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ABSTRACT OF THE DISSERTATION
Essays on Macroeconomics
by

Luis Gonzalo Llosa
Doctor of Philosophy in Economics
University of California, Los Angeles, 2012

Professor Lee Ohanian, Chair

In these essays, I examine (i) the role of terms of trade in emerging countries and (ii)
economic efficiency under endogenous information. The first chapter documents a nega-
tive relationship between the terms of trade - defined as the ratio of imports to the price
of exports - and various macroeconomic variables such as output, consumption, invest-
ment and total factor productivity (TFP) in emerging economies. The second part of
this chapter presents a small open economy business cycles model featuring intermedi-
ate imported inputs, monopolistic competition and input-output linkages. A calibrated
version of the model reproduces the empirical facts documented in the first part. In
particular, the model replicates the negative link between the terms of trade and TFP,
providing an explanation to a long-standing puzzle in the business cycle literature. In
addition, I show how terms of trade shocks help to increase the volatility of consump-
tion above the volatility of output. The second and third chapters, which are part of
an ongoing work with Venky Venkateswaran, examine economic efficiency under costly
private information. In the second chapter, my co-author and I study the efficiency of
equilibrium outcomes in models where monopolistically competitive firms acquire costly
information about aggregate fundamentals before making pricing or quantity decisions.
Using this framework we show that market power reduces the private value of informa-
tion relative to its social value, causing too little investment in learning and inefficient
cyclical fluctuations. Importantly, this is true even in an environment where the ex-post
response to information is socially optimal, which is the case when firms choose labor
input under uncertainty about aggregate productivity. When firms set nominal prices,

however, their actions exhibit a inefficiently high sensitivity to their private signals. The
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combination of this inefficiency in information use and market power makes the overall
direction of the inefficiency in information acquisition ambiguous. In terms of policy, we
show that the standard full information response to market power-related distortions can
reduce welfare under endogenous uncertainty. We also show how our analysis applies to
coordination games in general, using the beauty contest framework. In the third chapter
my co-author and I show that the same inefficiencies characterized in the previous chap-
ter take place in standard business cycle models. In a RBC framework with dispersed
information about technology shocks, distortions due to market power have no effect on
incentives to respond to information, but distort the private value of information, leading
to an inefficiently low level of information acquired in equilibrium. In a monetary model
with nominal price-setting by heterogeneously informed firms, inefficiencies arise in both

the use and the acquisition of information.

111



The dissertation of Luis Gonzalo Llosa is approved.

Mark J. Garmaise

Ariel Thomas Burstein

Andrew Granger Atkeson

Lee Ohanian, Committee Chair

University of California, Los Angeles

2012

v



To my wife, Silvana, whose immense love kept me afloat in turbulent times.
To my parents, Luis and Eleana, who have supported me each step of the way.
To my Grandparents, Sabino and Judith, whose example has guided me throughout life.

There are no words to express my gratitude to all of them.



TABLE OF CONTENTS

1 Terms of trade In Emerging Markets . . . . . .. ... ... ... .... 1
1.1 Introduction . . . . . . . . . . 1
1.1.1 Related literature . . . . . . . . ... ... o 4

1.2 Data . . . . . e 6
1.2.1 Sample and definitions . . . . . .. ... 7

1.2.2  Empirical regularities . . . . . . .. ... oo oL 8
1.2.3 Exogeneity of terms of trade . . . . . . .. ... 12

1.3 Model . . . . 14
1.3.1 Symmetric equilibrium . . . . ... ..o 20

1.4 The effect of terms of tradeon TFP . . . . . . . .. .. ... ... ... 26
1.4.1  Simple intuition . . . . .. ..o 27

1.4.2 Policy . . . . . . 28
1.4.3 Measurement issues . . . . . . . . ... 30

1.5 Quantitative results . . . . . . . ... oo 30
1.5.1 Preferences . . . . . . . ... 31

1.5.2  Log-linearization . . . . . .. . . . . ... ... ... .. ... .. 31
1.5.3 Calibration . . . . .. . ... ... 32
1.5.4 Impulse responses . . . . . . . . . ... 34
1.5.5 Business Cycle Moments . . . . .. ... ... ... ... ..... 36

1.6 Conclusion . . . . . . . . . 41
1.7 Appendix . . . ... 42
1.7.1 Intermediate good producer problem . . . . .. ... ... .. .. 42
1.7.2  Social planning problem . . . . . .. .. ... .. ... ... ... 43
1.7.3 Measurement of output . . . . . .. ... 47

vi



1.7.4 Data . . . . . . 49

2 Efficiency with Endogenous Information Choice . . ... ... ... .. 51
2.1 Introduction . . . . . . ... 51
2.2 A Simple Example . . . .. ... 55
2.3 A Microfounded Business Cycle Model . . . . . .. ... ... ... ... 59
2.4 Model I: Quantity choice with productivity shocks . . . . . .. ... ... 61

2.4.1 Equilibrium . . ... ... 64
2.4.2 Efficiency in Information Use . . . . . . . ... ... .. .. ... 65
2.4.3 Efficiency of Information Choice . . . . . . . . . .. .. ... ... 68
24.4 Optimal Policy . . . . .. ... ... 70
2.5 Model II: Price-setting with productivity shocks . . . . . ... ... ... 71
2.5.1 Efficiency in informationuse . . . . . .. ... 73
2.5.2 Efficiency of information choice . . . . . ... ... ... ... 74
2.5.3 Optimal Policy . . . ... ... ... ... ... 76
2.6 Model III: Price choice with nominal shocks . . . . . ... .. ... ... 78
2.6.1 Efficiency in Information Use . . . . ... ... ... ... .... 80
2.6.2 Efficiency in Information Choice . . . . . . . . . .. .. ... ... 80
2.6.3 Optimal Policy . . .. ... ... ... ... ... ... 81
2.7 A Beauty Contest Model . . . . . . . ... ... ... ... ........ 82
2.7.1 Payoffs and Information . . ... ... ... ... ... ... ... 82
2.7.2 Equilibrium . . . ..o 84
273 Welfare . . . . . . . 85
2.7.4 Implementing the Information-Constrained Optimum . . . . . . . 88
2.7.5 Public Signals . . . . .. ... oo 90
2.8 Conclusion . . . . . .. . 92
2.9 Proofsof Results . . . . . . .. ... 92

Vil



2.9.1 Model I: Quantity choice with productivity shocks . . . . . . . .. 92

2.9.2  Model II: Price setting with productivity shocks . . . . . . . . .. 96
2.9.3 Model III: Price setting with nominal shocks . . . . . . .. .. .. 102
2.9.4 A Beauty Contest Model . . . . . . .. ... ... ... ...... 102

3 Inefficiencies in Business Cycle Models under Endogenous Information105

3.1

3.2

3.3

3.4

Introduction . . . . . .. ..o 105
A Real Business Cycle Model . . . . . .. ... ... ... ... .. ... 107
3.2.1 Preferences, Technology and Information . . . . . . ... ... .. 108
3.22 Optimality . . . . .. .. 111
3.2.3 Equilibrium . . . ..o 113
3.2.4 Information acquisition . . . . . ... ... L 116
3.2.5 Efficiency in Information Use . . . . . ... ... ... ...... 117
3.2.6 Efficiency of Information Choice . . . . . . . ... ... ... ... 119
3.2.7 Optimal Policy . . . ... .. ... ... 120
A Nominal Price-Setting Model . . . . . . ... ... .. ... ...... 122
3.3.1 Preferences, Technology and Information . . . . . ... ... ... 122
3.3.2 Optimality . . . . .. .. 125
3.3.3 Equilibrium . . . . ... 126
3.3.4 Information acquisition . . . . .. ... 132
3.3.5  Efficiency in Information Use . . . . .. . ... ... .. ... ... 133
3.3.6  Efficiency of Information Acquisition . . . . . .. ... ... ... 134
3.3.7 The Collusive Optimum . . . . . . . . ... ... ... . ..... 137
3.3.8 Strategic Motives in Information Acquisition . . . . . . . . . . .. 140
Proofs of Results . . . . . . .. ... o 142
3.4.1 A Real Business Cycle Model . . . . ... ... ... ... ... 142
3.4.2 A Price Setting Model . . . . ... ... ... ... L. 149

viil



References

1X



1.1

1.2

2.1

2.2

2.3

3.1

3.2

3.3

L1sT OoF FIGURES

Terms of trade volatility and business cycle volatility . . . . . ... . .. 10
Impulse response functions . . . . . . . .. ..o 35
Profits and Utility . . . . . . . .. ... o 29
Timeline of Events . . . . . . . . . . . .. ... ... 61
Effect of subsidy on welfare . . . . . .. .. ... 000 7
Timeline of Events . . . . . . . . . .. .. ... 109
Timeline of Events . . . . . . . . . . . ... ... 124
Effect of Uncertainty . . . . . . . . . ... ... oL 129



L1sT OoF TABLES

Business cycles moments: Volatility . . . . . .. .. ... ... ... ...
Business cycles moments: Correlations . . . . . .. ... ... ... ...
Participation in world’s trade . . . . . . . .. ... ... ...
Trade composition . . . . . . . . .. ..
Baseline Calibration . . . . . . . ... ... ... ... ... ... .
Simulated and actual moments . . . . ... ... ...

Sensitivity Analysis . . . . . . . ..o

x1



ACKNOWLEDGMENTS

I am greatly indebted to my committee - Lee Ohanian, Andrew Atkeson, Ariel Burstein
and Mark Garmaise - for their guidance. I am also grateful to Hugo Hopenhayn, Pablo
Fajgelbaum, Christian Hellwig, Joel David, Javier Cravino, Andres Zambrano, Roberto
Fatal-Jaef and Venky Venkateswaran for numerous helpful discussions and comments.
Chapters 2 and 3 are part of ongoing joint work with Venky Venkateswaran. All remaining

errors are my own responsibility.

xii



2002

2002-2005

2005-2007

2009

2009

Llosa, Luis Gonzalo and Miller, Shirley. 2004. ”Using additional information in estimat-

ing the output gap in Peru: a multivariate unobserved component approach.” Money

ViTA

B.S. (Economics), Universidad del Pacifico, Peru.

Economist, Econometric Modeling Unit, Central Reserve Bank

of Peru.

Research Fellow, Research Department, Inter-American Devel-

opment Bank, Washington D.C.

M.A. (Economics), University of California, Los Angeles.

C.Phil. (Economics), University of California, Los Angeles.

PUBLICATIONS

Affairs Vol. XVII. CEMLA.

Llosa, Luis Gonzalo. 2004. ”Examinando algunas disyuntivas de politica econémica con

un modelo estructural.” Revista Estudios Econémicos (11). Central Reserve Bank of

Peru.

Llosa, Luis Gonzalo, Tuesta, Vicente and Marco Vega. 2006. " A BVAR forecasting model

for Peruvian inflation.” Money Affairs Vol. XIX. CEMLA.

Llosa, Luis Gonzalo and Tuesta, Vicente. 2008. ”Determinacy and learnability of mone-

tary policy rules in small open economies.” Journal of Money Credit and Banking 40(5).

xiil



S1033-1063.

Llosa, Luis Gonzalo and Tuesta, Vicente. 2009. ”Learning about monetary policy rules
when the cost-channel matters.” Journal of Economic Dynamics and Control 33(11).

S1880-1896.

Llosa, Luis Gonzalo and Panizza, Ugo. forthcoming. ”Peru’s Perfect Storm.” in Haus-
mann, R., E. Morén and F. Rodriguez (eds.), The Peruvian Growth Puzzle, Harvard

University Press.

Xiv



CHAPTER 1

Terms of trade In Emerging Markets

1.1 Introduction

Do terms of trade have a real effect on small open economies? If they do, what is the
mechanism behind? Several studies have noticed that the terms of trade - defined as the
ratio of import prices to export prices - have a negative correlation with output and TFP
and that larger terms of trade shocks play an important role in explaining larger business
cycles, e.g. Mendoza [Men95|, Kose [Kos02], Easterly et. al [EL93|, Becker and Mauro
[BMO5], Izquierdo et. al. [IRTO08], Kehoe and Ruhl [KRO8]. However, recent research
has challenged some of these empirical findings by showing that standard macro models
predict that changes in the terms of trade have no first order effect on TFP if output is
measured using chain-weighted methods, e.g. Kehoe and Ruhl [KR0S].

This paper revisits the aforementioned questions using a small open economy (SOE)
model in which imports are inputs in production, output markets are imperfectly com-
petitive and firms are connected in an input-output network. Otherwise, the model nests
the standard SOE model commonly used in quantitative macro, e.g. Mendoza [Men91].

Using this framework, this paper delivers the following results:

1. terms of trade shocks affect TFP in the same way as in the data.

2. terms of trade shocks increase the volatility of consumption relative to that of

output.

3. Input-output linkages amplify the influence of terms of trade shocks on the real

economy.

The main finding is that terms of trade affect negatively the aggregate output in

this economy through TFP. To understand this result, first note that in the presence of



intermediate inputs, output is really the total quantity of goods produced by firms net
of the real opportunity cost of intermediate inputs. This notion of output corresponds
to real value added and it essentially requires subtracting real cost of imports - i.e. cost
of imports at constant terms of trade - from the gross output. Now, suppose that there
is an (infinitesimal) increase in the terms of trade that causes a decrease in the use of
imported inputs. As a result, for each unit of less imports, gross output falls by an
amount equal to the marginal product of imported inputs (increasing output) and the
real cost of imports falls by an amount equal to the constant terms of trade (decreasing
output). The net effect depends on whether or not the marginal product is equal to
terms of trade in equilibrium. Monopolistic behavior distorts this equalization, i.e. the
marginal product of imports is higher than the terms of trade. It follows that after an

increase in terms of trade, TFP and output falls.

In the model the influence of terms of trade on TFP is summarized by an elasticity.
The absolute magnitude of the elasticity of TFP to terms of trade is proportional to
the excess price over marginal cost or markup. This occurs because in monopolistic
competitive equilibria markups create a constant positive wedge between the marginal
product of imports and the terms of trade. Hence, the greater is the markup, or the lower
the elasticity of substitution among competing products, the greater is the influence of the
terms of trade on TFP. The intuition works as follows. With markups firms under-produce
and thus use a sub-optimal low level of imports. A terms of trade improvement partially
undoes this inefficiency yielding additional quantity of output. When the monopolistic
distortion disappears, i.e. zero markups, the elasticity of TFP to the terms of trade
collapses to zero. This knife-edge case corresponds to perfect competition which is a
common assumption in standard business cycles models. Under perfect competition,
profit maximization also optimizes output, which kills the first order effects of terms of
trade. In other words, as a direct consequence of the envelope theorem, in a perfectly
competitive environment the terms of trade effects on TFP are confined to be second or

higher order.

Other elements of the model determine the magnitude of the elasticity of TFP to the
terms of trade. One element is the degree of exposure to imported inputs as measured

by the share of imports on output. The intuition here is that markups act like a tax



on imports and the share of imports to output is the tax base. Hence, the share of
imports on output re-scales the distortion (which affects all production) into output
units. The interplay between the markup and the share of imports on output determines
the magnitude of the direct effect of the terms of trade on TFP. If firms engage in inputs
transactions to one another, then these interconnections will enlarge the magnitude the
elasticity of TFP to the terms of trade. Specifically, each firm is indirectly affected by
the terms of trade via those firms it supplies inputs to and those firms it buys inputs
from. These indirect effects set in motion a sequence of feedback loops among firms that

amplify aggregate shocks.

The last qualitative result is that terms of trade increase the volatility of consumption
relative to that of output. The general idea is that consumption is really driven by per-
manent real income and not by output. Now, while output measures the quantity of final
goods produced by domestic factors of production, real income measures the purchasing
power of households’ income generated by those factors of production. This difference
implies that income is more elastic to the terms of trade than output. Consequently,
terms of trade volatility increases income volatility (relative to the volatility of output),
and through it, the volatility of consumption (relative to the volatility of output). Yet,
access to international capital markets bound the volatility of consumption below the

volatility of income.

I quantify to what extent the aforementioned results matter in the data. To that end,
I calibrate the model to a sample of emerging economies and perform a series of numerical
simulations. These simulations show that terms of trade shocks alone account for about
a quarter of the volatility of the actual TFP volatility. The model also performs quite
well for other moments of the data. Terms of trade shocks alone account for about 75
percent of the actual volatility of output. Under the baseline calibration the model is
unable to generate excess volatility of consumption. However, under highly persistent,
though stationary, terms of trade shocks the model is able to generate excess volatility
of consumption. Putting restrictions to international capital mobility also generates the

same result.



1.1.1 Related literature

This paper is connected with a strand of quantitative macro literature studying the role of
terms of trade within SOE RBC framework, e.g. Mendoza [Men95] and Kose [Kos02]. In
this models, technology shocks and terms of trade shocks are assumed to be correlated. I
assume that terms of trade shocks are independent from technology shocks. Other papers
have studied terms of trade fluctuations in models where imports are intermediate inputs
in production, e.g. Kohli [Koh04], Kehoe and Ruhl [KR08], and Feenstra et al. [FMR09].
The main message of these papers is that terms of trade do not have a direct effect on
output if output is measured using a chain-weighted method. The economic insight is that
there is a envelope condition that guarantees that terms of trade have no first-order effects
on TFP. A common theme in these analyses is the assumption of perfectly competitive
markets. In this paper I relax this assumption given the empirical evidence in favor non-
competitive markets, e.g. Broda and Weinstein [BWO06] and Hendel and Nevo [HNOG6].
I show that, under monopolistic (and hence inefficient) competitive equilibria, terms of
trade have first-order effects on TFP. This occurs because the monopolistic behavior of
firms introduces a wedge between the marginal product of imports and the terms of trade,

thus, breaking the envelope condition Kehoe and Ruhl refer to.

There are other papers analyzing the consequences of imperfect competition for TFP,
e.g. Hall [Hal90] and Basu and Fernald [BF02] among others. In particular, there exist
some noteworthy coincidences between Basu and Fernald and my work. Specifically these
authors show that imperfect competition introduces several non-technological factors into
industry TFP. One of these factors arises from aggregate industrial output (real value
added), which is computed as the difference between gross output and intermediate inputs
valued at their purchase price, not their marginal product. Importantly, for this result
to hold, a fraction of intermediate inputs must be produced outside the industry. That
is exactly the insight I emphasized in this paper, except that intermediates inputs must

be produced by another country.

A recent group of papers analyze the role nonconvexities for the effects of terms of
trade on aggregate outcomes, e.g. Alessandria et al. [AKM10] and Gopinath and Neiman

[GN12]. This research shows that nonconvexities in imports have important consequences



not only for the level of trade, but also for the response of industry aggregates after
terms of trade shocks. In an parallel and independent work, Gopinath and Neiman build
a monopolistic competitive model similar to the one considered here except that firms
must pay a fixed cost for each input variety they decide to import.! There are important
similarities and differences between their work and mine. Both papers are similar in the
sense the impact of the terms of trade on TFP arises due to firms’ monopolistic behavior.
Furthermore, Gopinath and Neiman’s model features a richer trade adjustment after
terms of trade shock which create an additional mechanisms through which terms of
trade affect TFP and at the same time allows them to match a set of new micro-facts.?
In contrast, I consider a much simpler trade adjustment pattern while I expand the
analysis to other macro consequences of terms of trade shocks such as the response of

investment, consumption, labor and aggregate output.

This paper also contributes to the study of terms of trade effects on other macro
variables. In the context of perfect competition, Kohli [Koh04] shows that output tends to
underestimate the increase (decrease) in real income and welfare when the terms of trade
improve (deteriorate). For example, from a balance-trade position, an improvement in
the terms of trade implies that the same amount of exports can produce more imports. As
a consequence, real income and welfare rise directly from that effect. In contrast,output,
which focuses on production, subtracts this direct price effect. I show that this also
true for the case of imperfect competition, i.e. real income responds more forcefully than
output. Moreover, I connect this result with the so-called excess volatility of consumption
puzzle, which as a salient feature of SOE business cycles, specially in emerging economies,
e.g. Neumeyer and Perri [NP05]. Aguiar and Gopinath [AGO7] provide an explanation
to this phenomenon that is based permanent shocks to the growth rate of TFP. The key
idea of their argument lies on the permanent income hypothesis, namely, consumption

responds more to the permanent component of income than to the transitory one.®> To

!Gopinath and Neiman [GN12] show that the size of the fixed cost and the ToT shock determine
the adjustment in several margins: (i) the number of imported varieties, (ii) the number of importing
firms and (iii) who import and who not (selection effect). These margins are important part of the trade
adjustment pattern observed in the aftermath of 2001 Argentine crisis.

2For instance, in their model firm level import shares affect the level of productivity. Moreover,
because a ToT shocks change the number of imported varieties, statistical import price index may differ
from the ideal price index. This mismeasurement introduces an artificial ToT effect on TFP, see Feenstra
et al [FMRO09).

30ther common explanations to the excess volatility of consumption involve essentially shocks to



some extent, terms of trade shocks induce a similar result with the difference that the

excess volatility of consumption arises from a difference between income and output.

My work is connected with a literature studying the role of intermediate inputs in
macroeconomics, e.g. Basu [Bas95], Jones [Jonll], Acemoglu et. al. [ACO11] among
others. Two lessons are derived from this literature. First, input-output linkages amplify
disturbances in the economy, e.g. Jones [Jonll]. Second, the architecture of the input-
output matrix matters for aggregate volatility, e.g. Acemoglu et. al. [ACO11]. Following
Basu, in my model all domestically produced goods can serve either as final outputs or
as inputs for the production of other goods. I modify this structure by adding imported
intermediate inputs, which are supplied elastically (at a given price) by an external sector.
Moreover, I have assumed that the domestic technology of production depends equally
on imported inputs. This implies that the external sector plays the role of a general-
purpose technology. terms of trade shocks can be interpreted as shocks to this general-
purpose technology and the amplification occurs downstream as all firms using imports

are interconnected to each other.

The rest of the paper is organized as follows. Section 1.2 presents some empirical
regularities of emerging markets. Section 3.3 outlines the model. Section 3.3.5 discusses
the inefficiency in TFP. Section 1.5 presents calibrates the model and presents the quan-

titative results. Section 2.8 concludes.

1.2 Data

This section documents some empirical regularities about business cycles and the terms
of trade in emerging economies. First, terms of trade are highly countercyclical. Sec-
ond, higher terms of trade volatility is associated with larger business cycles fluctuations.
These empirical regularities are contrasted with those obtained for developed economies.
This comparison shows that the aforementioned stylized facts are distinctive character-

istics of emerging economies.

the real interest rates that not only affect the stochastic discount factor but also affect output through
financial constraints, e.g. Neumeyer and Perri [NP05], Mendoza and Yue [MY11].



1.2.1 Sample and definitions

I consider a sample of emerging countries and developed countries. The sample of emerg-
ing countries consists of a list of non-oil exporters, no transition, middle-income devel-
oping countries.* The sample is restricted to those countries integrated to international
capital markets as defined in Calvo et. al. [CIT06]. The sample of developed countries
consists of OECD members prior to 1980.5 The annual time series studied are real GDP,
consumption, investment, real net exports, terms of trade and TFP. Detailed information
about these time series is given in the data appendix. The analysis is restricted to the
period between 1980 and 2008. The analysis is further restricted to those countries with
complete data between 1980 and 2008.° The final sample is composed by 12 emerging

economies and 22 developed economies.”

The variables of interest are real output, real consumption, real investment, real net
exports, TFP and the terms of trade. Detailed information about these time series is given
in the data appendix. Terms of trade (hereafter P,,) is defined as ratio of the import price
deflator to the export price deflator.® Following the literature on real business cycles, e.g.

Bergoeing et. al. [BKKO02]|, Total Factor Productivity (TFP) is calculated as:

Y,

TFP = ——
Kt—lLt

4The classification of middle-income developing country is taken from World Bank’s World Devel-
opment Indicator. See IMF [IMFO00] for a list of transition economies. See Chapter 2 of IMF’s World
Economic Outlook 2006 for a list of oil exports. These are countries with an average share of fuel exports
in total exports that exceeds 40 percent and the average value of fuel exports that exceeds 500 millions of
dollars.This classification excludes large oil producers for which oil is not a key export, such as Canada,
Ecuador, Mexico, and the United Kingdom.

5As in the case of emerging economies, oil exporters were left out of the analysis. The only country
within this category is Norway.

6By focusing on this period, the analysis reduces the influence of possible structural breaks on the
empirical facts. Aguiar and Gopinath [AGO07] points out that some important stylized facts about
emerging-market economies in the last decades are not present before 1980. This structural break can
reflect the fact that many emerging-market economies were essentially closed economies or had tight
controls on private capital flows before 1980.

"The group of emerging economies is conformed by Argentina, Brazil, Chile, Colombia, Indonesia,
Korea, Mexico, Malaysia, Peru, Philippines, Thailand and Uruguay. The group of developed economies
is conformed by Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Finland,
France, United Kingdom, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, New Zealand,
Portugal, Sweden and United States.

8Terms of trade are similarly defined by Backus et. al. [DK92]. The implicit price deflators from
national accounts correspond to Paasche price indexes, i.e. individual import (resp. export) prices
weighted by current imports (resp. export) quantities. The price deflators are constructed using exports
and imports of goods and services.



where Y} is the period t real GDP, K,;_4 is the end of period t—1 stock of capital (beginning
of period t stock of capital) and L, is the labor input. The stock of capital is constructed
using the perpetual inventory method under constant depreciation rate 6. The parameters
a and ¢ are fixed at 0.36 and 0.06, respectively. These are the standard values used in
the literature, see for example Bergoeing et. al. [BKKO02]. These parameters are also

used in the calibration.

All series are logged, except real net exports which are presented as a ratio to real
output. I focus on the business cycle component by removing the stochastic trend from
these series. The trends are calculated using the Hodrick-Prescott filter with smoothing

parameter 100, which is the usual value for annual data.

1.2.2 Empirical regularities

This section documents some empirical regularities about business cycles and the terms
of trade in emerging economies. These empirical regularities are contrasted with those
obtained for developed economies. This comparison highlights some distinctive charac-

teristics of emerging economies.

Part T of table 1.1 reports the standard deviation of the variables in percent units.
As expected, the volatility of all variables is higher for emerging economies than for
developed economies. This is also true for the terms of trade, which are on average twice

as much volatile in emerging markets than in developed countries.

Data on individual countries suggest that emerging economies with larger terms of
trade fluctuations also face larger business cycles fluctuations. To illustrate this, Figure
1.1 plots terms of trade volatility (horizontal-axis) against output volatility (left scatter
plot) and TFP volatility (right scatter plot). To show the degree of association between
business cycles volatility and terms of trade volatility within each group, the figure also
plots the fitted values obtained from OLS regressions for each group. There seems to be
a positive association between terms of trade volatility and business cycle volatility in
emerging economies. In contrast, among developed economies terms of trade volatility

and business cycle volatility seem to be disconnected.

Part II of table 1.1 reports the volatility of each variable relative to the volatility of



Table 1.1: Business cycles moments: Volatility
I. Volatility - standard deviation (in percent)

Y C 1 NX TFP Py
Argentina  7.04 (0.97) 7.34 (1.11) 20.22 (3.32) 229 (0.34) 6.41 (0.77) 6.68 (1.00)
Brazil 3.61 (0.52) 4.13 (0.39) 9.86 (1.08) 1.56 (0.22) 3.61 (0.47) 8.09 (0.95)
Chile 4.60 (0.86) 6.48 (1.33) 15.10 (2.58) 2.96 (0.55) 4.57 (1.04) 8.70 (0.95)
Colombia 2.89 (0.28) 3.25 (0.32) 16.33 (2.66) 2.27 (0.27) 2.74 (0.19) 5.53 (0.95)
Indonesia 4.80 (0.93) 6.82 (1.05) 1293 (2.47) 4.90 (1.02) 5.36 (0.86) 9.26 (1.77)
Korea 3.00 (0.50) 4.03 (0.89) 8.49 (1.27) 2.07 (0.43) 2.61 (0.54) 3.66 (0.36)
Mexico 3.77 (0.71) 5.38 (0.90) 12.98 (2.19) 2.04 (0.31) 3.14 (0.57) 6.52 (1.42)
Malaysia 435 (0.68) 6.98 (1.00) 19.33 (2.96) 6.20 (0.82) 3.64 (0.47) 3.72 (0.84)
Peru 6.55 (0.87) 6.27 (1.05) 17.37 (1.16) 1.98 (0.17) 7.70 (1.16) 8.90 (0.93)
Philippines  4.13 (0.84) 2.18 (0.42) 15.20 (3.16) 0.68 (0.07) 4.66 (0.97) 5.93 (0.71)
Thailand 5.17 (0.86) 5.25 (0.82) 18.87 (2.99) 4.32 (0.73) 4.70 (0.64) 4.11 (0.66)
Uruguay 6.70 (0.87) 8.63 (1.01) 26.11 (3.68) 2.29 (0.20) 5.99 (0.91) 5.86 (0.91)
Emerging' 4.72 (1.35) 5.56 (1.80) 16.07 (4.61) 2.80 (1.50) 4.60 (1.50) 6.41 (1.91)
Developed! 2.19 (0.63) 2.33 (0.98) 7.03 (2.34) 1.24 (0.70) 1.59 (0.60) 2.80 (1.45)
IT. Volatility - Relative standard deviation
Y C I NX TFP Py

Argentina 1.00 (0.00) 1.04 (0.05 2.87 (0.15) 0.33 (0.02 0.91 (0.08) 0.95 (0.21
Brazil 1.00 (0.00) 1.14 (0.17 2.73 (0.20) 0.43 (0.10 1.00 (0.08) 2.24 (0.31
Chile 1.00 (0.00) 1.41 (0.11 3.28 (0.11) 0.64 (0.07) 0.99 (0.09) 1.89 (0.47

Colombia 1.00
Indonesia 1.00 (0.00) 1.42 (0.35 2.69 1.02 (0.32 1.12 (0.07) 1.93 (0.59
Korea 1.00 (0.00) 1.34 (0.13 2.83 0.69 (0.08 0.87 (0.17) 1.22 (0.23

(0.00) (0.05) (0.15) (0.02) (0.08) (0-21)
(0.00) (0.17) (0.20) (0.10) (0.08) (0.31)
(0.00) (0.11) (0.11) (0.07) (0.09) (0.47)
(0.00) (0.09) (0.85) (0.11) (0.08) (0.38)
(0.00) (0.35) (0.15) (0.32) (0.07) (0.59)
(0.00) (0.13) (0.22) (0.08) (0.17) (0.23)
Mexico 1.00 (0.00) 1.43 (0.22) 345 (0.20) 0.54 (0.08) 0.83 (0.04) 1.73 (0.33)
(0.00) (0.17) (0.28) (0.15) (0.08) (0-21)
(0.00) (0.05) (0.40) (0.06) (0.07) (0.25)
(0.00) (0.04) (0.17) (0.03) (0.07) (0.28)
(0.00) (0.04) (0.28) (0.09) (0.06) (0.17)
(0.00) (0.07) (0.27) (0.03) (0.07) (0.17)
(0.00) (0.28) ( ; (0.34) (0.11) (0.48)

1.13  (0.09 5.66 0.79 (0.11 0.95 (0.08) 1.92 (0.38

Malaysia 1.00 (0.00) 1.61 (0.17 4.45 1.43 (0.15 0.84 (0.08) 0.86 (0.21
Peru 1.00 (0.00) 0.96 (0.05 2.65 0.30 (0.06 1.17 (0.07) 1.36 (0.25
Philippines  1.00 (0.00) 0.53 (0.04 3.68 0.16 (0.03 1.13 (0.07) 1.43 (0.28
Thailand 1.00 (0.00) 1.01 (0.04 3.65 0.83 (0.09 0.91 (0.06) 0.79 (0.17
Uruguay 1.00 (0.00) 1.29 (0.07 3.89 0.34 (0.03 0.89 (0.07) 0.87 (0.17
Elnerging1 1.00 (0.00) 1.19 (0.28 3.49 (0.85) 0.63 (0.34 0.97 (0.11) 1.43 (0.48
Developed! 1.00 (0.00) 1.05 (0.26) 3.22 (0.64) 055 (0.20) 0.73 (0.19) 1.37 (0.84)
Note: Data are logged, except for net exports which are presented as the ratio of real net exports to real GDP. Data are
detrended using the Hodrick-Prescott with a smoothing parameter of 100. Moments were estimated by GMM. Numbers in

parenthesis are the standard errors.
L Simple cross-country average. The standard errors for the averages were computed assuming independence across countries.
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Figure 1.1: Terms of trade volatility and business cycle volatility

output. For the same level of output volatility, emerging economies have more volatility
than developed economies. Importantly, emerging economies have a level of consumption
volatility that exceeds the volatility of output while developed economies have a level
of consumption volatility that is in almost line with the level of output volatility. This
is a well documented distinctive feature of business cycles in emerging economies, see

Neumeyer and Perri [NP05], Aguiar and Gopinath [AG07], Mendoza and Yue [MY11].

Part T of table 1.2 reports the correlation with output. The level of cyclicality is
similar in both groups except for next exports and the terms of trade. In the case of
net exports, they are strongly counter-cyclical in emerging economies, almost twice as
much than developed economies. This is a well documented feature of business cycles
in emerging economies, see Neumeyer and Perri [NP05], Aguiar and Gopinath [AG07],
Mendoza and Yue [MY11]. With respect to the terms of trade, the evidence suggest that

they are countercyclical in emerging economies whereas they are acyclical in developed
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Table 1.2: Business cycles moments: Correlations
I. Correlation with output

Y C I NX TFP Py
Argentina 1.00 (0.00) 0.95 (0.03) 0.97 (0.01) -0.95 (0.02) 0.96 (0.01) -0.45 (0.14)
Brazil 1.00 (0.00) 0.25 (0.26) 0.93 (0.02) -0.50 (0.10) 0.94 (0.02) -0.57 (0.14)
Chile 1.00 (0.00) 0.94 (0.02) 095 (0.03) -0.84 (0.05) 0.95 (0.02) -0.34 (0.11)
Colombia 1.00 (0.00) 0.86 (0.08) 0.65 (0.12) -0.53 (0.19) 0.73 (0.11) -0.32 (0.19)
Indonesia 1.00 (0.00) 0.47 (0.14) 0.93 (0.04) -0.35 (0.14) 0.95 (0.01) -0.15 (0.16)
Korea 1.00 (0.00) 0.92 (0.05) 0.86 (0.08) -0.67 (0.19) 0.80 (0.05) -0.59 (0.16)
Mexico 1.00 (0.00) 0.88 (0.05) 0.91 (0.05) -0.65 (0.12) 0.98 (0.01) -0.79 (0.07)
Malaysia 1.00 (0.00) 0.91 (0.03) 0.95 (0.02) -0.88 (0.04) 0.82 (0.05) -0.61 (0.07)
Peru 1.00 (0.00) 0.94 (0.03) 0.78 (0.07) -0.64 (0.07) 0.92 (0.03) -0.27 (0.13)
Philippines ~ 1.00 (0.00) 0.93 (0.03) 0.93 (0.04) -0.44 (0.18) 0.93 (0.03) 0.44 (0.09)
Thailand 1.00 (0.00) 0.97 (0.02) 0.96 (0.02) -0.84 (0.08) 0.93 (0.02) -0.33 (0.15)
Uruguay 1.00 (0.00) 0.97 (0.01) 091 (0.03) -0.84 (0.04) 0.88 (0.07) -0.10 (0.25)
Emerging 1.00 (0.00) 0.83 (0.22) 0.89 (0.09) -0.68 (0.19) 0.90 (0.07) -0.34 (0.30)
Developed 1.00 (0.00) 0.81 (0.12) 0.85 (0.09) -0.35 (0.25) 0.78 (0.14) -0.04 (0.31)
II. Correlation with terms of trade
Y C I NX TFP Py

Argentina -0.45 (0.14) -0.41 (0.14) -0.42 (0.14) 0.55 (0.13) -0.41 (0.15 1.00 (0.00
Brazil -0.57 (0.14) -0.28 (0.17) -0.55 (0.13) 0.42 (0.16) -0.57 (0.18) 1.00 (0.00
Chile -0.34 (0.11) -0.35 (0.12) -0.40 (0.12) 0.38 (0.13) -0.33 (0.13) 1.00 (0.00

Colombia -0.32
Indonesia -0.15 -0.57 -0.18 0.62 (0.13) -0.18 (0.18 1.00
Korea -0.59 -0.42 -0.53 0.26 (0.14) -0.56 (0.15 1.00

(0.14) (0.14) (0.14) (0.13) (0.15) (0.00)
(0.14) (0.17) (0.13) (0.16) (0.18) (0.00)
(0.11) (0.12) (0.12) (0.13) (0.13) (0.00)
(0.19) -0.30 (0.21) (0.15) (0.20) (0.14) (0.00)
(0.16) (0.16) (0.15) (0.13) (0.18) (0.00)
(0.16) (0.16) (0.13) (0.14) (0.15) (0.00)
Mexico 079 (0.07) -0.64 (0.13) -0.77 (0.07) 0.63 (0.07) -0.83 (0.04) 1.00 (0.00)
(0.07) (0.07) (0.09) (0.10) (0.10) (0.00)
(0.13) (0.15) (0.12) (0.13) (0.14) (0.00)
(0.09) (0.09) (0.08) (0.14) (0.13) (0.00)
(0.15) (0.14) (0.13) (0.14) (0.13) (0.00)
(0.25) (0.25) (0.25) (0.20) (0.25) (0.00)
(0.30) (0.27) ( ; (0.17) (0.26) E )

-0.23 0.14 (0.20) -0.40 (0.14) 1.00

Malaysia -0.61 -0.68 -0.54 0.50 (0.10) -0.54 (0.10 1.00
Peru -0.27 -0.15 -0.44 0.33 (0.13 -0.25 (0.14 1.00
Philippines 0.44 0.41 0.54 0.07 (0.14 0.25 (0.13 1.00
Thailand -0.33 -0.32 -0.33 0.41 (0.14) -0.27 (0.13 1.00
Uruguay -0.10 -0.22 -0.07 0.27 (0.20) -0.13 (0.25 1.00
Emerging' -0.34 -0.33 -0.33 0.38 (0.17) -0.35 (0.26 1.00
Developed! -0.04 (0.31) -0.21 (0.32) -0.17 (0.30) 0.38 (0.25) -0.00 (0.32) 1.00
Note: Data are logged, except for net exports which are presented as the ratio of real net exports to real GDP. Data are
detrended using the Hodrick-Prescott with a smoothing parameter of 100. Moments were estimated by GMM. Numbers in

parenthesis are the standard errors.
L Simple cross-country average. The standard errors for the averages were computed assuming independence across countries.

9 That is, in emerging economies: when terms of trade deteriorate (resp.

economies.
improve) relative to their trend, the output level tends to be below (resp. above) its

trend.1?

Part IT of table 1.2 reports the correlation with terms of trade. The correlations just
confirm that terms of trade move counter-cyclically in emerging economies. Also, note

that the terms of trade correlate negatively with TFP.

9There is a large degree of heterogeneity among developed countries with respect to the cyclical
properties of terms of trade. Some countries have pro-cyclical terms of trade while others counter-cyclical
terms of trade. See data appendix.

100ther studies have also document this fact in a broader set of developing economies and periods,
e.g. Mendoza [Men95], Kose [Kos02], Easterly et. al [EL93|, Becker and Mauro [BMO05], Izquierdo et.
al. [IRTO08], Spatafora and Tytell [TS09]. See also Williamsom [Will1] for an historical account.
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1.2.3 Exogeneity of terms of trade

This part of the analysis argues that terms of trade for emerging economies are most
likely to be exogenous to domestic economic conditions. Yet, to some extent, terms of

trade in emerging economies may reflect domestic economic conditions.

One factor determining whether or not domestic conditions influence the terms of
trade is the size of the country. Table 1.4 reports the size of emerging countries, measured
by the share of world’s trade. It is clear that emerging countries are small using this
metric. For instance, only Korea and Mexico account no more than 2 percent of world’s
trade. Hence, with respect to size, it is sensible to assume that terms of trade are

exogenous in emerging countries.

Table 1.3: Participation in world’s trade

Exports Imports Trade (Exports plus Imports)
(% of world’s total exports) (% of world’s total imports) (% of world’s total trade)
Argentina 0.35 0.31 0.33
Brazil 0.95 0.85 0.90
Chile 0.29 0.27 0.28
Colombia 0.20 0.22 0.21
Indonesia 0.81 0.71 0.76
Korea, Rep. 1.98 1.92 1.95
Malaysia 1.01 0.92 0.97
Mexico 1.47 1.48 1.47
Peru 0.13 0.13 0.13
Philippines 0.38 0.42 0.40
Thailand 0.79 0.80 0.79
Uruguay 0.05 0.05 0.05
Emerging' 0.70 0.67 0.69
Developed! 2.90 2.96 2.93

Note: Exports and imports are measured in current dollars (Source: World Bank’s World Development Indicators database).
Reported numbers are the average for the period 1980-2008.
1 Simple cross-country average.

In addition to the size of the country, the terms of trade would be endogenous if
exporters are not price takers. Particularly, exporters could exert some monopoly power
if the elasticity of substitution of the goods they sell is relatively low. In relation to this,
table 1.4 report the share of non-primary goods (manufacturing goods and services) on
total exports. The rest is classified as primary goods and it includes categories such as
raw food, fuels and minerals. This distinction is important because non-primary goods

tend to be less substitutable than primary goods.!! The table shows that, in contrast to

1Tt is expected that non-primary goods are more prone to differentiation than primary goods. Broda
and Weinstein [BWO06] estimate the elasticity of substitution among a wide range of U.S. imports. Their

12



developed economies, exports from emerging economies are clearly less concentrated on
non-primary goods. This suggest that terms of trade fluctuations in emerging economies
could reflect domestic economic conditions, but less so than in developed economies.
Note that not all emerging countries follow this pattern. For instance, the shares of non-
primary exports of Korea and Philippines look very similar to that of a typical developed
economy.'? Thus, one should expect that terms of trade in these countries are more prone

to respond to domestic conditions than in a typical emerging economy.

Table 1.4: Trade composition
Non-primary exports Non-primary imports Non-primary trade
(% of total exports) (% of total imports) (% of total trade)

Argentina 32.68 84.50 56.58
Brazil 55.51 66.67 61.02
Chile 29.99 75.39 51.95
Colombia 45.55 81.04 63.67
Indonesia 42.02 74.41 57.35
Korea 92.69 64.66 78.79
Malaysia 62.68 82.08 72.18
Mexico 63.15 79.54 70.54
Peru 28.50 76.53 53.06
Philippines 71.89 67.02 69.43
Thailand 68.20 73.23 70.92
Uruguay 56.98 73.70 65.25
Emerging' 54.15 74.90 64.23
Developed! 76.34 76.06 76.26

Note: Exports and imports are measured in current dollars (Source: World Bank’s World Devel-
opment Indicators database). Reported numbers are the average for the period 1980-2008.
L Simple cross-country average.

In addition of being primary exporters, emerging economies export few primary com-
modity groups, see Chapter 4 of IMF [IMF12]. Hence, it is possible that a country plays
a dominant role as supplier of a specific commodity. With respect to this, Broda [Bro04]
shows that, among developing countries, only small number of them accounts for more
than 15 percent of the total world exports of specific commodities. Moreover, those com-
modities in which the country has more than 15 percent of the world market account for
a small share of the country’s total exports.!® Hence, to the extent that monopoly power

is reflected in market shares, export prices in emerging economies are less likely to be

estimates shows that the elasticity of substitution is larger for primary imports (e.g. fuel) than for
non-primary imports (e.g. footwear).
12The same heterogeneity is observed among developed economies. Trade composition in Australia,
Iceland and New Zealand are more similar to a typical emerging economies. See appendix for details.
13Specifically, Broda [Bro04] shows that only 22 goods from 9 developing countries, out of 75, account
for more than 15 percent of world trade between 1996-1997. On average, these goods account for 6
percent of a country’s total exports.
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influenced by domestic supply conditions.

The aforementioned structural characteristics of emerging economies affect the sta-
tistical properties of terms of trade in emerging economies. For instance, as shown in
table 1.1, terms of trade volatility is larger in emerging economies than in developed
economies. This excess volatility is certainly a function of the exposure to primary com-
modity exports. Bidarkota and Crucini [BC00] shows that real commodity prices are
highly volatile and have a common stochastic component. The authors also shock that
almost 50 percent of the volatility of terms of trade can be traced back to single commod-
ity price. Importantly, such volatility is not statistically explained by domestic factors.
Mendoza [Men95] and Broda [Bro04] test whether or not domestic economic conditions
(captured by output, exports or imports) cause, in the Granger sense, the terms of trade.
These studies find no evidence against the null hypothesis that domestic conditions do

not Granger-cause the terms of trade of developing economies.

1.3 Model

The economy is populated by 3 types of agents- a representative household, a final goods
producer and a continuum of intermediate producers (henceforth firms). The represen-
tative household is standard; she consumes, invest on physical capital, supplies labor
and holds a risk-less non-contingent bond. The final good producer is also standard;
it assembles a tradable good using the intermediate inputs produced by the continuum
of intermediate producers. The final tradable good is consumed, used in the forma-
tion of new physical capital or exported. Firms produce one intermediate input using
a technology that requires labor, capital, other domestic intermediate inputs and im-
ported inputs. Firms sell their output in monopolistic competitive markets as in Dixit
and Stiglitz [DS77]. Inputs transactions happen in perfectly competitive markets. The
model is subject to two shocks: a shock to aggregate technology and a shock to the
price of imported intermediate inputs. Despite all these features, the model is isomor-
phic to standard one-sector small open economy real business cycle model, e.g. Mendoza

[Men91].
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Household problem The problem of the household is standard. The household

maximizes expected discounted utility

E U (Cy, L
{Ct’LtI’IIl(a:(Bt}?io O;B ( ts t)a

where parameter 5 € (0,1) is the discount factor and U (-) is the period utility function
which depends on consumption C} and labor L,. Maximization is subject to a budget

constraint and capital accumulation equation:

w T I1
2= L+ 2K+ = — R 1By, (1.1)

K
C,+1,+ B — (B, — B)* =
v+ I + By + — (B, ) P, P, 2

2

I, = Kt—(1—5)Kt_1+<§) ( i —1)2Kt_1, (1.2)

K,l, B*l given

The household buys one unit of consumption C; at a price P;,. At the same price, she invest
in new physical capital [;, or saves in a one-period non-contingent riskless bond which B;
which pays a exogenous real (gross) interest rate R; next period.'* In addition, she pays a
portfolio quadratic adjustment cost for holding a stock of bonds different than the steady
bond holdings B.*® The household supplies a fraction L, of her time at wage rate w; and
gets a rental rent r; for every unit of physical capital supplied to the market. She also
receives a lump sum transfer of aggregate profits across firms, i.e. II; = fol I, (i) di. The
capital accumulation includes a capital adjustment cost which is used in the numerical
simulations to modulate investment volatility.!® Parameter § € (0, 1) is the depreciation
rate, Kk and ¢ are positive real numbers. I assume that the real interest rate on bond

holdings is constant and equal to the inverse of the discount factor.

14Note that the bond is denominated in units of the consumption good. If the financial contracts are
denominated in units of the imported input, then a change in this price can change the real value of debt
and hence bring different types of wealth effects. See Kose [Kos02].

15This guarantees that the stock of bonds is stationary. See Uribe and Schmidtt-Grohe [SU03].

16 As long as households have access to foreign markets, they can separate their savings decisions from
their investment decisions by financing any gap between the two with external resources. As a result,
investment is too volatile in the standard frictionless model. See Mendoza [Men91] for a discussion.
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The first order conditions of the problem can be written as:'”

UL+ Wy
_ bkt 1.3
Ucy P, (1.3)
K, UCt+1 Tt+1 ¢ (Kt+1)2
1+ —1 = fE,{ —— | —+(1-9)— = -1 1.4
¢(Kt1 ) ’ t{ Uc. (PM = 2( K, -
1+x(B,—B) = ﬁEt{MRt} (1.5)
Uc,

which together with the budget constraint and physical accumulation equation charac-

terize the optimality conditions of the household problem.

Final good producer problem The tradable final good is produced using a con-
tinuum [0, 1] of intermediate inputs g; (¢). The production technology is a Dixit-Stiglizt

aggregator with constant returns to scale,

1 7
G, = (/ g (z’)edi) with 0 < 0 < 1 (1.6)
0

where 6 controls the elasticity of substitution among intermediate goods, i.e. ﬁ. As
0 — 1, intermediate inputs are perfect substitutes. The production of the final good
satisfies its demand:

Gt:Ct+[t+Xt

where X, represents foreign consumption of the domestic good.

The final good producer takes its price (normalized to one) and the price of all the

inputs as given. The final good producer problem is:

1
max ]Dth — / Dt (Z) gt (Z) dZ
0

subject to (1.6) and where:

6—1

P = </01pt(i)991di)9.

17Uq denotes the marginal utility of consumption at period ¢ and Uy, denotes the marginal dis-utility
of labor at period t.
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The first order condition for g, (4):

g (3) = <p}(:')) o G, (1.7)

Intermediate producer problem The economy is populated by a continuum of
intermediate good producers indexed i € [0, 1] . These firms produce differentiated goods
using primary inputs (capital and labor) and intermediate inputs. Each differentiated
good can be used as in the production of the final good or in the production of other dif-

ferentiated goods. I assume these producers have monopolistic power in output markets.

The production function of firm is,
g (1) = Ay (8) (ke () 1 () 7) " (dy () my (5) )" (1.8)

where A; is firm’s ¢ technology, ¢ is gross output, k is capital, [ is labor, d is a composite

of domestic inputs and m; are imported inputs. Hereafter I refer to ¢; (i) as gross output.

Domestic intermediate input is an Dixit-Stiglizt aggregator of all differentiated goods

produced within the economy

dy (i) = </1 dy (i,j)edj>é with 0 < 6 < 1, (1.9)

0

where d (i, j) is the domestic intermediate used by firm ¢ and produced by firm 5 € [0, 1].

1

Parameter 6 controls the elasticity of substitution among intermediate goods, i.e. 5.

This is the same parameter that governs the elasticity of substitution competing products
in the final good market. This assumption simplifies the analysis as firms face a demand

with a unique elasticity of substitution.

Firm ¢ production equalizes its demand:

@ () = 9. () + / d, (G,1) dj, (1.10)

where ¢ (7) is the demand of firm ¢ output used in the production of the final good and

d (j,1) is the aggregate demand of firm ¢ output used in the production of good j.
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Firm ¢ problem is:

I (i) = ma>)<pt (1) g (1) — reky (1) — wily (i) — /0 pe(J)de (3,7) dj — Pygmy (1)1.11)

PAC

with 5 (0) = {p (1) ,q: (3) , ke (3) , 1 (3) , dy (2) ,di (2,7) ,my (4) }

subject to (1.8),(1.9) and (1.10). Intermediate producer takes the price of imported

inputs Py as given. It also takes the rental rate r;, the wage rate w; and the price

of all domestic intermediate inputs p; (j) as given. The problem can be solved in two

stages. One stage minimizes costs given factor prices. This provides the optimal mix of

factors. The second stage is the standard price decision under monopolistic competition.

Appendix A provides the details. The f.o.c. of cost minimization problem are:

(-0l =
1-wa-w i -
e
Rt

(1.12)

(1.13)

(1.14)

(1.15)

(1.16)

where P, is the shadow price of one unit of the domestic intermediate input aggregate

d (i) . Given that 6 controls the elasticity of substitution of competing final goods and

intermediate domestic goods, the shadow price ﬁt equals the price of the final good P,.

Variable mc; (i) denotes the minimum unitary cost and is given by,

mey (1)

S

(rgwi )" (P Py)"

s A (1)
(@ (1 —a)™) ™ (7 (1 =)' )"

Given the optimal mix of factors of production, the pricing decision is given by the

standard rule of markup over unitary cost :

Dt (Z) = mc; (Z>

18
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where the markup is given by 6~!.

Shocks Firm i production function is affected by A, (i), firm i technological level. T
assume that A, (7) has a time variant aggregate component and firm idiosyncratic static

component:

A (i) = A(i) A

where the aggregate component follows an AR(1), in logs:
Apig = A7 exp (€qt41) with €,41 ~ N (0, 03) and 0 < p, < 1 (1.18)

In addition, this economy is affected by shocks to the price of imports, which follow an

AR(1), in logs,
Prriv1 = (Pore)™™ exp (€mer1) with €411 ~ N (0, afn) and 0 < p,, < 1 (1.19)

It is worthwhile to emphasize that the terms of trade shocks and technology shocks, ¢,

and €,,, are assumed to be independent.!®

Definition of terms of trade The final good price P, determines the price of
exports. Hence, the terms of trade are defined by the real price of imports or the ratio

of the price of imports to the price of the final good, i.e. Py /P;.

Definition of equilibrium Given the sequences of aggregate technology shocks
and import price shocks, the equilibrium is defined by:
(i) a sequence of allocations Cy, Ky, By, L; for the household,
(ii) a sequence of allocations Gy, g; (i) for the final good producers,
(iii) a sequence of allocations k; (i), l; (2), d; (i,7), my (i), g, (¢) and prices p; (i) for all i,
(iv) a sequence of final good prices P, real wages w; and capital rental rates ry,
such that:

(a) given (iv), (i) solves the problem of the household,

8Mendoza [Men95] and Kose [Kos02] consider stochastic processes in which the terms of trade shocks
and technology shocks are correlated. I depart from this practice by assuming the both shocks are
independent.
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(b) given p; (i) and P, (ii) solves the problem of the final good producer,
(c) given (iv), (iii) solves the problem of the intermediate good producer 4,

(d) markets clear:

L = /1lt(i)di, (1.20)
K1 = /lkt(i)di, (1.21)

1

@) = g()+ / 4G i, (1.22)
0

Gt - Ct+]t+Xt (123)

where X; are exports.

1.3.1 Symmetric equilibrium

The model departs from the standard one-sector small open economy real business cycle
model, e.g. Mendoza [Men91], in four aspects. First, all import activity in the model is
concentrated in intermediate inputs. Households cannot import final goods alone. This
captures the idea that even finished imports (e.g. footwear) have to go through a number
of processes in the importing country (e.g. unloading, transporting, insuring, repackag-
ing, wholesaling and retailing) before they meet their final demand.'® Second, trade in
intermediate inputs create input-output linkages as in Basu [Bas95], Jones [Jon11], Ace-
moglu et. al. [ACO11]. Third, in addition to technology shocks, the model is affected by
terms of trade shocks. Fourth, firms have monopolistic power over the goods they sell.

As it will shown next, the model is isomorphic to the standard model.

Next, I characterize a symmetric equilibrium where A (i) = A V .20 In this symmetric
equilibrium, P, = p; (i), Qy = ¢ (1) , K1 = ki (3), Ly = 1y (i), Dy = dy (3) , My = my (4),

YThese processes involve domestic factors services (e.g. capital, labor and other intermediate goods)
and account for a significant proportion of the final price. It is also in line with the empirical evidence
showing that about two thirds of world trade involves raw materials or intermediates, see Chapter 4
IMF’s World Economic Outlook.

2ONote that the marginal revenue product for each factor is equalized across firms. This allocative
efficiency implies that, at the aggregate level, a symmetric equilibrium is isomorphic to an equilibrium
with dispersed idiosyncratic productivity. A formal proof can be obtained from the author upon request.
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The market clearing condition (1.22) at the symmetric equilibrium can be written as,
Qt - Gt + Dt (124)

where, from (1.8) :

Q= AA (K L) ™" (D )"

At the symmetric equilibrium, (1.12) through (1.15),

Qt _ L7
Q N 1w,
(I=p)(1 —Q)E = 9B (1.26)
. 1
m% =3 (1.27)
t 1 Py
pli-a) 2 = (1.28)

Note that the right hand side is the marginal product of each factor. The presence of
a markup 67! drives wedge between the marginal product and the real factor prices. In
particular, in equilibrium the marginal product of each factor is higher than its real factor

price. This property plays an important role later in the analysis.

Combining equations (1.27) and (1.28), aggregate gross output can be rewritten as,

A=yp
P 1—p _1
Q=0 (P—AD AR L (1.29)
where:

Continuing with the characterization of the symmetric equilibrium, substitute (1.27) and

(1.29) into (1.24) yields,

P\ T L
Go= =m0 (po) AT L (131)
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Plugging this expression into (1.25) — (1.26),

(1 (th)

<( )QQ ) (1—a) A" qu L Wy
PMt

(“99 (PMt>

)( DATFES L P

aAl” ”KflLl « T
Ky P’

’YAI #Kta 1L1 “
D,

M, By

These equations imply that exogenous increases in the real price of imports would reduce
the incentives of the household to supply labor and capital to the market. Intuitively,
times of high terms of trade, are also times where the reward of supplying capital and

labor to the market falls.

The budget constraint (1.1) depends on household’s real gross domestic income (here-

after income), defined as:
I+ Ky +wy
Zy = ,
By

This measures the purchasing power of the income generated by domestic factor of pro-
duction. Note that Ht + Tth_l + tht = PtQt — -PtDt — PMtMt- Plugglng (127) s (128) s

(1.29) into the above expression yields,

A=)y

Pt e 1% a l—«
Zy=01—ph) Q| == AFPRS L (1.32)

Thus, household real domestic income responds negatively to the terms of trade, see equa-
tion (1.30). In other words, a deterioration of the terms of trade reduces the purchasing
power of household’s income. This effect is common in different small open economy
models with terms of trade shocks, e.g. Mendoza [Men95], Kose [Kos02]. Yet, in this

model the effect is amplified by the input multiplier 1/ (1 — ).

Plugging (1.32) into (1.1) delivers,

(1—7)u

K _ P, T
Ci+ 1+ By + §(Bt — B)2 =(1—pd)Q2 (P i ) Al Kf‘_lLi_a — Ry_1B;1, (1.33)
Mt
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Combining the equations for the real wage and the real rental rate with the household’s

first order conditions,

A-=u -

P, T—p 1— Alﬂt Ko Ll—a

Uy - (a-p HQ( t ) (1—) 4 1 (1.34)
Uc,y L,

(eI e oo
(1 . )QQ Py 1—p ad; " K{PLy oy
U, K Pari41 K
Cit+1

Vo +(1—5)—§<(K%—T>2_1)

Equations (1.33)—(1.35) along with the capital accumulation equation (1.2) and the Euler

”‘b(Kfil_l) = R

equation for bond-holdings, (1.5) determine the equilibrium sequence {Cy, Ly, Ky, B },=, -
These equations are isomorphic to those of standard one-sector small open economy real

business cycles models, e.g. Mendoza (1991).

The differences between the standard model and this model are threefold. First, the
markup 0~! enters in the determination of the equilibrium. Second, aggregate technology
shocks are scaled up by 1/ (1 — p). This is input multiplier arising from the input-output
linkages in the model. Specifically, this multiplier works as follows: higher technology
leads to more production for all firms, with increases the demand of intermediate goods,
which increases production for all firms, and so on. The elasticity of output to aggregate
intermediate inputs is p. Hence, the overall multiplier is 1 + p + p? + ... = 1/ (1 — p) .2
Third, the equilibrium responds to shocks to the terms of trade. The economic intuition
for this effect is the following. When the economy is hit by an increase of Py, firms
utilize less imports. To the extent that imports cannot be perfectly substituted with other
factors, lower imported intermediates reduce production for all firms. In the first round,
the reduction in production is given by the elasticity of total production to imported
intermediates, i.e. u (1 —+). This effect is then amplified in further rounds by input-

output linkages as explained before. Hence, overall effect is scaled up by the input

multiplier 1/ (1 — p).?

21 This formula reflects the simple architecture of the input-output matrix. In the model, each firm
has the same number of downstream interconnections, i.e. it supplies inputs to every other firm. In
addition, given that the production function is symmetric across firms, each firm relies equally on other
firms’ inputs. Hence, no firm plays a dominant role as supplier in this input-output network.

22Note in the model, all firms’ production possibilities depend equally on imported inputs. This implies
that the external sector plays the role of a general-purpose technology in the language of Acemoglu et.
al. [ACO11]. In this sense, terms of trade shocks can be interpreted as shocks to this general-purpose
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Note also that a terms of terms of trade shock enters into the system in the same way
as a technology shock. For instance, a terms of trade deterioration reduces the incentives
to invest and supply labor. Likewise, it also reduces the purchasing power of household’s
income. Note that the financial structure of the model assumes that households do not
have access to complete set of contingent financial contracts. This structure limits the
ability of the representative household to insure himself against shocks. As a consequence

of this, household’s consumption would respond to shocks, but less so than income.??

Next I focus the analysis on aggregate output. Without loss of generality, I normalized
the price of final goods in the equilibrium, i.e. P, = 1 V t¢. This implies that Py is
the real price of imports. Aggregate output is measured by the real gross domestic
product (GDP). From the expenditure approach, nominal GDP equals the value of gross
production of final goods, i.e. G; = C; + I; + X}, minus the cost of imported inputs, i.e.
Py M,;.** In practice, most emerging economies compute real GDP at constant prices,
i.e. after fixing prices at a base year using Laspeyres indexes. 1 fix these prices at their
steady state levels. In other words, the real price of imports Py /P, is fixed at its steady

state level Py;. Given all this, output is given by,

Y, =Gy — Py M, (1.36)

A first-order approximation around its steady state yields,?®

_(G\. (PuM\
Y =~ % Gt % my
technology and the amplification occurs downstream as all firms using imports are interconnected to
each other.
230nly in the limiting case where the bond-holding cost is infinitely convex, i.e. k£ — 00, consumption
responds to both shocks as much as real domestic income does.
24Standard practices to compute real GDP are detailed in ”System of National Accounts 2008” pub-
lished jointly by European Commission, IMF, OECD, United Nations and World Bank and ” Concepts
and Methods of the U.S. National Income and Product Accounts” published by the Bureau of Economic
Analysis. The inclusion of imports M; in GDP as a offsetting entry deserves further explanation. From
the point of the model, all imports are intermediate goods. This implies that imports are included in
consumption, investment and exports. Therefore, to accurately reflect domestic final good production,
imports of intermediates are subtracted from GDP to offset the contribution of foreign production in the
final expenditures components.
25By using the steady state price of imports, it is guarantee that final good production and imports
are correctly weighted in output. If another price were used, then output would be affected by the
discrepancy between this price and the steady state price.
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where 7, = log (Y;/Y) is the log-deviation of variable Y; from its equilibrium steady state
level Y.

From equations (1.28) and (1.31), evaluated at the steady state, delivers: G =
(1—puy0) Q, Py M = (1 —~) ud Q, Y = (1 —pb) Q. It follows that log-deviation
of output from its steady state in the equilibrium can be rewritten as,

~ 1=l (A=) pb

= — 1.
Yt 1— 16 9t 1— 16 my, (1.37)

Log-linearizing equations (1.28)and (1.31) yields,*

~ (L—7)p

g = —ﬁth + 1_ ,uat + 057{7\1&—1 + (1 - Oé)lAt, (1.38)
My = —pme+ G- (1.39)
Plugging these equations into (1.37),
Go-Umul=bs 1 G aha+(-a) (1.40)
= - ——ay + ok -« .
Yt 1= 1—M9th 1_Mt t—1 ¢

This response disappears in the limiting case of § — 1.

Given the expression of output, the TFP in the equilibrium, as a deviation from its

steady state, is:

RN > > (I-y)pl-0__ 1 _
ip, =7 — (akpy + (1 — 1):— . 1.41
o= (oFea+ (10l A—p) 1= T (141

Hence, TFP reflects changes in both aggregate technology and the terms of trade.?” The
model implies that, up to a first order approximation, terms of trade shocks and aggregate

TFP are negatively correlated. Section 3.3.5 focuses in understanding this effect.

Finally, it is useful to compare output with household’s income. Up to a first order

—

26Recall that the price of the final good is normalized. Thus, par; = (P};Vi‘ )

2"TNote that measured TFP is obtained by weighting capital and labor by their output elasticities,
not their factor shares on aggregate output. Because monopoly profits exists in equilibrium, capital and
labor income shares are lower than o and 1 — «, respectively. Hence, computing the aggregate TFP using
factor shares instead of output elasticities would introduce a bias in the measurement of productivity
that changes with capital and labor utilization. See Hall [Hal90] for a discussion of this effect.
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approximation, the latter is given by,

~

1 .~
Zt =~ Pmt+ ——a +ak .+ (1 —a)l;
It I—p

Both output and income are alike. Note however that income responds more forcefully to

.22 Obviously, when the economy is driven by technology

the terms of trade than outpu
shocks, income and output would behave in the same way. This distinction would be

useful later when interpreting the excess volatility of consumption found in the data.

1.4 The effect of terms of trade on TFP

The response of TFP to terms of trade shocks in equilibrium warrants further discussion.

To fix ideas, it is useful to compare the equilibrium the efficient allocation. The ef-
ficient allocation is obtained from solving the problem of a social planner who takes the
price of imports and the interest as given and chooses quantities to maximize lifetime
utility subject to resource constraints. The appendix provides the details. The com-
parison with the efficient allocation shows that there is a suboptimally low utilization
of resources in equilibrium.?® Moreover, around the efficient allocation TFP does not

respond to terms of trade.

The response of TFP to terms of trade in equilibrium contrasts with Kehoe and
Ruhl [KRO08] who show that in standard models featuring perfect competition (i.e. price
taking) the terms of trade have no first order effects on TFP.3° It also contrasts with
results showing that under constant markups TFP only changes with technology shocks,
e.g. Jaimovich and Floetotto [JF08]. One exception in the literature is Basu and Fernald
[BF02] who argue that, in the context of imperfect competition, industry TFP can be

affected by intermediate input utilization.

28This result is also present in Kohli [Koh04]. He analyzes is performed in a perfectly competitive
framework. In such a case, output does not respond directly to terms of trade shocks.

29 As shown by Bilbiie et. al. [BGMO8], in models with constant markups and labor as the sole input
the steady state equilibrium is inefficient if only if the supply of labor is endogenous. This inefficiency
is explained intuitively as follows. In the absence of a markup for the leisure good, households are less
willing to substitute from leisure into consumption. That is, a suboptimally high amount of leisure is
purchased since this is relatively cheaper good. As a consequence of this inefficient allocation, not enough
resources (labor) are devoted to the production of the good with higher markup (consumption).

30A version of the model with perfect competition renders a fully efficient equilibrium and, hence, the
effect of terms of trade on TFP is absent. A formal proof can be obtained upon request from the author.
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1.4.1 Simple intuition

Basu and Fernald [BF02] explain their result with the following argument. First, industry
real value added requires subtracting real cost of intermediate inputs - i.e. intermediate
inputs at constant real factor prices - from the gross output. Now, suppose that there is
an (infinitesimal) increase in the real prices of intermediates that causes a decrease in the
use of intermediate inputs. As a result, for each unit of less intermediate inputs, gross
output falls by an amount equal to the marginal product of intermediate good (decreasing
real value added) and the real cost of intermediate inputs falls by an amount equal to the
constant real factor prices (increasing value added). The net effect depends on whether
or not the marginal product is equal to real factor prices in equilibrium. Monopolistic
behavior distorts this equalization, i.e. the marginal product of intermediate inputs is
higher than its real factor price. It follows that, even for small changes in the real factor

price, real value added (output) falls.

In the model aggregate output is measured by real GDP, which is also the sum of real
value added across production units (properly weighted). Given that output transactions
among firms cancel each other out in the aggregate, the only intermediate input that
matters is imported. This suggests that the logic put forth by Basu and Fernald [BF02]
applies. To see this, let me reduce the model to a simpler setup. Assume that production
requires labor and imported intermediate inputs. Moreover, to simplify the analysis
further assume that the supply of labor is inelastic. In this context, it can be shown that

output reduces to,

Y;t:Qt_PMMt-

Now, consider the response of output to a infinitesimal change in the terms of trade
starting from Py;; = Py, i.e. Py is also the current terms of trade. Before computing

this derivative, recall that in the above formula P,; has to remain constant, hence:

Y, 0Q: _ '\ OM,
APy, M

~ \ oM, 0P,

This derivative is zero if and only if the marginal product of imports is equal to the terms
of trade used to compute output. Otherwise, the terms of trade would have an effect on

output. Recall that in equilibrium, the marginal product 9@ /OM and the terms of trade
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Py are linked by, 0Q/OM = 071 Py, > Py;. To determine the sign of 0Y/9Py; note the

implicit function theorem implies,

OM; 1

1
8PMt B 5 92Qu

(OMy)?

<0

It follows that 9Y /0Py, < 0. It is straightforward to show that in this simple example
output per worker is TFP and that T FP/0Py < 0.3

A positive gap between marginal productivity and the terms of trade, 0Q/OM > Py,
represents the extra quantity of final goods that can be obtained after increasing the
amount of imports. These opportunities are left unexploited in equilibrium since each
firm chooses its level of imports to maximize profits, not welfare. A reduction of the terms
of trade alleviates this inefficiency, bringing the economy closer to its efficient level. How
this occurs depends on how imported inputs respond to the terms of trade. This is
measured by the derivative of imports to the terms of trade dM/OPy,;. This derivative
depends on the rate at which diminishing returns set in, i.e. 9?°Q/ (0M )2 . The economic
interpretation is that any additional production brought by imports also increases the
demand of imports. This cycle of positive feedbacks between production and imports
eventually dies out as diminishing returns set in. Hence, the increase in production is
greater than the elasticity of production to imports. When diminishing returns set in
immediately, i.e. 92Q/(0M)*> — —oo, a reduction in terms of trade does not deliver any

extra production.

1.4.2 Policy

As shown by Bilbiie et. al. [BGMO0S], efficiency can be restored by properly designed
subsidies. It is straightforward to show that setting a constant revenue subsidy 7 =
0~ restores full efficiency. This section pays special attention those policies correcting
inefficiency in TFP. The above analysis suggest that the inefficiency arises because the

marginal product of imports is greater than terms of trade. Given this, I start with a

31Deriving the effect this way or using the log-linear approximation around the equilibrium renders
exactly the same result, i.e. the same elasticity of TFP to terms of trade
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constant subsidy on imports 7,,. The problem of the firm can be rewritten as,

IT; (i) = max py (i) g () — reky (1) — wily (i) — /0 pe (7)) de (2, 7) dj — T Prree (4)

#¢(1)
This subsidy affect the f.o.c’s for m (i), evaluated at symmetric allocation,

p(l—7)Q :T_mPMt
M, 0 P

To eliminate the effect of terms of trade on TFP in equilibrium, it is required that,

_ 00—

Tm
(1 —6yp)

Note that 7, < 6~!. In other words, to eliminate the inefficient response of TFP to the
terms of trade, the subsidy has to be such that imports are suboptimally overused in

equilibrium.3?

Another possibility is to subsidize to domestic intermediate inputs or a subsidy all

intermediates inputs. In the case of the latter, the problem of the firm is,

IT; (i) = max p; (1) q; (i) — riks (1) — wily (1) — 7 (/0 P (7)) di (i, 5) dj + T Prrem (i))

“t (Z)

This subsidy affect the f.o.c’s for d (i) and m (i) , which at the symmetric equilibrium can

be written as,

p(l—7)Q To
D, 0

p(1=7Q _ 7 Pu
M, 6 P

It is straightforward to show that subsidizing the intermediates with 7, = 6 < 1, elimi-

nates the effect of terms of trade on TFP.

32This policy could potentially reduce welfare.
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1.4.3 Measurement issues

It is important to consider how the results change when output is measured differently.
The previous results are obtained using constant prices. Importantly, the prices used
to compute output coincide with (or are arbitrarily close to) the current equilibrium
prices, otherwise, output would be biased. This bias also affects the measurement of
TFP. In particular, part of the change of TFP due to terms of trade fluctuations would
be artificial. Suppose that output is measured using a price deflator P}, rather that the
current market price Py. In principle, PY, can be greater or lower to 0G/OM. If Py
moves towards Py;, TFP would artificially rise. Conversely, if Py; moves away from Py,
TFP would artificially decline. Statisticians try to reduce this bias by updating price
deflators to current market condition, e.g. chain-weighted Fisher index. The appendix
discusses all these cases in more detail using first-order approximations. The main finding
is that, as Py; — P}, the bias disappears and output decreases unambiguously with the
terms of trade, i.e. Y/0Py < 0. Finally, the results were obtained under the expenditure
approach. The same results hold under the producer or value added approach. Under this
approach, output is measured by value added at constant prices Y; = Q; — Dy — Py M,.

Log-linearizing around the steady state yields (1.40).

1.5 Quantitative results

The objective of this subsection is to evaluate the role of the terms of trade in driving
the business cycles of small open economies. The analysis proceeds as follows. First,
the model is log-linearized around the steady state. Second, the model is parameterized.
Some of the parameters are chosen to capture some specific characteristics of the sample of
emerging countries studied in section 1.2. Third, dynamics of the model after technology
and terms of trade shocks are illustrated via impulse response functions. Fourth, the
implied business cycles moments of the model are compared with the moments in the
sample. Finally, using the policy functions, I construct a set counterfactuals showing
what would have been the path of the emerging countries in the sample if only terms of

trade shocks had hit them.
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1.5.1 Preferences

The quantitative implications of the model are studied under two specifications for pref-
erences. The first specification assumes period utility that is quasi-linear in consumption

as in Greenwood et. al. [GHHS8S], hereafter GHH. Specifically,

(Cy— LY

l1—0

U(C, L) =

where o > 0 is the coefficient of risk aversion and v € (0,1) controls the Firsch elasticity
of labor supply, ¢ is a scaling parameter. This is the benchmark case because its use is

standard in the open economy business cycle literature, e.g. Mendoza [Men91].

The second specification for preferences assumes that consumption and leisure, i.e.

i.e. 1 — L;, enter in the Cobb-Douglas fashion,

[

(cra-ry'™"

l1—0

U(C, L) =

where o > 0 is the coefficient of risk aversion and 0 < 7 < 1 is a share parameter.

These two preferences differ in one particular aspect, see Neumeyer and Perri [NP05].
Under GHH preferences, the labor supply is independent from consumption. It follows
that if the economy is hit by a shock, labor supply does not respond to the income effect.
In contrast, for the Cobb-Douglas preferences specification, the labor supply depends
negatively on consumption. Hence, a negative shock that causes a drop in consumption,
it also induces an outward shift in the labor supply curve. Throughout this section I use

GHH as benchmark. The second specification is studied for robustness check.

1.5.2 Log-linearization

The equilibrium sequence {Cy, Ly, K¢, B;},-, is solved by log-linearizing the following
questions for endogenous variables (1.5), (1.32) — (1.35) and the shocks (1.18) — (1.19).
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The log-linearized system is under GHH preferences is summarized next:

~
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¢ (Et - /k:\t—1>

HBl;t
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2t

Edio (t+1) — a0 () + (1 — B (1 —9)) (Etaﬂ _ /;t)

BB, (R — R
Eic (t +1) — uc (1)

(I—=9y)p.
- P

7% + RBb_y + (1 — 6) Kk,

A+ k1 + (1 —a)l,

Palt—1 + €a,t

PmPrt—1 + Em,t

with marginal utility of consumption u¢; given by:

uc (t) =

oC

_ o Yul¥ ~
C—oyLv "' C—yLv

It

Under Cobb-Douglas, equation (1.42) becomes,

h+a=7%

1-L

and the marginal utility of consumption becomes (1.50) :

uc(t)=m1—-0)=1)c - (1-n)(1-0)

(1.50)

(1.51)

(1.52)

Finally, note that the linearized system is affected by the markup only through the steady

state.

1.5.3 Calibration

This section describes the calibration process.

under GHH preferences.

Table 1.5 summarizes the parameters

Some parameters and steady state conditions are set beforehand. The coefficient of

relative risk aversion, o, is set to 2, which is the typical value in the literature, e.g. Aguiar

32



and Gopinath [AG07]. The preference parameters ) and 1 are chosen to generate a share
of time spent working of 1/3 in steady state. As it is standard in the RBC literature, I
fix the depreciation rate, 9, at 0.06 and the elasticity of output with respect to capital,
a, at 0.36. Following Neumeyer and Perri [NP05], the curvature of labor in the GHH
preference specification v is set to 1.6. The parameter x in the bond holding quadratic
cost function is set to the minimum value that guarantees that the equilibrium solution
is stationary. This guarantees that the model replicated the dynamics of the frictionless
economy. The steady state value of Py is set to 1. I choose A so that  is one in the

steady state.

A key parameter is the elasticity of substitution across competing products, 1/ (1 — 0),
which determines the markup, 1/6. As a benchmark I take the estimates of the elasticity
of substitution obtained for the U.S. economy, which the trade and industrial organization
literatures locate between 3 to 10, e.g. Broda and Weinstein [BW06] and Hendel and Nevo
[HNO6]. Given this, I choose an elasticity of substitution of 5, # = 0.8, which implies that

the markup is 1.25.

A subset of parameters is calibrated to match cross-country averages in the sample
of emerging countries. The discount factor 3 is chosen to match an average real interest
rate of 10 percent, which is close to the average real interest rates on sovereign debt in
emerging economies, see Neumeyer and Perri [NP05]. The steady state bond holdings
B is calibrated to match an average net exports to GDP ratio of 0.013 percent. The
elasticity of gross output to intermediate goods, u, is chosen such that u6, i.e. the ratio
of the cost of intermediate to revenue in the model, is 0.50. This value to the actual
average ratio of intermediate purchases to gross output in the sample, see United Nations

Database. Parameter v is chosen to generate an import to GDP ratio of 30 percent.

The remaining block of parameters, ¢, p., 04, pm and o,,, target other moments
from the sample. The parameter controlling the capital stock adjustment costs, ¢, is
calibrated to match the average ratio of investment volatility to output volatility in the
sample. Parameters p, and o2 are calibrated in the following way. The autoregressive
coefficient is set to 0.4, close to the value used by Mendoza [Men91|. Parameter o, is
calibrated to match cross-country sample average of the standard deviation of output.

To calibrate p,, and o, I first fit an AR(1) to each emerging country’s terms of trade
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(HP filtered). The cross-country sample average OLS estimate of the AR(1) coefficient
is 0.4099. Given this, I fix p,, to 0.40. Parameter o,, is chosen to match cross-country

average volatility of the terms of trade in the sample.?3

Table 1.5: Baseline Calibration

Shocks Name Value

Pa Persistence of technology shock 0.4000
Oq Volatility of technology shock 0.0063
Pm Persistence of terms of trade shock 0.4000
Om Volatility of terms of trade shock 0.0588
Utility parameters Name Value

I} Discount factor 0.9091
o Relative risk aversion 2.0000
v Labor curvature 1.6000
WY Scale parameter 0.1860
Technology parameters Name Value

1/(1—-9) Elasticity of substitution among goods 5.0000
7 Exponent of production function 0.6250
« Exponent of production function 0.3600
y Exponent of production function 0.7000
1) Depreciation rate 0.0600
K Bond holding cost 0.0000
[0) Capital adjustment cost 0.2364
Steady state exogenous variables Name Value

B Bond holdings -0.0174
P Terms of trade 1.0000
A Idiosyncratic technology 2.2592
A Aggregate technology 1.0000

1.5.4 Impulse responses

This section presents the impulse response functions of the model to a terms of trade
deterioration shock and a negative technology shock. To facilitate the comparison, I
normalize the response of output to —1 percent upon shock. To generate this, the terms
of trade shock has to 34 percent the calibrated value for o, while the technology shock

has to be —34 percent of o,,.

Figure 1.2 depicts the responses of the endogenous variables. The left (resp. right)
panel plots impulse response functions of the terms of trade (resp. technology) shock.

Note that the response of the economy to a terms of trade deterioration is similar to

33Specifically, o, = (ﬁ S ok (PM)) (1= p2,) . Where oy, (Py) is the GMM estimate of the stan-

dard deviation of the terms of trade in country k.
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Figure 1.2: Impulse response functions

the response of the economy to negative technology shock. On one hand, a terms of
trade shock reduces the households’ incentives to supply labor, invest and consume fall.
In addition, a deterioration of the terms of trade moves the economy farther away from
efficiency and hence TFP falls. On the other hand, a technology shock works in exactly

the same way, except that the fall in TFP is not caused by a reduction of efficiency.

The impulse responses also show some qualitative differences. Note that for the same
level of output, consumption fall disproportionately more under the terms of trade shock
than under the technology shock. The main explanation to this lies in difference between
income and output. Income measures purchasing power, which is affected by changes in
quantities and relative prices, while output only measures changes in quantities. As a
consequence, under terms of trade shocks, income moves disproportionately more than
output. As the household smooths out his consumption path relative to income, not
output, it follows that consumption becomes closer to output. This is not possible un-

der technology shocks because income moves proportionally with output. Still, in the
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benchmark calibration, in both cases consumption responds less than output.

1.5.5 Business Cycle Moments

This section reports the second moments implied by the model and compares them with
the actual data. Table 1.6 reports the standard deviations, relative volatilities and cross
correlations computed from artificial data generated by the model and from the sample
of emerging countries, see section 1.2. For the model, the table reports three cases. Each

case differs in the kind of shocks hitting the system.

Table 1.6: Simulated and actual moments

Y C I NX TFP Py
I. Volatility - standard deviation (in percent)
Data Emerging 4.72 556 16.07 2.80 4.61 6.41

Model Py shocks only 3.61 2.53 14.07 1.22 1.25 6.24
Model A shocks only 3.08 142 807 141 179 0.00

Model Both shocks 4.72 292 1630 192 218 6.24
II. Volatility - Relative standard deviation
Data Emerging 1.00 119 349 063 097 1.43

Model P,; shocks only 1.00 0.70 3.94 0.33 035 1.74
Model A shocks only 1.00 046 2.63 0.46 0.58 0.00

Model Both shocks 1.00 0.62 3.49 041 047 1.35
III. Correlation with output
Data Emerging 1.00 0.83 0.89 -0.68 0.89 -0.34

Model P, shocks only 1.00 0.87 0.89 0.44 095 -0.95
Model A shocks only 1.00 0.87 094 093 098 n.a.

Model Both shocks 1.00 0.85 0.90 0.67 0.93 -0.72
IV. Correlation with terms of trade

Data Emerging -0.34 -0.33 -0.33 0.38 -0.35 1.00
Model P,; shocks only -0.95 -0.75 -0.99 -0.43 -1.00 1.00
Model A shocks only n.a. n.a. n.a. n.a. n.a. n.a.
Model Both shocks -0.72 -0.64 -0.85 -0.26 -0.56 1.00

Note: Moments are the average across 100 simulations of 79 periods each. The
moments are computed over the last 29 periods (same length as in the data) of
each simulation.

Part I of table 1.6 reports the standard deviation. To quantify the contribution of
different shocks to business cycle volatility, take the ratio of standard deviation implied
by the model to the standard deviation observed in the data. Start with the case where
terms of trade shocks are the only source of volatility in the model. The volatility ratio
indicates that terms of trade shocks alone can account for about 70 percent of the actual

output volatility in emerging economies.?* The volatility ratio varies for other variables.

34Similar numbers have been reported in the literature. Mendoza [Men95] concludes that terms-of-
trade shocks account for 45 to 60 percent of the observed variability of output. Kose [Kos02] concludes
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For instance, terms of trade shocks generate a volatility that is 25 percent TFP volatil-
ity, 40 percent of consumption volatility and 85 percent of investment volatility. The
model under technology shocks generates a similar volatility ratio for output. However,
it generates a lower volatility ratio for consumption, 27 percent. Adding both shocks

simultaneously increases the volatility ratios for all variables.

Part II reports the standard deviations of the variables relative to that of output.
Note that in the data, household’s consumption is 20 percent more volatile than output.
The model is unable to replicate this excess volatility of consumption. Comparing the
different cases shows that terms of trade shocks help to generate higher consumption
volatility and hence brings the theory closer to the data. Yet, household’s ability to
smooth out his consumption is too strong in the model. In other words, capital flows
based on the non contingent bond offered to households at a constant interest rate offers
them enough insurance to shocks. This only occurs because moving capital in and out
the country is costless. Next section explores the role of frictions to international capital

flows in generating excess consumption volatility.

Part III reports the correlation of the variables with output. Note that the model
only under terms of trade shocks predicts the right sign of the correlation except for
net exports, which are highly countercyclical in the data. The same occurs when the
model is simulated only under technology shocks. However, quantitatively, with terms of
trade shocks the pro-cyclicality of net exports is weaker. Part IV reports the correlation
with terms of trade. The model over-predicts the negative correlation of most variables.

However, it does a decent job in the correlation between terms of trade and TFP.

1.5.5.1 Sensitivity analysis

This section presents a sensitivity analysis over the previous results. To simplify the
analysis, this section focuses only on the following moments: the correlation between
terms of trade and output p (P, Y), the correlation between terms of trade and TFP
p (Py, TFP), the correlation of net exports with output p(NX,Y) and the relative

volatility of consumption o (C) /o (Y) . Table 1.7 summarizes the results. The first

that about 88 percent of output volatility is accounted for by terms of trade shocks. Importantly, both
studies consider technology and terms of trade shocks that are correlated.

37



row reports the moments from the data and the second row reports the moments implied

by the model under the benchmark parameterization (GHH markups).

As a first pass, table 1.7 studies the role of preferences by computing the moments
implied by Cobb-Douglas preferences. Relative to the baseline, Cobb-Douglas preferences
generate less volatility in consumption and more procyclicality of net exports. This is
because under Cobb-Douglas households are less willing to subtitute consumption for
leisure. Part II reports the results under perfect competition (no markups). Without
markups the correlation between TFP and the terms of trade is zero. Still, output and
the terms of trade are negative correlated because labor and capital respond to terms of
trade shocks. Under GHH preferences, removing markups reduces the correlation between

net exports and output and rises the relative volatility of consumption slightly.

Part IIT of table 1.7 reports the result when terms of trade shocks are highly per-
sistent, p,, is 0.90, keeping o, at its baseline value.*® Under GHH preferences, with or
without markups, consumption is more volatile than output, net exports are countercyli-
cal and terms of trade that are too pro-cyclical. The key insight lies on consumption
behavior. In the model consumption is determined by the discounted present value of
income (permanent income), not current income. Hence, when terms of trade shocks are
persistent, both permanent income and consumption respond to them. The second part
of the explanation is the fact that income responds more to terms of trade shocks than
output. Thus, for high persistent terms of trade shocks it is possible that the volatility
of consumption becomes higher than the volatility of output. Note that the results holds
for quite different values of markups. In fact, as TFP does not respond to terms of trade
shocks in the case perfect competition (without markups), the relative volatility of con-
sumption can rise even more. This indicates that the effect does not rely on markups, and
instead, it is a general consequence of the production structure of the model. Moreover,
under Cobb-Douglas preferences (not reported), consumption volatility is still below out-
put volatility. Hence, in addition to high persistent terms of trade shocks, it is required
that preferences display high enough substitutability between consumption and leisure.
It is worthwhile to mention that the model offers an explanation to the excess volatility

of consumption that does not rely on non-stationary shocks processes as in Aguiar and

35There exists evidence that terms of trade and commodity prices are highly persistent. Bidarkota
and Crucini [BC00] cannot reject the hypothesis that terms of trade follow a random walk.
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Table 1.7: Sensitivity Analysis
p(Y,Py) p(TFP, Py) p(NX,Y) o(C)/o(Y)

Data emerging -0.34 -0.35 -0.68 1.19
Baseline (GHH markups) -0.72 -0.56 0.67 0.62
1. Preferences

Cobb-Douglas markups -0.70 -0.55 0.91 0.28
II. Perfect competition

GHH no markups -0.27 0.00 0.13 0.68
Cobb-Douglas no markups -0.25 0.00 0.80 0.28
III. Higher persistence (p,, = 0.90)

GHH markups -0.81 -1.00 -0.21 1.06
GHH No markups -0.56 0.00 -0.12 1.12
IV. Higher volatility (o, = 0.10)

GHH markups -0.96 -1.00 0.42 0.71
GHH no markups -0.45 0.00 -0.08 0.85
V. Capital mobility

GHH markups £ = 10 -0.61 -0.54 -0.32 0.97
GHH markups £ = 100 -0.63 -0.54 -0.62 1.09
GHH markups x = 1000 -0.64 -0.54 -0.65 1.12
VI. Measurement

GHH markups value added approach? -0.72 -0.56

GHH no markups value added approach! -0.23 0.00

GHH markups base year overvalued? -0.51 0.32

GHH no markups base year overvalued? 0.03 0.57

GHH markups base year undervalued? -0.80 -0.79

GHH no markups base year undervalued? -0.45 -0.39

GHH markups Fisher Index® -0.71 -0.56

GHH no markups Fisher Index® -0.23 0.00

GHH markups TFP based on income shares® -0.66

GHH markups TFP based on income shares® -0.66

Note: Moments are the average across 100 simulations of 79 periods each. The moments are computed over the last
29 periods (same length as in the data) of each simulation. All models are calibrated to match the same targets.

1 Value added approach: Y; = Q, — Dy — Py M,

2 Qutput is computed as: Y; = Gy — 1.5Py M,

3 Output is computed as: Y; = Gy — 0.5Py M,

4 gﬂain-weighted Fisher index. See appendix for exact formula.

5 ~ —p)o7 —)67
tfpy = s — CY(LZ; ki1 +(1-a) (Lﬁé Iy
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Gopinath [AGOT7] or shocks to the interest rate, as in Mendoza [Men91], Neumeyer and
Perri [NP05], Mendoza and Yue [MY11].

Part IV reports the moments when terms of trade shocks are more volatile, o, is
0.10, keeping p,, at its baseline value.3® This increases the short run volatility of terms
of trade. The ratio of consumption volatility to output volatility rises but it is less than
one. This confirms that the key for excess volatility in consumption is the increase in the

volatility of permanent income, not current income.

Part IV of table 1.7 explores the role of capital mobility. In the model, the mobility of
international capital flows is determined by the parameter x of the quadratic bond holding
cost function, equation (1.5). A positive x implies that household cannot transform
today’s’ consumption into tomorrow’s consumption costlessly.?” As expected, decreasing
capital mobility increases the volatility of consumption. For high enough values of x,
consumption is more volatile than output. This comes from the interplay between terms
of trade shocks and tight restrictions on capital mobility. On one hand, terms of trade
shocks affect income disproportionately more than output. One the other hand, imposing
tight restrictions on capital mobility brings consumption closer to current income. As
income responds proportionally more to terms of trade shocks than output, consumption
volatility may rise above output volatility. It is worthwhile to mention that in a standard
small open economy model, i.e. technology shocks, it is not be possible to generate such
excess volatility of consumption even under very tight restrictions on capital mobility.
Finally, note that imposing restrictions on capital mobility has obvious implications for
the volatility of the current account. For example, under x = 1000, the volatility of the
current account (as a ratio of nominal output) is 0.02 times the volatility of output.®
This is counterfactual given the evidence of large volatility of capital flows in emerging

economies, see Calvo et. al. [CITO06].

Finally, part VI reports the sensitivity of the results to some measurement issues.

36This value is twice the value of the baseline o,,. Compared to the data, o,, of 0.1 is still a moderate
value, see Bidarkota and Crucini [BCO00].

37The calibration considered a value of x small enough (107°) to guarantee the stationarity of the
model. In that sense, the calibration approximates a situation where, in response to shocks, households
can save or borrow B; to smooth consumption as much as they can.

38Note that the correlation of the real net exports (as a ratio of output) and output is aligned with the
data. For large values of k, X; ~ Pp; My, i.e. nominal trade balance. Hence, real net exports becomes
(Prre — Par) M.
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The first robustness check shows what occurs if output is measured using the value
added approach instead of the expenditure approach. Nothing really changes since both
methods are equivalent. The second robustness check shows what occurs if output is
measured using base year prices that are biased upwards. Specifically, base year terms
of trade are 50 percent higher than steady state terms of trade. In this case, a terms of
trade deterioration brings the current marginal productivity of imports closer to the base
year terms of trade, implying an artificial gain in TFP. In the case of markups, the bias
of base year prices is strong enough to overturn the correlation between terms of trade
and TFP from negative to positive and to reduce the correlation between terms of trade
and output. Without markups, the bias on base year prices makes the terms of trade
acyclical with respect to output and increases the correlation between TFP and terms
of trade from zero to positive. Next I report the correlations when base year prices are
biased downwards. In this case, terms of trade become artificially more counter-cyclical.
The fourth robustness check shows the correlations when output is measured using a
chain-weighted Fisher index. This index updates price deflators with current and past
price and quantity data. By doing so, it reduces the biases from base year prices. The
results show that measuring output using the Fisher index replicates the results obtained
with the first order approximation. The last robustness check considers the case in which
output elasticities of labor and capital are mismeasured. Two cases are analyzed. In the
first case, both output elasticities are replaced by their income shares.?® In the second
case, the elasticity of output with respect to labor is measured as the labor income share
while the elasticity of capital is measured by one minus the labor share. With markups,
the correlations are biased but still negative. Without markups (not reported), income

shares coincide with output elasticities.

1.6 Conclusion

This paper revisited the connection between the terms of trade (terms of trade) and

the real economy. I built a small open economy model in which imports are inputs in

39Hall [Hal90], Basu and Fernald [BF02] consider this case. The broad idea is that when measuring
TFP one should weight capital and labor by their income shares, as they reflect the contribution of labor
and capital to welfare.
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production, output markets are imperfectly competitive and firms are connected in an
input-output network. The existing input-output linkages amplify both technology and
terms of trade shocks. In the model, TFP is a function of terms of trade. In particular,
just like in the data, in the model a terms of trade deterioration (improvement) leads to
a drop (increase) in TFP. In addition, the model predicts that terms of trade fluctuations
increase the volatility of real consumption. Under some parameters, the volatility of
consumption can be higher than the volatility of output. Hence, the model offers an
alternative explanation for the observed excess consumption volatility puzzle found in

the data.

1.7 Appendix

1.7.1 Intermediate good producer problem

Given the input-output linkages in the model, it is useful to think about firm ¢ problem

in three stages.

Cost minimization First, firm ¢ finds the factor mix, i.e. k; (7) , 1 (2), dy (i), my (i)

that minimizes the total cost of production taking as given factor prices. That is,

mey (i) g (1) = {kt(i),lt(f)r,lcllf%i),mt(i)} Tk (1) — wily (1) — Pudy (1) — Pagmy (i), (1.53)

st tqp (1) = Ay (i) (ke ()1 (6) ) ™" (dy (1) my (5) )"

where P, is the shadow price of the domestic intermediate input aggregator d; (i) which
would be defined below. First order conditions and the definition of total cost of produc-
tion deliver equations (1.12) — (1.15) and the formula for the unitary cost of production

mey (i) .

Domestic intermediate input mix Given d; (), firm i chooses the optimal mix

of intermediate goods d; (7, j) taking their given prices. Firm ¢ minimizes the cost of the
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domestic intermediate good composite:

1
Pd, (7)) = min / 1) dy (2, 7)dj,
t t() (e Jo Dt (J) t( J) ]

sn:m(o——<élm(@ﬁ9@>é

The first order condition for d; (i, j) :

@@ﬁ:(%%)ﬁmuy (1.54)

Substituting (1.54) in d; (¢) delivers the following equation:

é:RZQKQ@ﬁm)H. (1.55)

Pricing decision Finally, firm i sells its output to the market at a price p; (¢) in a

monopolistic competitive fashion. The firm maximizes profits:

E@Z%g%@%@—m@@%@,

subject to (1.8),(1.9) and (1.10) . Combining these equations into single demand,

wio = (20) (Gt () o) dj) ,

The first order condition of the above problem yields (1.17).

1.7.2 Social planning problem

The social planner takes the price of imports and the interest as given and chooses
quantities to maximize lifetime utility subject to (1.2), (1.6), (1.8), (1.10), (1.9), (1.21),

(1.20), (1.23) and a constraint on international capital flows:

1
Bt + K (Bt - B)2 - Rt—lBt—l = Xt - PMt/ my (’L) di
0
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The problem can be stated as follows,

maXZ ﬁtU (Ct, Lt)
t=0

xtEO

Xt = {Ct7 Kt7 Bt7gt (7') > Mg (Z) 7kt <Z> 7lt (Z) 7dt (l) ) Mg (Z> 7dt (7'7]>}

subject to:

</Olgt(i)0di>9 = Ct+Kt—(1—5)Kt_1—(%5> <Kfil—1)2Kt_1

1
+B;+ k(B — B’ —R_B,_; + PMt/ my (i) di,
0

gt (i)+/0 dy (j,0) dj, = A (i) (ke ()7 1y (’i)l_a)liu (de (3) my (i) 7)"

S

a6 = ([ acors)
Ky = /Olkt(z')dz,
L = /Ollt(i)di,

For any given distribution of idiosyncratic productivities A; (), it can be shown that
the social planner solution delivers the same allocative distribution of resources as the
equilibrium. This I focus in a symmetric allocation Q; = ¢; (i), Ky_1 = ki (i), Ly = 1, (i),
Dy =d; (i), My =my (i), Gy = ¢¢ (i) Vi and d; (1) = d; (4,) V j. Hence the social planner
is reduced to:

max Eo Z ﬁtU (Ct, Lt)
t=0

{C+,K¢,By,M¢,Di }

Ay (K L)' ™ (Dy M ™) = D, — PsyM, = Ci+ B+ (B, — B)* — Ry By

K 2
It — Kt — (1 — 5) Kt—l + (g) (Kttl - 1) Kt—l

It can be shown that the efficient allocation is characterized by the following equations:

A=yp
1—p

1 T o rl-a
Gy=(1—-py)Q (P_]Mt) AR L (1.56)
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P Dy
1 (1177)# (1 )AﬁKO‘ Llfa
e — ) A t—15¢
QF [ — = P, 1.
(/’L t <PMt> ) Mt Mt ( 58)
U 1\ (1= a) AFFKe L1
Lt i - t t—114
ot 1— Q| — , 1.59

=z (( e (5) ) - (1.59)

K

(1 v)u
> ) aAtI+1“ KoL

1

K, ( Prr

1+¢( —1> _ pg,{ Jomn ( <M“
Ky

Vo +(1-8)—¢ ((K+> 1)

A—y)p
1—p

K D 1 1+ (7 —Q
Cot 1o+ By + (B — B?=(1-pQ (P_m) ATPKS LI — R By, (1.61)

where:

Q=((1- P ,Y’Y)l%u MﬁAﬁ (1.62)

Equations (1.33)—(1.34) along with the capital accumulation equation (1.2) and the Euler
equation for bond-holdings, (1.5) determine the equilibrium sequence {Cy, Ly, K¢, By}, -
These equations are isomorphic to those of standard one-sector small open economy real
business cycles models, e.g. Mendoza (1991). Comparing the social planning solution

with the equilibrium one it is easy to show that 6 affects the equilibrium allocation.

Inefficiencies in steady state First, I focus in the steady state, assuming that
A, = P, =1V t. Relative to the efficient allocation in the steady state, the equilibrium

steady state has a suboptimally low level of resources, i.e.

LFQ = gt [P < LB KPQ_gritevi KF < KE,

1 1 v 1 1 [3)
DEQ = g¢grwiav1pE < DE MEQ = grnt=av1 M¥ < MP,

where E stands for efficient (solution to social planning problem) and EQ stands for
equilibrium. The key element behind this suboptimality is the markup over marginal

cost, i.e. 071 Intuitively, as a consequence of this markup, the marginal productivities of
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all factors of production are greater than their corresponding real factor prices. In other
words, the markup acts like a tax on factors’ demands. Note also that labor is relatively
more distorted by this inefficiency than any other input.*® Naturally, these suboptimal

levels of inputs imply a suboptimally low levels of production in equilibrium,

GEQ _ (ﬂ) grii a1 GE,
1 —py
1 — b

l—p

GDPPQ = ( >9$wiw&GDP?
Inefficiency in TFP It is expected that the inefficiencies in the steady state will
spill over onto the first-order approximation of the stochastic model. In what follows I

pay particularly attention to the inefficient response of TFP to terms of trade shocks.

~ 1 - _
gt — _<1—fy)'U/th_.|_
— [ 1—p

My = —part + G- (1.64)

G+ aki_y + (1—a)l,, (1.63)

Turning to the characterization of TFP under the socially optimum allocation, it can be

shown that around the efficient allocation output, measured as in (1.36), is given by:

~ (1_/VY>A (1_7)MA
RS A 1.65
Yy = 1— gt -5 my ( )

where z; = log (Z;/Z) is the log-deviation of variable Z; from its efficient steady state
level Z. Note that the coefficients multiplying g and m do not coincide with those in

equilibrium, see equation (1.65).

The equation characterizing g and m are isomorphic to those in the equilibrium. In
fact, up to a first order approximation, they look exactly the same as (1.38) and (1.39),

except that they respond to the efficient levels of capital and labor. Replacing these

40As shown by Bilbiie et. al. [BGMO0S], in models with constant markups and labor as the sole input
the equilibrium is inefficient if only if the supply of labor is endogenous. This inefficiency is explained
intuitively as follows. In the absence of a markup for the leisure good, households are less willing to
substitute from leisure into consumption. That is, a suboptimally high amount of leisure is purchased
since this is relatively cheaper good. As a consequence of this inefficient allocation, not enough resources
(labor) are devoted to the production of the good with higher markup (consumption). In the context of
the present model, even in the case of inelastic labor supply, v — oo, the steady state equilibrium would
still be inefficient.
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equation into (1.65), delivers,

1 ~ ~
Uy = a ki 1—a)l
t 1_Mat+at1+( Oé)t

The above implies that up to a first order approximation, TFP around the efficient

allocation is given by,

tfpy =9 — (Oé/k?t—l +(1— 0‘)2&) —1 Mat,
only reflects technological shock.

1.7.3 Measurement of output

Assume that production requires labor and imported intermediate inputs. Moreover, to
simplify the analysis further assume that the supply of labor is inelastic. First consider

output at constant base prices:
Y, = Qi — PuroM;
where Py are the terms of trade in the base year.

Now consider the effect of a deterioration of the terms of trade - i.e. an increase in

Py~ on output at constant prices:

oY; 0Q; oM, oM, Py oM,
= — Py )| ——-P = A — 1.66
OPyry (8Mt M) oPy,  MaPy, 9 MO T 0Py, (1.66)
which can be rewritten as:
oY, oM, 1-6 oM,
= (P, P, P, 1.67
9Py, — Pt = Pano) gpon == Puagp (1.67)

The elasticity of output to terms of trade:

oy, _ PM,t - PM,O (PM,tMt) ( omy ) 4 1-46 (PM,tMt) ( omy ) (1 68)
apM,t PM,t Y: apM,t 0 Y, apM,t ’ .

where low-cases denote variables in logs, i.e. ¥ = logY . The first term is the bias created

by base year prices.
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Now consider the chain weighted Fisher indez of output. Under Fisher chain-weighted

output, I have:

Vi — Qi1 — Prrgr 1My
t+1 = PFisher ’
t+1

where the Fisher chain-weighted price index is the geometric average of the Paasche and

Laspeyres indices between the current period and the previous period:

1 1

Fisher __ Qt—l—l - PM,t+1Mt+1 2 Qt — PM,t+1Mt 2 Fisher

P = P, .
Qi1 — PrreMiya Qr — P M,

Kehoe and Ruhl [KRO8] show that this yields the Fisher chain-weighted quantity index:

1 1
(Qu1 — PrpaMyy 1 \ 2 (Qupr — PargMiya ) 2
Yip = Y;.
Qt - PM,t+1Mt Qt - PM,tMt

The first order change of the logarithm of chain-weighted output is approximated as:

Differentiating the natural logarithm of chain-weighted real GDP:

0Qt+1 OMy OMyy1
Y11 _ OMiy1 0Py Pttty OPpr,e41 My
dPpri11 2(Q+1 — Prapyr Myiq)
0Qt+1 OMy OMy41
+ Mt 8Mt+1 8PM7t M’t 8PM,t+l

2(Q¢ — Prygy1 M) 2(Q11 — Py Myya)
Since 0Q;/OM,; = 9_1PM¢, the above simplifies to:

OM;i 1

Y41 _ 1-0 Pari OPpt41 B M (1.69)
OPpr 41 0 (Qu+1— PugriMe1)  2(Quy1 — Prgs1Miya)
M, (Prgs1 — Port) 83%1

+ +
2(Qt — PryaMy)  2(Qig1 — PargMyya)

The first term of the right hand side of (1.69) captures the effect imperfect competition.

Evaluating the above expression at P41 = Py, this terms remains,

dye  1-0 PMJB@PAEZ
0Py 0 (Qi— PusMy)
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I can rewrite this as:

Oy _ 1=0 Puis ( O ) <0. (1.70)

apM,t 0 PtFiSheTY; apM,t
1.7.4 Data

Most of the data comes from World Bank’s World Development Indicators (WDI) and
Penn World Tables 7.0 (PWT). These databases contain annual data from 1960 to 2008.
The following describes the construction of the variables used in the paper. All series

are constructed using all the available data, including data prior to the sample analyzed

(1980-2008).

Data on real GDP, consumption, investment, imports and exports comes from WDI.
The correspondence between the variables analyzed in the paper and WDI data is the
following (WDI’s mnemonics are given in parenthesis). Real GDP: GDP is constant local
currency (NY.GDP.MKTP.KN). Consumption: household final consumption expendi-
ture in constant local currency (NE.CON.PRVT.KN). Investment: gross fixed capital
formation in constant local currency (NE.GDIL.FTOT.KN). Imports: imports of goods
and services in constant local currency (NE.IMP.GNFS.KN). Exports: exports of goods
and services in constant local currency (NE.EXP.GNFS.KN). Nominal imports: imports
of goods and services in current local currency (NE.IMP.GNFS.CN). Nominal exports:

exports of goods and services in current local currency (NE.EXP.GNFS.CN).

Terms of trade are constructed as implicit deflators from the national accounts. The
price deflator of imports (exports) is computed as the ratio of nominal imports (nominal

exports) to imports at constant prices (exports at constant prices).

Total Factor Productivity is computed as follows:

where GDPF; is the period t real GDP, K; ; is the end of period t — 1 stock of capital
(beginning of period ¢ stock of capital) and L; is a measure of labor input utilized in
production. The parameter « is set at 0.36, which is the standard value used in the RBC

literature.
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The stock of capital is constructed using the perpetual inventory method. This con-

sists in constructing recursively a time series for K; using:

Kt - (1 —(S) thl +[t

where [; is investment in period ¢ and parameter § is the depreciation rate. The series
of investment is the one described earlier. The depreciation rate is fixed at 0.06, which
is the standard value used in the RBC literature. The recursive constructed of capital is

initialized using the steady state condition of capital under balanced growth path.*!

The labor input is proxied by total hours from PWT. The data are not reported di-
rectly by PWT and instead recovered as follows (PWT’s mnemonics are given in paren-
thesis). Total hours is recovered as the product of population (POP) with PPP Converted
GDP Per Capita (RGDPL), divided by PPP Converted GDP Laspeyres per hour worked
by employees at 2005 constant prices (rgdpl2th). The information is available for most
countries in the sample, except for Indonesia, Malaysia, The Philippines, Thailand and
Uruguay. For these countries, the labor input is approximated by total employment.
The data are not reported directly by PWT and instead recovered as follows. Employ-
ment is recovered as the product of population (POP) with PPP Converted GDP Per
Capita (RGDPL), divided by PPP Converted GDP Laspeyres per person counted in total

employment at 2005 constant prices (rgdpl2te).

U That is Ko = Io/ (0 + g) , where g is growth rate of investment in balanced growth path. The latter
is estimated by the average growth rate of investment in the sample.
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CHAPTER 2

Efficiency with Endogenous Information Choice

2.1 Introduction

A large and growing literature in modern macroeconomics focuses on the role of dispersed
information in understanding fluctuations in economic activity. The main contribution
of this paper is to demonstrate a new source of inefficiency in this class of models -
one that arises only when learning is costly. We show that, in a standard business
cycle model augmented to allow for endogenously acquired private information, incentives
of monopolistically competitive firms to learn about aggregate shocks are typically not
aligned with the social value of doing so. This leads to a suboptimal level of information
acquired in equilibrium, distorting both the level of economic activity as well as its
sensitivity to shocks, and generating to fluctuations that are inefficient relative to a
natural constrained-efficient benchmark. Importantly, this inefficiency can be present
even in environments where the incentives to respond to information are in line with
social objectives, illustrating the importance of explicitly modeling the information choice
decision. Our findings hold for various types of shocks (real or nominal) as well as for
different decision variables (quantities versus prices) and are obtained under a general
specification for the information acquisition technology which nests various commonly

used specifications.

This inefficiency arises from 2 distinct sources. The first is that a firm with market
power (i.e. the ability to affect prices through its actions) does not internalize all the
benefits of better aligning its decisions with fundamentals. In other words, under imper-
fect competition, the private value of information, the change in expected profits, is less
than the social value, which reflects changes in expected social surplus. As a result, in a

laissez faire equilibrium, monopolistically competitive firms tend to make suboptimally
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low levels of investment in information. Importantly, this holds even if the sensitivity
of actions to such information is the socially optimal one. A real business cycle version
of our model - where firms make labor input decisions under uncertainty about aggre-
gate productivity shocks - exhibits this combination of ez-ante inefficiency and ez-post

efficiency.

The second source of inefficiency emerges when information is used suboptimally. In
our general equilibrium environment, this occurs when firms set nominal prices under
uncertainty (and let quantities be determined by realized demand conditions). We find
that firms set prices that are ‘too sensitive’ to their private signals, because they do
not internalize their contribution to overall uncertainty in the economy. More precise
information exacerbates this inefficiency, partly (and in some cases, completely) offsetting
the direct benefits of taking actions under better information. Private decisions do not

reflect this trade-off and therefore, tend to overvalue information.

When firms make quantity choices under uncertainty, only the first of these two sources
is operational and the equilibrium features under-acquisition of information relative to
the welfare maximizing benchmark. When firms set nominal prices, however, both chan-
nels are present, making the overall direction of the inefficiency ambiguous. We divide
the parameter space into various regions depending on whether we see over- or under-
acquisition of information in equilibrium. When the elasticity of substitution between the
firms’ products is low, market power is high and the first effect tends to dominate. The
opposite happens when goods are highly substitutable or when the quality of information

is low.

Our results have a number of implications. First, they show that conclusions about
the efficiency of aggregate fluctuations derived under complete or exogenous information
do not extend to an environment with costly learning. Second, policies aimed at correct-
ing market power-related distortions have additional effects when information is endoge-
nously chosen in equilibrium. When information is used in a socially optimal fashion,
policies which align changes in social surplus with private payoffs always improve welfare.
In fact, in our CES environment, the standard complete information policy response to
non-competitive behavior -a constant revenue subsidy - is also the optimal policy with

endogenous information and achieves the constrained-efficient solution. However, this is
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no longer true with inefficiency in information use, as in the price-setting environment.
Then, policies which correct market power alone can even reduce welfare. This counter-
intuitive result emerges because such policies can worsen the inefficiency in information
choice. When the equilibrium features an suboptimally high level of information acqui-
sition, giving firms a greater share of the total surplus exacerbates the inefficiency. This
can, under some circumstances, more than offset the beneficial effects of removing the
noncompetitive distortion. It is important to note that this is an effect which arises only
when information choice is modeled explicitly. We show the optimal policy in such an
environment must be state-contingent and takes the form of a countercyclical revenue
subsidy. Finally, our results also point to situations where public information can lead
to welfare losses because it crowds out private information production. Intuitively, this

occurs when the equilibrium features an inefficiently low of private learning.

Though our focus is the fully articulated business cycle environment, we also show
how our analysis applies to coordination games in general, using the beauty contest
framework of Morris and Shin [MS98] and others. A general insight emerges - what
matters for information use is only the relative importance of the various components
of the payoff function, but the value of information is also influenced by the absolute
level of the payoff. We show that externalities in payoff functions (e.g. as in Morris and
Shin [MS02] or Angeletos and Pavan [AP07]) can distort the level of social versus private
payoffs and cause private and social values of information to diverge, even if they leave

incentives to use such information undistorted!.

It is worth emphasizing that our results are derived with very little structure on
the learning technology beyond those necessary to guarantee an interior solution. Our
specification encompasses several commonly used formulations (e.g. rational inattention,
costly signals). Also, while we focus on private signals for most of our analysis, the
sources of inefficiency highlighted are relevant to the acquisition of public information as

well?.

This paper bears a direct connection to the body of work embedding heterogeneous

In an independent paper, Colombo, Femminis and Pavan [CFP12] arrive at the same result, using a
general quadratic specification for payoffs.
2In Section 2.7.5, we illustrate this using the beauty contest model.
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information in business cycle models. One branch of this literature 3 takes the information
structure as exogenous and derives implications for equilibrium responses. A second
strand 4 endows agents with a learning technology and allows them to endogenously
determine the extent of information, as in this paper. The main difference between this
paper and this latter group is that we are concerned primarily with efficiency, while most

of the other papers focus on other properties of equilibrium outcomes.

Two independent recent papers are important exceptions®. Colombo, Femminis and
Pavan [CFP12] and Mackowiak and Wiederholt [MW11b] investigate the efficiency of
information choice in a quadratic utility framework®. Colombo, Femminis and Pavan
[CFP12] also find that efficiency in information use does not imply optimal information
choice and characterize the link between payoff externalities and efficiency. In a rational
inattention framework with quadratic utility, Mackowiak and Wiederholt [MW11b] study
the optimality of attention allocated to rare events. The insights from these papers, while
related, are not directly applicable to the fully articulated microfounded environments
that are the focus of this paper. Our analytical framework allows us to derive closed-form
expressions for the objects of interest and thus allows us to capture all effects of infor-

7. Thus, our analysis provides

mation acquisition, without resorting to approximations
a comprehensive picture of the incentives to acquire information in a standard macroe-
conomic environment, leading to more robust conclusions about welfare and setting the
stage for a quantitative evaluation. Moreover, our results - on the sources and magnitude

of the inefficiency - are directly interpretable in terms of model primitives, viz. preference

and technology parameters.

3For example, Woodford [Woo03], Moscarini [Mos04], Angeletos and Pavan [AP07], Angeletos and
La’O [AL08, AL09], Nimark [Nim08], Hellwig [Hel08b, Hel08a|, Lorenzoni [Lor09, Lor10], and Hellwig
and Venkateswaran [HV09b|. The large literature on noisy rational expectations models in asset pricing,
including seminal work by Hellwig [Hel80] and Diamond and Verrecchia [DV81], mostly falls under this
category, as does the recent work on global games, following Morris and Shin [MS98, MS02].

1For example, Mackowiak and Wiederholt [MW09, MW11a] consider a setting where agents face a
constraint on their ability to process information, while Hellwig and Veldkamp [HV09a], Gorodnichenko
[Gor08] and Reis [Rei06] introduce explicit costs of planning or acquiring information. In the asset
pricing context, Grossman and Stiglitz [GS80], Ganguli and Yang [GY09], Barlevy and Veronesi [BV00]
and Veldkamp [VelO6b, VelO6a] all consider environments where information is chosen endogenously.
Myatt and Wallace [MW10] study a beauty contest setting where agents choose what signals to pay
attention to.

5Chahrour [Chal2] also looks at the welfare implications of costly public signals.

6In an unpublished working-paper version of Hellwig and Veldkamp [HV09b], information acquisition
is shown to be efficient in a beauty-contest model without externalities.

"For example, ‘non-strategic’ effects of uncertainty on payoffs are ruled out in Colombo, Femminis
and Pavan [CFP12].
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Our work complements earlier work on the efficiency of information use under exoge-
nous information. Angeletos and Pavan [AP07] show that information is used inefficiently
in equilibrium when private and social incentives to coordinate are different (Hellwig
[Hel05] and Roca [Rocl0] analyze these incentives in a general equilibrium monetary
model). Our paper, on the other hand, compares social and private incentives to learn.
Amador and Weill [AW10] also study the efficiency when the extent of information is
endogenously determined in equilibrium. However, this occurs through learning from en-
dogenous objects and not, as in this paper, through the acquisition of costly information.
Finally, our findings on the effects of market power on information choice also contribute
to a broader agenda studying the efficiency implications of imperfect competition - see,

for example, Bilbie et. al [BGMO08| and the references therein.

The rest of the paper is organized as follows. In section 2.2, we use a simple model
to show how imperfect competition distorts incentives to learn. Section 2.3 lays out the
full model, which embeds information acquisition in a general equilibrium real business
cycle model with aggregate shocks. The next 3 sections consider three commonly used
versions of this environment. Section 3.2 is a real business cycle environment, where
firms make labor input choices under imperfect information about aggregate productivity
shocks. Sections 2.5 and 2.6 repeat the analysis under price-setting and nominal shocks
respectively. Section 2.7 studies information choice in a reduced-form coordination game
with quadratic payoffs. Section 2.8 contains a brief conclusion. Proofs are collected in

the Appendix.

2.2 A Simple Example

The purpose of this section is to build intuition about the connection between market
power and value of information. We study a simple environment where a single monopolist
makes production choices under uncertainty. She is endowed with a technology that

transforms the numeraire, denoted N, into final goods, denoted (), according to

Q = ANs, §>1,
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where A is a log-normally distributed technology shock, i.e. @ =1InA ~ N(0,02). The
profit of the monopolist is given by

=PQ— N,

where P is the price of the final good in terms of the numeraire. The monopolist faces a

representative consumer with a utility function

6

Optimization by the consumer implies

The total social surplus is

0 o-1

Using the consumer’s optimality condition, we can rewrite this as

0

Thus, in this constant demand elasticity environment, there is a simple relationship
between the consumer’s utility and revenue. As 6 — oo, the difference vanishes, i.e.

profits equal the social surplus.

When making her production decision, the monopolist faces uncertainty about the

realization of the technology shock A. In particular, she only sees a noisy signal

s=a+e, e~ N(0,0°),
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and chooses input®, N. Formally, her problem is
H:mﬁx E[PQ|s|—N
N

o—1
= max E{(AN§> T 3] — N,

where the operator E [-|s] represents the expectation conditional on the signal s. The first

order condition is
g—1

——E[A% | s|NF =1

Standard results for conditional expectations of log-normal random variables imply
log N=k+a-s,

where

0 56 —1) o2
S 1-0+605\o2+02)’

B 06 e =11 06 0—1\*( o2
"T\T-09v05)® 05 T2\1-6+65)\ 0 o2 +o2)

Before analyzing the value of information, it is instructive to examine the efficiency

properties of this policy more closely. Consider the surplus-maximizing response function,

U:m]\z%x E[(%)PQM} — N.

i.e. the solution to

It is easy to show that the solution takes the same form as the monopolist’s policy,

with

of = a,
= K+ b0 1 0 >
T R T T xes ) M\e o1 -

In other words, the elasticity of labor input with respect to the signal (and therefore,

to the fundamental) is the socially optimal one but the monopolist chooses a suboptimally

8The results go through even if the monopolist had to choose prices instead of input.
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low average level of labor input. Thus, the monopolist uses information efficiently even

though she finds it optimal to restrict production.

The private value of information to the monopolist is the sensitivity of the (ex-ante)
expected profit to the variance of the noise in the signal. A straightforward application

of the envelope theorem yields

OEIl o’ (1—9+95

2 06

= EN .
do? 2 ) <0

where [E takes expectations over the realizations of the aggregate shocks and the signals.
[EN is the unconditional expectation of input. The derivative is negative, i.e. profits

decline with poorer information. Analogously, the social value is the change in expected

total surplus i.e. %ETIQJ. We can show that social surplus is proportional to profits, i.e.

EU = EII

0o B Jo? Oo?

OEU | (35) 2 — 1] 9EI OEIL
§

Thus, noisier signals lead to a greater loss of utility compared to profits. The source of
the difference, the % in the numerator, is simply the constant of proportionality between
consumer surplus and revenue. Intuitively, the effect on profits from better information
underestimates the change in social surplus because revenues do not capture all the utility
gained by the consumer. Only in the limiting case of infinite demand elasticity does the

private value coincide with the social value.

Figure 3.3 provides a graphical illustration for this intuition. The profit maximizing
choice for a given level of the technology shock under perfect information, N, leads to
a full information profit of II. The corresponding social surplus is denoted U. Under
imperfect information, the firm chooses a scale of production that is lower on average
than under full information. The expected profit drops to II¢ while the social surplus
drops to U°. Since the utility curve is steeper than the profit curve at N*, the private

loss from less information (II — I1¢) underestimates the social loss (U — U®).
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| tility == Profits

Figure 2.1: Profits and Utility

In the general equilibrium environments studied in the rest of the paper, the un-
derlying demand structure will be more complicated, but this basic intuition carries over
almost exactly. Firms internalize the effects of better information on prices and therefore,
attach a lower value to their own learning and therefore, tend to acquire less than the
socially optimal amount of information. However, other equilibrium linkages can cause in-
formation to be used inefficiently, which can overwhelm this channel for underinvestment

in learning.

2.3 A Microfounded Business Cycle Model

In this section, we lay out a microfounded business cycle model with dispersed informa-
tion. The fully-articulated and flexible specification will allow us to examine the efficiency
of equilibrium information choice under various assumptions about the nature of shocks
(real vs. nominal) and decisions (prices vs. quantity). These cases will be examined in

detail in the next 3 sections.

Time is discrete, t = 0,1,2.... The economy is populated by a continuum of en-
trepreneurs and a final good producer. The entrepreneurs or firms as we will sometimes
refer to them in our exposition, each have access to a technology, which transforms labor

into a differentiated intermediate good. These technologies, are located on a continuum
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of informationally-separate islands, with one firm per island. Firms make two decisions
- an ez-ante information choice, modeled as the precision of a private signal about an

aggregate shock and an ez-post production/pricing choice.

Preferences and Technology: Entrepreneur i enjoys a per-period utility according

t0?

Cit — Nyt — U(U2 )7

et

where Cj; is consumption of final goods and Nj; the labor input!®. The last term reflects

the cost of acquiring private information. The agent is subject to a budget constraint

PtCit = ]DitY;t .

Production of intermediate goods is described by a decreasing returns to scale pro-

duction function:

Yy = AN}

it

where § > 1 and A; is aggregate productivity.

The final good is a CES composite of the intermediate goods

1, 7=
yt:(/Yit‘)di) )
0

where the parameter 6 is the elasticity of substitution between intermediate goods.

Throughout the paper, we will assume that ¢ > 1.

Finally, aggregate variables are linked by the following quantity equation:
BYy =M, ,

where M, is the (exogenous) level of nominal demand.

In the following three sections, we study in detail 3 versions of this general framework:

9The assumption of linearity is not crucial for any of our results, but simplifies the expressions
considerably.

10We model the entrepreneur as choosing how much of his own effort to commit to production. This
backyard production specification is only for simplicity. In earlier versions of this paper, we worked with
explicit labor markets on each island and our results go through almost exactly. .
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Period t, Stage I Period ¢, Stage 11 Period ¢, Stage III Period ¢ 4+ 1, Stage I

]
T T T 1

Agents choose Signals realized Shocks revealed
information Labor input chosen Production and consumption

Figure 2.2: Timeline of Events
e Quantity (labor input) choice with aggregate productivity shocks
e Price choice with aggregate productivity shocks

e Price choice with aggregate nominal shocks

2.4 Model I: Quantity choice with productivity shocks

In this version, the only source of aggregate uncertainty is the level of aggregate tech-
nology A;. Nominal demand is constant, i.e. My = M Vt. Note that under complete
information, this is the canonical real business cycle model, with monopolistic competi-

tion replacing the standard representative firm assumption!!.

Firms observe a private signal about the aggregate productivity shock and choose
labor input. Then, production takes place, the firms sell their output and buy the final

good for consumption. Figure 3.1 shows the timing of events in each period.

We will show that information about the aggregate shock is used efficiently in this en-
vironment, but the incentives to learn are suboptimally low. As a result, the laissez-faire
equilibrium with endogenous information exhibits inefficient fluctuations, even though the
same economy under the assumption of exogenous information does not. The intuition
is similar to the simple example in the previous section - imperfect substitutability leads
to a wedge between the private value of information and its the social value. As a result,
agents in equilibrium expend a suboptimally low level of effort in information acquisi-
tion. Only in a limiting case, as goods becomes perfect substitutes, does the equilibrium

achieve efficiency.

Aggregate productivity is log-normally distributed, i.e. log A; = a; ~ N (0,02). For

" Angeletos and La’O [AL09] study a similar environment with dispersed but exogenous information.
The main modeling difference is that they have many firms on each island, a feature that is easy to
incorporate into our setup.
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simplicity, we focus on the case where this is an i.i.d shock, but our results go through

for more general stochastic processes as well'2.

Information structure: Before choosing labor input, each agent observes a private

signal s;; about the current productivity shock:
Sit = ¢ + €4 ,

where e;; ~ N (0,02). The variance of the noise term, o2 is the variance chosen ez-ante

by the firm.

Optimality: The competitive firm producing the final good solves :

1
max PtY;_/ PyYydu
0

[}

1 -1 -1
yt:(/yit@di) ,
0

where Py is the price of intermediate good i. Optimality yields the usual demand function

V- (P—)Y . (2.)

Substituting from the budget constraint, we can write the intermediate producer’s

for good ¢

objective in Stage II as follows:

P; 1
IL; = HJ{%X E; (F;AtNii - Nit) )

where the operator E;; () represents the expectation conditional on firm i’s information
Iit7 1.e. ]Eit () = Et ( |I’Lt) .
Substituting from the demand function (2.1),

N\ T :
()" avt -], o3

t

I = max Es

it

The solution is to choose an input level that equates expected marginal revenue to

2For example, if a; is an AR(1) process, our results go through exactly with the aggregate shock now
interpreted as the current innovation to the aggregate productivity level.
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marginal cost

0—1 1 0-1 0-1-65
Ey || — | Y,PA,° N, *° = 1. (2.3)
00
Rearranging,
14660 0—1 1, 6-1
Ny = By [Yt@ A, } (2.4)

Information acquisition: In the first stage of each period, before signals are
realized, each agent chooses the extent of information to acquire, taking as given choices
of other firms in the economy. The unconditional expectation of profits is defined as:

I, (0%, 0?) = Ell,, , (2.5)

e’

where E takes expectations over the realizations of the aggregate shocks and the signals

The problem of the agent in the first stage can then be written as:

g 2 2 2
max IT; (aei, Je) - (aei) ,
Oei

where v () is the cost of information'® as a function of the noise in the signal with
v'(-) <0, v"(-) > 0. Our focus in this paper is on differences in the value of information
to private agents and to the planner, so we wish to impose as little structure as possible on
the cost of information. The only additional assumption we make is that the solution to
the above information choice problem (and later, that of the planner) lies in the interior!?,
i.e. is characterized by :

— —V'(05)=0. (2.6)

13For example, under the rational inattention paradigm, as in Sims [Sim03], this would be determined
by the cost of information processing capacity, which is defined as the extent of reduction in entropy
about the fundamental shock. Alternatively, if information choice takes the form of deciding how many
signals to acquire, the function v(-) is interpreted as the total cost of acquiring a basket of signals with
the same informational content as a single signal with precision o2.

14 A necessary condition is that the cost function is sufficiently convex, i.e.

0211 8%v

- 0.
962062 _ 962062
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2.4.1 Equilibrium

A equilibrium is (i) a set of information choices for each firm (ii) island-specific labor
inputs as functions of the signal on the island (iii) aggregate consumption and output as
functions of the aggregate state such that: (a) the labor input is optimal, given island-
specific information and wages and the functions in (iii) above, (b) taking the behavior
of aggregates in (iii) as given, the information choice in (i) solves the Stage I problem,

(c) markets clear and (d) the functions in (iii) are correct.

We focus on symmetric equilibria, where all agents acquire the same amount of infor-
mation in stage I and follow the same strategies in stage II. The characterization of the
equilibrium in stage II essentially follows the same procedure as in Angeletos and La’O
[ALO09]. We begin with a conjecture that, in equilibrium, firms follow a symmetric labor
input policy of the form®®

N = ko + asi (2.7)

where ks and « are coefficients to be determined in equilibrium. The former determines
the (unconditional) average level of (the log of) employment, while the latter is the elas-
ticity. The details of this guess-and-verify approach are in the Appendix. The expressions

for the response coefficients are given in the following result.

Proposition 1 In a symmetric equilibrium, labor input is given by (2.7), with
2
Ua
0_2 + (1+59_9) 0_2] ) (28)

(7)
(0] g
0—1 30—0
) -1 1—0+6§] ao? 1 a?o?
ko = (1+95—9)10g< 50 )J“[e(a—l)} 2 +{9(5—1)} 7 (29)

2
e

where o2 is the variance of the error in agents’ signals.

The expression for a has an intuitive interpretation. The first part % is simply

the full information elasticity of employment to a productivity shock. Under incomplete
information, this is downweighted by the second part, an adjusted signal-to-noise ratio.
The adjustment essentially increases the weight of the noise (by a factor % > 1),

reflecting the well-known effect of strategic complementarities. In other words, firms in

15Hereafter, variables in small cases denote variables in logs, i.e. z = log (X)
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this economy have an incentive to coordinate their actions (due to the imperfect sub-
stitutability of the goods they produce). Since the informational friction dampens the
overall response of the economy to the fundamental, agents find it optimal to respond

less than one-for-one to their expectations of fundamental.

Finally, we characterize the information acquisition decision in stage I. We begin by
noting that the maximized stage II profit function, equation (3.12), depends on both
the information choices of the agent herself as well as everybody else in the economy.

The latter enter payoffs through the aggregate response coefficients, o and ky. Ex-ante

2

expected profits, conditional on a choice of individual error variance o7;, are obtained by

taking expectations over the realization of the random variable E; (a;).

A symmetric stationary equilibrium can thus be represented as a fixed point problem
in o2:

ol = argmax,: 11 (02, a(02), ka(02)] — v (02),

ei) ei

where we make explicit the dependence of o and ks on o2 according to the equilibrium

relationships (3.14)-(3.15).

In the Appendix we show that, under the assumption of an interior solution, the

optimality condition associated with this problem is
1/60—-1\ -
—5 (5—0) HO[2 = U,(O'g), (210)

where II is the unconditional expected profit and « is the equilibrium response coefficient.
Since both these objects are themselves functions of o2, this is a fixed point relation in

o2 and completes the characterization of equilibrium.

2.4.2 Efficiency in Information Use

We now turn to its efficiency properties. We begin by showing that information use is
optimal'®. To achieve this, we compare the equilibrium coefficients o and ky to those
chosen by a planner, who is interested in maximizing household utility. Importantly, the

planner is assumed to be information-constrained, i.e. cannot pool information across

16This subsection is essentially a replication of the welfare results in Angeletos and La’O [AL09].
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islands but is free to choose how agents respond to the signals. We exploit log-normality

and restrict attention to symmetric log-linear policy rules of the form
(2.11)

Tlit:kg—i—&sit.

Then, it is straightforward to derive the aggregate labor input, consumption and

welfare are:
7 ~ [
N; = exp k2+aat+§o¢ -,
& ky 1[/0—1)\ a2
Ct = }/t:eXp (1"‘5)6&"‘?2 5(7)-20'3]7
and the corresponding ex-ante expectations
1
( E(N;) —exp[kg—l—Qoz(a +a)1,
1 a\> , ke 1/60-1\a,
E(Cy) = exp 3 (1—1—5) Ua+g+§(T) —0: |
(2.12)

U =
The efficient use of information is characterized by coefficients o* and k; that maximize

o (/%2,@) - N (1%2,&) .

utility, i.e.
(a*, ky) = argmax;,
The optimality conditions of this problem are
C* = 0N, (2.13)
<1 a’\ f—1\a" , * % (2 2
o5 ( 5 ) ot () 5| = e etee),
Using the first equation, the second condition can be rewritten as
| 5, o 0—1

= 1——. 2.14
o= o [1- 20 (2.14)

Ly
) ) o
The two sides of this equation reflect the trade-off faced by the planner. A stronger re-
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sponse to the signal makes actions better aligned with the fundamental, but also increases
the inefficient variation in them. The planner sets a to equate the marginal benefit from

the former channel to the marginal cost from the latter.

Agents in equilibrium face a similar trade-off. Consider the ex-ante profit of firm which

takes as given the responses of other firms (o, k2) and chooses the coefficients of its own

best response (&, ko)
0—1Y\ - 1 1 a?
exp{(w) k2+%k2+§(9—1>m0 }
w3 ](7) (45) w5 0o )] s () )
—exp {l%g + %d2 (02 + 02)} .
The associated optimality conditions are

1[0-1 a\ 1 aN] L [0—-1 (0—1\" e
{5[T(“E)+5(”3)]%(T>”(W) "e}c" = Na(oate).

Using the first equation and invoking symmetry, the second condition becomes

f—1\1 ay 5, aff-1 0—1\ o (0-1\a, ,
< 6 )5(”5)“”5( 6 )( 05 )"6’_( 7 )5(“a+06)'

Re-arranging,

R O P S

Comparing (2.14) and (2.15), we see that the private benefits and costs of a stronger

response are proportional to those faced by the planner, with a scaling factor %. In

other words, the trade-off faced by agents in equilibrium is the same as the social tradeoff.
Note that this only applies to the choice of the response coefficient .. The usual monopoly
inefficiency of restricted production applies here as well, but only as a distortion to the

average level of activity k.. Formally, the following result shows that the equilibrium «
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coincides with the corresponding socially optimal coefficient, but ko is inefficiently low.
Moreover, the difference between ks and k3 is invariant to the information structure and

vanishes in the competitive limit as # — oo.

Proposition 2 For a given o2, the planner’s optimal response coefficients are:

o = a, (2.16)

. 5 0

where o and ko are as defined in Proposition 19.

Thus, the distortion caused by imperfect competition takes the form of a constant
scaling down of labor input, but does not distort the elasticity of aggregate employment
with respect to the shock. This result has an important implication - when informa-
tion is exogenous, the average level of activity in this economy is inefficiently low, but

fluctuations are constrained efficient.

2.4.3 Efficiency of Information Choice

Next, we show that, despite the optimal response to signals ex-post, the ex-ante infor-
mation acquisition decision is inefficient. Our benchmark is the level of information that

maximizes ex-ante utility in a symmetric equilibrium, i.e.
2 2
rr;agx U (ae) —v (ae) ,
where U is the expected utility characterized in (3.20).

We restrict attention to the case where the solution to the above problem is interior,

i.e. characterized by the first-order condition!”:

ou v

2 2"
do?  0o?

(2.18)

17As with the equilibrium information choice, we also need to assume that the cost function is suffi-
ciently convex, i.e.
0*U 0%v

— 0.
002002  Qo200? <
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Comparing (3.24) to (2.6), it is easy to see that information choice is efficient if, and
only if, the marginal value to the planner, 9U/dc? coincides with the private value to the
firm, OI1/80?,.

The next proposition presents the main result of this section. It shows that the intu-
ition from the simple example in Section 2 goes through in this richer general equilibrium
environment as well. In any symmetric equilibrium, there is a constant wedge between

the private value of information by firms and its social value.

Proposition 3 In a symmetric equilibrium, the private value of information is always

less than its social value, i.e.

ou 5 o1l o
@_(1+(0—1)(6—1)) (ao_;) o <0 \V/O'EE]R. (219)

e et

Therefore, the level of information acquired in equilibrium is inefficiently low.

From (2.19), it is easy to see that the inefficiency is related to the elasticity of substi-
tution, #. The intuition is similar to the simple example - with imperfect substitutability,
marginal revenue is strictly less than the marginal surplus. Therefore, more information,
or equivalently better alignment of actions with fundamentals, causes a smaller improve-
ment in profits relative to total utility. As a result, the monopolist attaches a lower
value to learning than the social planner and therefore, acquires less than the socially
optimal level of information. The extent of this underacquisition is decreasing in 6. As
goods become more and more substitutable, the difference between marginal revenue and
marginal surplus shrinks. In the perfectly competitive limit, as # — oo, the gap between

the social value and the private value of information vanishes!®.

The implications for efficiency of equilibrium outcomes are immediate. When informa-
tion is exogenous, the average level of activity is inefficiently low but cyclical fluctuations

are constrained efficient. However, this is no longer true when information is endogenous.

8Note that market power and imperfect substitutability are controlled by the same parameter §. One
can easily extend this framework to parameterize these two forces separately. For example, in Angeletos
and La’O [AL09], a continuum of firms on each island produce differentiated inputs, which are bundled
together to produce a final good. Imperfect substitutability of these island-specific final goods leads to
aggregate demand linkages, while the differentiated nature of inputs gives firms on each island market
power. Our efficiency results extend to this environment as well, with this latter parameter playing the
role of 6.
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Too little information is acquired in equilibrium and through its effects on ko and «, this
suboptimality influences both the average level of activity in equilibrium as well as the
elasticity with respect to the shock. The sign of the effect on the former is in general
ambiguous, but the response coefficient « is lower, i.e. the sensitivity of employment
(and therefore, of output) to the technology shock is inefficiently muted. This is a novel
source of inefficiency in this class of models - one that is absent both under the canonical
full information assumption as well as under exogenous information (e.g. Angeletos and

LaO [AL09)).

A less obvious implication relates to the social value of public information. Suppose
entrepreneurs also had access to a free public signal about aggregate productivity in this
environment. It is straightforward to show that this reduces the value of private signals
information, leading to lower investments in information. In other words, public infor-
mation crowds out private information. Since the latter was already being produced at
an inefficiently low level, this is detrimental to welfare and in some cases, can overwhelm

the direct benefit of more information'®.

Note that this effect is not present when in-
formation is exogenous. In that case, public information can reduce welfare only if it
is used inefficiently. With endogenous information, however, the social value of public

information can be negative, even in the absence of ez-post inefficiencies.

Finally, we turn to the policy implications of our inefficiency result, which are dis-

cussed in the next subsection.

2.4.4 Optimal Policy

We show that constrained efficiency is restored in this environment if policy is used
to correct the average level distortion in production. In particular, a constant revenue
subsidy, equal to the markup not only removes the firm’s incentives to underproduce, but
also leads it to invest the socially optimal amount in information production.
20

Given an arbitrary revenue subsidy A, the problem of the firm becomes:

II;; = max Ei [Apz'tyz‘t - Nz’t] ,

it

9 Colombo, Femminis and Pavan [CFP12] find a similar result with in a quadratic utility framework.
20Tn addition, a lump sum transfer 75 f P;:Y;:di is subtracted from the budget constraints.
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It is easy to show that the level distortion in activity is removed, i.e. ky equals k3, if

the subsidy satisfies
0

AN=—.
0—1
More interestingly, this subsidy also aligns marginal revenue with the change in total

surplus and therefore, equates the private marginal value of information to the social

value, leading to both ez-post and ez-ante efficiency.

Proposition 4 A symmetric equilibrium with a constant revenue subsidy A = % 5
constrained efficient, i.e. it attains the optimal allocation of the information constrained

planner.

Thus, in a real business cycle environment with endogenous information, policies
aimed at correcting market-power related inefficiencies have an additional benefit - they
also remove the wedge between private and social value of information, eliminating inef-
ficiencies (in both the average level and the fluctuations) arising from suboptimal infor-
mation choice. This conclusion, however, depends crucially on the fact that information

is efficiently used - as the price-setting model in the following section will highlight.

2.5 Model II: Price-setting with productivity shocks

In this section, we modify the environment in the previous section and assume that
entrepreneurs set nominal prices (as opposed to choosing labor input) after observing
private signals of aggregate productivity?'. Formally, the intermediate goods producers
now choose nominal prices for their products and commit to producing any amount

demanded at that price??. The entrepreneur’s problem is now:

P\ 1 PN\ Y, J
E,l = Y, — = — . 2.2
max Fj (Pt> ¢ (Pt) A (2.20)

P

21Lorenzoni [Lor09] studies a similar environment with exogenous dispersed information.

22Whether firms compete by choosing prices or quantities is a matter of some debate. See
Aiginger[Aig99] for a survey. One of the studies cited in that paper describes a survey of Austrian
manufacturing on their main strategic variable. About 38% of the 930 firms surveyed said they produce
a specific quantity, thereafter permitting demand to decide price conditions while the remaining said
they set prices leaving competitors and the market to determine quantity sold.

71



As with quantity choice, optimality equates expected marginal revenue to expected

marginal cost:

Yé
0—1)P;" By [P;’*Yt} = 06P; "By, [P;MA—;} . (2.21)
t

A comparison (2.21) and the optimality condition under labor input choice, equation
(2.3) in the previous section, reveals an important difference between the two environ-
ments. When a firm chooses its labor input under uncertainty, its marginal cost is known,
or more generally, unaffected by the actions of other agents. This is not the case under
price setting - the marginal cost to a firm from changing its own price depends on the ag-
gregate price level P,. Therefore, the sensitivity of average prices to the shock affects each
firm’s uncertainty about its own marginal cost. As we will see, this additional interaction

leads to an externality and will lead to both ez-post and ez-ante inefficiencies.

The solution strategy follows the same guess-and-verify procedure as in the previous

section. We begin with a conjecture that individual prices are set according to:

Dit = ko + Syt (2.22)

The expressions for the response coefficients in a symmetric equilibrium are derived

in the Appendix and collected in the following result.

Proposition 5 In a symmetric equilibrium, firms follow a pricing rule of the form

(2.22), with

B —0
R
1 1
(6—1Dk; = In (%) + (6 —1)m+ Ea%g 66 —6(60 — 1) +1—6] + 502 [6°(1+a)* = o?],

2

Ua
2 1+60—6 217
Ja+( 6—1 )06

where o? is the variance of the error in agents’ signals.

As with quantity choice, the adjustment to the signal-to-noise ratio in the expression
for «a reveals a coordination motive - strategic complementarities further dampen the

response of the aggregate price level to the shock.
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2.5.1 Efficiency in information use

We define the socially optimal response as the utility-maximizing choice of an information-
constrained planner, who is free to set the response coefficients o and ks but is subject to
all the other equilibrium constraints. In particular, given a cross-sectional distribution of
prices { P}, the aggregate price level P, and output Y; are determined by the zero-profit

condition of the final goods producer and the quantity equation respectively.

Proposition 6 For a given o2, the planner’s optimal response coefficients are:
2
o
= ] , (2.23)

. —0
“ - (5—1> 02 + 0 (H270) o2

-1k = —In (%) +(6—1) k‘g(ae*),

where ky(a*) denotes is the equilibrium level coefficient in Proposition 5 with o replacing

Q.

Thus, the equilibrium features prices that are too responsive® to signals, i.e. a* > a.
In other words, information used suboptimally when monopolistically competitive firms
set prices and optimally when the choice variable is labor input instead. The intuition is
related to the marginal cost uncertainty mentioned earlier. Firms do not take into account
their contribution to the uncertainty faced by other firms in the economy and as a result,

set prices that are too responsive to private signals?.

The level coefficient also is suboptimal - but now it includes not only the usual markup
distortion but also the effects of the inefficient sensitivity to information. Importantly,

the latter persist even as the former disappears, e.g as 6 tends to infinity.

ZHellwig [Hel05] shows a similar result in an environment with monetary shocks.

24What is crucial for the efficiency results is that the marginal cost is uncertain but that it depends
on the actions of other firms. If, for example, firms committed to an output level, i.e. Y;;, they would
still be uncertain about marginal cost (because A; is not known), but this is unaffected by the behavior
of other agents. As a result, information is still used efficiently. Similarly, in the single firm environment
of Section 2, responses to signals are efficient even with price choice.
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2.5.2 Efficiency of information choice

Not surprisingly, the laissez-faire choice of signal precision in this environment is sub-
optimal. Recall that information choice was suboptimal in the quantity choice model,
even without ex-post inefficiencies in its effect on actions, so the results in Proposition
6 make ex-ante efficiency even less likely. The characterization of the socially optimal
information choice follows the same procedure as section 3.2.6. Information choice is
efficient if, and only if, the marginal social value of learning, 9U/dc? coincides with the

private value, 911/,

There is one additional complication. Unlike the quantity choice environment, the
social value of information is not always positive (even though information is always
privately valuable). This is because changing information now has two effects on welfare.
The first, or direct effect, is simply the value of better alignment with fundamentals. The
second, or indirect, effect arises because the (inefficient) response coefficient changes with
the level of information. Formally, as we show in the Appendix, the social value can be

decomposed as follows,

oU (05(1—60+05) , 0(9-1)(1—0+08)0® da
902 U( s6-1) “F 6= ¥ o
_ 65 (1 —0+06) [a? 6—-1\ , da
= UGy {?* ( 0 )”‘dﬂ ‘

The two terms inside the square brackets represent the two effects. The first, the di-
rect one, implies that information is socially valuable, while the second term, the indirect
effect, goes in the opposite direction since a-da/do? < 0. The social value of information
can be negative when the latter outweighs the former. Holding other parameters fixed,
this is more likely when 6 is high. Intuitively, higher # makes realized production levels
more sensitive to price differences, making marginal cost uncertainty particularly dam-
aging. In the other direction, as we approach unit elasticity, # — 1, the indirect effect

125

becomes arbitrarily small*> and the equilibrium responses coincide with the planner’s.

Obviously, if the social value of information is negative at the equilibrium choice of

o2, information choice is trivially inefficient (increasing the noise in the signals will raise

25As 0 — 1, expenditure shares are close to constant, so the strategic linkage becomes very weak.
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utility and save on information costs). The more interesting case is when both the profit-
maximizing and utility-maximizing information choices are in the interior, i.e. we are in
the region where the social value is positive,i.e. 9U/do? < 0. This will always be the
case if information is sufficiently cheap. Formally, we assume that the cost function v(-) is
such that both the equilibrium and the socially optimal level of information satisfy the

following condition:
Assumption 1 (0 —2)(1 -0 +66)c% < (6 —1) 052 .

Conditional on being in this region?, the utility maximizing choice is characterized
by equating OU/do? to the marginal cost. The next proposition shows that information
acquisition is typically inefficient, though the direction is ambiguous®’. The result essen-
tially divides the parameter space into two regions, depending on whether the equilibrium
exhibits too much or too little information production. Only for a non-generic combina-
tion of parameters does the equilibrium choice of o2 coincide with the utility maximizing

level.

Proposition 7 Suppose 0 > 2 and the conditions of Assumption 1 are met. Then, there
s over-acquisition of information in equilibrium if the following condition holds at the

equilibrium o :

5 0(0—1) (1—-6+00)+0 5
7" 10460 |000-1)0 -1 +2(1-60160)0-2))°

If inequality is reversed, there is underacquisition.

The underlying intuition is not hard to see. There are two sources of inefficiency in
information choice, working in opposite directions. As in the quantity choice environment,
imperfect substitutability gives firms pricing power, which implies that do not appropriate
all the benefits of better information, pushing them towards underacquisition. However,
the excess sensitivity of equilibrium responses to information makes increasing it less

valuable from a social point of view. The combination of these two forces leaves us with

26Note that this always holds for § < 2. If § > 2, then we need o2 to be sufficiently low.
2TFor brevity, we only present results for the case where # > 2 (the empirically relevant case for most
macroeconomic models).
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2

2 exacerbates the inefficiency

the ambiguous finding in the proposition. Higher 6 or o
in information use, strengthening the second channel and making over-acquisition more
likely.

A full quantitative investigation is beyond the scope of this paper, but it is easy
to verify that reasonable calibrations of incomplete information monetary models easily
satisfy this condition. In other words, the empirically relevant region of the parameter
space seems to be one where the equilibrium information acquisition is more than the
social optimal level. As an illustrative case, set # = 4,6 = 1.5. Then, the noise in
private signals only needs to be one-sixth as volatile as aggregate productivity for the

above condition to hold. In other words, we need only a very modest departure from full

information to see over-acquisition of information in equilibrium.

The implications of this finding for the constrained efficiency of fluctuations as well
as the social value of public information are similar to that under the labor input choice
model of the previous section. However, the presence of both sources of inefficiency has

important implications for policy. We turn to this issue in the following subsection.

2.5.3 Optimal Policy

Consider the constant subsidy aimed at correcting the monopoly distortion studied in sec-
tion 2.4.4 Recall that, with labor input choice, this policy restored constrained efficiency.
However, when firms set prices instead, it can have unintended consequences and even
reduce welfare. In other words, the desirability of subsidies to correct underproduction

might hinge on the nature of firms’ decision variable firms - prices or quantities.

To see why the revenue subsidy can be detrimental to welfare, note that aligning
marginal revenue with the marginal social surplus increases the private value of infor-
mation and leads to more learning. However, this additional investment in information
acquisition can be socially suboptimal. To put it differently, without the policy, the two
sources of inefficiency partially offset each other. If only one of them is removed, the
economy bears the full brunt of the other, which could more than overcome the direct
benefits of the policy. In other words, incomplete policy responses can do more harm

than good.
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Figure 2.3: Effect of subsidy on welfare

Figure 2.3 illustrates such a case. The top panel depicts information choice in equi-
librium, where the marginal cost of information (v’) intersects the marginal benefit (7).
The corresponding level of welfare is shown in the bottom panel. Without the subsidy
(the solid lines), the equilibrium features over-acquisition of information (note that the
variable on the x-axis is precision, the inverse of ¢2). In fact, at the equilibrium choice,
the social value is negative ! The subsidy raises the private value of information and
therefore, leads to more learning. The removal of the monopoly distortion to average
production raises utility for all levels of information (the direct effect of removing the
markup distortion), but the new equilibrium is associated with a lower level of welfare

than without the subsidy (the point D in the bottom panel compared to C).

Finally, we characterize the optimal policy in this environment. For ease of comparison

with the quantity choice model, we consider a revenue subsidy of the form
A AT

where the policy parameter 7 is the sensitivity of the subsidy to fundamentals®. We
begin by deriving the values of A and 7 that lead to ez-post efficiency, for a given level

of noise in signals o2.

28In the quantity choice model, the optimal policy set 7 = 0, i.e. the subsidy was invariant to the
realization of the fundamental.
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Proposition 8 Given o2, equilibrium allocations coincide with the choices of the planner,

ie. (o, ko) = (a*, k3) if the subsidy coefficients satisfy

*

T = —1 < 0, (2.24)
%!

0 o261 (20* — 67%)
A—(—9_1>exp{ 5 }

The optimal policy is a state-contingent revenue subsidy - decreasing in the technology

shock A;. This countercyclicality dampens the effect of the shock on firm’s profits and
therefore, reduces the firms’ incentives to adjust prices in response to an expected shock,
fixing the excess sensitivity problem in equilibrium responses. The level coefficient A
has the usual markup correction, with an adjustment for level effects arising from the

state-contingent part.

More importantly, this policy also implements the socially optimal level of information

acquisition, as the following result shows. Formally,

Proposition 9 A symmetric equilibrium under the policy described in Proposition 8
(evaluated at the socially optimal o2 ), is constrained efficient, i.e. it attains the optimal

allocation of the information constrained planner.

In other words, the general insight from the quantity choice model goes through
here as well - fixing ex-post inefficiencies in equilibrium responses also aligns private and
social benefits from learning, leading ex-ante efficiency. Unlike the quantity choice model

however, this requires policy to be state-contingent.

2.6 Model III: Price choice with nominal shocks

In this section, we show that the results from the previous section apply to learning about
aggregate nominal shocks as well. In particular, firms adjust their prices by too much in
response to expected changes in money supply. The combination of this inefficiency and
market power once again leads to an ambiguous sign on the inefficiency in information

choice.

The environment is identical to that of the previous section except that productivity
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is now constant (i.e. A; = A) but aggregate nominal demand is stochastic. In particular,
M, is an iid?, log-normally distributed random variable, i.e. log M; = m; ~ N (0,02).
Intermediate goods producers choose nominal prices for their products and commit to
producing any amount demanded at that price. Before setting prices, each firm observes

a private signal s; about the current monetary shock:
Sit = My + €it ,

where e; ~ N (0,02%). The variance of the noise term, ¢ is the variance chosen in stage

I by the firm.

As before, the competitive firm producing the final good operates after the monetary
shock is realized. Therefore, the problem of this firm remains the same, i.e. demand for
intermediate goods is given by 2.1. Intermediate goods producer’s choose prices prior to

the realization of the monetary shock.

The intermediate producer’s problem is:

p\ 1o
E, == Y, —
TR ( 2 ) !

)
P\ "y,
P, A

As before, we guess (and verify) that equilibrium prices follow:

Pit = kg + asiy - (225)

The response coefficients in a symmetric equilibrium are collected in the following

result.

Proposition 10 In a symmetric equilibrium, firms follow a pricing rule of the form

(2.25), with
0.2
R > +(EEm) g2 | (
1 ) 2—1)(1—a) ,  0(1—0+65) ,, (6—1)(0—1)
= 1 _
T L 10 T ) B YF S| B I Y ST

29 Again, for simplicity, we assume that nominal demand is iid, though it is straightforward to extend
the analysis to richer stochastic processes.
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where o

is the variance of the error in agents’ signals.

A symmetric stationary equilibrium can thus be represented as a fixed point problem
in o2:
. argmax,e 11 (02, 0(02), ka(02)] — v (02) ,

el’

where we make explicit the dependence of o and ky on o2 according to the equilibrium

relationships (2.26)-(2.27).

2.6.1 Efficiency in Information Use

The socially efficient response function takes the same form as (2.25) with the coefficients

given in the following result.

Proposition 11 For a given o2, the planner’s optimal response coefficients are:

o2
m
o2 +0 (—1_59:395) 02

(6—1ki = In (%) 4 (6 — 1) ka(a).

where the dependence of ko(a™) denotes the equilibrium level coefficient with o* replacing

Q.

Again, the equilibrium features prices that are too responsive to signals, i.e. a* < a.
The intuition is very similar to the productivity shocks case - firms do not fully internalize
the effect of their pricing decisions on the marginal cost uncertainty faced by other firms.

As a result, they react too much to private signals, relative to the planner’s solution.

2.6.2 Efficiency in Information Choice

Next, we compare the amount of information acquired in equilibrium to the utility-
maximizing level. As with productivity shocks case discussed in section 2.5, the presence
of direct and indirect effects means that the marginal social value of information is not
always positive. We restrict attention to the region where this value is indeed positive.

A sufficient condition is
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Assumption 2 (6 —2)(1—0+60)c? < (6 — 1) 052, .

Conditional on being in this region, whether the social planner acquires more or less
information than the equilibrium depends only on the marginal value to the planner,

dU/do?, versus the private value to the firm, Ol /052,

The following result mirrors Proposition 7 and shows that the equilibrium can feature
both under- and over-acquisition. Again, as before, we only present results for the case

where 6 > 2

Proposition 12 Suppose 0 > 2 and the conditions of Assumption 2 are met. Then,
there is over-acquisition of information in equilibrium if the following condition holds:

56(6— 1) ;
(1—6+65)200—1)+(0—2)68]) ™

2
o, >

In the spirit of the simple numerical illustration following Proposition 7, suppose
0 = 4,0 = 1.5. Then, the condition in the above result amounts to requiring that the
variance of noise in signals be at least five percent of the variance of money supply, a

small deviation from full monetary neutrality.

2.6.3 Optimal Policy

We conclude our discussion of this version of the model by characterizing optimal policy

in this environment. In line with section 2.5, we consider revenue subsidies of the form,

A Mt(l_é)T .

The following proposition characterizes the policy coefficients that correct both the

sources of inefficiency in the equilibrium response functions.

2

e’

Proposition 13 Given o7, equilibrium allocations coincide with the choices of the plan-
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ner, i.e. (o, ko) = (a*, k%) if the subsidy coefficients satisfy

*

r=" 1 < 0, (2.28)
ol
ﬁ 2 * _ * _ *
A:( 0 ) eXp{UmT 2(1—a*)+ (1 (5)7)}‘
0—1 2

As we would expect, this policy also removes the wedge between private and social
value of information, ensuring that signal precisions in equilibrium are socially optimal.

Formally,

Proposition 14 A symmetric equilibrium with the policy described in Proposition 2.28 is
constrained efficient, i.e. it attains the optimal allocation of the information constrained

planner.

2.7 A Beauty Contest Model

In this section, we study information choice in a beauty contest model, in the spirit of
the global games literature, see Morris and Shin [MS98, MS02]3°. Though more abstract
than the micro-founded environments of the previous sections, this setup will allow us
to both demonstrate the applicability of our main results to coordination games more
generally as well as to draw connections to earlier work on the efficiency properties of
economies with dispersed information. We show that social and private value of infor-
mation are, in general, different and so information acquisition in equilibrium is typically
inefficient relative to a socially optimal benchmark. This inefficiency can arise be due to
the suboptimal use of information, but it can be present even when information is used

efficiently.

2.7.1 Payoffs and Information

There is a continuum of agents, indexed by ¢ € [0, 1]. The game in played in two stages.
In stage I, agents choose how much private information (measured by the precision of a

private signal about an aggregate fundamental) to acquire subject to a cost function. In

30Tt is also possible to demonstrate our main results in the more general quadratic payoff structure, as
in Angeletos and Pavan [APO7].
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stage II, signals are realized and agent ¢ chooses an action x; € R to maximize expected
the following private payoff function:

I = max — E; [¢ (2, — a)® + ¢ (2 — 7)°],

T4

where T = fol x,;di is the average action of all agents, A is the underlying aggregate state
and E; () = E (-|Z;) is the expectation operator conditional on agent i’s information set

Z;. The random variable a represents an aggregate state, which is normally distributed

2

with mean zero and variance o.

The payoff function for agent ¢ has two components. The first component is linked to
the (squared) deviation between the underlying state 6 and agent i’s action ;. The second
part is the squared distance between ¢’s action and the average action of all the other
agents in the economy, denoted z. The two components capture the idea that an agent’s
payoff depends not only on fundamentals but also on actions of other agents (a feature
that was present in the business cycle environments studied earlier). The parameters ¢
and 1 index the relative importance of these two components in private payoffs. For ease

of exposition, we focus on the case where these two weights are positive, though this is

not essential for our results.

Before choosing z;, each agent has access to a private signal s; about the fundamental:

Si:a+€i7

2

2 is the result of choices made in stage I by the

where e; ~ N (0,0%). This variance &
agent. The noise term e; is independent of a and independent across the population, i.e.
E(e;e;) = 0 for i # j. The agent’s information set consists only of the common prior

and this private signal.

Let II(-) denote the expected payoff in stage II (prior to the realization of the signals

Si):

where E (-) is the expectation operator prior to the realization of signals, o2 is the variance

of the agent’s own private signal and o2 is the variance of the signals of all the other agents
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in the economy?!. The problem of the agent in the first stage can then be written as:

A

max 1I; (02 O'z) —v (02-) ;

e’ et
52
U@

where v (-) is the cost of information as a function of the noise in the signal. For now,

we impose only that v'(-) < 0,v"(-) > 0.

2.7.2 Equilibrium

We start with the equilibrium in stage II. The agent’s maximization problem directly

yields the following first order condition:

5= —2 B (a)+ -2 E, (3)

¢+ ¢+

We conjecture (and verify) that, in a symmetric equilibrium, the average action is

linked to the realization of the fundamental 6 according to this linear relationship:

T =aa
Given this conjecture,
¢+ Yo
Tr; = Ez a
ST v (a)
¢ + Yo o A
T, = <¢+w>(02+02'>(a+ei):a(a+ei) , (2.29)

. (ot o2
— 4= (¢+w)(az+oé>'

The conjecture is verified when

[oN
|
o

which leads to the following result.

31We restrict attention to symmetric equilibria, where all agents make the same information acquisition
choices.
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Proposition 15 The unique symmetric equilibrium is given by x; = a®? s;, where

2
eq ¢0'

=TT (D)

(2.30)

Information Acquisition: Next, we turn to the ex-ante information acquisition
decision in stage I. Recall that each agent chooses the precision of her private signals,
subject to a cost function v(-). At the optimum, each agent equates the marginal value of
more information to its cost. In a symmetric equilibrium, the envelope theorem implies

that this private marginal value of information is the same for all agents and is given by:

A

o1, .
=0+ D) () (2:31)

Under the assumption of an interior optimum3?, the optimality condition in stage I be-

comes:

—(¢+ ) (a*)’ = v'(0?) .

Noting that A*¢ is in turn a function of the (symmetric) information choice, the above
condition is a fixed point in o2 and completes the characterization of the equilibrium with

endogenous information acquisition.

2.7.3 Welfare

Next, we study the efficiency properties of the equilibrium characterized in the previous
subsection. The first step is to define a social welfare criterion, which is assumed to take

the same form as private payoffs:

wo— U_/U(a;.)dz
= -E [gz)*/ol (xi—a)zdi—k@/)*/ol (xi—x)Qdi] —/U(a;) di.

where ¢* and 1* are both positive. Thus, welfare is declining in the average deviations
from the fundamental 6 and the cross-sectional dispersion in actions, but with weights

that are potentially different from the ones in private payoffs. These differences arise due

32We assume that v(-) is such that the optimum is reached at an interior point.
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to externalities, e.g. as in Morris and Shin [MS02].

At the symmetric equilibrium characterized in the previous subsection, welfare (before

information acquisition costs) is
U = —6"(a" = 1)%0% — (6" + ") () o .
The social value of information is given by
— = —(¢"+ )+ — — . (2.32)

The information choice (assumed to be in the interior) that maximizes social welfare
is one at which this marginal benefit is equal to the marginal cost of information v’(c?).
Recall that the equilibrium information choice was characterized by equating the private

marginal value (2.31) to the marginal cost. Thus, the inefficiency in information choice

is determined by the difference between social and private marginal values, i.e. % and
1L,
9o *

It is useful to first characterize the efficient use of information. This is modeled as
the choice of an information-constrained planner who directly chooses agents’ actions to
maximize the above objective. We restrict attention to linear response functions of the
form:

Tr; = Qs; .

The efficient use of information is then the solution to

U=max —¢*(a—1)*Ea®+ (¢* + ¢*)a’0?

=max —(¢"(a — 1)%0; + (¢" + ¥")a’07) .

The first order condition®® of the above problem is:

O o= )2 + (9" +4")ao? = 0. (289

33The second-order condition requires that ¢*o2 + (¢* + ¢*) (02 + 02) > 0.
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Re-arranging, we derive the following result:

Proposition 16 The socially efficient linear response coefficient, denoted o is

. ¢*o;
T rer A (¢ 0o

(2.34)

Comparing the two response coefficients, a®? and o*, we see that equilibrium responses
are efficient if, and only if, the agents attach the same relative weight to the two types

of deviations in their private payoffs as the planner does. Formally,

2

2, equilibrium response is efficient if, and only if, the

Proposition 17 For a given o
relative weights of the two components are equal in the private and social payoff function,

1.€.
$_9
(U

*

a’l =«

This finding is an instance of a well-known feature of these models (see, for exam-
ple, Angeletos and Pavan [APO07]) - differences between the social and private costs of
dispersion and volatility can lead to information being used in a socially sub-optimal

manner.

With some algebra, we can rewrite the social value of information in (2.32) as
d dH * * * €q
U _dLE(om om0 (0% )] (2.35)
dO’g daei (b + ¢ Gb a*

This equation is key for understanding our inefficiency result. It shows that social

and private marginal values of information can diverge for two reasons. First suppose
a® = aF, i.e. information use is socially optimal. Then, the second term inside the
brackets is zero. Even so, information can contribute more (less) to social welfare than to
private profits if ¢* +* is greater (smaller) than ¢+ 1. In other words, externalities can
lead to inefficiencies through differences in the overall level of social welfare and private
payoffs, even if they do not distort the relative importance of the two components of

payoffs.

What happens when information use is inefficient 7 For concreteness, consider the

case where ¢* + " = ¢ + ¢ but a® > ¥, i.e. there are no level differences but agents
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respond too much to their signals, relative to the planner’s solution. Then, the term
inside the square bracket is less than 1, i.e. the social value of information is lower than
the private value. Intuitively, more information has an additional effect - it makes the

ex-post inefficiency more severe. The opposite happens when o < a*.

The information-constrained optimum in this economy, i.e. the outcome when the
planner chooses both the amount of information and its ex-post use, is also easy to
characterize. By the envelope theorem, the social marginal value of information in this

allocation is given by
au

i e L G (2.36)

Equating this to the marginal cost yields fixed point relationship that defines the information-

constrained optimum.
— (@ +97) (@) = (0?) .

This level of information differs from the equilibrium one for the 2 reasons discussed
earlier. The first is linked to the suboptimality in information use referred to earlier, i.e.
to the fact that a®? may not be equal to a*. However, even if the equilibrium information
use is efficient, i.e. a® = a*, the private marginal value of information can still diverge
from the socially optimal level because of a level effect, i.e. the difference between ¢* +*

and ¢ + 1. To see this more clearly, note that we can rewrite this social value as follows:

avs ol 1 ¢+ 2 N2 eqy?
W7 % <¢+w>ﬂ(¢+w)‘1](“”“a> ~le ”},'
Private value ’Exter;l,alities7

2.7.4 Implementing the Information-Constrained Optimum

In this subsection, we consider the nature of interventions that are necessary to correct

the information-related inefficiencies in the equilibrium characterized above. Given a

2

e’

precision of signals, o2, we will show that efficiency in information use can be restored
through a ‘tax’;, which aligns the social and private weights attached to the two payoff
components. However, in line with the general intuition behind the findings in the previ-
ous subsection, we will show that this, by itself, is not sufficient to align private incentives

to acquire information with the social ones.
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We start with the sub-optimal nature of information use. Formally, we consider a tax,

7, of the following form34

I, = max — Ei(¢7 (z; — a)* + 9 (2, — 2)%) .

T
For a given tax 7, the equilibrium response coefficient is:

oro?

T G102 + (67 + U)o

T

Any response coefficient o can be implemented by setting the tax appropriately, i.e. by

solving the following equation for 7,

2
oTO;

T o+ (o + )02

In particular, to implement o, the socially optimal response, the tax is simply

*

*
T = —
*

RSaRSS

The expression for the optimal tax rate is intuitive - it corrects the inefficiency in informa-
tion use by aligning the relative weights of the two components in the private and social
payoff functions. However, this correction by itself is not enough to align the private
incentives to acquire information with those of the planner. The marginal private value

of information under 7%, is given by:

o = o7 1) (@) = = v

Thus, the private marginal value of information is equal to the social marginal value
if, and only if®>, 1y = *. In other words, even if payoffs are distorted by policy to

achieve efficiency in the use of information, information choice still remains inefficient. In

34This formulation is not the only way to restore efficiency in use of information. The key point,
however, is that correcting the inefficiency in information use is not sufficient to get the economy to the
information-constrained optimum.

35Note that this condition depends on the nature of tax that was introduced. If, for example, the
distortion was a tax to the second component of the payoff function, then we need ¢* = ¢ for the
optimal tax to ensure efficiency in information acquisition as well, we need ¢ = ¢*.
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general, in order to restore efficiency along both these margins, we need 2 distinct forms
of intervention - one which aligns the relative weights in private and social payoffs and
another which corrects the level distortions. Here, we propose one such implementation.
In addition to the 7 policy discussed earlier, we employ another ‘tax’, denoted s, which
affects total payoffs. Then, the private payoff is :
Hi = max — K ]EZ(¢T (5137, — CL)2 + @ZJ (CUZ — i’)2) .
x;
We can then show that the following policy achieves the constrained-efficient alloca-

tion.

\]

I

\]

I
€|@
* *
RSN

< |5

2.7.5 Public Signals

While the analysis in this paper has focused on the acquisition of private information,
the economic forces leading to inefficiency also affect incentives to learn through public
signals. Here, we demonstrate this by extending the beauty contest model to include
both public and private signals. The payoff structure is the same as before but agents’

information set now also has the following additional signal:

Si:a+pi€ ’

where € ~ N (0,62) is a common noise term, while p; reflects the extent to which agent i’s
signal is affected by that noise term. As p; — oo, this signal becomes worthless from the
perspective of forecasting a. In the other direction, as p; — 0, this becomes an arbitrarily

precise signal of the fundamental.

The information cost is now a function of both the public and private information
choices, i.e v(c?, p?). One interpretation is that agent chooses both the precision and the
degree of commonality in her information and could face potentially non-separable costs.

As in the baseline model, we impose very little structure on this cost function, beyond
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monotonicity and curvature assumptions needed to ensure interior solutions to the opti-
mization problems of the agent and the planner. The following proposition characterizes
the equilibrium and socially optimal response functions. It confirms that efficiency in
information use is obtained if the relative weights are the same in private and social

payoffs.

Proposition 18 1. There exists a pair of constants, o’ and a5 such that actions in

a symmetric equilibrium are given by
& (&
xTr; = Oéqui + OéQqSi .

2. There exist constants o and o such that the symmetric socially optimal response
function is

* *
T, = a]s; + a5S; .

3. Given a symmetric information structure, i.e. with the same (02, p*) for all agents

— ¢

in the economy, the two sets of response coefficients are equal if, and only if, % =

We then turn to the choice of commonality, p?. In general, inefficiencies in information

use also drive a wedge between the social and private value of commonality. More inter-

o _ o
P P

To see this, note that the private marginal value of observing the public signal more

estingly, however, they can differ even when information is used optimally, i.e.

precisely is

oIl .
8_p2 = —¢(042q)2 o?
The social value is
aU * * E3 e
8_,02 = —9 (042)2 62 =—¢ (%q)Q Ue2

_(em) ol
 \¢ /) op¥
Again, as with private information choice, the level of social-versus-private payoffs

matter for incentives to invest in information.
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2.8 Conclusion

The preceding sections highlight a novel source of inefficiency in a class of business cycle
models used widely in modern macroeconomics. Ez-post inefficiencies feed back into ez-
ante incentives to invest in information, even when these inefficiencies leave responses
to the information undistorted. This in turn leads to suboptimal levels of learning and
through that, ex-post equilibrium outcomes that are constrained inefficient, both in terms

of average levels and elasticity to fundamental shocks.

There are several directions for future work. With a view to maintaining analyti-
cal tractability, we have made several simplifying assumptions. For example, we focus
exclusively on static decisions, but the channels we highlight also have implications for
intertemporal decisions (e.g. through capital accumulation, pricing with nominal fric-
tions etc.). Similarly, for expositional simplicity, we rule out additional shocks (aggregate
or idiosyncratic) and other sources of information. Relaxing some of these assumptions
will require the use of numerical methods, but will allow a quantitative evaluation of
the inefficiency and the policy interventions necessary to correct it. On the theoretical
side, exploring the connections between the payoff-linked inefficiencies in this paper with
others identified by the literature (e.g. the inefficiency in Amador and Weill [AW10]) is

another interesting direction for future work.

2.9 Proofs of Results

2.9.1 Model I: Quantity choice with productivity shocks
2.9.1.1 Equilibrium

We solve for equilibrium by studying the problem of an individual entrepreneur i, who
takes as given the information choices of all other entrepreneurs j # ¢ in the economy. In
a symmetric equilibrium, she conjectures (correctly) that all other firms follow a log-linear
policy rule:

nj = ko + asj; .
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This implies

(0%

Ty k‘g (07 o k2
yjt = (lt‘i‘T:Gt‘i‘F‘i‘gSjt:(1"‘3)@15"‘?"‘56]},

. « k‘Q 1 0—1 2
Ye = /yjt dj = (1—1—5)%—1‘?‘1‘5(7) 527
f—1 1 f—1 1 « ko 1 o
— -y = | — 4+ -+ = =4 =0 —-1)—=02.
( 0 )“t+9yt ( 7 +9+e(5)‘”+@5+2( ) g
We then guess (and verify) that i ’s best response takes the form
Nt = 1232 + ds,-t .
Using this, we write ¢’s objective function as

L 01 2 0-1(14a)yl(qya) 40-1 1
KQ& exp{ (0_1)mae}Eit (Ate (1+5>+9(1+5>6it95 K29) K2 ZtAtezt

0—1- 1 a®
5 k2+%k2+§<9—1)wae}

9—1 Q 1 «a -1

— exp {1%2} exp {qa; + dey} .

The unconditional expectation is®

1 _ a? 2
eXP{ ko + g5ka + 5 (0 1)925206} —exp{/%}exp{l 2(0 + o2 )}
~ —1\2
exp {315 (148) +5 (1 +5)] 08 + 30 (57702} - ,
o — ~ N
c
(2.37)
FOC:
by

(9951) C=N. (2.38)

36We need to verify that firms have no incentive to change their response coefficients after seeing the
signal, i.e. we should check that the response also maximizes conditional expected profits. This is easy

to show under log-normality.
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2

2 = g2 ky = ky and @ = . These conditions then

In a symmetric equilibrium, o z

become

0—1 1 1 a2 , 1, 0-1\* ,| _ 1.y, 9 o
( 05 )exp{5k2+2<1+5> aa+2a ( 05 ) o.p = exp k2+2a (c2+02) ¢ ,
a_ - _9_1 2
(1+(5 a)aa = a(l 05 )Oe.

Rearranging, we get the expressions in Proposition 19.

The expression for the private value of information on the left hand side of (2.10) is

obtained by a direct application of the envelope theorem to (2.37) along with (2.38).
o1l 1,/0-1\* _1
ot —=) — NZa?

o, 2" ( 05 > 2%
1.,/ 65 0—1\"
2 [(9—1) ( 06 ) _1]N

1., (1—0+00
- 2" (T) N

1, [(0—1)\ -

where the last step makes use of the fact that, in equilibrium, I=C-N-= (%) N.

|
I
Q

[oN

2.9.1.2 Efficiency in information choice

Expected utility is given by

1 a2 ky 1/60—-1)\ a2 1 1
_ (1 _) g M2 LU~ 1N a” o1 L 292 L o9 9
U exp{2< +5 U“+5+2< 7 )5208} exp{k2+2aaa+2aae

ky — k3
5

— C*exp( )—N*exp(kg—k;),
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where k3 is the optimal response coefficient and (C*, N*) the corresponding unconditional

expectations of consumption and labor input. Using (2.13), we get

U = {(5exp (k2gk2> —exp(kg—kg)l N*
ky — A U
= {5exp< 2 5 2> _eXp<k2_k2>] 51

where U* = C* — N*.Then,

U ky — L] 1 o
803_[66Xp< 5 )—exp(kg—kQ)](s_laag.

The term in the square bracket is independent of o, The envelope theorem implies,

* - 2
ou .l (u) O el

Jdo? 2 0 )2 2
SN
Substituting,
ggjg = %aQ (1 b+ 60 [5 exp (@) —exp (ko — k;)} ;i—*l
_ %oﬂ (1 9 + 00 i 1U
_ %oﬂ{ 61_ 10+9(5 }U<99—51)
— %oﬂ { + _1 1)} U (09_61> . (2.40)

Since U = II, we have the result in Proposition 21.

2.9.1.3 Policy

To see that the constant revenue subsidy also aligns private and social values of infor-
mation, note that the only change in the derivation of the private value of information
above is in (2.39). Since the level distortion to output is not present under this subsidy,

A

Il = (§—1)N instead of I = (1522) N. Then, it is easy to see that the resulting
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expression for private value is identical to the social value in (2.40).

2.9.2 Model II: Price setting with productivity shocks
2.9.2.1 Equilibrium

As with the quantity choice, we begin with the problem of entrepreneur i, who believes

(correctly) that everybody else is acting according to
pjt = ko + asj = ko + aa; + aejy

The corresponding aggregate relationships are

1
e = ko4 aa; + 5(1 — 9)04203 ,

1

Yy = m— ko — aa; — 5(1 —0)a’o?

yir = —0(j—p) +y = —abej, + g(l —0)a’0® +m — ky — aa; — %(1 — 0)a’c?
= —albej;+m —ky — aa; — %oﬂaz(ﬁ —1)%,

ny = (yj—ar)d =—abdec\ejr +om — dky — 0(a + 1)a; — %50420?(9 —1)%,

ng = om—0ky —d(a+ 1)a; — %6@202(0 — 1)+ %a2026203

1
= 0m —dky —0(a+ 1)a; + 5042035 66 — (6 —1)°] .
We then solve for s optimal policy

Dit = ko + Gy -
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The objective function can be written as

N 1 A(1—
K2179K2972 exp |:§((9 —2)(1 — 0) :| ME;, |:A a(0-2)+a(1- 9)6“(1 9)] _

it

~ — 1 « —06& —05&
K;%ng l)eXp {—56(1 0)20> 2} M B, AS §(6—-1)—6-05& ,—65a

= Mexp{(1—0)ks+ (6 -2k } exp B(e _9)(1 - 9)@203}
exp {[a(6 — 2) + a(1 — 0)] a; + (1 — B)ex}
~MPexp {—95/%2 4600 — 1)/@} exp [—%5(1 . 9)204203}
exp {[ad(8 — 1) — 6 — 656] a, — B3Geq} .

The unconditional expectation is

Mexp[%@— )(

(0 — 2)(1 — 0)a%0?] exp {(1 ) + (6 — z)k:g}
exp {3 [a(f —

1
2) +a(l - 0)° o2 + La2(1 - 0)%02)

€1

~~

c
M? exp {—051;’2 +0(6 — 1)k2} exp [—30(1 — 6)%a’0?]
exp {1[ad(0 — 1) — § — 056)* 02 + 16252402

-~

N
FOC
]%22
(0 —1)C =00N
Q
C{la(@—2)+a(1—0)] (1 —0)02+a(l —0)°cZ} = —N[ad(0 — 1) — § — 06a] 0604676 Go?;

97



In a symmetric equilibrium, the FOC for ky becomes

%(9 —2)(1 = 0)aPo? +m — ky + % [—a

-1

= In (996 ) +dm — 0ky — %5(1 —0)*a’0? + ; 0(1+ )0

2

= (§—1)ky = 111(%)—1—(5—1)771—1—10 [6%(1 + )

1
50202 [0%5° -
06

= (6 —1)ky = ln(—)+(6—1)m+1040 676 —

0—1 2

The FOC for & simplifies to,

(%) {la(0—2) +a(1 = 0)] (1 - 6)02 + a(1 - 6)°07}
(%) {a(0 —1)o? + a(f —1)%?}

(72;) fac? + a0 - 12}
ao? + alf — 1)o?

2
—do;

Rearranging yields the expressions in Proposition 5.

1
o2 + =a*(1 — 0)%c?

5(1—0)*—(0—2)(1—0)—

e

2
+ 9252 2 2

— o]
(1—0)°]

2 B 12 2 2 2
—0)°+1 9}+20a[5(1+a) o]

[—ad(0 — 1) + § + 05a] 0502 + 6*6°ac?

[6 (o + 1)] 0602 + 6*6%ac?

(%) {16 (a + 1)) 02 + a0?65)

[ad + 8] o2 + O6ao?

a[(5—1)03+(1—9+65)0§} ,

The private value of information is a direct application of the envelope theorem:

(98; - %aﬂu _9pc — %(9252@21\7
_ 1A2 2 66 2¢2
= —2a {—(1—9) (9_1 Lo by
1
= —§d205(1—9+95)N
_ %@%(9—1)
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2.9.2.2 Efficiency in information use

The planner’s problem to pick the optimal response coefficients:

2% 2

1 1
A 5 ;(1—9)a a]—exp {5m ks + 0% (a+ 1)* =02 + —a?020 (76 — (6 — 1

1
max exp {m ko + —a’c? —

The optimality conditions:

91 1
exp [m — ko + %ofag - %(1 - 0)0420'2] = 0 exp {5771 — Oky + 6*(a + 1)? 50(1 + 5% 0 2026 676 — (6 —

aos+a(@ —1)0? = d(a+1)o. +ao? [676 — (6 —1)7]
= d(a+1)o2+ac?[f(2—0+05) —1]
= Sao>+ao?[0(1 — 0+ 66)+ 6 — 1] + do?

aol = daoc:+ac?[0(1— 0+ 05)] + 60> .
Solving, we get the coefficients in Proposition 6.

2.9.2.3 Efficiency in information choice
Expected utility is given by

51 1 _
U=exp |m — ky + %a o2 — %(1 —0)a’c }—exp [5m Sk + 6% (o + 1)? 5% + 50 2026 [676 — (60 — 1)°]

Then, after some algebra,

— 2 _
ou U(%(l 6+ 00) [%+ (9 1)02 da].

902 (-1 9 Yo

Replacing da/do? and rearranging,

-

U 5(1—0+06) [9(5 1) (9—2)(1—9+95>03]Q2U,

2
(0—1)o2+ (1 —60+6))0?

99



Given condition (1), it follows that

Suppose € > 2 and the conditions of Assumption 1 are met. Then, there is over-

acquisition of information if and only if:

,  06E-1) (1—0+00)+6 ,
T 0-60100) 00-1)0-1)12(1-0+08)@_2)

We have the result in Proposition 7.

2.9.2.4 Policy

Given a revenue subsidy of the form

A A

the unconditional expectation now becomes

MAexp [5(0 — 2)(1 — 0)a’0?] exp {(1 — O)ky + (0 — 2)k2}
exp {1 [a(d—2)+a(l— 0)]° 02 + 16%(1 - 6)%0%,

€1

-~

C
M9 exp {—951%2 (0 — 1)@} exp [~16(1 — 0)20207]
exp {1[ad(0 — 1) — 0 — 056 02 + 16252402

N
The FOC for k :
(0 —1)C = 05N ,
and for « :
{[a(0 —2) +a(1 —0) + 7] (1 — )0 + a1 02} C={—[ad(0 — 1) — § — 604] 6552 + 6°6°G
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Using the FOC for ks and invoking symmetry

(%) {[~a+671](1 = 0)o. + a(1 —0)’02} = {6(1+a)bdo. + 6°6°ao’}

[ — 7)o+ a(l —0)o? = 6(1+a)o? + 06ao?

€

—bo2(1+7) = a[(6—1)0s+ (1—0+66)07]

B —602(1 + 1)
¢ T -2t (1-0+60)07
a = (1+71)a". (2.41)

Invoking symmetry in the FOC for ks

MA exp E(@ -2)(1 - 9)04203] exp {—ko} exp {% [—a+07)° 02 + %oﬁ(l - 9)202}

= (09_61> M? exp {—6ks} exp {—%5(1 —0)*a’o ] exp {; [—6(1 4+ a)? o2 + %926204203}
In logs,

1 1
m+)\+§(9—2)(1—9)04202—k‘2+§

= In (99_51) + 0m — 0kq — —5( 0)*a’o? + ; [0(1+ )]’ + %025204202

1
[—a + 677 02 + 5042(1 —0)%*?

(6 —1)ky = 1n(%>+(5—1)m+;a2a (66 —6(1—6)* — (0 —2)(1 — ) — (1 — 6)°]

—o2 [0*(1+ )’ — (—a+ 57’)2} —A

6 —1)ky = ln( b0

m)+(5—1)m—|—;aa [92(52 5( 9)2+1—9]

502 [62(1+ @)? = (—a +67)*] = X (2.42)

Any response function (a, ko) can be implemented by setting the policy parameters

(7, A) to satisfy (2.41) and (2.42). In particular, to implement the socially optimal (a*, k3),
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we need

. et
" = -1,

ot

x 0o _ L oo oo o0 g0 _

A= In 1 + (0 1)m+2aa[95 5(1—6)+1-6]+

1

502 [62(1+ @) — (—a” +07%)] = (0 — 1) &}

0 o201 (20* — O7T%)
= ln(9_1>+ 5 .

which proves Proposition 8.

To see that this also aligns private and social values, first note that the policy imple-
ments the socially optimal response by construction, so we can directly apply the envelope

theorem to get

au 1, .
dT‘_g——EOé 9(5(1—9+95)EN .

Now, recall that, in equilibrium, private value is

O = —5%05(1— 0+ 05)EN
g°.

el
Since EN = EN*with efficient response functions,

dil  dU

do2  do?
doZ, do?

establishing the result in Proposition 9.

2.9.3 Model III: Price setting with nominal shocks

The proofs for the results in this section are almost identical to those of section 2.5, so

in the interest of brevity, we omit them.

2.9.4 A Beauty Contest Model

Proof of Proposition 15 Follows directly by setting & = a in (2.29) and solving.

Proof of Proposition 16 We solve (2.33) for a.
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Proof of Proposition 17 Follows from the comparison of the expressions for «

and o*.
Proof of Proposition 18 We start with a conjecture about the average action,
T =aaia+ aS.

Then, the optimality condition of the agent implies

_(_¢ v |
‘”"_(czmz)*mw“l)E‘(a)+

QS—%'@Z}OQS .

Integrating over 1,

(9 ¥ = 4
T, = (¢+w+¢+wa1)lﬁl(a)+¢+wa28

Next, note that we can write

]E,(a) = 618i + 625 s

1 _
2,2

where 6y = —%F— and 6 = —7~—. This implies that the cross-sectional
2t s ztos 7t 5.2t 2
e P70e 0Ty Je P70 Ty

average expectation E(a) = §;a+0,S. Substituting in the expression for @ yields a system

of linear equations. The solution is

O{eq _ (bél aeq _ ¢ + w 5—2046(1
ooetd(l-a) e 6t

The planner’s optimality conditions for af and o} are

¢*(af + a5 — 1)og + (¢" + ¥ oo =0,

¢" (o] + aj — Dog + ¢5% p’0¢ = 0.
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Solving yields

2
o = , Oy = —oy .
L gr (1 —6y) 2 ot 6 ¢

Comparing the two sets of coeflicients yields the last part of the proposition.
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CHAPTER 3

Inefficiencies in Business Cycle Models under

Endogenous Information

3.1 Introduction

In this paper we demonstrate the conditions under which information acquisition is in-
efficient in business cycle models. In particular, we consider 2 benchmark environments,
studied extensively by the literature on dispersed information referred to earlier in the sec-
ond chapter. The first environment is a micro-founded general equilibrium real business
cycle RBC model. The second environment is a general equilibrium model of a monetary
economy under price setting. A feature that these two environments have in common is
that agents care not only about fundamentals but also about the actions taken by other
agents. These payoff linkages are a source of strategic complementarity/substitutability

in agents choices.

We start with a micro-founded general equilibrium RBC model, where agents on
informationally-separate ‘islands’ choose to acquire information about aggregate technol-
ogy shocks before participating in local labor markets. The environment features a rich
set of payoff linkages, arising through general equilibrium interactions. The information
structure here not only affects the response of the economy to shocks, but also has im-
plications for the average level of activity. Our analytical characterization of equilibrium
allows us to characterize these implications quite sharply. We show that agents respond
to information in a socially optimal fashion®, but the equilibrium features a wedge be-
tween the social and private value of additional information, causing agents to invest an
inefficiently low amount in information acquisition. This wedge can be traced to market

power, arising from imperfect substitutability of goods produced in the economy. Effi-

!See Angeletos and La’O [AL09] for the same finding in a very similar environment.
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ciency is obtained only in a limiting case where all goods are perfect substitutes or the
market power distortion is corrected by appropriate policy. In other words, policies which
offset the effect of monopoly pricing have the additional benefit of aligning private and
social incentives to acquire information, a novel effect which arises only with endogenous

information choice.

Our second environment studies the information acquisition problem in a general equi-
librium model of a monetary economy, where firms post nominal prices under imperfect
information about shocks to aggregate nominal demand. In such an environment, but
with exogenous information, Hellwig [Hel05] demonstrates the inefficiency of equilibrium
responses to private signals. As in the beauty contest model, this inefficiency also has
an effect on ex-ante incentives to acquire information, but the payoff linkages also have
an independent effect on the value of information, as evidenced by the fact that infor-
mation choice is inefficient even when firms set prices according to the socially optimal
response function. The net effect of these forces on information choice is ambiguous in
sign, but we characterize the region of the parameter space where the equilibrium features

overinvestment in information.

Our analytical framework also allows us to explore other interesting questions related
to information choice. We use the price-setting application to demonstrate two such
extensions. First, we examine the optimal information choice under the assumption that
firms are able to coordinate their ex-ante investments in information. In our environment,
this leads to a striking result - the collusive optimum features no learning ! This occurs
because, in equilibrium, information acquisition is subject to a negative externality - an
individual firm’s expected profits decline when all other firms in the economy become
more informed. This exactly offsets the benefits to those firms and so, when this effect
is internalized, information has no value and therefore, will not be acquired at all. Next,
we explore the role of strategic considerations in the information acquisition decision.
In particular, we characterize how an individual firm’s incentives to acquire its own
information are affected by the amount of information acquired by other firms. We find
that, in the empirically plausible regions of the parameter space, information acquisition
is a strategic complement i.e. the better information the overall economy, the greater is

the incentive for a firm to become better informed.
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The rest of the paper is organized as follows. Section 3.2 embeds information acquisi-
tion in a general equilibrium real business cycle model with productivity shocks. Section
3.3 presents the second application - a nominal price-setting model with monetary shocks.

Proofs are collected in the Appendix.

3.2 A Real Business Cycle Model

In this section, we lay out our first application - a micro-founded business cycle model
with dispersed information about aggregate productivity shocks. The setup closely fol-
lows that of Angeletos and La’O [AL09]. On informationally-separate islands, firms and
households trade labor services, the only input in a decreasing returns to scale technology.
Importantly, the labor market operates under imperfect information about the produc-
tivity shock. As in the previous section, the information structure is endogenous and
in equilibrium, reflects private incentives to learn. We assume that each firm is special-
ized in the production of an intermediate input which is imperfectly substitutable with
other inputs in the production of the final good. Firms act in a monopolistically com-
petitive fashion. Our assumptions on preferences and technologies are fairly standard,
but we make a few simplifying assumptions (e.g. no capital) in the interest of analytical

tractability.

The nature of general equilibrium linkages between firms and households implies that
the extent of information available has two kinds of effects on economic activity. The first
exerts its influence on the average level of economic activity. The second acts through
the sensitivity of economic activity to the realization of the aggregate productivity shock.

As we will see, in this economy, only the first channel is a source of inefficiency?.

Our main result is that the equilibrium in this economy does not attain the information-
constrained optimum. In particular, market power arising from imperfect substitutability
leads to a wedge between the private value of information and its the social value. As a
result, firms in equilibrium will acquire a suboptimally low level of information. Impor-
tantly, this efficiency arises despite the fact that information is used efficiently ex-post, i.e.

the response of firm choices to the realizations of the signals is the socially optimal one.

2The price-setting economy with monetary shocks in Section 3.3, on the other hand, features ineffi-
ciencies in both.
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Only in a limiting case, as goods become perfect substitutes and market power disap-
pears, does the equilibrium achieve efficiency in information acquisition. Efficiency is also
restored when market power is offset by appropriate policies, which in this environment

takes the form a constant revenue subsidy.

3.2.1 Preferences, Technology and Information

Time is discrete, t = 0,1, 2.... The economy has a single representative household, which
consists of 4 types of agents - a single consumer, a continuum of entrepreneurs, a con-
tinuum of workers and a final good producer. The entrepreneurs each have access to a
technology, which transforms labor into a differentiated intermediate good according to
an identical decreasing returns to scale production function. These technologies, or firms
as we will refer to them in our exposition, are located on a continuum of islands, with
one firm per island. Every period, the household sends one of its workers to each island.
The firm and the worker on an island trade labor services after observing all the available
information on that island. Then, production takes place and the firms sell their output
in a monopolistic competitive fashion to the final good producer, pays its workers and
pays dividends. The only source of uncertainty in the model is an aggregate technology

shock, which affects the productivity of all the firms in the economy.

At the beginning of each period, every entrepreneur decides how much information
(about the realization of the aggregate shock) to acquire. This information takes the form
of the precision of a signal, that is made available on her island. Importantly, we assume
that it also becomes available to the worker on that island before the labor market
opens®. In other words, wages and labor input on each island are determined under
imperfect information about aggregate conditions. After the labor market shuts down,
the aggregate shock becomes commonly known, production takes place. The worker and

entrepreneur return to the household with their respective shares of output one each and

deliver them to the consumer. Figure 3.1 shows the timing of events in each period.

3We adopt this assumption for simplicity. It is not difficult to extend our results to an environment
where the local labor market plays an informational role, e.g. where workers get an independent signal
about aggregate conditions. An alternative interpretation of the current setup is that of a continuum of
worker-entrepreneurs operating on informationally-separate islands. Under this interpretation, we can
eliminate the need for local labor markets altogether - each entrepreneur maximizes her contribution to
expected utility.
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Period ¢, Stage 1 Period t, Stage 11 Period ¢, Stage III Period t 4 1, Stage I
Firms decide how much Signals are realized Productivity shock revealed

information to acquire Labor markets clealProduction and consumption take place

Figure 3.1: Timeline of Events

We now make explicit assumptions about preferences and technologies in this economy.

The Household: The lifetime utility of the household is given by

E025t(1_ /Nztdz / (i)dz) 0<v < o0,

where C; is denoted consumption, N;; is the labor input on island 7, o7 is the variance of
the noise term in the island-specific signal (to be described later) and the last term is the
entrepreneur’s cost of information. Parameter [ is the discount factor and v represents

the degree of risk aversion of households.

Households maximize utility subject to a budget constraint*:
1 1
C < / Wi Nidi + / IL;edi |
0 0

where W;; denotes island-specific wages. In addition to labor income, the household

receives the sum of all profits from intermediate producers, denoted by [ II;di.,.

Final good producer: The single final good is produced using a continuum [0, 1]
of intermediate inputs Y;;. The production function is a Dixit-Stiglitz aggregator with
constant returns to scale. The competitive firm producing the final good solves the

following static problem:

1
max Yi—/ PyYidu
0

1, 7
Yt:(/Yitf’di) ,
0

where Pj; is the price of intermediate good 1.

4The households also have access to markets in Arrow-Debreu securities. Crucially, these markets are
assumed to operate only in the last stage, i.e. are unavailable to firms and workers on the islands. Since
we work with a representative household, we keep the exposition simple by omitting the relevant terms
from the budget constraint.
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Note that intermediate inputs are imperfectly substitutable in production. Imperfect
substitutability disappears as € goes to infinity. Parameter 6 also indexes the strength
of aggregate demand externalities (or the sensitivity of optimal firm profits to aggregate

output), see Angeletos and Pavan [AP07]. Throughout the analysis we assume that 6 > 1.

Intermediate producers: There is a continuum of intermediate good producers
indexed i € [0,1]. The production function is a standard decreasing returns to scale with
labor as the sole input.

1
}/it - Athg )

where § > 1 and A, is the aggregate productivity which is assumed to be log-normal, i.e.
log Ay = a; ~ N (0,02). For expositional simplicity, we focus on the case where this is
an i.i.d shock, but our results go through for more general stochastic processes as well®.

This is the only source of fundamental uncertainty in the model.

Information structure: Before labor markets open, the firm and worker on each

island see a signal s;; about the current productivity shock:
Sit = Q¢ + €4t

where e; ~ N (0,6?) and 62 is the variance chosen in stage I by the firm.

Labor markets: Firms and workers on an island take the island-specific wage
as given and choose labor demand and supply to maximize expected profits and utility

respectively. Formally, a firm chooses labor to maximize the expected value of profits:
Il = II}V&X £ Q¢ (PitYit - VVz'tNit> )
it

where @); is the household’s stochastic discount factor (defined below). The operator
E; (+) represent the expectation conditional on firm ¢’s information Z;, i.e. E; () =
E; (- |Zi) . Under monopolistic competition, firms take into account the effect of their

labor choice on their price Py (defined below).

For example, if a; is an AR(1) process, our results go through exactly with the aggregate shock now
interpreted as the current innovation to the aggregate productivity level.
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Similarly, the worker on island ¢ solves

ma. EitQtWitNit — Nit .

Nit

Information acquisition: In the first stage of each period, firms choose the amount
of information, taking as given information choices of other firms. Expected profits prior

to the realization of the signal and the aggregate state is defined by:
ﬂit ((52) =K 10

where E,_; is the expectation conditional on information available at the time of the first

stage decision i.e. the (commonly known) history until ¢ — 1.

The problem of the firm in the first stage can then be written as:

max f[it (63) — v (62) ,
62

where v (+) is the cost of information as a function of the noise in the signal. We will as-
sume that v'(+) < 0, v”(-) > 0. As before, we will assume that v(-) is such that an interior

solution is obtained. We discuss these assumptions in the equilibrium characterization.

3.2.2 Optimality

We solve the model backwards starting from the last stage.

Stage III: Complete information: In the last stage of each period, there is perfect
information of the aggregate state. Optimization by households and the representative

final good producer, combined with market clearing, implies the following set of equilib-
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rium conditions:

N
Y, — (/ Y, di> , (3.1)
0

Y = ANT | (3.2)
Pi=Y{'Y, ", (3.3)
Qi=C 7, (3.4)
C,=Y,. (3.5)

Stage II: Labor markets: The first order condition of the firm and worker take

the form,

0—1 1 0—-1 0-1-66
[ Qy {(5—0> ViPA® Ny =Wy =0 (3.6)

EqQWi =1 (3.7)

Substituting for W;; from the worker’s optimality condition and for @); from stage III,

we derive the following expression for labor input on island 7.9

146066 —
05 0—1

1 -1
Nig * = =5~ (Eityy A, ) (3.8)

Stage I: Information acquisition Under the assumption of an interior solution, the

firm’s optimal information choice is characterized by the following optimality condition:

o1l ov

52 952
062 05?2

=0,

6Tn our framework, market power and strategic linkages due to imperfect substitutability are controlled
by the same parameter . One can easily extend this framework to parameterize these two forces
separately. For example, Angeletos and La’O [AL09] work with an environment where different islands
produce differentiated goods from a continuum from differentiated inputs. Imperfect substitutability in
the former (i.e. the final goods produced on the islands) is a source of aggregate demand linkages, while
the latter gives the intermediate producers on each island market power. Importantly, our efficiency
results extend naturally to that environment as well.
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3.2.3 Equilibrium

A stationary equilibrium is (i) a set of information choices for each firm (ii) island-specific
wages and labor input as functions of the signal on the island (iii) aggregate consumption
and output as functions of the aggregate state such that: (a) the labor input is optimal for
the worker and the firm, given island-specific information and wages and the functions
in (iii) above, (b) taking the behavior of aggregates in (iii) as given, the information
choice in (i) solves the Stage I problem, (c) markets clear and (d) the functions in (iii)

are correct, i.e. consistent with choices of firms and workers.

We focus on symmetric stationary equilibria, where all firms acquire the same amount
of information in stage I and follow the same labor hiring strategies in stage II. The
characterization of the equilibrium in stage II essentially follows the same procedure as
in Angeletos and La’O [AL09]. We begin with a conjecture about the aggregate labor
input:

1
N, = / Nudi = A%K,
0

or, in logs”

ny = ko + aay , (3.9)

where o and ks, are constants to be determined in equilibrium. The former determines the
sensitivity of aggregate labor to productivity shocks whereas the latter affects the level of
aggregate labor input (and therefore, of economic activity). Both these coefficients will
play an important role in our analysis. In a symmetric equilibrium, we can show that
(3.9) implies the following about aggregate output:

1 1/1465—-0\ a* , et
yt_5k2_§(0—5> 7064-( 5 )at- (3.10)

Recall, from (3.8), that the labor input on island i is characterized by:

) 0—1 06 1, 61
i = 1 P g [B, (VA
it 1+95—9°g( 50 )+1+95—00g[ (A

We substitute for y; using (3.10) and, under the assumption that aggregate variables are

"Hereafter, variables in small cases denote variables in logs, i.e. * = log (X)
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conditional log-normally distributed®, derive

R (s S SN 1 1o 1(14+65-6\a ,
= 1x05—0 8\ 50 1+05—0\g 7)\s™ 3 05 5 e

(3.11)

+ 1 Ei(ar) + ¢2 Vi

where:

b = 05 Sra) (1 ), 0-1

! 1+06—0 5 g7 g |
_ o5 [(32) (3—9) + 5

2 = Tre—o 2 >0,

and E;; and V;; are the mean and variance of the distribution of a;, conditional on the

information in island ¢. Using standard results for Bayesian updating, these are given by:

2
g
a
o5+ 0
0a0e
Vit = 2 ~9
o5+ 02

where 62 is the variance of the error term in the firm’s signal.

Plugging the optimal labor into the firm’s profit function, we get the following ex-

pression for maximized profit
oy 1 1a?
Hit = K1K21+95_9 exp <¢1Eit (at) + gbZVit (Clt) — (5 — ’7) ——0'3) s (312)

where

60
14000 (01T
h=—5 (59) =0

Notice that the conjectured behavior of the aggregate labor (3.9) affects the firm’s payoff
in two ways. First, the level coefficient, ko, affects positively the level of profits in the
second stage. Second, the labor elasticity to the aggregate shock, i.e. «, enters into the
coefficients ¢; and ¢, and has an additional level effect through the last term in the

exponent.

8This will be shown to be true in equilibrium.
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In a symmetric equilibrium, where all firms choose the same amount of information
and follow the same hiring rule, the cross-sectional distribution of labor is log-normal.

Then, by definition,

1
Tt :E(nzt) + §D,

where E (-) and D denote the cross-sectional mean and variance of labor inputs on the

islands:
- 1
E(ng) = / nidi
0
! = 2
0
Next, we derive these cross-sectional moments. First, using the expression for n;,

E (ny) = 00 (0=t 00 LoV (L, 11+00-0a® ,
") = T 05— 8\ o0 1ros—o\og T)\s™ 2 95 7

(3.13)

+ o1 /Ez‘t(@t)di + @V .

Substituting the Bayesian updating formulae into (3.13), we get

E (n) = 05 (0-1) 6 1 L 11405—60® ,
M) = T s —0 28\ 0 1+05—6\6 )\s™ "2 95 57

2

0-(1
+ ¢1mat + 0V,

where we invoke the law of large numbers to show that

1 1 1
/ Sipdi = / (a¢ + e;) di = ay + / ei di = ay .

Similarly,

2
Oq

it — E(”n) = 2¢1€z’t )

€
2 2
o
_ a 2 2
= D=\ 5 10, .
o5+ 0

The next result completes the guess-and-verify procedure and characterizes the response

2
o5+ 0
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coefficients.

Proposition 19 In a symmetric equilibrium, aggregate labor input is given by (3.9), with

) 81— 1)o7
T -0+ (10— 0)o? (3.14)
66 (0-1\  (14+00-0)(L-1)ac? 1+05—0 a0’

B : ‘ ¢3.1
SRR Og( 56 )+ 06-1+7) 2 Te@-114) 2ot

where o? is the variance of the error in the signals.

3.2.4 Information acquisition

Next, we examine the information acquisition decision in stage 1. Consider the maximized

stage II profit function, equation (3.12), which we reproduce here
e 1 la? ,
Hit = KlKQ exXp CblEit (a't) + ¢2Vit (at) — 5 — 7| z—=o0; .

In stage I, the firm takes as given the information choices of other firms, or equivalently,

the aggregate coefficients, a and ky. Expected profits, conditional on a choice of individual

2

e’

error variance &, are given by taking expectations over the realization of the random
variable E; (a;). Exploiting log-normality (and dropping the time subscript), this ex-ante

expected profit is:

. 1-6y @ (02)2 o252 1 1 a2
(62, o, ky) = Ki KT P exp | 24— 4 a’e (- _—~)=—0¢2] . (3.16
(o 2) 114 p 2 02 4 52 ¢202+6§ 04 (3.16)
Note that expected profits is a function of the firm’s own variance, 62 as well as the
aggregate coefficients, which in turn are determined by the information choices of all
firms in the economy. It is straightforward to show that expected profits are decreasing
(and convex) in the variance of the error in firm’s own signal i.e.”
Ol 0—1_.a?

LA ) 52 ¢ RY 1
557 1o <0 VleR", (3.17)

9Recall that the information acquired in equilibrium affects individual profits through ks and .,
which are taken as given by the firm when choosing its own investment in information. Thus, the effect
of overall information 2, on these coefficients is the basic source of the externality in information choice.
We study this in the Appendix 3.4.1.
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11 aﬂ{ 9 aﬁ}
p— ( - >0.

962062 962 | (02 +62) 95?2
The problem of the firm in stage I is:

max 11 (62) —v (52) , (3.18)

e
52
Je

where v (62) is the cost function.

As discussed earlier, the main focus of this paper is on private versus social value of
information, so we wish to impose as little structure as possible on the cost of information.
Therefore, instead of specifying a functional form for v (), we directly assume that the
cost function is such that the solution to the firm’s (and later in the analysis, the social
planner’s) problem will always lead to an interior solution. This requires assuming that
the cost function is sufficiently convex, i.e.

o211 0%*v

5n:3  Aroas <
062062 062052

0.

A symmetric stationary equilibrium can thus be represented as a fixed point problem in

2.

lops

A

ol = argmaxgs 11 (&3, Q, kg) —v (&3) ,

where o and ky are functions of 62 as given by (3.14)-(3.15).

3.2.5 Efficiency in Information Use

We now turn to the efficiency properties of the equilibrium characterized above. First, we
show, as in Angeletos and La’O [AL09], that information use is optimal. In particular,
we compare the equilibrium coefficients o and ks to those chosen by a social planner, who
is interested in maximizing household utility. Importantly, the planner is information-
constrained, i.e. cannot pool information across islands. We show that, given o2, the
equilibrium response differs from the optimal one only through a constant distortion of

the average level of employment (captured by k) but the sensitivity to the signal (the

coefficient «) coincides with the choice of the planner.

To characterize the planner’s optimum, we assume that, in stage II, all firms follow a
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linear labor-hiring rule of the form:
-1
Ny = ko — 5@203 + @ s - (3.19)

It is straightforward to show that the aggregate employment and consumption are then

given by,

Nt - Nltdz == EQA? 3

~ 1 54d 1 /14660 a?
Ct = K;At 0 exp (—5 (9—6> TO'?) .
The next step is to express the utility of the household in equilibrium as a function of

the amount of information. Using the relationships derived above, the period utility of

the household is

1 11—~ S+a\\’ 02 1—~[1+65—0\ a> 5
- 1— % _ @
1—76Xp< 5 k2+(( ”( 5 )) 2 " 2 05 5 e

~2

—exp </52 n %02> . (3.20)

The efficient use of information is then defined by coefficients o* and kj that maximize
utility, i.e.

(a*, ky) = argmax;, U(ky, &) .

The next result shows that the socially optimal sensitivity to the signal a* coincides

with the corresponding equilibrium coefficient, but the level coefficient k3 does not.

Proposition 20 For a given o2, the planner’s optimal response coefficients are:

of = o, (3.21)
" 0 0
k3 = ko +5_1+710g<6_1) . (3.22)

where a and ko are as defined in Proposition 19.

The above result reiterates the efficiency results of Angeletos and La’O [AL09] - firms

internalize their market power and restrict their output, but this distortion is invariant
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to the state of the world and therefore, to the information structure. To see the intuition,
note that the difference between the efficient quantity choice and the equilibrium arises
from the fact that the planner equates marginal cost to expected price, while the firm
equates it to expected marginal revenue. The CES specification implies that the ratio of
price to marginal revenues is the same in every state of the world, leading to the above

result.

3.2.6 Efficiency of Information Choice

In this subsection, we compare the level of information acquired in equilibrium to a
socially optimum level. Our main result is that, despite the efficiency result in the

previous subsection, the ex-ante acquisition decision is suboptimal.

We restrict attention to the case where utility, net of information acquisition costs, is
maximized at an interior level of information choice. In other words, the solution to the
following problem

max U (07) — v (o) , (3.23)

€
2
Oe

is characterized by the usual first-order condition:

oU ov

87‘3 — (97"3 5 (324)

where U is given by (3.20).
As with the equilibrium information choice, we also need to assume that the cost
function is sufficiently convex, i.e.

0°U 0%v

— <0.
0o2002 002002

Conditional on being in this region, whether the social planner acquires more or less
information than the equilibrium depends only on the marginal value to the planner,

dU/do?, versus the private value to the firm, OI1/9672.

The next proposition presents the main result of this section. It shows that infor-

mation acquisition is inefficient. In particular, in any symmetric equilibrium, there is a
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(constant) wedge between the private value of information by firms and its value to the

planner.

Proposition 21 In a symmetric equilibrium, the private value of information is always

less than its social value, 1.e.

ou 5 o1l
— =11 2 cRT
90?2 ( - (9—1)(5—1+7)) (a&g) <0 Ve

Therefore, the level of information acquired in equilibrium is inefficiently low.

It is important to note that this inefficiency result obtains despite the fact that firms
respond to information in a socially optimal fashion (by Proposition 20). In other words,
when information is exogenous, the cyclical response of firms in equilibrium are the same
as those induced by an information-constrained planner. However, this is no longer true
when information is endogenous. In particular, the equilibrium will feature less invest-
ment in information acquisition and therefore, exhibit fluctuations that are in general

different from those under the planner’s information.

Moreover, since informational choices also have an indirect effect on the level coeffi-
cient ks, the average level of activity in equilibrium will also be inefficient!?. This is a new
source of inefficiency in this class models - one that is absent in models with exogenous

information (e.g. Angeletos and LaO [AL09]).

Finally, note that the extent of under-acquisition depends on the degree of market
power, parameterized by . When this disappears, e.g. in the perfectly competitive
limit as 6 — oo, the gap between the social value and the private value to the firm also
vanishes. In the following subsection, we will show that efficiency can be restored by a

natural policy intervention.

3.2.7 Optimal Policy

Next, we characterize the optimal policy in this environment. We show that a constant

revenue subsidy, which corrects the monopoly power distortion in employment, also aligns

10The sign of this effect is, in general, ambiguous.
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the private and social values of information, leading to ex-ante efficiency in information

acquisition.

Under this policy, the problem of the firm becomes:!*
I = max EiQq [(1 + 7r) PitYse — Wi Nyl

The first order condition for labor is:

50
160 -1 1 6-1 17050
Ny = (—— (1+7g) (EitQth(’At ¢ )) . (3.25)

o 0
It is straightforward to show that the level distortion in the response function is

removed, i.e. ky equals k3, if the subsidy satisfies

0
l+mp=-—">1.
o1
What about information acquisition ? Recall from Proposition 21 that the private
value of information was less than the social value. By subsidizing firms’ revenues, the
policy described above also raises the private marginal value of information. Remarkably,
it brings the private value exactly in line with the planner’s valuation, as the following

result shows.

Proposition 22 A symmetric equilibrium with a constant revenue subsidy T = 1/6 is
constrained efficient, i.e. it attains the optimal allocation of the information constrained

planner.

In other words, policies aimed at correcting market power distortions in activity have
an additional effect when information is endogenous - they also serve to remove the
wedge between private and social value of information. As a result, they eliminate the
inefficiencies (in both the average level and the fluctuations) arising from the suboptimally

low levels of information production in equilibrium.

"In addition, a lump sum transfer 75 [ P;;Y;;di is subtracted from the income side of the household’s
budget constraint.
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3.3 A Nominal Price-Setting Model

In this section, we study information acquisition in a standard micro-founded model of
nominal price-setting under dispersed information about monetary shocks. The model
environment closely follows Hellwig [Hel05]. In line with the results in that paper, we find
that payoff externalities lead to information being used inefficiently in equilibrium. In
particular, firms pay too much attention to private signals about innovations to money
supply. This inefficiency also causes the incentives of firms to acquire information to
diverge from social incentives, but, as we show, these incentives remain distorted even

when the inefficiency in use is not present.

3.3.1 Preferences, Technology and Information

Time is discrete, ¢ = 0,1,2.... The economy is populated by 3 types of agents - a rep-

resentative household, a continuum of intermediate producers and a final goods producer.
Household: The household solves the following problem:

{Ct,l{/rtl,%}i'io Eqo i B (InCy— N)
subject to a cash in advance constraint

PC, < My + 7T,
and a budget constraint

P.Cy+ My < WiN; + 11, + (My—y — P,1Cyq) + T3 .

Government: The government’s budget constraint is given by

My = M,y + T},
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where M, is the stock of money supply. The (exogenous) law of motion for M, is
My = M, Uy .
In other words, money supply is assumed to follow a random walk in logs'?
my = My—1 + Uy ,

where u; ~ N (0,02). This shock to the stock of money is the only source of aggregate

uncertainty in the model.

Final good producer: The single final good is produced using a continuum |0, 1]
of intermediate inputs Y;;. The production function is a Dixit-Stiglitz aggregator with
constant returns to scale. The final good producing firm solves the following static prob-

lem:

1
max FY; —/ Py Yydi
0

U
Yt:(/Yitf’dz’) ,
0

where 6 is the elasticity of substitution, § > 1.

subject to

Intermediate producers: There is a continuum of intermediate good producers
indexed ¢ € [0,1]. These firms make decisions in different stages in every period. In the
first stage of the period, each firm chooses the variance of the error term in its private
signal about the aggregate state subject to a cost function, v(62). The properties of this
function will be specified later. In the second stage, the firm observes its signal and sets
prices to maximize expected profits, conditional on its information set. After this, in
stage III, markets for goods and labor open, wages are determined and production takes

place. Figure 3.2 shows the timing of events in each period.

The production function is a standard decreasing returns to scale technology with

labor as the sole input.

Yy = (0Ny)° |

12Hereafter, lower case variables are in logs, e.g. x; = In X;.

123



Period ¢, Stage 1 Period t, Stage 11 Period ¢, Stage III Period t 4 1, Stage I

]
T T T 1

Firms decide how much Signals are realized Markets open
information to acquire Prices are set Shocks revealed
Production takes place

Figure 3.2: Timeline of Events

where § > 1.

In stage II, an intermediate producer sets a nominal price to maximize the expected

value of profits (weighted by the household’s stochastic discount factor):

IL;; = H]ljaX Ez‘t@t [PitY;Lt - WtNit] )

where E;; () represent the expectation conditional on firm’s i information set Z, i.e.
Ei(-) = E; (- |Zi) . Note that, by setting a price, the firm commits to delivering any

quantity at that price when markets open in stage III.

Information and signal structure: Before setting prices in stage II, each firm

has access to a private signal s;; about the current innovation to money supply:
Sit = Ut + €t ,

where e; ~ N (0,62) and 62 is the variance chosen in stage I by the firm. In stage III,
i.e. after prices are set, markets open and the aggregate state becomes commonly known.
Therefore, at the time of setting prices in period ¢, the firm’s information set consists
of the aggregate state (money supply) at the end of the previous period and its private

signal about the current innovation i.e. Z; consists of {M;_1, s;}.

Information acquisition problem: In stage I of the period, intermediate firms
choose the amount of information of their private signal, taking as given information
choices of other firms. Expected profits prior to the realization of the signal and the
aggregate state is defined by:

ﬂit (5z> = E; 111,

where [E;_; is the expectation conditional on information available at the time of the first

stage decision i.e. the (commonly known) history until ¢ — 1.
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The problem of the firm in the first stage can then be written as:

(A2 )
max 1, (0 ) — (a
&g it e 6) 9

where v (+) is the cost of information as a function of the noise in the signal. We assume

that v'(-) < 0,0"(-) > 0.

3.3.2 Optimality

As before, we solve the model backwards starting from the last stage.

Stage III: Complete information - In the last stage of each period, both household
and firms have perfect information of the aggregate state. Optimization by households
and the final goods producer, combined with market clearing, implies the following set

of equilibrium conditions:

PtCt = Mt B (326)
W, =~vM, where ~ =%, (3.27)
1
= — 3.28
Qt Wt ) ( )
1 =
= ([ pa) (3.2
0
1
N, = / Nidi | (3.30)
0

The production decisions of firm ¢ are pinned down by the demand of the final goods

producer (given the prices set in stage II):

P\’
Vi=Y () .

Stage II: Price-setting - Firms set prices to maximize expected profits, taking
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into account the nature of equilibrium allocations in stage III:
HIlDaX Ei1Q: [PitYit - WtNit] )
it

subject to:
P\’
}/; = Y| - )

Yi = (ONg) .

Plugging these constraints and equilibrium conditions from Stage III, this profit maxi-

mization problem can be written as:

H}%X Py Ey (Ptafl) _ %F)i;%Eit (Mt(spts(e_n) .

The first order condition is:

"0 oo | B <prt‘s(9*1)> 7050
G ' 3.32
t (9— 1) E; (Pte_l) ( )

Stage I: Information acquisition Under the assumption of an interior solution, the

firm’s optimal information choice is characterized by the following optimality condition:

o v

52 952
062 00?

3.3.3 Equilibrium

A stationary equilibrium is (i) a set of information choices in Stage I for each firm (ii) a set
of pricing rules (iii) aggregate variables Cy, Ny, W;,Y; and P, as functions of the aggregate
history (iv) intermediate production Y;; and labor input N;; such that (a) taking W; and
P, as given, the household choices C; and N; solve the household’s maximization problem
(b) taking P, and Py as given, the choices of Y; and Yj; solve the final goods producer’s
problem (d) taking the functions in (iii) as given, the pricing rules in (ii) maximize

expected profits of the intermediate goods producer, conditional on its information (e)
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taking the behavior of aggregates in (iii) as given, the information choice in (i) solves the

1
Stage I problem (f) Markets clear i.e. Ny = [ Ny di, Yiy = 0N and Y; = C.

We focus on symmetric stationary equilibria, where all intermediate producers acquire
the same amount of information in Stage 1 and follow the same pricing strategies in
Stage II. We start the characterization of such an equilibrium with a conjecture about
the aggregate price level:

P= M UK, ,

or, in logs

Pe = My_1 + auy + ko | (3.33)

where o € [0,1] and ko are constants to be determined in equilibrium. The former
determines the sensitivity of aggregate prices to monetary shocks whereas the latter
affects the level of aggregate prices. Both these coefficients will play an important role

in our analysis.

Intermediate producers We substitute the equilibrium conjecture (3.33) for ag-

gregate prices into the first order condition (3.32) and assuming!® conditional log-normality,

take logs :
1— 0
Dit th—l-i-( 57“) In (07_1>+rk52
+(1—=r+ar)E;y (u)
1
+§(1—r+0ﬂ‘)(5+(5+1)a(0—1))Vit(ut),
where
:(5—1)(0—1)
r=Tre_g <O0U

and E;; (u;) and Vy; (uy) are the posterior mean and variance, respectively, conditional on

the firm’s information set Z;;.

The firm’s optimal price thus has 3 components. The first is a constant term, consist-
ing of the (commonly known) level of last period’s money supply and the level coefficients

in aggregate prices. The second represents the firm’s optimal response to the expected

13This will be verified later.
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innovation in money supply. The parameter r controls the nature of strategic interac-
tions. The greater the value of r, the more the firm’s optimal reaction depends on «,
the sensitivity of aggregate prices to the current shock. The third term is an adjustment
to the price to account for the fact that the firm is uncertain about the realization of
the shock. This ‘precautionary’ term emerges from the asymmetric nature of the firm’s
profit function. If the firm’s relative price is higher than the optimum, it loses market
share. A low relative price leads to higher quantities sold but due to diminishing returns,
these additional units are produced at an increased marginal cost. Given the specific
forms of demand and production functions, the latter is a much more costly phenomenon
i.e. profits decline much more sharply with a low relative price than a high one. As a
result, when the firm is uncertain about the position of its demand curve, the optimal
price is a little higher than the expected value of the target price. Figure 3.3 illustrates
this feature with a simple example where the aggregate shock is assumed to take only 1
of 2 possible values - low U_ and high U,, (Uy > U_). The left panel depicts the profit
function as a function of P; under the two realizations of the monetary shock. Notice
that for a particular realization of the shock, the profit function is steeper for prices
that are below the profit maximizing price. That is, charging prices that are too low is
a costlier mistake than charging prices that are too high. In the right panel of Figure
3.3, we show the expected profit function as a function of price P; and varying degrees
of uncertainty about the aggregate shock. The two lines keep the expected value of the
shock constant, but vary the levels of variance (low 0% and high 0%). Expected-profits are
strictly decreasing in uncertainty. Also, as uncertainty increases, the optimal price (i.e.
the one which maximizes expected profit) increases, reflecting the asymmetric nature of

the penalty for charging sub-optimal prices.

Using standard results for Bayesian updating, the firm’s posterior expectation and

variance about the state of the economy are:

o
Ei (u;) = ——%=s; 3.34
’Lt(t) 05+Ag it ( )

22

050
V) = ——%, 3.35
( t) 05‘1'03 ( )

where agﬁ%g is the signal to noise ratio.
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Figure 3.3: Effect of Uncertainty

Plugging the optimal price into the firm’s profit function, we get the following expres-

sion for maximized profit
I, = @1 it (u)+62Vir (ue) Kée—l)(l—T) K, , (336)

where

mn=1-01-r)(1—-a)<0,

b E%(1—9)(1—7“)(5(14-04(9—1))2—a29(9—1))<0,
B 9_1 1+959 1

= ()" [a=mam)

Notice that the conjectured behavior of the aggregate price (3.33) affects the firm’s payoff
in two ways. First, the level effect, ko, affects positively the level of profits in the second
stage. Second, the price elasticity to the aggregate shock, i.e. «, enters into the coefficients
¢1 and ¢. It is easy to show that

olos) O
O >0, O <
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In other words, the more responsive aggregate prices are to the nominal shock, the lower
is the sensitivity of firm’s profits to the expected nominal shock, but the greater is the

cost of uncertainty.

Equilibrium in Stage II In a symmetric equilibrium, where all firms choose the
same amount of information and follow the same pricing rule, the cross-sectional distri-
bution of prices is log-normal. Therefore, taking logs on both sides of the aggregate price

expression (3.29) yields:
- (1-9)

pe =E (pu) + D

2 )

where E (-) and D denote the cross-sectional mean and dispersion in prices:

1
E(pz't) = /pz‘tdi7
0
! — 2
D = /(pit_E(pit>) du .
0

Next, we derive these cross-sectional moments. First, using the expression for p;, the

cross-sectional mean is given by

1 0
E (i) = mo1 + 7ﬂln( 1 >+rk2+(1—r+ar)/lﬁlit(ut) di+ g(a)V, (3.37)

) 0—1

where

gla)=-(1—-r+ar)(0+(0+1)a(@—-1)) .

N | —

Substituting the Bayesian updating formulae into (3.37), we get

2

_ 1—r 0 o
E (pir) = mi—1 + 5 (07_ 1) + 71k + (1 —r+ar) U2jagut+g(a)v,

u

where we invoke the law of large numbers to note that

1 1 L
/ Sipdl = / (ue + €i) di = uy + / e di = uy .
0 0 0
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Similarly,

2
_ o
pit — Epi) = (1 — 1+ Ta)meit )
o 2
_ 2 u 2
= D=(1-r+ra) (Uﬁ+0§) o .

The next result completes the guess-and-verify procedure and characterizes the response

coeflicients.

Proposition 23 In a symmetric equilibrium, the aggregate price level is given by (3.33),

with
(1—r) 03
a = A=) o2+ 02 elo1], (3.38)
1 ~0 g(a) (1-20)
= —In(— )+ V + D .
ks 5n(6—1) 1—7r 2(1—r) >0, (3.39)

where, as defined earlier,

l=r+ar)(0+(@+1)a(d—-1))

S
Il

2 )
2 9
V — Uuae
T 024027
u e
2 2
_ 2 Ou 2 2 2
D = (1—r+ra) | 0. =0, .
o5+ 0

The expression for a has an intuitive interpretation. It takes the form of a signal-to-
noise ratio, except that the variance of the fundamental (in this case, the nominal shock)
is adjusted to account for the degree of complementarity. Greater the complementarity,
i.e. higher the r, the lower the weight on private signals and higher the reliance on
commonly known information, which in this case is just the money stock in the previous

period.
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3.3.4 Information acquisition

Next, we examine the information acquisition decision in Stage I. Consider the maximized

stage II profit function, equation (3.36),

I = eP1Eit (ut)+¢2Vie (ur) Kée_l)(l_r) K, . (3.40)

In Stage I, the firm takes as given the information choices of other firms, or equiva-

lently, the aggregate coefficients, ¢, @2 and ko. Expected profits, conditional on a choice

2

2, are given by taking expectations over the realization of

of individual error variance &
the random variable E;;(u;). Exploiting log-normality (and dropping the time subscript),
this ex-ante expected profit is:

2
2
o2 (72)
2 of+o?

0362

A6t o-1yir
’ >K§" DO g (3.41)

. ( +d2
(6% a,ky) =e

Note that expected profits is a function of the firm’s own variance, 6% as well as the
aggregate coefficients, which in turn are determined by the information choices of all

firms in the economy.

It is straightforward to show that expected profits are decreasing (and convex) in the

variance of the error in firm’s own signal i.e.

o . 2 o2\’ .
962 =11 (—71 + ¢2> (m) <0 4 O'z € R* , (342)
o1 ol 2 ol _
062062 062 | (02 +62) 062 '

The problem of the firm in Stage I is:

max 11 (62, a,ks) —v (67) , (3.43)

e
52
Je

where v (62) is the cost function. As before, we assume that v (+) is sufficiently convex so
that the solution to this problem is an interior one and is characterized by the first-order

condition.
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A symmetric stationary equilibrium can thus be represented as a fixed point problem
in o2

ol = argmax;s I (63, Q, k:g) —v (&3) ,

where o and ky are functions of o2 as given by (3.38)-(3.39).

3.3.5 Efficiency in Information Use

As we did for the RBC model, we begin by examining the efficiency properties of infor-
mation use in equilibrium. In line with the findings in Hellwig [Hel05], we show that
firms place too much reliance on private signals, relative to an information-constrained

social planner, who is interested in maximizing household utility.

To characterize the socially optimal use, we assume that, in Stage II, all firms follow

a linear pricing rule of the form:
s 105,
Dit = M1 + ]’{52 — TO& o, +a Sy . (344)
It is straight forward to see that the aggregate price is then given by
Pe =Myt + ko + & uy

and life-time utility of the household is

~ 1 ~ 52 6 ~2 9 ~\2 2
U:—kg—gexp —51{;2—1—5 a‘ot+(1—a) o ¢ .

The efficient use of information is then defined by coefficients o* and kj that maximize
utility, i.e.

(a*, ky) = argmaxy, U(ky, @) .

The next proposition lays out the optimal response coefficients and shows equilibrium

prices that are suboptimally higher on average and too sensitive to nominal shocks.

Proposition 24 1. The coefficients that maximize the life-time utility of the house-
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hold are

* (1 B T) 0-12L
= 4
S G ey (3.45)
\ o
ICQ = ma O'g . (346)

2. For a given o2, these coefficients are lower than the equilibrium ones

*

ot <o and k3 < kg .

3.3.6 Efficiency of Information Acquisition

In this subsection, we compare the level of information acquired in equilibrium to a
socially optimum level. In order to disentangle the effect of the inefficiency in information
use identified earlier, we start by comparing the equilibrium information acquisition to
the choice of a planner who is also subject to the same inefficiency, i.e. who takes the
equilibrium in Stage II as given. In other words, we study the problem of a planner who
gets to choose only the amount of information acquired ex-ante, but cannot affect the
equilibrium responses. Not surprisingly, the equilibrium features a suboptimal level of
information acquisition. We then revisit the optimality of information choice under the
assumption of efficient use and find that private incentives to acquire information are still

not aligned to social ones.

The first step is to express the utility of the household in equilibrium as a function of
the amount of information. Using the equilibrium relationships derived in the previous

section, we have:

U(lfa)
Ct = L 9

1 s [P\ T"
N, = = it _
t 6 (Ct) A ( Pt > di

More algebra yields the following expression for utility:

vt =3[ () - T S e
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The next result replicates the findings in Hellwig [Hel05] that equilibrium welfare is not

monotonically increasing in the precision of the private signal.

Proposition 25 1. Suppose 0 < 2. Then, welfare decreases with the error in firms’

signals i.e. 2% <0 Vo? .
2. If 0 > 2, welfare is decreasing in o2 only if the o2 is sufficiently small, i.e.

oU | , 6
@<0 if o, <

: (6_2)02(1—7“).

The above result shows that the inefficiency in equilibrium information use can be so
extreme that more information actually reduces welfare. To see the intuition behind the
dependence on #, recall that the difference between the equilibrium response coefficient
and the socially optimal one was increasing in 6. As a result, when 6 is high, we need
to impose additional restrictions to ensure that information is still socially desirable. For
the rest of our analysis, we will assume that these conditions hold at the equilibrium

information choice. Formally, we assume
Assumption 3 (6 —2)o? < 0o2(1 —r)

As before, we also assume that the cost function is such that utility, net of information
acquisition costs, is maximized at an interior point. In other words, the solution to the

following problem

max U (07) — v (0?) | (3.48)
is characterized by the usual first-order condition:

ouU ov

-
do?  0o?

Conditional on being in this region, whether the social planner acquires more or less
information than the equilibrium depends only on the marginal value to the planner,

dU/d0?, versus the private value to the firm, OI1/9672.

The next proposition, our main efficiency result for this model, shows that information

acquisition is typically inefficient, though the direction is ambiguous. The proposition
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characterizes the regions of the parameter space where there is over-acquisition of infor-
mation in equilibrium. For brevity, we only present results for the case where 6 > 2
(which is the case for most calibrations of macroeconomic models) but similar results can

be obtained for the other case as well.

Proposition 26 Suppose 6 > 2 and the conditions of Assumption 3 are met, so the
marginal value of information to the planner is positive. Then, there is over-acquisition

of information in equilibrium if the following condition holds:

0y —(0—1)
(0 —1)+~(0—2)

o > (1—7r)o2.

Note that if v < ‘9%1, then the condition in the proposition is always met, i.e. firms

invest a sub-optimally high amount in information.

A full-fledged numerical investigation is beyond the scope of this paper, but we note
that common calibrations of incomplete information monetary models satisfy the condi-
tion in the first statement. In other words, the empirically relevant region of the parameter
space seems to be one where the equilibrium information acquisition is more than the
social optimal level. For an illustrative case, set § = 4,6 = 1.5. Also, given that o2, is

o—1

usually very small in most calibrations, we have v ~ 8 > 5= = %. The condition on

o? is equivalent to the condition that prices are not too responsive to contemporaneous

e
nominal shocks, i.e. @ < 0.84. In other words, so long as heterogeneity in information
generates even modest real effects from nominal shocks, there will be over-acquisition of

information in equilibrium.

Recall that firms place too much reliance on private signals relative to the social
optimum. Yet, Proposition 26 shows that the direction of the inefficiency in informa-
tion choice is ambiguous. This divergence between the signs of the ex-ante and ex-post
inefficiencies is reinforced by our next result, which shows that, even when the use of
information is efficient, firms do not fully internalize all the effects of their information
choice. To show this, we again compare information acquired in equilibrium to the so-
cial planner’s choice, under the assumption that prices are set using the socially efficient
response coefficients o and k3. The following proposition shows that the inefficiency in

information acquisition persists even in this case, though the exact conditions governing
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over/under-acquisition are different.

Proposition 27 Suppose firms follow the pricing rule (3.44), with & = o and ky = k5.
Then, if v > 1, there is over-acquisition of information in equilibrium. Otherwise, there

18 under-acquisition of information in equilibrium.

3.3.7 The Collusive Optimum

In this subsection and the next, we take a closer at the interaction between firms’ in-
formation choices. In particular, we characterize how an individual firm’s profits and its
incentives to acquire information are affected by the information choice of other firms.
We start with the effects on profits. We show the existence of a negative externality -
a firm’s expected profits decline when other firms in the economy are better informed.
It turns out that this negative effect exactly offsets the positive effects of information
on individual firms’ profits. When firms internalize this externality, e.g. by maximizing

total profits, the optimal choice is to acquire no information at all !

Recall that the average amount of information in the economy enters the firm’s profits
through the aggregate price level, specifically through the (endogenous) coefficients o and

ks. The expression for the ex-ante profit (3.41) leads to the following observation

Lemma 1 The firm’s ex-ante profit is decreasing in the elasticity of aggregate prices to

. , o : - om 11
the nominal shock and increasing in the level of aggregate prices i.e. 55 <0 and g > 0.

Thus, an individual firm’s profits are decreasing in the elasticity of prices to nominal

shocks, but increasing in the overall level of prices. Next, from (3.38), it is easy to see

2 .

that a depends negatively on o7, i.e.

8@__ « <0
do2  ((L—r)o2+02) '

In other words, the more accurate are the signals of other firms, the more responsive is
the aggregate price level to nominal shocks. In the limit, as 02 = 0, aggregate prices will

fully adjust to shocks, i.e. a = 1.

The relationship of the level coefficient ko with information is less clear. The expres-

sion for ks, equation (3.39) comprises a term which is linear in price dispersion as well
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as a term where the posterior variance, V, is multiplied by a function of «. Price dis-
persion is non-monotonic in the precision of firms’ private information. As ¢? increases,
the dispersion of the firms’ signals increases, but firms place less weight on them. If the
former effect dominates!?, dispersion increases with o2, otherwise it decreases. Posterior
variance, on the other, always increases with the variance of the error term. However, the
sensitivity of the price level to the posterior variance, g(«), is an decreasing function of
o2. The intuition for this stems from our earlier discussion on why firms set higher prices
in response to greater uncertainty. A higher o2 implies a lower . This implies that the
aggregate price level comoves less positively with the nominal shock, effectively reducing
the uncertainty about its target. The combination of these two forces makes this term

also non-monotonic with respect to information.

As aresult of these distinct forces, the overall effect of 02 on k is in general ambiguous.

The next result provides a complete characterization:

Lemma 2 1. Suppose 8 < 2. Then, the aggregate price is, on average, increasing in

the variance of the firms’ signals i.e. ZT’% >0 V o2

2. Suppose 0 > 2. Then, the aggregate price is, on average, increasing in the variance

>0 if

dko
do?

of the firms’ signals only if the variance is sufficiently small i.e.

0(1—r) o2

2
0% < =33 0

Thus, the overall amount of information in the economy affects the aggregate price
level (and through it, profits) in complicated ways. However, it turns out that, in a
symmetric equilibrium, we can characterize the net effect of information on firm profits
quite sharply. In particular, there is a negative externality in any symmetric equilibrium

- i.e. others’ information choices have negative effects on the firm’s profits. Formally,

Proposition 28 In a symmetric equilibrium, a firm’s expected profits increase with o2,
the variance of the error term in the signals of other firms, i.e.

o
Jo?

e

> 0.

14This happens as long as (1 —r)o2 > o2,
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This negative externality makes equilibrium information acquisition suboptimal from
the perspective of maximizing total profit. To make this point more formally, we compare
the equilibrium information choice to a natural benchmark. The team profit, denoted I
is the combined expected profit earned by all firms in the Stage II equilibrium. The next
proposition shows that the externality is quite powerful and when internalized, undoes
all the beneficial effects of greater information (recall that an individual firm’s profit is

always increasing in its own information).

Proposition 29 In a symmetric equilibrium, i.e. where the error in all firms’ signals

has the same variance o2, the expected team profit is independent of that variance i.e.

11’
do?

Therefore, the symmetric information choice that maximizes the collective profit is no

information i.e. 0° = 0.

In other words, the increase in an individual firm’s profits by improving the quality of
its own information is exactly offset by the negative effect it has on others’ profits. A direct
implication of this striking result is that if firms were able to collude on their information
acquisition decision and information was costly, the unique symmetric outcome would be

to acquire no information at all.

This implication continues to be valid even if information is used in a socially optimal
fashion. The next result shows this formally by imposing the planner’s optimal response

coefficients o* and k3.

Proposition 30 When the response function is the socially optimal one, i.e. character-
ized by o and ki, a firm’s expected profits increase with o2, the variance of the error

term in the signals of other firms, i.e.

o1l

Further, the expected team profit is independent of that variance of the error in the firms’
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signals, i.e. R
arrr
— =0.
do?

Therefore, the symmetric information choice that maximizes the collective profit is no

information i.e. 0* = co.

3.3.8 Strategic Motives in Information Acquisition

Next, we take a closer look at the role of strategic considerations in the incentives to ac-
quire information. Hellwig and Veldkamp [HV09b] show that, with a quadratic objective
function, the information choice decision inherits the strategic nature of agents actions
- if actions are strategic complements, information choices become subject to comple-
mentarity as well. This subsection investigates the applicability of their finding to the
environment of this section. We show that the basic intuition in Hellwig and Veldkamp
[HVO09b] is at work here as well, but there are other forces at work - in particular, those
acting through the level of aggregate price. Once these additional effects are taken into
account, the nature of strategic interaction in information choice is in general ambiguous,

even though actions are unambiguously strategic complements.

Recall that, in any interior solution to the firm’s Stage I problem (3.43), the firm

equalizes the marginal value of information to the marginal cost i.e.

Bl )
962 = U'(Uf)

Our focus is the effect of other firms’ information on the term on the left hand side. We
say information acquisition decisions are strategic complements if

o211

902052 !

and strategic substitutes otherwise. In other words, if the firm’s marginal value of in-
formation is increasing in others information, information choices are complements. As

before, we start by examining the effect of the slope and level coefficients a and k.

Lemma 3 The marginal value of information to a firm is increasing in the elasticity
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of aggregate prices to nominal shocks and the overall level of prices i.e. % < 0 and

9211

heo5z < 0-

Thus, more responsive aggregate prices not only affect the level of the firm’s profits
(Lemma 1), but also increase the sensitivity of the firm’s profit to its own information.
This is intuitive - when prices comove more with the nominal shocks, the firm’s target

price becomes more volatile and therefore, acquiring information becomes more attractive.

Combining the first part of the lemma with the definition of a in (3.38) leads to our

next result:

Proposition 31 Suppose ky is fized. Then, an increase in the overall amount of infor-

mation in the economy increases the marginal value of information for a firm.

The above result is essentially the insight in Hellwig and Veldkamp [HV09b]. Without
any level effects, the complementarity in firm’s pricing decisions (as parameterized by r)

enters the information choice as well.

This finding does not generally hold once level effects are explicitly taken into account.
The non-monotonicity of ks with overall information (as demonstrated in Lemma 2) spills
over into the effect of overall information on a firm’s marginal value of information. The
next proposition divides the parameter space into regions according to the sign of the
overall effect:

4(6-1)
520

Proposition 32 1. Suppose o2 < . Then, information acquisition decisions are
strategic complements i.e. 2L > 0
gic comp ¢ somez > 0.

2. Suppose % < 02. Then, decisions are strategic substitutes i.e. % <0.

3. If 4(:;;91) <ol < (f(f;);Q)Q, then this relationship is ambiguous and depends on the

value of 62.

Parameterizations commonly used in macro models are in the region where infor-
mation choices are strategic complements. For example, with § = 4,6 = 1.5, there is
strategic complementarity in information acquisition so long as the innovations to money

supply have a variance less than 0.22, which is consistent with standard calibrations

141



(e.g. see Golosov and Lucas [GLO07], who use (0.0062)? in an annual model). Even with
0 = 20,6 = 1.1, the cutoff level of the variance is 0.02.

3.4 Proofs of Results

3.4.1 A Real Business Cycle Model

Proofs for 3.2.3 This outlines the main steps in the derivation of the equilibrium.
We start with a guess about the law of motion for n;. This guess is verified through the
following steps.

Start from a conjecture for firm 7 labor (in logs):
Nt = 1232 + dSit (349)

Define aggregate employment:

1
Nt - / Nltdl
0

By the Central Limit Theorem,

_ 1
where E (-) and D denote the cross-sectional mean and variance of labor inputs on the

islands:

1
Tt di )

(ny —E (nit))Z di .

/01
/
From (3.49):

A 1
ny = ko + Gay + 5&203
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Thus, given (3.9) we get the following equivalencies:

~

a = q,

~ 1
k’g = k2+§d20'2,

where o and ks are unknown parameters. Plugging (3.2)and (3.49) into (3.1), get (3.10).
Combine equations (3.6) and (3.7) to get:

66

_ (0= P NN
Nit—< — (BQuy," 4, ))

Substituting the equilibrium conditions (3.1)-(3.5) and (3.10) into the last equation and
using log-normality yields (3.11). The rest consist on computing E (n;) and D from
above. Using the definition of n;, delivers two fixed points for the unknown coefficients

a and ko,

_ 06 d+a) (1 6—1 o2
@ = 1+05—0(< 5 )(E_V)Jr 0 )ag+ag
o 05 (0-1Y, 0 LN (L, _Ll405-6a2
2 1+05—0 6\ 60 1+06—0\0 ")\5™2 "2 a5 o7

o2 2 o202
+ ( a ) +¢2L

2 2
o5+ 02 ~|—

where ¢ and ¢, are given in the main text. After some algebra, these two fixed points

can be rewritten as (3.14) and (3.15).

Proofs for 3.2.4 Substituting (3.11) back into profits yields (3.12). Expectations
at Stage I, i.e. E;_q, of (3.12) delivers (3.16). Compute the first and second derivatives
of (3.12) with respect to the firm’s own noise, 62. After some steps, we get (3.17). It is

straightforward to show that profits are decreasing and convex with respect to 62.

Proofs for 3.2.5 Start with a conjecture for individual employment like (3.19),
where a and 7%2 are unknown coefficients to be solved next. Define the household’s period

utility as:

U=(1-8)E,_ 125t(01_ _/1 Nitdz’) (3.50)
0
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Using the same steps as in section (3.2.3), it is possible to show that (3.19) implies

N, = Nydi = Ky AT
0
~1 oia 1 /1+65—-06\ a?
Ot = K;Ata exp (—5 (T) 703) .

Using the relationships derived above, the period utility of the household can be written
as (3.20). Define the coefficients o* and k} as (o*, k}) = argmax; - U(ks, @). Then,

ko,&

from (3.20) we get following set of first order conditions,'®

1 1-—7 S+a\\’ 02 1-~1+05—00% o?
log < ko + (1= %a _ S BN
65T 2+<< ”( 5 )) 2> T2 65 s Mo

J 1+66—46
(1—7)( +a>a2—+—aa§:aag.

After simplifying these two first order conditions equations we get (3.21) and (3.22).

Proofs for 3.2.6 The following are useful results. First note that the first order

condition for %2 implies:
Et—l (Ct (k’;, OK*))li’y = (SEt_th (k;, Oé*) (351)

where Cy (k3,o*) and N (k3, %) are the levels of consumption and employment under

(k3,a*). Second, given the formula in Proposition 20 it follows that

0—1 eEEEy ..
N (kg a) = (T> N; (k3,a%) (3.52)

(C, (ks a))7 = (%)M(Ct(k:;,a*))l_”, (3.53)

which hold state by state.Third, combining (3.51) with (3.52)-(3.53) we have:

0

By (Cy (kyya))' ™ =4 (m) Ey_1 N (o, @) (3.54)

15Tt is straightforward to prove that the second order conditions holds.
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Note that ex-ante profits are proportional to aggregate employment. Plugging equation

(3.8) back into the profits, we get:

146051

I, = N;
t 9_1 t

Expected value at Stage I, i.e. E;_; delivers the formula for ex-ante profits,

1+65—1

]j: (kfg, Oé) = ]Et—ll_-[it = 9 1

Nt (kQ, Of)

where Ny (ko, @) is given by (3.10). Computing the derivative with respect to noise, we

get: R
Ol (ky,a)  (1400—-0) (1—7) - a?
g0z Ty

The latter is the overall effect of information of profits. Note that, in symmetric equi-

librium ¢ = 62, The effect of the firm own noise on profits has the functional form of

(3.17). Thus, the overall effect does not coincide with the value of private information.

Plugging (3.54) in the definition of U given in (3.50), we have:

30— (1 —~)(0—1)
) = 01

Ei 1N (kg,oz),

which using the previous result about ex-ante profits can be written as:

(6—1)0+~(0—1)+1-

Ulhs, ) = (1—7) (1466 —0) (k2 0)

It follows that, after using (3.17) in a symmetric equilibrium,

OU(ky, ) B O (ky, ) )
9 — 1 Y R—‘,—
00?2 ( +(9—1)(5—1+7))< 2o A

The following lemma helps to determine the direction of inefficiency.

Lemma 4 If 9U/30? is greater (smaller) than 911862, then there is over-acquisition
(under-acquisition) of information. If U/0c? equals 8ﬂ/8&3, then information acquired

i equilibrium is socially optimal.
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Proof. This proof focuses on the region where both the equilibrium and social planner
information acquisition problems have an interior optimum. Define azq as the information
acquired in a symmetric equilibrium

qu = arg mgxf[ (02, &2) —v (62) .
g

where the subscript ”7e” in the variance term has been erased for exposition. Recall the

first and second order conditions:

o o _ g
062 962

o211 0%v
< 0

062067 062062

Notice that the second order condition indicates that dv/852 crosses OI1/962 from be-
low. In other words, for 0® < 02, 0v/06> < Ol/95% and for 02 > o2, v/95? >

Ol /062, Define agp as the information acquired by the social planner:

2 _ 2 2
Oy = argn}’%xU(a ) —v (ae) .
€

Recall the first and second order conditions:

ou B ov _ 0

J62 062
0°U 0v

< 0

852062 062052

Note that, because dv/352 < 0, the first condition for an interior solution requires
dU/do* < 0. Also notice that the second order condition indicates that dv/dc? crosses

dU/96* from below. In other words, for 0* < 02, dv/do* < OU/do” and for 0 > o2,
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Ov/dc? > OU/0c?. Given all these properties, the following is true

Il (02, 62) U (0?)

2 2
062 |5’2:0'2:qu D02 |02:agq = Ueq < Usp .

To prove this, suppose to the contrary that o2, > o2,. Then, by definition of o2,

Il (02, 62) v (6%)
T‘&QZUQZUE‘I = Wb?:a?:ogq .
From the social planner problem, if o2, > o3,
v (62) U (o)
952 |&2:U2:U§q 902 |02:J§q .

Contradiction. =

Proofs for 3.2.7 Following the same steps as in 3.2.3, the law of motion of total

employment under 7 is,

0o

— mlog (1 —I— TR) + kQ +aat.

Uz

To implement n, (k3, o*), it follows that 7 = 1/6.

Next we compute the social value of information under 7z. Since 7z is such that the
response coefficients are (kj, a*) the social value information can be computed directly
from (3.20) evaluated at the optimum, i.e. ky = k3 and a = o*. The envelope condition

implies, after using (3.51)

ou (k;, a* 1+66—60a* .
e B )

Plugging equations (3.25) back into profits and use 7 = 1/6, we get:

14651

it 9_1 ot

147



Expected value at Stage I, i.e. E;,_; delivers the formula for ex-ante profits,

A 14606 —1 . s
H(kz,C( ) = Et,lﬂit = ﬁNt (kQ,OC ) s
which holds state by state.
These results imply that:
ou (k3, o* 0—1a*?..
oU (k3,a7) _ T e,

902 05 2

which exactly the functional form of the private value of information given in (3.17),

evaluated at (k3,a*).

Externalities in the quantity choice model Note that a firm’s expected profits

2

e’

are decreasing in its own noise &
oIl

52
062

<0.

The team profit, denoted by fIT, is the combined expected profit earned by all firms in
the stage II equilibrium. As a team, firms can collude in their investment of information.
The difference is that under collusion, firms are concerned about the overall effect of
information on the team profit. This value can be represented by the total derivative of
the team profits with respect to the noise of the signal ¢2. In a symmetric outcome this

derivative is the sum of two factors

g oIl oIl
o a2 3.55
do? (a&g) e (3.55)

The first factor corresponds to the derivative of a firm’s expected profits evaluated at the

2 _

symmetric outcome, i.e. 6% = o2. The second factor corresponds to the externality.

We have

- 2
062

il (1+65—6) (1—~) (01
do?  0-1 b6—-1+y Y
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Thus, if v < 1, then dII” /do? < 0. Moreover,

p1H00-0 1—y dI1” o1l
0—1 6—1+~ do? .

the team’s value of information at 2 is higher than individual firm’s value of information.

And,

6—1 6—1++ 952

e

1+606—60 1-— o1l d1i?
if + 7 <1:>< ) < —-=<0,
62=0

the team’s value of information at o2 is lower than individual firm’s value of information.

On the other hand, if v > 1, then A1’ /do? > 0 and the team’s value of information at

2

oZ 18 zero.

With respect to the externality, from equation (3.55) we have that,

_dnr o1l o1l
if — < = — < 0,

2 52 2
do? 062 Jo?

and the externality is positive, i.e. more information acquired by others, the higher is
payoff to the firm.
On the other hand,

2 52 2
do? 062 Oo?

_dIr o1l o1l
if — > — — >0,
62=02

and the externality is positive, i.e. more information acquired by others, the higher is
payoff to the firm. One special case is when d1ir /do? > 0. In such a case, the externality
is strong enough to discourage investment in information completely in the collusive

outcome.

3.4.2 A Price Setting Model

Proof of Lemma 1 From the ex-ante expected profit (3.41) and given that ¢; < 0,
do1/da > 0 and doo/da < 0,

i 2
QE:H<¢mmﬁ+d@ﬁ) Tu__<0.

do da ©) o2+ 62
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From the ex-ante expected profit (3.41),

o1l 11
T -1 (1-r)—=>0.
oy~ - D=r) 7= >0

Proof of Lemma 2 After plugging «, equation (3.38), into ks, equation (3.39),

e = %m (67_91> "3 ((150_3 M (02(;1(1__,0;3,;? ;;7?) '

Hence:
dky b0 <(1 —7r) 002+ (2-0) Jg)
"2\ (-natt ey
If 0 <2,
dks 9
002 >0 Vo, .

If 6 > 2, the effect can be non-monotonic, i.e.

dk’g . 2 (1-7")0 2
do‘? >0 if o, <m0‘u.

Proof of Lemma 3 From equation (3.42) and using Lemma 1 and ¢; < 0, ¢o < 0,
do1/da > 0 and deoo/da < 0,

O?11 . d d 2 \?* oIl
28 - 0( ) () e
ado? o

0
o211 o1l 3 o2
Ohp0e? a_z@(_?“b?) (ang) <0

Proof of Proposition 31

Follows directly from Lemma 3 along with da/do? < 0.

Proof of Proposition 24 Suppose firms commit to follow this rule

Pit = my_1 + /52 - 7@2

2 ~
o, + Qs .

Average prices are given by

P = My_1 —l—k~2 + auy .
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The utility of the household can be expressed as

3 _s2 9
U:—kg—%exp{—ékg—i—— {(1_T)&203+(1—d)2ai]} :

Then, the optimal use of information is defined by

(a*, ky) = argmaxy, 5 U(ky, &) .

The focs

- 0 0 5, “\2 2 _
—1 —exp —(5/@—1—5 a‘ol+ (1 —a) o = 0.

It is straightforward to show that the solution to this problem is characterized by

* (1=r)o2
(8% g
(1—r)o2+ 002’
00
k'* — * 2.
T

For a fixed o2, it follows that o* is lower than the equilibrium «. Also, for a fixed o2, the
price level under the socially efficient information use of information is lower than the

price level under the equilibrium use of information. To prove this, suppose
k’z < k’; .
or, after replacing the values for ky and k;

%m (%)w — 1) (1=7)20(02)*+(0 = 1)0 (62) +(1 —7) (6 (0> +1) —2) 0202 < 0.

which cannot be true. By contradiction, for a fixed o2, ko > kj.

151



Proof of Proposition 25 From equation (3.47),

U §(1—=7r)(02)? [(1 = 7)00% + (2 — 6) 0

do? 2 (L=r)o2 +0?)°

Note that if § < 2, then 9U/do? < 0 Vo2. If § > 2 the sign of 9U/do? depends on o2. If
02 < (1 —r)0c%/(0 —2), then 9U/do? < 0. Otherwise, dU/da? > 0.

Proof of Proposition 26 There is under acquisition of information in equilibrium

if X
ou ol
< =55
do? 062
or
(-1 +y0O—-2)o2<(1—1)(Oy—(0—1))02>. (3.56)
The proof focuses on the case of socially valuable information, i.e. ;l;UQ < 0.

e

e If0>2and 02 < (1 —r)0c%/ (0 —2), there are two cases.

Case 1A: Suppose, 6y — (0 — 1) > 0, then condition (3.56) requires

2 97_(9_1) 2
"e<(1_’")(<e—1>+w<9—2>)"“'

Suppose that

@—2) " 0—1)+~0-2))""
= 00—1)<—(0-2)(0-1)

U=r)b, (1—7»)(( by = (6~ 1) >02

which cannot be true.

There is under acquisition of information if

2 0y —(0—-1) 2
”e<<1‘”<<9—1>+v<9—2>)""’

and there over acquisition of information if

2 Oy —(0—1) 2
200 (T aeg)
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Case 1B: Suppose, 6y — (# — 1) < 0, then condition (3.56) information is always

over acquired in equilibrium.

e If f < 2, there are three cases.
Case 2A: Suppose 0y—(0 — 1) < O0and (§ — 1)+ (0 —2) >0ory€ (0, (#—1)/0),
then there is always over acquisition in equilibrium.
Case 2B: Suppose 0y—(0 —1) > 0and (0 — 1)+y(0 —2) >0orye ((#—1)/0, (6—1)/(2—-10)

There is under acquisition of information if

2 0y —(0—-1) 2
”e<<1‘r><<9—1>+v<9—2>) w

and there over acquisition of information if

2 9’7_<9_1> 2
062(1_T)((9—1)+7(9—2)> “

Case 2C": Suppose y—(0 —1) > 0and (# — 1)+y (0 —2) <0or y€ ((# —1)/(2—6),00),

then there is always under acquisition in equilibrium.

Proof of Proposition 27 Suppose firms use information efficiently at Stage II.

Then, a firm profit at Stage I can be written as

N2 v , 02 0
H(crg,oz,k:Q)zl—gexp{—ék:ng—[(l_r)

5 62 + (1 —a*)’ O’Z:| } .

At the symmetric outcome, the marginal value of information for an individual firm, after
replacing k3, is:
oIl

52
00?2

(16_9T)a*2 <0.

Notice that when information is used efficiently, the firm’s marginal value of information

b2

to its own information choice is constant, i.e. 9I1/852052 = 0.
The household’s lifetime utility when information is used efficiently (after replacing k3
and o) is

50
U=-——— qa'o2—=.
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The marginal value of information for the social planner is given by

o _ 00 a*? <0
oo2  2(1—r)

Also, note that

ou 1 50?2

— = >0
962 (1=71)((1—71)02+002)°

Using Lemma 4, if the marginal value of information to the social planner is smaller
(greater) than the marginal value of information to the firm, then there is over-acquisition
(under-acquisition) of information in equilibrium. Over-acquisition of information in
equilibrium happens when 9U/d0? greater than 9I1/d02. It is easy to see that this is true

so long as v > 1. If this condition does not hold, there is under-acquisition of information.

Proof of Proposition 28 Note that a firm’s expected profits are decreasing in its

2

e’

own noise &
oIl

8&2<0'

Compute the derivative of the team profits with respect to the noise of the signal 2. In
a symmetric outcome this derivative is the sum of two factors

diiT oIl o1l

5 = Aaglet=02 T 55 -
do?2 062 7¢ "¢ Oo?

(3.57)

The first factor corresponds to the derivative of a firm’s expected profits evaluated at the

symmetric outcome, i.e. 6% = o2. The second factor corresponds to the externality.

e —

Combine Proposition 31 with the expression from equation (3.57) so that in a sym-

metric equilibrium:

g I 1
= it =0 Vo?
do? 06277~ Qo2
o ol -
do2 — 062%0% '

e

e

Hence, there is a negative externality in any symmetric equilibrium.

154



Proof of Proposition 29 Plug a from equation (3.38) into the ex-ante expected

profit (3.41). The team profits are given by

1

n? = (9_1)(1_7")%10‘%(%)}( - -
€ Y=

which does not depend on o2, i.e. X
dIr

— =
do?

Proof of Proposition 30 The proof is analogous to the proof for Proposition 31.

Team profits are obtained after replacing (a*, k3) into II (62, o, k%)

which requires 0 > v to guarantee positive profits. Hence the marginal value of informa-

tion is:
drrr

@:0.

To prove that sign of the externality, we proceed as in the proof for Proposition 28.
Proof of Proposition 32 From equation (3.42):

o211 o2\’ dgy  dey\ O [ ¢?
aaga&g_(ag+&g){ (¢1d02 da§)+8&§( 2+¢2) '

Using Proposition 28, in any symmetric outcome

Ol . ? o? 2
el | u .
957 ( * d’Q) (aa T az)

Hence
211 o2 \’. d¢1 L 4o ¢ o2\’
02062 (ffawz) H{( o2 da?) - (_?+¢2> (o—5+az) ’
where
dgr | do» 0—1)1=7)°0(5—1)02 (62 + 02)
—1—— 5 = >0.
do? " do? (1—7r)02 +02)*
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Plug the previous expression into d2I1/do2d6>

5211 :i<_¢1d¢1 d¢2> {(1—7~) (4(5—1)—52003)ai+(4(5—1)—(1—7")52903)03} _

002062 Qo2 | do? G—1)((1—r)o2+0?)

Note that if 02 < 4 (§ — 1) /620, then decisions are strategic complements, i.e. 9*I1/002962 >
0. On the other hand, if 4(6 — 1) /(1 —r) %0 < o2 then decisions are strategic substi-
tutes, i.e. 9?I/D02962 > 0. Finally, if 4 (§ — 1) /620 < 02 < 4(6 —1) /(1 — r) 620, then

the sign of 92I1/902062 depends on the value of o2,
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