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Technology adoption with exit in imperfectly
informed equity markets.

Katrin Tinn, Stockholm School of Economics

Non-technical summary

This paper shows how the development of equity markets can determine the
incentives to invest in technology and aggregate output. It emphasizes that in
addition to providing funding, equity markets have an important role in facilitating
ownership transfers from talented entrepreneurs investing in technology to managers
running these firms once the technology is adopted. Good exit opportunities are
also important for venture capitalists who can provide funding for investments in
technology.

The paper focuses on technology adoption (or innovation) decisions made by
risk averse entrepreneurs who sell their firms in equity markets. Equity market
can be imperfect in two dimensions, there can be information asymmetries and
lack of liquidity. The basic model in the paper relies on a potential double-sided
information problem. On the one hand, entrepreneurs are likely to have superior
information about the fundamental value of their firms as compared to the average
equity market participant. On the other hand, they do not know what information
equity market participants will receive in the future.

Such information asymmetry gives rise to two opposite forces that affect the in-
centives for entrepreneurs to invest in the newest and most expensive technologies.
First, uncertainty about the market value of the firm, can discourage investment in
the most advanced technologies — the "fear of unstable markets" force. Second, pro-
vided that the market accepts that entrepreneurs have superior information about
the value of their firms, their decision to invest in the newest and most expensive
technology becomes a positive signal to the market. This increases the expected
market value of firms and encourages entrepreneurs to invest in fast technology
adoption — the "adoption to signal" force. Fast technology adoption is most likely
with an intermediate number of informed investors. In such case, the "adoption
to signal" force is the strongest as compared to the "fear of unstable markets"
force. In countries with very developed financial markets and a large number of
informed investors, both forces disappear, as the information asymmetries between
the entrepreneur and potential buyers disappear.

In countries, where the number of informed investors is low, "the fear of unstable
market" is stronger than "adoption to signal" force and the technology is adopted
slowly. Furthermore, in these countries there may be lack of liquidity in equity
market. As lack of liquidity reduces the market value of firms, incentives to invest
in technology are even lower. This can explain slow technology adoption and limited
participation by venture capitalists in underdeveloped equity markets. Furthermore,
underdeveloped equity markets can explain why foreign agents, who are able to



reduce technology adoption costs, may not participate in projects they would find
profitable in perfect equity markets.

The paper also addresses policy implications that arise from the presence of such
mechanisms. It shows that a local policy maker would not choose zero information
costs (i.e. full transparency), even if it would be capable of doing so. Setting the
information cost to zero would eliminate the gains from "adopting to signal" that
increases the probability of fast technology adoption, output growth and wages of
local agents. However, the policy maker would aim for lower information costs over
time as the "fear of unstable markets" force grows stronger over time.

It also analyzes if restricting foreign portfolio investments could be beneficial.
If local equity market participants are on average better informed than foreign
investors, restricting the access of foreign investors would reduce the magnitude of
the "fear of unstable markets" force. However, the downside of such restrictions is
that the local equity market is less liquid. It is shown that such policy may increase
the probability of fast technology adoption only under specific circumstances: the
local equity market is relatively small and local agents have a huge information
advantage compared to the foreign agents. If the local market is very small, the
need for liquidity is too pressing and fast technology adoption is less likely without
foreign participation in the equity market. If the local equity market is intermediate
sized, foreign capital restrictions would eliminate the gains from "adoption to signal"
force.

The paper assumes that the firms are listed in the local stock exchange. Listing
in a well established stock exchange (e.g. NASDAQ) can allow a firm to access a
larger number of informed potential buyers. Moreover, the regulations of a well
developed stock exchange can reduce the information costs. Nevertheless, for the
main mechanisms analyzed in this paper to be valid, this assumption is not crucial,
because the uncertainty considered is about the local economy. Interpreting the
equity market to be local is more natural, because for most firms from developing
countries, the fixed costs associated with an initial public offering in NASDAQ are
likely to be too high and they must rely on the local equity market. Therefore, this
possibility is only available for the most successful and innovative firms.

The mechanisms analyzed in this paper could explain the current important
differences in aggregate performance among transition countries despite their similar
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.
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Abstract

This paper focuses on the importance of equity markets in facilitating the exit
of entrepreneurs investing in technology. The willingness of entrepreneurs to invest
in frontier technology and aggregate output is affected in two opposite ways. First,
uncertainty about equity price or lack of market liquidity discourages technology
adoption. This can explain slow technology adoption and limited participation by
venture capitalists in underdeveloped equity markets. Second, imperfectly informed
market participants take fast adoption as a positive signal. The resulting increase of
expected market value encourages technology adoption. Fast technology adoption
is most probable at an intermediate number of informed investors.
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1 Introduction

There is a growing interest in channels through which more developed financial markets
promote entrepreneurial and innovative activities and thereby long-term growth.! The
benefits of more developed financial markets are most often analyzed through their pos-
itive impact on availability of external financing. This paper takes a different approach
by emphasizing that in addition to providing funding?, equity markets have an important
role in facilitating ownership transfers from talented entrepreneurs investing in technology
to managers running these firms once the technology is adopted. Good exit opportuni-
ties are also important for venture capitalists who can provide funding for investments
in technology. The paper suggests a new mechanism that shows how the development of
equity markets can determine the incentives to invest in technology and aggregate output
even if credit constraints are not binding.

The paper focuses on technology adoption or innovation decisions made by risk averse
entrepreneurs who sell their firms in equity markets. In the basic setup, the equity market
is liquid, but there is a potential double-sided information asymmetry. On the one hand,
entrepreneurs are likely to have superior information about the fundamental value of their
firms as compared to the average equity market participant. On the other hand, they do
not know what information equity market participants will receive in the future.

The main results in this paper arise from two opposite forces affecting the incentives
for entrepreneurs to invest in the newest and most expensive technologies. First, high
uncertainty can discourage investment in the most advanced technologies — the "fear of
unstable markets" force. Second, provided that the market accepts that entrepreneurs
have superior information about the value of their firms, their decision to invest in the

newest available technology becomes a positive signal to the market. This increases the

ISee Levine (2005) for a comprehensive review of theoretical and empirical literature on the relation-
ship between finance and growth.

2Empirical studies (e.g. Beck and Levine 2004, Rousseau and Wachtel 2000) find that the development
of equity markets has an important effect on growth even after controlling for the access to credit.



expected market value of firms and encourages entrepreneurs to invest in fast technology
adoption — the "adoption to signal" force. The number of informed investors determines
which of these two forces is predominant.

When the number of informed investors is small, entrepreneurs choose to adopt tech-
nology slowly. This mechanism can also lead a country to persistently slow technology
adoption. Furthermore, underdeveloped equity markets can explain why foreign agents,
who are able to reduce technology adoption costs, may not participate in projects they
would find profitable in perfect equity markets. Fast technology adoption is most likely
with an intermediate number of informed investors. In this case, entrepreneurs have the
highest expected gains from issuing a positive signal to the uninformed participants in the
market by investing in expensive frontier technology. In countries with very developed
financial markets and a large number of informed investors, both the discouraging "fear
of unstable markets" and the encouraging "adopting to signal" force disappear, as the
information asymmetries between the entrepreneur and potential buyers disappear. The
implied non-monotonic relationship between investments in technology or GDP growth
and equity market development is consistent with correlations in transition economies
and high and upper-middle-income countries (see Appendix A).

The number of informed investors is likely to be higher in countries with good in-
stitutions for facilitating access to information (e.g. accounting standards and laws) and
therefore more developed equity markets.®> Furthermore, the number of informed investors
is likely to be affected by purely exogenous factors such as a country having strong cul-
tural links with foreign countries (e.g. the Baltic States with Scandinavia and Hungary
with Austria). Investors from such foreign countries may face lower information costs
and/or have more incentives to acquire information about the country. The basic setup

takes the number of informed investors as exogenous.

3La Porta, de Silanes, Shleifer and Vishny (2005) show that laws mandating disclosure benefit stock
markets.



To analyze the endogenous determinants of the number of informed investors, the basic
model is extended to endogenize the number of informed investors through information
costs and allow the local policy maker to choose this cost. The paper demonstrates that
a local policy maker would not choose zero information costs (i.e. full transparency), if
he aims to maximize the probability of fast technology adoption or growth in output and
wages of local agents. Setting the information cost to zero would eliminate the gains from
"adopting to signal".

In addition to information imperfections, equity markets can also lack liquidity. While
the effect of imperfect information is non-monotonic, lack of liquidity always reduces
the expected market value of firms and has a negative effect on incentives to invest in
fast technology adoption. This effect is highlighted in an extension that considers the
possibility of gains from restricting foreign portfolio investments. When foreign portfolio
investors are largely uninformed?, such restrictions may reduce the negative effect of "fear
of unstable markets". However, by reducing the liquidity of the local equity market, the
potential benefit only emerges under very specific circumstances.

The setup of the model relies on two crucial assumptions. First, an entrepreneur must
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). Moreover, venture capitalists can be seen as agents who
are skilled in judging whether it is worth investing in a particular technology adoption.
They are generally not constrained in credit markets and prefer to exit fast (Jovanovic
and Szentes 2007). Lack of good exit opportunities is a major concern for these agents
when assessing investments in developing countries (Lerner and Pacanins 1997). Figure

1 shows that venture capitalists perceive the concerns about successful exit to be a larger

4Empirical studies (e.g. Garibaldi, Mora, Sahay and Zettelmeyer 2002, Kose, Prasad, Rogoff and
Wei 2004, Prasad, Rajan and Subramanian 2006) show that portfolio capital flows to emerging markets
and transition economies are largely unrelated to fundamentals.



% of respondents identifying the following obstacles

Asia Pacific Eastern Europe Central Europe South America/ US, Western

Mexico Europe and
Japan
u Difficulties of achieving successful exit O Lack of skilled workers
@ Unstable economy B Intellectual property laws

Figure 1: Impediments for venture capital investor (US and European respondents), data
source: Deloitte Touche Tochmatsu and EVCA, 2006.

impediment than the lack of skilled workers or weak intellectual property laws®. Among
the less developed countries, Asia is often considered as one of the most attractive lo-
cations 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 and a better legal and regulatory environment®.
While this paper assumes that entrepreneurs sell their firms in the equity market,
the suggested mechanism is valid more generally if agents deciding about investments
in technology care about the future market value of their firms. This could be due to
executive compensation packages that depend on equity prices (see Murphy 2002) or

entrepreneurs’ aims at raising equity funds in the future.

5The venture capitalists surveyed are not necessarily investing in these regions. Important impedi-
ments that are excluded from Figure 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.

6 According to WDI data for 1996-2004, the median share of the labor force with secondary education
in Asia is 28.2% as compared to 33.3% in Latin America, 62.2% in transition countries that entered EU
and 56.6% in other transition countries. At the same time, the median stock market capitalisation to
GDP in these regions is 44.5%, 24.5%, 13.4% and 10.4%, respectively. The same is true for alternative
measures of stock market development or with the exception of EU entrant transition countries for more
general proxies of institutional quality (see Kaufmann, Kraay and Mastruzzi 2006)



The second crucial assumption relies on rational, but imperfectly informed equity
market participants, whose expectations are affected by a noisy public signal as in Allen,
Morris and Shin (2006) and Bacchetta and van Wincoop (2006). Such a public signal
could be interpreted as "market sentiment" or any other factor that affects equity market
participants’ common beliefs about the value of a firm.”

The paper 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 in certain countries which makes the frontier technologies inappropri-
ate for these countries (e.g. Acemoglu 2002). While the 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. transition countries). In current paper, the speed of technology
adoption depends on the interaction of the number of informed investors with the pro-
ductivity of the labor force using technology. If the productivity of the labor force is low,
fast technology adoption is less likely for a given number of informed investors. However,
the speed of technology adoption can differ in countries with a similar labor force.

As mentioned above, obstacles to technology adoption can also be commitment prob-
lems and credit constraints (e.g. Gertler and Rogoff 1990, Aghion, Bacchetta and Banerjee
2004, Aghion, Comin and Howitt 2006). To emphasize the role of the equity market in
providing exit opportunities, rather than access to funding, the paper abstracts from
credit constraints. Credit constraints of local agents are unlikely to explain, for exam-
ple, why foreign venture capitalists do not invest more in less developed countries with
relatively skilled and inexpensive labor.®

Closer to the this paper are Bencivenga, Smith and Starr (1995) and Levine (1991)

"There is a wide empirical literature on deviations of equity prices from their fundamentals and the
impact of market sentiment (see e.g. Cutler, Poterba and Summers 1991, Lee, Shleifer and Thaler 1991,
Jegadeesh and Titman 1993, Swaminathan 1991, Chan, Jegadeesh and Lakonishok 1996).

8Credit constraints could also arise endogenously when foreign agents (e.g. venture capitalists) that
can alleviate these constraints do not enter because of bad exit opportunities.



who analyze the impact of liquidity of equity markets and the need for exit in a closed
economy. As in this paper, lack of liquidity reduces the incentives to invest in technology
adoption. However, explicit modeling of the equity market in the current paper allows
me to separate the negative effect of lack of liquidity from the non-monotonic effects that
arise from imperfect information.

The arguments presented in this paper are also closely related to the literature on
institutions (e.g. Parente and Prescott 1994), which assumes that weaker institutions
increase the cost of technology adoption and imply slower technology adoption. Marimon
and Quadrini (2006) model more specific frictions such as the interaction between start-up
cost and limited contract enforceability that affects the incentives for new entries to the
innovation sector. While additional institutional frictions (e.g. property rights, taxation,
or other obstacles to establishing or running a firm) could be incorporated in the model,
the two main forces found would still remain important. An innovative result in this
paper is a non-monotonic relationship between fast technology adoption and institutions
that facilitate the access to information, i.e. too easily accessible information can lead to
a lower aggregate output.

Finally, the mechanisms discussed in this paper could apply to investments in general.
This paper focuses on incentives for investments in technology for the following reasons.
First, investment in technology is a driver of long-term growth (e.g. Romer 1990, Aghion
and Howitt 1992) and is therefore likely to have a larger aggregate impact. Second, these
investments are likely to require higher entrepreneurial skills and thus, the potential
efficiency gains from ownership transfers are higher. Third, as venture capital is arguably
a better source of funding for technology firms than debt, the importance of good exit
opportunities is likely to be more important for investments in technology than investment
in capital. Consistent with this, Appendix A shows that R&D expenditures are more
strongly correlated with equity market development than investments.

The remainder of this paper is organized as follows. Section 2 presents the model



with a fixed number of informed agents. Section 3 endogenizes the number of informed
investors and discusses the incentives for a policy maker to choose policies enhancing
transparency. Section 4 provides a discussion on the possibility of gains from forbidding

foreign portfolio equity investment in the local asset market. Section 5 concludes.

2 The basic model

The model is a small open economy general equilibrium model with rational expectations.
It builds on the endogenous growth literature with quality improvements of technology
(e.g. Aghion and Howitt 1992, Aghion et al. 2006) and the rational expectations literature

(e.g. Grossman 1976, Allen et al. 2006, Kodres and Pritsker 2002, Yuan 2006).

2.1 Setup
2.1.1 Consumers

The local economy is populated with overlapping generations of rational agents endowed
with one unit of raw labor in each period. These agents work and invest in asset markets
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, can be informed (type i = I)
or uninformed (type ¢ = U) in their trading decisions. There are 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 ji; = u! + ui' informed and ! =
(u — pl) + pY uninformed investors.’

In addition, some rational local agents have special skills to be entrepreneurs and
establish local monopolistic firms engaging in technology adoption. Each local entrepre-

neur can adopt technology alone or in a joint venture with one foreign agent. The firm

oui, ., and pil, are the numbers of local and foreign informed investors and p;¥; is the number of
foreign uninformed investors.



is said to be established by an "initial owner" where the exact ownership structure is not
important.

All rational agents have mean-variance preferences
T
U = Elees|0] = 5 Var (e |) (1)

where ¢; 1 is consumption, {2; is the available information set in ¢ and 7 measures the
extent of risk aversion.

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

In addition to rational investors, there are noise traders who demand a stochastic
quantity s;(j) of the shares of each firm. Their demand is perfectly correlated across all
firms, s;(j) = s, ~ N <O, ﬁ), and uncorrelated across time or with any other shocks. All
noise traders are assumed to be local unless otherwise specified and they do not receive
any wage income.'? The existence of noise traders is necessary for risky asset prices not
to be fully revealing (the Grossman and Stiglitz (1976) paradox).

Noise traders, informed and uninformed rational agents trading in the equity market

are called "investors".

2.1.2 Production of final and intermediate goods

The production side of the economy consists of a competitive final good production sector
and a monopolistic intermediate goods sector that also invests in technology adoption (or

innovation).

10T heir location has no impact on conclusions besides those in Section 4. With mean-variance util-
ity, the split of wage income between noise traders and local rational agents does not affect aggregate
conditions and conclusions in the model.



The price of the final good is normalized to one. The final good producers use raw
local labor, L, and j distinct intermediate goods that are produced by local monopolists.
Each of these intermediate goods, x,(j), is of 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 ( z4(j)) and the vintage of the computer A;(j)) would determine how
fast it will perform the task. Final good producers take the price of intermediate goods

(pz+(j)) and wages (w;) as given and solve

vat(j)

1
maXYt — th - / px,t(])xt(]>dj7 (2)
0

where the production function is

1

V=)' [ Al e G ®)

0

and ¢, measures the productivity of the 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
¢ = 01 + wy, (4)

where 6, is the explainable part of productivity that is uncorrelated across time and with
any other shocks, and u; ~ N(0,1/3,) is the unexplainable part that is also uncorrelated
across time and with any other shocks.!! The explainable component measures factors
such as education, training, working culture, management practices, etc. The unexplain-

able component could be affected by factors such as the health of the workers, natural

"' The normality assumption, while being unrealistic by allowing negative output, greatly simplifies
the solution. It is also a widely used assumption in the finance literature about the liquidation value of
assets. With reasonable assumptions about the parameters, the probability of negative output or asset
prices is negligible. The main mechanism would remain valid with different distributional assumptions.

10



disasters, etc.
The final good producer buys each intermediate good, z;(j), from a local monopolist
in sector j. Intermediate good producers in each sector j use one unit of final good to

produce one unit of intermediate good and maximize the profit 7;(7)

: (5)

| o | N7
- - t. pea(j) = :
o max l]) = prae) = ) st prali) = g

All intermediate goods depreciate fully in one period. Section 2.3 shows how the
uncertainty about the productivity of the labor force in using technology (¢,) translates
into uncertainty about the future demand for intermediate goods and the profits of local

monopolists.'?

2.1.3 Technology adoption

Each intermediate goods firm j is established two periods before it produces intermediate
goods (i.e. a firm established in ¢ produces in period t + 2) by an initial owner. Given
that the initial owner must retire before his firm produces profits, he sells his firm in
the equity market. This assumption about the timing captures the need for exit and
ownership transfers.

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 paying a fixed cost in final goods.

The frontier technology (A})'* that can be adopted grows at an exogenous rate,

A -4

g = Tt for any t. (6)

12Differentiated intermediate goods are introduced only to justify the monopolistic power of the inter-
mediate goods sector, which is necessary for initial owners to have incentives for fast technology adoption.
As the uncertainty considered is aggregate, Section 2.2 shows that all firms are identical. Allowing for
idiosyncratic uncertainty would not eliminate the main mechanisms and would complicate the model.

13The frontier can be interpreted as the newest technology that is accessible and useful for a particular
country, instead of the newest available technology worldwide. In can also be invented in the country.

11



The initial owner in sector j born in ¢ decides whether to invest in fast (A;12(j) = A;,,) or
slow (A42(J) = Af,,) technology adoption. Growth of the world frontier technology (6)
allows for new firms to produce with a higher quality of technology each period (A;.2(j) >
Ai11(4)). New monopolies drive old monopolies out of the market and monopolistic profits
can only be sustained for one period.'*

Adopting the newest technology is more expensive than adopting an older one. The

fixed cost of establishing a fast adopting firm is

I = (Al — Al C(). (7)

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

adoption per technology gain for an initial owner is

¢(-) = min[¢(-), ¢,

where ((-) > 0 is the cost for each local entrepreneur alone and (* > 0 for each participat-
ing potential foreign agent. The cost ((-) can be constant or an increasing function of the
distance from the frontier. The latter would capture the assumption 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

Y1The strict inequality, Ay12(j) > As1(4), holds if technology is adopted fast in period ¢ because
Avpa(j) = Af o and Ai1(j) € {A7 1, Af}. The same is true if slow adoption is chosen in consecutive
periods, i.e. Aio(j) = Afyq and Ai1(j) = A7 Ai2(j) = Ai1(j) only if the initial owner chooses slow
technology adoption A;12(j) = Aj,in ¢, while the initial owner born in —1 adopted fast A;1(j) = Af,;.
It is assumed that in this case, the new monopoly will still drive the old incumbent out of the market.
The implicit assumption behind this is that an intermediate good firm cannot sustain exactly the same
quality for more than one period.

12



technology slowly is zero. The technology adoption decision is denoted by

- 1, if fast adoption is chosen in ¢ in sector j
1It (.] ) = (8)

0, if slow adoption is chosen in ¢ in sector j.

2.1.4 Information and timing

The initial owner born in ¢ knows the explainable component of productivity (6;,2). The
firm established in t is bought by investors (local and foreign) trading in the period ¢ + 1
equity market. Informed investors trading in ¢+ 1 have the same information as the initial
owner; the information set that is relevant for their trading decision is Qf,; = {6;12}.
Rational uninformed investors obtain information from the prices of firms traded, P;.1(7),
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,
ét+2 = 9t+2 + eé,t+2> where 65,t+2 ~ N(O, 1/55). (9)

The public signal could also capture the "market sentiment". The information set of
uninformed investors is QY = {012, P11(0), .., Por1(1),17,(0), ..., 15,(1)}.
An initial owner in an intermediate firm j, who is an investor of type i € {U, I} born

in t + 1, has the information set Qz_i(lj) = {0143, }.

Figure 2 summarizes the main mechanism and timing of the events.

2.1.5 Markets

The final goods are used in the local market for aggregate consumption (C;), capital
(Jiy 2:(j)dj) and investments in technology adoption ( fol 1, ()L,(j)dj). These expendi-

tures must equal aggregate production Y; and the net inflow of goods from abroad (F;).

13
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Figure 2: Timeline of events

The local goods market clearing condition is

The final good production sector employs the entire local labor force. Hence, the labor

market clearing condition is

The equity market consists of the shares of j local monopolistic firms. As all initial

owners sell their firms, the supply of each risky asset is 1 and the equity market clearing
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2.2 Equilibrium profits and identical technology adoption deci-

sions

The optimal solution for the final (2) and intermediate goods sector (5) implies that the

demand for an intermediate good is linear in labor productivity and quality of technology,

Ty2(j) = (042)ﬁ GrroLAL2()) (13)

and the equilibrium profit in sector j is

11—«

mia(i) = PAusa()0s T = — (a®) ™ L. (14)

Initial owners are not borrowing constrained and can always finance their investment
in technology. From (14) the only difference between firms in different sectors is A, 5(j).
The productivity of the labor force and information about this productivity (6;,2), the
cost of technology adoption and the frontier technology are 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

1[t(j) = 1It (15)

At+2 (]) - At+2-

As a result, there is a continuum of monopolistic firms whose profits are perfectly
correlated. Modeling all these firms and their owners is equivalent to modeling one risky
asset and one initial owner for all monopolists in the country. Since noise trading is also

perfectly correlated across the shares of firms, the price of all firms will be the same

Pt+1(j> = Piy1. (16)
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2.3 Equity market

Using results from the previous section and (4), the profits of local monopolists can be

expressed as

Tipo = IO + wpro) Arso. (17)

Assuming that the precision of noise trading B&t = I'?A? ,3,, the demand of noise

traders becomes

sun ~ N(0,1/T2A42,,5,). (18)

The assumption that the variance of noise trading is proportional to the level of technology
in the next period guarantees that the variance of the price signals of uninformed investors
does not increase over time. As will be pointed out later in the paper, relaxing this
assumption would strengthen the results.

Some rational agents trading in the equity market are initial owners of local mo-
nopolistic firms. However, under CARA type utility, with no borrowing or short-sales
constraints and information structure assumed, the trading and adoption decisions are
independent and can be solved for separately.'®

Given the results from Section 2.3, the demand for the shares of each firm j by an
investor of type i € {U, I} is the same, i.e. ﬁiﬂ(j) = ﬁiﬂ. Their optimal demand for

equity is given by
E [7Tt+2|Qi+1} — RP
7 Var(m2|Q )

(19)

~ .
ht—i—l -

As described in Section 2.4.1, the information set that is relevant for informed investors

is ., = {0:12}. Therefore, if the investor is informed

E[ma|Qf] = TOr2Ais, (20)
1
Var(me.o |Qz{+1> = F2A?+26—.

15 Independence is first assumed to be the case. Later, this is formally approved in Appendix D.
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Uninformed investors obtain information from asset prices, public signal (9) and tech-
nology adoption decisions (8) and (15). Using the optimal demand of informed investors

((19) and (20)) in the asset market clearing condition (12), the price signal observed by

uninformed investors is'6

~ TT'A
Piy1 =010+ — e St41 (21)

lutJrl U

and their information set can be expressed as QY,; = {0110, Py, 15,1}

Given that initial owners have superior information, know 6;,,, we can conjecture
that their decision to invest in fast, 1;, = 1, (slow, 1, = 0) technology adoption implies
that 6,0 > 9t+2 (010 < ét+2). This conjecture is verified in Section 2.5.1 where it is also
shown that the threshold (6,,) is known to uninformed investors trading in ¢ + 1.

Expected profits and variance for an uninformed investor are

E [my2lQ,] = TAus (Zt+1ét+2 + (1= z41) B + \/Zv,tJrl)‘IIt,th) . (22)

1
Var(ﬂmlﬁﬂl) = I"Af, {ZU’Hl (1 B )\%It’bt“ * le)\i’t’bt“) * 5_] ’

where
1 - - _
biy1 = N <9t+2 — 2410142 — (1 — Zt+1)Pt+1> ) (23)
9 -1
i
Zopr1 = | By + Tu B, ; Zi41 = Pyott
and \; 1bess 1S the inverse Mills ratio that depends on the technology adoption decision

in the previous period and b,,,'".

The derivation of these expressions is presented in
Appendix B.

Uninformed investors’ expectations can differ from informed investors’ expectations

16See Appendix B for further details.
~ by ~ by
VI D, = 1, A, i, = % 17, =0, A, —op,, = fgggb:lg, where ¢(.) and ®(.) are
standard normal p.d.f. and c.d.f, respectively.
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for two reasons. First, the public and price signals they receive can be incorrect, i.e.
zt+19t+2 +(1- zt+1)]5t+1 # 0;,5. For example, this could be due to "market sentiment".

Second, the inverse Mills ratio, )‘izt is always positive (negative) if the technology was

b1
adopted fast (slow). So even if both the public and price signals were correct z.410;,2 +
(1—2441)Piy1 = 0410, uninformed investors would expect higher (lower) profits of the firms
that adopted fast (slow). The technology adoption decision will remain an informative
signal and affect uninformed investors’ expectations in such manner as long as 2,11 > 0,
i.e. neither the public nor the price signal is perfect (83, 3, and ji] .1 are finite).

The equilibrium price can be derived by replacing (19), (20), (21) and (22) into the
market clearing condition (12). The equilibrium risky asset price is a function of the
expectations of informed investors, the expectations of uninformed investors, the liquidity
premium and the risk premium. As the expression is lengthy, and only the relevant
limiting cases are analyzed, the full details are found in Appendix B.

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

A
Ptill = Tjﬁetﬁ- (24)

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

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

infinity, the excess returns of uninformed investors approach zero. Using (21) and (22),
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equilibrium asset prices can be expressed as

I'Aipo (Zt+1ét+2 =+ (1 - Zt+1)9t+2 + \/Zv,t+1)\11t,bt+1> (1 — Zt+1)7-F2A§+2
+

Py = .
R /1’t+lﬁuR

St+1-
(25)
In this case, asset prices are affected by the public signal (6;), noise trading (s¢.1)

and an additional term that captures the impact of the signal from the adoption decision.

Looking at the expressions for z;11 and 2,441 (23), it is clear that the larger the number

of informed investors (ji, +1), the closer will the asset price be to the perfect financial

markets benchmark ([L{H — 00 => 241, Zua+1 — 0).

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

Until then, the number of foreign uninformed investors is assumed to be infinite.

2.4 Adoption decision

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

From (1) and the independence of trading and technology adoption decision, invest-

ment in fast technology adoption is optimal if

Uy(1;, = 1) > U,(1;, = 0) + RI, (26)
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where the utility of adopting a particular technology 1;, € {0,1} is
~ ~ T ~
U(1y,) = E [Pi|0i42,11,] — §Var(Pt+1|9t+2, 17,). (27)

It can be seen from (25) that the selling price of firms that adopt technology fast is
always higher since asset prices are proportional to A;,, and from (6) A}, , > A7, ;.

An explicit derivation of E [Pyis|0i10,17,] and Var(Ps|6;2,1;,) is complicated by
the fact that asset prices (25) include the inverse Mills ratio (A, (be+1)). While byy is an
observable constant for investors trading in ¢ + 1, it depends on ét+2 and ptﬂ, which are
unknown in period t. As a result, b;,; has a normal distribution from the point of view
of the initial owner who is deciding on the speed of technology adoption. The moments
of Mills ratio with normally distributed b;,; are, to the best of my knowledge, impossible
to derive in closed form. However, the Mills ratio can be approximated with a linear or
polynomial function. For simplicity, the results presented in this paper employ the linear
approximation. This is sufficient because the most interesting cases for analysis occur in
the neighborhood of )‘izt (0), where the initial owners are close to being indifferent between

fast and slow technology adoption.'®

2.4.1 Two forces affecting the technology adoption decision

Proposition 1 Initial owners choose to adopt the technology fast (Ao = Af,) if the

observable component of productivity satisfies 0o > 9t+2, where

_ R2. .
Oryo = ?C() — V21N ars + 2o 1 Ar Arum (28)
24+ g* TI'(2+g"
Aars = ——m; Arvm = rhety) (1—1y)° (29)
2 R
BFrom (23) Elbyi1|042] = \/ﬁ(ét_i'_z — 0442), 0yyo is the threshold above which fast technology

adoption will be undertaken.
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and n; and ny are constants from the linear approzimation of the inverse Mills ratio

satisfying ny,m, > 0 and n, < 1.

Proof. See Appendix C. m
It can be seen from above that the threshold depends on the variables and constants
that are observable by all agents. Therefore, uninformed investors trading in period ¢ + 1

know the value of ;5. Proposition 1 thereby verifies the conjecture in Section 2.4.

Corollary 2 In perfect financial markets (i.e. if all investors are informed), the threshold
simplifies to
0Lt = 0 (30)

Replacingﬂtlligoozv,m = lm (65 + (it 1 Bu/7)" B 71 = 0 in (28) yields (30).

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 2,147, ;Apya in (28).
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 (30).

The "adoption to signal" term is captured by /7, 1A a7s in (28). Initial owners know
that uninformed investors will take fast adoption as an indication of higher profitability
and are willing to pay a higher price for it (25). Therefore, technology investment decision
becomes a natural signal that increases initial owners’ incentives to invest in fast technol-
ogy adoption. The possibility of gains from this remains despite the fact that uninformed
investors are rational and aware of the force.

Ozv,t41

Both these forces decrease with the number of informed investors because il < 0.
t+1

Corollary 3 If productivity of labor is such that the initial owners are indifferent between

fast or slow technology adoption in perfect financial markets (00 = @ﬁg ), they will
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be discouraged from adopting fast due to the "fear of unstable markets" in imperfectly

informed financial markets if

1—n.)*Zors
2R < 1T'g* A} ( M) V/Z dand (31)

t+1
st

Indifference between fast or slow adoption in perfect markets implies that 6; 5 = %26 (+)
from (30). Applying this to (28) and using constants from (25) and (29) gives (31).
Corollary 3 has some interesting implications.

Through its impact on the quality of uninformed investors’ information (z,:+1), a
lower number of informed investors (. 1) magnifies the "fear of unstable markets". We
can consider 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 slowly adopt frontier technology.

An increase in the number of informed investors encourages "adopting to signal", 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, the potential gains are negligible.

Figure 3 illustrates how the threshold for fast technology adoption (28) depends on
the number of informed investors. It plots the relationship between productivity (6;2),
the number of informed investors (/1,;’ 1) and the speed of technology adoption. In perfect
financial markets, fast (slow) adoption occurs in areas A and B (C and D). In imperfect
markets, fast (slow) adoption occurs in areas A and C (B and D). In B slow technology
adoption is due to 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, which makes initial owners

care more about uncertainty in the following period. There is also a secondary effect, since
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productivity

number of informed investors

= = threshold in perfect markets —threshold in imperfect markets

Figure 3: Threshold productivity for fast technology adoption

higher risk aversion reduces the quality of price information (23) through lower demand
for the risky asset from informed investors. A higher variance for the unexplainable
component of productivity (1/3,) has a similar effect on the quality of the price signal.
With an infinite number of traders, the unexplainable component of productivity only
affects initial owners through its impact on price signals.

Similarly, higher variance of the public signal (1/8;) and noise trading (1/5,) increase
the uncertainty investors are facing (z,41), thereby increasing the "fear of unstable mar-
kets". In these cases, there is another secondary effect at play, as these move the equilib-
rium equity price closer to the fundamentals (see (23) and (25)). However, this force is
not strong enough to eliminate the negative direct impact of higher uncertainty.

An increase in the risk-free rate has a dual effect on incentives to invest in fast tech-
nology adoption. First, there is a direct effect where the threshold productivity must be
higher to make investment in fast adoption worthwhile (28). This effect is also present in
perfect financial markets (30). Second, (31) 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 in the risk-free rate (R) leads to a smaller

reduction in the probability of fast technology adoption in imperfect equity markets.
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Claim 4 Improvements in the frontier technology have a negative impact on a country’s

ability to adopt the world frontier technology (Ay,,), due to information imperfections.

Assume the cost of adoption for a given change in technology to be constant, é’ ()= é’ .
In this case, it is clear from (30) that if productivity were to remain constant at some
level 6 > R??& , a 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 (31). Keeping up with the adoption of the newest technology
with imperfectly informed investors must imply an increase in the number of informed in-
vestors (or other variables that would lower the threshold for an increase of productivity).
Furthermore, a higher growth rate of frontier technology reduces the gains from "adopt-
ing to signal" while increasing the negative impact of "fear of unstable markets". If, for
example, pure "fear of unstable markets" discourages the initial owners from adopting
fast in period ¢, the next generations will not adopt fast either, ceteris paribus.

The intuition for this is the following. By (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 the uncertainty regarding
the productivity of using any level of technology is the same.'?

If, in addition, we assume the cost of adoption to be an increasing function of the

distance to the frontier as in Aghion et al. (2006) (e.g. é(’ﬁf) = é(mtl/%ﬂ), é/() > 0),

the improvements in the frontier will be even more discouraging. Failing to adopt fast
in some period will in that case also make it more costly to adopt fast in the following
period and the threshold (28) increases.?’

Assuming that the variance of the price signal has a constant quality over time (18)

I9Tf this uncertainty is higher for the more advanced technology adopted, evolution of the frontier
technology makes it even harder to sustain fast technology adoption.
20This argument is more relevant if firms are established by local entrepreneurs alone.

24



eliminated another mechanism that would imply an increased impact of "fear of unstable
markets" with the growth of technology. If the variance of noise trading did not fall
with A ,, the price signals would become worse over time, because a limited number
of informed investors holds a relatively smaller proportion of firms. In that case, the
tendency towards persistently slow technology adoption would also be stronger.
Countries with large 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 a high tech-
nology level. The model suggests that this outcome does not require developed countries

to have neither a more skilled labor force (higher ;) nor lower technology adoption costs.

2.4.2 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 (6 = (" < ((+)), the impact of the two forces analyzed would also
be present and the dominating force would not depend on the adoption cost (Corollary
3). Nevertheless, the threshold 6, is lower than the threshold if the local entrepreneur
operates alone:

Aloc R2 %
0t+2 = ?C() - \/Zv,t—i-lAATS + Zv,t+1At+1AFUM-

It is clear that if the fast technology adoption is more costly for a foreigner (¢* >
¢(+)), he will never participate. This is due to the assumption that the adoption of any
technology requires an effort by a local entrepreneur who is not credit constrained. With a
similar argument, there is no foreign participation, if slow technology adoption is optimal
for the possible joint venture with the local entrepreneur and the foreign investor that can
adopt technology fast at a cost & = (" < ((). Therefore, the relevant cases to analyze

loc

are when 0,5 > 0,9, 0, 4o > 0,45 and ¢* < ((-). It is assumed that in a joint venture,

the foreigner has all the bargaining power.
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First, the local entrepreneur alone might choose slow technology adoption, while fast
adoption would be undertaken in a joint venture (§t+2 <00 < @ffo}. If the local entre-
preneur’s reward in the joint venture (received in period ¢ + 1) is gy 411, his participation
constraint is g1 < Uy(1;, = 0). With the foreigner having the bargaining power, this
holds with equality. The foreigner will bear all costs of fast adoption (*(A;,, — Ay,,)
and receive the gains from higher firm value ¢3;,,, = U1, =1) = U1, =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 (6,12 > 955162). In that case, the local entrepreneur’s utility
from the joint venture equals his opportunity cost qfa11 = Us(1;, = 0) — RC(-) (A} o —
A}, 1) and the foreigner pays for the adoption cost ¢*(Aj,, — A7, ;) and extracts ¢}, ,,, =
R((-)(Afy — Ay,) from the local entrepreneur. This essentially means that the local
entrepreneur will hire the foreigner as a consultant to reduce his costs. It requires highly
productive labor, little negative impact from uncertainty related to imperfect information

and a low cost of fast technology adoption for locals. This case is less realistic in developing

countries.

2.5 Aggregate output, wages and local goods market clearing

Replacing the labor market clearing condition (11) and demand for intermediate capital
goods, (13) for period ¢ in the production function (3), the aggregate final good production

also becomes linear in the level of technology and the productivity of the labor force

1

Y= (CV?)ﬁ LAy o = a(l—a)

T, A, (32)
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The equilibrium wages are proportional to aggregate final good production:

Yiio
wy=(1—a) L (33)

The local goods market condition is given by (10). Appendix E proves that it holds.
The net inflow of goods from abroad (F}, 1) is determined as follows. In period ¢+ 1, there
is an inflow of returns from the risk-free asset (the investment local investors/consumers
made in period t) and foreigners’ investment in the local risky asset (monopolistic firms
established in t). There is an outflow of period ¢ 4+ 1 investment in the risk-free asset by
locals, and period t + 1 profits claimed by foreign investors. If, in addition to the local
entrepreneur, foreign investors participate in technology adoption, there are additional
capital inflows and outflows from their investment to technology and exit.

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

Given that the foreign partner always compensates the local entrepreneur for the
opportunity cost (Section 2.5.2), foreign participation in technology adoption projects
does not affect the aggregate consumption of the generation that forms a joint venture
with foreign agents (see Appendix E).?! If foreign investors are capable of adopting fast
technology which locals do not, the consumption of future generations is higher because

of higher wages ((32) and (33)).

21 Relaxing the assumption that technology adoption requires the unique skills of a local entrepreneur
could allow for welfare losses from foreign investors’ participation in technology adoption, especially
if the optimal speed of adoption is slow.
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3 Endogenous number of informed investors and in-

centives for transparency

3.1 Equilibrium number of informed investors

Section 2.5 highlighted the fact that the number of informed investors (/i +1) is 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 at a fixed cost (D, 1) during the trading period. An uninformed investor

will decide to become informed if
E [U},|9,] — RDey > E [USL190,] - (34)

The information cost function is assumed to be given by a known time-specific constant
int+1, Dyy1 = ;119:41, where 9,1 is a constant that measures how expensive becoming
informed is at any level of technology, and 1;,; is a constant that allows uninformed
investors to more easily discover if a technology adoption decision issues a false signal.??

The number of informed investors cannot be negative, i, 1> 0and g, > 0. Assum-
ing the existence of some local investors who become informed at zero cost, i.e. 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 superior knowledge of the local labor force

and the business environment and more soft information.

Proposition 5 An investor will choose to become informed if d; 11 < (_5t+1. In equilibrium,

the cost of information will equal the gains from becoming informed and the equilibrium

22The cost being proportional to 9,1 = 1 — Ai'i (byt1) — bt+1’\izt (be11) affects the Var[0t+2|(2§]+1]. It
assumes that the information cost is lower if, according to other signals, uninformed investors expect pro-
ductivity to be low (high), and the country nevertheless adopts fast (slowly). Therefore, this assumption
works against the distortions analyzed by limiting the initial owner’s potential gains from "adopting to
signal". This simplifies the analysis because ¥;;1 is unknown to the initial owner in period ¢.
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number of informed investors

I if > _ Bu B+ Mzﬁiﬁ -
T Pt t+1 t+1 — Rar 0 72 s

Hip1 = :
\/5555 (R—gém - %), otherwise.

Proof. See Appendix F. m

Becoming informed is profitable as long as the cost is not too high as compared to the
freely available information. As investors do not know what signal they get, the gain from
information is the opportunity to reduce the variance of their returns. The more informed
that investors become, the lower is the variance of price signals and the gains from better
private information. If any uninformed investor finds it profitable to become informed, the
equilibrium number of informed investors equalizes the gains of better information with
its costs. If the 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 at a zero cost.

As can be seen from (35), the number of informed investors is higher if either the
risk-free return (R) or the information costs (d;;1) are low. If the public signal is more
informative (high 35) or the variance of noise trading is low (high 3,), thus implying more
precise price signals, less investors decide to become informed. Higher risk aversion (7) and
variance of the unexplainable component of productivity (1/53,) affect the incentives to
acquire costly information in two opposite ways. First, they reduce investors’ willingness
to pay information costs, because the optimal risky asset demand is lower. Second, they
increase the incentives to bear information costs, because a 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 (§;;1 < 0;41).

The equilibrium number of informed investors does not depend on the level or growth

rate of the technology. Even though technology improvements imply higher profits, the
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adoption decision is made before the trading period and is known to all participants in
financial markets. The equity price adjusts to take this improvement into account for

any number of informed investors.?

3.2 Adoption with an endogenous number of informed investors

and incentives for transparency

This section assumes that 6,41 < 841, which implies that at least some uninformed
investors will decide to become informed. Replacing (23) in (28) and simplifying, the

threshold becomes

_ R? R27 R2T
Or10 = ?C() — Aars 5—\/ 01 + Arum Ay 5—5t+1- (36)

The forces of "fear of unstable markets" and "adopting to signal", and the factors in-
fluencing these, are still present with an endogenous number of informed investors. The
technology adoption decision becomes a function of the cost of information ;.

To investigate the policy maker’s incentives to pursue policies towards transparency,
consider an extreme case where it has full control over d;.1. Suppose that the policy
maker’s objective is to maximize the probability for the country of adopting fast. This
objective can be justified, because it allows for output and wages ((32) and (33)) to
increase earlier and therefore increases the consumption of local agents benefiting from
this. Maximizing the probability of fast technology adoption is equivalent to minimizing
the threshold, i.e.

opt : 2
0441 = argmin (9t+2) )
Ot4+1

23This result relies on the assumption that variance on noise trading decreases over time (18). If this
is not the case, less informative asset prices at a higher technology level would give more incentives to
pay the information costs. However, this would only offset the additional negative impact of "fear of
unstable markets" that is eliminated in the current setup.
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where 0,5 is given by (36).%

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

the cost to be )

opt m V Rﬁu

O = > 0.
s Q*FA;H (1 - 772)2 V2rs

Proof. See Appendix G. =

This proposition suggests that the local policy maker does not choose full transparency
(677, = 0) due to the "adopting to signal" force. As long as some investors are uninformed,
the initial owners will find it optimal to adopt fast at a lower level of productivity than
what would be possible in perfectly informed equity markets. It is important to point out
that the counter-intuitive policy encouraging a "too fast" technology adoption is justified
because the policy maker is local. The additional opportunities of fast technology come
at the expense of losses of foreign uninformed investors.?

Both the higher level and the growth rate of frontier technology imply more incentives
towards transparency. As discussed in Section 2.5, the evolution of frontier technology

implies higher uncertainty. Therefore, countries that try to keep up with improvements

in the frontier technology are expected to aim at becoming more transparent over time,

19} * 2 2
6t£z:< ) (L)
5??1 Alis 1+g

Other variables that increase the optimal transparency are higher risk aversion (7),

variance of the unexplainable component of productivity (1/8,) and a lower risk-free

24The results are similar, if the local policy maker chooses the precision of the public signal, for the
same policy objective and are available upon request.

2 Policy makers’ objective might also be maximizing the utility of local agents. This is more cum-
bersome mainly because it is hard to identify what is the reasonable information set of the local policy
maker. However, it would not alter the optimal information cost being above zero. Agents affected by
the choice of §;41 are 1) local entrepreneurs born in ¢, 2) local investors born in ¢ + 1 and 3) workers
born in ¢ + 2. A higher probability of fast technology adoption is always beneficial for agents 1) and 3).
Lower transparency is beneficial for local informed investors and has marginal effect on local uninformed
investors. Therefore, the local policy with such an objective function is likely to set the information cost
higher and not lower as compared to the one analyzed.
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interest rate (R). As can be seen from (36), these changes tilt towards the dominance of
"fear of unstable markets" force. Section 3.1 showed that for a given information cost,
the same variables give incentives to more uninformed investors to become informed.
However, this is not sufficient and the policy maker would give further incentives to

acquire costly information through higher transparency.

4 Closing the local asset market to foreign portfolio
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 from trading 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 capital,
assume that all potential foreign investors are uninformed and all local investors are
informed but limited in number (pf,; =  is finite). Consider that the restrictions imply
that none of the foreign investors can invest in local equity (u;Y; = pjf; = 0) and that a
proportion ~ of noise traders is foreign.

In that setting, the expected equity prices are always lower, because the local equity
market lacks liquidity (see Appendix H). At the same time, there may be less uncertainty

because uninformed foreign investors do not participate.

Lemma 7 The probability of fast technology adoption is not increased by forbidding for-

eign portfolio investments if
w— 0 or u > i, where i = argsolve (@tﬁ = 9;1’2) . (37)

I

If 0 < p < [, the probability of fast technology adoption is increased if the following
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productivity

lower number of foreign noise traders and/or
variance of public signal

number of informed (local) investors

= = threshold in perfect markets ——threshold in imperfect markets
—=—threshold in restricted markets

Figure 4: The possibility of gains from restricting foreign portfolio investments is shown
in area R.

condition holds

(1=mn) —(1—=7)
2

> K >0, (38)

where K is decreasing in Aj, ,, g%, v, increasing in R, 3, and ambiguous in other para-

meters.

Proof. See Appendix H. =

Figure 4 illustrates Lemma 7. The first part of the lemma (37) implies that restrictions
cannot increase the probability of fast technology adoption if the local market is very
small. The liquidity premium is higher if the number of local investors is lower. In a
very small local equity market (u — 0), the liquidity premium and the threshold of fast
technology adoption become infinite. At the same time, the threshold is always finite if
foreign uninformed investors participate in the local equity market.

The lemma also implies that the restrictions cannot increase the probability of fast
technology adoption if the "adoption to signal" force were to dominate the "fear of un-
stable markets" force in the case of an open market (37). If there are no uninformed
investors, investment in fast technology adoption does not reveal any additional informa-

tion to rational investors and initial owners’ incentives cannot be affected by this. This
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implies that if the local equity market is sufficiently large, additional liquidity and gains
from "adoption to signal" compensate the negative effects of imperfect information among
foreign investors.

From (38), it can be seen that in the small but not very small local equity markets, the
gains may be possible (area "R" in Figure 4). In that case, there is a trade-off between the
negative effect of lower liquidity and the positive effect of lower uncertainty. Therefore,
the gains are more likely if there is a great deal of uncertainty about the behavior of
foreign traders: they receive very imprecise signals (low ;) and a large share of the noise
traders is foreign (v). As the level (A, ) and growth rate (g*) of technology increase the
magnitude of "fear of unstable markets" force, an increase in these two variables increases
the likelihood of the gains from restrictions.

In the extreme case, where all noise traders are local (v = 0), restrictions to foreign
uninformed investors cannot be beneficial.?® In an illiquid market, local noise traders have
a large impact on equity prices, which creates an even higher uncertainty about whether
these prices reduce the incentives to invest in technology.

To summarize, the possibility of gains from forbidding foreign portfolio investments
cannot be ruled out. However, such gains are only likely in very specific circumstances,
where local investors are substantially better informed than foreign investors and the local

equity market is small.

5 Concluding remarks

This paper analyzes alternative mechanisms for explaining the differences in the speed
of technology adoption across countries. It argues that if ownership transfers of firms
that engage in technology adoption are made in imperfectly informed equity markets,

two opposite forces arise: a negative "fear of unstable markets" force and a positive

261f v = 0, (38) implies % > K > 0. This is never satisfied, because 0 < 7, < 1.
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"adopting to signal" force. These forces affect the incentives for developers to adopt the
accessible frontier technology.

The relative importance of these forces depends on the size of financial markets.
"Adopting to signal" is likely to be most influential in countries where equity markets are
at an intermediate level of development, while "fear of unstable markets" should domi-
nate in underdeveloped markets. The less precise are the signals on which uninformed
traders base their decisions, the stronger are these forces. 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, the recent over-
pricing of the technology sector assets in the United States and other developed countries
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 par-
ticipation of uninformed traders. Provided that the number of informed investors and
the cost of technology adoption do not change, the evolution of the frontier technology
implies an increasing importance of the "fear of unstable markets". This is due to the
fact that uncertainty about the ability of labor in using any technology creates a higher
uncertainty about profits if the technology is more advanced.

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

When the number of informed investors is made endogenous, by letting the local policy
maker 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"
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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. Estonia is a stark example of a
country that has been very active in adopting Internet and Communication Technologies
in the 1990s. With its ability to attract investors from Scandinavian countries, this could
be 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 flows guarantees
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 portfolio equity flows would increase this. In
countries where the local equity markets are smallest, the need for attracting foreign
portfolio equity flows to generate liquidity is pressing, and the 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. First,
local equity markets must be small, such that the "fear of unstable markets" would
dominate in open equity capital markets. Second, local investors should be well informed,
while the baheviour of foreign investors should be highly uncertain. Only in such a case
could the benefits from lower uncertainty potentially offset the losses due to a higher

liquidity premium. In countries with intermediate and large equity markets, the "fear of
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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 paper assumes that the firms are listed in the local stock exchange. Listing in
a well established stock exchange (e.g. NASDAQ) can allow a firm to access a larger
number of informed potential buyers. Moreover, the regulations of a well developed stock
exchange can reduce the information costs. Nevertheless, for the mechanisms analyzed
in this paper to be valid, this assumption is not crucial, because the uncertainty is about
the local economy. Interpreting the equity market to be local is more natural, because
for most firms from developing countries, the fixed costs associated with an initial public
offering in NASDAQ are likely to be too high and they must rely on the local equity
market. Therefore, this possibility is only available for the most successful and innovative
firms.

Furthermore, local firms could be sold directly 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 paper remains valid. If the local equity market is very underdeveloped
and most firms are directly transferred between local agents, potentially both the low
number of informed buyers and the lack of liquidity are likely to discourage fast technology

adoption.
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A Income per capita and R&D expenditure?’

Securities market and R&D expenditures in transition Securities market and GDP growth in transition countries
countries
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Figure 5: Data sources: GDP, R&D expenditures and investments from WDI, World
Bank; "Equity Size Index" from FSDI, World Bank and securities market index for tran-
sition countries: Transition Report, EBRD.

2TTransition countries provide a good comparison group, because they are similar in their high share of
educated labor force, institutions and lack of securities markets at the time when Soviet Union dissolved
and the initial level of GDP. The figures exclude five transition countries that had a substantially lower
initial PPP adjusted GDP per capita (below 3.0 thousand USD) in 1991. The remaining countries have
a mean of 6.6 thousand USD and a standard deviation of 2.0 thousand USD. The pattern is similar
for R&D expenditures in high and upper-middle income countries as classified by World Bank. The
patterns are also similar if using other available measures of equity market development (e.g. the number
of IOSCO principles implemented, realized equity return volatility) or technology adoption (e.g. the
number of personal computers or internet users per 1000 individuals and GDP growth). In addition to
investments in technology, the mechanisms analyzed in this paper are arguably more generally valid for
investments. However, these effects are likely to be smaller, as the importance of entrepreneurial talent
and the potential gains from exit are likely to be smaller. The correlations presented are consistent with
this conjecture.
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B Equity market equilibrium

The optimal demand of informed traders is specified in (19) and (20). Replacing this into

the asset market clearing condition (12) implies

~T P9t+2At+2 - RPt+1
Hit1 242 L

+ YR s = 1 (39)

Uniformed investors are all identical and they know their demand (iLtUH) This means
that they also know the demand of all other uninformed investors. Therefore, the price
signal can be found from rearranging the equation into an observable (]5t+1) and an

unobservable part from the point of view of any uninformed investor. As a result

1
~ R_Pt+1 TFAt+25_ U U TFAt+2
P = — v (1 — h =00+ St41,
t+1 T Ay 10 ( Hit1 t+1> t+2 ﬂ1{+16u t+1

which is the same as (21).

Defining coefficients z;,; and 2,41 as in (23), the updated distribution of ;5 is

9t+2|ét+27 pt+1, ~N (Zt+1ét+2 +(1— Zt+1)pt+17 Zu,t+1) .

In addition, uninformed investors also get information from knowing the adoption
decision of local informed investors. Conjecture that fast technology adoption (15, = 1)
implies that 6,4 > 9t+2 and slow technology adoption (i 1, = 0) implies that 6,,5 < 0,10
This conjecture is verified in Section 2.5.2. Following pp. 899 in Green (2000) for the
moments of truncated normal and (17) gives (22).

Plugging the demand of uninformed investors (19) and (22) into (39), the equilibrium
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equity price is

0 L1024 E[7t+2|9:£1]

Y, 1+
2425 T Var (ma ) -
P = -1 e o
s T n Heqq
TP2A§+2i T Var (7Tt+2|Q;fk-i({1)

As the number of foreign uninformed investors i/ ; — oo, which also implies ,&Zrl — 00,
the price becomes equal to the discounted expected profits by uninformed investors

E [m112|07 4]

Pt+1: R

Using (21) and (22) gives (25).

C Proof of Proposition 1

Assume that there exists a threshold level of productivity 6, above which fast technology
adoption is optimal. Moreover, assume 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 )‘ht (bi11) =~
Nobri1 + 771(—1)1_1%. Mills ratios for right and left truncation is a reflection from ori-
gin. Therefore, the absolute value of intercept is the same for right and left truncation.
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.
Left (right) truncation Mills ratio is an increasing and convex (concave) function above

(below) 0, which implies 7,7, > 0.
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Using this, the equity prices can be expressed as

Zt+lét+2 + (1 — 2441)0142 + 254010 ArpaSii1+

1
P~ EPAHQ 5
/o1 (Maber + (=1)11eny)

Expanding the price by replacing in b, 1, éHg and P,.,, the conditional moments are

A - _q
E[P1]0i12,15] = ];2 [(1 —Ny) B2 + 19012 + \/Zv,t—‘rl(_l)l Heny)
1’\2A2
Var (P1|0t42,11,) R;+2 (1- 772)2 Zot+1-

By definition, if 1;, = 1, then A, = A o and if 1, =0, then A, = A 1 Using this
in (26) and (27) and noting that indifference between fast or slow technology adoption
implies 0,49 = 0,5, we find (28). Plugging (28) into the technology adoption decision

((26) and (27)) proves Proposition 1.

D Independence of adoption and trading decisions

In period ¢+ 1 some investors trading in the financial markets are also the initial owners of
monopolistic firms that produce profits in period ¢ + 3 (investment 1;, +11i+1 will produce
profits m; 3 = T'A;13(0143 + uir3)). Assume that such an agent is an investor of type
i € {I,U} in his trading decision. The information set that is relevant for his trading
decision is Qi,, (that is QU = {0149, Py, 15} or QL = {6;12}). The information

relevant for his technology adoption decision is 0;,3. He solves

max E[Cfi2|9i+17 Op+5] — 5 Var (Cif2|Qi+17 9t+3) ’

P
hi+1’11t+1

et i e
st. ¢lo = Cipg 1 Cipo,
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where total consumption (cij) equals consumption from trading
Ciro = (T(Orr2 + urp2) Aryr — RPy) i + RWY, (41)
and consumption from the gains from technology adoption

C§+2 = ilt+1pt+2,ili+1:1 + (1 - ilt+1)Pt+2,i[t+1:0 - iIt+1RIt+1‘ (42)

WZ "1 is the wealth of such an agent (equals wage income if the agent is a local entrepreneur
and equals the sum of the local entrepreneur’s wage and foreigners’ exogenous wealth in a
joint venture) and Ah! his risky equity demand. The notations P, +2,i;,,,=1 and P, 12,1, =0
point out that the equity price will be different depending on the adoption decision (as
profit and equity price depend on the quality of technology, i.e. the profits depend on
A, if 1y, =1or A;, if 1;,,, = 0).

With the linear approximation of Mills ratio specified in Appendix C, the equilibrium

equity price (25) depends on three uncertainty terms,

[Asis
R

Piio = (1= m2) (Ors3 + 2t12€5 43 + Zstr2l Aryasiia + time _specific_cons).

With assumed lack of correlation between different shocks and no serial correlation, this

implies
e ()
COV<Ct+27 Ct+2) o Cov(Byo + Usya, 0113 + 2442€5 443 T Zs 42 A1105142) = 0.
Using this, the moments of ¢;;; can be expressed as

E[Cfi1|ﬂi+1a6’t+3] = E[Ci+1|Qi+1]+E[C§+1|9t+3]

Var (¢! Q1. 0i43) = Var (c,4]Q0,,) + Var (¢, [043) -
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The utility function used implies that optimal equity demand does not depend on wealth.
Therefore, the utility from equity trading and technology adoption can be solved sepa-
rately as

Ihr}aXE[cf;Hmf;H, Or13) — 2 Var (¢}, 5|91, 0:43) st. (41)
t+1

maxFE[c{ 1]0;+5] — I Var (cf4]0:43) st. (42).

1It+1

The latter is equivalent to (26) and (27) for ¢ + 1.

E Local goods market clearing

The consumption of each local rational agent from trading in the asset market is ¢! =
hi m+ Rm!_ |, where m!_, is the the risk-free asset holding by an agent of type i. The
consumption of local non-rational agents is s, ;m; + Rm} |, where mJ , is the risk-free
asset holding by non-rational agents. Define aggregate equity demand by foreign agents
Hf = u! ﬁf + Uiz? . Using the equity market clearing (12), aggregate equity demand
by local agents is u!h! + (i — pf) hY + s, = 1 — H;. Defining the aggregate holdings of
the risk-free asset M; = p/m{ + (1 — pf) m¥ + s, aggregate consumption of local agents
from trading in period ¢ is (1 — H;_,) m + RM,_;.

Some agents are also initial owners of firms that adopt technology. Consider the case
when technology is adopted by local agents alone. In that case, local agents additionally
consume F;, the price of local monopolistic firms established in period ¢t — 1. Aggregate
consumption of local agents C; = (1 — H;‘,l) m+ RM;_1 + P,.

There are p young local agents who invest in equity, risk-free asset and technology.
Each rational local agent receives wage income w; and each non-rational agent has zero
wealth. The aggregate budget constraint of local agents is pw, = (1 — H}) P, + M, +15,1,.

The net inflow of goods from abroad is determined by the net inflow of equity and

risk-free asset, Fy = H; P, + RM; 1 — My — H} |m,.
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We can find

Ct—Ft =7Tt—|—,uwt— i[tjt- (43)

From (13) aggregate capital fol z())dj = (042)ﬁ ¢, LA, = 1-T'¢, As. Using this with
(11), (15), (32), (33) and (43) in goods market condition (10) gives m; = ', A; and holds
by (4) and (17). Therefore, the local goods market clears.

When technology is adopted in a joint venture with a foreigner, the speed of technology
adoption must be fast, 1, = 1 (see Section 2.5.2)

If fast technology adoption is only possible in a joint venture, the local entrepreneurs
born in t — 1 receive Pt,izt_1=0’ while the price of equity P, = Pt,izt_1=0' Aggregate
consumption becomes C; = (1 — Hf_l) e+ RM;_1+ Ptizt_1=0 and the budget constraint
of local young agents is pw; = (1 — H}) P,+ M;. As foreigners bear the costs of technology
adoption, they invest [; and receive P, — Pt,izt_lzo' The net inflow of goods becomes
F,=H/P,+RM;  — M, — H ;7 — P, + Ptizt_lzﬂ + I;, as C; — F, simplifies to (43).

If local agents are able to adopt technology fast alone, but the cost is lower in joint
venture, foreigners pay the adoption cost I; and receive fixed compensation R((-)(A;,, —
Ap.,). Aggregate consumption C; = (1 — H;"_l) m + RM;_1, budget constraint pw, =
(1 — H}) Pi+M, and net inflow F; = H P,+RM; 1 —M,— H; 7,— RC(-)(A; o —Ar )+
once more give (43).

As the remainder of the proof remains the same, the goods market also clears when

technology is adopted in a joint venture.
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F Proof of Proposition 5.

A

The demand of uninformed investors with wealth (or wage income), ng, is given by

(19) and known with certainty. The expected utility from remaining uninformed is

(B [mal] — RP)°
27 Var (m12|QY, )

L [Ut(il|Qgr1] = + RVthJ]rr

If they decide to become informed, their demand is given by (19) and (20). However,
they do not know what productivity they will observe after becoming informed and thus
not their demand as informed either. Replacing the demand as informed in the utility

function, the utility can be expressed as

(FAt+29t+2 - RPzH-l)2 4 FAt+2ut+2 (FAt+29t+2 - RPt+1)

Utf+1 =
2 1 2 1
2TF2At+2E TF2At+2E

+ RWY,.

Taking expectations

['2A2 0,.,]00, E QU 1 —RP.4)? .
E[Utl+1|QtU+1] = tHV&r( t+2| t+1))+( [Wt+2| tH} R t+1) +RWtKil.

272 A2 +25L

Given that the number of uninformed investors is infinite, asset prices correspond to the
expectations of uninformed investors. This means E [m5|Q,] — RP,yq = 0 and (34)

simplifies to
Var (6127, )
27'[3L

> RDy 4.

The conditional variance of the productivity must be sufficiently high, such that the
cost of becoming more informed is compensated by better expected arbitrage opportuni-
ties as an informed investor. Using D;,; = ;41944 1, Var (9t+2|QtU+1) = Zys+1Vi41 from

(22) and V41 = <1 — A2 (b)) + b1, (bt+1)>, this becomes

1r, t

/Buz’l),t—‘rl N

Opr1 < o, = 0t41-
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If the number of local investors that become informed at zero cost is sufficiently large,

such that 6, > 2v L
T R g (4, 8,) B

informed. If this is not the case, investors will become informed until the gains from

holds, no uninformed investor will decide to become

becoming informed are driven to 0. This means that, in equilibrium, the number of

,&I — T < 1 _ ﬁéT)
T\ B\,

This root is always real, its being negative implies that 6,,1 > %, which is satisfied as

uninformed investors is

long as there is at least one investor who decides to become informed in addition to those
who are informed at zero cost.

The dependence of an equilibrium number of informed investors on R, 041, 85 and

B, is straightforward. A sufficient condition for % > 0 and gé“ <018 0y < BBT s
(the condition for a real root).

G Proof of Proposition 6

Define constants ()1 = ( )>0;Q2 = 2+9 R27771 >0; Q3 = TF 2+g D20 gx (1 —1,)° %—?
0. Then, (5;’?1 = arg min (Ql — Q2(5t2+1 + Q35t+1>- The first-order condition of this gives

Ot+1
1
2 9? | Q1—Q262 1 +Q36141

5 = <2%3> and the second-order condition, 82;:1 ) = 46321% > 0, con-

firms it as the minimum. Replacing the constants in 57" ‘1 proves the proposition.

H Proof of Lemma 7

Assume a proportion v = [0, 1] of the noise traders to be foreign. With p informed local

agents, no foreign traders in the equity market and (1 — 7)s;;1 local noise traders the
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equilibrium equity price (40) with restrictions to foreign portfolio investors becomes

pR_ [Ai 20,0 _ FQA?+2 (1- )FQA?JrQS
t+1 R ﬂ_BuR %R t+1-

(44)

The moments of this conditional on initial owners’ information are

[2A?

E[Pti1|9t+2] = FAHEOHZ - %t}?
r2A2
Var (P51]0:42) = (1 —V)QWE)?

Using this in (26) and (27) with (6), the threshold of fast technology adoption with

restrictions on foreign portfolio investors is

—R 24 Fr2+g¢9A5, 9 T(24¢%)A?
00 = 5C() + = +§(1— )W,

LIQ is the "fear of unstable markets" force in the restricted market

Rg, (#7+)
and mti—u);‘”l is the additional negative force from lack of liquidity in the local equity

where 7 (1 — 7)?

market. As @ﬁrQ > RTZA(-) = 95{2, the restrictions can never increase the probability of
fast technology adoption if the "adoption to signal" force were to dominate with the same
number of informed agents.

The threshold of fast technology adoption in a very small local equity market /l}ir[lj 9512 —
00. At the same time, from (23) and (28) uz;}}{ilﬂoétn = %2&’() — AAT;: + %@FUM is
finite. Therefore, technology adoption is never more likely if ;1 — 0.

More generally, the probability of fast technology adoption is higher with restrictions

to foreign portfolio investors, if @ﬁr2 < B;49, where 0,5 is given by (28) and i/ = M

Using (23) and (29), the condition 9512 < 0445 can be expressed as

L (1B,)%B,
(L—m)* = (1=9)" _ o _ RB  RuBB,  mlyVBo+ 7= (1-9)" 3
2 up, T Arpg T 28, (nB.)*
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As 0 < n, < 1, this condition is never satisfied if there are no foreign noise traders (v = 0).
The condition is more likely to be satisfied if v, A}, ; and g* are high and 3; and R are
low. While the impact of other parameters is ambiguous, with a sufficiently high share
of foreign noise traders (7), the condition is also more likely to be satisfied if 7 is high

and S, is low.
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