6.79)
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Parameters

α = capital share

β = discount factor

ρa = autocorrelation technology shock

ρu = autocorrelation cost-push shock

ρz = autocorrelation preference shock

σ = log utility

φ = unitary Frisch elasticity

η = semi-elasticity of money demand

ϵ = demand elasticity

θ = Calvo parameter

ω = Composite parameter Phillips curve

λ = Composite parameter Phillips curve

κ = Composite parameter Phillips curve

ϑ = weight of x in utility function

(6.80)

Model equations

Composite parameter

ψnya =
1 + φ

σ(1− α) + φ+ α

Efficient interest rate:

re = σ(ye(+1) − ye) + (1− ρz)z

Efficient output:

ye = ψnya(a)

Output gap:

ygap = x+ (ye − yn)

New Keynesian Phillips Curve:

π = βπ(+1) + κx+ u

Dynamic IS Curve:

x = x(+1)− 1

σ
(i− π(+1)− re)

Real interest rate:

rreal = i− π(+1)
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Implicit definition of natural output:

u = κ(ye − yn)

Output gap:
ygap = y − yn

Cost-push shock:
u = ρuu(−1) + ϵu

Total Factor Productivity shock:

a = ρaa(−1) + ϵa

Production function:
y = a+ (1− α)n

Money growth:

mgrowthann = 4(y − y(−1)− η(i− i(−1)) + π)

Annualized nominal interest rate:

iann = 4i

Annualized real interest rate:

rrealann = 4rreal

Annualized inflation:
πann = 4π

Price level:
π = p− p(−1)

Preference shock:
z = ρzz(−1)− ϵz;
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Chapter 7

Cost-push shock simulations
for the Mexican case (in the
presence of oligopolistic
markets)

7.1 Impulse response functions

We show the effect of a cost-push shock with a calibrated DSGE model for
the Mexican economy with the Impulse Response Functions corresponding
to the effect of this shock on output x, price level p and inflation pi. We first
assume that the cost-push shock ut is transitory, which means that ρu = 0
in the stochastic process defining ut, so the shock will only last one period.

61
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Figure 7.1: IRF from a transitory cost-push shock

Figure 7.1 shows that the cost-push shock given by u will affect nega-
tively the output, but it will return to the initial level; it will first increase
inflation followed by a decrease until it returns to the level before the shock
(this behavior can be explained with the components of the NKPC, having
a first positive impact via the shock and followed by a decrease on inflation
due to the output reduction); the price level will increase with a cost-push
shock with a gradual return to the initial level. All the variables considered
here return to their former level within the 12 periods after the shock.

Based on Figure 7.1 and the analysis provided, we can observe the fol-
lowing effects of a cost-push shock:

• Output: The cost-push shock initially has a negative impact on output,
causing a decline. However, over time, the output gradually returns to
its initial level. This suggests a temporary disruption in production,
followed by a recovery.

• Inflation: The cost-push shock leads to an increase in inflation ini-
tially. This can be attributed to the components of the New Keyne-
sian Phillips Curve (NKPC), where the shock has a positive impact
on inflation. However, as output decreases due to the shock, inflation
subsequently decreases as well. Eventually, inflation returns to its level
before the shock.
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• Price Level: The cost-push shock causes the price level to increase.
This increase is followed by a gradual return to the initial level. The
behavior of the price level can be explained by the impact of the shock
on production costs, leading to higher prices in the short term, but
with a subsequent adjustment towards the pre-shock level.

Overall, the analysis indicates that the effects of a cost-push shock are tem-
porary, and the economy tends to revert to its previous levels within 12
periods after the shock. The initial negative impact on output and the
subsequent adjustments in inflation and price level highlight the dynamic
nature of the economy and the interplay between different economic vari-
ables in response to shocks.

A persistent shock with different DSGE model specifications

Since inflation in Mexico from pandemic has been assiduous, we allow our
model to have a persistent cost-push shock by setting ρu = 0.5 so it lasts
further periods of time.

Model 1

This is the simplest model since we do not specify an explicit markup
equation and the price stickiness θ is only reflected in the parameter κ that
shows the weight of output changes in the New Keynesian Phillips Curve
(NKPC). The NKPC is defined as

πt = βπt+1 + κxt + ut; (7.1)

where κ = λ(σ + φ+α
1−α ), with λ = (1 − θ)1−βθθω . An increase in price

stickiness θ will reduce the weight of the output on inflation (this reflects
the fact that less firms can change their price after a change in production,
so inflation gets less affected). Also, if the capital share α increases, it will
generate an increase on inflation.

Applying Model 1 with a persistent cost-push shock, ρu = 0.5 , we get
the following IRF:
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Figure 7.2: IRF from a persistent cost-push shock

From Figure 7.2, we have that the cost-push shock will reduce output
by a larger amount that in the transitory case and recovery will be slower.
For the inflation, the cost-push shock will increase inflation more than twice
than in the transitory case and with a slower recovery that will eventually
take inflation back to its initial level. The price level will increase as well
more than in the transitory case followed by some recovery but keeping
prices higher than the initial level.

The following observations can be made:

• Output: The persistent cost-push shock has a more significant impact
on reducing output compared to the transitory case. This suggests
that the shock has a more prolonged and severe effect on production,
leading to a larger decline in output. Additionally, the recovery process
for output is slower, indicating that it takes more time for the economy
to recover from the shock and return to its initial level of output.

• Inflation: The persistent cost-push shock has a more pronounced ef-
fect on increasing inflation compared to the transitory case. Inflation
rises by more than twice the amount observed in the transitory case.
Furthermore, the recovery of inflation from the shock is slower, im-
plying that it takes a longer time for inflation to return to its initial
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level. This indicates that the shock has a more persistent impact on
inflation dynamics.

• Price Level: The persistence cost-push shock leads to a more substan-
tial increase in the price level compared to the transitory case. The
initial impact of the shock causes prices to rise more significantly. Al-
though there is some recovery observed in the price level, it remains
higher than the initial level. This suggests that the shock has a lasting
effect on price levels, contributing to a higher overall price level in the
economy.

In summary, Figure 7.2 demonstrates that a persistent cost-push shock has a
more detrimental and prolonged impact on output, inflation, and price level
compared to the transitory case. The slower recovery in all three variables
implies that the effects of the shock persist for a longer duration, indicating
a more challenging economic adjustment process.

Model 2

In this model we have an explicit log markup equation (from 6.52) given
by

µp = −(σ +
φ+ α

1− α
)x (7.2)

A first thing to notice in the previous equation is that an increase in the
Frisch elasticity φ will reduce the markup and an increase in capital share
α will reduce the markup if we have an output gap increase.

Even thought the cost-push shock enters in the NKPC as in model 1,
this shock affects the markup via the output. Since we have a decrease in
output from the cost-push shock, we would expect an increase in the markup
from firms.
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Figure 7.3: IRF from a persistent cost-push shock

From the previous IRFs we can see similar behavior for the output x,
inflation pi and price level p, but in each case, the recovery is faster in the
second model and the first impact from the shock is lower.

Another difference from Model 1 is the interest rate, in this case, it is
reduced at the beginning and it recovers until exceeding the rate before the
cost-push shock converging to a higher rate than the initial one. This can
be interpreted as the first response from the Central Bank after a reduction
in the output, followed by an increase in the interest rate after the new price
level path (which stays above the original level).

Finally, we have the markup graph µ that shows a high increase following
the output decrease and a slow recovery without returning to the markup
before the shock. This is interesting since it is consistent with the theory
presented before, where the markup is assumed to have a counter cyclical
behavior. Another observation is that the markup does not return to its
original rate and it stays above it; this last result is consistent with our
hypothesis where the exceeded markup has contributed to the higher price
level.

There are some point to be highlighted from the previous analysis:

• Markup Equation: The explicit log markup equation (Equation 6.52)
reveals that an increase in the Frisch elasticity (φ) reduces the markup,
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while an increase in the capital share (α) reduces the markup when
there is an increase in the output gap. This indicates that changes in
these parameters affect the pricing behavior of firms and their ability
to set prices.

• Impact of Cost-Push Shock: The cost-push shock affects the markup
indirectly through its impact on output. Since the shock leads to a
decrease in output, it is expected to result in an increase in the markup
from firms. This aligns with the theory that a negative output shock
would typically lead to firms exerting more pricing power, thereby
increasing their markups.

Output

Figure 7.4: GDP in Mexico 2013-2022
Source: Sistema de información Económica from Banco de México at: https :
//www.banxico.org.mx/

The GDP has a positive tendency in the period of time studied. We can see
an outlier at date 2020-04-01, which is consistent with our analysis about the
impact of the COVID-19 crisis. There is also a slow recovery from the outlier
date, but without returning to the former tendency after several quarters.

Both Model 1 and Model 2 have accurately reproduced the reduction on
GDP and the slow recovery without a current return to its former tendency,
but Model 2 has been able to reproduced an accelerated recovery that seems
to behave closer to the actual data.

Some highlights from the output behavior would be:
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• Impact of COVID-19 Crisis: An outlier is observed at date 2020-04-01,
which aligns with the analysis of the impact of the COVID-19 crisis.
This suggests that the outlier corresponds to a significant downturn
in economic activity, likely as a result of the pandemic and associated
restrictions.

• Slow Recovery: Following the outlier date, there is a slow recovery
in GDP. However, it is noted that the GDP does not return to its
former tendency even after several quarters. This indicates a persistent
impact or structural changes in the economy that have affected the
growth trajectory.

• Model Replication: Both Model 1 and Model 2 have accurately repro-
duced the reduction in GDP and the slow recovery observed in the
actual data. However, it is mentioned that Model 2 has been able to
replicate an accelerated recovery that appears to be closer to the actual
data. This suggests that Model 2 captures certain factors or dynam-
ics that contribute to a faster rebound in GDP following a downturn,
providing a better fit to the observed economic behavior.

Inflation

To compare the DSGE model results concerning inflation we used cumulative
inflation in Mexico as a measure of inflation in this country.

Figure 7.5: Inflation in Mexico 2010-2023
Source: Sistema de información Económica from Banco de México at: https :
//www.banxico.org.mx/
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From the previous chart we can see that until 2017, inflation in Mexico
was around 3%, which is consistent with Mexico’s Central Bank main goal.
In 2017 the country has an inflation increase mainly attributed to the depre-
ciation of the Mexican peso as a consequence of the uncertainty rewarding
the bilateral relationship with the EEUU and the international increase on
energy prices and some agricultural products (BANXICO; 2017). We can
see a slow recovery until the end of 2019, from where it has been a constant
increase in inflation (that we attribute to the increase in raw material and
energy costs) that has not returned to the 3% goal from the Central Bank
until today.

In this case, Model 1 and Model 2 behave the same way with respect to
inflation, showing an increase up to 4%, followed by a quick reduction below
former inflation with an asymptotic stabilization below the initial level. The
reason is that both models use the same NKPC and the shock impacts both
the same way.

A first consideration about these is that probably the NKPC from the
model is giving more weight to output than expected inflation so even if we
see increases in price level, expectation about inflation need to be modified
in order to better asses higher inflation expectations. One possible solution
would be to use an hybrid Phillips Curve that allows to better account for
past inflation when generating expectations. Even if the markup changes
are not directly affecting the NKPC, these hybrid expectations with back-
ward looking agents could help estimate higher and longer price levels and
inflation due to firms expectations.

Another consideration is that the weight given to the output in the
NKPC might be higher than the actual parameter. Each Model has its own
weight parameter, being κ the parameter for Model 1 and ℵy the parameter
fro Model 2, were κ = λ(σ + φ+α

1−α ) and ℵy = λp(σ + φ+α
1−α ). One suggestion

for a further analysis would be to estimate both parameters with bayesian
methods instead of using the definitions given above to better asses the
parameters for the Mexican economy.

We can see that inflation in Mexico has been fluctuating over the years
and has not been consistent with the Central Bank’s goal of maintaining
inflation at around 3%. The inflation increase in 2017 was mainly due to
the depreciation of the Mexican peso, uncertainty regarding the bilateral
relationship with the United States, and an increase in energy and agricul-
tural product prices. After a slow recovery until the end of 2019, inflation
has been constantly increasing, mainly due to the rise in raw material and
energy costs, and has not returned to the 3% goal set by the Central Bank.

Model 1 and Model 2 show a similar trend in inflation, with both ex-
hibiting an increase up to 4% followed by a quick reduction below former
inflation with an asymptotic stabilization below the initial level. However,
one consideration is that the NKPC in the model might be giving more
weight to output than expected inflation, which can lead to incorrect assess-
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ment of higher inflation expectations. Using a hybrid Phillips Curve that
accounts for past inflation when generating expectations could be a possible
solution. Another suggestion for further analysis would be to estimate the
weight parameters for each model with Bayesian methods to better assess
their suitability for the Mexican economy.

Price level

A first thing to mention is that the price level for the Mexican economy in
the period evaluated has a positive trend, that is why before analyzing the
short run behavior we first seasonally adjusted the series and the we de-
trended it with an HP-fliter with λ = 1600, to allow for a better adjustment
to the real data. We took a period of 10 years to correctly estimate the cycle
and the trend since it needs at least two business cycles to be calculated and
the estimated length of a business cycle in Mexico is 4 years. The following
graph shows the resulting series

Figure 7.6: Price level variation 2013-2023
Source: Sistema de información Económica from Banco de México at: https :
//www.banxico.org.mx/

The graph shows that there is a clear change in behavior from 2020
than continues until today. Variation seems to be higher and with higher
maximums and minimums.
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From the estimations made with both DSGE implemented in this inves-
tigation, we see a rapid increase in prices in both models and a slow recovery
not returning to the initial price level but stabilizing at a higher price level.
In this case, price increases are greater in Model 1 and more persistent than
in Model 2, and prices stay at a higher level in Model 1 than in Model 2.

This first view from both models left us with some considerations about
the implementation on both models. Contrary to expectations, Model 1
had greater response on prices from the cost-push shock than the model
incorporating a markup equation. This could possibly by a consequence
of the way the markup equation was introduced within the model, since it
seems not to affect price level in the correct direction, which proposes us to
modify the relationship of the markup with the rest of the equations of the
model in a future study.

The analysis of the price level in the Mexican economy reveals a posi-
tive trend during the evaluated period. To better understand the short-run
behavior, the series was first seasonally adjusted and then detrended using
an HP-filter with a lambda value of 1600. This approach allows for a better
adjustment to the real data. A 10-year period was chosen to estimate the
cycle and trend, considering that at least two business cycles are needed for
accurate calculation and the estimated length of a business cycle in Mexico
is 4 years.

The resulting series, as depicted in the graph, shows a clear change
in behavior starting from 2020, which continues until the present. The
variations in the price level appear to be higher, with increased maximums
and minimums.

Moving on to the estimations made with both DSGE models in this inves-
tigation, it is observed that prices rapidly increase in both models following
a shock, but they recover slowly and do not return to the initial price level.
Instead, they stabilize at a higher price level. Model 1 exhibits greater and
more persistent price increases compared to Model 2. Furthermore, prices
remain at a higher level in Model 1 compared to Model 2.

This initial analysis of both models raises some considerations regarding
their implementation. Contrary to expectations, Model 1 shows a stronger
response in terms of prices to the cost-push shock compared to the model
incorporating a markup equation (Model 2). This unexpected outcome may
be attributed to the way the markup equation was introduced within the
model, as it appears to have an incorrect impact on the price level. There-
fore, it is suggested that the relationship of the markup equation with the
rest of the model’s equations be modified in future studies to improve its
alignment with the desired price dynamics.
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Output Gap

For getting the output gap data for Mexico, we first got the quarterly GDP
for the period 2013-2022, we calculated the potential output and finally got
the output gap by subtracting the original GDP series from the estimated
potential output. Since the original GDP series had an outlier observation
at date 2020-04-01 (as a consequence of the COVID-19 crisis), to correctly
estimate the trend and cycle for this period of time, we had to change the
outlier data to avoid contamination in the estimation of both the trend and
cycle.

To do this we fist changed the outlier value to the mean between the last
data before the outlier and the data after the outlier observation. from here,
we calculated the trend and cycle for the series with the HP-filter, setting
λ = 1600. Once we got the potential output, we restored the outlier data to
calculate the output gap for the entire period of time.

Figure 7.7: Output gap 2013-2022
Source: Sistema de información Económica from Banco de México at: https :
//www.banxico.org.mx/

We can see a big increase in the output gap as a first response to the
COVID-19 crisis and the price and output changes consequence of this crisis,
followed by a downward change in the trend of the series until its initial rate.

There was only measured output gap for Model 1 and it seems to cor-
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rectly estimate the output gap for the Mexican economy, since it estimates a
rapid increase in output gap followed by a quick return to the initial rate and
stabilizing there. Since the output gap in Model 1 is given by ygap = y−ynat
(where y is production and ynat is the natural level of production that is the
product consistent with firms setting the desired markup), the quicker re-
turn of the output gap to its initial rate than the return from the output to
its original level could be suggesting a change in the natural output in the
economy, meaning that the crisis originated a lower natural output so the
output gap returned faster to its former rate.

Interest rate

For the Central Bank interest rate we used the 90 days government bond
interest since we are using quarterly frequency in our model and these bonds
better adjust the data.

Figure 7.8: BANXICO’s interest rate 2013-2023
Source: Sistema de información Económica from Banco de México at: https :
//www.banxico.org.mx/

From the results of Model 1, we can see that at the beginning of the
COVID-19 crisis we had a reduction in the interest rate due to the decelera-
tion of the economy, followed by an increase in the interest rate in accordance
with our hypothesis about the cost increases and the cost past-through from
firms to consumers, leading to a considerable increase in inflation.

Interestingly, Model 2 shows an opposite behavior as the first response
from the cost-push shock was an increase in the interest rate, followed by
a reduction of this interest rate below the initial level and a slow asymp-
totic recovery to the initial level but staying below it. This has a possible
explanation from the way the monetary policy is introduced in each model.
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While in Model 1 we used the Ramsey policy command to introduce the
monetary policy

i = π2 + ϑx2

for Model 2 we applied an explicit monetary policy given by:

i = 0.5(σ +
φ+ α

1− α
x2 +

ϵ

λ
π2)

showing that the Central Bank has a reactive function with respect of
the output gap and inflation in both cases but the weight associated to each
variable are different in each model.

From these equations we can see inflation having a bigger impact on the
Central Bank interest rate for Model 1, so, as long as inflation and price
level stays high, interest rates tend to be above the initial level; inflation
and the interest rate actually seems to have an inverse behavior. In Model 2
it seems to be the case that the output gap leads the interest rate and that
is the fundamental reason why interest rates stay below the initial level as
a strategy from the Central Bank to incentive output.



Chapter 8

Conclusions

In this analysis, we examined the effect of cost-push shocks on the Mex-
ican economy using two different DSGE models, considering the presence
of oligopolistic markets. We investigated the impulse response functions of
output, price level, inflation, and interest rate to understand the short-run
dynamics and the long-term effects of persistent shocks.

In the case of a transitory cost-push shock, we found that output ini-
tially decreased but returned to its initial level within 12 periods. Inflation
increased due to the shock but gradually decreased and eventually returned
to its pre-shock level. The price level showed a gradual increase before
returning to its initial level.

When considering a persistent cost-push shock, we observed that the
negative impact on output was more substantial compared to the transitory
shock, and the recovery was slower. Inflation increased by more than twice
the amount observed in the transitory case and took longer to return to its
initial level. The price level also experienced a greater increase, followed by
a slower recovery, although it did not return to its original level.

Comparing the two DSGE models, we found that both models captured
the reduction in GDP and the slow recovery without a return to the pre-
shock trend. However, Model 2 exhibited a faster recovery and better aligned
with the actual data.

In terms of inflation, both models exhibited similar behavior, with an
initial increase followed by a gradual decrease. However, the models did not
fully capture the sustained increase in inflation observed in the real data,
suggesting the need for further refinements, such as incorporating hybrid
Phillips Curve models that account for backward-looking expectations or
estimating the model parameters using Bayesian methods.

Regarding the price level, both models showed a rapid increase followed
by a slow recovery, with Model 1 displaying higher and more persistent
price increases compared to Model 2. This discrepancy suggests the need
for adjustments in the way the markup equation is incorporated into the
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models to better capture the relationship between the markup and the rest
of the model equations.

For the output gap, Model 1 accurately estimated the rapid increase and
subsequent return to the initial rate, indicating a potential change in the
natural output level caused by the crisis. However, no output gap data was
available for Model 2.

Analyzing the Central Bank interest rate, Model 1 demonstrated a re-
sponse consistent with expectations, with a reduction in the interest rate
followed by an increase in line with the cost increases and inflationary pres-
sures. In contrast, Model 2 exhibited an initial increase in the interest rate
followed by a reduction below the initial level and a gradual recovery. These
differences can be attributed to the differing weight assigned to inflation and
the output gap in the monetary policy rules of each model.

The DSGE model calibrated for the Mexican economy showed that a
cost-push shock is able to duplicate recent behavior for key variables in the
Mexican economy, such as the output level and recent inflation. Particularly,
a persistent cost-push shock better fits the data and it is consistent with
recent events in the country.

These results are consistent with the theoretical framework where we
suggested that recent inflation in Mexico came from a cost-push shock due to
price increases in raw materials and the counter cyclical behavior of markups
coming from an economy with imperfect markets where firms have some
market power to set prices.

A first suggestion for further investigation is to define a model able to
separate the effect from a cost-push shock on inflation from the effect on
the markup increase on inflation, since the second phenomena seems to be a
consequence from the cost-push shock but it also has an independent effect
on inflation that would be interesting to study for the case of an economy
with market power, as the Mexican one.

Another thing to take into account for future research is the behavior
of inflation, which turned out to have a lower response and less persistence
than in the data for Mexico, so it is suggested to review the NKPC to
modify the weights of its components (using baesian methods to estimate
the parameters), or even its structure, adding a component with lags from
previous inflation (as is the case of the hybrid NKPC).

As a final suggestion, it would be pertinent to introduce the exchange
rate and intermediate good prices to the NKPC to allow for a richer study
on the roots of inflation in Mexico, since it is an open economy that seems
to be directly affected by external conditions (both reflected in the exchange
rate and in the intermediate good prices).

Overall, the analysis provides insights into the short-run dynamics and
long-term effects of cost-push shocks in the Mexican economy, showing the
importance of accurately capturing inflation dynamics and the interaction
between different variables in DSGE models. Further research and refine-
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ments are necessary to improve the models’ ability to replicate real-world
outcomes and enhance their policy implications.
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