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Abstract

The thesis studies the interaction between financial market and the real investment
and their impacts on price informativeness. The first chapter provides theoretical
and empirical evidences that private information conveyed through trading activities
alleviate information asymmetry and facilitate equity financing. The second chapter
studies an environment where the central bank learns the information about the
economy fundamental from the financial security price before making monetary policy.
The feedback effect from the financial market to the policy maker can impair the price
informativeness by reducing the incentive for the speculators to coordinate and reveal
their correlated information. The third chapter explores the interaction between
financial markets and real economy of two regions whose investment increases each
others productivity. The capital provider in each region learns from its own and the
other regions financial market in making their investment decisions. The coordination

among capital providers amplifies the trading frenzies in each financial market.
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Chapter 1

Order Flow Informativeness and

Equity Financing

1.1 Introduction

This paper studies the interaction between two important roles of the financial market:
information production and fund raising. On the one hand, information asymmetry
between managers and the market prevents firms from obtaining external financing
efficiently (Myers and Majluf (1984) [44]). On the other hand, trading process trans-
mits private information from traders to the market (e.g., Grossman and Stiglitz
(1980) [30], Glosten and Milgrom (1985) [27], and Kyle (1985) [38]). This study in-
vestigates the question whether private information conveyed through trading process
alleviates information asymmetry and helps firms raise more capital.

In a stylized model based on Myers and Majluf (1984) [44] and Kyle (1985) [38], I
develop the hypothess that equity financing is negatively correlated with the probabil-
ity of information asymmetry and positively correlated with the cross term between
the probability of information asymmetry and the stock’s order flow informativeness

as measured by the relative amount of informed trade to noise trade. In other words,



the probability of information asymmetry impairs firm’s equity financing, however,
the private information conveyed through the trading activities alleviates this friction.
I assume that the manager and informed traders know more about the firm value than
the market. Then the order flow provides an additional signal for the market. The in-
formativeness of the order flow signal, determined by the intensity of informed trade,
reduces information asymmetry between the manager and the market, and therefore,
facilitates equity financing.

One of the key issues in testing the hypothesis is to find the proxy for the informa-
tion asymmetry and the order flow informativeness. While these two factors impact
equity financing in opposite directions, they both increase the informed trade. High
amount of private information-based order flows can occur for two reasons: first, the
firm is less transparent and the informed traders have more chances to obtain infor-
mation advantage; second, there are more informed traders relative to noise traders in
the market and they explore and trade on their information more intensively. The first
is related to firm’s level of information asymmetry and should impair equity issuance;
while the second determines the market’s awareness of the private information and
should facilitate fund raising. My order flow informativeness should be relevant to the
second effect. To decouple these two effects, first, I use the PIN measure developed in
Easley, Kiefer, and O’Hara (1996 [21] 1997a [19], b [20]) as the measure of informed
trade; Then I decompose the measure of informed trade into two components: the
probability of information asymmetry and the order flow informativeness conditional
on and event of information asymmetry.

PIN has been tested and used in a series of articles and has been proved to be
a valid measure for the level of informed trade. It has been used as proxies for
both information asymmetry (e.g. Bharath, Pasquariello et al. (2009) [8]) and price
informativeness (e.g. Chen, Goldstein et al. (2007) [I3]). The measure captures the

probability of informed trade from order flow data through a market micro structure



model. In the model, informed trade happens upon an information event in which
information asymmetry occurs between different groups of traders. PIN is determined
by both the probability of the information event and relative amount of informed trade
to noise trade conditional on the information event. The first component represents
the level of information asymmetry from its definition. Brown and Hillegeist (2007) [9]
find evidence that the probability of information event links to lower disclosure quality.
The second component is correspondent to the informativeness of the order flow
when private information arrives. Here I use the first component as the proxy for
the probability of information asymmetry and the second component, the relative
amount of informed trade to noise trade conditional on the information event, as the
proxy of order flow informativeness in the test (details are described in Section 3).

I find that firm’s net equity financing is strongly negatively correlated with the
probability of information asymmetry and is strongly positively correlated with the
cross term between the probability of information asymmetry and order flow informa-
tiveness, consistent with the hypothesis that information conveyed through trading
activities help alleviate the adverse selection problem in equity financing. There
also exists an important conflicting effect from the order flow informativeness. Both
theoretical and empirical studies have been carried out on the negative effect from
informed trading on market liquidity (Manove (1989) [41], Diamond and Verrecchia
(1991) [16], Easley and O’Hara (2004) [22], Easley, Hvidkjaer et al. (2002) [18], El-
lul and Pagano (2006) [25], Chan, Menkveld et al. (2008) [12], Choi, Jin and Yan
(2013) [14], Hwang, Lee et al. (2013) [34]). In their theories, when there is infor-
mation asymmetry, the existence of informed trade increases the cost of capital by
draining up the market liquidity. Taking this into account, my result is even stronger
in proving the positive effect from the information transmission of the trading process.

I perform more tests to assess the validity of this conclusion. First, the increase in

net equity finance can be attributed to more equity financing needs. Equity financing



needs are determined by both investment opportunity and firm’s equity dependence.
To control for investment opportunity, I include Tobin’s q into the basic test. It is
also important to check that the result is not purely driven by equity dependence, as
data shows financial constrained firms tend to have high order flow informativeness.
I control for equity dependence by conducting analysis on five quintile subsamples
which are sorted according to the KZ index. I show that both the equity dependence
and the order flow informativeness play a role in determining the amount of net
equity issuance. Another important concern is the effect of firm size. My order
flow informativeness is negatively correlated with firm size. Firm size, in turn,may
affect the equity financing for reasons unrelated to the amount of private information
reflected in the order flow. Thus, to ensure that my results are not driven by firm size,
I conduct our analysis on five quintile subsamples sorted by firm size. I also control for
size directly in my main regressions by including it as an additional variable. In both
these tests, I find that information asymmetry and the order flow informativeness
remain important after size is controlled for.

As the hypothesis is about the private information revealed in the order flow, I
control for the effect from public information by adding the analyst coverage into the
analysis. The effect from the probability of information asymmetry and the order flow
informativeness stays significant. The result shows that firm’s net equity issuance
decreases in the amount of analyst coverage. In addition, the analyst coverage is
negatively related to the order flow informativeness. As argued by Easley, O’Hara
and Paperman (1998) [23], the presence of analysts can attract more noise trading to
the stock. This reduces the informativeness of the order flow and thus decreases net
equity issuance when there is information asymmetry.

The interpretation of the results in the paper depends on my measure of the
order flow informativeness. I also conduct some analysis to jointly test the validity

of my measure of order flow informativeness and the robustness of the results. PIN



and its components are closely related to market illiquidity. Furthermore, Duarte
and Young (2009) [17] pointed out that PIN could be driven by liquidity factors
that are not related to information. To make sure that my result is not driven
by non-information liquidity factors, I study the relation between the information
variables and four liquidity measures and then add these liquidity factors to my basic
test. The four measures I use here are: shares turnover, daily idiosyncratic return
volatility, dollar volume weighted daily average absolute return, and return reversal
as developed in Pastor and Stambaugh (2003) [46]. It is important to note that the
first three measures can be driven by both information and non-information factors;
while the last measure is constructed to capture illiquidity that is not related to
information. My results show that both my information variables are correlated with
shares turnover, idiosyncratic daily return volatility and dollar volume weighted daily
average absolute return. This is consistent with previous study that information based
trading links to market liquidity. However, it is interesting that return reversal does
not have a significant effect on order flow informativeness. This provides additional
evidence for using PIN and its components as information factors. Furthermore, my
main results stays intact after adding these liquidity measures to the main regression.

I also analyze the effect from the insider and institutional trade on my main
results, and their relation with the information variables. Both PIN and the order
flow informativeness are positively related to the intensity of insider trade and the
aggressiveness of the institutional position change, though at a mild level. This again
indicates that my measure captures private information based trade, as both insider
and institutional traders are widely assumed to possess information advantage. The
mild correlation is reasonable, as insider trade only composes of a very small fraction
of the trading activities, and a high amount of institutional trade are triggered by
liquidity reasons. The effect from intensity of insider trade is not significant, which

is expected, as insider trade only takes up very small part of the trading volume.



The aggressiveness of institutional position change is negatively related to net equity
issuance. This is consistent with the fact that a lot of institutional trades arise
from non-information incentive (Coval and Stafford (2007) [15], Brunnermeier and
Pedersen (2009) [11], Adrian and Shin (2014) [I]). The effect from my order flow
informativeness stays significant after adding these two variables to the regression.

This paper is related to the group of literature that studies the effect of informed
trade on cost of capital. The theory papers mainly model the liquidity impact of
the information based trade; however the sign of the predicted relationship differs
both within and across models (Manove (1989) [41], Leland (1992) [40], Diamond
and Verrecchia (1991) [16], Garleanu and Pedersen (2004) [26], Vayanos and Wang
(2012) [51], Easley and O’Hara (2004) [22], Hughes, Liu and Liu (2007) [33]). The
related empirical works are mainly on identifying the related market pricing factor.
Easley, Hvidkjaer, and O’Hara (2002) [18] find that PIN affects asset return and
interpret the result as the cost of information risk. Choi, Li and Yan (2013) [14] also
document links between informed trade and higher expected return using the Chinese
stock market data. These studies focus on the relation between post issuance market
liquidity and the price of the equity in the secondary market. The strategy of the
manager is not considered. This paper studies the interaction between the informed
trade and manager’s adverse selection problem in making the financing decisions. I
directly examine the relation between the intensity of informed trade and the amount
of equity financing, and find that the positive effect from order flow informativeness
out-weights its negative impact on market liquidity.

A more closely related article is Alti and Sulaeman (2012) [3]. They find that
firms tend to issue equity following high market return only when it coincides with
high institutional demand. My paper is different from Alti and Sulaeman (2012) [3] in
two important dimensions. First, I analyze effect from order flow informativeness on

manager’s financing decisions. This effect may be a channel through which their result



takes effect. Second, I decompose the level of the informed trade into an information
asymmetry component and an order flow informativeness component. To the best of
my knowledge, this paper is the first one to separate these two driving forces behind
the informed trade.

The remainder of the paper is organized as follows. In Section 2 I develop the
hypothese in the context of a simple model. The model provides a framework for
understanding the interaction between informed trade and firm’s equity financing
decision, and also gives some guidance as to how to measure the order flow infor-
mativeness. In Section 3 I describe the PIN measure and its decomposition, and in

Section 4 I present the empirical results. Section 5 concludes.

1.2 A simple model and the hypothesis

Base on a simplified setting of Myers and Majluf (1984) [44], I develop the hypotheses
about order flow informativeness and equity financing by adding the trading activ-
ities. There is an all equity funded firm with an existing asset and an investment
opportunity. The existing asset V, can take on two possible values Vi and Vi (
Vg > Vi, , H and L denote high and low state), with probability p and 1 — p. The
investment opportunity requires an upfront cost I, and the net present value (NPV)
of the project is V}, therefore the total final payoff from the new project will be I+ V.
The firm does not have financial slack and need to raise the upfront cost from the
capital market in order to take the investment opportunity. The manager owns 6
fraction of the firm’s equity and maximizes his own share value when making finance
and investment decisions.

There is information asymmetry about the value of the existing asset with prob-
ability . The manager always observes the exact value of the existing asset, while

the market can observe the value only when there is no information asymmetry (with



probability 1 — «). Vi, Vi, Vi, I, p, 6 and « are all common knowledge. Denote M
the manager’s information about the existing asset value. After the firm announces
its decision to issue equity and invest, the market updates its belief on the value of
the existing asset and sets the share price such that the new shares take A fraction of

the firm and its total value satisfies the following break even condition:

MNE (Vo|Issue,M) +1+ V] =1 (1.1)

The manager issues equity if and only if his share value after equity issuance is

higher, which can be expressed by the following inequality:

Vo<(1=N(Vo+1+V) (1.2)

Without information asymmetry, it is obvious that the firm always issues equity
and take on the investment opportunity. In the case with information asymmetry,
the key friction is that the announcement of equity financing could be a signal of
overvaluation to the market.

Proposition 1 describes the equilibrium without trading activity which illustrates

the adverse selection problem in Myers and Majluf (1984) [44].

Proposition 1 When there is no information asymmetry (M ={Vy} or {Vi}), the
manager always issues equity. When there is information asymmetry (M ={Vg, V1 }),
Vi 5 — Vi —V1,

ifp > Lt

vy there exists an equilibrium where the manager always issues

equity; otherunse, there is unique equilibrium where the manager issues equity only in

the low state.

When there is information asymmetry, the manager has to issue equity at the
price lower than its true value in the high state. There is trade off between the

loss from selling the existing asset at a low price and the profit from taking on the

8



investment opportunity. Therefore the manager’s decision depends on the market

valuation of the existing asset which is driven by the market belief of the high state

I
Vit v~V

T _VL, the threshold market belief of the high state
H L

probability here. Let p* =
probability at which the manager is indifferent between issuing or not. Keeping other
parameters fixed, this threshold probability is increasing in the upfront investment
amount /. With higher upfront cost, more share of existing asset is required to be
sold for the investment opportunity, therefore less under-valuation can be afforded. In
the case where p < p*, the manager bypasses the investment opportunity, as the value
dilution cannot be justified by the profit from the new project. I focus on this case
and introduce trading activities to analyze the effect from order flow informativeness
on equity financing.

There are a continuum number of risk neutral informed traders with measure p
who also observe the existing asset value. Each informed trader can trade an amount
within [—1, 1] shares of the firm’s stock. The demand from noise trader € is normally
distributed with mean 0 and variance o2. Denote the demand from informed trader
as X. Then the aggregate order flow X = X;+¢. The manager makes the financing
decision after observing the aggregate order flow X. The market set the share price
conditioning on X and the manager’s decision.

It is obvious that the market valuation of the existing asset is always higher than
or equal to that of the informed traders in the low state and lower than or equal
to that of the informed traders in the high state. Assume that the informed traders
always long one share in the high state and short one share in the low state, when he is
indifferent. Then the demand from the informed traders is p in the high state and —pu
in the low state. Therefore, the order flow becomes another source of information to
the market. The relative amount of informded traders to noise traders influences the
precision of the order flow signal. I define the order flow informativeness as U% , the

ratio of the amount of informed trade over that of noise trade. Assume that manager



issues equity in both states, the probability of state H conditional on information

asymmetry, equity issuance and aggregate order flow X can be expressed as follows:

I 551’1’67 [ H, [ Ly,

(1.3)
which is strictly increasing in the aggregate order flow X.
The market demand A share of the new company according to the following break

even condition:

MNE (Vo|Issue, X, M) +1+4 V] =1 (1.4)

Proposition 2 summarizes manager’s behave in the equilibrium where the infor-
mation contained in the order flow takes an effect on both the market’s belief of the

asset value and manager’s financing decision.

Proposition 2 Assume that p < p*. When there is no information asymmetry
M ={Vg} or {Vp}), the manager always issues equity. When there is information
asymmetry (M ={Vy, V}), there exists an equilibrium with a threshold value X* such
that for X > X* the manager issues equity in both states; for X < X* the manager

1ssues equity only in the low state.

The intuition behind Proposition 2 is as follows. The market updates the prob-
ability of state H according to the order flow signal which can also be observed by
the manager. In state H, when the signal from the order flow is high enough, the
manager will know that the market valuation of the existing asset is close enough to
its true value and choose to issue equity. In this way, the adverse selection problem is
eliminated. Denote E the ex ante expected amount of equity issuance. Proposition
3 summaries the effect from both the probability of information asymmetry o and

order flow informativeness £ on equity financing which generates the hypothesis to
g

be empirically tested in the later sections.
10



Proposition 3 For the equilibrium in Proposition 2, the ex ante expected amount

of equity issuance E is decreasing in the probability of information asymmetry «,

i.€. ‘3—5 < 0; the negative effect from the probability of information asymmetry is
. . . . n . O2E
decreasing in the order flow informativeness o L€ —8a8(£) > 0.

First, it is straightforward that the ex ante expected amount of equity issuance
is decreasing in the probability of information asymmetry which is the key friction
in the model. Then as the order flow informativeness increases, the market belief
on the existing asset is more likely to be close to the true value, which reduces the
information asymmetry between the manager and the market. This mitigates the
negative effect from the probability of information asymmetry.

Therefore, Proposition 3 leads to the following testable hypothesis: the amount of
equity issuance is negatively related to the probability of information asymmetry and
positively related to the interaction between the probability of information asymmetry

and the order flow informativeness.

1.3 The PIN measure and its decomposition

This section describes the measure of the probability of information asymmetry and
the order flow informativeness conditional on information asymmetry from the market
data. I resort to the PIN measure developed by Easley et al. (1996) [2I] to detect
the amount of informed trade from the order flow data in the security market. I
then decompose the PIN measure into the probability of information event and the
intensity of informed trade upon an information event. The first term correspondent
to the probability of information asymmetry. I use the second term as the proxy for
the order flow informativeness in the empirical test.

The PIN measure has solid theoretical foundations as a measure of informed
trading in the security market. The measure was used in a series of articles by

11



Easley, Kiefer, and O’Hara (1996 [21], 1997a [19], b [20]), Easley, O’Hara and Paper-
man (1998) [23], Easley, O’Hara and Srinivas (1998) [24], and Easley, Hvidkjaer and
O’Hara (2002) [I8]. These articles also directly test the validity of the PIN measure
by comparing the predictions of the information-based model with other alternative
models. Furthermore, Vega (2005) [52] found further evidence supporting PIN as
a measure of private information. She showed that stocks with higher PIN values
have smaller post-earnings-announcement drifts, suggesting high PIN stocks adjust
to fundamentals quicker. As she found that this quicker adjustment is not because
of media coverage or other public news releases. The overall results from these tests
strongly support PIN as capturing the private information in the trading activities.

PIN is estimated from a structural market microstructure model in which trades
can come from noise traders or from informed traders. Let me briefly describe the
basic idea behind the measure. Suppose the daily arrival rates of noise traders that
submit buy and sell orders are ¢, and &g, respectively. The probability that an in-
formation event occurs is «, in which case the probability of bad news is ¢ and the
probability of good news is (1 — §). If an information event occurs, the arrival rate
of informed traders is p. Informed traders submit a sell order if they get bad news
and a buy order if they get good news. Thus, on a day with no information event
[which happens with probability (1 — «)], the arrival rate of a buy order will be ¢,
and the arrival rate of a sell order will be 5. On a day with a bad information event
(which happens with probability ad), the arrival rate of a buy order will be ¢, and
the arrival rate of a sell order will be 4+ ¢,. On a day with a good information event
[which happens with probability a(1—¢)], the arrival rate of a buy order will be p+¢y,

and the arrival rate of a sell order will be 5. Let 6 = {ey, ey, v, 0, u}. The likelihood

12



function for a single trading day is given by:

B S B s
L (0|B7 S) = (1 — a>e—€b (sb) e*ES (85) "‘O{(Se_sb (8[)) 67(58+ﬂ)w

B! S! B! S|
B S
+a(l — §)e (& ;!,u) e *s (gg? (1.5)

Here, B is the number of buy orders and S is the number of sell orders in a single
trading day. Using trading information over J days and assuming cross-trading-day
independence, one can estimate the parameters of the model 0 = {eg, ey, 0, d, u} by

maximizing the following likelihood function:

J

V=]]LB;5; (1.6)

1

Then, the probability of informed trading in a given stock for a given period,

which determines the PI N measure, is estimated as:

PIN= % (1.7)
ap +ées+ €
The above expression can be rewritten as:
o
oF
PIN = — == (1.8)
est+ep «a

By observing equation (|1.8)), the PIN measure is positively related to both the

probability of information event and the relative amount of informed trade to noise

" : o e
trade o These two components affect equity financing in opposite directions. The
first measures the probability of the event that there is information asymmetry about
the firm’s value. Brown and Hillegeist (2007) [9] documents negative correlation

between the probability of information event and the disclosure quality. Their study

supports using a as the proxy for information asymmetry. Therefore a should be

13



negatively related to firm’s equity finance according to Myers and Majluf (1984) [44].
The second term corresponds to the order flow informativeness defined in Section 2
which is proved to alleviate the negative effect from information asymmetry.

I use «a, the probability of information event, as the proxy for the probability of

information asymmetry and - f:sb as the measure for order flow informativeness in
S

the empirical test.

1.4 The empirical test

1.4.1 Data description and variable definition

The data is collected from six databases. I obtain firms’ stock price and return
information from Center for Research in Security Prices (CRSP), equity financing
and other financial data from Compustat, intraday transaction data from Trade And
Quote (TAQ), insider and institutional trading information and analysts’ coverage
data from the Thomson Reuter’s IFDF, 13F and IBES databases. The sample consists
of an unbalanced panel of firms from 1993 to 2012, excluding firms in the financial
industries (SIC code 6000-6999) and utility industries (SIC code 4200). I exclude
firm-year observations with less than $10 million market capitalization or with less
than 60 days of trading activities in a year. The final sample consists of 44,875
firm-year observations with 6457 firms.

The baseline equation for testing the hypothesis is as follows:

NET_ISSUE; = [1-it—1+ P2 it—1-ORDERINFO;; 4

—I—Hj . OOTLtTOli’j’t_l + U + gz + Eit (19)

where NET_ISSUE;; is firm ’s sale of common and preferred stock minus purchase

of common and preferred stock (Item 108—Item 115) in year ¢ scaled by beginning-of-
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year book assets (A;;—1, Item 6), and 7, and &; represent year and firm-fixed effects.
Here I use the amount of net issuance since both issuance and repurchase are related
to the difference in manager and market’s valuation of firm asset. In addition, the
amount of net issuance is directly related to the value dilution in the manager’s
adverse selection problem.

@ 41 is the probability of information asymmetry for firm 7 in year ¢ —1. I expect,
B1 < 0, that is, NET_ISSUE;; be negatively correlated with «;;_1, as information
asymmetry give rise to the manager’s adverse selection problem which impairs equity
financing. This paper focuses on, f3,, the coefficient for a-ORDER_INFO;;_,, which
measures the effect

of the order flow informativeness on alleviating the manager’s adverse selection
problem. ORDER_INFO;;_, is the order flow informativeness for firm ¢ in year
t —1. Both o;;—1 and ORDER_INFQO;;_; are decomposed from the PIN measure.
Following the procedure prescribed in Easley, Hvidkjaer, and O’Hara (2002) [18], for
each trading day in year t — 1, I classify all trades between 9:30 A.M. and 4:00 P.M.
as either a buyer-initiated trade or a seller-initiated trade using the Lee and Ready
(1991) [39] algorithm. I eliminate large size trades (trade size greater than 10,000
shares) and trades coded by TAQ as trading with special conditions. Then I estimate
a group of firm-year parameters that PIN is composed of based on the number of
buys and sells in each trading day of the year. For reliability, I only include firm-
year with more than 60 trading days in the sample. As in some cases the estimates
may depend on the initial values for the search algorithm and not yield the global
maximum, | run the optimization procedure 243 times for each firm-year using 243
pre-specified sets of initial parameter values (three possible initial values for each of
the five parameters). Among the 243 candidate solutions, the algorithm chooses the
estimate that does not include any corner solution and, at the same time, maximizes

the likelihood function specified in equation ([1.6]).
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Table 1.1: Variable Definition

Variable Definition
NET_ISSUE Equity issuance minus equity repurchase
« Parameter « in the PIN measure per Easley et al. (1996)
PIN  PIN measure per Easley et al. (1996)
ORDER_INFO i over (g + €4); 14, €5 and €4 are parameters in the
PIN measure per Easley et al. (1996)
() Market value of equity plus book value of assets minus
book value of equity, scaled by book value of assets
TANG Tangible asset scaled by book asset
SALES Net Sales ($ million)
LOGSALES Natural Logarithm of Net Sales
PROFIT Earning before interest and tax over net sales
KZ  KZ score per Kaplan and Zingales (1997)
SIZE  Market capitalization ($ million)
INSIDER Number of transactions by insiders scaled by total
number of transactions recorded in TAQ
INST-TRADE Sum of absolute values of quarterly position changes over all instituional
traders during the year, scaled by shares outstanding
ANALYST Number of analysts issuing forecasts or recommendations
for the firm
TURNOVER Annual trading volume over shares outstanding
ID_VOL The average of squares of the residuals for the regression of
daily returns on value-weighted market daily returns
REVERSE  Stock illiquidity measured as inter-day return reversal

Amihud_ILLQ
RET

per Pastor and Stambough (2003)
Dolar volume weighted average daily absolute returns over the year
Value-weighted market return adjusted firm return

for next three years

I also include a group of firm characteristics as control variables (Control): @,
TANG, LOGSALES and PROFIT. () is the Tobin’s q calculated as the market value
of equity (price times shares outstanding from CRSP) plus book value of assets mi-
nus the book value of equity (Item 6—Item 60), scaled by book assets (Item 6). @
is interpreted as both stock price level and value of investment opportunity. It is
expected that firms with more investment opportunity issue more equity. In addi-
tion, literature has documented for many times the market timing effect for equity
issuance which is characterized by positive correlation between equity financing and

stock price level. Therefore, the coefficient ~ is expected to be positive, that is,
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Table 1.2: Summary Statistics

Variable Mean  STD 25% 50% 75% 90% 95%
NET_ISSUE 0.053  0.38 -0.005 0.001 0.02 0.09 0.32
a 031 0.14 0.23 0.3 0.38 0.47 0.5
PIN 0.2 0.11 0.12 0.18 0.25 0.33 0.39
ORDER_INFO  0.45 0.18 0.31 0.43 0.59 0.7 0.76
Q 2.06 2.47 1.08 1.48 2.26 3.67 5.17
TANG  0.27 0.22 0.09 0.2 0.37 0.62 0.76
SALES 24827 12136 775 3073 12074 4234 9138
PROFIT  0.03 024 0013 0.076 0.13 0.19 0.23
KzZ 05 2.76 0.04 0.55 1.16 1.77 2.23
SIZE 3256.5 1651.2 82,5  338.7 1346.2 4983.2 11567
INSIDER 0.007 0.018 0.0002 0.0008 0.004 0.014 0.027
INST_-TRADE  0.06 0.29 0.019 0.032 0.049 0.08 0.103
ANALYST  6.73 7.21 1 3 7 10 19
TURNOVER  1.53 1.79 0.48 1.01 1.99 3.4 4.59
ID_-VOL 0.03 0.02 0.02 0.028 0.04 0.055 0.066
REVERSE  -0.05 0.06 -0.01  -0.005 0.0001 0.003  0.01
Amihud_ILLGQ  1.79  20.02 0.002  0.03 0.33 2.43 6.2
RET  0.22 1.57 -0.45 -0.007 0.5 1.32 2.2

NET_ISSUE;; be positively correlated with @;;—;. I include @ here to control for
both investment opportunity and the market timing effect. TANG is calculated as the
value of net PPEG (Item 8) scaled by book value of total asset. Firms with higher
asset tangibility are assumed to be more transparent in their asset value. I include
it here to control for the level of information asymmetry. LOGSALES is the natural
logarithm of net sales (Item 12). It has also been used in literatures as control for size
(Baker and Wurgler (2002) [7], Alti (2006) [2]). I also use market capitalization to
further control the effect from firm size in the extended study. PROFIT is calculated
as operating profit before depreciation (Item 13) divided by net sales. All these three
variables are important firm characteristics related to level of information asymmetry,
equity dependence and investment opportunity. I use them to control for the effect

that does not come from trading activities.
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Table 1 defines all the variables in the test. Table 2 summarizes the summary
statistics for all variables for the whole sample of 44,875 observations. The average
sample property of our PIN estimate is comparable to that reported in Easley, Hvid-
kjaer and O’Hara (2002) [18]. Specifically, the mean (median) PIN in our sample
is 0.21 (0.18) with standard deviation of 0.11. In Fig. 1, I plot a time series of
the parameter estimates in addition to the PIN measure averaged across all stocks
in the sample. The arrival rate of noise sell order and noise buy order, &, and &,
the arrival rate of information based orders, u, the probability of an information event,
« (PROB_INEVT), the probability of informed trade, PIN, and order flow informative-
ness, ORDER_INFO, are estimated using the likelihood function given in Eq. . The
time-series plot is obtained by calculating each parameter using data for each firm-year and
averaging across firms in each year. The parameters g3, €5 and u, are not stationary. These
parameters are related to the trading frequency; hence they are upwards-trending as the
number of transactions has increased over the years. In contrast, the estimates of a, PIN
and ORDER_INFO (ﬁ) are stationary over the years, which is consistent with previous
literatures.

Table 3 reports the correlation matrix of the information variables and the firm charac-
teristics. Consistent with the decomposition of PIN, PIN is positively correlated to both «
and ORDER_INFO with Pearson correlation coefficient 0.15 and 0.69. The correlation be-
tween the information variables and other variables is also of interest. I find that both PIN
and ORDER_INFO are negatively correlated with size, asset tangibility and profitability,
positively correlated with the Kaplan—Zingales measure of financial constraints. All these
correlations are significant with p-value< 0.001. These correlations indicate that firms with
higher level of order flow informativeness tend to be smaller, less profitable, less transparent
and therefore more equity financing dependent. To prevent that my result mainly comes
from firm’s equity dependence, I include these firm characteristics in the regression as con-
trol variables. In addition, I further conduct analysis on five quintile subsamples sorted by
firms’ level of equity dependence. I use K7 index and firm size measured by market capital

value as the proxy for equity dependence.
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Figure 1.1: Private information trading parameter estimates: this is a plot of the
market microstructure model parameters.

Lastly, €;; in Equation (1.9) is the disturbance term that is uncorrelated with the regres-
sors but is allowed to be serially correlated for the same firm. In the estimation, all standard
errors are adjusted for arbitrary heteroskadasticity and for error correlations clustered by

firm.

1.4.2 Basic test

In this section, I test whether the order flow informativeness can alleviate the manager’s ad-

verse selection problem and facilitate equity financing. In addition to the baseline equation,
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Table 1.3: Correlation Matrix of Order Flow Informativeness and Firm Characteris-
tics

o PIN ORDER_INFO @ TANG LOGSALES PROFIT KZ SIZE

o) 1 0.15 -0.25 0.019 - 0.24 0.07 - 0.04
PIN 1 0.69 -0.02  -0.01 -0.42 -0.08 0.02 -0.17
ORDER_INFO 1 -0.04 -0.02 -0.58 -0.13 0.03 -0.19
Q 1 -0.13 -0.22 -0.28 -0.15  0.08
TANG 1 0.13 0.09 0.06 0.01
LOGSALES 1 0.46 - 0.32
PROFIT 1 -0.02  0.08
KZ 1 -0.05
SIZE 1

Pearson correlation between the information variables and firm characteristic variables.

I also estimate the following Probit model to check the effect from order flow informativeness

on equity issuance of high amount.

Pr (NET,ISSUEZt > 3]') = PI‘Obit(Bl COGt—1 + ﬂg c Q1 ORDER,INFOZ’t_(ﬂlo)

+7 - Qit—1+ 0 - FCharact; j1—1 + €it)

As stated in Section 2, manager’s adverse selection problem is morely likely to be related
to high amount of equity issuance, which motivates the Probit test. x is the threshold level
of net equity issuance. Similarly, I expect 81 < 0 and By > 0. Fixed-effects are not included
in the Probit model to avoid incidental parameter bias for the nonlinear maximum likelihood
model.

Table 4 summarizes the results from estimating Equation . Column 1 estimates
the baseline regression for the net equity financing without firm-fixed effect. Column 2
includes the firm-fixed effect. Finally, Column 3 estimates the Probit model with threshold
for net equity issuance at 0.1 which is the 90th percentile of the NET_ISSUFE in this sample.
Results are similar for other threshold levels. Control variables: @), TANG, LOGSALES
and PROFIT are included in all three regressions.

Column 1 shows that, without firm-fixed effect, NET_ISSUFE;; is negatively correlated
with a;¢—1, with the coefficient for a;;—1 estimated at 0.14, significant at less than the 1%

level. This result supports the hypothesis that equity financing should be negatively related

20



to the probability of information asymmetry. I focus on the coefficient for a- ORDER_INFO.
As shown in Column 1, this coefficient is estimated at 0.2, significant at less than the 1%
level. This shows that the negative effect from the probability of information asymmetry « is
lower for firms with high level of order flow informativeness. Given that the 25th percentile
value of ORDER_INFO is 0.31 and median value is 0.43 (Table 2), these estimates indicate
that the effect from probability of information asymmetry for a firm with a 25th percentile
value of ORDER_INFO is -0.078. The effect from probability of information asymmetry
will decrease by 0.056 (or 72%), if a firm’s ORDER_INFO increases from a 25th percentile
value to a 75th percentile value of 0.59.

Column 2 repeats the same analysis with firm-fixed effect. It shows that the coefficient
for ;-1 is 0.18 and the coefficient for a: ORDER_INFO is 0.3 (both significant at less
than the 1% level). The effect from probability of information asymmetry will change from
-0.087 to -0.0035, if a firm’s ORDER_INFO increases from a 25th percentile value to a 75th
percentile value of 0.59. The result is stronger than that without the firm-fixed effect.

Column 3 shows the estimation for the Probit test. The probability of NET_ISSUE be-
ing greater than or equal to 0.1 is negatively correlated with a;;—1 and positively correlated
with a- ORDER_INFO (both significant at less than the 1% level). The result confirms that
the probability of information asymmetry and the order flow informativeness take effect
for high amount of equity financing. The effect from probability of information asymmetry
will change from -0.25 to -0.007, if a firm’s ORDER_INFO increases from a 25th percentile
value to a 75th percentile value of 0.59.

As for the control variables, all columns in Table 2 show that the coefficient estimate
for @ is significantly positive (at less than the 1% level), confirming the result in the prior
literature that firm issues more equity when stock prices are higher. ) can also be inter-
preted as level of investment opportunity. The result is consistent with both interpretation
of Q. NET_ISSUEFE is reported to be positively related to TANG (significant at less than
1% level) in all three columns. This is intuitive as the difference in valuation between the
market and the manager is smaller for firms with higher asset tangibility. The coefficients

for LOGSALES, and PROFIT are both negative (at less than 1% level for PROFIT) in
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Table 1.4: Order Flow Informativeness and Equity Financing

OLS PROBIT
Independent Var. NET_ISSUE NET_ISSUE > 0.1
o -0.09%** -0.12%** -0.32%**
(0.04) (0.04) (0.10)
a-ORDER_INFO 0.05%** 0.07*** 0.27%%*
(0.015) (0.02) (0.09)
ORDER_INFO 0.06%** 0.09%** 0.25%*
(0.02) (0.04) (0.12)
Q 0.04*** 0.05%*** 0.14%%*
(0.005) (0.005) (0.01)
TANG 0.04%** 0.08%** 0.33%**
(0.015) (0.02) (0.07)
LOGSALES -0.006 -0.012 -0.10%**
(0.005) (0.012) (0.03)
PROFIT -0.61%** -0.52%** -0.32%%*
(0.11) (0.12) (0.1)
Firm Fixed-effect No Yes No
Year Fixed-effect Yes Yes No
Adjusted/Pseudo- R? 0.24 0.18 0.25

Definitions of all variables are listed in Table 1. The dependent variable of the Probit Regression is the
indicator variable of the net equity issuance being above the threshold 0.1. Year-fixed effects are
included in the OLS regressions. Coeflicient estimates are shown in bold and their standard errors

are displayed right below in the parenthese.Standard errors adjust for both heteroskedasticity and

within correlation clustered by firm. Number of observations is 44875 for all columns. * | ** and ***

indicate a two-tailed test significance level of less than 10%,5% and 1%, respectively.

all three columns, which is plausible as large mature firms tend to be less equity financing

dependent.

1.4.3 Other tests and robustness checks

In this section, I extend the test by adding more controls as well as analysing the interaction
between the order flow informativeness and other important phenomenon related to equity
financing. I show the tests without firm-fixed effects. The main result for the extended
tests with firm-fixed effects and the Probit test are stronger. However, the interpretation of
the results for the interaction between order flow informativeness and other related factors

would be more clear without firm-fixed effects.
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Sorting by equity financing dependence and size

To further control the effect from equity financing dependence, I assign firm-year obser-
vations to quintiles based on their KZ score and estimate equation for each quintile.
On the basis of parameter estimates from Kaplan Kaplan and Zingales (1997) [37], Baker,
Stein, and Wurgler (2003) [6] constructed a four-variable version of the Kaplan—Zingales
measure, KZ4, as a proxy for firms’degree of equity dependence. KZ/ is calculated as a
weighted sum of cash flow (CFy, Item 18 + Item 14), cash dividends (DIV j, Item 19 +
Item 21), and cash balances (C, Item 1), all scaled by lagged assets (A4;;—1, Item 6), as

well as leverage ratio (LEV j, [Item 9 + Item 34]/[Item 9 + Item 34 + Item 216)):

. : . : 1. ;
K74 — _1 002C Fj; _ 39.368D1V;; _ 002C;; 4 3.139LEV; (1'11)
Ait A1 Ait1

Higher values of KZ/ indicate that firms are more constrained to equity financing. To
assess the sensitivity of our results to firms’ capital constraints, we construct KZ4 along
the same lines described above and incorporate it into our analysis. We find that KZ4
is positively correlated with PIN and ORDER_INFO. 1 follow Baker, Stein, and Wurgler
(2003) [6] and assign firm-year observations to quintiles based on their KZ4 score.

Table 5 Panel A reports the result of estimating equation without firm-fixed effects
for each quintile subsample. All the control variables in Table 4 are also included in the
analysis. The coefficients of the control variables are similar as in Table 4 for each quintile
subsample. I report the coefficient for o and a- ORDER_INFO here.

I find that the coefficient for a stay negative across all five quintile groups, while the co-
efficient for a-ORDER_INFO stay positive for all groups. They are statistically significant
at less than the 1% level for the 4th and 5th quintiles. The lowered significance is expected
because of the smaller sample size in each quintile than the full sample. These results indi-
cate that both information friction and external financing dependence play important roles
in equity financing, with different firms affected by each factor to a different degree. Panel
A also shows that the effect of information asymmetry and order flow informativeness is

more statistically significant for firms that are more equity financing dependent. This result
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is intuitive that firms with high equity financing needs are more affected by information
friction.

I also assess the sensitivity of my results to firm size. As size is negatively correlated
with both ORDER_INFO and PIN, I need to verify that our main results are not driven
merely by size. To check this point, we construct portfolios by size quintiles (where SIZFE
is measured by firms’ market equity) and estimate Equation for each quintile.

Panel B reports the coefficients for a and a-ORDER_INFO for each SIZE quintile.
The coefficient for a stay negative across all five quintile groups, while the coefficient for
a-ORDER_INFO stay positive for all groups. They are statistically significant at less than
the 1% level for the 4th and 5th quintiles. Given that the significance is expected to decrease
relative to the basic regressions because of reduced sample size in quintiles, these results
indicate that the probability of information asymmetry and the order flow informativeness,
as captured by a and ORDER_INFO, remains an important factor even when size is consid-
ered. They also indicate that the effect of the probability of information asymmetry and the
order flow informativeness is more significant for bigger firms. The result is consistent with
the fact that the original theory of Myers and Majluf (1984) [44] is geared towards mature,
low growth-option firms. I perform a series of robustness checks and obtain similar results
(not tabulated). These tests include using NYSE quintiles instead of the size quintiles in
our sample, forming quintiles using double sorting by capital constraints and size, as well
as including SIZE and KZ directly as control variables in the pooled regression. In all these
tests, the sign of the coefficient estimates for @ and a-ORDER_INFO remain consistent

with the hypothesis, whereas their significance levels either remain intact or improve.

The business cycle

So far the results show that net equity issuance is negatively correlated to the probability
of information asymmetry and positively correlated to the interaction between the prob-
ability of information asymmetry and the order flow informativeness, taking other factors
not related to trading activities into account. This is consistent with the idea that the

private information revealed through trading can alleviate the manager’s adverse selection
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Table 1.5: Effect of equity financing dependence

Independent Var. Q1 Q2 Q3 Q4 Q5
Panel A Quintiles formed by KZ4
Q@ -0.02 -0.05 -0.07* -0.047%%* -0.06%**
(0.09) (0.05) (0.037) (0.015) (0.02)
a-ORDER_INFO 0.01 0.03 0.02 0.06%** 0.02%#*
(0.21) (0.02) (0.04) (0.02) (0.006)
No. of Observations 11454 10267 7466 8046 7642
Adjusted R? 0.29 0.26 0.31 0.43 0.51
Panel B Quintiles formed by SIZE
Q@ -0.24 -0.05 -0.01 -0.05%** -0.09%**
(0.53) (0.51) (0.06) (0.02) (0.03)
a-ORDER_INFO 0.47 0.001 0.06 0.07*%* .08
(0.59) (0.09) (0.06) (0.03) (0.03)
No. of Observations 5033 7795 9047 10815 12185
Adjusted R? 0.26 0.26 0.37 0.25 0.13

Definitions of all variables are listed in Table 1. All observations are sorted into five subsamples
depending on the quintile in which a firm’s KZ4 score (Panel A) or market size (Panel B) falls into
during the previous year. KZ4 is used to proxy for a firm’s financing constraints. OLS Regressions
as in Table 4 are estimated in each quintile. Year-fixed effects are included. Shown are the
coefficient estimates and their standard errors in the parenthesis.Standard

errors adjust for both heteroskedasticity and within correlation clustered by firm. *, ** and ***

indicate a two-tailed test significance level of less than 10, 5 and 1%, respectively.

problem in equity financing. There is an important group of literature on equity financ-
ing that documents higher equity issuance during hot market (Taggart (1977) [50], Marsh
(1982) [42], Jalilvand and Harris (1984) [35], Asquith and Mullins (1986) [5], Jung, Kim et
al. (1996) [30], Pagano, Panetta et al. (1998) [45], Hovakimian, Opler et al. (2001) [32], Gra-
ham and Harvey (2001) [29]). Besides, investment opportunities also vary a lot over boom
and recessions. Therefore, it is of interest to analysis the effect from order flow informative-
ness for different stages of the business cycles. I refer to the announcement of the NBER
Business Cycle Dating Committee to identify the period of recession. My sample covers
time period 1993 to 2012 during which the NBER Business Cycle Dating Committee an-
nounces: March 2001 as business cycle peak/beginning of last recession, November 2001 as
business cycle trough/end of last recession, December 2007 as business cycle peak/beginning

of last recession and June 2009 as business cycle trough/end of last recession. I choose the
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Table 1.6: Order Flow Informativeness and Equity Financing over the Business Cycles

Independent Var. Peak Recession Other Years
o -0.03* -0.10%%* -0.08%*#*
(0.017) (0.05) (0.04)
a-ORDER_INFO 0.01°%* 0.047%** 0.05%**
(0.0055) (0.02) (0.015)
No. Obs. 4752 4700 35405
Adjusted R? 0.25 0.26 0.24

Definitions of all variables are listed in Table 1. All observations are divided into three
subsamples according to the stage of the business cycle the observation falls in. The
subsample ”"Peak” covers the data in 2000 and 2007. The subsample ”Recession” covers 2001
and 2008. OLS Regressions as in Table 4 are estimated in each subsample. Both year- and
firm-fixed effects are included. Shown are the coefficient estimates and their standard errors
in the parenthesis. Standard errors adjust for both heteroskedasticity and within correlation
clustered by firm. * ** and *** indicate a two-tailed test significance level of less than

10, 5 and 1%, respectively.

firm-year observations that fall in the years covering more than 6 months of the recession
period (2001 and 2008) to form the subsample “Recession”, the firm-year observations that
fall in the year leading the begin of the recession (year 2000 and 2007) to the subsample
“peak”, and all the other observations into another subsample.

Table 6 shows the results for each subsample. Columns 1 estimate the baseline regres-
sions for the subsample of observations in the peak years. Columns 2 show the estimation for
the baseline regressions for the subsample of observations in the recession years. Columns 3
show the estimation for the baseline regressions for the subsample of observations in all the
other years.. All control variables in Table 4 are included and the coefficients are similar as
in the previous study. I here report the coefficients for o and a-ORDER_INFO .

The coefficients for o and a- ORDER_INFO are consistent with the hypothesis for all
stages of business cycles (significant at less than 1% for subsamples other than the peak
period). This indicates that the effect from the probability of information asymmetry and
the order flow informativeness exists through all stages of business cycle, and is therefore

not only a within-firm effect but a cross-sectional effect as well. The effects for a and

26



a-ORDER_INFO are less statistically significant during the peak of the market. This is

intuitive as the problem of information asymmetry is less severe in the hot market.

Controlling for other liquidity measures

According to Easley et al. (1996) [2I], PIN is closely related to stock market illiquidity. In
addition, Duarte and Young (2009) [17] claims that PIN might be driven by non-information
liquidity factors. It is important to control for the effect from market liquidity in this study.
I use four measures of market liquidity: share turnover (TURNOVER), idiosyncratic return
volatility (ID-VOL), dollar volume weighted average daily absolute return (Amihud_ILLQ),
and the non-information illiquidity developed by Pastor and Stambough (REVERSE).
TURNOVER is calculated as annual trading volume divided by average shares outstanding
over the year. Stocks with higher turnover are considered to be more liquid. Recent study
has also shown that high turnover with price soaring and large return volatility can also
be a symptom of speculative bubble caused by difference in belief (Scheinkman and Xiong
(2003) [49], Hong, Scheinkman, and Xiong (2006) [31]). Idiosyncratic return volatility is the
average of squares of the residuals from regressing daily returns on value weighted market
returns. It is used as a measure of illiquidity as prices tend to jump around when market is
illiquid. Literature has documented negative correlation between financial reporting quality
and idiosyncratic return volatility (Rajgopal and Venkatachalam (2011) [48]), which sug-
gests it to be related to information factors. Dollar volume weighted average daily absolute
return (Amihud_ILLQ)) is used as illiquidity measure in literature (Amihud (2002) [4]). It
captures market illiquidity by price response to trading volume. The above three measures
can be driven by both informational and non-information liquidity factors. Finally, Pastor
and Stambough (2003) [46] measures non-information illiquidity by next day price reversal.
According to their procedure, I estimate the illiquidity measure p;; for each firm-year from

the following OLS regression:

T’id+17t =aj + (bi,tri,d,t + Pi,tSign(rid,t)Vi,d,t + €idr1,ts d=1,2,---D (1.12)
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Table 1.7: Order Flow Informativeness and Other Liquidity Measures

Independent Var. PIN ORDER_INFO o
TURNOVER -0.018%** -0.047%+* 0.017***
(0.002) (0.004) (0.002)
ID_VOL 2.67HFF 5. 2¥HK -1.62%*
(0.41) (0.58) (0.8)
REVERSE 0.017 0.05 -0.034
(0.03) (0.07) (0.038)
Amihud_ILLQ 0.0013%* 0.0017%** -0.002
(0.0007) (0.00069) (0.003)
Adjusted R? 0.18 0.36 0.08

Definitions of all variables are listed in Table 1. Regressions of information vairableson TURNOVER,
ID_VOL, REVERSE and Amihud ILLQ are estimated. Standard errors are in the parenthesis.
Standard errors are adjusted for both heteroskedasticity and within correlation clustered by firm.

* ¥ and *** indicate a two-tailed test significance leve lof less than 10, 5 and 1%, respectively.

where the quantities are defined as follows: r; 4, is the stock return for firm ¢ on day d
in year t; 7"2.67 dt=Tidt — Tim,t where 7; .+ is the return on the CRSP value weighted market
return on day d in year t; v; 4, is the dollar trading volume for the stock of firm ¢ on day
d in year t. The basic idea is that, when the excessive price response to trading volume
is mainly due to non-information market illiquidity, the next day price will reverse back,
since market expectation does not change. The term ¢;r; q; is included here to control
for the return continuation due to information factors. This mechanism is first studied by
Campbell et al. (1993) []. Pastor and Stambough (2003) [] further identified the sensitivity
of this illiquidity measure to market wide illiquidity as a liquidity risk factor.

Table 7 reports two dimensional clustered regressions of PIN, ORDER_INFO and « on
TURNOVER, REVERSE, ID_VOL and Amihud_ILLQ. PIN, ORDER_INFO are negatively
correlated with TURNOVER, and positively correlated with ID_VOL and Amihud_ILLQ
(all are significant at less than 1% level). This is consistent with previous literature that
higher level of informed trade is negatively related to market liquidity. However, the co-
efficient for REVERSE is insignificant for all three information variables which confirms
the idea that PIN and the information variables decomposed from it are not driven by

non-information liquidity factors.
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Table 1.8: Controlling for other liquidity measures

Net Equity Issuance

TURNOVER ID_-VOL REVERSE Amihud_ILLQ
a ~0.10%F* S0.07FFF 0. 11FFF ~0.09%F*
(0.03) (0.026) (0.03) (0.04)
a-ORDER_INFO 0.06%** 0.03%%* 0.09%** 0.05%+*
(0.025) (0.013) (0.027) (0.015)
TURNOVER 0.002 - - -
(0.0015)
ID_VOL - -0.14 - -
(0.25)
REVERSE - - -0.009 -
(0.015)
Amihud_ILLQ - - - -0.006
(0.006)
Adjusted R 0.24 0.24 0.22 0.24

Definitions of all variables are listed in Table 1. OLS Regressions of net equity issuance on «,

a-. ORDER_INFO and @ and other liquidity measures are estimated. Year-fixed effects are
included. Shown are the coefficients for each independent variable and their standard errors in the
in the parenthesis below. Standard errors are adjusted for both heteroskedasticity and within
correlation clustered by firm. *, ** and *** indicate a two-tailed test significance level of less than
10, 5 and 1%, respectively.

I include the four liquidity measures to the basic test and show the results in Table
8. Columns 1 and 2 show the effect from TURNOVER. Columns 3 and 4 show the re-
sults for ID_VOL and Columns 7 and 8 report the analysis for Amihud_ILLQ). Columns 5
and 6 show the results for REVERSE. The coefficients for all four liquidity measures are
statistically insignigicant. As all four measures contains a high proportion of pre-issuance
non-informational liquidity factors, the result indicates that pre-issuance non-informational
liquidity factor might not have strong impact on equity financing decisions. Overall, the ef-
fect from the probability of information asymmetry and order flow informativeness remain

statistically significant after including the liquidity factors into the test.

Insider, institutional trade and analyst coverage

PIN and ORDER_INFO are constructed to capture the trading activity of agents that

possess information advantage. It is also widely assumed that insider and institutional
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Table 1.9: Correlation Matrix of Order Flow Informativeness,Insider, Institutional
Trade and Analyst Coverage

Q PIN ORDER_INFO  INSIDER INST_-TRADE ANALYST
a 1 0.15 -0.25 - - 0.01
PIN 1 0.69 0.017 - -0.09
ORDER_INFO 1 0.02 0.01 -0.1
INSIDER 1 - -
INST_TRADE 1 0.05
ANALYST 1

Pearson correlation between the information variables, insider and institutional trade and analyst coverage.

Table 1.10: Insider, Insititutional Trade, Analyst Coverage and Equity Financing

Net Equity Issuance

INSIDER INST_-TRADE ANALYST
(1) (2) (3) (4) (5) (6)
a 0.07TFFF - 0.07FFF - -0.09%F -
(0.026) (0.026) (0.04)
a-ORDER_INFO  0.03%%* - 0.03%%% - 0.05%% -
(0.013) (0.013) (0.015)
INSIDER 0.002  -0.001 - - - -
(0.004)  (0.003)
INST_-TRADE - - -0.004  0.004 - -
(0.01)  (0.01)
ANALYST - - 0.01FFF .02%%
(0.003) (0.003)
Adjusted R? 0.27 0.26 0.27 0.26 0.23 0.22

Definitions of all variables are listed in Table 1. Regressions of Net Equity Issuance on on «,

«-. ORDER_INFO, () and insider trade, institutional trade and analyst coverage are estimated.

and insider trade, institutional trade and analyst coverage are estimated. Year-fixed effects are
included. Shown are the coefficient estimates and their standard errors in the parenthesis. Standard
errors are adjusted for both heteroskedasticity and within correlation clustered by firm. *, ** and ***

indicate a two-tailed test significance level of less than 10, 5 and 1%, respectively.

traders have more access to inside information than ordinary investors. Therefore, I study
the effect from insider and institutional trade on equity financing report the results in
Table 9. I also include analyst coverage into the study to check if the coefficients for the
private information variables still stays positive when controlling for the public source of
information.

I measure the intensity of a firm’s insider trading activities (INSIDER) as the ratio
of insider transactions to the total number of all transactions for a given firm-year as

recorded in TAQ. From the summary statistics in Table 2, insider trading only composes
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of a very small fraction of the total number of transactions. The intensity of institutional
trade (INST_-TRADE) is calculated by summing up the absolute value of quarterly position
change for all institutional holders over a year, scaled by shares outstanding. The analyst
coverage (ANALYST) is calculated as the nature logarithm of the number of analysts that
have issued either an earnings forecast or a stock recommendation for the firm in year ¢t — 1.

Table 9 reports the correlation matrix of PIN, ORDER_INFO, INSIDER, INST_TRADFE
and ANALYST. ORDER_INFO is positively correlated with INSIDER and INST_TRADE
with Pearson correlation coefficient 0.02 and 0.01, which supports using ORDER_INFO as
proxy for order flow informativeness. The level of the correlation is not high, as not all trad-
ing activity from insider and institutional holders arise from information. ORDER_INFO
is negatively correlated with ANALYST. All these correlations are significant with p-value
< 0.001.

Table 10 reports the basic regression including the effect from insider trade, institutional
trade or analyst coverage. Columns 1 and 2 of Table 10 show the effect from insider trade.
Columns 3 and 4 show the effect from institutional trade. Overall, the effects from INSIDER
and INST_TRADE are not statistically significant. INSIDER constitutes only a very small
fraction of the trading volume. Informed trade may also come from traders that are very
skillful at analyzing publicly available information. Also a lot of institutional trades are
triggered by non-information reason such as portfolio rebalance, index tracking, deleverage,
& ete. (e.g. Coval and Stafford (2007) [15], Brunnermeier and Pedersen (2009) [10], Adrian
and Shin (2014) [1]), therefore INST_-TRADE cannot distinguish informational trade from
other institutional trading activities. Columns 5 and 6 report the analysis for ANALYST.
It shows that firm with higher analyst coverage issue less equity. The coefficient for o and
a-ORDER_INFO stays consistent with the hypothesis and significant at less than 1% after

adding these variables to the regression.

Other specifications

To ensure that the results are not mainly capturing the effect on stock repurchase, I pre-

form the same tests on the sample restricted to observations with only positive net equity

31



issuance. The result is qualitatively similar (hence not reported). In addition, the results
are not qualitatively affected if I exclude the observations from 2007 to 2010, the time period

of high frequency trading (Philips (2013) [47], Zhang (2010) [53]).

1.5 conclusion

This paper studies the empirical relation between the amount of information conveyed
through order flow and the net equity issuance. Using the measure of order flow infor-
mativeness decomposed from the PIN measure, I find strong effect from the amount of
information conveyed through order flow on reducing the negative correlation between the
information asymmetry and the net equity issuance. This relation is robust to the inclusion
of controls for investment opportunity, market timing incentive, non-information liquidity
factors, analyst coverage, capital constraint, and firm size, as well as to a variety of differ-
ent specifications. Overall, my results are consistent with the hypothesis that information
transmitted through trading activity alleviates manager’s adverse selection problem and
facilitates equity financing. The results help establish a better understanding of how in-
formed trading affects firm’s equity issuance. Studies on informed trade and cost of capital
typically focus on the mechanism through market liquidity. My results reveal another im-
portant role of informed trading, namely, signaling the true value of the firm and reducing
the information asymmetry between manager and the firm. This factor appears to take

effect on firm’s financing decisions.
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Chapter 2

Central Bank Price Learning and

Security Price Informativeness

2.1 Introduction

Aggregating the heterogeneous beliefs possessed by many speculators, prices of financial
securities provide useful information about economic fundamentals. It is therefore expected
that central banks monitor the market closely, trying to extract new information that will
guide their decision process. However, the strategic interaction among speculators may
change, when the speculators realize that the security price will influence the monetary
policy which will in turn move the economic fundamental that determines their payoff.
Economists have long been studying the central bank’s impact on price informativeness.
Morris and Shin (2005) [43] points out that there is a tension between managing the market
expectations and learning from the market expectations. In their paper, it is proved that
central bank transparency can reduce the price informativeness as individuals put too much

weight on the public information and ignore their own private information.

This paper focuses on the feedback effect from the financial market to the monetary
policy makers and its impact on the financial market price informativeness. In the model,
the central bank learns from the speculative trading in the financial market about the
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economic fundamentral, and uses the infered information to guide its policy decisions. While
learning from the market is usually perceived as a positive step helping to improve the
decision process of the central bank, our theoretical analysis uncovers a side effect of central
bank’s learning. The very fact that the central bank learns from the market price turns out
to reduce the speculators’ incentive to coordinate and reveal their correlated information

leading to lower price informativeness.

Turning to the detail of the model, I study a situation where the central bank makes
decision about the amount by which to adjust the economic fundamental. The central
bank wants to optimize the social welfare which is a quadratic loss function of the dis-
tance between the realized economic fundamental and a target value. The central bank is
only partially informed about the unadjusted economic fundamental. The financial mar-
ket contains many small speculators trading a security whose payoff depends on the future
economic fundamental. Speculators in the financial market also have pieces of information.
By observing the financial security price, the central bank extracts another signal about
the economic fundamental. The setting of the model is similar as in Goldstein, Ozdenoren
and Yuan (2012) [28] which studies an environment where financial market trading has a
feedback effect on the firm’s capital provider. While financial security price has a posi-
tive feedback effect on the firm’s capital provider in their paper, it gets to have a negative
feedback effect on the central bank in this model as the central bank wants to adjust the
economic fundamental backward towards the target value. This negative feedback effect dis-
courages the speculators from coordinating which is described by the desire of speculators

to put more weight on signals that are correlated with other speculators’ information.

Another important feature imported from Goldstein, Ozdenoren and Yuan (2012) [28]
is the noisy price-elastic supply of the financial security. The market clearing price reflects
information about the economic fundamental, as aggregated from speculators’ trades. Given
the structure of information and trading, the information in the price contains noise from
both the noisy supply and the common noise in speculators’ information. Without noise in

the security supply, the price fully reveals the economic fundamental if speculators put zero
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weight on their correlated information, since idiosyncratic signal noises among speculators
are canceled out when aggregated. However, as there is noise trading, coordination among

speculators is desirable for price informativeness.

Analyzing the weight speculators put on the correlated signal relative to the idiosyncratic
signal, I study how central bank’s price learning can influence the financial security’s price
informativeness. Without strategic interactions, this weight should be given by the ratio of
precisions between the correlated and the idiosyncratic signals. However, in the equilibrium
of this model, the weight is lowered by two sources of strategic substitution. First, the
higher the weight put on the common information, the more strongly the information is
reflected in the price, hence, the speculators have less incentive to trade on the basis of this
information. This effect is the natural outcome of a price mechanism and is weak for high
market liquidity. This paper focuses on the second effect which arises due to the negative
feedback effect from the price to the central bank’s monetary policy decision. In the model,
the central bank tries to boost the economy if the expected future fundamental value is
lower than the target value and vice versa. When speculators put a higher weight on the
correlated information, this information gets to have a stronger effect on the central bank
and hence reduce the profit of their position in the security. Then, the incentive of each
speculator to put weight on this information is further decreased. Studying the effect of this
strategic substitution, the model reaches the result that the price learning of the central
bank in making its monetary policy reduces the price informativeness by decreasing the

level of coordination among speculators.

I also study the policy implication considering the influence of the central bank’s price
learning on the market price informativeness. Learning from the market exposes the central
bank to a time-inconsistency problem that creates a benefit to commitment. In particular,
I show that the central bank can improve the ex-ante effectiveness of its monetary policy
by committing to a lower level of central bank intervention than is ex-post optimal. While

this generates lower social welfare ex-post, it changes the ex-ante incentive of speculators in
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a way that makes them put a higher weight on their correlated information. This, in turn,

increases the informativeness of the security price.

The remainder of this paper is organized as follows. In Section 2, I present the model
setup and characterize the equilibrium of the model. Section 3 analyzes the determinants of
coordination among speculators and its implication for price informativeness in our model.
Section 4 gives the policy implication. Section 5 concludes. All proofs are provided in the

appendix.

2.2 The Model

2.2.1 The Model Set up

There are two dates t = 0,1. The economy fundamental at time ¢ is described by the state
variable 0y, where 6; € R. The future economy state depends both on the current economy
fundamental and the central bank’s monetary policy, that is, 61 = 6y + ogeg + AO, where
€p is normally distributed with mean zero and unit variance. A# is the impact from the
central bank intervention. Denote 1y = O_ig Let 51 = 0y + ogeg, which is the future economy
state without the central bank intervention. There is one traded security whose payoff
is 801 + . Therefore, the payoff of the security is also influenced by the central bank’s
monetary policy. There is a measure-one continuum of speculators indexed by i € [0, 1]. At
t = 0, each speculator receives one privately observed signal and one common signal. The
common signal is observed by all the speculators. The private signal is s; = 01 +0s€i, where
g; is independent of the fundamental noise €y and across all ¢ and normally distributed
with mean zero and unit variance. The precision of the private signal is 74 = Uig The
common signal is s, = 9~1 + 0., where €. is normally distributed with mean zero and unit
variance and is independent of the fundamental noise €9 and all the private signal noises.

The precision of the common signal is 7. = % Denote the information set of speculator @

by Fi = {sc,si}.
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After observing the signals, the speculators trade in the security market. Each specula-
tor can long or short up to one unit of the security. The position of speculator i is denoted
by z(i), where z(i) € [—1,1]. Due to risk neutrality, speculators choose their positions to
maximize expected profits. Formally, speculator i chooses (i) to solve:

max x(i)E [861 +v — P|Fi] (2.1)
z(i)€[-1,1]

P is the price of the security. Denote the total speculators’ demand of the security by X;.
Note that we assume that speculators do not observe the price when they trade, and hence
they submit market orders, as in Kyle (1985) [38]. There is a noisy elastic supply of the
security Q(&, P). To keep the model tractable, Q(&, P) is set to be 1 —2®(£ — aP), in which
®(-) is the standard normal CDF function and ¢ is normally distributed with mean zero
and variance og. Denote 7¢ = % The parameter a captures the elasticity of the supply
curve with respect to the price. It can be interpreted as the liquidity of the market: when
« is high, the supply is very elastic with respect to the price, and so large informed demand

is easily absorbed in the price without having much of a price impact. The price of the

security P is determined by the market clear condition:

X, = Q(&,P) = 1 - 28(¢ — aP) (2.2)

Also at t = 0, after observing the price P and a private signal, the central bank makes
decision on the monetary policy. The central bank’s signal is s, = 51 + 044, Where g4 is
normally distributed with mean zero and unit variance and is independent of all the other
noises. Denote the central bank’s information set by F, = {P,s;}. There is a desirable
economy state 8*. The central bank wants to maximize the social welfare which is described
by — (0" — 91)2. Assume that the effect of the monetary policy is linear in the distance
between the desirable economy state 68* and the expected future economy state without
central bank intervention F [51\.7-"9], that is, AG(N\) = A (0* - F [51].7-"9}) where A € [0, 1].

A describe the level of central bank intervention. The central bank can commit itself to a
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specific level of A or chooses A to maximize social welfare ex post. Here I will solve the
equlibrium under the first condition and then discuss the effect of both types of monetary

policy decision rule.

At t = 1, the state variable 6 is observed and the payoffs are realized.

2.2.2 Equilibrium

DEFINITION 1: An equilibrium consists of a price function, P (51, e, g) . R® = R, an
monetary policy rule A (s,, P) : R?> — R, speculator’s strategy z (si, sc) : R* — [—1,1],
and the corresponding aggregate demand X (51, £c> : R? — [~1,1], such that:
e For speculator i, = (s;, s.) = argmax z(i)E [0 + v — P|Fi]
z(i)e[-1,1]

e The central bank’s monetary policy rule is A6 (sq, P) = A (9* - F {51\}'5]])

e The market clearing condition for the security is satisfied:

X (51756) = fol €T (Siasc) di = Q(‘Sap)

Similar as in Goldstein, Ozdenoren, and Yuan (2012) [28], this paper focuses on the
linear monotone equilibrium where a speculator longs the security if and only if the linear

combination of the signals is above a threshold level.

DEFINITION 2: A linear monotone equilibrium is an equilibrium where z(s;, s.) = 1

if s; + ks. > g for some constant k and g and x(s;, s.) = —1 otherwise.

A linear monotone equilibrium is solved in following steps. First, the security price
is obtained from the speculators’ strategy and the market clearing condition. Second, a
signal of the economy state is extracted from the price. Finally, based on the central bank’s

monetary policy rule and the asset price rule, the speculators’ trading strategy is solved.

In a linear monotone equilibrium, the speculators long the security if s; +ks. > g, which

g_ksc_gl )

ag

is equivalent to g; > %. Hence, there aggregate long position is 1 — ® (
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g_ksc—gl
Os

Similarly, there aggregate short position is ® ( > The net position from the spec-

ulators is 1 — 2® <m> Then by the market clearing condition, the equilibrium price

Os

is given by:

as§—g+k‘sc—|—§1

P - 2.
o (2.3)
1 0 cee sS T
_ (14+ k)01 + kocec + 0§ — g (2.4)
Qo
Define the price signal as:
acsP +g
pP) = 2.5
«(p) = 22 (25)
L Sy (2.6)
= 1 1—|—]€UC€C 1—|—]€Us
1 ~ k 1
= 0 c s 2.7
A P A IS 2.7)

It contains the same information as in the price P. The precision of the price signal is:

1 (1+ k)QTCTgrs
Tp = —= — =

— (2.8)

k2TeTs + e

Now the central bank’s expectation of the state variable can be derived. Conditional

on the price signal z(P) and its own signal s,, central bank beliefs that 01 is normally

T@90+TgSg+TpZ(P) and 1

distributed with mean ot ST

The central bank’s monetary policy

can be written as:

900 + T8 + Tp2(P)
To+ Tg+ Tp

AO(N) = M0 — A

Given the monetary policy and the price above, the speculator ¢’s profit from longing

one unit of the security can be expressed as:
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E

|si, Se (2.10)

7'090"’_7—989 +TPZ<P)) Ty O'sg_g"‘ksc"‘al
a0,

To+Tg+Tp

ﬁ<51+)\9*—)\

In the best response, the speculators should choose to long the security when the above
expression is positive and short otherwise, which can be written into the condition A(k)s; +
B(k)s. > C(k), where A(k), B(k) and C(k) are functions of k. Assume that A(k) is
positive (which can be verified in the proof of Propositions), the equilibrium is solved
when B(k) = kA(k) which leads to a third-order polynomial. The following proposition is

obtained by analyzing the polynomial. All proofs are in the Appendix.

PROPOSITION 1: For a high enough level of price elasticity «, there exists a equi-
librium with weight k* > 0 that speculators put on the common signal. This equilibrium is

unique when security supply noise or the fundamental noise is large.

The weight k* that speculators put on the common signal in equilibrium captures the
degree of coordination in their trading decisions. In a market with supply noise, an adequate
level of coordination among speculators is desirable for price informativeness and social
welfare. In the following section, I will analyze how central bank’s price learning can

influence price informativeness when the level of price elasticity is high.

2.3 The Impact of Central Bank’s Price Learning

on Price Informativeness

In a world without the strategic interactions, the weight that speculators put on the common
signal relative to the private signal would be equal to the ratio of precisions between the
signals::—i. In this model, the weight that speculators put on the common signal in this

model is affected by the strategic substitutes among them.
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There are the two sources of strategic subsitution. Recall from , that a speculator’s
expected profit is (i) E [0; + v — P|F;]. When other speculators put more weight on the
common signal, this signal gets to have a stronger effect on the price P, as well as on the
central bank’s monetary policy Af due to the price learning by the central bank.. The first
effect pushes the speculator to put a lower weight on the common signal, since relying on
the common signal more heavily implies paying a high price when buying and getting a
low price when selling. This first effect is the same as the price mechanism in Goldstein,

Ozdenoren and Yuan (2012) [28].

However, the second effect is different, in that, it pushes the speculator to put a even
lower weight on the common signal. The central bank learns the common signal through
price and try to pull back the economy state accordingly which establishes a negative feed-
back effect, while Goldstein, Ozdenoren and Yuan (2012) [28] get strategic complementary

in the second effect as they have positive feedback from the price signal.

Similar as in Goldstein, Ozdenoren and Yuan (2012) [2§], in a market of high liquidity,
or equivalently high price elasticity «, the first effect is marginal and the second effect plays
a key role in the model. Therefore, in the following analysis, I focus on the case where the

market liquidity is high, that is, the price elasticity « is high.

To study the effect of the central bank’s price learning, it’s useful to obtain the bench-
mark case where there is no feedback effect from price to the central bank’s monetary policy.
The result is the same as in Goldstein, Ozdenoren and Yuan (2012) [28]. Without the cen-
tral bank’s price learning, the speculator’s expected profit is x(i)E {551 + v — P|F;| .The

equilibrium weight kpps solves the equation:

Apu(k) _ 7e _ ok s (2.11)
BBM(/C) Ts Ts (Tf+27'g _ ﬁ) '
Tf+Ts+Te Tr+T7g 67

Then the equilibrium weight that speculators put on the common signal in the case of

no central bank’s price learning is:

41



(=) mr+ (2= m)

%) (Tf+7g)(7f+Ts+Tc)+((1—%)7]@4_(2_@)TQ>TS

(2.12)

«

kBM=<

From (I2.11|) and (I2.12|), it’s obvious that kpas is lower than 7= which is the weight spec-

ulators put on the common signal when there is no strategic interaction. In addition, kg,
converges to :—z, as the price elasticity a goes to infinity. This is consistent with the effect
of the price mechanism discussed above. The following proposition summarizes the relation
between the equilibrium weight £* to the benchmark weight kpas, which characterizes the

effect of the price learning by the central bank.

PROPOSITION 2: When there is unique positive equilibrium, the weight £* that
speculators put on their common signal decreases in the level of central bank intervention

A

Proposition 2 is the outcome of the feedback effect from the financial market to the
central bank. If all the other speculators put a high weight on the common signal, an
individual speculator will have less incentive to trade on the basis of this information, since
the central bank who will adjust the economy fundamental backward according to this
information. Given the supply noise, the decrease in the coordination among speculators
may impair the price informativeness. The relation between the weight k£ and the price
signal precision is the same as in Goldstein, Ozdenoren and Yuan (2012). The price signal

precision 7, is maximized at k), = ;;5 with value 7. + 7,7¢ and is minimized at k,, = —1

with value 0. The price signal precision 7, is increasing in k, for k € [—1, kop).

This result says that a higher level of coordination among speculators is required to
maximize the price informativeness for a higher level of supply noise. When the security
supply noise 1/7¢ is higher than 1, kg is lower than k,,. Hence, the strategic subsitution
caused by the central bank’s price learning, further lowering the level of coordination among

speculators, will push the price informativeness even farther away from optimum. Denote
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(1+kpar )2 TeTeTs

KT, reretre The following Proposition states this argument

Top = Te + TsTe, and Ty =

formally.

PROPOSITION 3: When there exists unique positive equilibrium and the security
supply noise 1/7¢ greater than 1, the price informativeness 7, is lower than that of the

benchmark case 75);.

When the security supply noise 1/7¢ is lower than 1, kpps is higher than k. In this
case, a decrease in the coordination level among speculators does not necessarily impair
the price informativeness. However, when the central bank’s policy rule is aggressive, i.e.

A — 1, the price informativeness can still be decreased by the price learning effect.

PROPOSITION 4: When the price elasticity a« — oo and the fundamental precision
79 — 0, there exists unique equilibrium with weight £* — 0 as the level of central bank

intervention A\ — 1.

When the fundamental noise is large, the strategic interaction plays a key role. Propo-
sition 4 indicates that the price informativeness is always impaired when the central bank

applies aggressive monetary policy rule and fundamental noise is large.

2.4 Policy Implication

In this section, I analyze the optimal policy rule considering the impact of central bank’s
price learning on security price informativeness. The central bank can commit itself to a
specific level of A or choose A to maximize social welfare ex-post. The next proposition
gives the ex-post optimal monetary policy and the relation between social welfare and price

informativeness under the ex-post optimal monetary policy.

PROPOSITION 5: It is always ex-post optimal for the central bank to set A = 1.The
ex-ante expected social welfare increases in the price informativeness when the central bank

chooses A to be 1.
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When making the ex-post policy decision, the central bank takes the price informa-
tiveness as given. Without considering its influence on price informativeness, it is always
optimal for the central bank to adjust the economy by the full amount of the expected
distance from the desirable state. In this case, the precision of the signals received by the
central bank is the only factor that influence the social welfare. To see this, consider the
extreme case that the central bank knows the exact future economy state, then it can set
the future economy state to the desirable state for sure which leads to the highest possible

social welfare.

However, in the last section, it is proved that aggressive monetary policy can impair
price informativeness. There is obviously trade-off between the benifit of a higher level of
central bank intervention and the cost of a lower level of price informativeness. The ex-ante
expected social welfare when the central bank commits to a specific A € (0,1) can be written

as:

U = —E [(9 G A0 —E [9~1|]-"9D1 (2.13)

- [(1 N2+ B+ ()2 - 2\)E [9]?9}2 — (1 - \)0°E [51\fg]]

1

= 0 (R -0 - (- -0

= | -a) | -0 e @214)

T9+Tg+ TP

To

From the above expression, the ex-ante expected social welfare is determined by both the
ex-ante expected social welfare improved with central bank intervention and the precision
of the signals received by the central bank. The first term represents the benifit of a higher
level of central bank intervention, while the second term is related to the cost of reducing
the price informativeness. When A is small, the benifit of a higher level of intervention
plays a key role. As A increases, the importance of the precision of signals increases, and

it becomes the only influential factor when A reaches 1. The following proposition analyzes
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the desirablility of a policy tool in which the central bank commits to a lower level of

intervention.

PROPOSITION 6: It is not always ex-ante optimal for the central bank to have

A=1.

When the security supply noise is large enough, it is optimal for the central bank to
commit to a slight deviation from the ex-post optimal level of intervention when the level
of noise trading is high. The reason follows from the envelope theorem, as we know that
the cost of a small deviation from the ex-post optimal level of intervention approaches zero,
but the benefit from the increased price informativeness is strictly positive. As a result,
slight deviation from ex-post optimal level of intervention is always desirable. Of course,
large deviations are not desirable. For example, it is never optimal to set A to be zero. This
is because the only advantage to reduce the central bank intervention is the improved price

informativeness, but this is no use if the central bank does not take action at all.

Proposition 6 exposes a problem of time inconsistency in the central bank’s policy.
While the central bank wants to commit ex-ante to a lower level of intervention, once the
signals are realized, the central bank would always tempted to take more aggressive actions.
In reality, such commitment can be achieved, as central banks have limited capability in

adjusting the economic fundamentals.

2.5 Conlusion

I study strategic interactions among speculators in financial markets and their impact on
price informativeness, considering the central bank’s price learning in making monetary
policy decisions. In addition to the strategic substitution caused by a traditional price
mechanism, there is second source of strategic substitution due to the feedback effect from
the price to the central bank. A certain action by speculators changes their final payoff in a

way that reduces the incentive of other speculators to take this action, i.e., speculators avoid
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to act in the same way as other speculators, which lower the level of coordination among
them. This decreases the price informativeness, as speculators’ correlated information is
buried in the security supply noise. I also analyze the policy implication of this feedback

effect on the price informativeness.
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Chapter 3

Investment Coordination and

Amplified Trading Frenzies

3.1 Introduction

As the global economy is becoming more and more interdependent, it is especially interesting
to study how one country’s financial market can influence the other country’s economy. I
study an environment of two regions, each with a capital provider to decide how much
capital to invest into the economy. The productivity of each region depends on its own
productivity shock and the other region’s amount of investment. Higher investment of
one region increases the productivity of the other. This can be interpreted as two regions
specialising in different positions of the same value chain, and each economy yields high
output only when the other region also makes large input of resource Each capital provider
has private information about its own region’s productivity shock. They also observe each
other’s financial market to predict each other’s investment decisions. This cross region
learning amplifies the feedback effect between the financial market and the real investment.

Each financial market has the same structure as Goldstein, Ozdenoren and Yuan
(2013) [28]. It contains many small speculators trading a claim to the economy’s output,

which increases in the amount of both region’s investment. I assume that speculators in
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each financial market can only learning about the productivity shock that directly impact
its own region. Each individual has access to a private information which is independent
across speculators (given the same realized productivity shock) and a common signal which
is observed by all speculators. This paper focuses on the weight the speculators put on
the common signal in each financial market. The model is closed by a noisy price-elastic
supply in the financial market. The endogenous price of each financial market, aggregates
information about the productivity of its own region from the speculator’s trades. It con-
tains noises from the speculators common signal and the noise trading. The prices provide
information for the capital providers to predict its own productivity shock, meanwhile they
are also common signals that capital providers can coordinate their investment on. The
interaction between speculators from different regions does not present in this model, as
the effects from both financial markets are linear seperable. The financial market of each
region exihibit similar characteristics.

There are two layers of strategic complimentary in this model. The first is among
capital providers. They both put weights on each other’s security price for their invest-
ment decisions. Prices provide information on the productivity shocks and also facilitates
coordination between capital providers’ investment decisions. For each region, the price
investment sensitivities are increasing in both the precision of the price signal and the level
of economic interdependence among the two regions. In addition, the price investment
sensitivities are higher than their weighted precision. As the beliefs of the two capital
providers reinforce each other, the effect from the economic interdependence on the price
investment sensitivities increases nonlinearly and could be enormous The second strategic
complimentary is among speculators. It is represented by the weight the speculators put on
their common signals in each financial market. The coordination among capital providers
influences the strategic complementary among speculators through amplified price invest-
ment sensitivities. The more the capital providers weight the price signals, the stronger the
feedback effect. Therefore the incentive of each speculator to coordinate on their common

signal is also increased.

48



Higher coordination is desirable for price informativeness when the amount of noise
trading is high. However, in this setting, there is higher level of coordination when the
amount of noise trading is low, which impairs price informativeness. It is due to the fact
that the feedback effect between real investment and financial market is stronger with less
noise trading. The excess coordination on common signal is refered to as trading frenzy in
Goldstein, Ozdenoren and Yuan (2013) [28]. The strategic complementary among capital
providers further amplifies this trading frenzy.

I also study the impacts on investment efficiency from the cross region learning. On the
one hand, Cross region learning increases investment efficiency by improving the investment
coordination among capital providers of the two regions. On the other hand, cross region
learning could decrease the price informativeness by amplified trading frenzies. When the
fundamental prior is low, the investment coordination effect dominates. In other words, It
could be beneficial to learning from the other region’s financial market. In the equilibrium
with cross learning, the aggregate investment efficiency increases in price informativeness.
High price informativeness helps the capital providers to better predict the its own region’s
productivity shocks, meanwhile, it also helps with the coordination among capital providers
as they both put higher weight on the price signals. Therefore, regulations that enhance the
price informativeness of the financial market can have cross regional welfare improvement.

The remainder of this chapter is organized as follows. Section 2 describes and Sec-
tion 3 solves the model. Section 4 discusses the implication for price informativeness and

investment efficiency. Section 5 concludes.

3.2 The Model

3.2.1 The economy

The model studies the feedback effect of Goldstein, Ozdenoren and Yuan (2013) [2§] in
an environment of two regions, where the regions’ productivity depends on each other’s

investment. Each region i = 1 or 2 has a capital provider that decides how much capital
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to invest in the economy. There is also a financial market in each region that trades the
security on the claim of the cash flow generated from the region’s economy. I focus on the
secondary market to study the effect from the trading activities on the real economy. Each
region ¢’s financial market is occupied by a mass 1 of informed risk-neutral speculators,
respectively. I index speculators for region i by a couple (,7), with j € [0,1). There are
also noise traders in each region i’s financial market.

There are three dates, t = 0,1, 2. At date 0, the speculators trade in their corresponding
financial market with their private information, and the security price aggregates their
information. At date 1, the capital providers observe the security prices of both their
own region and the other region. Having observed all the prices and received their private
information, the capital providers decide the amount of capital to invest in the region’s

economy. All the cash flows are realized at date 2.

3.2.2 Capital Providers and Investment

The two regions have interdependent production techonologies. Region i’s production func-
tion is Q° (I1, I2) = F;G(I1, Is) where G(I1, Ix) = I{* - I¥ with ¢, g2 € (0,1). The produc-
tivity of each region depends on the other region’s investment. In the real world, the two
regions can be considered as on the same value chain where coordination in production is
desired. Fj is the stochastic productivity shock for region ¢. Denote by f; the natural log of
the productivity shock, and assume that f; and fo are normal and mutually independent:
fi ~ N(fi,1/7,), where 7y, is positive and i = 1,2. I assume decreasing return to scale for
each region to achieve a stable solution for the model.

The stochastic productivity shock F; does not affect the other region ¢’s cash flow
directly. However, due to the interdependence of the economy, the capital provider has
an incentive to learn the other region’s productivity so as to infer its investment decision.
The financial markets provide common signal for the capital providers to coordinate on
their investment decisions. I assume no common component for the productivity shocks to

emphasize on the effect purely from the coordination needs of the two regions. If there is
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common component in the productivity shocks, the capital providers have more incentive
to learn from each other’s financial market.

At date 1, both capital providers choose the amount of capital I; simultaneously without
observing each other’s decision. Capital provider i captures a proportion x; € (0,1) of

the output Q° (I1,I3) by providing I;, which incurs a private quadratic adjustment cost,

. eitl
C'(L;) = c"qlii - Thus, capital provider i’s problem at ¢ =1 is
) ciIfZH—l
E | x;Q' (I, [5) — —¢ T; 3.1
max ki Q" (I1, I2) Qi‘i‘l‘z ; (3.1)

where I'; is the information set of capital provider i at t = 1. It consists of both regions’
security prices P; and Ps.as well as his private signal about the (log)productivity shocks
fi- Specically, I assume that each capital provider i gets a private noisy and independent
signal ¢, about the region’s productivity shock a with precision 7,,,, that is, z{, = f; +

7

Em

with &/, ~ N (O,Tﬂ;il) .Therefore, for capital provider ¢, the information set is I'; =
{P1, Py, ¢ }.To simplify the information structure, I assume that the capital provider does
not receive private signal about the other region’s productivity shock. It is realistic that
the capital provider have less information about the other region’s productivity, especially
when it does not have direct impact on his own region’s productivity. The result of this
model will be intact if I add one noisy signal about the other region’s productivity to the

capital provider’s information set.

The solutions to this maximization problem for region 1 and 2 are

K141

I = E|——RI# P, P,a,,|, (3.2)
L C1 ]

L=E |22 P, Pyt | (3.3)
L €2 ]

3.2.3 Speculators and Financial Market Trading

At date 0, the remaining cash flow (1 — k;)Q* (I1, I2), as an security, is traded in a separate

competitive financial market for each region i. For region i, denote the price of this security
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by P;. The information structure within each financial market is the same as the single
region framework in Goldstein, Ozdenoren and Yuan (2013). In the financial market of
region i, each speculator (7,7) has two signals about the region’s (log)productivity shock
fi-The first signal, $; =fi+ O'aié‘é, is privately observed where 52. is independently normally
distributed across speculators and regions with mean zero and unit variance.The precision
of this signal is denoted as 7., = 1/ afi. The second signal is x% = f; + o.,c.. This signal
is observed by all speculators and €’ is independently and normally distributed with mean
zero and unit variance and 7, = 1/02.

I assume that speculators can only learning about the productivity shock that directly
affects their own region. This is consistent with reality that traders have more access to
information about their own country. The above information structure is sufficient for
studying the effect from capital providers’ coordination on the strategic complementary
among speculators which is the main focus of this paper.

Each speculator can buy or sell up to a unit of the security. The size of speculator
(t,7)’s position is denoted by d;; € [—1,1]. I assume that the speculators do not observe

the price when submitting their orders as in Kyle (1985) [38]. Their problems at ¢t = 0 are

dijxg[%ﬂdijE (1 - k:)Q" (I1, I) — Pi|Ty4] (3.4)

where d;; is speculator (7, j)’s demand. The aggregate demand from the speculators in
market 7 is given by D; = fol di;dj.

To solve the model in closed form, I assume that the noisy supply in financial market ¢

takes the following form:

A& Pi) =1 -2 (& — Ailog Py) ,

where
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® () denotes the cumulative standard normal distribution function. The exogenous
shock &; captures the idiosyncratic noisy supply shock in market ¢ that can be viewed as
driven by the noise traders. The noisy supply shocks &; is independent of other shocks in
the economy. Meanwhile, A; in the noisy supply function captures price elasticity and can
be viewed as market liquidity. When J; is high, the demand from speculators can be easily
absorbed and thus their aggregate demand has little impact on the asset prices.

Finally, in equilibrium, the prices are set to clear the market by equalizing the aggregate

speculator demand to the noisy supply in each financial market i:

Di=A (&, P). (3.5)

3.3 Equilibrium

3.3.1 Definition of equilibrium

The definition of equilibrium is given as follows.

Definition 4 An equilibrium consists of a price function for each region i, P; (fl,fl,szc) :
R3 — R, an investment policy for each capital provider i, I; (Pl, P, xﬁn) : R?2 — R, strate-

gies for each speculator (i, ), dij (xzc, xé) such that:

o cach speculator (i,7)”s strategy d;; (zfj, CL‘;) solves problem '
e cach capital provider i’s investment policy I; (Pl, P, xﬁn) solves problem ' and

e the market clearing condition for the security[3.5] is satisfied in each financial market.

I focus on the linear monotone equilibrium where capital providers’ investments are log
linear in the price signals and their own private signals; and speculator’s strategies follows

a cutoff rule that depends on linear combinations of the signals each individual receives.
Definition 5 A linear monotone equilibrium is an equilibrium in which
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cr7g

o for each speculator (i,7), dij (xl :L"’) =11f TL‘; + ¢zl > p; for constants ¢; and p;,

and d;; (:rlc, x;) = —1 otherwise; and

e for each capital provideri, I; (Pl, P, :an) = exp (pl-l log P1 + pi2 log Po + pimxfn + Pz'o)

for constants pi1, pi2, pim and pio.

3.3.2 Solving the model

In this section, I explain the main steps for solving the model with cross regional learning.
I first derive the security prices from the market clearing conditions and characterize their
information content. Base on that, I solve for the capital providers’ investment rules. It
involves a fixed point problem in solving the capital providers’ investment rules, as each
region’s capital provider’s investment rule depends on that of each other. Finally, I solve for
individual speculators’ trading strategy for each region which involves another fixed point
problem.

In a linear monotone equilibrium, given the ¢; and u;, the aggregate demand from

i—(14¢0) fi=pioc; €l

JEi

speculators for region ¢ is D; =1 — 2 (“ ) Applying the market clearing

condition leads to:

P = exp <(1 + &) fi + ¢ioeiEl — pi + 0&@) — exp <fi + il — i + 0&@') 36

)\Z‘O'Ei )\iO’Ei

The security price is informationally equivalent to

; Hi + Aioe, log P; oY i 06,6
Tz = d = f, + et 4= 3.7
P 1+ ¢ fit T gt 1y, (3.7)
_ i n o i+ O'eigz'.
1+¢; 1409 1+ ¢;

2
i s ] : - ; 2 _(_o 2 1 2 2
z'p is normally distributed with mean f; and variance op, = (1 = ¢Z_> o. + (ron2 %6

Denote the precision of the price signal i as
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TP = 1 (L+ i) 7e,7e, e, (3.9)
Lo G e Te, + T,

K3

¢; is the weight each speculator put on the common signal and it represents the strategic
complementary among speculators.

Now I can derive the belief of each capital provider on f; and fs. Observing P;, P» and
T 1T Tt TR T
Tf1FTmy 7P
5 F2t7R T}
Tty +7'p2

x} | capital provider 1 believes that f; is normally distributed with mean

and variance o is normally distributed with mean and variance

Ty +Tmq +7P

1
T +TRy

Similarly capital provider 2 believes that fo is normally distributed with mean

T E—FT z2 +7p. 22 . T E—FT z2 +7p.
f2 moLm 2%P and variance f2 moLm 2
Tfy+Tmg+TP, Tfy+Tmg+TP,

T E-H’p xk .
NATIMTP and variance L S—
T TP T TP

2
“p. f1 is normally distributed with mean

In a linear monotone equilibium, the investment policy

for each capital provider can be written as

I7 = exp (aum}g + algx% + almx}n + bl) : (3.9)

I5 = exp (aglm}g + aggm% + agmx?n + b2) . (3.10)

where a;, and by are functions of ¢; and other model parameters. Using the above
equations and the optimal solutions for capital providers (3.2) and (3.3)), we obtain the

investment policy for each capital provider described in the following lemma.

Lemma 6 The capital providers’ investment policy is characterised by the functions (@)

and with the parameters

ail = " e L T (3.11)
T+ T +7P, 1—quaa 74, + 7P,
gy = TPy N Th (3.12)

Thy + Tme + 7P, 1 —qiqa7p, + 7P,

TP, @
alp = ; 3.13
2 (Tf2+TP2) (1—611612) (3.13)
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TP, q1
ag] = ; 3.14
2 <Tf1+TP1> (1—q1q2> (38.14)

Tmq
Alm = 3 3.15
T+ T TR (3.15)

T
agm — . 3.16
" Tfy + Tmy + TP, ( )

T 027fy f2 Tr TP+ 02 Tm,
_ T +Tm, +7P Tfo+Tmo+TP. 2(7¢, +Tm, +T Tr +T
bi=1—qq) | T R (ot e ) (7 ) (3.17)
q2 (Tf2 +Tpy, +42Tm, )

+ log 14 + g5 log “i—?

C1

2 (sz HTmy+7py ) (sz +7pPy )

iy f2 oty fi it TPy +03 01 Tmy
bQ — (1 o qqu)fl Tf2+Tm2+EP2 Tf1+Tm1+)7'P1 2(Tf2+7m2+Tp2)(Tf2+Tp2) (318)
Q1 (Tf +TP FA1Tmy K242 K14q1
+2(Tf1 E—— G + log o Ta log =

Based on the derivation for the price functions, 7p, is also a function of ¢; and other
model parameters. a;, can be viewed as the investment sensitivity of region ¢ to the cor-
responding signal. For each region, the investment sensitivity to each price signal is higher
than its weighted precision. In Goldstein, Ozdenoren and Yuan (2013) [28], the investment
sensitivity to price signal equals to its weighted precision. In this setting, prices serve not
only as sources of information but also as the common signals for the two capital providers
to coordinate their investment decisions. The higher investment sensitivities to the price sig-
nals are driven by the price’s role in facilitating the investment coordination. Based on the
production technology in this model, the capital provider ¢ wants to learn the productivity
shock of its own region from price signal ¢, which provide incentive for the capital provider
—1 to put a weight on the same price signal due to economic interdependence. Given that
the capital provider —i’s investment rule is also relying price i, the capital provider ¢ has

even more incentive to weight the price signal.
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As expected, the investment sensitivities to price signals are increasing in ¢;gs which
represents the economic cross impact among the two regions. As ¢1¢» approaches 1 from
below, the investment sensitivities of each region to the price signals go to infinity. This
amplified price investment sensitivity will further give rise to higher level of strategic com-

plementary among speculators in each region which is established and refered to as trading

frenzies in Goldstein, Ozdenoren and Yuan (2013) [28]. Denote v = lglﬁip which can be
viewed as the effect from the economic interdependence on the price investment sensitivity.
v increases nonlinearly in ¢;g2.

I finally close the model by solving for the speculators’ equilibrium trading strat-

egy,characterized by the weight ¢; and the constant p;.

The decision rule for speculator (i, 7) is

E[(1-r)Q" (I1,I2) — P,Ty;] > 0 (3.19)

in which I; and P; have been characterized by Lemma 1 and (3.6 respectively. It is

easy to show that (3.19)) can be rewritten as

exp (Oz@'() + Oéill‘i + Oém:Eé) — exp (510 + 5@1$é + BZQIZT;) > 0. (3.20)

where a0, @;1, @49, Bio, Biiand B are functions of ¢; and other model parameters.The
explicit expressions for these coefficients are provided in the proof of Proposition 1 in the
Appendix. Let B; (¢;) = (a2 — Bi2) / (a1 — Bi1) -The symmetric equilibrium is solved when
Bi (¢i) = ¢;. Proposition 7 summarizes the results for the equilibrium. All proofs are in

the Appendix.

Proposition 7 For high enough levels of supply elasticity A1 and As,there exists a linear
monotone equilibrium characterized by weights ¢] and ¢4 that speculators put on the common
signals. The equilibrium is unique when the fundamental prior 7¢, and 74, are small enough
and the effect from economic interdependence vy is high enough. ¢]and ¢35 are both increasing

in v and goes to infinity as v goes to infinity.
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¢jand ¢35 characterize the strategic complementary among speculators in each region’s
financial market. In the rest part of the paper, I focus on the case of large supply elas-
ticities ( A and A2), imprecise fundamental prior (74, and 7y,) and high level of economic

interdependence (), for which there exits a unique equilibrium.

3.3.3 Benchmark with no cross region learning

In this section, I derive the benchmark case where the capital provider of each region do
not observe the other region’s financial market. Without cross region learning, the feedback
mechanism between the financial market and the capital provider in each region is the same
as in Goldstein, Ozdenoren and Yuan (2013) [28]. They established the framework to study
the feedback effect between the financial market and the firm’s investment. Their model
is illustrated under constant economic return to scale. I derive the model with decreasing
return to scale for each region to achieve the stability of the model. The benchmark case
helps to understand the cross impact of the financial markets. I still focus on the linear
monotone symmetric equilibrium. Denote the region ¢’s speculators’ weight on common

signal ¢;.The price function for region i is

(Hw®ﬁ+#%i—m+%£>:@m<ﬂ+éé_M+%@>. (3.21)

)\io—si )\io—é‘i

P, =exp (

The security price is informationally equivalent to

: .+ \;o-. log P; 4
:Bég = Wi + i0¢; /Og i fz + ¢7, ,
1+ 4] 1+ 4]

1+¢, 14¢,¢ 1+¢

7

O¢; 52
1+ 4]

1

OcEl + (3.22)

’ 2
i - - . - . 2 _ ([ % 2 1 2 2
z'p is normally distributed with mean f; and variance op, = <1 " ) og + (1+¢;)2 0z, 0¢,-

Denote the precision of the price signal i as
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1 (1+¢/‘)27—i7&7—i
TP = g = g (3.23)
9p, O Te, Te, + Te,

K3

The capital providers only observe the price signal of their own region. Therefore,

o 1 1
capital provider 1 believes that f; is normally distributed with mean ~ DT T A0 TP o
Tf1 T Tmy TPy

variance ——— - f2 is normally distributed with mean f, and variance " Similarly

TfQE+Tm2 x%n +Tp2x§3 and

TfytTmy+7p,

capital provider 2 believes that fs is normally distributed with mean

variance

T 72—4—7' x2 +7 22 . . . . e .
fo 024 T Tm A TRy T : f1 is normally distributed with mean f; and variance ——. The
Tfo +'7'm2 +7'P2 Tfy

investment policy for each capital provider can be written as

I; = exp (a'llx}g +ay,,xl + b); (3.24)

Iy = exp (abyap + aby, 2, + bh) . (3.25)

where af, and b} are functions of ¢; and other model parameters. Using the above
equations and the optimal solutions for capital providers (3.24) and (3.25]), we obtain the

investment policy for each capital provider described in the following lemma.

Lemma 8 The capital providers’ investment policy when there is no cross region learning

is characterised by the functions and with the parameters

ap = Th T T By (3.26)
s - +TTZ e (3.27)
Ay = o +:;”11 e (3.28)
Uy = Tz (3.29)

Tfy + Tmy + TP, .
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T 0192 (Tmy +7p;)
Tf+Tmq +7TP;

- - 1—q3q2
+qofo + A2
R (3.30)

a2(1—g2) ade | 4 (m) (m)
+2(Tf2+Tm2+TP2) ton ta, log (%e™) Tazlog (%]

by=(1-qg)""

Tfy+q1G2 (Tm2 +TP2)* - 1-q2q1
Tfo+Tmg+TPy f2 Ta fl T 2(7f2 +Tmey +7'P2) (3 31)

a(l—g1) Ba | 4 (%) (M)
+2(Tf1 +Tmq +7'P1) + 27Ty * 27p) * log €2 ta log €1

by =(1—qig2)”"

Without cross region learning, the capital providers care about the events in the financial
market only to the extent that they affect the quality of the information they have when
making the investment decision. Therefore, the investment sensitivity to the price signal in
each region equals the weighted precision of the price which is lower than that with cross
region learning.

The speculators’ decision rule for each region ¢ can also be written as

exp (o + oyl + 04233;‘) —exp (Bl + Bl + 5;2953) > 0. (3.32)

where o, afy, aly, Bly, Bliand Bl are functions of ¢} and other model parameters. The
explicit expressions for these coefficients are provided in the proof of Proposition 2 in the
Appendix. Let B} (¢}) = (g — Bly) / (¢fy — Bl1) .The symmetric equilibrium is solved when
B! (¢;) = ¢.. Proposition 9 summarizes the results for the equilibrium without cross region

learning.

Proposition 9 For high enough levels of noisy supply elasticity A1 and Mo, and small

enough precision of fundamental priors Ty, and 7y,, there exists a unique equilibrium without

cross region learning in which speculators put a positive weight ¢ > 0 on the common
*

signal. In particular, ¢ < ¢F , where ¢} is the speculators’ weight on the common signal

in the corresponding equilibrium with cross region learning.

With the feedback effect between the financial market and the capital provider’s invest-

ment decision, the speculators still have incentive to coordinate on their common signal, as
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the payoff from the security is increasing in the amount of investment. With cross region
learning, the levels of coordination among speculators in both financial markets are even
higher, as prices have higher impacts on both capital providers’ investment decisions. The
level of strategic complementary among speculators have important implication for price

informativeness and investment efficiency.

3.4 Price informativeness and investment effi-
ciency

In this section, I explore the effect that cross region learning have on the investment ef-
ficiency. In this model, cross region learning affects each region’s investment efficiency
through two channels. First, cross region learning provides better prediction of the other
region’s investment decision in the environment of economic interdependence. This facili-
tates the investment coordination among regions. Second, cross region learning gives rise to
higher levels of strategic complementary among speculators in both financial market which

influences the precision of the price signal. I explore the impacts from both channels.

3.4.1 Cross region learning and price informativeness

Price aggregates both private and common information from speculators. Let me first
explore the impact from the strategic complementary among speculators on price informa-
tiveness. The following lemma describes the relation between the precision of the price sigal

and the weight that the speculators put on their common signals for each region 1.

Lemma 10 The precision of the price Tp; is mazimized at ¢; op = Te; /T, Te;; More specif-

ically, Tp; s increasing in ¢; for ¢; < ¢; op, and decreasing in ¢; for ¢; > ¢;op.

Based on the above lemma, the price informativeness can be analyzed by conparing
the equlibrium level of speculators’ coordination with ¢; op. The following proposition
summarizes the relation between the equlibrium levels of speculators’ coordination with

and without cross region learning and ¢; op.
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Proposition 11 For high enough levels of supply elasticity A1 and X2, there exists T¢, and

T¢, such that

o for 7z, > T¢,, region i’s equilibium levels of speculators’ coordination with and without
cross region learning are both higher than the level of coordination that maximizes

the precision of the price for region i (¢;op < ¢ < ¢f ) for i =1,2;

o for 7¢, < T, region i’s equilibium levels of speculators’ coordination without cross
region learning is lower than the level of coordination that maximizes the precision of
the price for region i (¢; op > ¢.); there exists 7; such that ¢} > ¢; op for all v > 7,

and ¢; < ¢; op for all v < 7;.for ¢ =1, 2.

Without cross region learning, speculators coordinate too much in markets with less
noise trading and coordinate too little in markets with more noise trading. For high level
of noise trading and low level of economic dependence, cross region learning improves price
informativeness by increasing the level of speculators coordination. For low level of noise
trading, the cross region learning further impairs price informativeness due to even higher
strategic complementary among speculators. In addition, the price precision converges
to the precision of the common signal as ¢ goes to infinity. When the precision of the
common signal is low enough and the level of economic dependence is high enough, cross
region learning always decreases price informativeness from its no cross region learning

benchmark.

3.4.2 Cross region learning and investment efficiency

To analyze investment efficiency, I look at the ex ante expected net benefit of investment.

The investment efficiency criterion for region 7 is given by

Ey /iQ" (I, Iy) —

: ] . (3.33)

max F
I; g +1

The aggregate investment efficiency criterion is given by
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Proposition 12 charaterises the optimal level of speculators coordination for investment

efficiency which is linked to the accuracy of the price information.

Proposition 12 The investment efficiency for region i is mazimized at ¢; = ¢;op and

$—i = ¢_ijop fori =1 and 2.

The investment efficiency is maximized when price informativeness for both security
prices are maximized. High price informativeness helps the capital providers to better
predict the productivity shocks, meanwhile, it also helps with the coordination among
capital providers as they both put higher weight on the price signals.

Proposition 13 compares the aggregate investment efficiency between the cases with and

without cross region learning

Proposition 13 for low enough fundamental prior 77 and Ty,the aggregate investment

efficiency with cross region learning is higher than that without cross region learning.

On the one hand, Cross region learning increases investment efficiency by improving the
investment coordination among capital providers of the two regions. On the other hand,
cross region learning could decrease the price informativeness by enhancing the incentive
for the speculators to coordinate. When the fundamental prior is low, the investment

coordination effect always dominates.

3.5 Conclusion

I study strategic interaction among capital providers of two regions and its impact on the
strategic interaction among speculators in each financial market, when the productivity of
each region depends on other region’s investment. The financial markets play two roles

in the real economy. They provide more information for each capital provider to estimate
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the productivity shock that directly impact his own region. More interestingly, they also
provide common signals for the capital providers to coordinate their investment decisions.
Both of them provide incentive for the capital providers to weight the security price in their
investment decision which give rise to the incentive for the speculators in each financial mar-
ket to coordinate on their common signal. When the economic interdependence increases,
the investment coordination needs of the capital providers amplify the price investment
sensitivity and therefore the strategic complementary among speculators to extreme high

level. The impacts on the price informativeness and investment efficiency are also discussed.

64



Appendix A

Proofs for Chapter 2

Proof of Proposition 1: The coefficient A(k) and B(k) are given as follows,

(14-k)eTeTs
Tg T 72 1

A(k) = <T> - Prnte - (A1)

T T Ty e )

(1+E)TeTeTs

Tg+ o 1

B(k) = <T> gl1-x ’“(;ﬁ;;” - (A.2)
TcTeTs
To+ T s+ Te To + Ty + k2’7’£7's+’7§c s
k(14+k)TcTeTs
—BA k2TeTs+Te _ k
(1+k)27'c’r§7'5 Qo
Tt gt rrerr.

Then the equilibrium condition leads to the third-order polynomial H (k) = ak® + bk? +

ck + d = 0, where,

9+ Te  (To+ Tg+ Te) TeTs
T + Ts + Te a0

( BriTe
ag=——""7"—""—
T + Ts + Te

) (o+ (1= N)1g+70) — (A.3)
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,87—07_57—5 2 (7'0 + Tg + Tc)
— [ frefsts 1_ (2 \— _
b (7’9 + 75+ Te 7o + Arg +7e = ( A aﬁas)TS afos
1
— | BA TeTs A4
<ﬁ +a08>7'7§7' (A.4)
e = (=T Vi (= Nry (1= Nrers — (2= A) = —— ) 7ore (A5)
N To + Ts + Te o g &ls apog e '
_(7‘9 + 7g) TeTs [ Te +T§Ts] B (5)\ N 1 > S (10 + 74) Te
afos Qo (76

(1o + Tg) TeTs + TeTeTs

afos

d = (ﬁ%) [(To + (1 = N)7g)Te + (1 = N)TeTeTs — ] (A6)

T+ Ts + T¢

It is obvioius that a is negative, hence, H (k) is negative for k large enough. when o >

,3 (Tg—}—((l—)\)Tg-i-(l—)\)TgTs)Tc

o A EY S d is positive which leads to positive H(0). Then the polynomial

must have a positive root. In addition, A(k) is positive for a large and k positive.

Now we prove the uniqueness of the equilibrium when 7¢ is small. For 7¢ small enough,
it can be proved that the first order derivative of the polynomial is always negative which

is a sufficient condition for the uniqueness. Check the equation 8@,(:6) = 0, which is:

3ak? + 20k + ¢ =0 (A7)

From the expression of a,b and ¢, we have a = v7¢, b = u7e, and ¢ = ¢1 + p7e for some

constant v, u, ciand p. In addition, we have v, ¢; < 0, hence, the discriminant of the above

equation b% — 3ac is negative for 7¢ small enough, and there is no solution for agl(ck) =0 and

81;}({1@ is negative for all k. QED.

The uniqueness of equilibrium when « is large and 7y small enough is proved in Propo-

sition 4.
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Proof of Proposition 2: First, when H (k) has only one root, it crosses H(k) = 0 from

above only once. In addition,

3 3 2
c c + + c 1 [¢ + c
H(Ty = Tt re) <5A+ > <Tf +73T5> _mERT o (A

Ts 72 a0, oo, A ao3

Therefore, the root £* < 7=. On the other hand,

0H (k) B
o —7_9 p——— [7’5767'5 (o+7)k+1)(1+k)—14 (T£T5k2 + Tc) (1sk — TC)]
(A.9)
OH (k)

- <0 for k < 7=, therefore k* decreases as A increases.
S

Proof of Proposition 3: By Proposition 2 the equilibrium weight is lower than kpps.
Then, the price signal precision is lower than that of benchmark case, since it decreases in

the weight & and k* < kppys < kop for 7¢ lower than 1. QED.

Proof of Proposition 4: For o« — 0o, 79 — 0,and A — 1, the polynomial becomes:
H(k) = — (W> (1+k)%k=0 (A.10)
To + Ts + Te )

which has two roots at 0 and —1.

On the other hand,

O0H (k)
079

2
B

Ts + Te

|k=0,rp=0A=1= >0 (A.11)

OH (k)

B (TsTe + 7e) (Ts + 7¢)
3 lk=—1,mp=0\=1=
To

Ts + Te

>0 (A.12)

When 7y increase slightly from zero, H (k) shifts up near k£ = 0 and —1, therefore, there

is unique positive root k*. From the proof of Proposition 2, agg\k) < 0 for k < 7=, hence,
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Figure A.1: H(k): for « — 00,79 — 0 and A — 1

H (k) keeps shifting up for k£ < 7 as A moves from 1 to 0. Then, there is at most one root

k* in the region [—o0, Z¢]. k* decreases in A for k* € [—o0, T2].

It is left to prove that H (k) has no root greater than:—z. From the proof of Proposition

2, H(Z) < 0. When a — o0

757027'5 (o + (1= N)7g+ 7+ (2= N)7s + 2))

—Tc = A13
ok le=sz T+ Ts + Te (A-13)
CBrers (o + (1= N7y + (1 = N)757¢)
79+ Ts + Te
H 5872 1—A .
CHE) 58+ (1= N+ ) i
0k? 7 To + Ts + Te
2 — \) 71277,
_BR = NTiTeT e
To + Tg + T¢

OH (k)
ok

lg=re < 0 and aZBHkgk) |p—m < 0 for « large enough. H (k) keep decreasing in k for

all k> = H (k) has no root greater than’® when « is large enough. QED.
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Proof of Proposition 5: The central bank solves the following problem in making the

monetary policy decision:

s — B [(9 G — N0~ E [§1|fg} ))2 |fg] (A.15)

The first order condition leads to:
22 (9* ~E [él\fg])Q —2 (9* —E [él\fg])Q =0 (A.16)

Therefore, it is always ex post optimal for the central bank to set A = 1.

Proof of Proposition 6: It can be proved that when there is unique positive equilibrium

and 7¢ < 1, it is not optimal to set A = 1.Taking the first order derivative of (2.13]) leads to

v 1 mow
ON T (rg + 7y + 7p)% Ok ON

(A.17)

Taking the first order derivative of 1' it is obvious that ggj > 0 since k* € [—1, kop).

In addition, according to Proposition 2, k* is decreasing in A when there is unique

positive equilibrium. Then, I have %—[)ﬂ r=1 < 0. QED.
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Appendix B

Proofs for chapter 3

Proof of Proposition 7 and 9

Starting from equation ({3.19) and speculators’ information updating, the coefficients for

equations (3.20) and (3.32) are derived as follows.

2
qia11+g2a21 q1Tmq e qia11+4g2a21 41Tmq
(1+ + )Tflfl (1+ e 4 )

1 ™ i
a0 — +¢1 Tf1 + 1+TP1 h Bk 1+TP1 {Bl)
T + Tey + Teq 2Tf1 + Ter + Te1
1 <q1a11 + q2a91 > 2 + Q%Tml
27—517_61 1+¢1 2(Tf1 +Tm1 +TP1)2
(qa + g2a21 + o )2
- o 1011 2021 T T
N <q1a11 + gaag + 42Tms > f2 + f2 2T TPy
Tf2 + Tm2 + TPZ 2Tf2
2 2
a1 + qaa i
(qrain + gea21) n 42 Tms 5 + qib1 + qabe + log(1 — k)
27p, 2 (74, + Tmy + TP,
aly = <1 + Dt B2 e ) 5
1+ ¢ T+ Tmy TP ) Th + Tey +7ey
I R ) K R A W
Tf + Tmy + 7P Th+ T + 72
a1q2 (1+q1) TP Tex (B.2)

(1= q1q2) 1+ 1) Ty + 7P, Ty + Ty + 7o

70



q1611 + g2a21 q1Tmy Tey 1
« 1+ + (q1a11 + q2a
. ( 1+ ¢ TfH + Tmy + TPl) Th + Ter + Tey (ql S 21) 1+ ¢
ThT (1+ lﬂm)Tler(ler)Tml Tey P Q1 é1
a Tr + Tmy + TP T+ Tey +Tey T+ Ty +7P 1+ @1
g2 (L+q1) P, < Ter n 01 > (B.3)
(I—q1q2) (L + 1) 7p, + 7P, \Tfy + 7y +7e; 1+
Vel Tflﬁ‘i‘ % /\TlEl 1
610 = —u1 |+ U (B4)
A1 ThH + Tep + Tey 2NTe,
/T
B = )\El e (B.5)
1 T+ Tep + Tey
V 7_f':l TC1
P12 = + ¢ B.6
A1 TH + Tey + Tey ¢ (B.6)
’ ’ 2
Qa ATm - qa A Tm
a _ (1 + 1'*“;/1 T Tf1 Jr7'"113”'1’1) Th fl (1 + H“;i T Tf1 +'“7113”'1"1)
10 Th + Tey + Tey 27 + Tey + Ty
1 qa’, )2 @, ( / 42Tms > —
+ + + | quay; + fo
27, Tgy (1 + ¢ 2 (14, + Ty +7p,)° U e+ Ty + TP
( a4 —2Tm2 )2 r 2 2
+ ql 11 Tf2+’7'm2 +’TP2 + ((hall) + QQTmZ
274, 27p, 2 (7‘f2 + Tmg + Tp2)2
+q1b) + gobly + log(1 — k) (B.7)
a/
oy = (1 p 0%, NTm ) L (B.8)
1+¢1 Th + Tmy + 7P Th + Tey T Tey
TH + (1 + H({—l%) 7+ (1 +q1) Ty oy
- T+ Tmy + 7P, Tf + Tey + Ty
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oo o (14 2% @ ) Tes qw’nsfi’l
12 14+ ¢) 7 +Tm +7P ) TH + Tey + T 1+ ¢
TH + <1+1J€71(51) T, + (14 q1) Ty Tey
- Tf + Tm, + 7P, Tf + Te; + Ty

" < TP q1 ) %! (B.9)

Th+Tm 7 ) 1+ ¢

gV nh+ans A 1 (B.10)
10 A1 Th + Tey + 7oy 2)\%7&
g =Y To (B.11)
1 A1 Tfl + Tcl + 7—81
/ T81 < 7_01 l>
= +¢ (B.12)
2 A1 Th T Tey + Tey !
Note that
/ ﬂ, 7-61 Tfl + (1 + liiiﬂl) TPI + (1 + Q1) Tml 7-51 (B 13)
le% — e — .
H u T+ Ty, + Ty Tr + Tmy + TP, A1
e (rlem)mene g
an = Th + Tey + 7oy TfH + Tm, + 7P A1
q14q2 (1 + QI) TP, Ter
(1 - QIQ2) (1 + (bl) ThH TP T + Tep + Tey
/ 6/ 7—82 sz + (1 + 1172‘#2) TP2 + (1 + QZ) ng 7—52 (B 15)
a —_ = - .
21 21 Tfy + Tey + Tey Tfy + Tmy + TP, A9
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q
iyl — By = Tey Tr + (1 + 1_@52) TR, + (14 2) Ty V= (B.16)
Ty + Tey + Tey Tfy T Tmy + TP, A2

q1q2 (1 + ¢2) P, Teo
(1= q1q2) (1 + ¢2) Tp, + TP, Ty + Tey + Tey

A sufficient condition for a3 — 11 > 0 and oy — By, > 0 is Ay > /7, .Similarly A
sufficient condition for ag; — f21 > 0 and ob; — 85 > 0is Ay > VTe2 .Then we need to
solve for B; (¢;) = (2 — Biz) / (i1 — Bin) = ¢ and Bj (8}) = (ajy — Biy) / (g — Biy) = &
to obtain the equilibrium with and without cross region learning. Since the expression of
Bj (¢1) does not involve ¢y and the expression of Ba (¢2) does not involve ¢, I can solve
for ¢} and ¢3 seperately. And so is for ¢} and ¢5. Let me first focus on solving ¢7 and

¢} .Subsituting and rearranging, By (¢1) = ¢1 is equivalent to the following equation,

TP 41 q1Tm, Teq Tey
Hi(¢1) = <1 + : + - ) B.17
(d) ) (Tf1 + Tmy + TPl) (1 + ¢1) T + Tmy + TP A1 Tf + Tey + Ty ( )

N A sy,
(Tfl + Tey + T€1) (

+
T+ Ty +7P) (L+ 1) T+ Ty +7R, M

TPq1 o1 VT aee(l+a) (7o + (e +74) ¢1) ™
T + Tm, + 7P, 1+¢1 >\1 (1 _q1q2) (Tf1 + Tey +7—51)(1+¢1) Tf +7—P1
= 0
B (¢}) = ¢ is equivalent to the following equation,
Y TP 41 q1Tm, Teq Tey
i (¢1) N (1 " (Tfl + Ty + TP1) (1 + d)/l) " Tf + Tmy + TP - A1 > Th + Tey + Tey (B.18)
B Tey (1 N TP L O V= ) "
(Tfl + Tey + T€1) (Tfl + Tmy + 7—P1) (1 + ¢,1) TfH + Tmy + 7P, A1
™ P VT dh
Tf + Tmy + 7P 1+¢/1 A1
= 0

It is easy to see that
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Hy (¢1) = Hi (¢1) + A1 (61) (B.19)

where

A (¢1) _ q192 (1 + QI) (TC1 + (Tcl + Tfl) $1) TP
(1_(]1(12) (Tf1 + Tey +7—51)(1+¢1) TH T TP
vy (1 + ql) (TC1 + (TCI + 7—fl) ¢1) TP

= >0
(Tfl + Tey + T€1) (1 + ¢1) TH TP

(B.20)

H{ (¢1) is continuous function of ¢1. For Ny > /7o, H] (¢1) goes to oo as ¢ goes

to —oo and goes to —oo as ¢ goes to co. Aj (¢1) /v is positive and bounded above by

(+q1) (27e; +77, ) (14+q1)7e,  min(7e;,7e, 7¢; )
Tfy +Tep +7ey and bounded below by T FTer +7er gy +min(7c17‘ﬁ~:1 Til) .
Note that
H1 (0) _ 1 + (7—51 T§1 + Tml) q1 _ Teq Teq + v (1 + ql) Tey Tgl T§1
TH + Ty +7—617—61 A1 Th + Tep T Tey Th+Tey T Tey Ty +T€17—€1

H(0)= 1+ (e o) a1 7 .
! TH + Tmy + Te, Tey M Th + Tep + Tey

For A\ > \/7z,, H1(0), H] (0) > 0, there exists positive root for Hy (¢1) and Hj (¢}).

Now I discuss the uniqueness of the equilibrium without cross region learning. Re-

(1+¢i)27—51¢ Te, Te;
¢?T€¢T§¢ +7e;

call that . Denote h; = 7.,7¢,. Substituting for 7p, and simplifying, solving

H/ (¢}) = 0 is equivalent to finding the root for the following polynomial:
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0 = — ((Tf1 + Ty + TCl) (Tfl + Tey + TCI) + QITE1Tm1> (b:f (B'21)
Ty ((27—f1 + 2761 —q1Tm; + 2761) —q1 (Tf1 + 7—61)) ¢%

—Tey (Tey = (@ = 1) 7y — (201 — 1) 7¢,) §1 + ’Y1CJ1T§1

-
_a ((Tngfl + (1 + Q1)7‘517‘m1 + 7'21 + Tey T + THTmy + Tclel) o1 — qchlel)
hy !

+ (1
A1

> ((Tfl +TC1) (Tfl + Tmy +7—01)¢£1)) + Tey (3Tf1 + 37—01 +Tm1) ¢%

\/Ter h
A1 hi

ry (4 370) b1+ 72) (1 - (71 + 7o) (7 + Tns) b1+ Tox (71 + i)

Letting A1 goes to infinity and 7, goes to zero, the discriminant of the above polynomial

is (e, /h1)? times:

4 (1 + QI)4 70417—m1 +4 (1 + QI)3 (4 + QI) Tc317—€17m1 +38 (1 + Q1)4 7—63177311

0+ @) (36 @+ 1673772, +4 0+ a)' 2, HiB.22)
— 1 .
+(1+ q1)2 (27 (1 + q1)2 — 18q1 — 19)7017‘5217311 +12(1+ q1)2 2+ q1) 7‘0217;_.217}n1

+4(1+q1) (Bq1 +4) Tey 72 Ty + 4 (14 q1) 747,y
A1+ q)* 727y + 41+ 1) (A4 @) TA T, Ty +12(1+ 1) 7472,
+(1+q1)’ (44q1 — 32)73 70,72, +10(1+ @) (1 + q1) Bqr + 1) +3) 727272,
—| + @ +a)?40g +16)72 7, 73 441 +q) 2Th + 14+ @) (36q1 +16)7, 7273, | i

+12(1+ 1) 2+ @) 7372 Ty, +4(L+ 1) Bt +4) 7273 1y + 120+ ) 7275,

+(1+ q1)2 (32 — 12(]1)%175317311 +12(1+ q1)2 TflT%I +4(1+q1) TClelel
(1+ q1)2 (q% +20¢1 — 8)7’ngng%1 +(1+ (]1)3 (20¢q1 — 16)762178217%1

+ +(1+ q1)3 (24q1 — 16)7-617317'5’11 -8(1+ q1)4 7'017-5217';4,”—% hi

(1+q1)* (20g1 —16)72 73 72, —12(1+ q)* 7473 — 8 (1 + 1) 7, 72 72

€1'm1 €1 °'m1 €1 'm1

_ (4 (1+ q1)4 7’?17'311 +4(1+ Q1)3 7017;117311)
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The coefficient for h? in (B.22) is strictly negative, so the quadratic part of (B.22)) is

maximized at

(1+q1)* (¢ +20q1 — 8)73 7272 + (1 + q1)* (201 — 16)72 7273,
+ (1 +q)° (24q1 — 16)7e, 7373 —8(L+q1)* 1o, 72 7h

+(1+q1)? (20q1 — 16)72 72872, —12(1+ @)’ 7475, —8(1+q1)? 7o, 772

€1 °'m1 €1°'m1 €1 °'m1

A1+ q) 727y + 41+ @) (4 4+ q) TE T Ty +12(1+ 1) 772
+(1+ @)’ (44q —32)73 7,72, +10(L+q1)* (14 q1) Bqr + 1) + 3) 727272,
+(1+ q1)3 (40q1 + 16)762175175’11 +4(1+ q1)4 70217;7111 +4(1+aq1) Tclelel
+(1+q1)° (361 + 16)7e, 7275, +12(1 + q1)* (2 + 1) 72 72 Ty

+4(1+q1) (3g1 +4) 7'0217'5317'm1

+(1+q1)* (32— 12q0) 7,272, +12(1+ 1) 272, +12(1+q) 7273,
(B.23)

Substituting this back to the quadratic above, the maximized value is

76




(14 a)* (1 +q)" =28 (1 + @) + 270 (1 + q1)* — 9721 — 243)78 7 71,

+(14q1)° (<24 (1 + q1)° + 456 (1 4 q1)% — 2376¢; — 432)72 72 75

£1'Mm1
+(1+q1)% (=16 (14 q1) + 688 (1 + q1)? — 5424q; — 673)r4 75,75
+ (14" (192(1+ q1)* = 1920g1 — 192)72 7478+ (14 ¢1)° (256 (1 + ¢1)°

—4096¢; — 256)72 7278 — 5121 (1 + q1) 73747 4+ (1 +q1)° (96 (1 + q1)°

€1 °'m1

—2656q1 — 96)72 78 75, — 1024q1 (1 + q1)" 72 75,7, — 512a1 (1 + q1)" 7o, 757,

c1'€1'mq Cl1 €1 m1

(14 q)" (<24 (1 4 q1)® + 456 (1 + q1)% — 2376, — 432)75 75 74

€1 'ma
+(1+q)° (2 ? - - ST
Q1) ( 64 (1 + Q1) 3952¢ 264)Tc1 Te1Tmy

+(1+q1)° (—384q) — 128)7, 7, 70

€1 °'m1

+(1+q)" (192(1+ q1)? — 1920q; — 192)72 75 74

C1 €1 M1

+(1+q1)” (=864q1 —128)72 7, mh, — 48 (1+ 1) 777,

€1 €1 M1

—512q1 (14 1) 7377 74— 64 (1 + q1)° 70, 78,72

g1 'M1 €1 M1

4(1+q) T, + 4L+ @) (A q) TATe, Ty + 121+ 1) 7 7,
+(1+q)® (44 —32)73 772 +12(1+ @) 73 73,
+10(1 + ql)2 (1+q1)(3g1+1)+3) 7317517311
+(1+ q1)3 (40q; + 16)7’0217'517';11 +4(1+ ql)4 Tngfnl
+ (14 q)® (36¢1 + 16) 7, 72 T,
+12(1 + q1)2 (24 q1) Tg’nglrml +4(14+q) B +4) Tngngml

+(1+ q1)2 (32 — 12q1)7'0175’17'311 +12(1+ Q1)2 7'5417311

+4(1+q1) e, 7'541 T

which is negative for ¢; € (0, 1) .Therefore the discriminant is strictly negative for A\

large enough and 7, small enough and the polynomial (B.21)) has a unique root.

Now I discuss the uniqueness of the equilibrium with cross region learning When A;

goes to infinity and 7y, goes to zero, I have

g2 (1+q1) 7
A 1A = oo, T = 0) = ,
191 A h ) (1—qiq2) 7e, + 72
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When v = % is high enough, all local minimals (if more than one) of Hj (¢1) =

H{ (¢1) + A1 (¢1) are above the z-axis. There is only one positive root for H (¢1) .

It’s straightforward that ¢ > ¢;*, as Hy (¢1) > H} (¢1) for all ¢y.

As everything is symmetric, using the same technique, I can prove that for high enough
levels of supply elasticity A2, ¢5, ¢5° > 0 exists for region 2. ¢4 is unique for small enough
Tf,- ¢35 is unique for small enough 74, and high enough ~.H; (¢;) shifts up as v increases,

therefore ¢7 and ¢5 are both increasing in ~.

Proof of Lemma 10 It is straigt forward by taking the first order derivative of

(1+¢i)27'€¢ TEiTe;
‘z’?TEiTEiJFTCi

w.r.t ¢;.

Proof of Propostion 11 for A; large enough, H] (¢1 op) is approximately

<1 " T (Tm1 + T, 7',51) ) Tey (B.26)
T+ Tey + Ty + 7, Te, ) T+ Tey +7¢,
Tey (1 + q1 (Tml + 7—51 Tﬁl) > Teq
Te, Téy Th+ Tey + Ty + T, Tey ) T+ Tep +Te
q1Te, Tgy Tey

TH + Tey +Tmy + Te, Te1 Tey + Te, Té

(B.27)

which is negative for 7¢, small. Moreover, it eventually increases in 7¢, and becomes
positive. This means that a cutoff 7¢, exists such that ¢ op < Py for Te, > T¢, and g1 0p >

@Y for 7¢, < T¢,. Focusing on the case 7¢, < T¢, and ¢1.0p > ¢, in which H] (¢1,0p) <0,

Y(1+q1)(7ey +(7ey 477, )b1,0P) 7P|
(Tf1+7'61+761)(1+¢1,01>) Tf +TPy

there is a cutoff 7, such that H; (¢1,0p) = Hj (¢1,0P) +
0 for all v > %, and H; (¢1,0p) < 0 for all v < 7;. The part for i = 2 is proved following
the same process.

Proof of Proposition 12 Let me first derive the investment efficiency for region 1,

1
Cl[i]l-i-

*q1+1
n 6111111
k1Q' (I, I) — =1
lQ (1 2) C]1+1

E
0 q+1

E|mQ' (IT,13) —

max F Ti| | = Eo Ty
I

(B.28)
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Substituting I7 and I3 using (3.9) and (3.10) and simplifying, the above expression

equals to,
f 1 + q + QIQQ(l-HIl) 1— Tf1Tm
! 1—ae (7, +7my 7P ) (77, +7Py )
g q192(14+q2) 1— TfoTmg
+f2 <Q2 + 1—qiq2 < (Tf2+Tm2+Tp2)(Tf2+TP2)
M + 1 ( 1+q1 )2 B 1 q1(1—q2)(14q1)
—aq1q 5 |\ 1= —
</€1/€2Q1Q2 1492 1— R141 )exp 275 \1-q1g2 2(Tf1+Tm1+TP1) 1-q1q2
C1C2 I+ a1 _ 1 0192(1+q1)(2+q1—q192)
2(rf,+7p,) (1-q1g2)°
1 (14+q1)°¢3 1 22(1—g2) (1+q1)
275y (1—q1g2)®  2(Tpy+TmotTE,)  (1-a162)
_ 1 q195(1+q1)(1+g2)

2(7py+7py) (1-q1g2)?
(B.29)

The above expression is increasing in 7p, and 7p,.

— 1+q2) TfoTmo
f 1+ g + 192(1+q2) 1— 2
2 < 1—qiq2 (Tf2+7m2+7'p2)(7'f2+7p2)
- 14+q1) Tf1Tmy
+ + q1q2( 1—
f1 a 1—-q1q2 (Tfl +Tmy +TP1)(Tf1 +TP1)
90+0)) L1 (lte z2 1 a2(1=q1)(14+g2)
</€1/€2QI(]2 —a92 1— K2G2 ) exp 275, \1-q1¢2 2(7py+7ma+7Ry ) 1—q1q2
€102 1+ go B 1 7192(1+42) 2+4a2—q1¢2)
2(7s,+7P,) (1-q142)"
1 (1+g2)°q} 1 q1(1—q1)(1+42)
275 (1—qug2)®  2(7p +7my+rp ) (1-a1a2)
1 q2¢5 (1+q1)(1+g2)

_2(7'f1 +7p, ) (1-q1q2)?
(B.30)

The investment efficiency is increasing in 7p, and 7p,.The investment efficiency of region
1 and 2 are both maximized at ¢; = ¢; op and ¢_; = ¢_; op.
Proof of Proposition 13 The investment efficiency without cross region learning for region

1is
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? 1+q1 7 q2(1+q1) + (14q1)(1+91—q192)
17

a2 (1+41) —q1q2 2 1-qig2 2(1—q1q2)7p,
K1K2q1Q2 | 179192 1 K141 o C (4a)?(—qig2) = (a1 (1=gfa2)  (4a1)°ry
€12 I+q 2(1-0102) (75, +7my +7p; ) 2(74y +7my +7p; )
(14+q1)gq2(1—g2) 2(1—¢q2) 3 (1+q1)
20-a192)  (1py+7myt7py)  201=q102)7p,

(B.31)
When 74, is small enough, the term % in the investment efficiency equations dominates

all the other terms. It ’s easy to check that the coefficients for % and % are larger for the
1 2

investment efficiency equation with cross region learning. The prove for region 2 is similar.
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