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Abstract

Recent advances in alternative data and artificial intelligence enable analysts and other cor-
porate outsiders to access private information unknown to corporate insiders. Motivated
by this, we propose a theoretical model revising the linkage between transaction costs
and market volatility with two key updates. First, financial markets (i.e., futures markets)
aggregate information from both product-producing firms and informed investors. Sec-
ond, producing firms extract private information from financial market signals to guide
their production decisions, thereby influencing real market (i.e., product market) prices.
Our model predicts that, in financial markets, higher transaction costs slow down price
discovery, reducing information-driven volatility, but also reduce market depth, raising
liquidity-driven volatility. In real markets, higher financial market transaction costs dis-
courage informed trading and weaken market feedback, leading to less efficient produc-
tion decisions and greater volatility in product markets. Overall, financial market trans-
action costs reduce efficiency in both financial and real markets and may contribute to
divergence in their volatilities. Finally, by endogenizing investors” information acquisition
decisions and firms” information disclosure policies, we provide robust predictions and
further insights into the information discovery process.
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1 Introduction

The stability of financial markets has long been a central concern for regulators. The
idea of using transaction costs to mitigate financial market volatility dates back to | Keynes/
(1937)) proposal of a securities transaction tax. Early proponents, including Tobin (1978)),
Stiglitz (1989)), and Summers & Summers (1989), contend that higher transaction costs
discourage non-fundamental noise traders from trading, which reduces price volatility. In
contrast, critics such as Edwards| (1993)) and Schwert & Seguin| (1993)) argue that higher
transaction costs can hinder the price discovery process, which reduces liquidity and po-
tentially increases price volatility[l] Despite a rich literature, existing theoretical work has
largely overlooked the market feedback effect, in which firm managers are motivated to
learn from financial markets (Bennett et al.,2020)) and analysts (Guo & Zhong),2023)). This
effect has attracted growing attention as the wider availability of big data and advances
in artificial intelligence enhance the analytical capacities of corporate outsiders (e.g.,|Chi
et al., 2025} Jagtiani & Lemieux, 2019; Zhu, 2019)).

To incorporate the market feedback effect, this article develops a theoretical model with
two key updates. First, it reassesses the link between transaction costs and market volatil-
ity under conditions where financial markets can effectively aggregate diverse informa-
tion, including both public information released by firm managers and private informa-
tion obtained by investors from external sources (such as alternative data supported by
artificial intelligence). Second, it introduces a market feedback mechanism, allowing firm

managers to learn from informed investors via market price signals and adjust their de-

IThe relationship between transaction costs and financial market volatility remains unsolved, as both
theoretical (e.g. Kupiec,|1996; Song & Zhang), 2005; |[Lendvai et al.,2013)) and empirical (e.g. [Umlauf| 1993}
Haul, 2006} [Lensberg et al., 2015; Deng et al 2018; |Goldstein, [2015]) studies provide evidence that support
both perspectives.



cisions accordingly. Within this framework, the impact of transaction costs is no longer
confined to financial market dynamics (e.g., Song & Zhang|, 2005) but also extends to cor-
porate decision-making, thereby affecting real economic activity.

Regarding the first update, nearly all theoretical models in the related literature on the
relationships between transaction costs and volatility rely on two key assumptions: (i) in-
formed investors trade solely based on information provided by corporate insiders, and
(ii) excess financial market volatility is primarily driven by non-fundamental traders who
trade based on either erroneous beliefs (Song & Zhang), 2005; |Lendvai et al., 2013)) or ex-
trapolative technical trading strategies (Westerhoff & Dieci, 2006). However, an growing
strand of literature finds that the information aggregation function of the financial markets
enable financial markets to incorporate firm-level information that may be unknown to the
managers themselves (Dye & Sridhar,|[2002)), which in turn influences corporate decisions
(e.g., Bennett et al., 2020; Goldstein, 2023} [Luo, 2005). Moreover, the latter assumption
does not hold for markets where noise traders predominantly trade for exogenous hedg-
ing or liquidity needs, as modeled in Kyle (1985) and Xiong & Yang (2021)H Besides, the
role of non-fundamental noise trade has become less relevant for financial markets over
time, as price informativeness has improved (Bai et al., 2016)).

We therefore extend the classic noisy rational expectations equilibrium model (see
Grossman & Stiglitz, 1980; Diamond & Verrecchia, (1981)) to a setting with transaction costs
(e.g., Davila & Parlatore, 2021)) and two markets (e.g., Xiong & Yang), 2021; Goldstein &
Yang), 2022). The first market is a futures market (a financial market), where futures con-

tracts are settled on a specified future date, and the underlying commodity is the product

ZDow & Gortonl (1997a)) provide theoretical evidence that, even uninformed institutional investors, who
do not tend to speculate, may still have incentive to trade randomly and excessively to signal their activity
to clients.



of a monopolistic firm. The second is a product market (a real market), where the same
commodity is traded for immediate delivery at the maturity of the futures contracts. Fol-
lowing the literature on the information aggregation function of financial markets, we
model noise traders as hedgers who face exogenous stochastic demand or supply shocks
(as in|Grossman & Stiglitz, [1980; Xiong & Yang),2021)). This choice is supported by empir-
ical evidence showing that futures markets are dominated by hedgers (Ederington & Lee,
2002), especially large hedgers (Chang et al., 1997)), and that hedging needs significantly
affect futures prices (Bessembinder, [1992; De Roon et al., 2000). By adopting this setting,
our model (i) allows financial markets to aggregate diverse information—an essential fea-
ture for the market feedback effect described later—and (ii) differentiates the activities in
futures (financial) markets from those in product (real) markets.

For the second key update, we follow the literature and include the role of the mar-
ket feedback effect (see Goldstein, 2023, for a review) by allowing firm managers and
informed investors to have advantages in distinct sets of information (e.g., Benhabib et al.,
2019). Firm managers have perfect information about their production costs and can
choose the precision of the information they disclose, which gives them an informational
advantage over outsiders on product supply. Investors, on the other hand, can acquire pri-
vate information about product demand from external sources but must weigh the costs
of being informed against the potential trading profits (as in Grossman & Stiglitz, 1980).
The assumption that informed investors have an informational advantage in aggregate
product demand is supported by empirical evidence. Studies show that analysts and in-
stitutional investors have superior insights into macroeconomic conditions (Hutton et al.,
2012)) and product market information (Zhang), 2023)), which can help managers identify

investment opportunities (Guo & Zhong), 2023|). When informed investors participate in



the financial markets, their private information will be incorporated into the market prices.
This information aggregation function of the financial markets (e.g. Hayek) 1945; Hellwig,
1980) allows firm managers to extract insights from other market participants and adjust
their production decisions accordingly (i.e., market feedback effect), even when managers,
overall, have informational advantages over outsiders.

Two main results emerge from our initial analysis when both the investors” information
acquisition decision and the firm’s information disclosure decision are exogenous. First,
changes in transaction costs can have opposite effects on different components of finan-
cial market volatility. For information-driven volatility, higher transaction costs reduce the
profitability of informed trading in the futures market, thus slowing down price discov-
ery and reducing the volatility associated with this process. We term this effect the infor-
mation effect. For liquidity-driven volatility, our mechanism aligns with the liquidity effect
documented in the literature (e.g. Song & Zhang) 2005). Specifically, higher transaction
costs reduce the trading volume, thus reducing market depth and potentially increasing
volatility from exogenous shocks. In aggregate, higher transaction costs reduce (increase)
financial market volatility when transaction costs are low (high), as the information (lig-
uidity) effect dominates. More interestingly, our theoretical predictions for the futures
market are in line with the empirical findings of Green et al.| (2000)), who find that higher
transaction costs reduce fundamental volatility (captured by information-driven volatil-
ity in our model) but increase excess volatility (captured by liquidity-driven volatility)
using a century of London Stock Exchange data, although our assumption of minimized
non-fundamental herding behavior may not hold when uncertainty is high (Cipriani &
Guarino, 2014).

Our second main result highlights the link between financial market transaction costs



and real market volatility due to the market feedback effect. The logic behind this result
is straightforward and intuitive. Higher transaction costs discourage informed investors
from trading on private information about aggregate product demand, which slows down
the price discovery process. Consequently, firm managers extract less information from
the financial markets, which leads to less efficient production decisions (i.e., a mismatch
between the realized product supply and demand). This inefficiency, in turn, increases
the volatility of the spot price of the underlying commodity on the maturity date of the
future contract. In summary, when transaction costs are low and the financial market is
well-informed, increasing the transaction costs reduces the volatility in the futures market
(i.e., the financial markets) but increases the volatility in the product market (i.e., the real
market).

Finally, we extend the model to endogenize the costly decision for the investors to ac-
quire information and the costly decision of firms to disclose information. Our two main
results remain robust after extending the model. In addition, the extended model pro-
vides further insights into the information discovery process. For investors, higher trans-
action costs can either encourage or discourage information acquisition. On the one hand,
higher transaction costs increase trading execution expenses, thus reducing the profitabil-
ity of informed trading and dis-incentivizing investors from acquiring information. On
the other hand, higher transaction costs reduce the informativeness of the futures prices,
thus increasing the profitability of informed trading and strengthening investors’ incen-
tives to acquire information. Overall, an increase in transaction costs increases (reduces)
the proportion of informed investors when transaction costs are low (high). For produc-
ing firms, higher transaction costs deter them from releasing more precise public signals.

Specifically, when transaction costs are low, firms have a stronger incentive to release pre-



cise information about production costs, which encourages informed investors to trade on
their private signals regarding product demand. However, as transaction costs rise, this
teedback effect diminishes, thus reducing the motivation of the firm to disclose public
signals.

Our study lies at the intersection of two major strands of the literature. First, it con-
tributes to a long-standing debate on whether increasing financial market frictions can
stabilize financial markets (Umlauf, 1993; Goldstein & Kavajecz, 2004; Deng et al., 2018)).
Unlike traditional models, which assume that corporate insiders are the sole information
providers, we allow investors to acquire private information unknown to insiders (firm
managers) from external sources. This assumption reflects the enhanced analytical capac-
ities of corporate outsiders resulting from the wider availability of big data and advances
in artificial intelligence (e.g., Chi et al., 2025} Jagtiani & Lemieux, 2019; |[Zhu, 2019). To
enable financial markets to effectively aggregate both public information released by firm
managers and private information acquired from external sources, we adopt a setting in
which noise traders predominantly engage in hedging or liquidity trading (Grossman &
Stiglitz, (1980; Xiong & Yang), 2021)). By applying this framework and decomposing finan-
cial market volatility into information-driven (fundamental) and liquidity-driven (excess)
components, our model predicts opposite effects of transaction costs on the two compo-
nents, resulting a U-shaped overall effect on total financial market volatility. Interestingly,
although our model assumptions are informed by recent developments in alternative data
and artificial intelligence, the model predictions align with empirical evidence from Lon-
don Stock Exchange data between 1870 and 1986 (Green et al., 2000), suggesting broader
implications.

Second, this study is also related to the impact of financial market signals on corporate



decisions (e.g., Dow & Gorton, 1997b; Mathers et al., 2017; |Goldstein, 2023)). By incor-
porating the market feedback effect into the analysis of transaction costs, our theoretical
model predicts that higher transaction costs can cause a divergence between financial and
real market volatilities. This extension contribute to the literature by linking transaction
costs not only to financial stability but also to the stability of real markets, which highlights
the potential unintended side effects of employing transaction costs as a market-stabilizing

mechanism.

2 Model

Our model is a noisy rational expectations equilibrium model set in an environment
with two markets (e.g., Xiong & Yang), 2021} Goldstein & Yang), |2022). The first is a fu-
tures market (a financial market), which aggregates information (signals) from different
market participants. The underlying asset of futures contracts is produced by a monopoly
firm. The second is a product market (a real market) for the immediate settlement of
the underlying asset. Notably, investors’ trading incurs quadratic transaction costs (e.g.,
Davila & Parlatore, [2021)) in the futures market.

The economy has five dates: ¢ = 0, 0.5, 1, 1.5, and 2. At ¢ = 0, the monopolistic firm
selects a specific disclosure policy, determining the precision of the production cost infor-
mation it will release as a public signal later. After observing the firm’s disclosure policy,
att = 0.5, each rational investor decides whether to acquire a private signal about the
productdemand. Att¢ = 1, the firm releases a public signal in accordance with its predeter-
mined disclosure policy, and informed investors receive their private signals. The futures

market, where the firm’s product serves as the underlying commodity, then opens. Ratio-



nal investors trade based on public and private signals, which allows the futures price to
incorporate both types of information. At ¢ = 1.5, the firm extracts the investors’ private
signals from the futures price, and adjusts its production decision (i.e., the financial mar-
ket feedback effect). Finally, at ¢t = 2, the futures contract matures, and the product market

opens, which determines the payoff of the futures contracts (i.e., the product price).

2.1 Consumer

There is a representative consumer who purchases and consumes a commodity, such
as copper. Assume that the consumer surplusis C(s, Q) = U(e, Q) — PQ), where U (e, Q) =
eQ — 3Q? is the consumer’s intrinsic utility function, @ is the quantity of product con-
sumed, P is the product price, and € ~ N(&,7.!) is a preference shock and its realization
is privately observed by the consumer. The consumer is a price taker and chooses a quan-
tity of the product ) to maximize his/her consumer surplus. Therefore, his/her demand
for the productis () = ¢ — P. Note that the product demand is increasing in the preference

shock «.

2.2 Firm

The commodity is produced by a monopolistic firm. The marginal cost of production
isa ~ N(a,7, ') and its realization is privately observed by the firm. Therefore, the firm’s
profit is II = PQ — a@. Note that the inverse demand function is P = ¢ — (). Hence, the

firm’s profit can also be expressed as II = (¢ — a)Q — Q°.



2.3 Financial market and investors

A risky asset, specifically a futures contract whose underlying asset is the firm’s prod-
uct, and a risk-free asset are traded in a financial market. The payoff of each futures con-
tract at maturity (¢ = 2) is denoted by P, while its (endogenous) price before maturity is
p. The return on the risk-free asset is exogenously given and normalized to 0. The use of a
futures contract instead of a stock as the risky asset aligns with the assumption that noise
traders are primarily hedgers (as in Xiong & Yang), 2021)).

The financial market consists of a continuum of rational investors who derive expected
utility only from their terminal wealth and have constant absolute risk aversion (CARA)
utility functions. Specifically, for investor 7, her utility is given by u(W;) = —exp(—yW}),
where v > 0 represents a common risk-aversion coefficient. The investor’s terminal wealth

at t = 2 can be expressed as:
Wi = (Wos = mip) +miP = (m,), (1)

where W) is the investor’s initial wealth at ¢ = 0, m; is his/her holding of the futures con-
tract, —5(m;)? is his/her transaction cost, and ¢ > 0 is the cost parameter. We assume the
quadratic form of transaction costs for tractability. Finally, noise traders, representing ran-
dom transient demand arising from hedging and/or liquidity needs, collectively demand

n units of futures contracts, where n ~ N (0,7, %).

2.4 Information disclosure and acquisition

Att = 0, the firm commits to a particular disclosure policy. Then, at ¢ = 1, it releases

a public signal regarding its production cost, s = a + 7, where n ~ N (0, 7,7!), based on its
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prespecified disclosure policy. Specifically, if the firm commits at t = 0 to withholding all
information, then 7,, = 0. In contrast, if the firm commits to fully disclosing the informa-
tion, then 7,, = +00. A value of 7,, € (0, +00) implies a partial disclosure policy. Notably,
disclosure incurs a cost of —£(7,))?, where k > 0 is the disclosure cost parameter.

All of the rational investors can observe the firm’s disclosure policy 7, at t = 0. After
doing so, each investor decides at t = 0.5 whether to acquire a private signal about the
consumer preference shock, x; = ¢ +¢;, ¢; ~ N(0,7,!), by paying a cost of b > 0. We
refer to an investor who chooses to acquire the costly private information as an “informed
investor”. Att = 1, all of the investors observe the public signal s disclosed by the firm,
and informed investors receive their private signals. We denote the proportion of informed
investors by p € [0, 1].

Our assumption that firms commit to a disclosure policy is widely maintained in the
literature on firm disclosure, including (Gal-Or (1985), Darroughl (1993), and Xiong &
Yang (2021)). In practice, a firm’s commitment to a disclosure policy can be observed
through its decisions on whether to become publicly listed, its choice of a host market,
and its selection of auditing firms. All of these decisions must be made in advance and

can potentially influence the precision and quality of the financial disclosures.

2.5 Financial market equilibrium

In this subsection, we define the financial market equilibrium (at ¢ = 1) in which the
firm’s information disclosure policy 7, and the proportion of informed investors y are
given.

The firm’s problem. Att = 1.5, the firm chooses the quantity of product to maximize

its expected profit conditional on the production cost @, public signal s, and price of the

11



futures contract p:

max E[(e ~ a)Q — Q%la. 5, 2)
Note that the firm can partially infer the private signals obtained by the investors from
the futures price. Solving problem (2)), we know that the firm’s production decision is
Q = 3E[ela, s,p| — 3a, and the product price (and thus the futures payoff) at ¢t = 2 is

1 1
P:5+§a— 5E[5|a, s, ). (3)

The investors” problems. When trading in the financial market at ¢t = 1, each investor
chooses his/her holding of the futures contract to maximize his/her expected utility con-

ditional on his/her information set,

max E[u(W;)|F;], subject to the budget constraint Eq. (T]). (4)

mg

For an informed investor, the information set is F; = F/¥ = {x;, s, p}. For an uninformed
investor, the information set is ; = FUVN = {s,p}. Solving problem (4], we can derive an
investor’s optimal holding of the futures contract:

_ _EPIE]-p
" c+Var[P|F]

(5)

Note that the absolute value of asset holding tends to decrease with the transaction cost
parameter c. Intuitively, high transaction costs reduce the trading activity of rational in-

vestors.

Definition 1 (Financial market equilibrium). Given the firm'’s information disclosure policy T,

and the proportion of informed investors p, a financial market equilibrium consists of the optimal
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holdings of the futures contract by the investors {m;}, the futures price p, the firm’s production
decision (), and the spot price of the product (commodity) P, such that (i) the holding of the

futures contract of each investor solves problem (@), and (ii) the financial market clears, i.e.,
1
u/ mINdi + (1 — p)m"N +n =0, (6)
0

where m!™N (mY™N) is the holding of the futures contract by an informed (uninformed) investor,

(iif) the firm’s production decision solves problem (2)), and (iv) the product market clears.

3 Analysis of the financial market equilibrium

This section solves for the financial market equilibrium under an exogenously deter-
mined proportion of informed investors ;. (which will be endogenized in Section 4) and an
exogenously determined firm disclosure policy 7, (which will be endogenized in Section

5).

3.1 Equilibrium characterization

We use the “conjecture and verify” and “backward induction” approaches, which are
commonly used in studies on rational expectations equilibrium (e.g., Farboodi & Veld-
kamp), [2020; Benhabib et al., 2019), to solve the model. Conjecture that the equilibrium

futures price takes the form of:

p = Bo + Bie + Bas + B0, (7)
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where 5y, 1, B2, and (B3 are endogenous deterministic price coefficients. The firm and
investors can thus transform the asset price into a signal of the consumer preference shock,
p — Po — Pas B3

=t — eyt

5, En (8)

The precision of this signal is 7, = (Var[%n])_l = (%)27'”. Since the demand of noise
traders is exogenous, the magnitude of noise trading 7,,* will not be affected by price sig-
nals or transaction costs. Therefore, we define the futures price informativeness as /.
With this price signal p, the public signal s, and the firm’s private information about its
production cost a, we can calculate the conditional expectation in the expression for the
product price in Eq. (3]).

The conditional expectations and variances in the expression for an investor’s optimal
asset holding Eq. () can also be calculated with the price signal p, the public signal s,
and (if the investor is informed) the private signal about the product demand x;. Substi-

tuting the investors’ optimal asset holding into the market clearing condition Eq. (6]) and

rearranging terms, we can derive the implicit price function,

1
p=—"IN / E[P|FNdi + —N _BP|FN 4+ —— )
WIN +Wun Jo WIN + WunN wiN +wun
where
1 —
WIN = a and WUN = H (10)

-~ c+AVar[P|FN] ¢+ ~yVar[P|FUN]
Eq. (9) indicates that the equilibrium futures price is determined by the weighted aver-
age of informed and uninformed investors” expectations about the asset payoff (i.e., the

product price in the future) and noise traders” demand for the asset. Further calculations
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show that the right-side of Eq. (9)) is also linear in the preference shock ¢, the public signal
s, and the noise trading n.

Comparing the implicit price function Eq. (9)) and the conjectured price function Eq.
(7), and matching coefficients, we can derive a system of four equations with (5, 51, 82, 53)
as unknowns. Solving the system of equations yields the equilibrium price function. The

following proposition characterizes the financial market equilibrium.

Proposition 1 (Equilibrium characterization). Assume that the firm’s disclosure policy T,y and
the proportion of informed investors 1 are given. Then, there exists a unique financial market equi-
librium in which the equilibrium futures price can be expressed as Eq. (7)), where the expressions for
the price coefficients (8o, b1, B2, B3) are provided in Appendix [Al Notably, the equilibrium futures

price informativeness /3, / b5 is determined by the following equation,

53 Te + Tx + Tp '
Moreouver, price informativeness decreases with transaction costs, i.e., % < 0.
Proof. See Appendix O

3.2 Transaction costs and financial market

3.2.1 Futures price informativeness

The equilibrium futures price informativeness 3, /53 and liquidity 1/3; as functions of
the financial market transaction cost parameter c are plotted in Figure 1. Proposition
and the left panel of Figure|l|show that the informativeness of the futures price decreases

with transaction costs. This result is intuitive and consistent with that of previous studies
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(e.g.JFu et al.,, 2016} Green et al., 2000; Kupied, 1996): An increase in transaction costs
reduces the trading of informed investors and thus the amount of information that they

inject into the futures price.

3.2.2 Liquidity

As is standard in the literature, we define illiquidity of the financial market as the price
impact of noise traders, 3; (e.g., Kyle, 1985, Han & Yang, 2013; |[Farboodi & Veldkamp)
2020). When p = 1 (i.e., all of the rational investors are informed) and 7, — +o0 (i.e., the

firm’s production cost is deterministic and publicly known), illiquidity can be expressed

asPl
(B1/Bs) T+ L (B/B3)Tn

s = e (BB 27+ (BB (12)

Eq. (12)) shows that the transaction cost parameter ¢ has a direct negative impact on the

asset’s liquidity 1//;. The intuition is that higher transaction costs reduce the profitability
of trading, discouraging rational investors from trading, which in turn reduces liquidity.
In addition to the direct effect, transaction costs can also affect liquidity through price
informativeness. As shown in Eq. (12)), the impact of price informativeness j3;/; on the
illiquidity measure 3 is mixed. On one hand, higher price informativeness reduces the
risk perceived by rational investors, thus encouraging speculative activity and increasing
liquidity. On the other hand, higher price informativeness worsens the adverse selection
problem, which discourages investors from trading and reduces liquidity (e.g., Han &
Yang|, 2013)). Overall, the direct negative impact of transaction costs on liquidity tends

to dominate, which leads to a decline in liquidity as transaction costs increase (see right

3 Assuming that ¢ = 1 and 7, — o0 is for simplicity. Our interpretations are still valid when p € (0,1)
and 7, € (0, +00).
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panel of Figure|T)).

| Inforrnativeness . Liquidity

0.7

1.6

115,

0.1

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Transaction cost (c) Transaction cost (c)

Figure 1: Impact of transaction costs on price informativeness and liquidity.

This figure plots the equilibrium futures price informativeness 3, /53 and liquidity 1/35 as
functions of the financial market transaction cost parameter c. The parameter values are:
T.=3,T,=1,17=11,=100,7y=00l,a=1,6 =2, 4 =0.7,and 7, = 1.

3.2.3 Futures price volatility

The volatility of the futures price, \/V ar[p], measures the stability of the financial mar-
ket. Following|Ozsoylev & Walden (2011)), futures price volatility can be decomposed into

“information-driven volatility” and “liquidity-driven volatility”, i.e.,

Varlp] = BiVar(e] + B3Var[s] + BiVarn] . (13)
Information driven Liquidity driven

As the transaction cost parameter ¢ decreases liquidity (i.e., increases illiquidity mea-
sure [33), it also increases liquidity-driven price volatility. Conversely, as transaction costs
discourage trading among informed investors, they also reduce information-driven price

volatility. The opposite effects of transaction costs on information-driven and liquidity-
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driven volatilities align with the empirical results of Green et al.| (2000)).

Proposition 2 (Transaction costs and information-driven price volatility). When y = 1 and

To — +00, the price coefficient 3, can be expressed as

Tg + (e + Ta)Tp + 27,72

1
b= 575 + (27 + T0)Tp + T (T + 7))

(14)

Moreover, if 7. > (1+ \/5) T, then % < 0, and information-driven price volatility decreases with

OVar|Bie]

b g,

transaction costs, i.e.,

Proof. See Appendix O

When the magnitude of noise trading (i.e., Var[n|) is relatively small and transaction
costs are low, information-driven volatility dominates, thus resulting in a negative rela-
tionship between transaction costs and futures price volatility. In other words, financial
transaction costs may stabilize financial markets by reducing speculative trading (see right
panel of Figure 2, when o < 1 and 7, < oo). When transaction costs are fairly high,
informed traders are refrained from trading due to reduced profitability, and liquidity-
driven volatility dominates, thus resulting in a positive relationship between transaction
costs and futures price volatility. Figure 2 plots different types of financial market volatil-

ities as functions of financial market transaction cost parameter c.

3.3 Financial market transaction costs and real product market

Proposition 3 (Transaction costs and the firm’s profit). The unconditional expectation of the

firm’s profit E[Il] = E[PQ — aQ)] can be expressed as

(o' +8)12 + (14 27.8%)7, + (1:6)° N 7+ a? - 2a8

k= AT + 7)? 4

(15)
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Figure 2: Impact of transaction costs on different types of financial market volatilities.
This figure plots information-driven volatility (57Var[e] + B3V ar[s]), liquidity-driven
volatility (83Var[n]), and total price volatility (Var[p]) as functions of financial market
transaction cost parameter (c). The parameter values are: 7. = 3,7, = 1, 7, = 1, 7, = 100,
7v=00l,a=1,¢=2,p4=07and 7, =1

Notably, given the firm'’s disclosure policy T, and the proportion of informed investors 11, the expected

, , : . , . 9E[]
firm profit declines with transaction costs, i.e., =5~ < 0.

Proof. See Appendix O

Figure 3 plots the expected firm profit and expected consumer surplus as functions
of transaction costs in the financial markets. Proposition 3| and the left panel of Figure
show that the expected firm profit decreases with transaction costs. This indicates the
negative externality of financial transaction costs to the firm. As financial transaction costs
increase, less information about the consumer preference shock can be inferred from the
futures price. Consequently, the firm has less ability to predict product demand, which

leads to less efficient production decisions. Consequently, its profit declines.

Proposition 4 (Transaction costs and consumer surplus). The unconditional expectation of
consumer surplus can be expressed as E[C] = E[U — PQ| = ; E[I1], where Il = PQ — aQ is the
firm’s profit. Given the firm’s disclosure policy T, and the proportion of informed investors p, the

expected consumer surplus decreases with financial transaction costs, i.e., BB—EC] < 0.

19



Proof. See Appendix O

Proposition [4] shows that the expected consumer surplus is proportional to expected
firm profit. Since expected firm profit decreases with transaction costs (see Proposition
B]), the expected consumer surplus also decreases with transaction costs (see also the right
panel of Figure [3]). Propositions[3and ] suggest that financial transaction costs have neg-

ative impacts on both the producer and consumer in the product market.

Firm profit Consumer surplus
0.58 : - 0.29 - : - -
0.57 | 0.285 |
0.56 | 0.28
=, 0.55 O, 0275}
Ll L
0.54 | 0.27
0.53 | 0.265 |
0.52 : : : : 0.26 : : : :
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Transaction cost (c) Transaction cost (c)

Figure 3: Impact of transaction costs on firm profit and consumer surplus.

This figure plots expected firm profit £[lI] and expected consumer surplus E[C] as func-
tions of transaction costs in the financial market c. The parameter valuesare: 7. = 3,7, =1,
T, =1,7,=100,v=001,a=1,§=2,p=0.7,and 7, = 1.

Proposition 5 (Transaction costs and product market stability). The unconditional variance

of the product price V ar|P] can be expressed as

T2 450, 441 1
< P u -1 (16)

Var[P] = -
S T F R

Notably, given the firm’s information disclosure policy T, and the proportion of informed investors

. . . . . . P
W, the product price variance increases with transaction costs, i.e., ‘Wg—z[] > 0.
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Proof. See Appendix O

Figure 4 plots the product price volatility and futures price volatility as functions of
the financial market transaction costs. Proposition 5|and Figure [ indicate that increases
in financial market transaction costs tend to destabilize the product market. Recall that the
product price can be expressed as P = ¢ — (). Therefore, the variance of the product price
can be decomposed as Var[P] = Varle] + Var|[Q] — 2Cov[e, Q]. It can be observed that
the variance of the product price is negatively affected by the covariance between product
demand shock and product supply by the firm. This implies that if the firm could better
adjust its product supply in response to changes in product demand due to consumer pref-
erence shocks, the product market would be more stable. However, an increase in finan-
cial transaction costs reduces futures price informativeness, thus compromising the firm'’s
ability to infer information about product demand. As a result, the firm’s production deci-
sion becomes less responsive to consumer demand (indicated by a lower Covle, Q]), thus

destabilizing the product market.

4 Transaction costs and information acquisition

In this section, we endogenize investors” information acquisition decisions to conduct
robustness checks on our main theoretical predictions in Section 3 and further investigate
the impact of financial transaction costs on investors” information acquisition decisions.

First we solve for the equilibrium proportion of informed investors. Assume that, ini-
tially, at ¢ = 0, each rational investor has the same amount of wealth W;,. At¢ = 0.5, if
the investor ¢ chooses to acquire a private signal z;, s/he pays an information cost b, which

reduces his/her wealth to W, = W, — b, and becomes informed at ¢t = 1. In contrast, if
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Figure 4: Impact of transaction costs on financial and real market volatilities.

This figure plots the product price volatility Var[P] and futures price volatility Var[p| as
functions of the financial market transaction cost parameter c. The parameter values are:
T.=3,T,=1,17=171,=100,y=00l,a=1,=2, 4 =0.7,and 7, = 1.
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s/he remains uninformed, his/her wealth remains unchanged, i.e., Wy; = W,. In the spirit
of Grossman & Stiglitz (1980), in equilibrium, an investor should be indifferent between
being informed and remaining uninformed. Otherwise, the proportion of informed in-
vestors will increase or decrease. Mathematically, the equilibrium proportion of informed

investors is determined by:

E(E[u(W:)|F N — ELEW)IF ), =0, (17)

where E[E[u(W;)|Fi]]|, is the ex ante utility of the investor i given that the proportion
of informed investors is . Based on Eq. (17), we have the following proposition that

characterizes the equilibrium proportion of informed investors.

Proposition 6 (Proportion of informed investors). Assume that the firm’s information dis-
closure policy T, is given. An investor’s perceived variance of the futures payoff Var[P|F;] is a

function of the proportion of informed investors ji. Define

c+~yVar[P|F'VN] b
Alp) = L — —e". 1
() \/C—i—’yVaT[P\]:{N] e (18)

If A(0) > 0and A(1) < 0, then the equilibrium proportion of informed investors is determined by
Ap) =0.

Proof. See Appendix O

Solving Equations A(y) = 0 and (1)) simultaneously (taking the firm’s disclosure
policy 7, as given), the equilibrium proportion of informed investors and futures price
informativeness can thus be derived. We first study the impacts of transaction costs on

the futures price and real economy when the investors” information choice is endogenous.
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We show that the qualitative results are the same as those in Section

4.1 Impacts of transaction costs with endogenous information

Proposition 7 (The impact of transaction costs on futures price informativeness when in-

formation acquisition is endogenous). Assume that (i) the firm’s information disclosure policy

T, is exogenously given, and (ii) A(0) > 0 and A(1) < 0. Then the futures price informativeness
o8

decreases with transaction costs, i.e., % < 0. Note that the equilibrium proportion of informed

investors pu and futures price informativeness (3, /53 are determined by A(u) = 0 and Eq. (L1)).
Proof. See Appendix O

Proposition [7] shows that when the proportion of informed investors is endogenous,
the futures price informativeness still decreases with transaction costs, as in the exogenous
information scenario. Since transaction costs affect the real economy only through futures
price informativeness, the impact of transaction costs on the product market remains the
same as that in the setting of exogenous information acquisition decisions. Proposition

and Figure 5/ show the results.

Proposition 8 (The impacts of transaction costs on the product market when information
acquisition is endogenous). If the firm’s information disclosure policy T, is exogenously given,
and the equilibrium proportion of informed investors y1 and futures price informativeness (3, /33 are

determined by A(p) = 0and Eq. (11)), then higher financial transaction costs decrease the expected

firm profit and consumer surplus while increasing the product price volatility, i.e., 6]:4;—[?] < 0,
ag_[cc} < O,andavg—zm > 0, where [l = PQ — aQ and C = U(e,Q) — PQ.
Proof. See Appendix[Al O
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Figure 5: Market equilibrium under endogenous information acquisition decisions.

This figure plots the equilibrium futures price informativeness /s, liquidity 1/3;, fu-
tures price volatility Var|[p], expected firm profit E[II], expected consumer surplus E[C],
and product price volatility Var[P] as functions of the financial market transaction cost
parameter c. The parameter values are: 7. = 3,7, = 1,7, =1, 7, = 100,y = 0.01,a = 1,
£€=2,0=0.02and 7, = 1.
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4.2 Transaction costs and information acquisition decisions

In this subsection, we further explore the impact of transaction costs on investors’ in-

formation acquisition decisions.

Proposition 9 (The impacts of transaction costs and price signal precision on the benefit of
being informed). The net benefit for an investor to be informed A is defined in Eq. ((18]). Notably,
A can be expressed as a function of the transaction cost parameter c and the price signal precision
7, i.e., A = A(c, 7,). The benefit of being informed decreases with the price signal precision, i.e.,

92 <0, and also decreases with transaction costs, i.e., 92 < 0.
p

Proof. See Appendix O

Proposition[9|shows that the benefit of being informed decreases with the price signal
precision. Intuitively, when an investor can extract other investors” private signals more
precisely from the futures price, s/he has less incentive to acquire the costly private sig-
nal him/herself. In other words, information acquisition in the financial market exhibits
“strategic substitutability”, consistent with the findings of previous studies (e.g., Gross-
man & Stiglitz, [1980)). Proposition [9also demonstrates that higher transaction costs de-
crease investors’ incentives to become informed. The intuition behind this is that informed
traders incur transaction costs when trading on their private signals. Higher transaction
costs directly reduce the benefits of becoming informed, thereby discouraging investors
from acquiring private information.

Recall that transaction cost parameter ¢ reduces futures price informativeness /3;/;
and, consequently, lowers the price signal precision 7, = (%)27—” (see Proposition )

Therefore, in addition to the direct negative impact on the benefit of being informed, trans-

action costs can also increase the net benefit of being informed by reducing the price signal
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precision. Mathematically, given the proportion of informed investors 1, the derivative of
the benefit of being informed A = A(c, 7,(c)) with respect to the transaction cost parame-

ter ¢ can be decomposed as

A A A
A (19)
c c T, dc

Trading loss effect (< 0) Strategic substitutability (> 0)

Therefore, whether transaction costs ultimately decrease or increase investors’ incentives
to be informed depends on the dominant effect. Consequently, in equilibrium, the propor-
tion of informed investors is non-monotonic in the transaction cost parameter ¢ (as shown

in Figure|6]).

075 Proportion of informed investors
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0.6
0.55
0.5

0.45
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04 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Transaction cost (c)

Figure 6: Impact of transaction costs on investors’ information acquisition decisions.

This figure plots the equilibrium proportion of informed investors p as a function of the
financial transaction cost parameter c. The parameter values are: 7. = 3,7, = 1,7, = 1,
7, =100,7v=0.01,a=1,=2,b=0.02,and 7, = 1.
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5 Transaction costs and information disclosure policy

In this section, we further extend our model by endogenizing the firm’s information
disclosure policy 7,. We assume that, before investors make their information acquisition
decisions, the firm first selects and announces its disclosure policy (i.e., the precision of
the public signal it will disclose later), which maximizes its unconditional expected profit
net of the cost of disclosure,

max F[IT] — 27'2, (20)

T"] n
where £ > 0 is the information disclosure cost parameter, and II = PQ — a() is the firm’s

profit.

5.1 Information disclosure policy and firm's profit

Before we solve problem (20)) and investigate the impact of transaction costs on the
tirm’s disclosure policy, we first show that the firm has incentive to disclose. If investors
know that the public signal is precise (based on the firm’s pre-specified information dis-
closure policy), they will perceive a lower risk regarding the payoff of the futures contract
and trade more aggressively based on their private signals about the consumer prefer-
ence shock. This, in turn, makes the futures price more informative about the product
demand. As a result, the firm can better infer product demand from the futures price
and make more efficient production decisions, thus increasing its profit. The following

proposition formalizes this idea.

Proposition 10 (Disclosure policy, price informativeness, and firm profit). Assume that

A(0) > 0and A(1) < 0, where A(+) is defined by Eq. (18)), so that the equilibrium proportion of

28



informed investors always satisfies 1 € (0, 1). Then the futures price informativeness increases with

the firm’s information disclosure policy (i.e., the precision of the released public signal), 8(”861—7/7]63) >

0. Notably, the expected firm profit also increases with the information disclosure policy, %[H] > 0.

n

Proof. See Appendix O

Proposition|[10;shows that the firm’s ex-ante expected profit increases with the disclo-
sure precision, which indicates that the firm is incentivized to disclose information about
its production cost. Moreover, in the numerical examples, we find that the expected firm
profit is concave in its information disclosure policy (see left panel of Figure [7), which

indicates that problem (20) may have a unique solution (see right panel of Figure[7).

Profit Objective function
0.14 : : 0.12 , :
0.115
0.13 | -
=
— =&l 0 11
E o012 L
= = o0.105
K
0.11 |
0.1
0.1 - . . : 0.095 : : - -
2 4 6 8 2 4 6 8
Disclosure (Tn) Disclosure (Tn)

Figure 7: Impact of information disclosure policy.

This figure plots the expected firm profit E[II] and the firm’s objective function E[II] —
% (7,)* as functions of the public signal precision 7. The parameter values are: 7. = 1,

To=1,717=10,1,=1,v=2,a=1,=2,b=0.2,and k = 0.006.
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5.2 Transaction costs and disclosure

The complexity of the expression for the expected firm profit F[II] as a function of dis-
closure policy 7, prevents us from analytically characterizing the equilibrium disclosure.
Instead, we solve Problem (20)) numerically. Figure [§|plots the optimal level of disclosure
7, as a function of the transaction cost parameter c. Figure 9 plots the equilibrium market

variables as functions of the transaction cost parameter c.

Disclosure

, ,
0 0.5 1 15
Transaction cost (c)

Figure 8: The impact of transaction costs on information disclosure policy.

This figure plots the optimal level of information disclosure policy 7, as a function of the
tfinancial market transaction cost parameter ¢, when the information acquisition is endoge-
nous. The parameter valuesare: 7. = 1,7, =1,7, = 1,7, =55, 7v=00l,a =1, = 2,
b=0.05,and c = 1.5, kK = 0.0001.

Figure[§shows that the firm’s commitment to precise disclosure (disclosure policy) de-
creases as the financial market transaction costs increase. The reason for this result is based
on Proposition[I0where the firm is motivated to commit to provide a more precise public
signal to attract informed trading, which enables the firm to infer investors’ private signals

on customer demand shocks. However, higher transaction costs reduce the profitability of
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informed trading, making informed investors less responsive to the firm’s disclosure pol-
icy. As a result, the firm’s marginal benefits of disclosure (i.e., releasing a precise public
signal to attract informed trading and strengthen the market feedback effect) decreases.
Consequently, the firm has less incentive to pay for disclosing a more precise public sig-
nal. This result implies that financial market transaction costs may negatively affect firm
transparency. Finally, Figure[9|plots the equilibrium futures price informativeness, liquid-
ity, futures price volatility, expected firm profit, expected consumer surplus, and product
price volatility as functions of the financial market transaction cost parameter when both
the information acquisition and disclosure are endogenous. The figure shows that when
the firm’s information disclosure decision is endogenous, the impact of transaction costs
on both the financial and real market volatilities is consistent with our baseline theoretical

results discussed in Section 3.

6 Conclusion

Corporate outsiders may access private information unknown to corporate insiders
(Dye & Sridhar, 2002; (Goldstein, [2023; [Luo, [2005), particularly as their analytical capac-
ities have been strengthened by recent developments in alternative data and artificial in-
telligence (Chi et al., 2025} Jagtiani & Lemieux| 2019 Zhu, 2019)). To reflect this trend,
we revisit the impact of transaction costs on both financial and real market volatilities
through two model updates. First, financial markets can aggregate both public informa-
tion released by product-producing firms (insiders) and private information unknown
to insiders but acquired by informed investors from external sources. Second, producing

firms can extract private information from financial market signals to guide their produc-
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Figure 9: Market equilibrium under endogenous disclosure policy.

This figure plots the equilibrium futures price informativeness 3, /s, liquidity 1/3;, fu-
tures price volatility Var[p|, expected firm profit E|II], expected consumer surplus E[C],
and product price volatility Var[P] as functions of the financial market transaction cost
parameter ¢, when both the information acquisition and disclosure are endogenous. The
parameter valuesare: 7. = 1,7, =1,7, =1,7, =55,v=0.0l,a =1, = 2,b = 0.05, and

c= 15,k =0.0001.
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tion decisions.

The theoretical model predicts that, in futures markets (i.e., financial markets), higher
transaction costs reduce information-driven market volatility by slowing price discovery
(the information effect), but increase liquidity-driven market volatility by reducing mar-
ket liquidity (the liquidity effect). When transaction costs are low (high), the information
effect (liquidity effect) dominates. In product markets (i.e., real markets), higher finan-
cial market transaction costs monotonically increase product price volatility by limiting
managerial learning from the financial market, thereby exacerbating mismatches between
realized commodity demand and supply. Additionally, we examine scenarios where in-
vestors’ information acquisition decisions and the firm’s information disclosure policy are
endogenous, which provides robust predictions and offers further insights into the infor-

mation discovery process.

A Proofs

A.1 Proof of Proposition

Proof. Using Bayes’ rule, an informed investor’s conditional expectation of the futures pay-

off is: . .
EIPIFI] = Elelri, 7] — 3Ll + 5 Elals]
CTEF T+ T 1TE+Tp | 1 TG+ TS (21)
N Te+To +7p 2 .+7 2 To+ Ty, '
His/her conditional variance of the futures payoff is:
IN Ny L IN 1 1
Var[P|F; "] = Varle|F, "]+ ~Varla|F; ] = + . (22)
4 T+ T +1 A +T)
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Similarly, an uninformed investor’s conditional expectation of the asset’s payoff is:

1 41 lr.e4+mp 17,04 T8
E[P|F'"] = SE SElals] = s —— + - ———, 23
[PIFY) = 3Blelf) + 5Blal] = 5720 4 ST (23)
and his/her conditional variance of the asset payoff is:
UN Ny, L UN 1 1
Var[P|F°"] = Varle| F*7] + =Var[a|F*7] = + . (24)
4 T.+7 A1+ T)
By the law of large numbers, we have fol x;di = ¢ + fol e;di = . Therefore, we get:
/1E[P].7-"2.IN]CZZ‘ _ Te€ + To€ + Tpp _ 17'55_4—7',,]'5 lTaa-l-TnS. (25)
0 Te+Tp +7p 2 .+T7, 2 1.+ T,

Substituting the expressions for [, E[P|F/¥|di and E[P|FV"] into the implied price func-

tion, Eq. (9), and rearranging terms, we get:

. { WIN |: Ta —‘r—Tp 1 Tp :| " WUN |:]. Tp :|}€
P= WIN TWUN [Te + Tz +Tp 27+ T WIN +WuN |27 +Tp

R treerd e R Eoeer 18
WIN +WUN |2Ta + Ty WIN T Wun (27T, + Ty
W% 1) 17(%) 1 (26)
{ WIN P\ 33 L pigs WUN 17p\ps i }n
WINtWUN |Te+Te+Tp 27.+Tp WIN tWuN |27 +Tp WIN +wWuN
WIN [ T.E 1 7.2 1 T1.a WUN 1 7.8 1 T1.a
{w1N+wUN _T€+Tz+7'p_§7'5+7'p 27a+7'n:| WIN +WUuN |:2T5+Tp 27a+TJ}'

Comparing the above expression with the conjectured price function p = 3y + i€+ fas +

[3n, we know that:

WIN TetTp 1 _Tp + WUN 1_ ™
51 . WINFWUN | Tet+Ta+Tp 2 Te+Tp WINTWUN |2 Te+Tp (27)
B3 wIN (B1/B3) _ 17p(B1/Bs) 4+ _wun 17p(81/B3) + 1
WINTWUN | Tet+Tz+Tp 2 TetTp wiINtwun |2 Tet+Tp WINFWUN
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Multiplying both sides by the denominator of the right-side of the above equation, and
rearranging terms, we can derive Eq. (11)).

Denote ¢ = ﬁl . Then Eq. ([11)) can be expressed as £ = g(&, ¢), where:

KTy
9(&,¢) = : 28
&) C(Te + Ty + €27,) 4 (1 + Tt TtEm 2%

Ta+Tn

Given ¢, the equilibrium price informativeness is determined by ¢ = ¢(¢, ¢). Notice that
9(0,¢) > 0 and lim¢_, - g(&, ¢c) = 0. Moreover, we can see that %ﬁg’c) < 0. Define h(¢, c) =

£—g(&, ¢). It follows immediately from the properties of g that (0, ¢) < 0, limg_, 1 h(&, ¢) =

Oh(&,c)
d CoE

exists aunique ¢ € (0, +00) such that 2 (¢, ¢) = 0. In other words, the equilibrium is unique.

+00, an > 0. Therefore, by the intermediate value theorem, we know that there

By inspection, we know that 2 ic) < 0,0 (i <) > (. Denote the equilibrium price
informativeness as a function of ¢, i.e., { = £(c), so we get h({(c), ¢) = 0. Taking derivatives
with respect to ¢ on both sides, we have h¢(£(c), c)¢'(¢) + he(£(c),c) = 0, where he(&, ¢)
is the partial derivative of h(&, ¢) with respect to its first argument, h.(¢, ) is the partial

derivative of h(&, ¢) with respect to its second argument, and ¢’(¢) is the derivative of £(c)

he(€(c C)
 he(€(o),

that &'(¢) < 0, which completes the proof. O

with respect to c. Therefore, we have ¢'(¢) =

. Since he > 0 and h. > 0, we know

A.2 Proof of Proposition

Proof. When 1 = 1 and 7, — 400, the derivative of 3; with respect to 7, is:

b %7’5 + T (Te — Tw)Tp + Ta(§T2 — %72 — T.Ty) (29)
o7, (72 + (27 + 7o) T + Te(7e + 7)) '
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Therefore, we have sgn(aﬂl) = sgn[g(7,)], where g(7,) = E72+7 (7 — 7o) Tp+ 7o (372 — 572 —
T.Ty). Since [ (7. — 7,)|* — 4[Z][r. (372 — 372 — 7.7,)] = 27272 > 0, we know that g(7,) = 0

has two real roots. The larger solution to this equation is:

“le\le Tz 22%
. To(Te — 7o) + /2727, (VD) — 1. (30)

Te

Observe that if 7, < 0, then ¢(7,) > ¢(7,) = 0, V7, > 0. Recall that sgn(g—f;) = sgn[g(7,)],
and that 7, = (81/5s)*7, > 0 in equilibrium. Therefore, a sufficient condition for g—f; >0
is 7, < 0. Recall from Propos1t10nlthat 9% < (. Therefore, if (1 4+ v/2)7, < 7., we have

7, < 0,50 Gt = G4 < 0. Since Var(pie] = fi7. !, we immediately get *%529 < 0. O

A.3 Proof of Proposition

Proof. Substituting the firm’s optimal output decision Q = 1 E|[e|s, p| — 1a into the objective

function, Eq. (2)), we get:

Bl s.p] = (Blls.p] = o) (5 EEls.p) - 50)  (5Elelsri - %)
- (%Emp] - 50) (Bl - a - Ll + 50) (31)

:_{ 24 q? —2aE[e |p]}

We can calculate that:

(Tge + Tpﬁ) 2 B (1:8)? + (1pp)* + 27.87,p
(T + 7p)? '
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Therefore, we have:

()] - TR e D e (3)

using the fact that E[p*] = Var([p] + (E[p])* = 7. ' 47, ' +&°. By the above expressions and

the law of iterated expectations, the firm’s ex ante expected profit can be expressed as:

EM] = E[E[la, s, p]]

= LB [(EERY) + B[] - 28 [aBllp]) (34)

1 ((r8)?%+ 7';3(7'5_1 + 7'p_1 + &2) + 27.8%7,
4 (7. +7)2

+rt e - 2@5}.

OE[]
orp 7

The derivative of E[IT] with respect to 7, is:

[2(7;1 + 52)7_19 +1+ 27'852](7‘5 + Tp)2 - 2[(7-571 + 52)7}? + (1 + 27’552)719 + (755)2](7} + 7)

A1 + 7)? ’
(35)
which is equal to [2(7.+7,)] 7 > 0. Recall that we have % < 0by Proposition Therefore,
. JE[N OE[M] o7
by the chain rule, we get % = %p]% < 0. O

A4 Proof of Proposition@

Proof. Substituting the equilibrium product price P = ¢ — () into the expression for con-
sumer surplus C' = eQ — 1Q* — PQ, we get C = 1Q?. Recall that the equilibrium product

quantity can be expressed as Q = 3(Ele|p] — a). Therefore,

BIC) = 5 {E [(BElpl)?] + B [o?] — 2ElaBlelpl)} = B0 (36)
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where the last equality uses Eq. (1]). By Proposition we have 22 — :

OE[I]
B < 0. ]

dc

A.5 Proof of Proposition

Proof. Substituting the expression for E[c|a, s, p] into the expression for the equilibrium

product price P = ¢ + 3a — ; E[¢la, s, p], we get:

_ Tp 1 n(Bs/B1) T.E
R R e T = 7

Recall that 31 /85 = \/7,/7». The unconditional variance of P is thus

2
T, 1 TpT,
Pl=|1—-—2 | ;114 ___pn -l 38
Var(P] [ 2(7. + Tp)} . 47—& " 4. + Tp)QTn ’ (38)
which yields Eq. ([16]). Direct calculation can show that
OV ar|P] _ 3 <o (39)
ot 4(1. 4 1,)?
By Proposition wehave 2 < 0. Therefore, by the chain rule, we get 2% Lo ngp} s N
0. ]

A.6 Proof of Proposition@

Proof. Substituting the expression for an investor’s optimal holding of the futures contract

into her budget constraint, we get:

W, = W, + E[P — p|Fi] - )_g( E[P—plﬂ]])2

40
¢+ ~yVar[P|F}] c+~Var[P|F; (40)
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Using the law of iterated expectations, the moment generating function for normal random
variables, and the above equation, the investor’s ex ante expected utility can be expressed

B[] =R (B[EMIE))

— ’7Wm+%(cﬂﬁ—%)2bﬂ e”wjﬂvu;;—%@p)m] (41)
_ e W (V) X7
where X; = E[P — p|F;] and
Ve - —_c( 1 )2+ 1 7 Var[P|F] ]
! 2 \c+~Var[P|F] c+~Var[P|F] 2(c+~Var[P|F])?
(et V) [_70+C+Wi—%v¢}_l (42)

=2(c+V),

where V; = Var[P|F;]. Let V° = Var[X;| and V = Var[P — p|. Notice that V =V, +V;, and

X2

that 4%

is non-central chi-squared distributed. Rearranging terms and using the moment

generating function for non-central chi-squared random variables, we get:

oW W Ve Terae (ElP—p))?
U =F]|- Wi — o~ YWos 3 VEe+2yVe _ 43
|: € } € ‘/;c + 2,}/‘/06 ( )
We can calculate that
ViE+29V? =2c+29(Vi + V°) = 2(c + V). (44)
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By Equations (43)) and (#4]), we know that if the investor chooses to be informed, then her
ex ante expected utility can be expressed as

c
Vin

UIN — = Wog=be~ Feravy 01" |
2(c+9V)

(45)
where Vi = 2 (¢ ++Var[P|F/"]). Similarly, if the investor chooses to be uninformed,

then her ex ante expected utility can be expressed as:

[7uN —Wo

= —€

o3 EPA? | Vi (46)

2(c+~V)’

where V5 = 2 (¢ +yVar[P|F’"]). Notice that U and U are functions of the propor-
tion of informed investors u. If U'N|,—; — UYY|,_; < 0 and U™V, — UYN|,—y > 0, then

the equilibrium 4 is determined by U/ /UYN = 1, which yields Eq. (18)). O

A.7 Proof of Proposition

Proof. From Eq. (18)) and the equilibrium condition A = 0, we can find that the equilib-

rium price signal precision 7, is determined by:
(1) + (7" = 1) c = B, (47)

where the function f(7,) and the constant B are respectively

1 1 ¥
— o2 _ dB=—(e2b_-1)— 48
() =e Te+Te+7 T4T, an (e )4(Ta+7,7) (48)
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For Eq. (7)) to have a solution, we must have f(7,) < 0, which results in

7o — (2= 1) 7.

T, < o =g (6271’ — 1) ,

where g(A) = ==2_ Notice that the derivative of g is ¢'(A) = — 25 < 0.

One can calculate that

(Te + 7o + 7)% — €2°(1. + 7)?
(Te + 70+ 7)2(7e + Tp)2

f(m) =
Therefore, the following equivalence relation holds,
fl(m) >0 <= 7, <g (e’ —1).
Since e’ < €, and ¢'(-) < 0, from the Inequality (49)), we have:
7, < g(e®’ —1) < g(e? —1).

Therefore, f'(7,) > 0.

(49)

(50)

(51)

Now suppose that c increases. For Eq. (47)) to hold, f(7,) must decrease. Therefore, 7,

must decrease because f’(7,) > 0. Recall that 7, = (%)27'”. Consequently, % =,/ must

decrease. In other words, % < 0, which completes the proof.

A.8 Proof of Proposition

Proof. The proof is the same as those of Propositions 3| @, and
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A.9 Proof of Proposition@

Proof. Consider an investor i. Denote Viyy = Var[P|FYY] and Viy = Var[P|F!"]. Define

c+YVun
= T'UN 53
7T(C, Tp) c 4 'VVIN ’ ( )
so A(c, 7,) = /7(c, 7,) — exp(yb). Notice that Vi > Vin. Therefore, we have
6_77' _ c+ ’7‘/}N — (C+ /YVUN) _ V(VIN — VU;V) <0. (54)
de (c+~Vin)? (c+7Vin)
It immediately follows that 22 < 0. The derivative of 7(c, 7,,) with respect to 7, is
— 1 1 1 1
o Toanr c+1 (i )| f e o (B ) (55)
ot N (c+~Vin)? ’
in which the numerator can be simplified as:
2
=V Tz
<0. 56
(Tw + 7 + 7)%(7e + 7)? (56)
Therefore, g—;; < 0 and thus g_pr < 0. l

A.10 Proof of Proposition

Proof. Recall that the equilibrium price signal precision 7, is determined by  f (7,,) + (¢* —
1)e = B(r,), where f, B are defined in Eq. (48]). By inspection, we know that B'(7,,) >
0. Recall that f'(7,) > 0. Therefore, if 7, increases, then 7, must also increase for the

equation vf(7,) + (e2?* — 1)c = B(r,) to hold. In other words, g% > (0. Moreover, since
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T B Bl/ﬁs)

» = (5 % )27, we immediately get

> 0. Recall that the expression for the expected

firm profit E[II| as a function of 7, is given in Eq. ([15). Direct calculations show that

‘?(;E_T[nm = [4(7. + 7,)?]"" > 0. By the chain rule, we get = aE[H] = agg} g:: > 0. O
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