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Abstract

This thesis examines information imperfections in asset markets and its impact
on economic performance through technology adoption and innovation.

In a rational setting, where equity market participants take into account com-
mon public information in addition to their private signals about fundamentals,
equity prices are persistently biased towards the public signals. Chapter 2 in-
vestigates the real effect of such mis-pricing, when R&D producing firms rely on
equity finance. Relating to the recent technology stocks boom, the model shows
how market’s optimism causes more innovations. Furthermore, such optimism can
generate gains in aggregate consumption.

Chapter 3 analyzes equity markets’ role in facilitating ownership transfer from
entrepreneurs investing in adopting technology to managers running these firms
once technology is adopted. Information imperfections in equity market affect
entrepreneurs’ willingness to invest in frontier technology in two ways. First, un-
certainty about equity price or lack of market liquidity discourages technology
adoption. This can explain slow technology adoption and limited venture capi-
talists’ participation in under-developed equity markets. Second, imperfectly in-
formed market participants take fast adoption as a positive signal. The resulting
increase of expected market value encourages technology adoption. Probability
of fast technology adoption is highest at an intermediate number of informed in-

vestors.

Chapter 4 looks more closely into the extent of asset mis-pricing by endoge-



nizing the variance of investors’ private signals. Better quality of freely available
public information reduces incentives to invest in private information and can mag-
nify the extent of asset mis-pricing. Furthermore, in a dynamic setting, investors’
react more slowly on changes of the fundamentals because incentives to invest in
research are low in early trading periods. The chapter also shows that availability
of longer price history might not bring asset prices closer to the fundamentals, as

investors choose to free-ride on other investors’ research efforts.
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Chapter 1

Introduction

More developed financial systems are expected to promote entrepreneurial and
innovative activities and thereby long-term growth. This idea is supported by a
wide literature on the impact of credit constraints on growth!. In addition to debt,
the development of equity markets and related instruments such as venture capi-
tal or private equity, provide firms with increasing variety of funding mechanisms.
As equity prices are subject to uncertainty and potential mis-pricing even in the
most developed countries, the implications of this to aggregate economy is still
a question of an academic and policy debate. This thesis aims to contribute to
this discussion by addressing questions in two broad areas. First, how does imper-
fect private information among equity market participants affect investments in
technology and aggregate economic growth? Second, how is the extent of these in-
formation imperfections determined in an environment where investors can choose
how much private information to obtain?

Equity markets are likely to be of particular importance for innovation for the

following set of reasons addressed in this thesis:

1See for example Aghion, Howitt, and Mayer-Foulkes (1993). Also a comprehensive overview
of the literature addressing the relationship between financial development and growth can be
found in Levine (2005)
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* An innovation project tends to lack assets that can be collateralized. Also,
the success such project is uncertain, while offering high returns in the event
of success. These characteristics makes equity likely to be a more feasible and
desirable source for raising external funds for such projects than debt (see
e.g. Brealey and Myers 2003, Allen and Gale 1999). Also, empirical evidence
shows that R&D intensive firms are more likely to raise equity funds than
other types of firms. (e.g. Aghion, Bond, Klemm, and Marinescu 2004, Carlin
and Mayer 2003).

o Entrepreneurs that establish firms that innovate or adopt new technologies
are likely to have a particular talent in identifying and starting up good
projects. If at least some of these entrepreneurs do not have a superior
managerial talent, welfare gains arise if firms can be easily sold. Such benefits
of ownership transfers have been analyzed in a perfect information setting by
Holmes and Schmitz Jr. (1990). Developed equity markets provide a good
mechanism for this. Furthermore, good exit opportunities are crucial for

venture capitalists to be willing to provide funds for technology investments.

While these aspects make the existence of equity markets important for firms
that can invest in technology, equity prices can deviate from their fundamentals.
A wide empirical literature has found that equity prices react slowly on changes
in variables that proxy the fundamentals (e.g. Cutler, Poterba, and Summers
1991, Jegadeesh and Titman 1993, Chan, Jegadeesh, and Lakonishok 1996), tend
to become overpriced (underpriced) after long record of positive (negative) news
(e.g. De Bondt and Thaler 1985, Chopra, Lakonishok, and Ritter 1992, La Porta
1996) and are affected by market sentiment (e.g. Lee, Shleifer, and Thaler 1991,
Swaminathan 1991).

Behavioral approach attributes these patterns to some degree of irrationality

15



among investors. For example, investors could be making persistent mistakes
in their expectations due to psychological factors (e.g. Barberis, Shleifer, and
Vishny 1998). Even when some investors are rational, they would not necessarily
eliminate asset mis-pricing in the presence of irrational traders, as it would be
rational to benefit from forecasting the beliefs of irrational traders (e.g. De Long,
Shleifer, Summers, and Waldmann 1990). However, persistent mis-pricing for
a similar reason can occur also in a fully rational setting as pointed out more
recently by Allen, Morris, and Shin (2006) and Bacchetta and van Wincoop (2006).
This thesis adopts a noisy rational expectations approach and similar information
structure to these two papers when modelling equity prices.

Throughout this thesis, it is assumed that investors can obtain information
about firms’ fundamental value (or dividends) from three sources: private signals,
public signals? that are common for all investors and price signals. As long as none
of these signals is perfect for an average investor, it is rational for them to take all
these signals into account when forming their expectations. As a result, the errors
in the public signals will affect the average beliefs and equity prices. In general,
asset prices are a function of the true fundamental value, public signals and supply
shocks. This has several implications for equity prices that are important for the

mechanisms analyzed in the different chapters of this thesis:

1. Equity is typically mis-priced and is tilted from the true fundamental value

towards the public signals.

2. The extent of mis-pricing is lower if the quality of private information in the

market is high.

3. Especially when investors have short horizons and care about future equity

2The public signal could reflect for example "market sentiment", announcements by policy
makers or opinion leaders and news more generally.
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prices, then the mis-pricing generated by the availability of public signals is
persistent. Equity prices adjust slowly to changes in the fundamental value

and fast to changes in the public signals.

4. From the point of view of entrepreneurs that aim to sell their firms in the
equity market, uncertainty about the future public signals generates further

uncertainty about the price they can sell their firms for.

Chapter 2 addresses the firms’ ability to invest in technology. It incorporates
equity markets with information imperfections, as described above, into a Romer
(1990) style growth model and analyzes the impact of mis-pricing on aggregate
output and consumption. In order to highlight the effect of the mechanism, it is
assumed that equity is the only source of funding for R&D firms. The source of
uncertainty is assumed to be the productivity of final goods’ sector in using the
new technology. This translates into uncertainty about the demand innovative
firms face in the future and therefore uncertainty about their future profits and
dividends.

During periods when equity markets are optimistic (in the sense that public
signal is higher than the true productivity) firms can raise more funds and produce
more R&D. This implies that output increases faster. At the same time, investors
with imperfect information get losses in the equity market. The main question of
this chapter is whether such mis-pricing can lead to permanent gains or losses in
aggregate consumption. It also analyzes how such an economy reacts to changes
in the actual productivity compared to the case of perfect information setting.
Chapter 2 shows that if the R&D sector is not very congested, some degree of
market optimism is likely to be beneficial for the economy.

In the light of the recent technology stocks boom in the United States and

other developed countries, the mechanism suggested in this chapter contributes to
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understanding the real effect of these events. It also suggests that policy makers
could have an incentive to encourage some degree of market optimism.

Chapter 3 investigates how imperfect information in equity markets can affect
firms’ willingness to invest in technology. It takes a radically opposite approach
to Chapter 2 in assuming that entrepreneurs in a small open economy can always
find resources to invest in profitable technology adoption (or innovation) projects.
In reality, even if debt financing is not suitable for R&D investments, such invest-
ments could be funded from own funds or by engaging a venture capitalist. The
crucial assumption in this chapter is that entrepreneurs, who establish firms that
adopt technology will sell their firms after the initial phase of development has
passed. Similarly to Chapter 2, uncertainty is assumed to arise from the demand
side and the mechanisms are analyzed in an endogenous growth framework (in the
spirit of Aghion and Howitt 1992).

The chapter further assumes that entrepreneurs (alone or joining with a ven-
ture capitalist) have superior information about the fundamental value of their
firms. As technology adoption decisions and investments are made before the
firms are sold in the equity market, there is uncertainty about the public signals
(or market sentiment) that affects the market value of the firms. There is also
uncertainty about the noise trading in the period that firms will be sold3. Such
uncertainty can discourage entrepreneurs from engaging into technology adoption
projects that would be profitable in perfectly informed equity markets. This neg-
ative force is called "fear of unstable markets". At the same time, some degree
of imperfect information could also increase the speed of technology adoption due
to a second the force that is called "adoption to signal". This force emerges be-

cause technology adoption decision becomes an additional signal for imperfectly

3This is likely to be less important in relatively liquid equity markets.
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informed equity market participants. They would rationally infer that entrepre-
neur would not invest in an expensive technology, if the fundamental value of the
firm is too low. As a result, investors are willing to pay more for firms that invest
in expensive technology. This could lead initial owners to undertake technology
projects that they would not find profitable in perfectly informed markets. Nev-
ertheless, investing in better technology still leads to higher output and wages, in
aggregate level.

The chapter also addresses implications that arise from the presence of such
mechanisms. First, to analyze policy makers’ incentives to pursue policies to-
wards transparency, the degree of information asymmetry between entrepreneurs
and equity market participants is endogenized by introducing information cost.
The chapter shows that policy makers can lack incentives to eliminate these in-
formation asymmetries due to "adoption to signal", even if they would be able to
set equity market participants’ information costs to zero. Second, assuming that
in a small open economy context the foreign investors are relatively less informed
than the local ones, the chapter analyzes if restricting foreign portfolio invest-
ments could be beneficial because it reduces the magnitude of "fear of unstable
markets" force. It is shown that while such policy may increase the probabil-
ity of fast technology adoption under specific circumstances, there is a trade-off
between higher uncertainty and lower liquidity. The model is consistent with
empirical evidence that lack of liquidity is likely to lead to underpriced equity
(see e.g. Sadka 2000, Pastor and Stambaugh 2003, Amihud 2002, Acharya and
Pedersen 2005). The implied lower expected market value of the firms reduces
entrepreneurs’ incentives to invest in new technologies.

The mechanisms analyzed in this chapter could explain the current important

differences in aggregate performance among transition countries despite their sim-
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ilar initial share of human capital, stage of development and institution at the
beginning of 1990’s. It can also provide insights for explaining the differences in
venture capital investments across countries. Finally, the mechanisms analyzed
could have also been relevant during the technology stocks boom in developed
countries, where there might have been a role for "innovation to signal" force.
The mechanisms in Chapters 2 and 3 rely on the fact that equity market par-
ticipants have imperfect private information. While Section 3.3 in Chapter 3 ad-
dresses the fact that the average quality of private information can be endogenous,
it is done in a simple setting with one trading period for each risky asset and two
types of investors: informed and uninformed*. Chapter 4 looks at endogenous
quality of private information in a multiple trading periods partial equilibrium
setting similar to Allen, Morris, and Shin (2006). It assumes that short-lived in-
vestors’ trading decisions are based on public, price and private signals about the
liquidation value of a single risky asset. Investors are heterogeneous in the private
signals they observe and they choose the precision of their private signals before
observing the signal and trading. It is shown that if higher quality public signals
are available, it reduces incentives to acquire better quality private signals. As a
result, policies that aim to reduce the variance of public signals have an ambigu-
ous effect on the extent of mis-pricing. While a public signal of better quality is
expected have a smaller error, the impact of this error becomes magnifies through
the higher weight investors put on this signal when forming their expectations.
Furthermore, short-lived investors who care about next period’s asset price
rather than the fundamental value of the assets not willing to put a lot of re-

search effort in analyzing events that are further in the future. Therefore, the

4The technological progress in Chapter 2 is modelled as quality improvements in the spirit
of Aghion and Howitt (1992) and Aghion, Comin, and Howitt (2006). In that setting firms can
sustain their monopoly power only for one period before being driven out of the market. This
implies that firms are traded in only one period.
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slow-reaction on the news on the fundamentals is more pronounced than in Allen,
Morris, and Shin (2006), where short-lived investors effectively have constant qual-
ity of private information over time.

Another interesting implication of endogenous information costs arises when
comparing the extent of potential mis-pricing of assets that have different length
of price history available. If the precision of private information is fixed, longer
price history necessarily reduces the extent of mis-pricing. This is because of the
additional information revealed in historical prices. In the case of endogenous
information costs this might no longer be the case. Longer price history reduces
the marginal benefit of improving the quality of private signals and encourages
investors to free-ride on the research efforts of investors that traded in earlier
periods. Depending on the assumptions about marginal research cost, this could
even lead to assets with longer price history to be more mis-priced.

Some on these results are sensitive to the assumption of short-lived agents.
To investigate the implications of this, Chapter 4 extends to consider long-lived
agents who have preferences over consumption on the final liquidation date as
in Brown and Jennings (1989). In such case®, asset prices react on the changes
in fundamentals much faster. Chapter 4 also shows that in such case investors
prefer to obtain a higher quality private signal as early as possible and do not
have incentives to delay their research efforts and wait for further information to
be revealed in prices. This is because their private signal will remain useful in
later trading periods and they can foresee their future demand for the risky asset.
While the price adjustment dynamics change in the case of non-myopic investors,
the direction of impact of other variables that affect incentives to acquire private

information remain unchanged.

5 As also shown by Allen, Morris, and Shin (2006) for a special case of infinite variance of
noise trading.
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The rest of the thesis is structured as follows. Chapter 2 analyzes the impact
of equity mis-pricing on equity funded and R&D driven growth, when equity
market participants are short-lived and have noisy private, public and price signals.
Chapter 3 addresses the aggregate effects of information asymmetries between
equity market participants and entrepreneurs adopting technology and aiming to
sell their firms in equity markets. Chapter 4 proceeds by looking at investors’
incentives to acquire costly private information about the fundamentals and the
extent of asset mis-pricing that arises in a setting where public information is
available. Finally, Chapter 5 highlights the links between the insights coming
from the different chapters, presents the implications for economic policy and
discusses weaknesses present in the analytical framework that give directions for

future research.
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Chapter 2

Equity mis-pricing and R&D

growth

2.1 Introduction

The recent developments in the stock market prices of the United States’ technol-
ogy intensive firms poses the following question. If these stocks were overpriced,
what would be the aggregate economic impact of this? Could it be that the United
States experienced higher output following this boom? If firms that produce R&D
rely on equity finance, overpricing in equity markets provides them with cheaper
funds and enables them to produce more R&D. Hence, as long as R&D is the
driver of economic growth, there can be gains in aggregate consumption due to
optimism in equity markets. At the same time, optimism can have an opposite
effect, because investors get losses when they invest in overpriced equity markets.
This chapter presents a theoretical model that investigates how equity mis-pricing
transmits to the real economy through R&D growth.

Figure 2.1 presents data on real price earnings ratio from the firms listed in

S& 1’500 over the period 1970-2002, along with a proxy for R&D output, as given

23



11.5 38

w111 =
s s
T: [*]
§ 109 =
> 2
= @
§ 10.7 - @
o g
2 105 E
» o
g -
2 103 2
a Q

10.1

9.9

1970 1975 1980 1985 1990 1995 2000

patents by grant year — — — — price earnings ratio

Figure 2.1: S&P500 price earning ratio and USPTO patents granted to non-
government institutions

by number of patents granted by USPTO to the United States non-government
institutions'. The two series co-move along time, reflecting the pattern of produc-
tivity growth of the United States over the same period. Most rational expecta-
tions models explain this correlation by the forward looking nature of the equity
market. However, if the market price deviates from the fundamentals, then the
correlation can also be driven by the funds available for R&D activities through
equity issue. The existence of such feedback becomes of particular interest in
relation to Information and Communication Technologies (ICT), for which the
same correlation pattern is present. Importantly, the ICT producing sector is
highly intensive in R&D and patenting activity (Carlin and Mayer 2003), while
recent growth accounting identifies this sector as the driver of economic growth
(Jorgenson, Ho, and Stiroh 2005).

In endogenous growth models like Romer (1990), Grossman and Helpman

I Figure 1 presents the series in log levels and their respective trends (Hodrick-Prescott filter
with A = 100 for annual data). Data on price-earnings ratios and patents is from Robert J.
Schiller and Bronwyn H. Hall websites respectively.
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(1991) and Aghion and Howitt (1992), R&D is the engine of growth. This chapter
keeps a similar setting in the production side. There are competitive final good
producers, who use capital varieties that are produced by the monopolistic inter-
mediate goods sector. Similarly to Comin and Gertler (2004), intermediate goods
sector produces also its own R&D, in a decentralized manner. The key difference
to all aforementioned papers, is that this chapter considers the possibility of equity
mis-pricing resulting from the information imperfections of consumers (investors).
Consumers are modelled as overlapping generations, in order to emphasize on
investors who care about the short-term movements in equity prices.

Accounting for the potential mis-pricing of equities is important. There is
empirical support on equity prices under-reacting on the changes in fundamentals
(see Chapter 1 for references). Also, most fund managers find it important to
take into account their own perception of market view about a particular asset, in
addition to their private fundamental research (e.g. Menkhoff 1998).

Several models in finance emphasize on irrationality (e.g. animal spirits) in the
investors’ behavior that result in the mis-pricing of asset (e.g. Barberis, Shleifer,
and Vishny 1998). However, mis-pricing can occur in a purely rational setting, as
shown by papers on higher order expectations by Allen, Morris, and Shin (2006)
and Bacchetta and van Wincoop (2006). In these papers, the necessary component
for mis-pricing to occur is the existence of heterogeneous, noisy private informa-
tion together with common, noisy public information?. Such setting results in
a rational expectation equilibrium, where all investors end up taking both sig-
nals into account and asset prices are affected by the public signal. This chapter
takes a similar approach on the information structure and therefore the frictions

considered result from rational behavior.

2nPyblic information" or a "public signal" is distinct from the price signal in this chapter.
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The channel through which equity prices affect R&D growth in this chapter, is
that R&D is financed by issuing equity. The reason why equity financing is likely
to be more important for the R&D producing than other sectors in the economy,
is that this sector is not appealing for debt contracts, while internal finance is
may not provide sufficient funds. R&D production activity lacks collateral and
carries agency problems, driven by the uncertainty about the success of innova-
tions and the demand for them. As a result, debt financing may not be desirable
or possible for the innovating firms (see discussion on bankruptcy costs in Brealey
and Myers 2003). Empirical evidence by Aghion, Bond, Klemm, and Marinescu
(2004) based on the United Kingdom data shows that firms that report R&D are
more likely to raise equity than those that do not. Also, the probability of eg-
uity financing increases with R&D intensity. Carlin and Mayer (2003) investigate
OECD countries’ data and find support for Allen and Gale’s (1999) hypothesis
that equity market is more relevant for raising funds for the R&D intensive firms.

In order to highlight the main mechanism, the chapter abstracts from the choice
of financing for the R&D producers. It assumes that their only available source
of financing is equity. Furthermore, the success of innovation is assumed to be
certain, as in endogenous growth models like Romer (1990), Evans, Honkapohja,
and Romer (1998) and Comin and Gertler (2004). This assumptions are mainly
for simplicity of argument to emphasize on the main questions of this chapter.
The uncertainty about the level of demand for the innovations in the model, is
introduced through a labour augmenting productivity shock in the final good
sector.

The main question addressed in this chapter is the impact of pure optimism on
aggregate economy. The chapter shows how market optimism reflected in a public

signal above the true productivity can induce expansion of the economy. In par-
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ticular, it analyzes whether such deviation of equity prices from the fundamental
value coincides with higher consumption, despite resulting in losses in the equity
market for the consumers.

Another question relates to the impact of an actual change in the fundamentals
(transitory or not, anticipated or not). The performance of the model economy,
where there are various sources of imperfect information, is compared to the econ-
omy, where the fundamentals are known to the financial market participants. In
addition, the chapter addresses the impact of noise trading shocks. Finally, the
chapter provides an insight into how changes in the quality of different sources of
information and risk aversion would affect the response to the public signal and
true productivity shocks.

The chapter is organized as follows. Section 2.2 sets up the production and
consumption side of the economy for the general case of infinite horizon. Section
2.3 describes the information structure and presents the analytical solution and
the comparative statics for the three-period horizon. In such setting there is only
uncertainty about the liquidation value of intermediate goods firm in the second
period. Section 2.4 presents numerical results for the infinite horizon model. It
confirms the conclusions for the three-period model and discuss the additional
insights provided by this framework. Section 2.5 summarizes the main findings
and discusses the incentives of policy makers that can affect the public signal (e.g.

central banks) to make truthful statements.
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2.2 The general setup

2.2.1 Production side
Final good producers and intermediate goods production

Competitive final good producers use all labour (L) and capital varieties (z;(j))
that are available in the economy in period t (j € [0, 4]; A; is given). The
capital depreciates fully in a period. The sector rents capital varieties from the
intermediate good’s sector for a price p,,(j) and pays wage w, to consumers. The
final output is the numeraire and its price is normalized to one. Therefore, the

final goods’ producers solve

At At
pax Y= [ o G)li)d - wiL, st Y= @3 [s0) @D
0 0

where ¢, ~ N($,1/8,) is a labour augmenting productivity shock®. This is also
the publicly known prior distribution of productivity. At the beginning of period
t, ¢, is known, but there is uncertainty for all future ones.

Monopolistic intermediate goods producers use 7 units of final good in order
to produce one unit of capital good. They maximize profits:

dY

| max i) = peG)entd) — ni), st pali) = s |-

Given the symmetry among the intermediate goods firms, the demand for

3The normality assumption, while being unrealistic by allowing negative output, greatly
simplifies the solution. It is also widely used assumption in the finance literature about the
liquidation value of assets. By reasonable assumptions about the parameters the probability of
negative output or asset prices is negligible. The main mechanism would remain valid with dif-
ferent distributional assumptions. The normality assumption is maintained in the other chapters
of this thesis for the same reason.



intermediate goods is

a2 1

Iy = (;)EL@ (2.2)

Since the demand is linear in ¢,, the intermediate goods firms face uncertain
future demand. Profits are also linear in ¢, and uncertain in the future,

l—a. a? 1

7y = I'¢,, where I’ = g( )(?)EL (2.3)

«

Since all firms of the sector get exactly the same profits, consumers treat all
equity in the economy as one asset. The total supply of equity coincides with the
number of capital producing firms.

The aggregate capital stock can be expressed as

Kt = nAt:z:t. (24)

R&D production

The R&D production is modelled as in Comin and Gertler (2004). The firms
conduct R&D to invent a new capital variety, one period in advance of producing
and using this variety for the final good production. The input to R&D is final
goods, which implies that R&D expenditures become procyclical. A firm that
intends to enter the intermediate goods producing sector in period t + 1 needs to
undertake R&D during period ¢. It raises its R&D expenditures by issuing equity
worth of I,(j). The R&D production function from the point of view of every

investor is

At+1(j) - At(j) = XtIt(j)’ (2-5)

where ), is taken as given and exogenous in every period. At the aggregate



level the R&D productivity is given by

— L\
Xe = A (?) KA, (2.6)

t

'This allows for congestion in R&D, implied by the aggregate I; entering neg-
atively this expression, for 0 < p < 1. The parameter p measures the extent of
congestion, with higher value implying lower congestion and higher productivity
for R&D (p is the elasticity of R&D output with respect to R&D intensity). The
existence of knowledge spillover over time, is captured by A;. The current value
of capital stock (K;) acts as a proxy for the embodied knowledge stock. The
parameter A is a pure scaling factor.

Since the firms conducting R&D do not have alternative sources of funding,
they invest in R&D the funds they can raise in the equity market. Free entry to
R&D production level ensures that R&D activity gives zero profits for every firm,
BPi(At+1(4) — Ai(4)) — I.(§) = 0, and the entire sector:

Pt(At+1 - At) = I;. (2-7)

Despite the fact that the equity price depends on future productivities, R&D pro-
ducing firms take this price as given, while the outcome of R&D production is
known with certainty by all agents. R&D producers do not have any superior
information about their future profits and are forced to paying these all out as
dividends. This chapter abstracts from any agency problems between R&D pro-
duces and investors, in order to focus on the impact of investors’ information

imperfections.
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2.2.2 Consumption side

The consumption side consists of overlapping generations of rational and non-
rational consumers, who work and invest in assets in the first period of their lives,
and retire and consume in the second period. The short-lived agents assumption
emphasizes the behavior of investors, who care about the short-term price move-
ments in addition to the fundamental value of firms.

There is a continuum of short-lived rational consumers normalized in the in-
terval [0,1], who make their asset allocation decisions when young. A rational
(indexed as R) consumer 4, born in period ¢ , invests his labour income (w;L) in
stocks of the intermediate goods firms and the risk-free technology (¥;). The lat-
ter offers a certain gross return R > 1 on funds invested in it during the previous
period (M;_;)*:

Y, = RM,_;. (2.8)

There are no short-selling or borrowing constraints.

Rational consumers maximize the CARA utility

—T 1
Ut frd _e cf|t+1( ),

where risk aversion is measured by 7. Using the consumer’s budget constraint,

the consumption of a rational consumer i can be expressed as

Crt41(i) = (Peg1 + Te1) bt (3) + RMp4(3) = (Pip1 + Ter1 — RP)hrs(3) — RurL,

where h,..(i) and M,.(i) represent respectively consumer #’s equity and risk-free

asset demand. Using (2.3), consumer i’s optimal demand for stocks can be express

4The risk-free asset could be another final good technology, storage or foreign assets.
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hyy(3) = E[Pi1 + Ty |%(0)] — RP,
Tt 7 Var[Piy + Ly 1|Q(3)]

(2.9)

where €,(3) is the information set available for consumer i in period t and defined
explicitly in Sections 2.3.1 and 2.4.1.

The aggregate demand of rational consumers for stocks and the risk-free asset
are H,; and M, respectively. The latter is given by M,; = w;L — P,H,;. The
aggregate consumption of rational consumers in period ¢ is equal to C,, = (P, +
me)Hr g1+ RMpy1.

The non-rational (indexed as n) consumers, born in period t, differ from the
rational consumers only in two respects: they are not endowed with labour and
they demand a random quantity of stocks®. The existence of non-rational con-
sumers with random equity demand is necessary to make the equity prices not
fully revealing (a paradox first addressed by Grossman and Stiglitz 1976)¢. The

equity demand of non-rational investors in period ¢ is

Hn,t = At+1—3t,
1

ss ~ N(0,—],
t ( ﬂs)

where s, is the noise trading shock. The mean of the non-rational consumers’
equity demand is equal to aggregate supply of assets in period t (A;41), in order
to ensure that the financial market do not have excess or shortage of liquidity on
average. Equity market clearing implies A¢y1 = Hypp + Hrp => 5t = Hyys.

As the budget constraint for the non-rational consumers is similar to that of

the rational consumers, their investment in the risk-free technology in period ¢

5The wage income does not affect the demand for stocks with CARA utility maximization
under no short-selling or borrowing constraints. Therefore, the split of wage income between
rational and non-rational consumers does not affect the aggregate results.

6See also Chapter 4.
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is Mpy = —P,H,;. The non-rational consumers born in ¢ — 1 consume Cnt =
(Pt + Wt)Hn,t—l + RMn,.t—l in period t.
The aggregate investment in the alternative technology and aggregate con-

sumption are respectively

My =M, + M,; =wL — P,A, 4, (2.10)

Ct = Cr,t + Cn,t = (13,1 + Wt)At + RMt_l. (211)

2.2.3 Goods market clearing

The goods market clearing condition in period t is

Yt+Y,f=Ct+Kt+It+Mt

Using equations (2.1), (2.2), (2.4), (2.8), (2.10), (2.11) and w;L = (1 — a)Y;, one

can simplify this to

(P¢t = Wt)At = I — Pt(At+1 - At)-

The LHS of this equals zero, given (2.3) and the RHS equals zero, because all
the funds raised from the equity market are used for R&D investment, (2.7).
Therefore, the market clears out in all interim periods. The details on the market
clearing conditions in the initial and terminal period of the three-period economy

are shown in Appendix A.l.



2.3 Three-period model

2.3.1 Information structure and equilibrium equity prices

The production of final good (described by (2.1)) takes place only in periods 1
and 2. The productivity in the first period (¢,) the number of intermediate firms
(A1) and the initial investment in alternative technology (M,) are given. The
uncertainty concerns the productivity in the second period (¢,). Since the last
period that intermediate goods producers operate is period 2, the dividend paid
during this period is the liquidation value of the firm.

The R&D production (described by (2.5),(2.6)and (2.7), where ¢ = 1), occurs
only in period 1, since there is no any demand for capital varieties developed in
period 2. Hence, there is no equity market in period 2 (P, = 0). Consumers
born in period 2 receive labour income (wsL), and invest it all into the alternative
technology, because it is the only available asset. This implies, C3 = Rw,L.

The information structure is similar to that of Allen, Morris, and Shin (2006)
and Bacchetta and van Wincoop (2006). In period 1, every rational consumer
i born in that period, receives a private signal v(i) = ¢, + €,(i), where €,(i) ~
N(0,1/8,). The trading decisions will be based on three sources of information:
this private signal, the public signal ¢, ~ N'(¢,1/8,), and the equity price signal.
Therefore, the information set is Q,(i) = {v(3), ¢,, P,}. The variance of the price
signal depends on the variance of the net supply (1/8,). The private signals, the
public signal and the noise trading shock are assumed to be uncorrelated with
each other and across consumers.

By aggregating the demand of all rational consumers (2.9) and equating this



demand with net supply of stocks to rational consumers gives

r

P = V7 (El¢sln] — 7T Var (8,/) 5) , (2.12)

where average expectations of all rational consumers in period are denoted as
E[.|Q] = fol E[..|9%(3)]di for period t. The quality of information will be the
same for all of these consumers, therefore Var [¢,|Q; (i)] = Var (¢,]), for all ;.
The equilibrium equity price is found by assuming the price function and then
solving for the coefficients with the method of undetermined coefficients. The

equilibrium equity price equation is

r r
Pi= 2+ 51 (B — bs) — Szsy, (213)
where
Bs
= 2.14
21 /8¢+(g%)2133+13v ( )
[ + (%&)2@,,

By+ (Z2)28,+8,

See Appendix A.2 for details of the derivation.” The term I—I;zl @2 — ¢2) in (2.13)
captures the extent of mis-pricing. This is due the presence of the common and
noisy public signal. If none of the signals is perfect, it is rational for each con-
sumer to take all of them into account, when forming their expectations about
productivity in period 2. While the noise in private signals averages to the true
productivity (¢,), when aggregating over all rational consumers, the mean of the
public signal (@,) does not average out to the true productivity.

Market optimism is defined as ¢, > ¢,, which means that equity is overpriced,

7See also Chapter 4 about solving a similar problem..
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even if the noise trading is at its mean (s; = 0).

2.3.2 Benchmark price equation

If private information was perfect (1/8, — 0), or there was no public information
(1/B4 — o0), then the term (@, — ¢,) in (2.13) would disappear. Define the
economy with perfect private signals as the "Benchmark economy". In this case,
consumers do not take into account the public signals.
By using equations (2.13) and (2.14), the equilibrium price in the Benchmark
economy is
r T

B _ 1 —_ —_——
A= 1/15,1,20(]31) Rd)2 RV

In the analysis that follows, equity is considered to be "overpriced" ("under-
priced"), if the equilibrium price in the setting described in Section 2.3.1: the

"Model economy" exceeds (is below) in the one in the Benchmark economy.

2.3.3 Results
R&D and output growth

Aggregating R&D production (2.5) and combining it with (2.6) and (2.7) for t = 1,

R&D growth can be express as

L £
A2 — A1 1l—a\1-r P1 1-p
= = — . 2-15
4= (Ap a) (Wl) (2.15)

Therefore, R&D growth during period 1 depends positively on the equity prices,
given the profits paid as dividends in the same period. As it was established in
Section 2.3.1, equilibrium equity price is affected by the public signal. Given

(2.13), equation (2.15) shows that a pure improvement in the market sentiment
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increases R&D growth.

The magnitude of the equity mis-pricing depends on the weight on the public
signal (2) in the equity pricing equation. An increase of this weight amplifies the
positive impact of market optimism (negative impact in the case of pessimism) on
equity prices and R&D growth. As shown in Appendix A.3, this weight increases
in the variance of private signal and decreases in the variance of the public signal.
These variances reflect the relative quality of the different sources of information.
The weight on the public signal also increases in the variance of noise trading and
risk aversion. Both of these worsen the quality of the price signal. The former is a
direct impact of more volatile noise trading. The latter is due to the lower demand
and participation of rational-consumers in the equity market. Finally, the prices
can be affected by the noise trading in period 1. This is true also in the case that
the rational consumers have prefect information.

Output growth that comes from the productive activity of the agents can be
expressed as

=h-h_ 9 _ 2.16
g ="y (1'*'9/1)¢1 : (2.16)

Output growth has two parts. One is coming from the exogenous productivity
growth and the other from R&D growth. Output growth always reacts stronger
on R&D growth, when it is accompanied with actual productivity growth. As
in the case of R&D growth, output growth is affected by all determinants of the

equity prices.

Comparison with the Benchmark economy

This section compares the reactions of the Model and the Benchmark economy to
changes in the true productivity, market perception and noise trading. The initial

scenario is set to be such that there is no productivity growth (¢, = ¢,), public
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signal is correct (¢, = ¢,) and noise trading shock is at its mean (s3 = 0). Details
of all derivations are in Appendix A.3 and A 4.
1. Non-justified improvement of market sentiment (increase of ¢,).

Public signal does not affect equity prices, nor any other variable in the Bench-
mark economy. In the Model economy, equity will be overpriced. Higher prices al-
low more funds for R&D investment and imply increase in R&D growth. Through
R&D growth output growth increases as well. Hence, in terms of output, the
impact of an optimistic market is clearly positive compared to the Benchmark
economy.

The impact on consumption is different across generations. Consumption of
the first generation (C;) will be higher. This is because these agents sell their
equity holdings at a higher price and retire before the lower liquidation value of
firms is realized. Consumption of the generation who traded on the market (Cs)
will decrease. They get losses from the equity market, given that the realized
profits of the intermediate goods firms are lower than they expected on average.
Note that this generation does not gain from the expansion of the economy and
higher wages, because their wages were determined from 1st period’s output. Due
to their mis-perception about the fundamentals, they invested too much in the
equity market and too little in the risk-free technology. The consumption of the
next generation (Cs), will be higher, because of the expanded output.

The overall impact on the welfare® is likely to be positive. Welfare gains will be
present if R&D growth rises enough to compensate for the capital losses from the
equity market. This requires relatively low congestion (high p) in the innovating

sector. If congestion is too high, further R&D activity is not very productive

8 We define the measure of welfare as the discounted sum of the aggregate consumption levels of
different generations. The discount factor is based on return from the alternative technology (R).
See Appendix A.4 for derivations. The results on welfare should be seen as purely indicative as
there is no well-established convention for analyzing welfare in over-lapping generations setting.
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and the extra funds invested in it, induce little gains in terms of output. In such
case the gains of the last generation would be small, while the second generation
gets remarkable capital losses. Also, for a given level on congestion, there is an
upper bound in how much the public signal can exceed the true productivity for
welfare gains to be sustained. Overall, for reasonable range of parameters, the
gains are realized for the Model economy. All these effects would be stronger, if
the mis-pricing is larger.

2. Above mean demand from the noise traders (decrease of s,).

Equity prices increase in both economies. Which economy reacts stronger de-
pends on the variances of noise trading and signals. However, unless the precision
of public and private signals is very low (when B4 + B, < 1T), then prices the
Benchmark economy will react more on the noise trading shock. This is because
in the Model economy the agents use the equity prices also as signals of the under-
lying productivity. Therefore, the agents facing imperfect information, consider
the chance of an actual productivity increase and take a less aggressive position
against the non-rational traders. This is assumed to be the case in the conclusions
that follow.

The R&D and output growth increase more in the Benchmark economy. First
period consumption increases because of the higher equity prices. Negative noise
trading shock means that the noise traders cause excess demand of assets by
borrowing from storage to invest in the equity market. The rational traders react
to guarantee lower losses for themselves (in the Benchmark they guarantee no
losses). However, there are large losses in the equity market at the aggregate
level. As a result, the second period consumption falls and does so more in the
Benchmark economy. Consumption in period 3 increases, because of the higher

R&D growth and output. This increase is be larger in the Benchmark economy.
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Provided that R&D congestion is relatively low and the noise trading shock is not
too big, there are welfare gains compared to the initial scenario. The welfare gains
in the Benchmark economy are higher.

A discussion about the differences in the impact of the noise trading and the
public signal changes is postponed to Section 2.4.2, since these differences are
better understood in the infinite horizon setting.

3. A productivity shock that is not accompanied with a change in the
public signal (increase of ¢,).

Prices increase in both cases, however the increase in prices is larger in the
Benchmark economy. This is because the Model economy puts a positive weight
on the unchanged public signal. As a result, the equity market will be underpriced.
Therefore, R&D growth will also increase in both cases, but will increase more in
the Benchmark economy. The same is true for the output growth. In both cases
there is growth due to both the exogenous productivity growth (same in both
cases) and R&D growth (higher in Benchmark economy).

Consumption in period 1 increases in both cases, because of higher stock prices.
Since the stock price increases more in the Benchmark economy, the consumption
will increase more as well. The wage income of the generation consuming in the
second period is not affected. In the Benchmark economy, these consumers price
equity correctly and will not get any excess gains from the equity market. Hence,
in the Benchmark economy, the consumption in the second period is the same as
in the initial scenario. In the Model economy, consumers get "surprise" excess
gains from the equity market. Thus, their consumption will be higher than in the
Benchmark economy. Consumption in period 3 increases in both cases, because
the expansion of the economy increases their wages. Since the output growth is

smaller in the Model economy compared to the Benchmark case, so is consumption



in the 3rd period. Welfare will increase in both cases. The welfare in the Model
economy will be lower than in the Benchmark economy, as long as congestion is not
too high and the public signal is not too low compared to the actual productivity.
Again, the magnitude of the difference between the Model and the Benchmark
depends on the variances of different signals.

4. A productivity shock that is accompanied with equivalent change in
the public signal (increase of both, ¢, = ¢,).

The stock prices increase by the same amount in both cases. Therefore, the
R&D and output growth rates will increase to the same extent in both cases.
Consumption will react in the same way as well, in either economy. That is C}
and Cj are increasing (higher prices and output respectively), while Cs stays the
same, as there are not excess losses or gains from the asset market. Welfare will

be higher and the same in both economies.

2.4 Infinite horizon model

2.4.1 Information structure and equilibrium equity prices

The production and the consumption side of the model is described in Section
2.2. There is uncertainty about all future labour augmenting productivity shocks.
Their prior distribution of these shocks ¢, ~ N(¢,1/8,). Every rational consumer
¢ trading in period t receives a private signal about the productivity T' periods
ahead vi(i1) = ¢, 7 + €,4(3), where €,.(i) ~ N(0,1/8,). He also inherits the
private signals from his ancestors (i.e. he gets a signal from a rational consumer %
born in t —1 about ¢, +_,, from one born in ¢t — 2 about ¢, ,;_, etc.). The earliest
private signal that remains still useful in period t is v;_7,1(%).

Notice that ¢ is a public signal that coincides with the long-term productivity
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in the economy. In order to allow for the possibility of more frequent release of
public signals and temporary optimism or pessimism in the market, assume that
investors also receive new public signals every period. Similarly to private signals,
investors trading in period t receive a public signal about productivity T periods
ahead, Et = ¢y + €5, Where e, ~ N(0,1/ 55). The earliest public signal that
will be still useful in period ¢ is ¢,_; +1-

Finally, these consumers obtain information about the future productivities
from current and historical prices. The earliest price that is useful in predicting
price future dividends is P,_7,;. Therefore, the information set available for a ra-
tional consumer i in ¢ is (1) = {v:(%), ..., Vs—1+1(2), Psy ...y Poyri1, at, ---5t-—T+1’$}'
All private and public signals, as well as the noise trading are assumed to be un-
correlated over time and with each other. Private signals are also uncorrelated
across consumers.

Aggregating individual consumers’ demand for equity and equating aggregate

demand with aggregate supply, equity price becomes
1—
P = 'R'E[Ptﬂ + Ty 1|Q] — 7 Var[Pry1 + Ty [Q]se. (2.17)

The conditional variance of the sum of next period’s price and dividend is the
same for all investors and over time.
The equilibrium price equation solved by the method of undetermined coeffi-

cients is

P,=T2®,+T7'3, + 'z, (2.18)

where ®; = (411, - Pears ";l?f*—‘, .., %) is a vector of unknowns that includes fu-
ture productivities and unknown net noise supplies. Note that s;—r is perfectly

revealed by the prices in ¢ — T. 3, = (3,_“1, ...,at)’ is the vector of updated
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public signals. It excludes the information in private signals and prices. Thus,
¢t+T|5ta$ ~ N(at: l/ﬂa})a where ,33 = 54; + 55 and & = %5 + %Et- Finally,
Zy = (21, .., 21, — 251, .., —2s1) and 7= (z1, .., 27)" are vectors of coefficients that
can be solved for numerically. The solution method for the equity price equation
is presented in Appendix A.5. It is noteworthy that in this setting equity prices
depend not only on the true productivities and current noise trading shock, but
also on the historical noise trading and the public signals.

Solving the infinite horizon model is done in two stages: first, numerically
solving for the equilibrium price equation and second, using this equation in order
to solve for the remaining endogenous variables of the model.

The Benchmark price equation is found under the assumption of perfect private

signals and is presented in Appendix A.6.

2.4.2 Results

As in the three-period case, R&D and output growth depend on the equity price,
which is itself affected by public signals:

- L
1l—a\¥* (BT
= — 2.19
gar (Ap o ) (’”t) ( )
i1 —Y: Pir1
= ———— =1 —_ —

Details on the parameters used to obtain the results below, are listed in Ap-
pendix A.7.% Similarly to the three-period model, in the "initial scenario" noise
trading at its mean, the productivity is constant and all public signals are correct,

(ie. Se4x =0, Pqx = 1, =1, at—T+k =1, at—T+k = 1 for all k € (—00,00)).

9The numerical outcome of the model should be treated with caution. Given that due com-
plications of identifying good proxies for the variables relevant for measuring the quality of
information in equity market, the figures presented here are provided purely for the purpose of
illustrating the direction of impact and the economy’s dynamics.
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Figure 2.2: Impact of an unjustified improvement of the market sentiment in t.

In this state, the Model and Benchmark economy behave exactly the same. Con-
sumers do not obtain any excess gains or losses from the equity market, and R&D,
output and consumption grow at the same rate.

1. A non-justified improvement of market perception about productiv-
ity in t (increase in ¢,).

This implies an increase in %_T and therefore in <Az§t_T. The Benchmark econ-
omy is not affected and behaves identically to the initial scenario.

Figure 2.2 depicts the impact of this on stock prices (P;), excess capital gains
(P, + m — RP,_1), R&D growth (ga.), output growth (gy.+), alternative asset
holdings (M;) and consumption. The latter is measured as deviation from the
initial scenario (C;/Ci™ for the Model and Cf /C{™ for the Benchmark economy,
where O™ is the consumption level corresponding to the initial scenario).

As in the three-period model, market optimism increases stock prices, R&D
growth and output growth for all periods from t — 7" to t — 1.

All the generations consuming between periods t—7'+1 and ¢ get excess losses in
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Figure 2.3: Impact of a positive noise trading shock in t.

the equity market that increase over time. As opposed to the three-period model,
generations that get excess losses in equity market, can still have higher consump-
tion compared to the initial scenario (Ci_rix > Ci™.,, = CE ., for k € [2,T)),
due to the faster increase of wages. An overall loss always present only for the
first generation, that observes a higher public signal (Cy_741 < Ci™.., = CE 1. )),
because they do not benefit from the expansion of the economy. Generations from
t onwards will gain in terms of consumption like the last generation in the three-
period model. The potential for welfare gains from pure market optimism is even
stronger in the infinite horizon model.

2. Above mean demand from the noise traders (decrease of s;)

For the parameters chosen, a positive noise trading shock (s; > 0) implies
higher prices in both economies in ¢. As one can see in Figure 2.3, prices increase
more in the Benchmark economy. In the Model economy, the prices remain higher
until £ + 7" — 1, because the noise trading shock will not be fully revealed to these

investors until then. However, this persistence is small compared to the impact



Stock price R&D growth Consumption deviation

32 0.20 16
32 0.15 1.4
3.1 - 0.10 }—="A 12
a1d A 0.05 1.0
3.0 0.00 0.8
222232 RE 2223 TE2 2% %
model = ==« = benchmark model == === benchmark model = ===~ benchmark
Excess capital gains Output growth Risk-free asset holdings
0.2 0.30 4.0
0.1 0.20 3.0 N
20
5 . 0.10 1.0
0.0 frirsrets | 0.00 T sl Rk 5,
-1.0 e
-0.1 -0.10 -2.0
22299 2 ETE 222 229" ¢¥%
model ===~ = benchmark model = = = = » benchmark mode| ===~ = - benchmark

Figure 2.4: Impact of a temporary productivity shock in ¢, not anticipated from
the public signals.

in ¢, when noise trading shock has a direct impact on equity prices through lower
demand.

Unlike the case of an optimistic public signal, the positive impact of higher
equity prices will be short-lived. This is because contemporaneous noise trading
shock affects the equity prices much more than historical noise trading, since it
has a direct impact on equity prices. Thus, equity prices return to their pre-shock
level fast (immediately in the Benchmark case). Also, in the Model economy the
historical noise trading affects only through the informativeness of historical price
signals. The latter are very noisy signals of future productivity and thus have no
remarkable persistent impact on the equity prices. Therefore, the increase in the
future consumption levels will be smaller compared to the impact of the market

optimism.
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Figure 2.5: Impact of a permanent and fully anticipated increase of productivity
in ¢

3. A temporary productivity shock that is not accompanied with a
change in the public signal (increase of ¢,).

An implication of temporary increase of productivity (Figure 2.4), that could
not be analyzed in the three-period economy is the fact that in period t the price
will return to the initial level, while the profits of intermediate firms will be higher.
Hence, R&D growth will fall below the initial scenario for one period. While the
acceleration of R&D growth will be lower in the Model economy during periods
t —T tot— 1, the fall in ¢ is exactly as high compared as in the Benchmark
economy. The economy with information imperfections and effectively pessimistic
public signal, will not take the full advantage of the positive productivity shock and
this can even result in lower consumption levels compared to the initial scenario
for the Model economy.

In contrast to a temporary productivity shock, a permanent improvement of

productivity would not be accompanied with a drop in R&D as shown in Figure
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2.5. It is clear by now that any optimism (pessimism) in public signals would
imply gains (losses) in later generations consumption. Therefore, the figure only

shows the impact of permanent productivity shock that is fully anticipated in

public signals.

2.5 Concluding remarks

This chapter analyzed the effect of information imperfection on aggregate econ-
omy through equity funded R&D. Comparing the aggregate performance of such
Model economy with the perfect private information Benchmark one, leads to the
following conclusions.

First, the Model economy tends to perform worse that the Benchmark economy
in the event of true productivity shocks and noise trading shocks that increase the
equity prices. In the first case, it is a question of market pessimism and equity
underpricing, if the market sentiment does not match these changes. In the second
case, the rational investors do not take a sufficiently aggressive position against
the noise traders.

Second, the Model tends to perform better than the Benchmark economy in
the incidence of market optimism. It leads to gains in consumption of all future
generations at the expense of possible losses of the earliest generation(s). This is
because overpricing of assets results in more R&D being produced. Even if the
demand in the future does not justify the initial equity prices, more R&D will
have a positive impact on future generations consumption levels through higher
output. The positive effect of some optimism is present, when the R&:D production
market is not already highly congested. The Model also suggests that the lower

is the congestion, the greater will be the extent of market optimism that delivers

gains over time.



Regarding the improvements in ICT sector, too much congestion was unlikely
to be the case in 1990s. For example, during the "dot-coms boom" in the United
States, there could have been scope for market optimism. That would have had
a positive impact by creating more firms that helped improving the ICT faster,
even though the market value of many of these firms fell substantially later on.
These firms were typically created with venture capital funding and involved fast
exit of founders through an initial public offering. Considering the stage from
development to exit as one period!?, technology investments can be interpreted as
having been effectively equity funded.

These dynamics pose a dilemma from a policy perspective. It is clear that if the
public signal would coincide with the true productivity, the negative side effects
of equity overpricing would disappear. Some policy making institutions are likely
to have the ability to affect the public signal (e.g. the central bank’s comments
about economic conditions and outlook). However, given the possible consumption
gains (losses) from market optimism (pessimism), there are incentives to preserve
an asymmetric behavior from such policy maker. This is because, unless the
mean of public signal (e.g. market sentiment) is extremely high compared to the
fundamentals, it is unlikely that issuing a low public signal is welfare improving
(in terms of aggregate consumption over time). Yet, in a pessimistic market the
policy makers should clearly try to inject optimism to the market. The downside
of this is that such asymmetric policies, are likely to reduce the credibility of policy
maker’s optimistic statements among the market participants.

Another implication of the model is that the extent of equity market mis-pricing
depends on the quality of information. The better is the private information

and the more informative are the price signals compared to the public ones, the

10Chapter 3 looks explicitly at the issues that arise between initial development and exit stage.
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smaller will be the bias caused by mis-pricing.!! In order to reduce the quality of
information in the public signal, the policy makers could avoid making statements
about economic outlook and asset prices. However, the dilemma and trade-off
of welfare among different generations remains. In addition to the quality of
information, a decrease in the risk aversion, would also reduce the magnitude of
the mis-pricing, by improving the price signals.

The discussion about the likely implications of relaxing some restrictive as-
sumptions present in this chapter and directions for future research that arise

from this is postponed until Chapter 5.

I This is purely due to the fact that investors assign lower weight on public signal in their
expectation. See discussion in Chapter 4.4.2 about the quality of public signal and the ex-
tent of mis-pricing that considers additional effects arising from endogenous quality of private
information and the fact that lower quality public signal is likely to have a larger error.
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Chapter 3

The speed of technology adoption
with imperfect information in

equity markets

3.1 Introduction

There is a growing interest in the connections between financial institutions and
economic growth in the literature!. This chapter suggests a new mechanism how
the development of equity markets and related institutions can determine the
speed of technology adoption.?

Equity markets have an important role in transferring ownership rights from
entrepreneurs, who establish firms to managers running these firms. This chapter
analyzes the technology adoption or innovation decisions that are made before the

initial public offering. If equity market participants have imperfect information

1See Levine (2005) for a comprehensive review of existing theoretical and empirical literature
on this topic.

*Empirical studies by Beck and Levine (2004) and Rousseau and Wachtel (2000) show that
more developed equity markets have a positive impact on economic growth.



about the value of a firm, an entrepreneur’s incentives to invest in adopting the
newest and most expensive technologies are affected. High uncertainty and low
expected market value of the firm can discourage investment in the most advanced
technologies - the "fear of unstable markets" force. At the same time, provided
that the market accepts that an entrepreneur has better information about the
value of his firm than the average equity market participant, his decision to invest
in the newest accessible technology issues a positive signal to the market - the
"adoption to signal" force. The number of informed investors determines which
of these two forces dominates.

When the number of informed investors is small, entrepreneurs become dis-
couraged and choose to adopt technology slowly. This can also be a reason that
leads a country to persistently slow technology adoption. Fast technology adop-
tion is most likely with an intermediate number of informed investors. In this
case, entrepreneurs have the highest expected gains from investing in the newest
technology, in order to issue a positive signal to the uninformed participants in
the market. In countries with very developed financial markets and a large num-
ber of informed investors, both the discouraging "fear of unstable markets" and
encouraging "adopting to signal" force disappear. This implies a non-monotonic
relationship between the level of equity market development and the speed of
technology adoption.

There are exogenous and endogenous factors that can affect the number of
informed investors. For example, some countries could rely on a higher number of
informed investors because of cultural links that allow some foreign investors to
be informed for a lower cost (e.g. Scandinavian investors in the Baltic States or
Austrian investors in Hungary). Furthermore, the number of informed investors

is likely to be lower in countries with weak institutions for facilitating access to
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information (e.g. accounting standards and laws), and therefore less developed
equity markets®.

In order to analyze the link between policies that facilitate access to infor-
mation and the speed of technology adoption, the basic model is extended to
allow for any uninformed investor to become informed at a fixed cost. Within
this context, the policies that affect the information cost also affect the speed of
technology adoption. The chapter demonstrates that the probability of fast tech-
nology adoption is maximized when this information cost is above zero. Because
faster technology adoption implies faster growth in local wages and output, a local
policy maker would choose zero information costs (i.e. full transparency). Setting
the information cost to zero eliminates the possibility that entrepreneurs would
issue a positive signal by adopting technology fast.

Another topic addressed in this chapter is the impact of participation of differ-
ent types of foreign agents. If foreign agents (a part of foreign direct investment)
have access to new technology at lower costs, their participation increases the
probability of fast technology adoption. Nevertheless, the same two forces remain
in action; if the number of informed equity market participants is low, these for-
eigners might not participate and projects that would be profitable on perfectly
informed equity markets are not undertaken.

Participation of foreign portfolio equity investors increases the liquidity of the
firms they trade. Higher liquidity has a positive impact on market prices of firms,
and increases incentives to invest in fast technology adoption. At the same time, if
portfolio investors are largely uninformed, their participation can increase uncer-
tainty and discourage fast technology adoption. The chapter shows the conditions

under which forbidding foreign portfolio equity investments encourages fast tech-

3La Porta, de Silanes, Shleifer, and Vishny (2005) show that laws mandating disclosure benefit
stock markets.
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Figure 3.1: Impediments for venture capital investor (US and European respon-
dents)

nology adoption.

The setup of the model relies on two crucial assumptions. First, an entrepre-
neur has to sell his firm before it generates profits. The need to exit would emerge
endogenously if some agents have a comparative advantage to be entrepreneurs
rather than managers, as in Holmes and Schmitz Jr. (1990). Also, venture capi-
talists can be seen as agents who are skilled in judging whether or not a particular
technology adoption is worth investing in. They are generally not constrained
in credit market and prefer to exit fast (Jovanovic and Szentes 2007). Venture
capitalist involvement in running the firms is likely to limit the extent of poten-
tial agency problems between the venture capitalist and the entrepreneur. Lack
of good exit opportunities is a major concern for these agents while assessing in-
vestments to developing countries (Lerner and Pacanins 1997). Figure 3.1 shows

that venture capitalists perceive the concerns about successful exit to be a big-
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ger impediment than lack of skilled workers or weak intellectual property laws®.
Among the less developed countries, Asia is often considered as one of the most
attractive locations for venture capital (Aylward 1998, Survey by Deliotte Touche
Tochmatsu and EVCA 2006). While this region does not have more skilled labor
than competing regions, it has more developed equity markets. Furthermore, Asia
has better legal and regulatory environment than Latin America and transition
countries that have not entered European Union by 2006 (Appendix B.1). Good
exit opportunities facilitate long-term investments and allow for efficient use of
entrepreneurial skills.

The second crucial assumption is that the rational uninformed investors’ trad-
ing decisions are based on noisy information from asset prices, the technology
adoption decision, and a noisy public signal. The last captures the impact of
market sentiment as in Allen, Morris, and Shin (2006) and Bacchetta and van
Wincoop (2006) . Crises in emerging markets and transition countries at the end
of 1990s suggest that shifts in market sentiment is an important factor in these
countries. Empirical studies show that portfolio capital flows to these countries
are largely unrelated to the fundamentals in these countries (e.g. Garibaldi, Mora,
Sahay, and Zettelmeyer 2002, Kose, Prasad, Rogoff, and Wei 2004, Prasad, Rajan,
and Subramanian 2006).

Appendix B.2 looks at the relationship between GDP growth, R&D expendi-
tures and the level of development of the equity market. Figures B.1 and B.2 show

that in transitions countries® where securities markets developed faster, R&D ex-

4Data source is for Figure 3.1 is Survey by Deliotte Touche Tochmatsu and EVCA (2006).
The venture capitalists surveyed are not necessarily investing in these regions. Important im-
pediments that are excluded from the Figure 3.1 are "Lack of quality deals that fit investment
profile" and "Lack of knowledge and expertise of business environment" that are likely to be
specific to a particular venture capitalist.

5This group of countries provides a good comparison group. In addition to the high and
similar share of educated labor, transition countries were similar in terms of GDP per capita
and institutions in 1991 after USSR dissolved.
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penditures have been higher and income per capita has grown faster from 1991 to
2004. At the same time, the relationship appears non-monotonic, which is consis-
tent with the predictions of this chapter. Figures B.3 shows similar patterns for
R&D expenditures in high and upper-middle income countries.b

The model predicts that openness to capital flows does not guarantee fast
technology adoption, unless there are institutions that encourage enough investors
to be informed. This is consistent with empirical findings on the effect of openness
to capital flows on growth. This effect is found to be positive only if it coincides
with more developed institutions, while it is ambiguous otherwise (e.g. Klein and
Olivei 1999, Edwards 2001, Edison, Levine, Ricci, and Slgk 2002, Prasad, Rajan,
and Subramanian 2006).

The chapter relates to the existing theoretical literature on the determinants of
the speed of technology adoption. Differences in the speed of adoption could arise
from the lack of skilled labor that make the frontier technologies inappropriate for
countries with lack of skilled labor (e.g. Acemoglu 2002). While this argument is
likely to be crucial in countries with the lowest shares of educated labor force, it
is harder to explain the differences among countries where the share of educated
labor force is similar to that of developed countries (e.g. tranmsition countries).
In this chapter, the productivity of the labor force in using technology adopted
is uncertain. The speed of technology adoption depends on the interaction of
this productivity and number of informed investors. If the productivity of labor

force is low, fast technology adoption is less likely for a given number of informed

6The mechanisms analyzed in this chapter can be argued to apply for investments more
generally. The chapter focuses on investments in technology for the following three reasons:
1) Technology sector is likely to be more dependent on entrepreneurial talent, which implies
more potential benefits from good exit opportunities 2) This sector is an engine of aggregate
economic growth. 3) Venture capitalists that are addressed in this chapter are largely specialised
in technology intensive industries. Figure B.4 is Appendix B.2 also shows that the correlation
of a proxy for equity market development with more general investments is similar, but weaker
that in the specific case of investments in technology.

56



investors. However, the speed of technology adoption can differ in countries where
this productivity is not significantly different.

Obstacles for technology adoption can also be commitment problems and credit
constraints (e.g. Gertler and Rogoff 1990, Aghion, Bacchetta, and Banerjee 2004,
Aghion, Comin, and Howitt 2006). In order to emphasize the role of the equity
market in providing exit opportunities, rather than access to funding, the chapter
abstracts from credit constraints. Credit constraints of local agents are unlikely
to explain, for example, why foreign venture capitalists do not invest more in less
developed countries with relatively skilled and inexpensive labor.” Furthermore,
the large private capital flows to some developed countries observed in the 1990s
(see e.g. Kose, Prasad, Rogoff, and Wei 2004) could have reduced the importance
of pure credit constraints in these countries.

Closer to the this chapter are Bencivenga, Smith, and Starr (1995) and Levine
(1991) that analyze the impact of liquidity of equity markets and the need for
exit in a closed economy. Like in this chapter lack of liquidity reduces incentives
to invest in technology adoption. However, information imperfections analyzed in
the current chapter add further mechanisms. These papers also do not address
the link between technology adoption and institutions facilitating the access to
information.

The arguments presented in this chapter are also closely related to the litera-
ture on institutions (e.g. Parente and Prescott 1994), which assumes that weaker
institutions increase the cost of technology adoption. Therefore, worse institu-
tions should imply slower technology adoption. Marimon and Quadrini (2006)
model the start-up cost in an environment with limited contract enforceability

that creates incentives for new entries to innovation sector. As long as there are

TIn fact credit constraints could also arise endogenously (e.g. venture capitalists are unwilling
to provide funding for good projects in countries with bad exit opportunities)
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new entries accumulation of knowledge is decreasing in start-up costs. While new
entries is assumed to be the case in this chapter focus on the need for exit, weak
institutions that increase the cost of technology adoption (e.g. property rights,
taxation, or other obstacles in establishing or running a firm) could be incorpo-
rated in the model. The two main forces found would still remain in action. An
innovative result in this chapter is a non-monotonic relationship between fast tech-
nology adoption and equity market development, because of technology adoption
decisions becomes a signal to the market.

The remainder of this chapter is organized as follows. Section 3.2 presents
the model with a fixed number of informed agents. Section 3.3 endogenizes the
number of informed investors, and discusses the incentives for a policy maker to
choose policies enhancing transparency. Section 3.4 provides a brief discussion on
the possibility of gains from forbidding foreign portfolio equity investment in the

local asset market. Section 3.5 concludes.

3.2 The model

The model is a small open economy general equilibrium model with rational
expectations. It builds on the endogenous growth literature with quality im-
provements of technology (e.g. Aghion and Howitt 1992, Aghion, Comin, and
Howitt 2006) and rational expectations literature (e.g. Grossman 1976, Allen,
Morris, and Shin 2006, Kodres and Pritsker 2002, Yuan 2006)

The local economy is populated with overlapping generations of agents en-
dowed with one unit of raw labor each period. These agents work and invest in
asset market, in the first period of their lives and consume only in the second
period of their lives. The measure of local rational agents is u. These agents,

"investors" can be informed (type i = I) or uninformed (type i = U). There are
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similar overlapping generations of foreign agents endowed with exogenous wealth
W in each period investing in the asset market. In the world economy, there are
ﬂ{ = pf + p}! informed and iV = (p — pl) + ;Y uninformed investors.?

Some rational local agents have also special skills to be entrepreneurs, who
establish local monopolistic firms engaging in technology adoption. Each local
entrepreneur can adopt technology alone or in a joint venture with one foreign
agent. The firm is called to be established by an "initial owner" where the exact

ownership structure is not important.

All rational agents have mean-variance preferences
T
Ut = Elees1[h] — 5 Var (ci1[€%) (3.1)

where c;41 is consumption, §2; is the available information set in t and 7 is a
measure of risk aversion.

None of the agents is borrowing or short-sales constrained. The assets traded
are local equity (risky asset) and a foreign risk-free bond with a gross return R > 1
available with infinitely elastic supply. Equity market consists of the shares of local
monopolistic firms that engage in technology adoption.

In addition to rational investors, there are noise traders who demand a stochas-
tic quantity (s;) of risky asset portfolio. All noise traders are assumed to be local
unless specified otherwise and they do not receive wage income®. The existence

of noise traders is necessary for risky asset prices not to be fully revealing (the

8! and u}! are the numbers of local and foreign informed investors and uiV is the number
of foreign uninformed investors

®Their location has no impact on conclusions apart from those in Section 3.4. With mean-
variance utility, the split of wage income between noise traders and local rational agents does
not affect aggregate conditions and conclusions in the model.
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Grossman and Stiglitz (1976) paradox). The equity market clearing condition is
fichi + b BY + 5, = S, (3.2)

where S; is the supply of risky asset and iz{ is the demand of risky asset by every
informed investor and izf is the demand by every uninformed investor.

The production side of the economy consists of a competitive final good pro-
duction sector and a monopolistic intermediate goods sector.

The price of the final good is normalized to one. The final good producers
use raw local labor, L, and ¢ distinct intermediate goods that are produced by
local monopolists. Each of these intermediate goods, z:(j), has quality A,(j)
(j € [0,1]). For example, the intermediate good could be a computer designed
to perform a particular task in the production line ( z;(j)) and the vintage of
the computer (A;(j)) would determine how fast it will perform the task. The

production function is

Vo= 60 [ AG)et6)d, (33)

where ¢, measures the productivity of local labor force in using the technology.
This productivity is uncertain before the period when actual production takes
place (i.e. uncertainty about ¢, resolves in period t) and can be decomposed into
two parts
¢ = Op + uy, (3.4)

where 6, is the explainable part of productivity that is uncorrelated across the
time and with any other shocks, and wu; is a residual; u; ~ N(0,1/8,) that is also

uncorrelated across time with any other shocks.!® The explainable component

10The reasons behind and implication of normality assumption are the same as in Chapter 2.
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measures factors like education, training, working culture, management practices,
etc. The unexplainable component could be affected by factors like the health of
the workers, natural disasters, etc.

Final good producer buys each intermediate good, z, (4), from a local monopo-
lists in sector j for a price p;+(5). Intermediate good producers in each sector j use
one unit of final good to produce one unit of intermediate good. All intermediate
goods depreciate fully in one period.

Section 3.2.1 shows how the uncertainty about the productivity of labor force
in using technology (¢,) translates in uncertainty about the future demand for
intermediate goods and the profits of loca.l'monopolists.

Initial owners establish firms two periods before these firms produce. They can

adopt the frontier technology (A4;)!! that grows at an exogenous rate,

g = i for any t. (3.5)
A

For each intermediate good j there is only one initial owner, whose effort is needed
for technology adoption in each period. In addition to this effort, technology
adoption requires an investment in final goods.
Initial owner in sector j born in ¢, decides whether to invest in fast (A;12(j) =
t+2) or slow (A.12(j) = Aj,,) technology adoption. Growth of the world frontier
technology (3.5) allows for new firms to produce with higher quality of technology
each period (A;42(7) > Ai+1(7)). New monopolies drive old monopolies out of the

market and monopolistic profits can be sustained only for one period.'?

(see footnote 3 there). The mechanisms would remain valid with other distributional assump-
tions.

11The frontier can also be interpreted as the newest technology that can be accessible and
useful for a particular country, instead of the newest available technology worldwide.

12The strict inequality, A¢42(j) > Aes1(J), holds if technology is adopted fast in period ¢,
because A¢+2(j) = Aty2 and Aey1(J) € {A}41, Al }. The same is true if slow adoption is chosen
in consecutive periods, ie. Ag+2(j) = A:+1 and A¢+1(j) = At‘ At+2(j) = Ag+1(j) only if in
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Adopting the newest technology is more expensive than adopting an older one.

The fixed cost of establishing a fast adopting firm is

Iy = (A;+2 - A:+1) é() (36)

The cost of fast technology adoption is assumed to be proportional to the gain in
technology from fast adoption in the period the firm will be active. The cost of

adoption per technology gain for an initial owner is

A

¢(-) = min[¢(+), 7],

where ((-) > 0 is the cost for each local entrepreneur alone and ¢* > 0 for each po-
tential foreign agent participating. The cost {(-) can be constant or an increasing
function of the distance from the frontier. The latter would capture the assump-
tion that fast technology adoption may be harder for local agents, who are less
familiar with the frontier technology.

Without loss of generality, the required investment to establish a firm that
adopts technology slowly is zero. The technology adoption decision is denoted
with

1, if fast adoption is chosen in ¢ in sector j

1,(j) = (3.7)
0, if slow adoption is chosen in ¢ in sector j

Initial owner born in ¢ knows the explainable component of the productivity
(6142). Given that the initial owner has to retire before his firm produces profits,

he sells his firm in the equity market. This assumption about the timing captures

t initial owner chooses slow technology adoption A:,2(j) = A, ,, while initial owner born in
t—1 adopted fast A¢41(j) = A7, It is assumed that in this case In new monopoly will still drive
the old incumbent out of the market. Implicit assumption behind this is that an intermediate
good firm cannot sustain exactly the same quality for more than one period.
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Figure 3.2: Timeline of events

the need for exit and ownership transfers.

The firm established in ¢ is bought by investors (local and foreign) trading
in period t + 1 equity market. Informed investors have the same information as
the initial owner; the information set that is relevant for their trading decision
is Qf,; = {642} Rational uninformed investors obtain information from prices
of firms traded, P,;;(j), and the technology adoption decision made one period
earlier, 1;,(j). They also receive a noisy public signal at the beginning of period
t+1,

Brpo = Oppo + €5.442> Where €5, ~ N(0,1/8;). (3.8)

The public signal would capture the "market sentiment". Information set of un-
informed investors is QY ; = {f42, Pit1(0), .., Pr1(1), 11,(0), ..., 11, (1)}

An initial owner in sector j, who is an investor of type ¢ € {U,I} born in
t + 1 has information set Q:’c(j) = {0142,9%}. Figure 3.2 summarizes the main
mechanism and timing.

The final goods are used in the local market for aggregate consumption (Ciy1),
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capital ( fol 7:(j)dj) and investments to technology adoption ( fol 11,., () L1 (5)d5).
These expenditures have to equal to aggregate production Y;,; and net inflow of

goods from abroad (F1). The local goods market clearing condition is

1 1
Cis1 +/0 x:(5)dj +/ N 41(0)dj = Fopq + Y. (3.9)
0

Final good production sector employs all local labor force. Hence, the labor

market clearing condition is

L =y. (3.10)

Solving this model for period ¢ involves first deriving the profits of local mo-
nopolies in period ¢ + 2 in Section 3.2.1. Using this, the equilibrium in period ¢ +1
equity market and the market value of the monopolistic firms in period t + 1 will
be derived in Section 3.2.3. After that, the technology adoption decision will be
derived for period ¢ in Section 3.2.4 and local goods market clearing decision will

be proven to hold in any period in Section 3.2.5.

3.2.1 Production decisions

In period t + 2, a final good producer takes prices of the intermediate goods

(pzt+1(j)) and wages (wi42) as given and solves

1
max Yiio — WepoL — / Dz t+2(5)Te42()d,
L,zt+2(5) 0

where Y;,, is given by (3.3) and L is the raw labor and z:42(j) is an intermediate

good j.



Intermediate good firm in sector j solves

_ i
a517t+2 (.7 ) .

Pz,t+2I8)a,‘xn+2(j)7rt+2(j ) = Pra+2(§)Ter2(d) — T42(j) st. Prera(y)

Optimal solution implies a demand function for an intermediate good that is linear

in the labor productivity and the quality of technology,
Te42(J) = (az)m PraLAri2(7). (3.11)
The equilibrium profit in sector j is

Ti+2(J) = T Aera(f)rvas (3.12)

where

Replacing the labor market clearing condition (3.10) and demand for intermediate
capital goods, (3.11), in the production function (3.3) the aggregate final good
production also becomes linear in the level of technology and productivity of labor

force

Yito = (az) 7% PRE Y NP (3.13)

where Aypo = fol A:2(7)dj is the average quality of technology. The equilibrium

wages are proportional to the aggregate final good production:

Y,
Wyyp = (1 — a)‘—;? (3.14)
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3.2.2 Identical technology adoption decisions

Initial owners are not borrowing constrained and can always finance their invest-
ment in technology adoption. From (3.12) the only difference between the firms
in different sectors is A;;2(j). The productivity of labor force and inform'ation
about this productivity (6;42), the cost of technology adoption and the frontier
technology is the same in each sector j. This implies that all initial owners make
identical choices and all intermediate capital goods are produced with the same

quality of technology, i.e. for any j

~

iIt: (.7) = 1y (315)

At+2(j) = At+2-

As a result, there is a continuum of monopolistic firms whose profits are per-
fectly correlated. Modelling all these firms and their owners is equivalent to mod-
elling one risky asset and one initial owner for all monopolists in the country. The

price of all firms will be the same

Py (J) = By (3-16)

3.2.3 Equity market

Using results from Section 3.2.2, (3.4) and (3.12), the profits of local monopolists

can be expressed as

T2 = F(0t+2 + ut+2)At+2. (317)

Each monopolistic firm has one divisible share, so the supply of risky asset in



t+1

1
Spi1 = / 1dj = 1. (3.18)
0

The demand of noise traders is

si1 ~ N(0,1/T2A2,,8,), (3.19)

and s;; is uncorrelated across time and with any other shocks. The assumption
that the variance of noise trading is proportional to the inverse of ['?A?,, guaran-
tees that the variance of the price signals of uninformed investors does not increase
over time. As it will be pointed out later in the chapter, relaxing this assumption
would strengthen the results. While noise traders do not receive wage income,

they still invest in asset market and their consumption is

N
Cryo = (Mep2 — RPiy1)Se41,

where P, ; is the equilibrium price of the risky asset.

From (3.1) the trading decision for type i € {I,U} can be expressed as

j s 1O T 5 O
max U:+1 =F [Ct+2|Qt+1] 3 Var (ct+2th+1) (3.20)

st. 5§+2 = (T'(Os42 + uts2) A2 — RPt+1)ili+1 + RWt+1,

where & _ , is the consumption of investor of type ¢ in period t+2 and 7 is a measure
of risk aversion. Wt+1 is the wealth or wage income that can be invested on asset
markets for agent . If the agent is local Wt+1 = Wiy1 = weq is wage income
given by (3.14), if he is foreign Wip1 = W, is exogenous wealth. It should be
pointed out that initial owners of monopolists established in ¢ +1 trade in the asset

market as well. However, under CARA type utility, with no borrowing or short-
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sales constraints and information structure assumed, the trading and adoption
decisions are independent and can be solved for separately'3.

As is well known, type i investor’s, who can be local or foreign, demand for

risky asset is
E [7Tt+2|Qi+1] — RP 1y
mVar(mea[,)

R, = (3.21)

As described at the beginning of Section 3.2, the information set that is relevant

for informed investors is 0/, ; = {6;,2}. Therefore, if investor is informed

E [7Tt+2|QtI+1] = I'0i124s42, (3-22)
1
2

Var(my4a| Q{+1) = 112At+2 5_ .

Uninformed investors obtain information from asset prices, public signal (3.8) and
technology adoption decision (3.7) and (3.15). All firms traded in ¢ + 1 have the
same price (3.16). Replacing the optimal demand of informed investors ((3.21)
and (3.22)) and supply of risky asset (3.18) in the asset market clearing condition
(3.2) the information uninformed investors obtain from asset prices: the price

signal is!4
TFAt+2

15t+1 = Opy2 + —
“t+1:3u

St+1- (323)

The information set to wuninformed investors can be expressed as
QtU_H = {5t+2, Pt+1, 1 .} Given that initial owners have superior information
(know 6;..2), we can conjecture that their decision to invest in fast; 1, =1 (slow;
1;, = 0) adoption implies that 6,2 > 0:12 (0142 < B:42). This conjecture is verified
in Section 3.2.4. Section 3.2.4 also shows that the threshold (8;2) is known to

uninformed investors trading in ¢ + 1.

13Tndependence is first assumed to be the case. Later, Appendix B.5 will prove it formally.
14Gee Appendix B.3 for further details.



Expected profits and variance for an uninformed investor are

E [Wt+2|Q£J+1] = (3.24)

= FAt+2 (Zt+1ét+2 + (1 - Zt+1)13t+1 + \/zv,t+1/\i1t (bt+1)) )

Var(m4alQ¥,) =

1
= T4 (1 = A, (ber1) + by, (bt+1)> + FzA?Jrzﬁ—,
where
— 1 N 0 >
biy1 = Y (9t+2 — 2441042 — (1 — Zt+1)Pt+1) , (3.25)

_ 1

Ry t+l = A aNE Zt+1 = Bjzu e

/Bé + (%) :Bs

and Aj, (b:+1) is the inverse Mills ratio’®. The derivation of these these expressions
is presented in Appendix B.3.

For the intuition behind the conditional expected value for an uninformed in-
vestor, assume for a moment that all investors are uninformed. In such case,
they get information only from the public signal 8,,, (3.8) and the technology
adoption decision (3.7) and (3.15), because asset prices do not reveal any extra
information. Fast (slow) technology adoption implies 8,2 > 8;y9 (0142 < B:42) and
the
conditional distribution of 6;,, becomes a truncated normal. This implies
E [ﬂ' 142|042, iI,] = Ao (at+2 + \/U_ﬂgAi,t(\/BE(ém - ét+2))' The expecta-
tions differ from the perfect information (3.22) in two respect. First, there is noise
in the public signal, 5“.2, that can increase or reduce expected value of the firm.

BIF I, = 1, Apy, 1 (beer) = £2038k5. I 17, = 0, Ap, o(besr) = —§5d,. where ¢(.) and
®(.) are standard normal p.d.f. and c.d.f respectively.
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This could reflect the "market sentiment". Second, fast (slow) technology adoption
implies a positive (negative) Mills ratio and expectations about the fundamental
are higher (lower) even if the public signal is correct.

Including informed investors in the model 9t+2|ét+213t+1 ~N (zt+19t+2 + (1 -
zt+1)13t+1, Zyt41). Incorporating the information revealed by technology adoption
decision again results the labor productivity having a truncated normal distribu-
tion from the perspective of an uninformed investor. Expected value is closer to
the fundamental and technology adoption decision has less effect on the expected
value if 2z, is smaller. This is the case when other signals have lower variance
(e.g. Bj, Bs, iif,; are higher).

The equilibrium price can be derived by replacing (3.18), (3.21), (3.22) and
(3.24) into the market clearing condition (3.2). The equilibrium risky asset price
is a function of the expectations of informed investors, the expectations of unin-
formed investors, the liquidity premium and the risk premium. As the expression
is lengthy, and only the relevant limiting cases are analyzed, full details are left to
Appendix B.3.

If the number of informed investors approaches infinity (or the variance of
public information is zero), then the equilibrium asset prices equal the discounted

expected profits by informed investors:

r'A
Pl = —25 0 (3-26)

In such case, the equilibrium asset prices will be fully revealing, investors’ asset
holdings approach zero, and the risk premium and liquidity premium are pushed
to zero. The implications of imperfect information in financial markets can be
compared with this benchmark.

In a more realistic environment, the number of informed investors is limited.
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Given that this chapter analyzes a small open economy, it is reasonable to as-
sume that the number of uninformed foreign investors who can invest in the local
risky assets is infinite compared to the size of the local market. If the number
of uninformed investors approaches infinity, the excess returns of uninformed in-

vestors approach to zero. Using (3.23) and (3.24), equilibrium asset prices can be

expressed as

I'A; 0 ~
Py = I_-?L (Zt+19t+2 + (1 - Zt+1)9t+2 + \/Z'v,t+1/\itt (bt+1))
25412 A2
LIR_L?SHI, (3.27)
where
Zst+1 = (1 — Zt+1)E{+—:ﬂ—u. (328)

In this case, asset prices are affected by the public signal, noise trading, and
an extra term that captures the impact of the signal from the adoption decision.
Looking at the expressions for z;+1, 2s¢+1 and z,:41 ((3.25) and (3.28)), it is
clear that the larger the number of informed investors (i) , the closer the
asset price will be to the perfect financial markets benchmark (if,; — co =>
2t+1, Zug+1 — 0). Both the public signal 0:.» and noise trading s;,; create
uncertainty in asset prices. The latter affects asset prices through the information
revealed to uninformed investors by price signals.

Without infinitely many investors (whether uninformed or informed), asset
prices would be lower ceteris paribus, because the local asset market would not be
liquid enough. Noise trader demand would have a direct impact on asset prices,
in addition to its impact on the uninformed investors’ price signals. This question
will be revisited in Section 3.4, when analyzing the impact of forbidding foreigners

to invest in local asset market. Until then, the number of foreign uninformed
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investors is assumed to be infinite.

3.2.4 Adoption decision

Initial owners’ technology adoption decision in period ¢ is based on their knowledge
of the explainable part of productivity, 8;,,. There is uncertainty about the asset
price in period ¢ 4 1, because these agents do not know the next period market
perception (signal 6,,,) and noise trading (s;41).

From (3.1) and the independence of trading and technology adoption decision,
investment in fast technology adoption is optimal if U,(I;, = 1) > U,(1;, = 0)+RI,,

where the utility from fast adoption

Uiy =1) = E [Poy1|0i42,1p, = 1] — %Va.r(Pt+1|9t+2, i, =1), (3.29)
while the utility from slow adoption

U(17, = 0) = E [Piy1|0t42, 1, = 0] — %VaI(Pt+1|9t+2, 1, =0). (3.30)

It can be seen from (3.27) that the selling price of firms that adopt technology fast
is always higher. This is because asset prices are proportional to A;,» and from
(3.5) Ai, > Afyy.

Explicit derivation of E [Ppy2|0:2, 1 It] and Var(P,,2|0:42,11,) is complicated
by the fact that asset prices (3.27) include the inverse Mills ratio (A; . (bes1))-
While b,,, is an observable constant for investors trading in ¢ + 1, it depends on
9t+2 and f’t.}.l, which are unknown in period t. As a result, b,;; has a normal
distribution from the point of view of initial owner who is deciding on speed of
technology adoption. The moments of Mills ratio with normally distributed b;4,

are, to the best of my knowledge, impossible to derive in closed form. However, the

72



Mills ratio can be approximated with a linear or polynomial function. The results
presented in this chapter employ the linear approximation for simplicity. This is
sufficient because the most interesting cases for analysis occur in the neighborhood

of A5 " (0), where initial owners are close to being indifferent between fast and slow

technology adoption.18.

Two forces affecting the technology adoption decision

Proposition 1 Initial owners choose to adopt the technology fast (A2 = A7)

if the observable component of productivity satisfies 0,,9 > 0,2, where

~ R2. 2+g"
s = FL0) = = vAemn (3.31)

Tl (2 + g *) * 2
+§TAt+1 (1 —m2)" 2u,641,
and n; and 1, are constants from the linear approzimation of the inverse Mills

ratio satisfying n,,me > 0 and ny < 1.

Proof. Presented in Appendix B.4. =
It can be seen from (3.31) that the threshold depends on the variables and con-
stants that are observable by all agents. Therefore, uninformed investors trading

in period t + 1 know the value of 8,.2.

Corollary 2 In perfect financial markets (i.e. if all investors are informed), the

threshold simplifies to
_PI R—2 -~

0ir2 = T ¢(-)- (3.32)
. ~ 2 - . .
Replacing lim zer1 = lim [B5 + (f1.8./7) B,]™" = 0 in (3.31) yields
Riyy—00 L
(3.32).
16From (3.24) E[be+1]0e42] = ﬁ(btﬂ — 6¢42), 0:42 is the threshold above which fast

technology adoption will be undertaken.
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As long as some investors are uninformed, there are two opposite forces that
affect the adoption decision: "fear of unstable markets" and "adoption to
signal".

The "fear of unstable markets" force is captured by the term
gﬂf";—g‘lA: 1 (1- n,)? Zyg+1 in (3.31). Uncertainty about the price on exit can
discourage risk averse agents from adopting the frontier technology, which they
would find profitable in perfect asset markets (3.32).

The "adoption to signal" term is captured by %?mnl in (3.31). Investors
who establish local monopolies have superior information compared to the average
investor who determines the market value of their firm. They know that these
investors will take fast adoption as an indication of higher profitability. As a result,
initial owners might invest in fast adoption to gain from uninformed investors, even
if they would not do so in perfect financial markets (3.32). The possibility of these
gains remains despite of the fact that uninformed investors are rational and aware
of the force.

Bz t41

Both of these forces decrease with the number of informed investors: 7[&?: <

Corollary 3 If productivity of labor is such that initial owners are indifferent
between fast or slow adoption in perfect financial markets (0;12 = 9::2 , they will
be discouraged from adopting due to the "fear of unstable markets” in imperfectly

informed financial markets if

1— 2
2R < 1Tg" A, (1—m,) —. (3.33)
o1
"71\/:35“' (Mti:ﬁu) ﬂs

Indifference between fast or slow adoption in perfect markets implies that

0,42 = ZC(-) from (3.32). Applying this fact to (3.31), and using constants from
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(3.24) and (3.27) shows (3.33). Corollary 3 has some interesting implications.

A lower number of informed investors (f,,) magnifies the "fear of unstable
markets". We can think of the number of informed investors as a measure of the
size or development of local financial markets. Therefore, the model suggests that
countries with underdeveloped financial markets are more likely to adopt frontier
technology slowly, even if the productivity is high enough to justify fast technology
adoption in perfect financial markets.

An increase of the number of informed investors encourages "adopting to sig-
nal", but causes the resulting gains to decrease. This implies that this force is
likely to be most important at an intermediate number of informed investors. If
the number of informed investors is very high, potential gains are negligible. Fig-
ure 3.3 illustrates how the threshold for fast technology adoption (3.31) depends
on the number of informed investors. It plots the relationship between productiv-
ity (6¢+2), number of informed investors (i, ) and speed of technology adoption.
In perfect financial markets fast (slow) adoption would occur in areas A and B (C
and D). In imperfect markets fast (slow) adoption occurs areas A and C (B and
D). In B slow technology adoption is due the "fear of unstable markets" force and
in C fast technology adoption is due to the "adoption to signal" force.

Higher risk aversion (7) pushes initial owners towards the "fear of unstable
markets". One reason for this is the direct impact of higher risk aversion, making
initial owners care more about uncertainty in the following period. There is also a
secondary effect, since higher risk aversion reduces the quality of price information
through lower demand for the risky asset from informed investors. A higher vari-
ance for the unexplainable component of productivity (1/8,) has similar effect on
the quality of price signal. With an infinite number of traders, the unexplainable

component of productivity affects initial owners only through its’ impact on price
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productivity

number of informed investors

= = threshold in perfect markets ===threshold in imperfect markets

Figure 3.3: Threshold productivity for fast technology adoption

signals.

Similarly, higher variance of the public signal (1/3;) and noise trading (1/3,)
increase the uncertainty investors are facing, increasing the "fear of unstable mar-
kets". In these cases, there is another secondary effect at play, as these move the
equilibrium equity price closer to fundamentals (see (3.27)). However, this force is
not strong enough to eliminate the negative direct impact from higher uncertainty.

An increase of the risk-free rate has a dual effect on incentives to invest in
fast technology adoption. First, there is a direct effect, by which the threshold
productivity has to be higher to make investment in fast adoption worthwhile
(3.31). This effect is present also in perfect financial markets. Second, (3.33)
implies that a higher risk-free rate reduces the impact of "fear of unstable markets
force", because it implies a lower variance of equity prices. This suggests that an
increase of risk-free rate (R) reduces the probability of fast technology adoption

less in imperfect equity markets.
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The impact of evolution of the frontier - tendency towards persistently

slow technology adoption

Claim 4 Improvements in the frontier technology have a negative impact on a

country’s ability to adopt the world frontier technology (A 12/, due to information

imperfections.

Assume that the cost of adoption for a given change in technology is constant,
&() = & In this case, it is clear from (3.32) that if productivity would stay
constant at some level § > RTZ& , @ country can always keep up with adopting the
newest technology under perfect financial markets.

In imperfect financial markets, the impact of "fear of unstable markets" will
increase with the level of technology. Keeping up with the adoption of newest tech-
nology with imperfectly informed investors, has to imply an increase in the number
of informed investors (or other variables that would lower the threshold or an in-
crease of productivity). Furthermore, a higher growth rate of frontier technology
reduces the gains from "adopting to signal" while increasing the negative impact
of "fear of unstable markets". If, for example, pure "fear of unstable markets"
discourages initial owners from adopting fast in period ¢, the next generations will
also not adopt fast, ceteris paribus.

The intuition for this is the following. By (3.17), monopolistic profits increase
with the evolution of frontier technology. Uninformed investors do not know how
well local labor is able to use any technology, and therefore uncertainty about
profits is higher at higher technology levels. This result is driven by the assumption
that uncertainty regarding the productivity of using any level of technology is the

same.!?

171f, this uncertainty is higher for the more advanced technology adopted, evolution of the
frontier technology makes it even harder to sustain fast technology adoption.
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If in addition, we assume that the cost of adoption is an increasing function

of the distance to the frontier (for example, { (= Aiy 2) = ¢ (( A AT ) ( (-) > 0) and
similarly to Aghion, Comin, and Howitt (2006), the improvements in the frontier
would be even more discouraging. Failing to adopt fast in some period would in
such case make it also more costly to adopt fast in the following period and the
threshold (3.31) increases!®.

Assuming that the variance of price signal has constant quality over time (3.19)
eliminated another mechanism that would imply further impact of "fear of unstable
markets" with the growth of technology. If the variance of noise trading would
not fall with I'2A2 19, the price signals would become worse over time, because
a limited number of informed investors holds a relatively smaller proportion of
firms. In such case the tendency towards persistently slow technology adoption
would also be stronger.

Countries that have big and well developed financial markets (the number of
either local or foreign informed investors is large) are less affected by both forces
analyzed. This is consistent with developed countries having less volatile capital
markets, and high technology level. The model suggests that this outcome does
not require developed countries to have either more skilled labor force (higher 6,)

or lower technology adoption costs.

Impact of the participation of a foreign investor

It can be seen from Proposition 1 that, even with foreign initial owners capable of
cheaper adoption technology (¢ = ¢* < ¢(-)), the impact of the two forces analyzed
would be also present and the dominating force does not depend on the adoption

cost (Corollary 3). Nevertheless, the threshold 042 is lower than the threshold if

18This argument is more relevant if firms are established by local entrepreneurs alone.
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the local entrepreneurs operates alone:

Aloc R? 2+ g*
9t+2 = ‘ITC() - T\/zv,t+1771
TT(2+ g%

+§—R_A1*+1 (1 - 772)2 Zut+1

It is clear that if the fast technology adoption is more costly for a foreigner
(¢* > ¢(-)), he would never participate. This is due to the assumption that the
adoption of any technology requires effort by a local entrepreneur, who is the only
agent with the relevant skills to adopt in local intermediate goods’ sector j. With
a similar argument, there is no foreign participation, if slow technology adoption
would be optimal for the possible joint venture with the local entrepreneur and
foreign investor that can adopt technology fast for a cost { = ¢* < ¢ (). Therefore,
the relevant cases to analyze are when 8,5 > ;.0 0s10 < 9?_162 and ¢* < ¢(-). It
is assumed that in a joint venture, foreigner has all the bargaining power.

First, the local entrepreneur alone might choose slow technology adoption,
while fast adoption would be undertaken in a joint venture (f;12 < ;42 < 9i‘f2).
If the local entrepreneur’s reward in the joint venture (received in period t + 1)
iS gs1,¢+1, his participation constraint is g sy1 < Us(1s, = 0). With the foreigner
having the bargaining power, this holds with equality. The foreigner will bear all
costs of fast adoption (*(A;,,— A7, ;) and receives the gains from higher firm value
Qorpe1 = Ui(1;, = 1) = Uy(1, = 0) in ¢t + 1. The foreign agent can be seen acting
as a venture capitalist, by providing funding and receiving a risky return.

Second, the local entrepreneur might be able to adopt fast technology alone,
but it is cheaper in the joint venture (6,42 > 9?_’:2). In such case the local entre-

preneur’s utility from the joint venture equals to his opportunity cost gss¢4+1 =

Ui(1;, = 0) — R((-)(Az42 — At4,) and foreigner pays for adoption cost (*(A;, 5 —
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Af;1) and extracts g},,,; = RC(-)(Af,5 — Af,,) from local entrepreneur. This
essentially means that the local entrepreneur will hire the services of the foreigner
to reduce his costs. It requires highly productive labor, little negative impact
from uncertainty related to imperfect information and low cost of fast technology

adoption for locals. This case is less realistic in developing countries.

3.2.5 Local goods market clearing

The local goods market condition is given by (3.9). Appendix B.6 proves that it
holds. The net inflow of goods from abroad (Fi,,) is determined as follows. In
period ¢ + 1, there is an inflow of returns from risk-free asset (the investment local
investors/consumers made in period t) and of foreigners investment to the local
risky asset (monopolistic firms established in t). There is an outflow of period
t+ 1 investment in the risk-free asset by locals, and period t + 1 profits claimed by
foreign investors. If in addition to local entrepreneur, foreign investors participate
in technology adoption, there are additional capital inflows and outflows from their
investment to the technology and exit.

The predictions from goods market clearing are standard. If domestic invest-
ment is higher, because fast technology adoption in undertaken, net foreign asset
position will be lower. In such case agents need to borrow more or invest less in
the risk-free asset.

Given that the foreign partner always compensates the opportunity cost to the
local entrepreneur (Section 3.2.4), foreign participation in technology adoption
projects does not affect aggregate consumption of the generation that forms a

joint venture with foreign agents (see Appendix B.6)!%. If foreign investors are

19Relaxing the assumption that technology adoption requires the unique skills of a local entre-
preneur could allow for welfare losses from foreign investors’ participation in technology adoption.
Especially if optimal speed of adoption is slow.
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capable of adopting fast technology that locals are not, consumption of future

generation is higher because of higher wages ((3.14) and (3.13)).

3.3 Endogenous number of informed investors

and incentives for transparency

3.3.1 Equilibrium number of informed investors

Section 3.2.4 highlighted the fact that the number of informed investors (/! +1) I8
one of the crucial determinants for the speed of adoption in a small open economy.
So far, this number is taken as exogenous. This section assumes that uninformed
investors can become informed for a fixed cost (D;41) during the trading period.
When an uninformed investor decides whether to become informed, he does not
know what value of ;5 he will observe after paying the information cost. He
will compare his expected utility as an informed investor with his expected utility
from staying uninformed, conditional on his available information set, Q,,. He

will decide to become informed if
E [U}119%,1] = RDyy1 > E [U,|9%,] -

The information cost function is assumed to be given by a known time specific
constant in ¢t + 1, D11 = 6441941, Where 6;,; is a constant that measures how
expensive becoming informed is at any level of technology, and 9;,, is a constant
that allows uninformed investors to discover more easily if technology adoption

decision issues a false signal.?°

20The cost being proportional to 9¢y; = 1 - Ai"z‘(b,.ﬂ) ~ bey),, (bes1) affects the

Var[0¢+a|9?+1]- It assumes that information cost is lower if according to other signals, unin-
formed investors would expect the productivity to be low (high), and the country nevertheless
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The number of informed investors cannot be negative, ., > 0 and pl., >0.
Assuming the existence of some local investors who become informed at zZero cost,
ie. pf; > 0, could be justified since at least some local investors are likely to
be able to understand local information better. They could also have more direct
contact with managers of firms, superior knowledge of the local labor force and

business environment and better access to "inside information".

Proposition 5 An investor will choose to become informed if 8,41 < 8441. In
equilibrium, the cost of information will equal to the gains from becoming informed

and the equilibrium number of informed investors

1

! pii1, Of Oep1 > O0e41 = Rﬁzu;“_ﬁga?
Hiy1 = ) p gt 74P, (3.34)
r '
\/ 5.5, (_Rzgt = 73’;), otherwise.

Proof. See Appendix B.7. =

Intuitively, becoming informed is profitable as long as the cost is not too high
compared to the freely available information. As investors do not know what sig-
nal they get, the gain from information is the opportunity to reduce the variance
of their returns. The more investors become informed, the more informative asset
prices will be. More informative prices limit the gains from better private infor-
mation. If any uninformed investor finds it profitable to become informed, the
equilibrium number of informed investors equalizes the gains of better informa-
tion with its costs. If information cost is high and no uninformed investor finds
it profitable to become informed, the equilibrium number of informed investors is
given by the number of investors, who are informed for zero cost.

As can be seen from (3.34), the number of informed investors is higher if

adopted fast (slow). Therefore, this assumption works against the distortions analyzed by lim-
iting the initial owner’s potential gains from "adopting to signal". It simplifies the analysis,
because ¥, is unknown in period ¢.
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either the risk-free return (R) or information costs (§.,,) are low. If the public
signal is more informative (high S;), less investors decide to become informed.
Similarly, lower variance of noise trading (1/8,) reduces the number of uninformed
investors who find it profitable to become informed, because price signals are more
informative. Higher risk aversion (7) and (1/8,) affect the incentives to acquire
costly information in two opposite ways. First, they reduce the willingness of the
investors to invest in the risky asset and pay the information costs. Second, they
increase the incentives to bear information costs, because lower participation of
informed investors reduces the informativeness of price signals. The second effect
dominates as long as it is optimal for any investor to pay the information cost
(641 < 0e41) .

It can be seen from (3.34) that the equilibrium number of informed investors
does not depend on the level or growth rate of the technology. Even though tech-
nology improvements imply higher profits, the adoption decision is made before
the trading period and is known to all participants of financial markets. The
risky asset price adjusts to take this improvement into account for any number of

informed investors.2?

3.3.2 Adoption with endogenous number of informed in-

vestors and incentives for transparency

This section assumes that 8;,; < &, which implies that at least some unin-

formed investors will decide to become informed. Replacing (3.34) in (3.31) and

21These results are consistent with findings in Chapter 4.

22This result relies on the assumption that variance on noise trading decreases over time (3.19).
If this is not the case, less informative asset prices at higher technology level would give more
incentives to paying the information costs. However, this would only offset the extra negative
impact from "fear of unstable markets" that is eliminated in the current setup.
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simplifying the threshold gives
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The forces of "fear of unstable markets" and "adopting to signal," and the fac-
tors influencing these, are still present with an endogenous number of informed
investors. The technology adoption decision becomes a function of the cost of in-
formation 6;,,. Policies towards transparency by local policy makers could affect
this cost. This creates a link between technology adoption and institutions that
affect financial markets’ development.

In order to investigate the policy maker’s incentives for transparency, consider
an extreme case where it has full control over 8;,,. Suppose the policy maker’s
objective is to maximize the chances for the country to adopt fast. This objective
can be justified, because it allows for output and wages ((3.13) and (3.14)) to
increase earlier and therefore increases the consumption of agents benefiting from
this. Maximizing the probability of fast technology adoption is equivalent to

minimizing the threshold, i.e.

5t+1 = arg min (9t+2) )
Oe+1

where 8., is given by (3.35).23

Proposition 6 If a policy maker has a full control over the cost of information,

23 Appendix B.9 shows that the results are similar, if the local policy maker chooses the pre-
cision of the public signal, for the same policy objective.



he will set the cost to be

2
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Proof. See Appendix B.8. m

This proposition suggests that the local policy maker does not choose full
transparency (5;’?1 = 0). The reason comes from the "adopting to signal" force.
As long as some investors are uninformed, initial owners would find it optimal
to adopt fast at a lower level of productivity than would be possible in perfectly
informed equity markets. It is important to point out that the counter-intuitive
policy encouraging "too fast" technology adoption is justified because the policy
maker is local. The extra opportunities of fast technology come at the expense
of losses of foreign uninformed investors. Given that the local market is limited
in size, asset holdings of local uninformed investors are marginal. In equilibrium
RP,,, = E [ﬂt+2|QtU+1], and from (3.21) each of the local uninformed investors
holds in equilibrium hY,; = izﬁjﬂ = 0. At the same time, local informed investors
are expected to get excess gains from asset market as long as there are not infinitely
many informed investors.2*

Both the higher level and growth rate of frontier technology imply more incen-
tives towards transparency. As discussed in the Section 3.2.4, evolution of frontier
technology implies higher uncertainty. Therefore, countries that try to keep up

with improvements in the frontier technology are expected to aim to become more

24 Policy makers’ objective could also be maximizing the utility of local agents. This is more
cumbersome mainly because it is hard to identify what is the reasonable information set the
local policy maker has. However, it would not alter the optimal information cost being above
zero in this setup. Agents affected by the choice of d;+; are 1) local entrepreneurs born in t, 2)
local investors born in ¢ + 1 and 3) workers born in ¢ + 2. Higher probability of fast technology
adoption is beneficial for agents 1) and 3). Lower transparency is beneficial for an average local
investor. Therefore, the local policy with such objective function is likely to set information cost
higher and not lower compared to the one analyzed.
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transparent over time,

Oa _ (A _(_L )
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Other variables that increase the optimal transparency are higher risk aver-
sion (7), variance of unexplainable component of productivity (1/8,) and lower
risk-free interest rate (R). As it can be seen from (3.35), these changes tilt to-
wards the dominance of "fear of unstable markets" force. Section 3.3.1 showed
that for a given information cost, the same variables give incentives to more un-
informed investors to become informed. However, this is not sufficient and policy
maker would give further incentives to acquire costly information through higher
transparency.

Finally, the policies towards transparency could alternatively be modelled as
the policy maker choosing the variance of public signal. Appendix B.9 shows that

the implications of this are the same as in the case of fixed information costs.

3.4 Closing the local asset market to foreign port-

folio investors

One of the reasons why countries restrict the foreign portfolio investments is the
potential instability of these flows. This section analyzes if preventing foreigners
to trade in the local equity market can make fast technology adoption more likely.
Since the justification for capital restrictions implies that foreign capital is less
informed than local, assume that all potential foreign investors are uninformed
and all local investors are informed but limited in number (u = uf,, is finite).

Assume that the restrictions of foreign investors imply that none of the foreign

86



investors can invest in the country wY = pif, = 0). This section analyzes two

cases in this framework, where the location of noise traders is different.
In the first case, assume that all noise traders are local. Using (3.18), the

optimal demand (3.21), (3.22), and the equity market clearing condition (3.2), the

equilibrium price can be expressed as

[Aiy20:42 _ T 2A?+2 4 7'1-‘2‘4;2+2

Pt}j-l = St+1-
R LB, R kB, R

(3.36)
Because the size of local market is limited, equity prices contain a liquidity pre-
mium and a risk premium. Both premiums are decreasing in the number of local
informed investors (u). A liquidity premium is introduced because the limited
number of local investors cause excess supply of risky asset. As a result, asset
prices will be lower and excess gains of local rational investors higher. This has a
new discouraging impact on the incentives to adopt fast. There is still uncertainty
in the local market from noise traders and the "fear of unstable markets" has an
impact. Absence of uninformed investors, who take fast adoption as a signal of
high productivity, eliminates any potential gains from "adopting to signal". If all
noise traders are local, there is more uncertainty regarding the asset price despite
less uncertainty from the impact of sentiment in international markets. In such
case it is never optimal for a country to forbid uninformed, but rational foreigners
from investing in the country, if the goal of the local policy maker is to encourage
fast technology adoption. Appendix B.10 proves it formally.

In the second case, it is assumed that all noise traders are foreign. Then

PR _ PAgy20i42 TF2A12+2.
t+1 R /‘l‘ﬂu R

On one hand, initial owners deciding the speed of technology adoption, face no un-
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certainty and the "fear of unstable markets" force disappears. On the other hand,
absence of "adoption to signal" force and liquidity premium reduce the incentives
to invest in fast adoption. In this case there exists a possibility that restricting
foreign portfolio investments can encourage faster technology adoption (see Ap-
pendix B.10). However this possibility exists only under specific conditions. First,
the number of local informed investors has to be low enough such the "fear on
unstable markets" force would dominate if the country was open to foreign port-
folio investments (Section 3.2.4). Otherwise, participation of uninformed foreign
investors would eliminate the liquidity premium and allow "adopting to signal”.
Second, the variance of foreign noise trading or unexplainable component of labor
productivity has to be high. This implies that price signals are not sufficiently
informative. Third, the number of local informed investors cannot be very low,
i.e. the local market is very small. In such case, the need for liquidity is pressing.

Hence, the model suggests that countries that could benefit from fast technol-
ogy adoption by restricting foreign uninformed capital are those with small, but
not the smallest local equity markets. In this case, potential benefits would arise
only if the uncertainty in the purely domestic market is very low compared to

uncertainty associated with the behavior of foreign investors.

3.5 Concluding remarks

This chapter presented an alternative answer to the question, why is the speed of
technology adoption different across countries?. It argues that if ownership trans-
fers of firms that engage in technology adoption have to be made in imperfectly
informed equity markets, two opposite forces arise: a negative "fear of unstable
markets" force and a positive "adopting to signal" force. These forces affect the

incentives for developers to adopt the accessible frontier technology.
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The relative importance of these forces depends on the size of financial mar-
kets. "Adopting to signal" is likely to be most influential in countries where
equity markets are at an intermediate level of development, while "fear of unsta-
ble markets" should dominate in underdeveloped markets. The less precise are
the signals uninformed traders base their decisions on, the stronger these forces
are. The importance of both forces falls with the number of informed investors; it
follows that countries with well informed (developed and large) financial markets
are less affected. Nevertheless, if the recent developments in the United States’
and other developed countries’ technology sector assets were a bubble, it suggests
that there would be room for "adoption to signal" (in this case it should be seen
as "innovation to signal") even in developed countries.

Fast technology adoption tends to be more difficult to sustain because of the
participation of uninformed traders. Provided that the number of informed in-
vestors and cost of technology adoption does not change, the evolution of the
frontier technology implies an increasing importance of the "fear of unstable mar-
kets". This is because uncertainty about the ability of labor in using any technol-
ogy creates higher uncertainty about profits if the technology is more advanced
and therefore profits are higher.

The mechanisms analyzed in this chapter affect both local agents and foreign
investors (such as venture capitalists) intending to invest in establishing new firms.
Lack of informed investors in the equity market, can discourage foreign investors
from participating in projects where they could reduce the costs associated with
adopting the frontier technology. The limited presence of venture capitalists in
most developing countries is likely to be affected by the weakness and instability
of local asset markets.

When the number of informed investors is made endogenous, by letting the
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local policy maker to determine the magnitude of information costs, it is shown
that countries would not choose to be completely transparent. This situation arises
from the "adopting to signal" force. Nevertheless, a policy maker has incentives
to enhance more transparency over time to keep up with adopting the frontier
technology.

The model considered two extremes cases generating information asymmetries:
the number of informed investors being exogenous, and the local policy maker
having full control over information costs. In the more realistic case, where the
local policy maker has some, but not full, control over the information costs, both
policies and exogenous factors will determine the number of informed investors.

"The better performance of transition countries that joined the European Union
in 2004, when compared with those that did not, could be explained by their ability
to attract informed investors from neighboring developed countries more easily.
Estonia is a stark example of a country that has been very active in adopting
Internet and Communication Technologies in 1990s, and attracted venture capital
funded Skype, arguably due to the impact of the "adopting to signal" force. At
the same time, Romania or Ukraine, which have similar shares of educated labor,
have lower rates of technology adoption, and may have been more affected by the
"fear of unstable markets" force.

The model assumed that openness to international portfolio capital lows guar-
antees sufficient liquidity in the local equity market. In reality, less developed
equity markets can also lack liquidity, even if they are open, because the number
of foreign investors who are interested in investing in these countries is low. The
liquidity premium has a further negative impact on the incentives to adopt costly
frontier technology in less developed equity markets, and forbidding foreign port-

folio equity flows would increase it. In countries where the local equity markets are



smallest, the need for attracting foreign portfolio equity flows to generate liquidity
is pressing, and entry of foreign traders is likely to encourage investments in fast
technology adoption. Gains from preventing foreign portfolio equity flows are only
possible under very specific conditions in this setup. First, local equity markets
have to be small, such that the "fear of unstable markets" would dominate in open
equity capital markets. Second, policies should enable only local investors to be
well informed, while the foreign investors are largely uninformed and their behav-
ior is highly uncertain. Only in such case, the benefits from lower uncertainty
could potentially offset the losses due to a higher liquidity premium. In countries
with intermediate and big equity markets, the "fear of unstable markets" has little
negative effect and even a small additional liquidity provided by the participation
of foreign traders would justify openness to foreign portfolio equity investments.

"The model does not specify whether firms are listed in the local or foreign stock
market. Listing in a well established stock exchange (e.g. NASDAQ) can allow a
firm to access a larger number of informed potential buyers. Also, the regulations
of well developed stock exchange should reduce information costs. However, for
most of the firms from developing countries, fixed costs associated with an initial
public offering in NASDAQ are likely too high and they have to rely on the local
equity market. Therefore, this possibility is available only for the most successful
and innovative firms. Moreover, the most successful and innovative local firms
can be more easily sold to a strategic foreign owner. As long as the price the
strategic owner pays for a firm reflects its market value, the mechanism suggested
in this chapter remains valid. If the local equity market is very underdeveloped
and most firms are transferred directly between local agents, both potentially the
low number of informed buyers and lack of liquidity are likely to discourage fast
technology adoption.
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Chapter 4

Optimal research in financial
markets with heterogeneous
private information: a rational

expectations model

4.1 Introduction

Empirical evidence shows that asset prices adjust slowly to changes in the fun-
damentals (see Chapter 1 for references) and investors appear to put relatively
low weight on their private signals when making their trading decisions!. Further-
more, when investment decisions are made by financial institutions, rather than

individual agents, they have to hire researchers in order to obtain private signals.

'For example, Menkhoff (1998) presents results of a survev among participants of foreign
exchange market in Germany. who were asked to evaluate the relative importance of fundamen-
tals, technical analysis and monitoring order flows in their trading decisions. The importance of
fundamental research was evaluated to be only around 15 per cent. The survey also shows that
investors consider that psychological factors and opinion leaders’ viewpoints are relevant to the

market.



They can choose both, the size of their research department and the research effort
that is put into a particular asset.?

The aim of this chapter is to analyze the extent of asset mis-pricing and the
dynamics of asset prices in a setting where the choice of private information is
explicitly modelled. Research cost is modelled as the real resources that investors
commit to pay in order to obtain a private signal of a particular precision. In order
to address to extent of asset mis-pricing in a rational setting, research costs are
incorporated into the setting of Allen, Morris, and Shin (2006), where the asset
prices dynamics are affected by the existence of common public information.

In their setting, the availability of public information generates slow adjust-
ment to changes in the fundamentals because of higher order beliefs. Rational
and short-lived investors take the public signal into account not only because it
reveals information about the fundamental, but also because it helps to predict
future asset prices. The further away is the liquidation date, the higher is the
importance of public signal in predicting future asset prices.?

The derived dynamics in Allen, Morris, and Shin (2006) rely on constant pre-
cision of private signals over time. There are two opposite forces that affect the
dynamics of asset prices when research effort is made endogenous. First, over
time the fundamental affects asset prices more, and therefore private signals be-
come better predictors of next period’s price. This gives investors the incentives
to acquire more precise private signals over time. Second, because investors ob-

tain more information from historical prices over time, they become less willing to

2 Although not directly compatible with the modelling strategy in this chapter, research costs
can also arise from the opportunity cost of fundamental research in terms of the speed of reaction
fast on the developments in the market.

31t is worth pointing out that the liquidation date should not be interpreted only as the
maturity of a bond or the liquidation of a firm. It could be any future event that affects the
value of an asset (e.g. the success of an particular investment project that affects the future
value of equity prices).
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spend resources on better private information in later periods, because the benefit
of better private information are lower, when more information from other sources
is available.

This chapter shows that with endogenous precision of private information,
the first force dominates in determining the time path of research costs and slow
reaction to changes in the fundamentals becomes even more pronounced compared
to Allen, Morris, and Shin (2006).

The second force is important when comparing two assets that have the same
number of trading periods left until the liquidation date, but different length of
price history. Under specific assumptions about the research costs, the asset with
longer price history becomes even more mis-priced. This is in contrast with a
setting that does not incorporate endogenous research decision, where the extent
of mis-pricing would be always lower for an asset with longer price history.

The chapter also addresses the dependence of optimal precision on the other
parameters of model (e.g. precision of public information, risk aversion, risk-free
rates etc.) and the importance of the assumption that investors are myopic. The
latter is addressed by incorporating research costs and public signal in a two-period
model with long-lived agents in the spirit of Brown and Jennings (1989).

Finally, the chapter discusses the effectiveness of policy makers’ efforts to re-
duce the extent of mis-pricing by increasing the precision of public information
(e.g. through making truthful statements about the developments in the asset
markets or encouraging development of independent research institutes that pro-
vide publicly available information). This is also important in understanding the
impact of developments in technologies that facilitates access to information.

Information costs and their impact on asset prices has been addressed by Calvo

and Mendoza (1999), who focus on portfolio choice and herding behavior due to



information costs. Closer to this chapter are rational expectations models with
information costs starting from Grossman and Stiglitz (1976) and more recently
Veldkamp (2006), Nieuwerburgh and Veldkamp (2006), Peress (2006) and Dow,
Goldstein, and Guembel (2007). All these papers focus on impact of information
costs in one trading period setting.

The chapter also relates to Bacchetta and van Wincoop (2006) that similarly to
Allen, Morris, and Shin (2006) emphasize on the importance of higher order expec-
tation and to rational expectations literature more generally (e.g. Grossman and
Stiglitz 1976, Hellwig 1980, Diamond and Verrecchia 1981, Kyle 1985, Singleton
1986, Brown and Jennings 1989, Grundy and McNichols 1989, He and Wang 1995).

The rest of the chapter is structured as follows. Section 4.2 sets up the model
and shows how research and trading decisions are determined. Section 4.3 dis-
cusses the results. It solves the model in a simple one-period setting and proceeds
with analyzing the multi-period setting. Section 4.4 presents extensions of the
baseline model. It analyzes its dynamics, when investors are long-lived and dis-
cusses the impact of higher precision of public information on asset prices. Section

4.5 summarizes the results.

4.2 The model

4.2.1 Assumptions

Assume that there are overlapping generations of short-lived investors, who can
invest in a risky asset and an alternative asset providing a known risk-free return
re > 1, on each trading period t. The risky asset has liquidation value © at date
T +1, and is traded in periods 1 to T. Investors do not know the liquidation value,

but they can obtain information about it from public signals, private signals and
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prices. The characteristics of these signals will be described later in this section.
Every period, there is a continuum of rational investors normalized in the
interval [0, 1], endowed with W units of funds. They buy assets at date ¢ and

consume at date ¢ + 1. A risk averse investor 3, who is trading at date ¢, has the

mean-variance utility function

-
Uit = Elcit41|Qs) — 3 Var(c; 1+1|¢), (4.1)

where the risk aversion is measured by the constant 7 and §2;; the information set
available for investor 7 in period ¢, which will be specified shortly.

The budget constraint for investor i trading in period ¢ is
Cig+1 = Rig(Poy1 — 1o P) + 7eW — ri6(B, ),

where c; ;1 is his consumption in ¢ + 1, h;; is his demand for the risky asset, W
is the endowment and (8, ;) is the research cost function, which will be specified
shortly. The price of the risky asset at time ¢ is denoted by P;. Notice also that
Pry, = 0©.

In addition to rational traders, there are noise traders in each period, mod-
elled as a noisy net supply of the risky asset s; ~ N (0,1/6). Supply shocks are
assumed to be uncorrelated along time and across both public and private signals
of investors in every time period. The market clearing condition is H; = s; for
every period t, where H, is the aggregate demand.

There is some initial public information about the risky assets. The liquidation
value is drawn from the prior distribution that is the public signal © ~ N (y,1/a).

Investors trading in period ¢ can obtain a costly and noisy private signal about
the fundamental value of the asset, vy = © + &4, €3 ~ N (0,1/8;,). It is
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assumed that ¢;, is uncorrelated across investors, time, supply shocks and the
noise in public signal.

Investors can choose the variance of their private signal (1/ Bi.), if they spend
%(B;,) on research. The research cost function should capture the idea that having
a more precise view about the fundamental value must be more expensive, and
knowing the true value with certainty is too expensive. This implies the following
conditions: «'(8) > 0, k”(B8) > 0, k(8) — oo as B — oo and k(0) = 0. Further
analysis of the importance of the functional form of cost function is presented in
the Section 4.3.2.

The sequence of events is the following:

1) The fundamental value © is drawn by nature at date 0.

2) The first generation of investors simultaneously choose their research cost
for the risky asset, before observing private signals and the price. The information
set about fundamentals available to each of them is the same: Q_; = {y}.

3) These investors trade and period 1 market clears. The information available
for their trading decision also contains private signals and the price signal. So
Qi1 = {y,vi1, Po}. In the following period, they will receive income corresponding
to the price of each asset, consume and retire without revealing their private signals
to the following generations.*

4) The generations 2 to T will make their research and trading decisions in
a similar manner. The only difference is that they will obtain information about
the fundamental also from historical prices. So the information set available for
their research decision is Q_; = {y, P\, ..., P,—1}. Their trading decisions will be

based on information set €;; = {Q_¢, Vi, P;}. Apart from the generation trading

4Relaxing this assumption and allowing investors to inherit the private signals from previ-
ous generations, would make investors heterogeneous in their research. See Section 4.5 for a
discussion about the likely implications of this.
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at T, the consumption of investors will depend on prices in ¢ + 1 rather than the
fundamental value ©.
5) At T + 1 the risky asset will be liquidated and generation T will obtain ©.
This setting implies that investors are heterogeneous in their trading decisions,

while being homogeneous in their research decision.

4.2.2 Solution method

Investors of each generation face a two stage decision problem. The model is solved
by first deriving investors’ demand and equilibrium prices, taking the research
decisions as given. Given the solution from that stage, the optimal research costs
can be derived conditional on the available information.

From the utility function (4.1), we can find the demand for the risky asset of

investor ¢,
_ E[Pt+1|Qi,t] — B
7 Var(P,, €2 ¢)

hig (4.2)

Equilibrium prices

Assume that the asset price follows a linear rule on each period, P, = n,(\y: +
1:© — s;). The term y; is a public signal about asset in period t. It includes the
initial public signal y and information from prices in trading periods 1 to ¢t — 1.
The coefficients 71, A, u, can be found by the method of undetermined coefficients
from the market clearing condition. (See Appendix C.1 for the derivation.)
Rearranging the pricing equation, investors can observe a price signal P, in
period t, such that P, = (P./n,— M\ys)/ 1y = © — st/ 44y, and By|© ~ N (8, pr257Y).
The updated distribution of © conditional on prices will also be normal. It will be

the public signal for the investors trading in period t + 1: 8|P, ~ N (Ye+1, Q)
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The public signal evolves over time as

QY + ,szafjt
Yt+1 = , .
+ s (4.3)
Qg1 = Oy + pt25 (44)

The first generation investors cannot observe historical prices, so
op =aand y; = y. ‘ (4.5)

As investors trading in period ¢ will also obtain a private signal Vit, they will

believe that the fundamental to be drawn from

Ol ~ N ((ytat + ,u,féﬁt + B vit)Vie,t Vi,e,t) ,
1
@ + pi8 + By

where V; o

What follows focuses on a symmetric equilibrium. By assumption, investors
are identical in their preferences and have the same information Q_, in the research
decision stage. Furthermore, all investors face the same continuous research cost
technology. These assumptions ensure the existence of a symmetric equilibrium,
where all investors choose the same optimal research cost; 3;; = B, for all <. This
implies also the same variance Vg, = (o + p26 + B,

Aggregating the demand of all investors averages out the noise in the private

signals, however it does not average out the noise in the public signal.

Lemma 7 The prices in period t will be determined by coefficients z; and 2,4, so

that
P = (1 — 2)ye + 20 — z548:

= , (4.6)
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where

2
2=z 28+ B) Vo, + (1 — __HO
t = ze+1(150 + By) Vo, + ( Zt+1)(at T 20)’ (4.7)
_ 1,0 T 1

zsp = (1 - Zt)a—t + Fory (Z?HVe,t + 23,t+1 5) : (4.8)

T+1

Ry = H Tk
k=t

Proof. See Appendix C.1. =

Using (4.3), (4.4), (4.5) and P, = © —s,/u, an alternative way to represent the
equilibrium asset price is in term of the initial public signal y and historical noise

trading as

P Wy Y + (1 — wy )0 — 2548, — (1 — zt)“‘;:&st_l —.—(1- zt)’—:xl-fsl
t = R, , (4.9)

where the weight on initial public signal

(0]
wy,t = (1 —_ Zt)a't' (410)

This is similar to Proposition 2 in Allen, Morris, and Shin (2006). Integrating
out the noisy supply, asset prices will be a weighted average of the true value and
the initial public signal public signal (y). It is clear that assets will be closer to
the fundamentals if z is closer to 1 (equivalently w,; is closer to zero).

In period T + 1 the risky asset will be liquidated at the fundamental value.
Also, there will be no more opportunities to invest in the risk-free asset. So, the

terminal conditions will be

2r41 =1, 2,711 =0 and rp4y = 1. (4.11)
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Finally, comparing the pricing equation (4.6) with the linear pricing rule assumed

initially, it is clear that

yA
py = - (4.12)

Zs,t

The dynamic system (4.3)-(4.5) and (4.7)-(4.12) solves for the values of z, and 25ty

given the values of §;to Gr.

The research decision

The optimal research cost decision is equivalent to choosing B;, taking other in-
vestor’s B, ,, j # i as given. Replacing the optimal demand into the utility func-
tion, simplifying and taking expectations implies that the optimal research decision

solves

E[(E[Pea|Qug] — 1 P)?Q-4]

ng?:x 2 Var(Prgh) — 11K(B; 4)- (4.13)

By doing research, investors can gain a reduction in the variance of their es-
timated next period price. They can also gain a better view about risky return
opportunities. Given that investors are not short-sales constrained, they can gain
equally from either an increase or a decrease in the next period price.

From the pricing equation (4.6) the variance of the following period price is

1
Ri:1

_ 2
where V,p; = 2;,,Vie:+

Var(Fi4+1(€i) Vipt, (4.14)

2
zs,t+1

5

It is clear from the equation above that the conditional variance of expected
price should be lower if investor i decides to research a lot (B, is high and V; ¢ is
low) and if the weight on the fundamental value (z;4,) in the next period pricing

equation is high.
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Investors face additional sources of uncertainty about the expected return of
the risky asset at the research decision stage, compared to the trading stage. They
do not know the realization of their private signal, as well as the price signal they
can observe in . By doing research, they can influence the variance of the private
signal. The only information they have about the fundamental value is the public
signal 3. Noting that E[v;;|Q_] = E[P|Q_;] = E[B|Q_;] = s, it is easy to show
that E[E[P11|Q%] — r:P:|Q_;] = 0. Thus, the expected squared return from the

risky asset equals its variance (see Appendix C.2 for derivation)

V&I‘[E[.Pt+1|ﬂi,t] - ’f'tPt|Q_t] = (415)

1 1
1 2 5 2 2 2
R2t+1 |:(Zz,t - Zt) _a_t + (Zi,s,t - zs,t) Zs" + zt+1ﬁ1”t‘/z,e't} y

where z;; and Z;,; are the weights an individual investor puts on true value and
current noise trading respectively.®

The benefits of research for an individual investor come from the reduction
of the conditional variance of prices (Var(P;41|€::)), the difference in the weight
he puts on true value in his expectations compared to market price (2 — 2t),
difference in the weight on noise trading (Z; s+ — %) and a better private signal.
The latter is captured by 22,,8;,Vi%, and has a bigger impact when expected next
period prices are closer to the true value of the fundamental (2441 is high).

It should be pointed out that in symmetric equilibrium the benefits of different
weight on true value disappear (z;; = z;), while different weight on noise trading
does not (Z s+ # 2s:)- The latter is because noise trading shock affects individual
investors’ expectations only through price signals, while equilibrium prices are in

addition directly affected by the noise traders’ demand.

15 . 5 5
5200 = (1 — ze41) 255 + 2041 (B + 130) Vi a0d Zi00 = 255 — 201305 Bie Vi
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Proposition 8 In a symmetric equilibrium, all investors equate the marginal cost

of research with marginal benefit of it (MB,) and {B1s- s Bripy, - .-, ur} solve

0k(B;)
T—— = MB,, .
“ 0By |, t (4.16)
22 V2 7'2 V2 1
where MB, = 21Ot 2 g 6t  _*
: 2 \orz, TPy Ty

simultaneously with (4.12),(4.4), (4-5), (4.7),(4.8) and (4.11)).5

Proof. See Appendix C.3. =

Equation (4.16) shows that the marginal benefit of research is zero if Vg ; — 0.
Therefore, investors have no incentives to invest in private research if either public
signal is perfect (¢ — oo or @; — o0 ) or variance of noise trading is zero (§ — o0)
making price signals fully informative. The latter is consistent with Grossman
and Stiglitz (1976), that shows that in markets with no noise trading no investor
has incentive to acquire costly information and the asset prices cannot reveal

information about the fundamental.

4.3 Results

4.3.1 One trading period example

As in Allen, Morris, and Shin (2006) and Bacchetta and van Wincoop (2006) a
multi-period pricing equation with higher order beliefs can only be solved numer-
ically. Therefore, to establish some basic relationships, consider at first a one
trading period example.

For T = 1 the solution of the model simplifies as z; = 1, z,2 = 0. The value

]
6The term Vs = 22, Ve + 241
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of y; can be found from (4.7), (4.8) and (4.12) to be py = B,/7; the variance of
the private signals is higher, prices will be more informative, for a given level of
noise in supply. Prices will also be more informative if risk aversion (1) is lower,
since rational investors will invest more in risky assets. Finally, because the asset
will be liquidated in period 2, Vp; = Vg, = (a + B, + g;&) - and there is no
historical prices implying oy = a; + p24, with a; = c.

For the analysis of the impact of availability of price history, let us drop time
indexes and denote the variables in a one trading period model with "x". Simpli-
fying (4.16) the marginal benefit of research M B* can be now expressed as

ﬁ*

27

T

MB* = —V2
B 26 ©

1
2 V*2 i *. )
+ Ve + Vs (4.17)

Appendix C.4 shows that marginal benefit of research is decreasing in S*
(M B*/8B* < 0)".

The same appendix also reports the sensitivity of optimal precision to para-
meters of the model. It is straightforward from (4.17) that the lower the variance
of the fundamental (V) investors perceive, the lower is their marginal benefit
from obtaining better private signals. Therefore, exogenous parameters, such as
existence of public signal that is freely available and of higher quality, reduces
incentives to acquire better private information. The same applies to the effect of
lower variance in noise trading that increases the quality of price signals.

The dependence of the research decision on risk aversion is ambiguous. There
are three forces affecting it in different directions. First, a higher risk aversion
makes the investors to care more about the possibility of reduction of variance

that can be achieved by investing in better private signals. Second, more risk

"This together with constant or increasing marginal cost of research guarantees the uniqueness
of the equilibrium.
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averse investors are less willing to invest in risky assets in the first place, and
therefore have less incentives to research instead of investing in the risk- free
asset. Finally, higher risk aversion makes the demand of other rational investors
in the risky assets lower, making prices less informative, which again increases
the incentives to research. If the level of risk aversion is very high, the optimal
research cost is increasing in risk aversion. In low and intermediate values of risk
aversion, optimal research cost could be increasing or decreasing in risk aversion.
(See Appendix C.4. and Figure C.1 in the same appendix)

A higher risk-free return reduces the optimal research cost by increasing the
opportunity cost of research as compared to investing in the risk-free asset. This
implies that the perceived variance of risky asset increases and the demand for
risky asset falls more than the direct reallocation effect suggests.

The weight on the true value in the pricing equation, 2;, simplifies to

*2
52 d+ B*
2= —T , (4.18)

*2
a+ﬁ26+6*
T

which is clearly increasing in 8*. This means that prices are expected to be closer
to the common public signal, if less research is chosen. Hence, if investors choose
to research less, a "good" risky asset is likely to be under- priced and a "bad"
asset overpriced. An asset being "good" ("bad") in this context is an asset with
true value above (below) y.

Finally, it is worth emphasizing that if there is no public signal (e — 0),
investors incentives to acquire private information still depend on the other para-
meters of the model (e.g. variance of noise trading, risk aversion), however this

would only affect the variance of asset prices, but not the expected dynamics due

mis-pricing, as z* = 0.
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4.3.2 Multi-period model
Development of research costs over time.

In a multi-period setting, investors can choose their research effort in every period.
Different generations of investors differ in the information that is available to them
and the number of trading periods left until the fundamental is realized. For
example, if there are T trading periods, investors that trade in period T base their
research decisions of information set {y, P,, .., Pr_;} compared to investors that
trade in period 1 and observe only {y}. From (4.13), it is also clear that their
objectives differ. Considering the same example, their returns from investing in
the risky asset depend on © —r7Pr and P,—r, P, respectively. Asa result, different

generations of investors have different incentives to invest in private information.

Lemma 9 Incentives to invest in private signals increase monotonically over time,
i.e.

By > By for any t.

Proof. See Appendix C.5. m

This result is driven by two forces that reduce earlier periods’ investors mar-
ginal benefit from research. First, the weight on the true value (2;) in the pricing
equation (4.6) increases over time. As fundamental research can only reduce the
uncertainty regarding the true value of the asset, the marginal benefit of research
is lower in earlier periods. Second, earlier periods’ investors face higher uncer-
tainty due to noise trading, which they cannot reduce by conducting fundamental
research. These two forces reduce earlier periods investors’ marginal benefit from
research.

There is also a third force that has an opposite impact in terms of generating

incentives to invest in private information; the availability of price history. As
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Figure 4.1: Adjustment to changes in the fundamental

long as at least some research is done in earlier periods, the variance of the public
signals (evolving according to (4.4) and (4.5)) decreases over time. As in the
one-period model, the lower is the variance of freely available signals, the lower is
investors’ willingness to research. Therefore, this force lowers investors’ incentives
to research over time. Nevertheless, this force is not strong enough to offset the
lower marginal benefit of research in earlier trading periods.

Figure 4.1 illustrates Proposition 9 and compares risky expected asset prices

(integrating out the supply shocks) in three settings:

e The model in this chapter with endogenous precision of private signal;

e Allen, Morris, and Shin (2006) setting where precision of private signals are
constant over time and set equal to the endogenous precision in the last

trading period;

e a model without public signal.®

8The expected price adjustment would be exactly the same with or without endogenous choice
of private signals.
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In this model, slow reaction of asset prices on the changes of the fundamental
has two important drivers. First, is not rational to " go against the market" follow-
ing internal fundamental research only. This would imply that investors overlook
their expectations about other investors’ expectations. Second, it is also not opti-
mal to spend a lot of research resources on events that affect asset prices further
in the future. As a result, the slow adjustment to changes in the fundamentals

becomes more pronounced than in a setting with constant precision.?

Asset prices, price history and marginal research cost.

In a setting where the quality of private information is fixed longer price history
necessarily implies less mis-pricing, because historical prices reveal additional in-
formation about the fundamentals and reduce the weight on the initial public
signal. However, if precision of private signals is endogenous, longer price his-
tory offers additional freely available information that reduces incentives to pay
information costs.

This section analyzes these effects and compares the prices of two assets in
the last trading period. One of the assets is a one-period asset (as analyzed in
Section 4.3.1 and denoted with "x") and the other is a T-period asset. Taking
expectations with respect the supply shock, the extent of mis-pricing of these two
assets will be the same if the weight on initial public signal y is the same for both

assets, i.e. from (4.9)

*

9 An alternative and equivalent way to interpret Lemma 9 would be that adjustment is faster
because investors have incentives to acquire better private signals over time or that adjustment
is slower at first and faster when the liquidation date is closer. The interpretation chosen in
this chapter puts emphasis on the factors that potentially increase mis-pricing. Notice also that
in the absence of public signal, investors would not acquire perfect private signals, but their
incentives would not be affected by the expected low weight on public signal in future asset
prices. The precision that would be chosen in such setting is closer to the one in last trading
period in current setup.
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Using then (4.7) and (4.10), the same extent of mis-pricing would imply that

the variance of the risky asset in the last trading period is the same for both assets
Ver=V3

For this condition to be satisfied, it must hold that B+ %5 +p2 0+ +pu3s =

* *2 . .« . .
B* + 6—25 . Given that the precision of information revealed in historical prices
p3_10 + ...+ p28 > 0, the marginal benefit of research and optimal research effort

must be lower for the asset with longer price history (i.e. 87 < 8*).

Proposition 10 If research cost function takes the form k(B;,) = K155, + K28,

there erist a relationship between parameters K, and Ko

2

_ _ K

Ky=2" Ry + 4] =L, (4.19)
) TrT

such that the extent of expected asset mis-pricing on one-period asset and multi-

period asset during the last trading period is exactly the same (Vor = V§ and
Wy T = w;‘ )

IfKi > K, and Ky < Ks, then wy, T < w;.

IfKi < Ki and K, > K;, then wy,r > w.

Proof. See Appendix C.6. m

Figure 4.2 illustrates Proposition 10. The intuition behind the proof of Propo-
sition 10 is the following. For a given variance of the fundamental, marginal benefit
increases with the precision of private information. This arises from the fact that
if investors have more precise private signal, they expect to gain more from it

in terms of predicting the returns from trading. If marginal research cost in is
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Asset with price history
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Asset with price history
is less mis-priced
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marginal research cost: K2
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—Threshold where assets with and without price history have the same extent of mispricing
in the last trading period T

Figure 4.2: Marginal research cost and impact of price history

constant, investment in assets with different price history must give exactly the
same marginal benefit. At the same time, the marginal benefit from obtaining a
better private signal is always higher for assets about which less information is
freely available and therefore 3* > ;. Hence, it must hold that V3 < Vg r and
there is less mis-pricing if no price history is available.

When marginal research cost depends also on the precision of private signals,
B* > B also implies that marginal cost of research is higher for an asset with not
price history. When there is no fixed component in the marginal cost of research
(K, = 0), increasing the precision up to the point where Vg = Vg r is always too
expensive and assets with longer price history are less mis-priced.

Finally, while intuitively there is no reason why K, cannot be positive, it
should be pointed out that K, > 0 can lead to a corner solution. In the case of

one trading period model, if Ky > (7/25a? + 1/27a) then 3* = 0.
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Numerical results

Given that the sensitivity of optimal private signals’ precision to changes in the
exogenous parameters of the model are too complicated to derive analytically, this
section presents numerical results for T = 5. In order to the possibility of a corner
solutions, assume that research cost takes the form K(Bi.) = K1B3,.

Numerical results'® are presented in Appendix C.7 and are consistent with the
sensitivity analysis discussed in Section 4.3.1. Higher precision of public signal
and noise trading reduce the optimal precision in all periods (Figure C.2). The
pattern indicates also that in the case of less variable noise trading, the incentives
to acquire better private signals could be lower in later trading periods, where a lot
of information is already revealed by the history of asset prices. At the same time,
lower variance of public signal could be more influential in reducing incentives to
research in earlier periods, when public signal is a good predictor of future asset
prices. Figure C.3 shows the impact of this for the dynamics of asset prices, when
integrating of the supply shocks.!!

The negative effect of higher research costs is straightforward (Figure C.4) and
the effect to expected prices is similar to the impact of lower noise trading. The
impact of risk aversion is not reported, as it is ambiguous for the reasons already
discussed in Section 4.3.1. Nevertheless, it should be pointed out that in dynamic
setting higher risk aversion has an additional positive effect on the incentives to
invest in private signals, since it reduces the quality of historical price signals.

Permanent increase of interest rates in period 3 reduces the incentives to re-

search in all periods. The incentives to research are lower also in trading periods

10 Numerical results not reported in this thesis suggest that the direction of the effects described
does not depend on specific assumptions about the parameters. The choice of parameters is
arbitrary and aims to show the direction of effects rather than their magnitude.

11n the case of higher precision of public signal the asset price dynamics shown does not take
into account the fact that more precise signal also implies higher probability that y is close to
#. This issue is explicitly addressed in Section 4.4.2.
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1 and 2, because investors can forecast future interest rates. Thy know that this
implies lower weight on the fundamentals in the future asset prices'?. In the case
of a temporary increase of the interest rate, incentives to obtain better private
signals increase after the shock is over. While not very obvious from the graph,
the optimal precision is slightly higher immediately after interest risk-free rates
have decreased back (period 4), because lower demand for risky asset in earlier
periods implies worse historical price signals. This creates incentives to research

more in order to compensate this (Figure C.5).

4.4 Extensions

4.4.1 Long-lived agents

This section relaxes the assumption that the agents are short-lived and investigates
the research cost decision and resulting asset prices in a two trading period setting
in the spirit of Brown and Jennings (1989). For simplicity, assume also that the
return on alternative asset is r; = , = 1, and research cost is given by k(8;,) =
K, ﬂ;‘-’,t. Long-lived agents have preferences over their last period consumption that

is given by
Ci3 = hi2(© — B) + hin(Py — P) +w — K(B;1) — £(B;2)-

This section assumes that investors can choose to receive i.i.d. private signals
in both trading periods and select the precision of these signals (8;; and B;,)
before the first trading period. Therefore, the information set in the research

decision stage is Q-1 = {y}, in the first trading period $i; = {y,vi1, P} and in

12This is due to the perfectly forecastable risk-free rates. If the change would be truly unex-
pected, incentives to research would only decrease on the period that the shock happens.
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the second trading period Q2 = {y, via,vi1, P, P»}. The rest of the assumptions

and notation remains unchanged.

Following the method of Brown and Jennings (1989)'% the demand in the

second trading period is

h- _ E[@IQ,Q] - P2
»2 Ve
and in the first period
E[R)|Q;| - P E[E i2l — i
hiy = el 7_1] 2Gi+ EO 2;] Polfhia] Qi, (4.20)

where G; and Q; depend on Var(B,|€2; 1), Var(E[0|Q; 2]|% 1) and Cov (P2, E[©|2]|€%,1),
which are defined in Appendix C.8.

Equilibrium asset prices are given by

P1 = (1 - z’l)y + 2'1@ - 2’3,181 (421)

P, = (1—2%)ys+ %0 — Z,289,

where
) G- .\ M3 , Q
h o= —5 (1- zz)a +1p§5 + Z5(B, + Mf5)Ve,1] + a‘(ﬁ1 + ui6)Ve(d.22)
6 T
251 = (1 - .2’1)% + a‘,

Zy = (#35 + B; + B2) Ve 2,

2'3,2 = (T+“26)V9,2'

Given that in equilibrium 8;, = 8, and ;5 = B, then it follows also that G; =G

13 Also in Brunnermeier (2001), pp. 107-110
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and Q; = Q for every i. Similar to the case of short-lived agents’; 1, and u, solve

. .él 2’2
1= 75 o= .
zs,l zs,2

See Appendix C.8 for the derivations.

In the case that 3, = 0, this setting can be compared with the two-period
model with myopic investors and identical and constant quality private signal. In
this case, the weight on the fundamental in the second trading period is the same
in both settings (22 = %) and closer to the higher in the first trading period*.
Long-lived investors foresee their expected demand in the second trading period.
If the risk from the second period prices is high (Q is relatively high compared
to G), they demand higher quantity already in the first period. This implies that
there is less scope for higher-order expectations; investors are less influenced by
the value of public signal in predicting next period’s prices. As a result, the weight
on the fundamental in the equilibrium asset price equation is higher.

Research cost decision follows the same logic as in the short-lived agents case

and gives the following proposition.

Proposition 11 Provided that long-lived investors commit to pay research costs
before the first trading period, they will have incentives to choose to research only
in the first trading period.

By =0 and 5; >0

Proof. See Appendix C.9. m
The intuition behind Proposition 11 is that before first trading period higher

private signal in the second period brings no additional benefits, because investors

UWith B, = O, from (4.7) and (422) 4 = Sz2z + 28, + wd)Vey = 21 +
8 ((By + uio)Vo — n)==n+ g(l ~ 2) ((a+u?6+ﬂﬁ13(a+u?67) 22
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Figure 4.3: Adjustment of asset prices on a change in the fundamentals: long-lived
vs. short-lived investors

will remember their private signal in the second trading period. Also, given that
second period private signal is realized late, before trading period 1, the conditional
variance of the returns between different trading periods and liquidation date is
independent of /3,.

Figure 4.3 compares the reaction of asset prices to the change in the funda-
mental in the model with long-lived investors to the one with short-lived investors.
Both models assume two trading periods and the same research costs. These two
settings are comparable, because investors in both settings have one private signal
in every trading period.

The reason why expected prices change between period 1 and 2 in long-lived
agent’s setting is that period 1 price signal increases the information available in
period 2, if variance in noise trading is not too high. This creates incentives for
long-lived investors not to demand the full amount of risky asset they want already
in the first trading period.

Asset prices are tilted towards the public signal also when investors are long-

lived, because it reveals information about the fundamental. However, the effect of
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higher order expectations as well as low research efforts in earlier trading periods
diminishes compared to the setting with myopic investors.

Finally, Appendix C.9 reports the numerical results on sensitivity of optimal
precision and prices to parameters of the model (a,8,7 and K;), when investors

are long-lived. The direction of effects is the same as in other settings analyzed.

4.4.2 Public signal and policy maker

Policy makers make public statements that could have an effect on the public
signal. When the precision of public signal increases, it also imply a average
smaller error in the public signal. It is clear from (4.6) and (4.21) that mis-pricing
would disappear in the public signal was perfect (i.e. y = ©). Asset prices in such
case would equal to the present discounted value of the fundamental and noise
trading, even though no investors has incentives to acquire private information.

While, better quality public signal (higher a) reduces the error in the public
signal, it also increases the weight on public signal in investors’ expectations and
reduces the incentives to acquire private information as shown in the previous
sections. As long as the policy maker is unable to issue perfect signals, the effect
of improving the quality of public information can have an ambiguous effect. This
section gives a simple example of this in one trading period setting.'®

First, the extent of mis-pricing (X,,,) can be specified as the absolute value of
the difference between the asset price (integrating out the supply shocks) and true

value of asset, that is
|Xmp| = |(1 = 2*)y + 2"© — 6.

The public signal can be written as y = © + ¢, where error in the public signal is

15The same mechanism is valid in other settings.
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Figure 4.4: Precision of public signal and the extent of mis-pricing

gy ~N(0,1/a).
Consider the case that the error in the public signal is one standard deviation
and above its mean; ¢, = 1/\/a. Using (4.18), V{, the extent of mis-pricing

becomes

Xmp = Vava.

If the precision of private information does not change (i.e. 3" is exogenous)

(8" + %5 -a)
N

Oxmp_v* 1
e~ 22%/a

~ Vo = Vg

The extent of mis-pricing is ambiguous due higher weight investors put on the
public signal when forming their expectations. Therefore, unless a is high, it can
increase the extent of mis-pricing.

If 3* is endogenous,

5me__ * 1 *2 *2 B‘ 813‘
Do ‘Saya e VErVEVel+Ed) 5y
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As %% < 0 (see Appendix C.4), it becomes even more likely that improving

the quality of public signal increases the extent of mis-pricing, because errors in
the public signal become magnified. Figure 4.4!6 illustrates this by plotting the
relationship between o and Xmp for one standard deviation error in the public
signal. The value of the a where higher precision of public signal implies less

mis-pricing is higher with endogenous information costs.

4.5 Concluding remarks

This chapter presented a model where investors choose the precision of their private
information and make their trading decisions according to both public and private
information and . This leads to following the conclusions.

When the quality of public signal is higher, the incentives to invest in private
information are lower. Public signal affects asset prices more if its precision is
higher, because of two reasons. First, all investors assign higher weight on the
common public signal when forming their expectations about the fundamental or
next period asset prices. Second, as incentives to acquire lower variance private
signals are lower they, assign lower weight on their private signal. This implies
that policies that increase the quality on public information can have an ambiguous
effect on potential mis-pricing. On the one hand, higher quality public signals are
on average closer to the fundamental and therefore reduce potential mis-pricing.
On the other hand, as private information becomes endogenously more noisy, the
error in public signal becomes magnified.

The model is also consistent with the findings of Grossman and Stiglitz (1976),

that lower variance in noise trading reduces incentives to acquire better private

16The precision of public signal is chosen equal to the optimal precision in the case when there
is no public signal; a = 0. Other parameters are the same as in Appendix C.7.
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signals. This also increases the potential mis-pricing of assets as long as public
signal is available.

As already shown by Allen, Morris, and Shin (2006) in a similar setting with
short-lived investors, the existence of a public signal makes asset prices biased
towards it. Furthermore, this bias is larger if investors trade assets that have
more time left to maturity. Allowing investors to choose the precision of their
private signal magnifies this bias in earlier trading periods. Given that investors
care more about the price that they will get for their assets in the market when
exiting, rather than the underlying fundamentals, their incentive to research is
lower the earlier they trade compared to the maturity date of their assets.

Furthermore, for a fixed time until maturity, a longer price history reduces
incentives to invest in private signal, as investors have an incentive to free-ride on
the research effort made by the earlier trading periods’ investors. This implies that
longer price history does not necessarily imply less mis-pricing and depends on the
curvature of research cost function. If marginal research cost is constant, assets
with longer price history are even more mis-priced. This implies that mis-pricing
is potentially important also in more mature assets markets. Clearly, this effect
would be smaller or even reversed when in more mature asset are associated with
lower research costs.

The model also predicts that higher current and future risk-free rates reduce
the incentives to obtain information about risky assets. Therefore, the demand for
the risky asset falls not only because of the substitution effect, but also because
investors endogenously face higher variance of risky asset. If the increase of risk-
free rate is temporary, then later periods’ investors would be more willing to

research, in order to compensate for the worse signals coming from historical asset

prices.
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Finally, the predictions of the model are sensitive to the assumption that short-
lived investors. If investors are long-lived, they have incentives to obtain higher
quality private information as early as possible. Also, with long-lived investors, the
reaction to changes in the fundamentals is faster than with short-lived investors.
It would probably be more realistic to assume that both myopic and long-lived
investors participate in the market. In this case the adjustment dynamics to shocks
in fundamentals are likely to be in between the these two cases. The existence
of myopic investors can be justified by agents’ that foresee their future liquidity
shocks. Furthermore, when the agent is an asset management firm, the short
horizon can be rationalized, because the performance of these firms and their staff
tends to be judged by the short term performance of their portfolio.

The assumption in this chapter is that the short-lived investors do not inherit
historical private signals and the long-lived investors decide research effort in all
periods before the first trading period is rather restrictive. Both cases overlook
the dynamics that would arise if investors have heterogeneous information when
deciding about research costs. It is likely that investors who inherit private signal
that is further from the signal emerging from other channels, have higher incentives
to research more. This is likely to make the degree of mis-pricing smaller, but
would not eliminate the main dynamics.

The assumptions about the information structure could be extended as well.
The chapter treats private and public signals as distinct and uncorrelated. More
realistic assumption might be that some private agents can also have an impact
of public information (e.g. financial institutions making their research available).
Analyzing the incentives of these agents to issue truthful signals and the market

for information in a dynamic setting.
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Chapter 5

Conclusion

In chapters 2-4, this thesis addressed the impact of imperfect information in equity
markets and endogenous choice of the quality of private information on technology
adoption and thereby aggregate economic performance. There are two important
channels through which equity market affects innovation and technology adoption.
First, equity is an important source of funding for technology sector and affects
its ability to invest. Second, well developed equity markets facilitate talented
entrepreneurs to sell their firms and affect their willingness to invest. At the same
time, equity prices are subject to uncertainty and potential mis-pricing arising
from the commonly available public information and investors’ lack of willingness
to invest in private information.

Chapter 2 analyzed a setting where R&D is financed by issuing equity in an
environment where equity market participants are imperfectly informed. This
chapter showed that imperfect information implies under-reaction to the changes
of fundamentals compared to the environment where equity market participants
are perfectly informed. This would be the case, because an improvement in the
fundamentals is not necessarily reflected in the public signal and equity market is

pessimistic. However, when equity market is optimistic (i.e. public signal about
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the fundamental is higher than the fundamental), there are potential gains in long-
term consumption, because higher equity prices imply more investments in R&D
and therefore higher productivity and output, despite the fact that in the short
run investors get losses in the equity market.

Chapter 3 addressed the importance of equity markets in facilitating the exit
of initial owners. It assumed that the initial owner of a technology adopting firm
has superior information about the fundamental value of his firm and sells his firm
in equity market. If an average potential buyer of the firm is less informed, two
forces emerge that affect initial owners’ willingness to invest in technology. First,
there is a negative "fear of unstable markets" force that arises from the uncertainty
about the future market value of the technology adopting firm. Second, there is a
positive "adoption to signal" force that arises from the fact that fast technology
adoption decision becomes a positive signal that increases the market value of the
technology adopting firm. Other imperfections in the equity market, such as lack
of liquidity, further reduce incentives to invest in new technologies.

Finally, Chapter 4 analyzed the endogenous choice of precision of private infor-
mation in an environment where public information is available. It showed that the
slow reaction to changes in fundamentals becomes magnified as long as investors
have short-horizons. This is due to investors’ reluctance to spend resources in
order to analyze events that are far in the future and expected to have only a
limited effect on next periods’ asset prices. Also, existence of longer price history
does not guarantee that the potential mis-pricing of assets is smaller. This arises
from investors incentives to free-ride on research done by investors that traded on
earlier periods.

The policy implications that are drawn from the above listed finding are the

following:
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e The existence of liquid equity markets is beneficial for aggregate economy.
Furthermore, policy actions that are likely to reduce liquidity (such as for-

bidding foreign portfolio investments) can be harmful, even if the equity

prices involve high uncertainty.

e The presence of imperfect information in equity markets has an impact on
aggregate economic performance. If these imperfections become an obstacle
for growth (e.g. information about the firms in a country is too hard to
obtain), policy makers should aim to reduce information imperfections, by

improving the relevant institutions.

e If policy makers would have the ability to eliminate information imperfec-
tions in the asset market, they may lack incentives to do so. Market optimism
is beneficial for growth because it allows the technology sector to raise more
equity funds and make larger investments. Some degree of uncertainty is
beneficial, because it allows firms to signal their high profitability by invest-
ing in new technologies.As higher level of technology implies higher future
output and wages, policy makers’ incentives would depend on how much they
value these gains compared to the losses that the current investors receive
in the equity market. Furthermore, the findings in Chapter 2 indicate that
policy makers could have an incentive to issue only positive signals, which

can make such signals not credible.

e Policies that improve the quality of publicly available information have an
ambiguous effect on the extent of mis-pricing in the asset market. While,
better quality public information implies a smaller error in public signal,
this error has a larger effect on asset prices. This is driven by the fact

that improvements in public signal make investors’ expectations more biased
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towards the public signal and reduce their incentives to acquire better quality

private information.

As several policy dilemmas arise from these findings, optimal and feasible pol-
icy to address the presence of imperfect is information in equity markets is one
interesting direction of future research.

The analytical frameworks developed in the main chapters bears some impor-
tant simplifying assumptions and their mechanisms could be analyzed further in
more general settings. The following discussion aims to identify the importance of
these assumptions and potential links among the different mechanisms developed
in this thesis. Through this analysis, it points out additional directions of future
research.

Both Chapter 2 and Chapter 3 are stylized in their assumptions regarding the
source of funding available for the innovative firms. There is a lack of endogenous
choice of funding among the different sources available: equity, venture capital
and own funds. While this assumption is unlikely to be important for the validity
of main predictions of the models, it could affect the magnitude of different forces
and introduce new mechanisms. It would also have important implications for
policy decisions regarding, for example, the regulation of venture capital.

Chapters 2 and 3 also lack the choice of timing the terms of exit and/or issue
of new equity to fund investment in technology. It is likely that ownmers of the
firms would have incentives to delay (rush into) doing so when equity markets are
pessimistic (optimistic). Given that in this thesis there is no heterogeneity among
firms that invest in technology, the choice of timing is unlikely to add further
insights. However, when there is heterogeneity in entrepreneurial talent or quality
of innovation project, the choice of timing could generate important additional

effects. For example, it would give further insights about the characteristics and
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quality of firms that decide to go for an initial public offering or raise equity funds
in "hot markets", such as during the "dot-coms" boom.

Furthermore, introducing a degree of optimism in the setting of Chapter 3
would affect the magnitude of the present mechanisms. First, if entrepreneurs
expect the equity market to be optimistic in the future due to a public signal that
is expected to fade out slowly, their incentives to invest in technology would be
higher, and not only ability as in Chapter 2. This would introduce new forces
in the setting of Chapter 3. Second, if entrepreneurs would be optimistic (over-
confident) about their firm, the magnitude of "adoption to signal" force would
be smaller, because technology adoption decision would become a less informative
signal.

The uncertainty about the profits in technology sector in Chapters 2 and 3
arises purely from the demand side. A more realistic assumption would be to
incorporate uncertainty regarding the success of a technology project. This is
likely to reduce the magnitude of the gains from market optimism addressed in
Chapter 2. However, the gains would not be eliminated. The main mechanisms
in Chapter 3 would not be altered as well, since fast technology adoption would
remain a positive signal about a particular firm and uncertainty about the market
value of the firm would remain a discouraging force.

In addition to information imperfections, equity markets can also be imperfect
because they lack liquidity. Lower liquidity necessarily reduces equilibrium equity
prices, because there is too little demand for equity. The negative impact arising
from the lack of liquidity when firms are sold in equity markets is addressed in
Section 3.4 (see also Bencivenga, Smith, and Starr 1995). In Chapter 2, it is
straightforward to see that allowing for the equity markets to lack of liquidity

would also have a negative effect on purely equity financed R&D investment. All
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this relies on the assumption that information imperfections and liquidity can be
addressed separately. The potential interactions between equity market liquidity
and the ease of obtaining information gives rise to further scope for research.
One can conjecture that in a multiple country/asset setting, investors would be
reluctant to invest in countries where information about listed firms is hard to
obtain and this can make the equity market endogenously less liquid. This can
result in less liquid equity markets and therefore smaller benefits arising from the
presence of imperfect information in equity markets.

Chapter 4 showed that allowing for endogenous choice of the precision of pri-
vate signals and different investment horizon is important for the degree of asset
mis-pricing. While modelling equity markets in Chapter 2 and 4 is not directly
comparable, these finding suggest the following. Given that short-lived investors
lack incentives to invest in information about events that are far in the future,
the magnitude of mechanisms analyzed in Chapter 2 are likely to be higher with
endogenous private information acquisition. However, when allowing for at least
some investors to have long investment horizons in Chapter 2, the benefits of mar-
ket optimism would be smaller, because public signal shocks would become less
persistent.

To summarize, this thesis argued that well functioning and liquid equity mar-
kets are likely to be important for growth. It showed that endogenous precision
of private signals is likely to magnify asset mis-pricing. It highlighted the impor-
tance of funding and exit as channels through which uncertainty and mis-pricing
in equity markets can have an important, potentially positive impact on aggre-
gate economy. The robustness of these findings to alternative set-ups, and the

empirical quantification of these mechanisms is left for future research.
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Appendix A

Appendix for Chapter 2

A.1 Market clearing in three-period model

In the three-period economy, the final goods’ production takes places only in
periods 1 and 2. Therefore R&D production occurs only in period 1. Market

clearing conditions for different periods are as follows.

}71+Y1 - Cl+1\71+11+j\[l
Yo+Yy, = Cy+ Ky+ My

Ys

Cs

The market clearing in the first period is identical to Section 2.2.3. Intermedi-
ate firms will be liquidated in period 2. Therefore, the investors who invested in it
will receive just the dividend and P, = 0. This means that Co = 7o.d>+ R, Us-
ing (2.1), (2.2). (2.1), (2.8), (2.10), the market clearing condition can be simplified
to mo = ['¢,, which holds true by (2.3).

There is no other productive activity is taking place in period 3 apart from the

risk-free technology. Given that there is no equity market in period 2. consumers
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born in period 2 can only invest in the risk-free asset. Hence, C3 = Y3 = RM,.

A.2 Equilibrium equity price for three-period

model

The starting point is the pricing equation (2.12). To find the average conditional

expectations and variance of ¢,, assume that prices follow a linear rule

Py = piy (pa®y + pzs — 51) (A.1)

Given that prices reveal information, we can rewrite this and define the price signal

as

= Pi/py — s _

S
Pls -_

b, —
M3 2 Us

To summarize, the signals that rational consumer i has are:

e Public signal ¢, ~ N(¢,,1/8,)
e Private signal v(i)|¢, ~ N(¢5,1/8,)

e Price signal }31|¢2 ~ Ny, 1/138,)

Using Bayesian updating, the distribution of ¢, based on all the information

investor 7 has is

,3¢$2 + u3B,B1 + B,v(7) 1 ) _

¢2|Ql(z) NN ( ﬂ¢+l‘l’§ﬁs+ﬂy ’ﬂ¢+u§ﬂs+ﬂu
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This implies that that the variance is the same from the point of view of every

investor. The average conditional expectation is

Bo®s + 138, (65 — 81/ 13) + B,

Replacing this into (2.12), one can solve for coefficients p,, 4, and p3, by equating
coefficients in (2.12) and (A.1), as

T2 4 Babe
Hy = ~
R(B, + (%)%, + B.)
By
Ha = rF+§g§z
Pz = Py
3 sl

This gives the equilibrium equity price equation as in (2.13).

A.3 Comparative statics for three-period model

Price Rule

From the price rule ((2.13) and (2.14)), we can find the dependence of price

on the underlying parameters:

OP, r
2
0P, r
—_ = —=2z1>0
6%, R
OP, 1
o8 = RO <O
OP r
5;11 = —-st’l <0
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oP T - o
3 = R G2 ) >0iff =9, >0

0P, r .
823,1 = —-ésl <0iff 5, >0

Provided that z; = 21(8,,84, B85 7;T) and 2,1 = 2:1(8,,84,8,,7;T), then by
applying the chain rule one may recover the effect of the precision parameters and
risk aversion. For example:%% = %i;l%% + gz—i%;—'i. When the noise trading shock

is set equal to its unconditional mean (s; = 0), the second effect becomes zero.

Given that the for weight on public signal (2;) it is true that:

2
g% _ 5u+('f-21"= Bs S0
o [per (B) 8rn)
2
SR L B
© [ (B) sra)
521 _ ’B¢ [%+1] <0
o8, 2 2
© [ (B) nn]
O0n _ 2 ﬁsm(%&)z >0

It then follows that: %- > 0 iff ¢, — ¢, > 0. In all cases that that consider the
effect of risk aversion below, the noise trading shock is kept at zero; s; = 0.

R&D and output growth
R&D growth is descried by (2.15). It depends positively on the equity price:
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)
5.‘)15‘11 = Tf—%,é > (. Therefore:

094 6QA OP ory

3, ~ BP0 "

O9a _ 0940P1

O, OP, 0¢,

% — aﬂa_})_l < 0

OR OP, OR

0ga 0ga 0P,

or = ap o > Vifldr—6,>0

Moreover, from (2.16) and given that the growth in R&D has a positive effect on

output growth Y = %2 > 0, it follows:

Ogy Ogy  Ogy 0ga
= = + >0
ol O¢,  Oga 0,

Ogy 39}’ 59A

R A >0

0, aQA 3¢2

Ogy _ 591/ agA

9R ~ 9gadR ~°

Ogy _ Ogy Oga

or = Bgaor 016 0>0

Note that when there is actual productivity growth ¢, > ¢,the effect of different

parameters on gy increases in magnitude.
Benchmark Model

Regarding the pricing equation in the Benchmark economy:

8P T

5o = 7 >0
opPB opPB

A = 1 9
a¢2 37‘
oPB PB
5 - 7 <°

8% _ p 9% . . .
Moreover, zg& = 15,54 > 0. Comparing the implied R&D growth under the

1 1
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Benchmark and the Model economy:

o
ﬁ — (E) e — (452 - 31)T;L”

J4 & [21(0; — @) + 6 — 21,651] ™

For s; = 0 and given the congestion parameter p, it follows that > 1iff ¢y > ¢5.
i.e., when the public signal is pessimistic. This goes through also when comparing
gy with gy.
Consumption Levels

The consumption in the last period: C3 = Rw,L = Rﬂlm (1+ ga), depends
positively on the second-period profits, 3—0;? = —1 > 0, and R&D growth, 2 8 - =
R—alﬂ’g > 0. Also, there is a positive direct effect of the alternative asset return,

s _ C3 .
= > 0. Therefore:

?& . 603671'2 + BCgagA >0
a¢2 371'2 6¢2 6gA a¢2

303 803 BgA

— = >0

O, 894 0,

603 . 803 303 agA .

3R = OR ' 9gaoR (PUDIENOUS)
603 303 BgA

= iff &, — 0
or 0ga OT >0 iff ¢, — ¢, >

Comparing with the Benchmark model’s last-period consumption:
C:-?_CS=R%L7T2 (QE_QA) >0iff g — ¢, <0

Regarding the second-period consumption C; = RA;m; [(J}—zf—”l) (14+ga)+ 1 ]
it depends positively on profits, $2 = &4 > 0 and i = A (1+4ga) >0,

negatively on equity price, 5z an = —A;R(1+ g4) <0, and the effect of the R&D

growth depends on whether there are realized excess gains or losses in the equity
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market, % = Ay (ma— RP)) > 0 iff 7y — RP, > 0. The direction of the effect

from risk-free asset return is ambiguous,% = élaﬂ — A1P (1 + g4). In effect, all

of the following effects become ambiguous:

% 602 671'2 + 802 3P1 4 802 BgA
8¢, Oy By OP, O¢, | Dga O,
% 602 6P1 602 69,4

0p, ~ 0P 0g,  0ga 00,

3_0’2 602 + 602 6P1 " 602 BgA

OR OR  OP, OR  08g4 OR
2@ 8C2 6P1 + 802 89,4

or OP, Or  0ga OT

Comparing with the Benchmark model second-period consumption:
Cy — Cy = Ay[(m2 — RPP) (1 + ¢5) — (72 — RP)) (1 + ga)]

It is noteworthy that when noise trading is at its mean (s; = 0), the second
period consumers never get excess gains or losses in the asset market (3 = RPE).

Therefore, it this case C2 — C,

—A;[(m2 — RP) (1 + g4)]- This implies that
consumers in the model economy get losses (gains), if the market is optimistic
(pessimistic), i.e. when ¢, — ¢, > 0 (< 0) and CZ > C, (CE < ().

Finally, consumption in the first period is C; = (7, + P;) A;+RM,. It depends
positively on first-period profits, g—fi- = A; > 0, and equity price,‘(?,—f",ll = A; > 0.

Therefore:

oc, _ 8CioP,

= — >0
O¢, 0P, 0¢,
6C _ 9i0R _
O, OP, 8¢,
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0Cy 0C, 0P,

8 ~ op o "
8C,  8C,oP -
or ~ P oy > Li#—¢, >0

Comparing the Model with the Benchmark model for the first-period consumption:

CP—Ci=A (PP —P)>0iff g, — ¢, <0

A.4 ‘Welfare

Welfare in the three-period model is defined as W = C; + % + %i. Winu g the
welfare corresponding to the initial scenario of both productivity and noise trading
shock always equal to their unconditional means (¢; = ¢, = @,, s; = 0). Note that
in this case there are no excess asset market gains or losses (7' = m; = RP{™)

and that the initial scenario coincides for the Benchmark and Model economy:

W — W'i’ntl —
_ (Cl _ C;'ntl) + (C'z_—l(;i'_‘_t_l_) + (Ca—RCinu) _
= [Ai (P — B™)] + [34: (m2 — RPY) (1+ ga)] +

+ [L147s (94 — gf) + §4 (m — m1) (1 +93")]
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WB _ Wintl

= (7o) + () + () =

Welfare implications for the shocks considered in Section 2.3.3 are the following.
Increase of ¢,.

The Benchmark economy model is not affected by a pure public signal shock.
Therefore, W2 — Wt = (, while:

W_W'intlzw_wB=

= A1% (21 (&2 - ¢2)) — A1z1% (652 — ¢2) (1+g4) + %%"7@ (gA _ gzztl) _

r - 'A in
= _gAAIE (z1 (¢2 - ¢f)) + ‘é‘glfﬁz (QA — 94 u) =
F ¢ n
= A1§¢2[9A(1 - 011(7: + az) — gt

There are welfare gains from a false yet positive public signal, if the technology

growth caused by it is fast enough, so that the following condition is met:

L

1-p -
intl 1
94 _ = <1—az1?3+azl.
gA 1 + 21%3 — 21 ¢2

Since the congestion parameter p € (0,1) and given that z; € (0,1) and %: > 1,
it follows that the LHS of the inequality is decreasing in p. Hence, this condition
is more likely to hold, the higher is p. The nonlinearity of the inequality does not

allow for a simple condition on the parameter values. This can be demonstrated
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in the simple case of p = % (numerical exercises in Section 2.4.2 use p = 09). In

this case the inequality simplifies to:

2ot e (onra) o g
21| = — l—all-2z1+22)|>00or2<1—-—4—
(¢2 ' ' ¢, (28 21 az
Therefore, we get an "upper bound" on the percentage deviation of the public
signal from the actual productivity, for the Model economy to deliver gains com-

pared to the initial scenario/Benchmark economy: 922;1’1 < IZ“T"‘ﬁ For a value
of o around 0.3 and the extreme case of z; = 1, there would be welfare gains,
even if the public signal exceeds the true productivity by a factor of 3.3 (that
however seems unlikely given the underlying distribution). Lower weight on the
public signal increases that upper bound. Therefore, as long as the public signal
is not too high and the congestion parameter is not too low, the optimistic market
sentiment improves the welfare.
Increase of ¢,.

The consumption will be higher compared to the initial scenario for all genera-
tions in both the Model and the Benchmark, delivering higher welfare (W > Wint,
WEB > W), The difference in welfare gains between the Model and the Bench-

mark simplifies to:

r
W -WwEB= A1@‘¢2[9A(1 - azl% + az) — 93]

and there will be welfare gains in the Model economy compared to the Benchmark

one, if:

B 1 T%, ‘3
94 _ - <1—azl—3+azl
ga 1+ 21% -2 )

Given that now @, < ¢,, the LHS fraction is greater than 1 and thus it is now
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increasing in p. Therefore, the Benchmark model will result in the higher welfare,
as long as the congestion is not too low and the public signal is not very extremely
pessimistic.
Increase of both, ¢, = ¢,

The welfare will be higher and the same in both economies compared to the
initial scenario (W = W2 > Wwintl),
Decrease of s;

Both economies can be compared to the initial scenario as follows:

W — Wintl

r 1 :
A1§ (Zl,sslgA + a‘(bz (gA - gii‘")) )

in I L m
WB — W g AIE (Slgf + a¢2 (gﬁ - gAu)) )

There are welfare gains in the Model economy and Benchmark economy if

L

intl 1-p
ga~ _ <_¢2 ) < gzl,ssl + 1 and
ga ¢2 — 21,581 ¢2
sz Pq 7 a
7 = < —s51+1
9a P2 — 81 [

respectively. What follows, assumes that g, + 8, > 7T, in which case 2, < 1.
In either case of the above inequalities, the fraction in the LHS expression is less
than one, and thus decreasing in p. Therefore, if p is high and |s;| is not too high
compared to ¢,, there will be welfare gains in the model economy and benchmark
economy compared to the initial scenario. Comparison between the Model and

Benchmark economy, gives the following condition:

d_ (S ) fnt)
ga

¢2 — 21,551 %31 +1
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and the Benchmark model will give higher utility for higher values of p provided

the noise trading shock is not too large.

A.5 Equilibrium equity prices in infinite horizon

model.

Similarly to the three-period model, the solution method starts from (2.17) and
assumes that the price equation will be in the form of (2.13).

Conditional on the public signals only, the "prior" distribution of &, (27" x 1)

1S

o, ~ N(@O,t,zq)),where
(I)(),t - (at_T+1,--7$ta0a“’O),
1
(L o 0 )

0

1
For the price signals, the adjusted prices (that can be interpreted as price
signals) are defined as

— 54 k StoT—k+l
Piv = Piy—T3-T2%-TY (200 — 2" 5).
=1

for kb = [0.7—1]



The vector of observables for investor i trading in period ¢ is defined as A, (i) =

(P, .., Pr_ri1, vs—741(5), .., v4(3))', Ae() is (2T x 1). Then

Ai(i) =TZ®; + &,

where &, = (0,...,0,&(%),...,e4-14+1(3))

/ 21 ... 2p_1 2p —Zg1 ... —ZsT-1 —zs,T\
2 ... 2T 0 —z2 ... —2zs7T 0
0 0 0 0
7 2T 0 0 =z 0 0
1/T 0 0 0 0 0
0 0 0 0
o o0 1T 0 0 0 0 0
k 0 O o 1T O 0 0 0 )

This implies:

A(D)|® ~ N(TZP, E4), where

(0...00...0\

0 -« 0 0 0
5y =

0 03}: 0

\ 0 0 0 oy

Using the projection theorem, one can find the updated distribution of the
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unobservables, conditional on the observables for each of the consumer i

E[@:As())] = ®o;+TTeZ'(P2ZeZ + Ta) "} (A(i) — TZ8y,)

Var[q)tIAt(z)] = EQ — P22QZI(F2ZZ¢Z, + EA)‘lZZq, = Vq;

Notation Vg indicates that the conditional variance of unobservables is constant
over time and the same from the point of view of every consumer. Aggregating

over all rational investors, we get the average expectations of the unobservables
E[®|A] = (I - QZ)EI;O,t + QZ%,,

where Q =224 Z'(I?Z%sZ' + £5)~" and I is the (2T x 2T') identity matrix.

Using this, derive
E[Py; + L1/ =T((2r + 2r +2)d + (Z3(I — QZ) + Zz)<I>0t + Z,Q7Z%,),

’ 7 _ = -
where Z = (1, 21, .., 27-1,0, =251, ..., —2s,7—1) and Z; = (0, 21, .., 271, 0,0, ..., 0).

Also
\'31[ t+1 ¢t+1| t] 2[’<I> 2+ZT3 + 27 84,8 + T2 3,

The variance is verified to be constant over time and depends on the coefficients
and precision of shocks and E[P,;; + I'd,,,|%] is linear in future productivities,
historical noise trading and public signals, while s; enters into price equation
from (2.17) directly. Therefore, the prices take the form of the conjectured price
equation and we can find Z; and VA numerically by replacing the above results into

(2.17) and equating coefficients with (2.18).
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A.6 Benchmark price equation in infinite hori-
zon model

For the infinite horizon Benchmark model, assume that investors get a perfect
private signal about ¢, 1 in ¢ and are aware also of the private signals about ¢, to
¢;.7—1- This means that the public signal (¢) will be useful only from period t+7T+
1 onward, because there is no agents with better about this than the information
than the public signal (i.e. the prior distribution ¢, 1, ~ N (@, 1/8,), for k > 1).
Thus, the information set available in t is QF = QB(i) = {#,41,--»Psor}- The
uncertainty in prices also comes from the noise trading in every period, s;4x ~
N(0,1/B,).

Note that all rational consumers have the same expectations (E[..|Q2(3)] =
E[.|QB] = E[..|QF] and Var [..|QF(3)] = Var [.|QF] and the law of iterated ex-

pectations holds in this case. Therefore,

T

1 1 -
E[Pi1 +T¢.1|Q7) = FZ Rk—l(i)t““’c + I‘RT‘l(R - 1)¢’
k=1

which is the present discounted value of the expected future profits. The variance:
1
Var (}Dt+1 + P¢t+1|QtB) = Var [Ef‘__qubt+T+l + S¢41T Var (Pt+2 + P¢t+2thB)] .

There are two points to notice here. First, prices in ¢ + 1 are a function of
®ei741, Which is not known in t. Therefore, we have to consider its variance
as well (investors know that the price will move due to additional perfect signal

being issued). Second, the quality of information is the same over time. Hence,
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Var (Poy1 4 T¢yy1|QF) = Var (P42 + T'¢,,5|08) = V5 and

2.2
VB = t \/1 B 4R2ET_1T§/3¢B3
- - _
25,

The Benchmark pricing equation is :

T
1 1 -1
PP =3 —T¢,, + =L — =7V5Bs,
£~ Rk RT(R-1) R

Only the period ¢ noise trading affects the equity price. The term MF}E

reflects the lack of knowledge about the long term productivity.

A.7 Parameters used in numerical solution for

infinite horizon model

parameters | T a p n L R AT By B, By B,

values 6 03 09 1 1346 133 014 2 25 25 25 25

In the initial scenario s;yx = 0, ¢, = 1, ¢ = 1, at_qq,k =1, 5t—:r+k =1 for

all k € (—o0,00).

The results are for T' = 6!. The choice for the capital share (o) is standard.
The congestion parameter (p) is from Comin and Gertler (2004). The gross interest
rate (R) corresponds to yearly interest rate of approximately 6.6 per cent and is
chosen such that M, = 0 (for all ¢) for the initial scenario. The labour force (L)
is chosen to normalize I' = 1. The productivity or R&D () is chosen to give
R&D growth (ga.) of 0.1 (corresponds to =~ 2 per cent yearly growth rate). The

coefficient of risk aversion (7) is the same as in Bacchetta and van Wincoop (2006).

1The length of one time period can be viewed to be 5 years. Thus, given the setting, consumers
receive public and private signals about the productivity around 30 years ahead
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The precisions S, 8,, B3, and B, are chosen to be equal. This that around 30%

of the weight in the investors’ expectations is put on the public signal.
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Appendix B

Appendix for Chapter 3

B.1 Labor, stock market and institutions.

Data for 1996-2004, medians

Labor with Stock  Turnover  Rule Regul.

sec. educ.* mrk. cap. ratio of law  qual.
Asia 28.2 44.5 80.3 0.30 0.35
Latin America 33.3 24.5 153  -0.29 0.26
Transition (EU) 62.9 13.4 384  0.60 0.74
Other transition 56.6 10.4 89 -0.07 0.28
EU (excl. new) 45.0 66.8 72.8 1.74 1.39
United States na 133.9 141.4 1.73 1.46

* no data available after 2001

Table B.1: Labor force, stock markets and institutions

Indicators:

Labor with sec. educ. - Percentage of labor force with at least secondary education

out of total labor force. Source: World Bank Development Indicators

Stock mrk. cap. - Ratio of stock market capitalization to GDP. Source: Financial

Sector Development Indicators. World Bank

Turnover ratio - Stock market turnover ratio equals to stocks traded divided by

stock market capitalization. Source: Financial Sector Development Indicators.

144



World Bank

Rule of law. - Index is in scale -2.5 to 2.5 and measures the extent to which agents
have confidence in and abide by the rules of society, and in particular the quality
of contract enforcement, the police, and the courts, as well as the likelihood of
crime and violence. Source: Kaufmann, Kraay, and Mastruzzi (2006)

Regul. qual. - Regulatory quality index. Index is in scale -2.5 to 2.5 and measures
the ability of the government to formulate and implement sound policies and regu-

lations that permit and promote private sector development. Source: Kaufmann,
Kraay, and Mastruzzi (2006)

Country groups:

Asia - China, Hong Kong, India, Indonesia, Korea, Malaysia, Philippines, Singa-
pore, Thailand

Latin America - Argentina, Brazil, Chile, Colombia, Mexico, Peru, Venezuela
Transition (EU) - transition countries that joined European Union in 2004, i.e.
Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Slovak Republic,
Slovenia

Other transition - other transition countries that have initial PPP adjusted GDP
per capita above 3.0 thousand USD in 1991, i.e. Belarus, Bulgaria, Croatia,
Georgia, Kazakbstan, FYR Macedonia, Romania, Russian Federation, Ukraine.
European Union (excl. new) - European Union members excluding "Transition
(EU)" and Luxembourg, i.e. Austria, Belgium, Denmark, Finland, France, Ger-

many, Greece, Ireland, Italy, Portugal, Spain, Sweden, United Kingdom
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B.2 Income per capita and R&D expenditure

Figures B.1 and B.2 present data on transition countries that are comparable in
various characteristics. These countries are similar in high share of educated labour
force, institutions and lack of securities markets at the time when Soviet Union
dissolved and initial level of GDP. The figures exclude five transition countries
that had substantially lower initial PPP adjusted GDP per capita (below 3.0
thousand USD) in 1991. The remaining countries have mean 6.6 thousand USD
and standard deviation 2.0 thousand USD.

Figure B.1 shows the relationship between development of equity markets and
PPP adjusted GDP per capita in US dollars (World Bank Development Indica-
tors). Figure B.2 shows similar relationship with R&D expenditures per capita in
PPP adjusted US dollars (World Bank Development Indicators). The measure of
equity markets’ development is "Securities market & non-bank financial institu-
tions index" (European Bank for Reconstruction and Development). The index
evaluates countries on a scale 1-4.5, where 1: little progress; 2: Formation of se-
curity exchanges, market-makers and brokers, some trading in government paper
and/or securities; rudimentary legal and regulatory framework for the issuance and
trading securities; 3: substantial issuance of securities by private enterprises, se-
cure clearance and settlement procedures, and some protection of minority share-
holders, emergence of non-bank financial institutions and associated regulatory
environment; 4: securities laws and regulation approaching the IOSCO standards,
substantial market liquidity and capitalization, well functioning non-bank finan-
cial institutions and effective regulation; 4.5 standards and performance norms
of advanced industrial economies, full coverage or securities laws and regulations
with the IOSCO standards, fully developed non-bank intermediation. In 1989 all

transition countries had index "1". The value of index for the EU average and
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the United States is taken to be equal to 4.5 (the maximum index value). which
is consistent with the definition.

Figure B.3 shows similar patterns for R&D expenditures in high and upper-
middle income countries as classified by World Bank. The measure of equity mar-
kets development used is the "Equity Size Index" (Financial Sector Development
Indicators, World Bank). The index is an average of scaled market capitalization
to GDP, value traded to GDP and turnover ratio: value traded to market capi-
talization. Scaling is done according to the median and standard deviation of the
variables such that most scaled values are in the interval [2.5, 7.5].

Figure B.4. shows that the patterns for more general investments and the
"Equity Size Index" in high and upper-middle income countries is similar than for
R&D expenditures, but weaker.

Figures show a concave and possibly non-monotonic relationship that would be
consistent with the predictions of the model in Chapter 3. The patterns are similar
if using other available measures of equity market development (e.g. number of
IOSCO principles implemented, realized equity return volatility) or technology
adoption (e.g. number of personal computers or internet users per 1000 people

and GDP growth).
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Figure B.1: Securities market and GDP growth in transition countries
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Figure B.2: Securities market and R&D expenditures in transition countries
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Figure B.3: Equity market and R&D expenditures in high and upper middle
income countries
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Figure B.4: Equity markets and investments in high and upper middle income
countries
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B.3 Equity market equilibrium

The optimal demand of informed traders is specified in (3.21) and (3.22). Un-
informed investors obtain information from their public signal (3.8), adoption
decision made by the initial owners in period ¢ and the stock price. Replacing the

optimal demand of informed agents into the asset market clearing condition (3.2).

This implies,

I'0;12A:12 — RP, -

1 LOtpaAsys 41,

t+1 2+ 7 1 + Beyrhth + s = 1. (B.1)
T At+2E

Uniformed investors are all identical and they know their demand (iztUH) This
means that they also know the demand of all other uninformed investors. There-
fore, the price signal can be found from rearranging the equation into observable
(the price signal, P,;;) and unobservable part from the point of view of any unin-

formed investor. As a result

RP, TFAt+2ﬂLu

P = — 1-aY hY ) =
t+1 TA,., py ( t+1/041
TA
= Oppo+ —— 225001,
y’t+1/8u

which is the same as (3.23). Given that s,4; ~ N(0,1/T?A42,,), the conditional

distribution }5t+1|9t+2 ~N | b2, —— - _2). This implies that
ﬂa(“t+1ﬁu) T

~ ) 2 o=
,B§0t+2 +ﬁs (u‘tI+1:Bu) T 2-Pt+1 1 ) .

6 é ,1'5 |~ N ) N 2
el P ( By +Ba (1B T2 Byt By (i) 772

Defining coefficients 2., and z,:41 as in (3.25)
B:4210e42, Pev1, ~ N (zt+lét+2 + (1 = ze41) P, zv,t+1)

Uninformed investors also get information from knowing the adoption decision
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of local informed investors. We can conjecture that if in previous period the speed
of technology adoption was chosen to be fast (i L, = 1), it implies ;.9 > 04,q. If
it was slow (1;, = 0) then 6,5 < 6,,. This conjecture is verifies in Appendix

B.4. Following Green (2000), pp. 899 the moments of truncated normal can be

expressed as

E [9t+2|QtU+1] = (zt+lét+2 +(1- zt+1)15t+1 + \/zv,t+1/\Ih (bt+1)) (B.2)

Var(Busal@ys) = zuen (1= X2, (o) + by, (b))

]‘It

where by4; ~ N(0,1) defined as in (3.25) and A1, is inverse Mills ratio; Aj, _, (be41) =

=1
%’ﬁ% and Aj, _ (be41) = —%(Z—ﬁ%, where ¢(.) and ®(.) are standard normal
p.d.f. and c.d.f respectively. Using the (3.4) and the independence of u;,; from
the public signal and noise trading shocks, the expectation of profits is (3.24) for
uninformed investors.

Plugging the demand of uninformed investors (3.21) and (3.24) in (B.1) equi-
librium equity price

il [0:42A:42 iy E [m42|QY]
i TPZA?+2731; 17 Var (Wt+2|9:31)

— 1+ 8t41

Pt+1 =

- AU
R H{+1 Fiq41
TI2A2,, i 7 Var (me.2|Y))

As the number of foreign uninformed investors p!,, — oo, which also implies
ﬂﬁ_l — 00, the price becomes equal to the discounted expected profits by unin-

formed investors.
E [7Tt+2 |QK+1]
R

Pt+1 =
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Using then (3.24) and (3.23)

[Asys

Py, = R (zt+lét+2 + (1 - 2t+1)13t+1 + \/Zu,t+1/\i,t (bt+1)) =

T'A; o zt+19t+2 + (1 = 2¢41)0p 40+

R
+(1 - zt+1)—1;_3t+1 + /7, t+1/\1, (bt11)

B.4 Proof of Proposition 1

Assume that there exists a threshold level of productivity 8;., above which fast
technology adoption is optimal. Assume also that this threshold is observable for
uninformed investors trading in the next period.

The approximation of Mills ratio with a linear function around 0 is A, 1 (bt41) =
Nobss1 + 0y (—1)2~11. Mills ratios for right and left truncation is a reflection from
origin. Therefore, the absolute value of intercept is the same for right and left
truncation. For example estimated in the range [—1,1] n, = 0.6247 and 0, =
0.8377 or in the range [—3,3] n, = 0.5701, n; = 1.1101. For the left truncation
the ratio is effectively 0 below —3 and close to linear above 3. In the linear area
of Mills ratio function, the slope is below 1 and the function is convex in between.
Therefore, in any symmetric range around 0 the slope must be below 7, < 1. For
left (right) truncation Mills ratio is an increasing and convex (concave) function
above (below) 0, which implies n;,7, > 0.

Using this, the equity prices can be expressed as

Py =
zt+1ét+2 + (1 — ze41)0e42 + 25 g 1T Ary2Se41+

1
ST Atz .
+/Zvt1 (M2be1 + (=1)t1ren,)

R
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Expanding the price by replacing in b, , 5t+2 and P,,,, the price becomes

P = (B.3)
(1 —1np) 012 + (1—my) Zt+1€5 440

1
EF A2 | + (1—mn,) Zst+1l Agyase+

MoBr2 + VZv,t+1 (—1)1‘1"7)1)

From here we can find the conditional moments as

E [Pit1]0t42,11]) =

A _ ]
1;2 [(1 —13) Oty + My0ei0 + /Zpprr(—1) 710 cl)]

Var (Pt+1|0t+21 1It) =

r24? 2y 22 I242
) B B T,

By definition, if i;,_ = 1, then A, = A}, and if iIt = 0, then Ay = Aj,;.
Investors, will choose to adopt the technology fast if U,(1;, = 1) > Ut(i L, =
0) + RI;. Using the moments just derived and the adoption cost function (3.6),

the condition for fast technology adoption is

T (A}, — A 5 (
( t+2R 1) ((1 = 1) B4z + MaBe42) > R (A7, — Afyy) C()—
I (A2 + Af) * (4 i

T —_
- R Vv 2yt+1T + 5 +}222 +1) (1 - 772)2 Zy,t+1-

This can be simplified by expressing it in terms of growth rate of frontier g* =
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_ R2.
(1 —n3) Op2 + 1010 > ?C(-)—

. TI'(2+ g*) A}
‘@%‘Zv%,mnﬁg ( 2) = (1

- 772)2 Zy,t+1

If the productivity is at the threshold ;12 = 0., initial owner is indifferent

between adopting fast or slow. This implies

~ R?%, r2+g
Otr2 = ?C() - —(RF-—)\/Mm +
TT2(24 ¢g*) A
+§ ( R2 )At+1 (1 - "72)2 Zu,t+1

Replacing 8, into the condition for adoption above and simplifying, the condition

for fast adoption becomes

. R?, 2+g*
Otva 2 Oip2 = ?C(') - g*g )\/Zv,t+1771
7' (2+ g*) A
4= ( g ) t+1 (1 _ 772)2 Zot41-

2 R

0,2 depends on R, 6 (-, T, g%, zyt+1, B and B, that are all known to uninformed
investors in period ¢ + 1. This proves that there exists and observable threshold
for fast technology adoption. This also confirms the guess in Chapter 3.2.3 (and
Appendix B.3)
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B.5 Independence of adoption and trading deci-

sions

In period ¢+1 some investors trading in the financial markets are also initial owners
of monopolistic firms that produce profits in period t +3 (investment 1;,,, I, will
produce profits 7,43 = ['Asy3(6¢43 + us43)). Assume that such agent is an investor
of type i € {I,U} in his trading decision. The information set that is relevant
for his trading decision is Q}; (that is Q,; = {842, B,41,11,} or O 1 = {0e42})-
The information that is relevant for his technology adoption decision is 0..3. He

solves

.im@'x E[cfi2lﬂi+1v 0t+3] - %VN (Ciﬁ2|92+11 9t+3) ’
hty1o1r 4y

st. C:-fz = Ci+2 + Ciya
c§+2 = (T'(Os12 + uty2) A2 — RPt+1)i"i + RWti+1

c:+2 = iIt+1‘Pt+2(iIt+1 = 1) + (1 - iIt+1)Pt+2(iIt+1 = O) - iIz+1RIt-+-1’

e,i

where c;}, is total consumption, c},, is consumption from trading, c,, is con-
sumption from the adoption decision, W; '+1 is the wealth of such agent (equals
to wage income if the agent is a local entrepreneur alone) and iz;' his risky eq-
uity demand. Notation P,y2(1s,,, = 1) and Pyo(1s,,, = 0) is to point out that
equity price will be different, depending on the adoption decision (as profit and
equity price depends on the quality of technology, i.e. the profits depend on A}, 4
if 17,,, = 1or A}, if 15,,, = 0).

With the linear approximation of Mills ratio specified in Appendix B.4, the
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equilibrium equity price (B.3) depends of three uncertainty terms,

FAgy3

Po= (1—1n,) (Os43 + 2442€5 43+ 25420 Agy25i10 + time _speci fic_cons)

This implies that

e i
Cov(cf 2, Criz) X Cov(Beia + Upya, Oriz + 2t42€5,43 t 25 t42As128e42) = 0,

because by assumption there is no correlation between the shocks and no serial

correlation. Using this, the moments of ¢, can be expresses as

E[cff1|Q§+1,9t+3] = E[ci+1|QZ+1]+E[c§+1|9t+3]

Var (C:illﬂiﬂ’ Oi43) = Var (ciy1Qy,) + Var (¢,1]6:43) -

The utility function used implies that optimal equity demand does not depend
on wealth. Therefore utility from equity trading and developing can be solved

separately as (3.20) and
maxE[cf, 053] — § Var (cfy110e+3)

It 41

which is equivalent to (3.29) and (3.30) for t + 1.

B.6 Local goods market clearing

Case 1. Consider the case when initial owners are local entrepreneurs alone. The

aggregate budget constraint for all young local agents in period 2.
pwe = ilt—thPt(iIc—x = 1) + (1 - iIt—l)Ht‘Pt(iIt—l = 0) + M, + thta
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where M, is aggregate risk-free foreign asset demand by local agents and H, =
(Wbl + (u — pf )WY + s) and is the aggregate equity demand by local agents.
Due to the lack of wealth effects with CARA utility, local and foreign informed
and uninformed investors’ equity demand is the same, i.e. h; = hl = fz{ and

hs = k' = h{. The aggregate consumption of these agents during next period will

be

Cra1 = pces1 + ey = Moy  Hy + RMy + 11, Py (1, = 1) + (1 = 1) P (I, = 0).

The asset market clearing condition (3.2) can be rewritten as u/A/+(u—ul AV +
wel B+ VAV + 5,y =1 or H, + H} = 1, where total risky asset demand by
foreigners is Hy = pl A + u;¥,AV. Replacing this in aggregate consumption, it

becomes
Cir1 = me41(1 — Hf) + RMy + 11, P (17, = 1) + (1 = 1},) P11, = 0).

From the first period of life budget constraint, the aggregate holdings of risk-

free asset are
M; = pw, — (1 - H;) (iIt-lpt(iIt—l = 1) + (1 - iIt—1)Pt(iIt—1 = 0)) - iItIt

It is clear that if a country invests in technology adoption in period ¢, it’s foreign
asset holdings will be smaller (or foreign debt higher).

The net foreign asset position of the country (F;,;) has following components:

1. 1, H Poi(In, =1)+(Q—-1,)H;, P (I, = 0) inflow if foreign investment

to local asset;

2. H}m 1 outflow of profits from previous period investments;
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3. M,y outflow of locals’ investment to the world asset (or inflow of debt)

4. RM, inflow of previous period world asset revenues (or outflow of debt re-

payment).

Fryn = iIth*'f'lPt‘l'l(iIt =1)+(1- iIt)Ht*-l-l})t-i-l(iIt =0) — H{my1 — My + RM,

Using that 17,,,(j) = Ij,, and I,41(j) = .41 from Section 3.2.2, domestic

good’s market clearing (3.9) becomes

1
Fioi+Y=Cia +/ Te(§)dj + 11,4, Je41
0

It can be shown to hold. Replacing Fi,;, Ci4; and M, in the goods’ market

clearing condition and simplifying we obtain
1
— W1 + Yo = Ty + / z:(5)dj
0
Using (3.11), (3.13) and (3.14) this simplifies to
Ter1 = [P A

and holds by (3.12). The goods’ market clears.
Case 2. As analyzed in Section 2.4.3, if initial owners include a foreign investor, the
speed of technology adoption must be fast, 1;, | = 1. If fast technology adoption

is possible only with the participation of foreign investor

Ce+1 = me11(1 — Hy) + RM; + Py (1, = 0).
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M, = pwy — (1 - H;)‘Pt(ilt—l = 1)

There will be an additional capital inflow, because the foreign participant will bear

all the technology adoption cost I;1; = ((A;,3 — A;,,) and an additional outflow
of foreigners’ earnings from exiting P.;(1}, = 1) — P,y1(1;, = 0). The resulting

net foreign asset position

Fip1 =H;  Pi1 (1, = 1) — Hmyp1 — Myyy + RM,

+ L1 — Poyi(1, = 1) + Py (1, = 0).

Replacing these in the goods’ market clearing condition, simplifies to the same
condition as Case 1.

If foreign investors participate for reducing the fast adoption cost, then capital
additional capital inflow and outflow are {(A;,, — Af,,) and R((-)(Af,2 — Af1)-

Consumption, risk-free asset holdings and net foreign asset position are
Cip1 = mep1(1 — HY) + RM; + Poa (1, = 1) — RC() (A2 — Al
M, = pw, — (1 — H)P(1, = 1)
Fipa= Ht*+1Pt+1(iIt =1) — H{m41 — M1 + RM,
+&(A:+3 — Afy2) — RC() (At — At

Using I;41 = ¢ (A},s — A},,) market clears similarly to the above. As the foreign
participation always compensates the opportunity cost for local agents, forming a
joint venture does not have an impact on aggregate consumption in ¢ + 1. It can

also be seen from the relations above that the net foreign asset position is always
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lower if the country adopts fast technology. Local good’s market clears in period

t if a foreigner participates in the project.

B.7 Proof of Proposition 5.

The demand of uninformed investors with wealth (or wage income), ng is given
by (3.21) and (3.24). They know this demand with certainty. The utility from

staying uninformed is given by

E [Ut[ilmto;q] =

E [Wt+2lﬂgj+1] — RP1,
7 Var (42|, )

_ (E [7rt+2|9£{|-1] - RP,

27 Var (4 1Q7,,) 2

E [mp2 — RP.1)|97,1]

2
) Var (7Tt+2|QtU+1)

This simplifies to

(E [’”t+2'9g|.1] - RPt+1)2 %

U U —_ U
E [Ut+1|Qt+1] - 27 Var (7rt+2|Q£{;.1) + RWt+1'

It they decide to become informed their demand is given by (3.21) and (3.22).
However, they do not know what productivity they will observe after becoming
informed and therefore their demand as informed. Replacing the demand as in-
formed in the utility function, the utility can be expressed as

1 (TAy20i42 — RP,11)? | TApyourss (TArs28ii2 — RPpy) RWY
Uip1 = 2242, i + T2 A2, 31‘“' + t+1°

Taking expectations of this conditional on the information the uninformed investor
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has

T2AZ,, Var (0,129%,,)) + (E [m442|Q,] — RP.,,)?
I U 3 _ +2 t4+2[86¢41 t+2 -
E [Ut+1|Qt+1] = +2TP2A?+2BL i tH] t+1) + RWfil

Given that the number of uninformed investors is infinite, asset prices correspond

to the expectations of uninformed investors. This means E [7rt+2|QtU+1] —RP,,, =

0. An investor will decide to become informed if E [UL,|Qf,,] — RDsy; >

E [UZ,19Y,,]. This implies the following condition

Var (0t+2 IQ?-;-I)
2Tﬂi

> RD;1q

The conditional variance of the productivity has to be high enough, such that
the cost of becoming more informed is compensated by better expected arbitrage
opportunities as an informed investor. Using Dyi1 = 811041, Var (0:42|QF,,) =
Zy t+1%41 from (B.2) and ¥, = (1 — A%h (bes1) + bt+1)‘iz, (bt+1)), this becomes

:Buz’l),t+1 — (_S
Ror

Ot+1 <

Investors find it optimal to invest adoption as long as d;,; is small enough.

However, z,:11 = is a decreasing function of the number of

/35+(ﬂ{+1119u)2ﬂsf‘2
informed investors. This is because with the higher number of informed in-
vestors makes asset price more revealing, thereby reducing the gains from be-
ing informed. If the number of local investors is large enough, such that é;4; >
B 1 holds, no uninformed investor will decide to become informed.

ed " 7
R27 g4 (bd4184) Bsr—2
If this is not the case, investors will become informed until the gains from becom-

ing informed are driven to 0. This means that in equilibrium, the number of
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uninformed investors is

t+1 /Bu:Bs R26,41 ,Bu

This root is always real, it being negative implies that §,,; > E—%"E’ which is
[

satisfied as long as there is at least one investor who decides to become informed
in addition to those who are informed for a zero cost.
The dependence of equilibrium number of informed investors on R, 6.1, B3

and B, is straightforward. Sufficient condition for -% > 0 and %’%‘f— <0is

diy1 < B_;B'rulﬁ (the condition for a real root).

B.8 Proof of Proposition 6

This is a simple optimization problem. Define constants Q; = %2& () > 0;

Q2 = _gg_ R2T771 > 0; @ = TMAHl (1-772)2‘@‘ > 0. Then 6% =

2
arg min (Q1 - Q2 21+ Q35t+1) First order condition of this gives 5: = (2%—3) .

Oe41

1
. % —Q25E+1+Q35z+1) Q ) o
Second order condition, T =0 2 > 0 confirms it as minimum.
t+1

Replacing the constants back in 6t 11 gives the proposition.

B.9 Policy maker’s choice of precision of public
signal

Assume that instead of information cost, the local policy issues the public signal
and chooses the precision of it. The policy maker chooses in period ¢ how precise
signal he would get about 6., in period ¢+ 1 and commits to issuing his observed
signal in t+ 1. For example, the local policy maker could establish an independent
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research department and choose the size of it.! The policy maker solves

opt

b1 — AIEIMIN (Ber2) ,

]
where 6, , is given by (3.31).As the chosen precision can chance over time, consider

Bs+41 instead of B3, which means that z,;,; = L PRI The solution of
6é,t+1+(“t;‘:ti) Bs

this problem is

o AT g*1TA}  (1-ny)3T
0, if g, > +

gpt = Rnlvﬂs u
0,t+1 L] - 2 2 a7 2
g*tTCA? (1-n .
(Fr gt} (Bafe) ', otherwise

It is clear that ’631,0;1 is finite. Perfect public signal would require ﬁgf’:ﬂ —
0o. Therefore, similarly to Section 3.3.2, local policy maker does not choose full
transparency. Here, if the number of informed investors is sufficiently high, the
policy maker would issue no public signal ﬁgf’ttﬂ = 0, in such case there is no reason
to aim to offset the "fear of unstable markets" force and more precise public signal

would only limit the gains from "adopting to signal".

B.10 Restrictions on foreigners portfolio equity
investments

Case 1. All noise traders are local. Let as assume that there exits a threshold

9{:_2 < 042, such that adoption is more likely in the case of restricting foreign

capital.

1The approach with the choice of information cost is preferred, because local policy maker
could have incentives to declare higher productivity to encourage faster technology adoption.
This can make the public signal he issues not credible. The assumed independent research
department that would avoid such problem may be less realistic than facilitating investors to
access information directly.
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Using the equilibrium price in the case of y;V V1=l =0and p! =

st I
BIP l0es] = Fhesglor — (o) — a2,

24?2
Var (FAlos) = (35;) T

It is optimal to pursue fast adoption if Uy(1;, = 1) > Uy(1;, = 0). At the

threshold 6,,, = 9;12 = Ut(i L=1>U(, = 0). Using the moments above,

the threshold can be expressed as

—5_2 _ C( )+ (L) }—1;(2 + Q)A:+1 (R+ ZTT, (#TTu))

. . . _ZR = .
Using 2,41 = ——1,——, after simplification 6, , < 6;, implies.

+(#2x )78,

“'\/m771 < —_At+1 (%(1-(1—n2)2)+ﬁ;(ﬁ) (R+ZTT’(;T“))+(“—§A),3,R) (B.4)

.66'*'(%‘)2»33

As all variables and constants in this inequality are positive and (1 — n,)* < 1,
this implies LHS > 0 and RHS < 0. This contradicts existence of threshold where
adoption is more likely with restricting foreign portfolio equity investments.

Case 2. None of the noise traders are local. As before, assume that there exits
a threshold 9:12 < 0,.2, such that adoption is more likely in the case of restricting
foreign capital.

In the absence of noise traders E[PE,|6;.,] is as above and Var (P}, |0;42) = 0.

The threshold for fast adoption becomes

02 = 80 + (357) T2+ 9)4i

First, from (3.32) it is clear that 0,+2 > 0., +2- This implies that potential
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LHS and RHS

number of informed investors (local)

L HS = JHHS

Figure B.5: Possibility of faster technology adoption when forbidding foreign port-
folio investments

gains from closing the access to foreign uninformed investors could arise only if
the number of local informed investors is sufficiently small. In such case the "fear
of unstable markets" force is stronger than "adopting to signal" force (area B in
Figure 3.3 in Section 3.2.4). Using 3.33, we can find the following condition, where

"fear of unstable markets" force is stronger

2

T 1 {1 = 772)2 Bs
i e 2 EpA ARge
Bu /Bs (T 5 S5 7712R :Bs

H<p

Comparing the thresholds, with imperfect equity markets, 9? PR 0, implies
that
By T

RHS =R < = (1 —n,)?
6;+’%§3B, 2 \/ﬁg+%g-'2‘ﬂs

1 R — LHS (B.5)

. Lg*Af G

This condition cannot also be met in very small number of local informed investors
(u — 0 implies contradiction).

It can hold for some p € (0, ). This requires that the variance in foreign noise
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trading is high and/or unexplainable component of productivity, (1/3,) and/or
(1/B,) is high. Furthermore, low risk-free interest rate and higher growth and level
of technology make the condition to hold more easily. The graph below provides an
illustration for this for values: R=1,7=6, 8, =2, 8, =0.25, 83 =025, =1,
g* =01, A;,, = 100, g* = 0.1 and n, = 0.8377, n, = 0.6247 (approximation
of Mills ratio between —1 and 1). Closing the access to foreign investors implies
lower threshold for fast adoption for the values of u, where LHS > RHS line in
(B.5) on Figure B.5.

Case 3. Some noise traders are local. The results are in between Case 1 and

Case 2
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Appendix C

Appendix for Chapter 4

C.1 Equilibrium asset prices
Consider an investor of generation T'. His demand for the riskyv asset is

o (E[©|Q; 1] — r+Pr)
T = - .
’ TVier

Replacing in the conditional expectations and variance, we can rewrite this as

1 o /
hir = ;(yTaT + ppdPr + B, pvis — riPr(ay + pi6 + 3,,)).

Aggregating this across investors, and noting that in the symmetric equilibrium

B = B, the aggregate demand is

1 ~ -~ .
- ;(yTaT + N%MDT + ,BT@z — Tng(Olt + ;I?O + dt))

Hr
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Equating supply and demand, replacing in Pr = © — Hy /ur and rearranging will

make the equilibrium price

T+ prd ar Br + pxs
P — T+ B0 o
7 Tlon + 426 + B.) (T + uTéyT T + prd © st) '

Equating the initially assumed coefficients with the results of market clearing,

gives

)
nT — T(T IBt) ,AT

B
Tt(at + ?2_6 + ﬁt)

T B
2468, 1

The equilibrium price can also be expressed as

1—2z2 2 2
Pr="Ty + Lo 2L,
Tt Tt Tt
where
Br + 16 T + prd

2r = s Zs T = .
T+ ud+ 8, T a+ u2o+ B,

Next, it can be shown that for any trading period ¢, where in the next trading

period equilibrium price can be expressed as

1=z 241 o Zattl

Y11 St+1
Ryyy Riyy Ry

there are z; and 2, such that a similar pricing equation for period ¢ can be formed.
Investors trading in ¢ know the value of y;,, as it incorporates the price signals

for periods 1 to t. The expected value and variance of the next period price of
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asset are

1-—2 2
E[P1|Qy] = R, t1+1 Ye+1 + Rt:l E[6]Q;,],
+ +1
22 22,../8
Var[P11|Q] = ﬁl“/i,e,t + ’t;I/ .
t+1 +1

Replacing in the conditional expectations, variance and the public signal and

aggregating it across investors, result in the aggregate demand equation

1
1-— 260 — 1,08;) —————
( Zey1) (Quye + pg 4405¢) o+ 20

1
Hr = —-Ri +
T 22 Vier +22,,1/0

Rt+1 (atyt + 8,0 + .“?59 — Mt‘sst) Viet — P
+ 2 V. 2 ) '
zt+1 1’e’t + Zs,t-{-l/

Equating this to supply and rearranging, there will be 2; and z, (equations (4.7)
and (4.8) respectively), such that the pricing equation (4.6) can be formed. The
coefficients 7,, A; and p, solve

Zgt+1 (1 - Zt+1) Rt+1

Me+1 = ’ At-%-]. = ’ Bep1 = .
Rii1 Zs,t+1 Zg,t+1

Explicit expressions for 7,, \; and p, cannot be derived for t <T — 1.
It is easy to see that replacing in the terminal conditions z7,; =1, 24741 =0

and rr41 = 1, (4.7) and (4.8) also simplify to the expressions 27 and z,r derived.
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C.2 Derivation of the variance of excess returns
from risky asset

Using the pricing equation (4.6) and conditional expectations of the true value,

the expected return of the risky asset for investor ¢ can be expressed as

E[Pt+1|Qi,t] — 1P =

1 25 P,
Ry (1 — 2¢41) (e + 10
+1 Oit41
1

Rty

+ 2o {0y + By i + pisP)Viee| +

[(1— 2)ys + 2© — 28] .

The public signal is B=6-g /1, and the private signal v;; = © +¢;;. Defining

2 5 &
= #0 L u28)V, o= w3y
zig = (1 — zt+1)m+1 241(Bis + w0)Vieys and 25 = 5 215 BiVies

E[P,41|Q; ] — r¢P; can be rearranged as

1
R

+2441B;, Vi, €1 + a non stochastic term wrt. Q).

[(zi,t — 2) O+ (—Zist + 252)8t + 2e41B8; 1 Vios€in

Since Var[e; :|Q—s] = 1/B;,, Var[s:|Q-¢] = 1/6 and Var[©|Q-_.] = 1/, the variance
of the expected return, Var|E[P,41|Q.] — e P[] is

1

1 - 1
——R? [(Zi,t - Zt)2 ” + (Zise — Zs,t)2 5 + zt2+1ﬂi,tvi,26,t:| .
41 ¢
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C.3 Proof of Proposition 8

Replacing (4.14) and (4.15) in expected utility at the research decision stage (4.13)
gives
[(Zt,i — ) ;i—t + (—Zoip + 2sp) it Zt2+1Bi,tV62,i,t]

E[U|Q_] = 2T Vrs — K(Bi )Tt

An individual investor takes the market variables 2; and 2, as given and the

first order condition of his optimization problem is

27T an(ﬂi’t) =
s =
0B,
2 1 . 21 2
(21 — 2) ot (—Zsit + 2s) 5 T 21PiVe OVrss
Vi 0B
1 i 1 th, 1823”]
+ 2(z z —2(—2Z544+ 2
VP,z',t i (205 = ) o ta/th (i st)‘s 0B;
1 aVezt
+ +Z V i, +2Z ,B,,, Ve t— -
VP,i,t I t+178,it t+1M4,t i, aﬂzt
o ) Veir OVpi: _ .2 Ve it __ _,2 172
where 3;. > 0 and finite, Zg = Vit Tat = et =~V
0%,
and —;ﬁf = — 21110V i 4-

In a symmetric equilibrium all investors choose the same precision 3;, = f;.
This implies that z;; = 2, Vei: = Veu, Veit = Vpr and Z,;p = Zs¢, Where
Zot = ;'i’f; - t+1at+1:thV6t Using (4.7) and (4.8) Zs; = 25t + 7 VPt and the

first order condition becomes

an(ﬂi,t)

r = (C.1)
t a’Bi*t Bi,t=5B:
241V, 72 T Ly 1 Ve,
] 2 - 2
27_ (zt+1 (SR? + zt+1,3t + Rt+1 + 24135 th zt+1ﬂt V
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This can be simplified further. Using (4.7), (4.8) and (4.12)

10 T 2t
+ Vp| = —.
+u Ry

Zst — (1 - zt+15tVe,t)a
t

Inserting (4.7) into the above equation again an simplifying

9 Ty _ 2Zt+1:3tve,t
Ryyq Vb

(C.2)

and (C.1) becomes (4.16). Given the precision in each period {3, ..., B}, coef-
ficients {yy,...,ur} can be solved as specified in Section 4.2.2. Full symmetric
equilibrium solves for {8, ...,8r} and {4, ..., ur} simultaneously.

Finally, it can be shown that there exists at least one equilibrium for positive
and finite parameters (o, 7,4, 71,..,77) of the model and a cost function x(8;,),
where 3, > 0 for any t.

First, it is clear from (4.16), that M B; > 0 for any feasible parameter values.

Second, using (C.2) marginal benefit (4.16) can be written as

2 2
o V&:iTH: 241V Tl

122 V2
= St A o +
25Rt+1 2Rt+l 2TRt+1:Bt

MB; =

Notice that Ve = 22, Ve + 22,,,/6 = z},1 (Vo + p2,1/6).! Using this in (4.16)

can be written as

2 12 .2 4 2
211 VE,T Vou V.
MB, = = + ’ + .
¢ ( 276R2 b 21 (Vo + p21/8) (Vo + 1241/9) 2T>
From here
22, V8, vé
im MB, = lim [ 218t | St > 0,
B,—0 t B:—0 ( 2T6R?+1 (Ve't + ut2+1/5) 2T

IFor this replacement to be valid also in period T, define pp,, =0
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because ma Vor = ghmoa+ﬂ15+ 1+u36+/3 > 0 and finite (at least > 0), and
t—r —

zt+1 € [0,1]. At the same time

lim M B, =

,Bt—>oo

li 11V T V93,t Vez,t =0
2 ] + =
Bi—oo \ MR ar(ve 2, /8)(2E428 1) (Vo,u+u2, /6)2r ’

because ﬂ}l_x)nooVe = Bh—r»nooa+u15+ 1+# o = 0.

These limits together with marginal cost and marginal benefit being continu-
ous functions and the fact that marginal cost is either constant or increasing in
B, implies that there exists a solution, where 8, > 0 for any ¢. If marginal cost
is increasing in 3;, and does not have a fixed component, there exists an inte-

rior solution. If marginal cost has a constant component, there may be a corner

solution; 8, = 0.

C.4 Sensitivity of optimal precision to parame-
ters in one trading period model.

Marginal benefit of research in a one trading period model is given by (4.17).
Noticing that %‘ﬁfii = -Vg¥(1+ 2%5), the derivative of marginal benefit of research

(M B*) with respect to precision 8* is

M B* .. [3 ovs V*2
B’ 1 ) B Vg2s

2(1 + 225‘6) ( Ve + Ve + 2 T3 < 0
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The marginal benefit of research is decreasing in 8*. Also by assumption marginal

cost of research is either increasing in 8* or constant (82x(8*)/(88°)2 > 0) and

" 3%k(8*)  oMB*
(aﬂ‘)z aﬁ. > O-

Taking total derivatives of (4.16), when M B, = M B* (4.17) and noticing that

oMB* T .. B, 1 .2
i = _(SVG_*_?VG_{—Z) VS <0
OMB® _ ([t B, 1\B2 ., 1V
B ‘(3V9+?Ve+§;) 7V ~ o <0
Ok(B")

> .
55" 2 0 by definition,

we can express the sensitivity of optimal precision 8* to parameters of the model

as follows:

* oMB*
s’ _ do <0
da r*9%s(B*) _ 8MB*
(68*)* op*
aMB*
46" _ dé <0
dé r*92s(B*) _ dMB*
(88*)2 opg*
or(B8*)
a5 _ 08" <0
drx r*9%k(8*) _ OMB*
(98*)? op*
" s .
= = T TeeE) b ambiguous,
(08*)? op*

The direction of impact of risk aversion on marginal benefit is given determined

by the sign of

3 '® 20 272

Ve+?V9+‘2'_T

OMB* T
dr ~ \¢

B 1 ) ﬁ*25V,,2 175

that is affected by three forces described in Section 4.3.1. Replacing in Vg, and
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beta*

0 2 4 6 8 10 12 14

=8 alpha=2.5 = = = alpha=5
alpha=7.5 - = alpha=10

Figure C.1: Dependance of optimal precision on risk aversion at different values
of public signal precision

simplifying

M B* p )
sgn | —— ) = sgn (a7 + @27 + g3)

where ¢ = a+ 8 > 0 and g2 = 6(38* — (a + B)?), ¢z = B*26*(B* — @) can be
positive or negative. As 7 > 0, ;7% + 272 + g3 > 0 implies that there are at most
3 possibilities given the other parameters of the model and the sign restrictions

on all parameters:
* - - - -
e (% is increasing in 7
e (3" is increasing in 7 for high values of 7 and decreasing otherwise.

e (3" is increasing in 7 for high values of 7, decreasing in intermediate values

of 7 and increasing again for low values of 7.

Figure C.1 illustrates how the direction of impact of 7 on 5" can depend on the

value of a. (the assumptions about other parameters are the same as in Appendix

C.7)
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C.5 Proof of Lemmma 9

The proof follows two steps. First, it shows that z, is increasing over time. Second,
it shows that benefit of research is increasing in z;.;.

1) From (4.7)

% _ B + 1o _ pié
Ozty1 oy + B+ P28 oy + p2é

_ a; " a
o+ By + u2s oy + s

+1-1=

Positive optimal precision 8, > 0 implies that ati‘:‘, 5 >
t

Furthermore,

(o7}
at+ﬂg +#?5 :

as 0 <

o [o 7] ok
i85 < a+oms < L, it is clear that

th

0< <1

02441

Together with the terminal condition zr4; = 1, this implies that 2, < 2,4, for any
t and z, is increasing over time.

2) The only future variable in (4.16) is z;,; and marginal benefit of research is
increasing in z;,; as

2
Ve,t
TVP’t

BMBt TVGZ,t

= Zr1 T > 0.
02441 SR,

In equilibrium marginal cost equals to marginal benefit. Therefore, if 2,,, is higher,
investors choose higher precision of private signal. Given that z;,, is increasing

over time, [, is increasing over time as well.
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C.6 Proof of Proposition 10
From (4.16) and (4.17) the research cost of one-period asset must satisfy

0k(8;)

rT 6B* IB*

&+ V8t +

Ly (C.3)

g T 26 27

Similarly from (4.16), the research cost of T trading period asset must satisfy

Ok(B; 1)

L)

T 0B;.r

_ T 1,2 Br

=V '
s, 20 er T3,

1 .
V62,T + ZVQ’T (04)

If the extent of mis-pricing is the same, i.e. Vo = Vo = V{, the marginal cost of

multi-period asset problem can be written as

aK’(IBz T)
T Br

5T 9k(67) B w2

This suggest a marginal cost function that is linear in 8,. Assuming a general
cost function «(8;;) = Ki ﬂf,t + K38, ,, a relationship between threshold values K;
and K, that imply the same extent of mis-pricing can be found. From (C.5) and

assumed cost function at K; = K; and K, = K>

_ 1
2rr Ky (Br —B*) = (Br— 5*)2_,;‘/52 =
Vé = v 4TTR1T.

Replacing this in (C.3) implies (4.19)
For deviation of K, and K; from threshold values, consider first a small devi-
ation of K; = K, + AK, when K; = K, and AK; > 0. From (C.3), (C.4), (4.19)
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V2

and K; = ;1;?— we obtain

T(VézT - Vé) (Vez,T - ‘—g) (Vor — ‘_é) _

2reAK; = ’
e 2087 * 27 * 273
) (ST, (5= To)
203" 2T 2r3*

As better quality public information (higher a; by definition) implies less incentives
to research, 8* > B7. Given this, the above equality holdsif 1g—1g > Vor—10o =
Vg > Vo r and the extent of mis-pricing is higher for the one-period asset.

Next, consider K; = K; when A, = K» + AK, and AR, > 0. Similarly from
(C.3), (C.4), (4.19) and K, = J— we obtain

1 . -
reAKy = 25(VGT L3) + BT(V@T V92)+§7—_(‘6,T_‘9):
T 2 1 % (7
= TGV Ve T2+ (15 - 1)

Given that 8* > B, it must hold that 1§ — Vo <lor—1lg = 15 < Vor and

the extent of mis-pricing is higher for the one-period asset.

C.7 Dependence of optimal precision on the ex-
ogenous parameters of the model in multi-
period setting.

The assumptions of the baseline case are the following: a = 2.5. § = 2.5. 7 = 6.
K| = 0.00225 and 7; = 1 for any t. The value of fundamental © = 1.2 and mean
of public signal y = 1. In the graph about asset prices, all noise trading shocks

are zero.
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Figure C.2: Sensitivity of optimal precision of private signal to changes in precision
of public signal and noise trading.

Risky asset prices
= =
= - g N
- w N o

-
=3
@

£y

=
©
]

Time

—a-—baseline case ——alpha=5 — = delta=5

Figure C.3: Adjustment of prices with different precision of public signal and noise
trading

179



>

~

Optimal precision of private signal
= w

=
il

T

1 2 3 4 5
=e—baseline case —K1=0.003

Figure C.4: Sensitivity of optimal precision of private signal tochanges in infor-
mation cost..

P ~a—baseline .
il 4 1 ——temporary rise of interest rates in T=3: 3=1.15 \
: - — —permanent rise of interest rate in T=3: r3=r4=r5=1.15

ey €t e T

R T

- PR -
Fa . <

e ) D R b ".}ﬁ:;’" Al

: - = e

N T T

=



C.8 Equilibrium prices in a model with long-

lived agents

Assume prices follow linear rules P, = 7,(A\y + 14,0 — s1) and P> = ny(Aqy2 +
12© — 53).

Second period. The solution remains similar to the short-lived agents prob-
lem with the only difference being the fact that investors have an additional private
signal from the first trading period. Therefore, V, g2 = (aa+ p20 + B; 5+ B;,) and
E [©|Q2] = (02y2 + ugéf’z + BiaViz + B;1vi1)Viez. As before, the in research
decision stage all investors are identical: §;, = 8, and B;, = 3, for every i.

The solution procedure as in Appendix A (for the period T') gives Ps, 23, 22

as in (4.21) and (4.22). The assumed coefficients are u, = é%ﬂz, Ag = ?ES%ZTASE

7'("'2'*'5(2ﬁ1+»32)) .
02+(—Bl%g&5+ﬂi,2+ﬂi,1
First period. Demand is given by (4.20) and depends on the joint distribution

and 7, =

of P, and E [B|Q2]. The coefficients G; and Q; are from Brown and Jennings

(1989).
o - 1+ VgioLs
' M.,'Ve_::,z + Var(Pglﬂ,-,l)
o Var(P3|Q%,1) — Cov(P,, E [0]Qi2] [€i1)

(MiVe_,z!,z + Var(P,|€4:1)) Vo2
M,' = V&I‘(leﬂi,l) Va.r(E [GIQ,-,z] |Q,;,1) — [COV(Pg, E [elﬂi,Z] IQi,l)]2

L, = (Va.r(P2|Q,-,1) + Va.r(E [6'91,2] IQi,l) -2 COV(Pz, E [6|Q,-,2] |Qi‘1))

In first trading period Vi1 = (@ + p26 + B;;) " and
E[6|%,] = (ay + 6P, + ﬁ,-,lu.-,l) Vie.1. Using this, expressions for P;, E [©]C 2]

and 2,2 = 2 ,we obtain the following expressions for the variance and covariance
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structure of P; and E [©|Q; 5]

Var(P2|Qi’1) = 23 (‘/;e 1 + 15)
Var(E [0 5] |Q:1) = Vie2Vie (H%‘s + :Bi,2)

Cov(P,, E [O[Q2] [41) = 22Vie

From this M, = fz%é;&Vz,e,z‘/i,e,l. It implies that if no research is done in period
2 (B;2 = 0), P, and E[O|(;,] are perfectly correlated conditional on investor’s
information in period 1. Otherwise, they are positively correlated. Using this, we

can simplify

26(1 — %,)2
G, = Ve_,il,l-l-m;# (C.6)
2
_ 0(1—2
Qz — Ve,;:l’l :u’2 (’ 2)
22
1
Li = Viea(1— 22)2 +22,u_§6 - Viez

With symmetric equilibrium conditions (Bi2 = B, and B, , = B,), it must hold
that V;e1 = V1 and the subscript ";" can be dropped from coefficients G and

Q. To derive the equilibrium prices, we also need investor i’s expected value of P

E [P2|Q,',1] = F [(1 -— éz)yz + z'29 - 2’3,282|Qi,1] = (1 - Z'z)yz + 2'.'2E[6|Q,',1] =

ay + u26pP, | ~
= (1-4)——5— y ul T -+ 4 (a?/ + Ui Py +51Vi,1) Vo, =
+ 66 ds; .,
= (1- 2)ay Z1+ I 5”1 >+ % (ay + u360 — p,ds; + Bivia) Ve,
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and expected value of E [6](; 5]

[E (0] 2] |1] =

@ &

[(azyz + uiéP + Bavia + 51Vi,1)Ve,2IQi,1] =

oy + uf8Py + (135 + By) BIOIR1) + Byviy ) Voo

I
N TN

ay + pio P + (136 + Ba) (ay + u36 P + 51%‘,1) Ve, + 51”:‘,1) Vo2 =

N

ay+ﬂ15@ ﬂlésl +IBIV1 ]_)Vel

Using these, aggregating, equating demand with supply and simplifying, we obtain

P =y (%Q ((1 — zz)aﬂ + Z,aVe 1) + Zave 1)
+ (%R (-2 + 4 (135 +8)) Vo) + Huls + £,0)Ve,) +

a+p.

— s (__2 ((1 — 4p) 4 + éz,ulcSVe,l) + 2,6V, + 5) .

From here, we can 2; and Z;; can be presented as functions of 2; and %,, as in

(4.22). Coefficients solve 1, = %51, A\ = = zl )y = A

zsl

C.9 Proof of Proposition 11

In the spirit of Brown and Jennings (1989), the utility in period 1 can be repre-

sented as

Ui = haa(BIPuR] = R) +hos 2 B (B1010%a] - Palfls] - g5 +

(E [E[6]2]|1] — E[Palua])* ,
27(Li + Viop2)

w— “(ﬂm) - ”(ﬂi,z)a
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where G;,Q; and L; are given by (C.6). Using L; from that, replacing in the

demand in period 1 (4.20) and taking expectations, the research cost decision

problem becomes

E[(E[P2|Qu1] — P1)* |91

A
+E[(E[P2|Qi,1] — P1) (E[E[O|Q:]] - E[P2|Qi,1])|Q—I]Qi +
T
 ElE(EBIR:S] - BP0 (@2 I
21 Gi (Viea(l-2)"+30) )’

First, it is easy to show that as in short-lived agents’ case

E[(E[P|Q:;] — P1) |Q-1] = 0 and E[(E[E[O|Q]] — E[P[2,1])|-1] = 0 and
therefore the benefit from research depends on the variance and covariance of
expected returns between trading periods and liquidation date.

Expected value of period 2 prices in period 1 is E[P2|€%;] = (1 - 52)%‘%& +
% (ay + pd6P; + ,Bi,1Vi,1) Viea=

2 - ’
=(1- Z'z)ayﬂofﬁg&“l&sl + 43 (oy + p360 — py8s1 + B; 1© + Bi1€ia) Viea and

expected value in period 1 of expected fundamental value is
E[E[0]Qu2] |u1] = (ay + u26Py + B; vin)Viea =
= (oy + p260 — 851 + B;10 + B;1€11)Vie,1.Using these and Py from (4.21).
After calculating these variances and covariance and plugging it back to the

utility function and simplifying, we obtain

E[Ulﬁ'IQ—I] =

B , , G‘. g s 2 -

Gi(%4iy — 21)2 i + :Bi,l‘/;,ze,l(éz +(5,. £)Qi)" 1
2
= 2| +G(a-ms-a) 1 N
(l_z‘n)nvi.e.lﬂ.‘ll

+ 2

I (V"-e-l(“‘*ﬂ) +33 ‘-é;) (a+ulé) ]
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Where Z,i,l = g’-(-;,—l& [(1 - 2’2)a+# + 22(,81',1 + /1%5)‘/1,6,1] "l‘ %(Bi,l + /1«%6)‘/;"6'1-
Research in period 2. Given that V; g does not depend on B; 2, from (C.6),
it is clear that also G;, Q; and #;; do not depend on B;2- Therefore marginal

benefit on research (0) in period 2 is zero for a long-lived investor before first

trading period. The first order condition

Ok(B; 5) —0
9(B;2)
implies that optimal j3;, = 0 as long as marginal cost 3((:‘ "’)) is a function of 3, ,.
Research in period 1. From (C.6) gsct"l = gg'l = 1. Given this and

-——J—'—aar};e *Investor i’s marginal benefit of research in period 1 is

M Bl(ﬁi,l) =
(Fin—%)2 | 2Gi(4i,1—%1)% 844 2 (£2Gi+(1-4%2)Q;)? \
( = la - + of : 6[3,,1 + ‘/i’e!l Gi +
—28, . 39 (zzG.+(1 zz)Q‘) + 2,3 1261(22Gi+(cl—éz)Qi)+
’L 1 i
2
L | —BiiViea uzG#(lﬁz)Qd + ((1 — %)l — 2'3,1) i+
o O P S W
s @ iy (w.e,l(l—éz)"né;g;)

(1"22) V .0, 15: 1

\ +( Viea(l— z2)2+z2T) (o+u3s) )

where

} ) 9 “25 Gi - Qi
ng = (1-4%) ((ﬂi,l +ui6)Vie — a+7‘¥6) G?

+ (22 + (1 - 2’2)%) a‘/,;’e,l (1 - uféV},e,l) .

In symmetric equilibrium B;, = 8, for every i. This implies V;g1 = Vo,
= G’ Qi = Q) ‘és',l = él and (1 - é,"])l%é -_ Z',,l = —"a-. AISO, From (0.6)
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Gé+ (1-2%)Q = Ve Land G—Q = u%éér— We can simplifv the equilibrium

marginal benefit.

MB, =

1 (1-
( c Pzt 626 + 27py C 22) fr;%a‘@lé \

\

@l:)

2Tu

1 +=tVe,1(a+ 6;) + (

+
Ve”(l ‘u;es)

3
Vs,161

+ = 5
\ (V91+(1 < ;5> (a+p§6) /

_ . abp2s 200 22)"
Given that using (C.6) —é— — Bz = : o > 0 and all other variables

in the expression for A/ B; are positive \/B; > 0. If marginal research cost is an
increasing function of f, ;, this necessarily implies that optimal B:1 =By >0, if

K (5i,t) = Klﬁf’t as assumed.

C.10 Responsiveness of optimal precision and as-
set prices to parameters of the long-lived
agents extension

The assumptions about baseline parameters of the model are the same as in Ap-
pendix C.7. Prices are reported assuming supply shocks at their zero mean in

both periods. As before the fundamental ©® = 1.2 and public signal y =1

B Py Py
baseline 5.33 1.132 1.149
a=25 4.07 1.080 1.102
d=25 4.27 1.120 1.146
T =10 6.25 1.141 1.149

Ky =0.003 169 1.126 1.143

Table C.1: Impact of parameters on the model in long-lived agents' setup

186



References

ACEMOGLU, D. (2002): “Directed Technical Change,” Review of Economic Stud-
tes, 69, 781-810.

ACHARYA, V., aND L. PEDERSEN (2005): “Asset Pricing with Liquidity Risk,”

Journal of Financial Economics, 77, 375-410.

AGHION, P., P. BACCHETTA, AND A. V. BANERJEE (2004): “Capital Markets

and the Instability of Open Economies,” Journal of Monetary Economics, 51,

1077-1106.

AGHION, P., S. BonND, A. KLEMM, AND I. MARINESCU (2004): “Technology
and Financial Structure: Are Innovative Firms Different?,” The Journal of the

European Economic Association, 2(2), 277-288.

AcHION, P., D. CoMIN, aAND P. HOWITT (2006): “When Does Domestic Saving

Matter for Economic Growth?,” unpublished.

AGHION, P., anp P. HowITT (1992): “A Model of Growth through Creative

Destruction,” Econometrica, 60, 323-351.

AGHION, P., P. HOWITT, aAND D. MAYER-FOULKES (1993): “The Effect of Fi-
nancial Development on Convergence: Theory and Evidence,” Quarterly Jour-

nal of Economics, 120, 173-222.

187



ALLEN, F., anp D. GALE (1999): “Diversity of Opinion and Financing of New

Technologies,” Journal of Financial Intermediation, 8, 68-89.

ALLEN, F., S. MORRIS, anp H. S. SHIN (2006): “Beauty Contests and Iterated

Expectations in Asset Markets,” Review of Financial Studies, 19, 719-752.

AMIHUD, Y. (2002): “Hliquidity and Stock Returns: Cross-section and Time-

series Effects,” Journal of Financial Markets, 5, 31-56.

AYLWARD, A. (1998): “Trends in Venture Capital Finance in Developing Coun-

tries,” The World Bank, IFC Discussion Paper No. 36.

BACCHETTA, P., AND E. vAN WINCOOP (2006): “Higher Order Expectations in

Asset Pricing,” unpublished.

BARBERIS, N., A. SHLEIFER, AND R. W. VISHNY (1998): “A Model of Investor

Sentiment,” Journal of Financial Economics, 49, 307-343.

BECK, T., AND R. LEVINE (2004): “Stock Markets, Banks and Growth: Panel
Evidence,” Journal of Banking and Finance, 28, 423-442.

BENCIVENGA, V., B. D. SMITH, anDp R. M. STARR (1995): “Transaction Costs,
Technological Choise and Endogeneous Growth,” Journal of Economic Theory,
67, 153-177.

BREALEY, R. A., anp S. C. MYERS (2003): Principles of Corporate Finance.

McGraw-Hill, Irwin, 6 edn.

BrowN, D. P., anp R. H. JENNINGS (1989): “On Technical Analysis,” Review
of Financial Studies, 2(4), 527-551.

188



BRUNNERMEIER, M. K. (2001): Asset Pricing Under Asymmetric Information.

Bubbles, Crashes, Technical Analysis and Herding. Oxford University Press,
Oxford.

CaLvo, G. A., anp E. G. MENDOZA (1999): “Rational Contagion and the Glob-

alization of Securities Market,” Journal of International Economics, 51, 79-103.

CARLIN, W., anDp C. MAYER (2003): “Finance, Investment and Growth,” Journal

of Financial Economics, 69(1), 191-226.

CHAN, L. K. C., N. JEGADEESH, AND J. LAKONISHOK (1996): “Momentum

Strategies,” The Journal of Finance, 51(5), 1681-1713.

CHOPRA, N., J. LAKONISHOK, AND J. R. RITTER (1992): “Measuring abnormal

performance : Do stocks overreact?,” Journal of Financial Economics, 2, 235~

268.

CoMmiN, D., aND M. GERTLER (2004): “Medium Term Business Cycles,” NBER
Working Paper No. W10003.

CUTLER, D. M., J. M. POTERBA, anDp L. H. SUMMERS (1991): “Speculative

Dynamics,” Review of Economic Studies, 58(3), 529-546.

DE BonDT, W. F. M., anD R. THALER (1985): “Does the Stock Market Over-
react?,” The Journal of Finance, 40(3), 793-805.

DE LONG, J. B., A. SHLEIFER, L. H. SUMMERS, AND R. J. WALDMANN (1990):
“Noise Trader Risk in Financial Markets,” The Journal of Political Economy,
4, 703-738.

189



DIAMOND, D. W., anD R. E. VERRECCHIA (1981): “Information Aggregation in

a Noisy Rational Expectations Equilibrium,” Journal of Financial Economics,

9, 221-235.

Dow, J., I. GOLDSTEIN, AND A. GUEMBEL (2007): “Incentives for Information

Production in Markets where Prices affect Real Investments,” unpublished.

EDISON, H. J., R. LEVINE, L. A. Riccl, anp T. SLoK (2002): “International

Financial Integration and Economic Growth,” IMF Working Paper No. 02/145.

EDWARDS, S. (2001): “Capital Mobility and Economic Performance: Are Emerg-

ing Economies Different,” NBER Working Paper No 8076.

EvaNs, G. W., S. HONKAPOHJA, AND P. M. ROMER (1998): “Growth Cycles,”
The American Economic Review, 88(3), 221-235.

GARIBALDI, P., N. MORA, R. SAHAY, AND J. ZETTELMEYER (2002): “What

Moves Capital to Transition Economies?,” IMF Working Paper No. 02/64.

GERTLER, M., anp K. S. ROGOFF (1990): “North-South lending and endoge-
neous domestic capital market inefficiencies,” Journal of Monetary Economics,

26, 245-266.

GREEN, W. H. (2000): Econometric Analysis. Prentice Hall International Inc.,

New Jersey, 4 edn.

GROSSMAN, G., anp E. HELPMAN (1991): “Quality Ladders and Product Cy-
cles,” The Quarterly Journal of Economics, 106(2), 557-586.

GROSSMAN, S. J. (1976): “On the Efficiency of Competitive Stock Markets where

Traders Have Diverse Information,” Journal of Finance, 31, 573-585.

190



GROSSMAN, S. J., aND J. E. STIGLITZ (1976): “On the Impossibility of Infor-
mationally Efficient Markets,” American Economic Review, 70(3), 393-408.

GRruUNDY, B. D., aND M. McCNICHOLS (1989): “Trade and the Revelation of
Information through Prices and Direct Disclosure,” Review of Financial Studies,

2, 495-526.

HE, H., AnD J. WANG (1995): “Differential Information and Dynamic Behavior

of Stock Trading Volume,” Review of Financial Studies, 8, 914-972.

HeLiwiGg, M. (1980): “On the Aggregation of Information in Competitive Mar-

kets,” Journal of Economic Theory, 22, 477-498.

HoLMES, T. J., aND J. A. ScaMITZ JR. (1990): “A Theory of Entrepreneurship
and Its Application to the Study of Business Transfers,” Journal of Political
Economy, 98(2), 265-294.

JEGADEESH, N., AND S. TITMAN (1993): “Returns to Buying Winners and Selling
Losers: Implications for Stock Market Efficiency,” The Journal of Finance, 48,

65-91.

JORGENSON, D. W., M. S. Ho, anp K. J. STIROH (2005): Information Technol-

ogy and the American Growth Resurgence. The MIT Press, Cambridge, Massa-

chusets.

JovaNovic, B., aND B. SZENTES (2007): “On the Return to Venture Capital,”

NBER Working Paper No. W12874.

KAUFMANN, D., A. KRAAY, AND M. MASTRUZZI (2006): “Governance Matters

V: Governance Indicators for 1996-2005,” World Bank.

191



KLEIN, M., anD G. OLIVEI (1999): “Capital Account Liberalization, Financial
Depth, and Economic Growth,” NBER Working Papers No. 7384.

KODRES, L. E., AND M. G. PRITSKER (2002): “A Rational Expectations Model
of Financial Contagion,” Journal of Finance, 57, 769-99.

KOsE, M. A., E. S. Prasap, K. S. ROGOFF, anp S.-J. WEI (2004): “Com-
petition, Innovation and Growth with Limited Commitment,” NBER Working
Paper No 10942.

KYLE, A. S. (1985): “Continuous Auctions and Insider Trading,” Econometrica,
53(6), 1315-1335.

LA PORTA, R. (1996): “Expectations and the Cross-Section of Stock Returns,”

The Journal of Finance, 51(5), 1715-1742.

LA PORTA, R., F. L. DE SILANES, A. SHLEIFER, AND R. VISHNY (2005): “What

Works in Securities Laws?,” Journal of Finance, 61, 1-32.

LEE, C., A. SHLEIFER, AND R. H. THALER (1991): “Investor sentiment and the

Closed End Fund Puzzle,” The Journal of Finance, 46, 75-110.

LERNER, J., AND G. PACANINS (1997): “A note on private equity in developing

nations,” Harvard Business School, Note 9-298-018.

LEVINE, R. (1991): “Stock markets, Growth and Tax Policy,” Journal of Finance,

46, 36-67.

(2005): “Finance and growth: Theory and Evidence,” in Philippe Aghion
and Steven Durlauf, eds. Handbook of Economic Growth, The Netherlands:

Elsevier Science.

192



MARIMON, R., AND V. QUADRINI (2006): “Competition, Innovation and Growth

with Limited Commitment,” NBER Working Paper No. W12474.

MENKHOFF, L. (1998): “The Noise Trading Approach - a Questionnaire Evidence

from Foreign Exchange,” Journal of International Money and Finance, 17, 547-

064.

NIEUWERBURGH, S. V., aND L. L. VELDKAMP (2006): “Information Immobility

and the Home Bias Puzzle,” unpublished.

PARENTE, S. L., AND E. C. PRESCOTT (1994): “Barriers to Technology Adoption
and Development,” Journal of Political Economy, 102(2), 298-321.

PASTOR, L., aANp R. F. STAMBAUGH (2003): “Liquidity Risk and Expected Stock
Returns,” Journal of Political Economy, 111, 642-685.

PERESS, J. (2006): “The Tradeoff between Risk Sharing and Information Pro-
duction in Financial Markets,” INSEAD Working Paper.

PrAsAD, E. S., R. RAJAN, aND A. SUBRAMANIAN (2006): “Foreign Capital and

Economic Growth,” unpublished.

ROMER, P. M. (1990): “Endogenous Technological Change,” Journal of Political
Economy, 98(5), S71-102.

RousseAu, P. L., anp P. WACHTEL (2000): “Equity Markets and Growth:

Cross-Country Evidence on Timing and Outcomes, 1980-1995,” Journal of Busi-

ness and Finance, 24, 1933-1957.

SADKA, R. (2000): “Momentum and Post-earnings Announcement Drift Anom-

alies: the Role of Liquidity Risk,” Journal of Financial Economics, 80, 309-350.

193



SINGLETON, K. J. (1986): “Asset Prices in a Time Series Model with Disparately

Informed, Competitive Agents,” NBER Working Paper No. 1897.

SURVEY BY DELIOTTE TOUCHE TOCHMATSU AND EVCA (2006): “Global
Trends in Venture Capital 2006 Survey,” available in the European Private

Equity and Venture Capital Association webcite.

SWAMINATHAN, B. (1991): “Time-varying Expected Small Firm Returns and

Closed-end Fund Discounts,” Review of Financial Studies, 9, 845-888.

VELDKAMP, L. L. (2006): “Information Markets and the Comovement of Asset

Prices,” Review of Economic Studies, 73, 823-845.

YUuAN, K. (2006): “Asymmetric Price Movements and Borrowing Constraints:

A REE Model of Crisis, Contagion, and Confusion,” Journal of Business and

Finance, 60, 379—411.

194



	499212_0001
	499212_0002
	499212_0003
	499212_0004
	499212_0005
	499212_0006
	499212_0007
	499212_0008
	499212_0009
	499212_0010
	499212_0011
	499212_0012
	499212_0013
	499212_0014
	499212_0015
	499212_0016
	499212_0017
	499212_0018
	499212_0019
	499212_0020
	499212_0021
	499212_0022
	499212_0023
	499212_0024
	499212_0025
	499212_0026
	499212_0027
	499212_0028
	499212_0029
	499212_0030
	499212_0031
	499212_0032
	499212_0033
	499212_0034
	499212_0035
	499212_0036
	499212_0037
	499212_0038
	499212_0039
	499212_0040
	499212_0041
	499212_0042
	499212_0043
	499212_0044
	499212_0045
	499212_0046
	499212_0047
	499212_0048
	499212_0049
	499212_0050
	499212_0051
	499212_0052
	499212_0053
	499212_0054
	499212_0055
	499212_0056
	499212_0057
	499212_0058
	499212_0059
	499212_0060
	499212_0061
	499212_0062
	499212_0063
	499212_0064
	499212_0065
	499212_0066
	499212_0067
	499212_0068
	499212_0069
	499212_0070
	499212_0071
	499212_0072
	499212_0073
	499212_0074
	499212_0075
	499212_0076
	499212_0077
	499212_0078
	499212_0079
	499212_0080
	499212_0081
	499212_0082
	499212_0083
	499212_0084
	499212_0085
	499212_0086
	499212_0087
	499212_0088
	499212_0089
	499212_0090
	499212_0091
	499212_0092
	499212_0093
	499212_0094
	499212_0095
	499212_0096
	499212_0097
	499212_0098
	499212_0099
	499212_0100
	499212_0101
	499212_0102
	499212_0103
	499212_0104
	499212_0105
	499212_0106
	499212_0107
	499212_0108
	499212_0109
	499212_0110
	499212_0111
	499212_0112
	499212_0113
	499212_0114
	499212_0115
	499212_0116
	499212_0117
	499212_0118
	499212_0119
	499212_0120
	499212_0121
	499212_0122
	499212_0123
	499212_0124
	499212_0125
	499212_0126
	499212_0127
	499212_0128
	499212_0129
	499212_0130
	499212_0131
	499212_0132
	499212_0133
	499212_0134
	499212_0135
	499212_0136
	499212_0137
	499212_0138
	499212_0139
	499212_0140
	499212_0141
	499212_0142
	499212_0143
	499212_0144
	499212_0145
	499212_0146
	499212_0147
	499212_0148
	499212_0149
	499212_0150
	499212_0151
	499212_0152
	499212_0153
	499212_0154
	499212_0155
	499212_0156
	499212_0157
	499212_0158
	499212_0159
	499212_0160
	499212_0161
	499212_0162
	499212_0163
	499212_0164
	499212_0165
	499212_0166
	499212_0167
	499212_0168
	499212_0169
	499212_0170
	499212_0171
	499212_0172
	499212_0173
	499212_0174
	499212_0175
	499212_0176
	499212_0177
	499212_0178
	499212_0179
	499212_0180
	499212_0181
	499212_0182
	499212_0183
	499212_0184
	499212_0185
	499212_0186
	499212_0187
	499212_0188
	499212_0189
	499212_0190
	499212_0191
	499212_0192
	499212_0193
	499212_0194

