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1. Introduction

Limited participation has long been one of the puzzling phenomena in the financial markets (Mankiw and Zeldes, 1991; Haliassos
and Bertaut, 1995; Bertaut and Starr, 2000; Guiso et al., 2002; Campbell, 2006; Christelis et al., 2010, 2013). For instance, Giannetti
and Koskinen (2010) show that the participation rates in most countries are below 30%, and the fraction of investors who participate
in the financial market is much lower than expected (Campbell, 2006; Giannetti and Koskinen, 2010; Christelis et al., 2013). High
participation is welfare-enhancing for almost all investors, so market incumbents who already trade in the market may have an
incentive to induce more participation when they are large and have market power.! While limited market participation has been
widely analyzed in the literature, the analysis from the market power perspective is missing.”

In recent years, a prominent trend in the financial markets is that traders have become more and more concentrated (Bebchuk
et al., 2017; Kacperczyk et al., 2022). For example, BlackRock, Vanguard, and State Street (“Big Three”) manage over $15 trillion and
possess over 82% of the total capitalization of the S&P 500, which has drawn much attention from both regulators and academia
(Rock and Rubinfeld, 2017; Bebchuk and Hirst, 2019). These gigantic traders, with enormous market power, could significantly
influence asset prices.®> Moreover, market makers in many financial markets are likely to have market power (E.g., Shachar, 2012;
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1 Individual investors outside the market can diversify their portfolios by market participation, which is beneficial for market incumbents because risk-sharing
is enhanced with more market participants.

2 Pprevious studies have proposed several explanations for limited participation and its impact on asset pricing and welfare (Constantinides, 2002; Hong et al.,
2004; Alan, 2006; Bogan, 2008; Easley and O’Hara, 2009; Almenberg and Dreber, 2015; Conlin et al., 2015).

3 Most of the recent research has focused on the trading behaviors of large investors and their impacts on market efficiency, systematic risk, and price
informativeness (Gabaix et al., 2006; Cuoco and Kaniel, 2011; Basak and Pavlova, 2013; Koijen and Yogo, 2019; Kacperczyk et al., 2022; Ben-David et al.,
2021).
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Ang et al., 2013). Therefore, given the fact of limited market participation, it is appealing to study whether and how large traders,
especially large market makers, influence small traders’ participation decisions. In this paper, we address this problem by developing
an asset pricing model with non-competitive market makers and limited participation due to investors’ ambiguity aversion.

We develop a two-period non-competitive model with a single risky asset and three different types of investors: sophisticated
investors, naive investors, and market makers. Each sophisticated investor is subject to a liquidity shock, which generates trading
demand for liquidity (Vayanos and Wang, 2012). Naive investors, however, are ambiguity-averse, so they only participate when asset
prices are favorable enough (Easley and O’Hara, 2009). There is a countable number K of market makers with market power who
actively trade in the market and provide liquidity. Both market makers and naive investors (if they participate) essentially provide
liquidity to sophisticated investors and share the risk (Grossman and Miller, 1988). Moreover, to analyze the effect of information
asymmetry, we also consider the case in which sophisticated investors have more information advantages than market makers and
naive investors.

Our primary objective is to explore how market power of market makers affects the participation decisions of naive investors and
the risk-sharing outcomes. The competitiveness among market makers is measured by the number of market makers K, and market
makers become more competitive and have less market power as K increases. When K is one, there is one monopolistic market
maker, and when K goes to infinity, market makers are fully competitive and have no market power. Market makers consider the
demand functions (or the best responses) of other investors before they post the price (e.g., Kyle, 1989; Liu and Wang, 2016). The
naive and sophisticated investors choose their optimal orders, and then market makers provide liquidity and clear the market.

We first solve a model with symmetric information, and we find several observations. The equilibrium price is piece-wise linear
and consists of five ranges conditional on the varied liquidity shock. The five price ranges include whether naive investors participate
or not. When the liquidity shock is large (either positive or negative), naive investors participate in the market. We thus have two
bordering price ranges in which the price is either very high or very low. We have three middle price ranges when the magnitude of
liquidity shock is small, in which naive investors do not participate, and only sophisticated investors and market makers trade in the
market. Among the three price ranges, when the liquidity shock is somewhere in the middle, the price is sensitive to the liquidity
shock. For the other two price ranges, however, we have “flat-price ranges” in which the prices are insensitive to the liquidity shock.

Given those observations, our first result is that the market power of market makers decreases the non-participation range of
naive investors. The price is determined by the market clearing condition, which varies conditional on the participation decisions of
naive investors. Because naive investors are ambiguity-averse and do their best to avoid the worst-case outcomes, they only trade
when the price is below the minimum possible mean payoff or above the maximum possible mean payoff (e.g., Easley and O’Hara,
2009). The participation of naive investors can provide additional liquidity, which is beneficial to market makers. Thus, if market
makers have market power, they would like to affect prices to induce more participation by naive investors. For this reason, the
non-participation range of naive investors decreases as market makers become less competitive.

Our second result is that the return volatility increases with the market power of market makers. The changes of return volatility
relies on how market power affects price volatility, and there exist two competing forces. First, price impact, as market friction,
increases price volatility. Second, we identify some “flat-price ranges” where the asset price is insensitive to liquidity shock in the
symmetric information case. Although the flat-price ranges disappear when information is asymmetric, they decrease price volatility.
It turns out that the second force is dominated by the first so that when market makers are less competitive, the price volatility
becomes higher. As a result, the return volatility increases with market power.

Third, we conduct a welfare analysis and find that as market makers have more market power, sophisticated investors are worse
off, while market makers and naive investors are better off. When market makers have more market power, naive investors are
more likely to participate in the market, and hence their ex-ante expected utility increases. The participation of naive investors
provides additional liquidity, which alleviates the market friction of price impact, increasing the ex-ante expected utility of market
makers. However, it would be more difficult for sophisticated investors to hedge the liquidity shock because market makers trade
less aggressively with market power. Even though naive investors are more prone to participate, ambiguity aversion keeps them
from trading too much. Therefore, sophisticated investors have to bear more risks, which reduces their ex-ante expected utility.

Moreover, we analyze how information asymmetry affects the participation decisions of naive investors and risk-sharing outcomes
by considering an economy in which sophisticated investors can observe a private signal but market makers and naive investors
cannot. We find that asymmetric information has two opposing effects on the participation decisions of naive investors. On the one
hand, information asymmetry strengthens the motivation of market makers to seduce naive investors to participate in the market and
provide liquidity, leading to more naive investor participation. On the other hand, information asymmetry decreases the incentive of
naive investors to participate because they are uninformed. Which effect dominates the other depends on the demand for liquidity
provision. When the demand for liquidity provision is low, the compensation for liquidity provision is low; thus, the second effect
dominates the first, leading the non-participation range of naive investors to increase with the information asymmetry. On the
contrary, when the demand for liquidity provision is high, the liquidity premium is high; thus, the non-participation range of naive
investors decreases with the information asymmetry.

We also explore how information asymmetry affects return volatility and the welfare of all investors. Because both market makers
and naive investors are uninformed liquidity providers in the asymmetric information case, they ask for higher compensation for
liquidity provision as information asymmetry increases. In this case, the price deviates more from the fundamental value of the
risky asset, resulting in higher return volatility. For welfare analysis, sophisticated investors, as the liquidity demanders, are always
worse off with information asymmetry because the liquidity premium increases. Moreover, when the demand for liquidity provision
is low, both market makers and naive investors are worse off due to less participation by naive investors and less risk-sharing. When
the demand for liquidity provision is high, the welfare of naive investors and market makers increases with information asymmetry
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because naive investors are more likely to participate in the market, leading to more liquidity provision and risk-sharing. This
situation is likely to happen when there are many naive investors in the market.

Our paper relates to several strands of literature. First, our paper relates to the literature on the impact of demands of large
institutional investors or market makers on asset prices. Koijen and Yogo (2019) and Ben-David et al. (2021) explore whether the
trading behaviors of large institutional investors increase market volatility. Kacperczyk et al. (2022) prove that the total size of large
institutional investors and the concentration of their ownership affect price informativeness in different directions by developing a
general equilibrium model. Our paper features the price impact of market makers in the market and emphasizes how their market
power over the price influences the participation decisions of other investors.

Second, our paper also contributes to the literature on non-participation in the financial market. Previous studies show that
participation costs such as borrowing constraints (Constantinides, 2002), trading costs (Alan, 2006), information costs (Bogan, 2008),
and individual factors, such as social interaction (Hong et al., 2004), financial literacy (Almenberg and Dreber, 2015), and personal
traits (Conlin et al., 2015) can lead to limited participation. We focus on how limited participation originated from ambiguity
aversion and study how market power can affect it.

Third, we add to a growing literature on ambiguity and asset pricing. Many asset pricing puzzles, such as limited participation,
equity premium puzzle, and excess volatility, can be explained by embedding ambiguity in an otherwise standard model. For
example, Huang et al. (2017) suggest that limited participation arises when investors are ambiguous about the correlation between
the payoffs of assets. Epstein and Schneider (2008) theoretically prove that ambiguity leads to underreaction by investors toward
good information and overreaction to bad one. In this paper, naive investors are ambiguity-averse, and we endogenize their
participation decisions to investigate how an imperfect competition affects non-participation.

Moreover, our paper relates to the literature about market-making in which market makers supply liquidity for immediacy and
ask for a risk premium to compensate for their cost (e.g., Grossman and Miller, 1988; Vayanos and Wang, 2012). Market power, as
one of the most important features of market makers, is well studied in the literature both theoretically (e.g., Kyle, 1989; Liu and
Wang, 2016; Chen and Wang, 2020) and empirically (e.g., Bellia et al., 2020). Our paper, complementary to the literature, studies
how the market power of market makers affects participation decisions of ambiguity-averse investors.

We employ a similar modeling choice as Grossman and Miller (1988), Kyle (1989), and Vayanos and Wang (2012) and analyze
the general risk-sharing problem. Thus, our model is applicable to many centralized financial markets where large traders with
market power essentially play the role of liquidity providers (market makers). Moreover, although we do not explicitly consider the
bid and ask prices in some OTC markets (e.g., Liu and Wang, 2016; Chen and Wang, 2020), we believe the general idea can still be
applied to the OTC markets with designated market makers.

The rest of the paper proceeds as follows. In Section 2, we present the model. In Section 3, we examine market participation
under symmetric information. In Section 4, we extend the model to the situation under asymmetric information. We conclude in
Section 5. All proofs are provided in Appendix A.

2. Model

We consider an economy with two periods, t = 0, 1. There are two assets in the financial market: a risky asset and a risk-free
asset. The risky asset has a payoff v at t = 1, where v is normally distributed with mean u and variance o2. The price of the risky
asset, p, is endogenously determined by the financial market equilibrium at ¢ = 0. The risk-free asset has an infinitely elastic supply,
so it has a constant price of 1.

There is a continuum with mass one of agents, who are classified into three groups: a fraction 1 —p— 1 of agents are sophisticated
investors (.5), a fraction p of agents are naive investors (N), and a fraction 4 of agents are market makers (M). The sophisticated
investors are standard expected utility maximizers with rational expectations about the parameters of the risky asset payoff. To be
specific, they believe that E[v] = /i and Var[v] = o2. The naive investors are ambiguity-averse and are uncertain about the mean of
the risky asset payoff. They believe that the mean belongs to some intervals, u € [u,u], and we use Ay = u — u to measure their
ambiguity on the mean. - -

We consider the non-competitive behaviors of market makers. In particular, there are K identical market makers, and each
has market power i1/K. The total fraction of market makers A is unchanged with K. In this setting, K measures the market
competitiveness. The market becomes more competitive when K increases. There are two special cases: Case K = 1 means that
there is one monopolistic market maker with market power 4, and Case K = +o indicates that market makers are fully competitive
and have no market power. Thus, our model is general enough to capture the competitiveness of market makers in the financial
market.

Moreover, all agents have CARA utility with the risk aversion parameter z:

UMW) = —exp(—t W), 6)

where W, (i = S, N, M) is the final wealth for each group of agents.

Each sophisticated investor is subject to a liquidity shock z(v— E[v]) at t = 1, where z ~ N (0, af) and independent of the payoff v.
Sophisticated investors observe the liquidity shock z before trading, while other agents cannot. Because the liquidity shock perfectly
correlates with the risky asset payoff, it generates trading demand for liquidity (Vayanos and Wang, 2012). For this reason, market
makers and naive investors essentially provide liquidity to sophisticated investors and share the risk. However, naive investors are
ambiguity-averse and only participate when the asset prices are favorable enough (e.g., Easley and O’Hara, 2009). Thus, in this
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setting, we explore how the non-competitive behaviors of market makers affect the participation decisions of naive investors and
the risk-sharing outcomes.

All agents trade at + = 0 and consume at 7 = 1. The trading mechanism is similar to those in Kyle (1989) and Liu and Wang
(2016), in which market makers take into account the demand functions (or the best responses) of other investors before they post
the price. Naive and sophisticated investors choose their optimal orders, and then market makers provide liquidity and clear the
market.

In our model, market makers are the primary liquidity providers facilitating trading and risk-sharing. In addition, they also
possess market power and have price impact. Both are the crucial features of market makers in the financial market. Our model
follows previous seminal work about market makers, such as Grossman and Miller (1988) and Kyle (1989), and focuses on the
risk-sharing problem. The setting in our model could apply to many centralized financial markets with market makers, such as
foreign exchange markets, stock markets like the NYSE and NASDAQ, and OTC markets with influential market makers.

We model asymmetric information by assuming that sophisticated investors observe a private signal s, while all agents, including
naive investors and market makers, observe a public signal £. To be specific, the private signal is a noisy signal about asset payoff:

s=v—E,[v]+e, 2

where ¢ ~ N (0, 03), and e and v are independent. Moreover, following Liu and Wang (2016), we assume that the public signal ¢ is
a noisy signal of the private signal:

E=s5+n, 3)

where n ~ N(0, arz’), and 5 and s are independent. Sophisticated investors observe s before trading, but other agents cannot. Since
sophisticated investors are also subject to the liquidity shock z(v — E[v]), the liquidity shock prevents the information from being
fully revealed by the price, which is the standard modeling choice in the rational expectations equilibrium (REE) literature.

In the following sections, we display the equilibria under symmetric and asymmetric information and explore the impacts of
market power of market makers on the participation decisions of naive investors and asset prices.

3. Market participation with symmetric information

In this section, we consider the case with symmetric information and examine how the non-competitive behaviors of market
makers affect the market participation decisions of naive investors and risk-sharing outcomes. In an economy with symmetric
information, sophisticated investors do not observe any private signals, and all agents have the same information set.

Sophisticated investors choose holdings xg of the risky asset to maximize the expected utility of the final wealth:

Ws =Wgo+ (- p)xg+z—-Eylv)), 4)

where p is the price of the risky asset and Wy, is the initial wealth of sophisticated investors. E, [-] is the expectation operator taken
under the assumption that E[v] = u. Given the CARA-normal assumption, the demand function of sophisticated investors is:

E,l0] - p

X =4 - _
s, 2) TVario] z 5)
The final wealth of naive investors is:
Wy =Wno+@-pxy, (6)

but they are uncertain about the mean y of the risky asset payoff. Following Gilboa and Schmeidler’s (1989) axiomatic foundation of
ambiguity aversion, naive investors maximize their minimum expected utility over the set of possible distributions. For this reason,
they choose holdings x, to maximize:

Mgllglm E, [— exp (—TWN)] =—exp [—r ;é}'glm (E“[WN] - %Var[WN])] . 7)

According to Gilboa and Schmeidler’s (1989) maxmin utility function, the demand function of naive investors is:

E, [vl-p
17\7ar[u] ’ p< Eﬁ[u]’
Xy = 0, E,[v] < p < Eglv], (8)
Bl =p E-[o] < p.
Var[v] ’ "

The demand function implies that the naive investors will not participate in the financial market when the price is between the
minimum possible and maximum possible means (Ey[u] <p< Eg[u]).

4
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Market makers, like sophisticated investors, hold rational expectations about the payoff of the risky asset. They set the price
schedules given the demand functions of naive and sophisticated investors and clear the market after receiving the orders from
investors. The market clearing condition is given by:

K

3 Ly + (L= 2= X 5(p.2)+ p Xy (p) = 0, ©)
k=1 K

which determines the equilibrium price, where x,, , is the demand of the k,, market maker. Then, the k,, market maker chooses
holdings x,, , of the risky asset to maximize the expected utility:

E, [— exp (_TWMA,k)] = —exp [—‘r (E‘;[WM',(] - %Var[WMyk])],

“# for simplicity, we derive Theorem 1 to provide the equilibrium prices and

given X¢(p,z) and X, (p). Denoting Z(u) =
equilibrium demands of all agents in closed-form.

Theorem 1. When there are K market makers, each with market power 1/K, the equilibrium price is piece-wise linear in liquidity shock
z and consists of five ranges:

b
j— PZEH=Apz <1+ Mbyto )Z(M)
S+
7 <1+T"”>Z(m z<<1+ "”“)Z(m
~ (1-A—p)z Ab,, 762 — Ab, 76?
p= ﬂ—ma <1+ l—l;.—p Zw<z< |1+ 75 Z(u), (10)
Ab, Ab
2 <1+ o >Z(l4)<z <1+ - >Z(ﬂ)
Z(u)+(1-A—p) b,
_ﬂﬁH—“ 1.{_1/1m Zw) < z,
=5+, » =

and the corresponding demand of the k,, market maker is:

N Ab,
by(i = p), z< ( ) 2.
(l—ﬂ—p)Ez—Z(;T)]’ <1 + e )Z(M) < <1 + Powr )Z(M)
N Aby,To? — Abyyt
Xpmk = bnp(ﬂ_P)’ <1+ 17;75 >Z(ﬂ)<z <l+ T )Z(E), 11
(I=A=p)|z=Z(n)
PEZ ﬁ]’ <1+Ab TU)Z(#)<Z <1+Ab‘ro'>Z(”)
N b,
by(i = p). <1+ 1 j"p) Z(p) <z
where the coefficient b, and b,, are given by:
(1) When K =1,
1-4 l—2—p
=— =" 12
P 162 "1 - p)re? 12)
(2) When K > 2,
1—+/1- 4K-1)42
_ 1 K2
by, = ) 1= 2(K=1)4 ’ (13a)
K
[ —1)A2
| 1=p— /(1= pp - 2L
bnp = ; 1- 2(K—1)Z . (13b)
K
(3) When K — +oo,
b =b = L (14)

n .
p P 102

4 They also believe that E[v] = 4 and Var[v] = ¢2.
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Theorem 1 displays the equilibrium price and the demand of market makers under varied liquidity shock z. In general, the price
is piece-wise linear and consists of five different ranges with varied z. When the liquidity shock z is very low or very high, we have
price ranges (1) and (5) in which naive investors participate and trade with sophisticated investors and market makers. Range (1)
means the price is high enough, and range (5) means the price is low enough. Thus, naive investors participate in those two price
ranges. When the liquidity shock z is neither too high nor too low, we have price ranges (2), (3), and (4) in which naive investors
do not participate, and only sophisticated investors and market makers trade in the market. Among the three price ranges, price
range (3) happens when the liquidity shock z is somewhere in the middle, and the price decreases with z. For price ranges (2) and
(4), the prices are insensitive to the liquidity shock z (p = u in range (2) and p = u range (4)). In other words, we have “flat-price
ranges”. B

Our first result is about how the non-competitive behaviors of market makers affect the participation decisions of naive investors.
The price is determined by the market clearing condition (9), which varies conditional on the participation decisions of naive
investors. Because naive investors are ambiguity-averse and do their best to avoid the worst-case outcomes, they only trade when
the price is below the minimum possible mean payoff or above the maximum possible mean payoff (e.g., Easley and O’Hara, 2009).
For this reason, we have price ranges (ranges (1) and (5)) with naive investors’ participation and price ranges (ranges (2), (3), and
(4)) without naive investors’ participation. The participation decisions of naive investors crucially depend on the asset price, and
their participation provides additional liquidity, which is beneficial to market makers. Thus, if market makers have price impact,
they would like to affect the prices to induce more participation by naive investors. For this reason, the non-participation range of
naive investors changes with the competitiveness of market makers, and the result is formally shown in Proposition 1.

Proposition 1. The non-participation range of naive investors decreases as the market makers become less competitive.

To fully understand the result in Proposition 1, we need to look at the parameters b, and b,,, which measure the trading
aggressiveness of market makers with (subscript p) and without (subscript np) the participation by naive investors.® First, as K
decreases or market makers have larger price impact, both b, and b,, become smaller, which implies that market makers tend to
bear less risk. Second, b,, is smaller than b,, which means that market makers can trade more aggressively and bear more risk when
naive investors participate.® Because market makers are risk-averse, they ask for a lower price to bear the risk (Grossman and Miller,
1988), so bearing more risk means making more money. Thus, more participation of naive investors essentially brings more profits
so that market makers have an incentive to induce naive investors to participate when they have market power.

Fig. 1 numerically illustrates the results in Proposition 1. We consider several cases including the monopolistic market markets
(K = 1), the fully competitive market markets (K = +o0), and the oligopolistic market markets (K = 2,5). Clearly, we have the
lowest non-participation range when K = 1, and the highest non-participation range when K = +co.

The second result with symmetric information is the existence of “flat-price ranges” (ranges (2) and (4)), which is also due to
the non-competitive behaviors of market makers. In fact, when we have the fully competitive equilibrium (K = +o0), the flat-price
ranges disappear, and the price only has three ranges.” Note that naive investors only participate when the price is favorable enough,
but their participation will cause an adverse movement of the price. For example, naive investors only buy the risky asset when the
price is low enough, but the buying behaviors will boost the price. Thus, the market makers face a trade-off for the participation
by naive investors. On the one hand, more participation can alleviate the price impact of market makers, which leads them to
trade more aggressively. On the other hand, direct participation leads to an adverse movement of the price, which increases the
trading cost of market makers. Thus, when the price (or liquidity shock z) moves to the borders where naive investors are about
to participate, market makers change their positions to take varying risks until the benefits exceed the costs. For this reason, there
exist flat-price ranges. Moreover, as shown by Fig. 1, the flat-price ranges decrease with K.®

The existence of flat-price ranges raises the question of how non-competitive behaviors affect return volatility. Because the price
is “flat” and does not fluctuate with liquidity shock, this leads to less volatile prices in the particular price range. However, the
impact on the overall return volatility is not clear. To investigate this issue, we define return volatility as:

RetVol = Var[v — p], (15)

and show the result in Proposition 2.

Proposition 2. The return volatility increases as the market makers become less competitive.

5 To solve the model, we conjecture that the demand of market makers has the form x mx = aE;[v]—bp and solve b, and b,, with and without naive investors’

participation. Moreover, in the equilibrium, b, and b,, change with the number of market makers K, while other parameters stay unchanged.

6 Because naive investors provide additional liquidity, which essentially decreases the price impact of market makers ( aj" ), market makers can trade more
M

aggressively and make more profits.

7 When the market is fully competitive, we have b, =b,,, so ranges (2) and (4) disappear. For example, when the liquidity shock satisfies (1 + Ti”fﬂ ) Z(uw) <

z< <l + % ) Z(u), we have range (2). Clearly, range (2) will disappear if b, = b,,.
8 Note that the flat-price ranges only exist in the case with symmetric information. In the next section, we show that flat-price ranges disappear when

information is asymmetric.
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Fig. 1. Equilibrium prices and non-participation ranges under symmetric information. This figure shows both equilibrium prices and the non-participation ranges
of naive investors under symmetric information. The lines from dark to light represent the cases for K =1, K =2, K =5, and K = +co. Parameter values: g =0,
#=05pu=-05o0=10,=17=1p=02, and 1=0.4.

Proposition 2 shows that the non-competitive behaviors of market makers generally increase the return volatility. This is because
price volatility increases as market makers are less competitive.” The price volatility comes from the coefficients of liquidity shock
in the price functions, and there exist two competing forces of non-competitive behaviors in the model with symmetric information.
First, the existence of flat-price ranges decreases the price volatility in price ranges (2) and (4) because the flat price is insensitive
to the liquidity shock. Second, price impact is a market friction, which increases price volatility. In particular, as K decreases,
or market makers have a large price impact, both b, and b,, become smaller, which leads the price to be more sensitive to the
liquidity shock.'® As a result, the price volatility is higher. It turns out that the second force dominates the first so that even though
the flat-price ranges are larger when market makers are less competitive, the price volatility becomes higher and return volatility
increases. Therefore, the non-competitiveness of market makers leads to higher return volatility. Fig. 2 numerically illustrates the
results in Proposition 2.

Next, we explore how the market power of market makers affects the welfare of investors. We conduct the welfare analysis by
comparing the expected certainty equivalent E[CE;] (i = S, N, M), where CE; is defined as:

CE; = L log B 17,1, (16)
T

and Z, is the information set of type i investors. Proposition 3 shows the result.

Proposition 3. As market makers become less competitive, market makers and naive investors have higher ex-ante expected certainty
equivalent, while sophisticated investors have lower ex-ante expected certainty equivalent.

Proposition 3 demonstrates results from the welfare analysis. First, as market makers have more market power, sophisticated
investors are worse off, while both market makers and naive investors are better off. When market makers have more market power,
naive investors are more likely to participate in the market, and hence their ex-ante expected utility increases. The participation
by naive investors provides additional liquidity, which alleviates the market friction of price impact, and hence increases the ex-
ante expected utility of market makers. For sophisticated investors, however, it would be more difficult to hedge the liquidity
shock because market makers trade less aggressively with price impact. Even though naive investors are more prone to participate,
ambiguity aversion keeps them from trading too much. Therefore, sophisticated investors have to bear more risks, which reduces
their ex-ante expected utility. Fig. 3 numerically illustrates the result in Proposition 3.

9 Note that, in the model with symmetric information, the return volatility and price volatility satisfy that Var[v — p] = Var[v] + Var[p] because v and z are
independent. When information is asymmetric, v and z are not independent any more.
10 In the Appendix A, we show that b, and b,, are in the denominators of the coefficients of the liquidity shock.
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Fig. 2. Return volatility under symmetric information. The figure shows return volatility under symmetric information with varied numbers of market makers.
Parameter values: i =0, u=0.5, u=-05c0=1Lo.=17=1p=02 and A =04.

4. Market participation with asymmetric information

In this section, we analyze how asymmetric information affects the participation decisions of naive investors and risk-sharing
outcomes. In an economy with asymmetric information, sophisticated investors receive a private signal s as in Eq. (2), and all agents,
including market makers and naive investors, observe a public signal ¢ as in Eq. (3). Given the private signal s, liquidity shock z,
and the price, the demand function of sophisticated investor is:

E;lvls]—p
—_ H —_—
Xs(p,s,z) = Variols] - a7
By the projection theorem, given the private signal s, the conditional mean and variance of payoff v are:
E, lvls] = p+ B;s, (18)
Var[v|s] = (1 - pp)e?, (19)

where g; = ¢2/02, is the weight that the sophisticated investors put on the private signal s, and ¢? = o2 + o2 is the variance of

€
private signal s.
We conjecture that the price function has the form P(s,z,&) = P (x, &), where k is a compound signal of private signal s and
liquidity shock z:
K=S+ EZ
B

where h = —7(1 — f;)o? represents the hedging premium per unit of liquidity shock.

By the projection theorem, the conditional mean and variance of payoff v given the compound signal « and the public signal &
are:

E, [vlc.&] = p+py [(1 = By)x + fxé] . (20)
Var[v|x,£] = (1 - fy)o?, (21)
where
h%s? 2
Bx % by = -

= — = —f.
h?a2 + o2 0% + Py po?
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Fig. 3. Welfare analysis under symmetric information. These figures show the ex-ante expected certainty equivalent of different agents under symmetric
information with varied numbers of market makers. Parameter values: g =0, u = 0.5, u=-0506=1L0.=11=1p=02 and A =04.

Market makers and naive investors cannot observe the private signal s and liquidity shock z, but only the price p and the public
signal £. Because the compound signal x can be inferred from the price, the information set of market makers and naive investors

is {x,&}.

Naive investors choose portfolio x, to maximize their expected utility given the compound signal x and public signal &:

min E, [— exp (—tWy) |K,§] s

HE[p.H]

which is equivalent to:

i

. 1 2
E, [v]x, &] - - 21V LEIXE
g{lﬁlﬂ( o ol &1 = p) xy S Var(vlx, gy

(22)
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According to Gilboa and Schmeidler’s (1989) maxmin utility function, the demand function of naive investors is:
E,lvlx,1-p
- @@ E )
Varlole.g] p< E[Ulk,é‘]
XNk, &) = 0, EE[UIK,'S] < p < Eglulx, €], (23)
Ezlvlx, 1 -p

“TVar[olx,&] Eg{vlx. &1 < p.

Similar to the case with symmetric information, naive investors will not participate in the market when the price is between the
minimum and maximum possible conditional means given the signals.

Given the demand functions of sophisticated investors and naive investors and the information set {x,&}, market makers
determine how much liquidity they would provide. The market clearing condition is:

K
Z%XM,kHl—l—p)Xs(p,s,ZHpXN(p,K,é)=0~ (24)
k=1

Denote F(k,¢&) = ik — By [(1 - Px)k + ﬂxi] =E,[v|s]+ hz—E,[v]x,&], which equals to the difference between conditional means of

payoff given private signal {s} and {x, &} plus the hedging demand for liquidity shock. Theorem 2 provides the equilibrium prices

and demands of market makers in closed-form.

Theorem 2. When there are K market makers and sophisticated investors have private information, the equilibrium price is piece-wise
linear in the compound signal x and public signal & and consists of five ranges:

(A=A-p)F(x.8) | PR 2
1=A—p+2b,tVar[v|s])(a—p)
Var[ols] ¥ rVar[olxZ] (1=Aptib, £
Eﬁ[UlK',-}:JJF 1;:;:.\? ; ar| L";b , F(K,§)< - == s
TVar(ols] T tvar(olx.2] T40p

(1=A=p+ab,rVar[ols]) (A—p) (1=A=p+Ab,,rVar[vls]) (A—p)

— < —
Eﬁ[vlrf, &l, T < F(x,8) < - ,
(=i=p)F(x.0) .
1=A=p+Ab,,Var[v|s])(i—p) 1=A—p+Ab,,tVar[v|s])(i—
P =Ejlolx, £+ 2ot Ly NI ¢ e, ) < - ()G, (25)
H A=d=p Ly 1-A—p 1-A—p
tVar[v|s] np

(1=A=p+4b,,,rVar[vls]) (A—r)

Eglvlx. £, - < F(x ) < -0t iy

1-A—p 1-A—p ’
(A-i=p)F(x.&) L)) -
TVarlo]s] | tVar[o|xZ] (1=A=p+4b,7Var(vls]) (A-p)
E,;[UlK,é]+._,H,—M, - i, < F(x,§),
P

P R
TVar[v|s] + tVar[v|k.&] +

and the corresponding demand of k,;, market maker is:

(]—l—p+/1prVar[U|S])(ﬁ—ﬁ)
by(E;[vlx, €] - p), F(e,8) < - " ,
(1—/1—P)(F(K,§)+/7—ﬁ) (l—ﬂ—p+lb,,rVar[v|s])(;i—;4) (1—/1—p+ibnprVar[U|:])(ﬁ—y)
ArVar[v|s] ’ - 1—A—p < F(x,$) < - 1-A—p ’
X — (1=A=p+ab,,tVar[ols])(A—p) (1—-A—p+4b,,,Var[v]s])(A—H) (26)
Mk = b, (Elvlx, &= p), - v SFwO<- 1= :
_ (=A=p)(F(x.§)+A—F) _ (1=4=p+ b,z Var(ols)) (i—50) _ (1=A=ptabyVar(vls]) (a=7)
ArVar[u|s] ’ 1-A—p < Fx, 6) < 1-A—p ’
1=A—p+Ab,Var[v|s])(i—H)
by(Bylvlk, €1 - p), - NI < x, ),
where the coefficients b, and b,, are given by:
(1) When K =1,
A
1 Var[v|x.&]
b, = 1- s 27a
P Var[v|k, & I=d=p o __H» @72)
Var[v|s] Var[v|x,&]
i
1 Var[v|x.£]
= 1- . 27b
"P rVar[v|k, £] Imd=p 4 @75
Var[v|s] Var[v|k,¢]
(2) When K > 2,
1-A—p + Atp _ 1—A—p + Atp 2 _ AK-D A2
b 1 1 Var[v|s] Var[v|x.&] Var[v|s] Var[v|x.¢] K2 Varlulr(,.f]2 (28 )
P~ IVar[vlx, €| AK-D 4 , a
K  Var[v|x.£]
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Fig. 4. Equilibrium prices and non-participation ranges under asymmetric information. This figure shows both equilibrium prices and the non-participation

ranges of naive investors under asymmetric information. The lines from dark to light represent the cases for K =1, K =2, K =5 and K = +c0. The public noise

n and liquidity shock z are assumed to satisfy that n — ,,41 = 0. Other parameter values: i =0, u=05, y=-05,0=1,0,=50,=1,0,=57=1, p=02, and
X fd

A=0.6.

1—A—p : p) _ ( 1-A—p 4 P )2_ 4K-1) A2
b 1 ] Var[v|s] Var[v|«,&] Var[v|s] Var[v|«,&] K2 Var[v|x.£)? (28b)
"7 rVar[v|k, ] 2K-1) i :
K Var[v|x,&]

(3) When K — +oo,

1
bp = bup = Var[v|k, &]°

Theorem 2 shows the equilibrium price and the demand of market makers under asymmetric information. Similar to the
discussions under asymmetric information, we first consider how market power affects the non-participation range, return volatility,
and agents’ welfare. The definitions of return volatility and agents’ welfare are the same as those in the symmetric information model.
The non-participation range (NPR) is defined differently. We define the non-participation range of naive investors as follows:

(1= 4—p+ Ab,rVar[v|s]) Au
(1 =2-p)op ’
where o is the standard variance of F(k,&).

From the results in Theorem 2, we first find that the effects of the market power of market makers on the non-participation range,
return volatility, and agents’ welfare are qualitatively the same as those in the case with symmetric information. To be specific, with
asymmetric information, when market makers become less competitive, the non-participation range of naive investors decreases,
return volatility increases, and market makers and naive investors are better off while sophisticated investors are worse off. To save
space, we use an Online Appendix for the proofs of those results. Fig. 4 numerically shows the examples of equilibrium price and
non-participation ranges when K = 1, K = 2, K = 5, and K = +. In Fig. 4, we fix the public noise n and liquidity shock z,
and the price is piece-wise linear and consists of five different ranges with F(k,&).!" Note that with asymmetric information, the
flat-price ranges in Fig. 1 are not flat anymore. In fact, the prices in those ranges become conditional expectations and change with
the compound signal x and public signal &.

Given the above results, our focus here is on how asymmetric information affects the non-participation range, return volatility,
and agents’ welfare. To conduct a meaningful analysis, we need to find a proper measure of information asymmetry. With asymmetric

(29)

NPR =

. L Lo . . . . F(e0+Py By (n- - 2
11 Given the public noise # and liquidity shock z, we can rewrite the compound signal x and the public signal ¢ as functions of F(x,&): k = 71; ;( 2 )
1~ Pu
Fe &+ (1=p0] (n- 1 2)

and ¢ = o

Fig. 4.

. By inserting them back into the equilibrium price, we can obtain the equilibrium price as a function of F(k,&) as shown in

11
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Fig. 5. Non-participation range under asymmetric information. These figures show non-participation range under asymmetric information with varied 0'5 under
different o.. The lines from dark to light represent the cases for K = 1, K =2, K =5 and K = +co. Parameter values: i =0, u =05, y=-05,0=1,0. =1,
=1, p=0.2, and 1=0.6.

information, sophisticated investors have private information about their future liquidity shock z and asset payoff v, while market
makers and naive investors can only observe the price and a public signal &. Therefore, sophisticated investors have more information
advantages over both market makers and naive investors. The difference between the conditional variances for the uninformed
market makers and naive investors, and the informed the sophisticated investors is:
54520'20'4‘[2
Var[v|k, &] - Var[v|s] = 1€
(0'2 + 03) [6362‘12 <O‘2 + arz’ + 0'3) + o‘rzl (62 + (762_)]

>

which is monotonically increasing with 62, 62, and o, but not monotonically increasing with o7. Note that changing o> or 6 changes
the quality of aggregate information,'? and changing o2 alters the liquidity shock uncertainty. Therefore, following Liu and Wang
(2016), we use the 0',2, to measure information asymmetry and discuss how it affects the non-participation range, return volatility,
and agents’ welfare.

We first look at how information asymmetry affects non-participation ranges, and Proposition 4 shows the result.

Proposition 4. When the uncertainty of liquidity shock o‘% is small enough, the non-participation range of naive investors increases with the
information asymmetry; when the uncertainty of liquidity shock af is large enough, the non-participation range of naive investors decreases
with the information asymmetry.

Proposition 4 shows that how the non-participation range changes with information asymmetry depends on the uncertainty of
the liquidity shock. When the liquidity shock o2 is small, the non-participation range becomes wider with information asymmetry.
However, if the liquidity shock o2 is large, the non-participation range narrows as information asymmetry increases. In the
asymmetric information case, information asymmetry has two opposite effects on the participation decisions of naive investors.
First, with market power, market makers want to seduce naive investors into participating in the market and providing liquidity,
and information asymmetry strengthens their motivation to do so. Second, naive investors are uninformed, so information asymmetry
decreases their incentives to participate. When the liquidity shock ag is small, liquidity provision is less important and the liquidity
premium for liquidity provision is low. Therefore, the second effect dominates the first, so the non-participation range of naive
investors increases with the information asymmetry. On the contrary, when o2 is large, liquidity provision is more important and
the liquidity premium is high, so the non-participation range of naive investors decreases with the information asymmetry. Fig. 5
numerically illustrates our results.

Second, we examine the return volatility of the risky asset, and we show the result in Proposition 5.

Proposition 5. Whenever the uncertainty of liquidity shock ag is small or large, return volatility always increases with information
asymmetry.

Proposition 5 demonstrates that the return volatility increases as information asymmetry increases. In the case of information
asymmetry, both market makers and naive investors are uninformed liquidity providers. Therefore, as information becomes more
asymmetric, they ask for higher compensation for liquidity provision, which leads the price to deviate more from the fundamental,
resulting in higher return volatility. Fig. 6 numerically illustrates our results.

Finally, we explore how information asymmetry affects investors’ welfare, and Proposition 6 shows the result.

Proposition 6. When the uncertainty of liquidity shock o2 is small, all investors are worse off with information asymmetry; when the

uncertainty of liquidity shock af and the fraction of naive investors p are large, naive investors and market makers are better off with
information asymmetry, while sophisticated investors are worse off.

12 The quality of aggregate information is defined as 1/Var[u|s, x, £].

12
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Fig. 6. Return volatility under asymmetric information. These figures show return volatility under asymmetric information with varied numbers of market makers
and varied 63. The lines from dark to light represent the cases for K =1, K =2, K =5 and K = +co. Parameter values: g =0, u = 0.5, n=-050=1o0.=1,
=1, p=02, and 1 =0.6.

Proposition 6 shows the results of welfare analysis under asymmetric information. First, whenever o2 is small or large,

sophisticated investors’ welfare decreases with information asymmetry. As information becomes more asymmetric, market makers
and naive investors ask for more compensation for liquidity provision. Although sometimes more naive investors participate,
sophisticated investors are worse off in general when information is more asymmetric. Second, naive investors and market makers
become worse off with information asymmetry when o2 is small. From Proposition 4, we have shown that the non-participation
range increases with information asymmetry when o? is small. Therefore, both investors’ welfare decreases due to less participation
by naive investors and less risk-sharing. Finally, when af is large and there are many naive investors in the market, both naive
investors and market makers’ welfare increases with information asymmetry. From Proposition 4, when ag is large, naive investors
are more likely to participate in the market, leading to more liquidity provision and risk-sharing. Fig. 7 numerically illustrates our
results.

5. Conclusion

How do market makers with market power affect market participation and asset prices in the financial market? In this paper, we
develop an asset pricing model with both imperfect competition and ambiguity aversion. In the model, we assume that market
makers have market power and set the price after considering the best responses of other investors. We also endogenize the
participation decision by assuming that naive investors are ambiguity-averse. This leads naive investors to participate in the
market only when the price is attractive enough. Therefore, market makers could affect asset prices and influence naive investors’
participation decisions.

We find that the imperfect competition of market makers renders a narrower non-participation range. Because the participation
by naive investors could help traders share the risk, market makers have incentives to induce naive investor participation by
influencing the price. From the analysis of equilibrium price, we also find that the return volatility of the risky asset increases
with market power. We also conduct a welfare analysis of all agents. The results show that both naive investors and market makers
are better off when there is less competition from market makers, but the welfare of sophisticated investors decreases. The reason
is that even though more naive investors participate in the market, market makers trade less when they have more market power.
In addition, naive investors are ambiguity-averse, which also prohibits them from trading more aggressively. All these contribute
to the reduction in sophisticated investors’ welfare since it becomes more difficult to hedge the future liquidity shock.

We also explore the situation when sophisticated investors are informed about asset payoff while other agents are not. We find
that market power has the same effects on the non-participation range, return volatility, and agents’ welfare as those in the symmetric
information model, but the impacts of information asymmetry on the market depend on the uncertainty of liquidity shock. When
the uncertainty in liquidity shock is low, the demand for liquidity hedging is low, thus liquidity provision is less important. In this
case, the non-participation range of naive investors increases, and the uninformed investors are worse off with the information
asymmetry due to information shortage. When the uncertainty in liquidity shock is high, the demand for liquidity hedging is high,
thus liquidity provision is more important, the non-participation range of naive investors decreases, and uninformed investors are
better off with the information asymmetry.

Data availability
No data was used for the research described in the article.
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Appendix A

A.1. Proof of Theorem 1

=-0506=10,=1,

€

Proof. Substituting the demand function of sophisticated investors from (5) and the one of naive investors from (8) into market

clearing condition (9), we have:

A T62
i+ T s 020 = (= 2= 2]
2
P(xpi) =14+ % [Axpi = (1= 2= p)z],
—A=P
2
A+ 77 [ =0 ZG) = (= 4= )]

where x,, , denotes the k,, market maker’s demand.
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Given the price p’s intervals, we can compute the corresponding intervals on x,, ,, that is:

(1-4-p)[z-Z(u)|

pP<y s Xy < ————
_ (A=1-p)|2=Z () 1-A-p)[2-Z( (A.2)
USPp<HE © —E ]<xM,k<—( ”)LZ ®]
— 1-A-p)[z-Z(
Z<p N (-4 p)gz ] <Xy
where Z(p) = E~E In the following discussions, the conditions on the price will be replaced by the corresponding conditions on

762
xM,k .
The final wealth for the k,, market maker is:

Witk =W+ 0= PXpr )X k-

Given CARA utility, the optimization problem of market makers is equivalent to:

2

1
max  CEy, = (Eglvl — Py ) Xprs — zTV‘.ar[u]xW,

XM .k

where CE),, is the certainty equivalent of the k,, market maker. Since the demand function of naive investors (X (p)) takes
different forms as p changes, CE,, , will also change accordingly, that is:

(1-4-p)[z-2(u]

) _
CEM,k = CEM'k|XN(p)=£—_; 5 Xpp < B E—
CEpy = @ _ (1"1“’)[2‘2(&)] (=r-p)[z-Z ()]
’ CEy = CEM,k|XN(p)=o’ ———— SXy S ——,——»
3 — _ (1-A-p)[z—=Zw)]
CEV = CErly iz - S L)

(1-i-p)[z-2(w]

g and CE;&I)J( = CEE\?,/( when x,,, =

Note that CE),,, is continuous given that CEE\;)J( = CE;\%[)J( when x,,, =
(1-i=p)[z=Z(@)]

1
Taking derivative over x,, , of CE,, ,, we obtain:

dCEy dp
TM =E;lv]-p- (dxM,k + rVar[u]> Xpf ko (A.3)
dp
where > 0 from Eq. (A.1).
XMk
Next, we show how to calculate axa” . For the k,;, market maker, the residual demand D(p) equals to:
Mk
A
D(P):2EXM,/‘"'(I_}“_l))XS(p’Z)"'pXN(P)- (A.4)
J#Fk

From market clearing condition (9) and (A.4), we have
D(p) + %xw —0. (A.5)
Conjecture that the demand of the k,, market maker has the following form:
Xpx = aE,[v] = bp. (A.6)
Taking derivative over p in Egs. (A.4) and (A.5), and given that x,,, = XMk for j # k, we have:

oD(p) _ (K-1D4 0Xs(p, 2) + prN(P)

op Tb-‘—(l_/l_p) dap dap
and
ODG) _ 3 s
dap K odp
Therefore,
P A
0x,:k =__%b+(1_/1_l;)@+ aXde(p), (A7)
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Because the demand function of naive investors X y(p) takes different forms under varied p, % _ will change accordingly.

0x 0 k
Replacing axa” from Eq. (A.7) into (A.3), we have:
Mk
0 A
OCE 4 (1—/1—,,)[z—2(,4)]
Mk 1.
m:(Eﬂ[U]_P)_<W +TV31‘[U]>XMJ(, xM,k< —
” K 02
OCE oCE® 4 (1—/1—,))[:.—2(;1)] —
: M.k K “ A-A-p)[z=Z @] .
— = M (E.[v]-p) - | =K== +7Var[v] |xy,, ———1 < xy, < —22H
X a1 OX 1 (Eglv] - p) <K;1)Ab+1;:2—p (o] ) xark 7 SAME S 2
ICEY), = (E 2 v (U-A—p)[z-Z(D)]
PV ( alvl = 1’) - (K;(l)/l 2 +tVar[v] | xp 4, i < XMk

s

M,

ICE!
» ME (j =1,2,3)

The optimal demand of the market maker x
M .k

changes in the corresponding intervals.

(1-i=p)|z-2()]
(1) When x; < ——L =1

: (SO . .
Replacing CE Mk into (A.3), we can obtain the global optimal demand x

. should maximize CEy, ,. Therefore, we have to find how

or p< u.

Q)] s .
. that maximizes CE M

M,
x(l) _ E[{[U] P _ Eﬁ[v] =P
Mk ™ op - 2
—— +Var[v X
0xp ko [l (K-me 5 + 70>
Tk "2

Given that x(1\14) B takes the form:

I _
Xk = a,E,[v] = b,p, (A.8)
the coefficients a, and b, satisfy the following equations:
a, = bp,
1
b, = n
K 2
®—= + 0
K-1A 1-4
(pr+ﬂ7
Solving the second equation about b,, we derive that:
1-4 -
X k=1,
1y 12 HK=D2
L1 & K>2
b=y |!"— | 22, (A.9)
K
Lz, K =400
70"

Substituting the demand function of sophisticated investors from (5), the one of naive investors from (8), and the one of market
makers from (A.8) into market clearing condition (9), we can obtain the equilibrium price under x,, , = X .

Mk
plfi—p
. (m{) +(1-41-p)z
p=p- - . (A.10)
Abp + 2

» b, 70 ) )| (1-i-p)[z-2 ()] acEY,
In addition, when ( 1+ l”—” Z(u) < z, we have Xy <—— Therefore, when x,, , < —_— for the =

—_— T N ” M.k

we have the following results:

(=A-p)|z—Z(n) Abyro”
>0, xM’k<#, z< (1+ 1f:fﬂ>Z(M),
oCED )
Mk ||>0, XM < Xpr o (A.1D)
0Xpr _ D ab,t0?
K =0, XMk = Xpr g 1+%) Z(p) < z.
W (1-1-p)|z-Z(w|
<0, X/ <xpyp < ————
(1=A=p)|z=Z(p) —A-p)z-zE —
(2) When # Sy < HRLZ@) oy < <
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Replacing CE( ) . into (A.3), we can obtain the optimal demand x

@ E,;lv] - _ E;lv] -
XM= —op_ - A
+ rVar[v]
OX pr ke W + 102
K 162

()

Given that Xy takes the form:

x@
Xpk = AnpEalv] = bypps

the coefficients a,, and b,, satisfy the following equations:
Qpp = bnp,
1
byy = 7

4+ 102
(K;l)/lb e,

et re2

Solving the second equation about b,,, we derive that:

np>

1-A—p

(=pya?’ k=1,
4K-1)22
b . (1=pp- AL
w2 | T 2(K=D2 ’ K22,
K
1
—, K =+c0
TO
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that maximizes CE(2> :

(A.12)

Substituting the demand function of sophisticated investors from (5), the one of naive investors from (8), and the one of market

makers from (A.12) into market clearing condition (9), we can obtain the equilibrium price under x,, , = x

_(d-a- p)z
Ab, + =5

In addition, when <1 + ) Zu) <z < (1 +

(1=A=p)|2=Z () A2z oCE‘Z)
il Tl M, for the

>0, —— "l <y < WO
(1-i-p)| -2 (|

OCEg\fl)k >0, SxXpp < xﬁ),k,

3 )
axprg |17 XMk = Xprpe <1 *
<0, x(M)k <Xpyx S —(1 il )

(1-4-p)| -2 (w] <
- XMk

(1-i=p)[z-Z(@)]
A < A ’

<0

(3) When —(I_A_F)EZ_Z@] <X
Replacing CE;‘;) into (A.3), we can obtain the optimal demand x

kO p>.

(3) E[{[U] —-p E,}[U] -

XMrk =

A

K 2
— — + 10
(KKl)/lb+l A

OX pr ok

(1)

3)
Then x M takes the same form as x M

) Z(y) we have

Aby,To

@ .
M k*

(A.13)

(I=A=p)|z=Z(n) e z—2Z
# < xg\zl),k < w. Therefore, when

Mk " we have the following results:
Mk

a< (144

>Z(ﬁ)$z<

(14

that maximizes CE( ) :

) Z(n),

<1+ Alb ;U >Z(M)

(A.14)

>Z(/A)<z

Substituting the demand function of sophisticated investors from (5), the one of naive investors from (8), and the one of market

makers from (A.8) into market clearing condition (9), we can obtain the equilibrium price under x,, , = x

B 41— 4= p)z

Ab, + =4

762

17

3) .
M k*

(A.15)
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In addition, when z < ( 1 +

we have the following results:

(=A-p)[z-Z@)] 3)

>0, Y < Xp ko

_ ) Ab,to
0CE5\fl)k =0, XMk =Xy o Z<<l+ - )Z(M)
—_— 3

0xpp k <0, (M)k < XM
(l—ll—p)[z—Z(ﬁ)] Ab, 762
<o, EEol=ZOl oy <1+ Z@) <

Finally, given the discussions above, we figure out the optimal Xy i that maximizes CEy -

Note that (1 + "’2) Z() < (1 + T )Z(ﬁ) < <1 + 2o )Z(g) < (

> VA (;4) and CE,, & is continuous.

Ab, _
(1) When z < <1 4+ 2 ) Z(u), we have:
acED, (1--p)|z-2Z(w|
- >0 Xpyp < ————
0x 0k ’ A
aCE®) (1=4=p)|z=Z(p)
Mi S P2 o UipZ@)
0Xpr i > 2 N Mk S 7 ’
OCE
_ = —A=p)[z—
aXM,k >0, (= ﬂ)gz Z(w)] <
aCEfl{k o
OXnk =0, Xpk = Xpp o
3)
<0, Xk < XMk

Therefore, CE,, , is maximized at x(];) © And the equilibrium price is shown in (A.15).

(2) When <1 £hpto ) Z() < <1 + u’""w ) Z(u), we have:

(1)
acE (1-4-p)|z-Z(w]
M .k =
. >0, Xpyp < ———
OCE
Sk _Jocep, o Gof=zw] (=ip[-2]
0X g 0X 01k >0 A S XMk S 2 ’
(3)
ik g Uimpl==2@]
0X 0 ? 4

Therefore, CE), , is maximized at w. And the corresponding equilibrium price equals to .

TD'2
(3) When <1 + ) ZG<z <1 +

> Z(y), we have:

(1)
aCE (1-i-p)|z-Z(w)]
M .k L
P, >0, Xprp < p s
(1-4-p)|z-Z(w] @
>0, ———— <Xy <X,
OCEy, | ocE?), A o Mk
Oxpry | Omk =0 Mk = Xprpe
1-4—, —Z(u
<0’ 5\24)k<stk<M;
(3)
9CE Nk A-i-p)[z-ZG®]
<0, —_—
0x M k A

Therefore, CE), , is maximized at xg\zl) .- And the corresponding equilibrium price is shown in (A.13).

(4)When<l+/llb_/l >Z(;4)<z (1+ )Z(u),wehave

)
aCE (1-4-p)|z-Z(w]
M .k =

m >0, Xy < I E—
JdCE 2 —i=p)| z— —
TTTMk _ ) oCEy, <0 (-4 ﬂ)[z Z@] <xn < UAp[=ZG]
OX pp i 0x p k ’ A S OMk S A

ICES), (-A—p)[z-Z(D)]

— K < 0’ R4 Sl YAl §

0x M k A

18

Ab,t6? —d=p)[z-Z @ e\ 2—Z (i JICE
1_”:}}) Z(u), we have w < xfl)k. Therefore, when x,, , > w, for the ——

3)
M k
>

(A.16)
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(1-4-p)|z-Z(w]

Therefore, CE,; , is maximized at - And the corresponding equilibrium price equals to p.

2
(5) When <1 + "Zp) Z(p) < z, we have
> 0. x <x
5 Mk xM ©
)
ICE, =0, Xpgp = x(1\14)k’
0x pp k ’ ’
(I=2=p)|z2=Z(p)
ICEy; <0, X0 <xy.< L 7]’
0X i
aCcED, <0 (1—A—p)[z—z@] - < U—imp[:=ZG0]
EETv 5 7 I XMmre X i,
oce®) l—de ) 2—7
ok o, (U=d=pz=ZG] _
0% 0 4

Therefore, CE,, , is maximized at x(]) And the corresponding equilibrium price is shown in (A.10).
Theorem 1 summarizes the results. D

A.2. Proof of Proposition 1
Proof. Given b, in Theorem 1, it is easy to prove that b, is increasing with K. Then, given the non-participation range which equals
to:
X Ab,ro? S S 1 by Y,
) - 29) = (o )
=i, (W) = Z(n) <‘ro‘2 1_/{_/)) H

we can easily obtain the result in Proposition 1. []
A.3. Proof of Proposition 2

Proof. Since v and z are independent, and price is a piece-wise function of z, return volatility can be computed as:

1
RetV ol = Var[v] + Var[p] = 6> + /(p(z) - Eﬁ[p])2 f(2)dz ’ s (A.17)

where f,(-) is the density function of the z.
From Theorem 1, E;lp] equals to:

Ibyrol
4355 )20 [pZ (@) + (1 = A= p)z] 762
/p(Z)fZ(Z)dZ=ﬁ _ /( g ) H [p () + ( P)Z] 0 fz(z)dz

0 1-4+ ﬂbl,’roz
AbypTo
<1+ L >Z(m
- / o (h—7) f(2)dz
(1+ ]” )ZC)

f(2)dz

Abnp
/(H >Z(”) (1= A—p)zzro?

( ’“’n[!'"’ ) 1= A—p+Ab,,r0?

u,,,
/<< »w,,,,m >>ZZ(:) (ﬁ - ﬁ) f.(2)dz
/+°° [ﬂZ(g) +(1-2- p)z] 70
N

I+ Mpm ) 20 1 — A+ Ab,70?

f(2)dz.

Suppose that = ji — %Ay and =+ %Ay, we have Z(u) = —Z(u). Then, E;lpl =i
Given the E;[p], price volatility can be rewritten as:

A 2
Var[p] =21, + %12 + 15,

where:

Ab,T 2
-(1+ 75 ) zw V4 1-4- 2
. 5/ ( ) " {[p )+ ( P)Z] 0 } fdz,

o 1-4+ llbp‘ro‘z

19
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(”Affﬁ: )Z@ (I=i-pzea? |
I; = / ) ——| fi(»)dz.

fﬂ'z
(I‘Mfzf,, zew | 1—4-p+ /lb,,p'raz

Then, we have:
oI 207621 A A Ab,To? _
Lo PP 2 a1+ 2— )z ).
db, 1—l+ibpz'o'2 8 1-4-p 1—-4-p
al, A 2 Ab,ro? b Ab,,T0? b
222 (v — )z )2 -f 1+ —2— )z ) =2 |,
oK 2 \l-4-p l—A—p =] oK l—A—p =] oK

or —2Ar6%1 A3 b, t62
i B 2+i<—’1 >fz 1+ 22 ) 240).
db, l=A=p+ib,,70 4 1-4-p 1-4A-p =

np

Given the above results, we obtain that:

oVarlpl _ oI, %, Aw? 9L, 915 by

0K b, 0K 2 0K ' ob,, 0K

4jrc?I;  0b, 247614 by,

1= A+Ab,ro? 0K 1= A—p+ Ab,ro? 0K

. . . . oVar .
Since I, and I; are both positive, and that b, and b,, increase as K increases, we have IVarip] < 0. Thus, the return volatility

decreases as K increases. []
A.4. Proof of Proposition 3
A.4.1. Welfare analysis of sophisticated investors

Proof. Given z, the equilibrium price from Theorem 1, and the demand function of sophisticated investors from (5), the certainty
equivalent of sophisticated investors is:

h— P 2
CEg = —(i— P(z))z + L A= P (A.18)
2 102
Then, the ex-ante expected certainty equivalent of sophisticated investors E[C E¢] equals to:
A P 2
E[CEg] = / [- (= Py z+ LEZPE (A.19)
2 2 702
JE[CE
and we prove that oEICEs] > 0.

Suppose that p=p- %Ay and u =g+ %Ay, we have Z(p) = —Z(u). Then, E[CE] can be rewritten as:

E[CEg] = 2CEg | +2CEg, + CEg3,

where:
2
Abyro? [pZG)+(1=4=p)z]za>
CE. - /(” i >Z@ B [pZG@) + (1 = A= p)z] 76> aal 1—J+Ab,70? I (s
St —o 1= A+ Ab,rc? 2 762 z ’

(1+ 725 ) 1=y
CEg, = /( -(A-n)z+ T f(2)dz,

2
( Abnpwz> <M>
1+ =L Z(w) 2 1=A—p+Ab,, 702
1=2=p pa (1—-A-p)zzo 1 A=+ ADnp
CEg3 = /< ) —<—p>z+ A E— fo(2)dz.

1*?3: >Z® 1 =A—p+ib,ro?

Then, we have:

22 f,(2)dz

Ab,ro? _
dCEg, A1 = A= pyr’e* (p+ Ab,T0?) /<1+ lb,”H )ZW
b, (1 — A4+ )ub‘,,‘rtfz)3 -

0

20
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ApAura® (1= 4= 2p = Ab,iz0?) /(1+”"’“’ 2z

zf,(z2)dz
3
2 (1= A+ Ab,70?)

)

Abyr?
/1/724#2 (1+ ToA >Z@)
- ’ f(2)dz
4(1— A+ Ab,ro?)” | /-0

. M1 —A—p+ 2/1bpmz)f <<1 . Ab,r0” ) Z@)
16(1 — 4 — p)2r6? z 1-A-p ’
ICEg, _ Ayl —p+2,1bm,mz)f <<1 L w70 > (ﬂ)> )
0K 16(1 — A — p)2z6? z 1-A-p 0K
~ M1 —A—p+ 2/1bpmz)f <<1 . Ab,r0? > Z@) ab,
16(1 — 4 — p)?t6? z I-A-p 0K’
Abppto

ICEs5 _ b,y A2(1 = A— p)ric" /(H -1 )Z(m P
b (1= 4= p+Ab,,7c2) <1 ﬂ,n,,m >ZW z

A3 (1 = A — p+24b,,76%) Ab,,t6?
- > - L+ —=—)zw .
8t0*(1 -1 —p) 1—-4-p =

OE[CEg] _ 0CEs, b L 9CEsy OCEs, db,,

np

Thus,

oK 7 ob, 0K 0K P 9K
T0'2
/<I+);b_pA—p )Z(m /1(221_0.2(1 —A-p) - pA”)(erO'Z(/J + }»bp‘rgz) + PAIl)f (2)d abp
. 2(1- 4+ ib,z0?)’ o

(H“’”"’” )Z@ by A2 = A= p)ie® | | db,,
+/< z fz(z)dzﬁ.

14 2apro? ’“’np”’ )Z(‘) (1=24—p+4b,,r62)

(22162 (1-A—p)—pAp) (22762 (p+Ab, 702 1+ pAp) ibyto

Because 3 > 0 when z < 1+
2(1—A+Ab‘,raz)
OE[CEg]
0K

> Z(u), and b, and b,, increase as K grows, we have

>0. [

A.4.2. Welfare analysis of naive investors

Proof. Given z, the equilibrium price from Theorem 1, and the demand function of naive investors from (8), the certainty equivalent
of naive investors E[CEy] is:

2
(#7855 )2 (i - Pa))? o (1= r@)
E[CEy] = / —fz(z)a'z+/ oo —zfz(z)dz.
—oo 2702 <1+ p >Z( ) 270

1-.

Suppose that y = ji — %Ay and u =g+ %Ay, we have:

<‘+ e p>2<m [4p(1 = A= p+ Ab,762) +2(1 = 4 — p)ro?z]’

E[CEN] = 2/ 5 [ (2)dz.
-0 8702 (l - A= Abp'raz)
JE[CE
Then, M equals to:
ob,
(H )Z(M) [2(1 —A—p)razz—pA,u] [2(1 —A—p)re’z—Au (1 —/1—p+/1bprt72)]
/ 3 f(z)dz.
—o 2(1=2— Ab,7o?)
—i—p)rolz— —i—p)ro?z—Au(1-i— 2 JE[CE
Because 1[2(1 A=p)t6°z pA;A] [2(1 A—p)to 23 A;A(l A—p+ib,to )] >0 when z< 1+ Abyto > Z(ﬂ), we have M <0. 0
2(1-4-Aby70?) 0K

21
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A.4.3. Welfare analysis of market makers

Proof. Given z, the equilibrium price, and the demand of market makers from Theorem 1, the certainty equivalent of market makers

E[CE,] is:
_ 1
E[CE,] = /[(M P@)xy i~ 570% ]fz(z)dz

Suppose that y = ji — %Au and u =g+ %A,u, E[CE,,] can be rewritten as:

E[CE)]=2CEy | +2CEy, +CEy 3,

where:
b
(1+ e )Z® b.(2 = b r62) [22(1 — A — p)ra? — pAul*
CEp, =/ e 2= byro) | . | f.(2)dz,
- 8 (1— A+ Ab,70?)
AbppTo
S /(1+ dnpre” )zo ~(1 = A= p)2z70? + Ap) [22(1 = A = p)eo? + Au(l + 4 — p)] o
M2 <1+ byt )Z() 8/121'0'2 z B
(H“L)Z@ Bup(2 = byt 2)(1 = 4 — p)Peic
CEys = / S 22 f,(2)dz.
(H%PU 2(1 = A= p+ Ab,,70?)
Then,
bpre” 2
ICEy /(1+ dii )z@ (1= A= byra®) [22(1 — 4 = p)ro? — pay] o
= zZ)dz
9b, oo 4(1 =2+ abyro?)’ :
b2 - bp‘raz)f . Ab,t0? 26
16(0—A-p) 7’2 1—A—p ’
0CEy, bpAAp (2 — b,,t0?) | Ab,,7c? ab,,
oK 6(—i-p = e K0 e
b AAP(2 — b, r062) b, ro? ob,
+ %fz 1+ —r Z()
16(1 — A—p) 1—A-p oK’
Abppto
OCE) 5 _ /(1+ z )Z(u) (1= 4=pP7%c* [1 = A—p—b,,(1-p)rc?] 2f 2z
9b, (1 Af”‘iwp )Z(_) (1 —A—p+ /lb,,proz)3 :
b,y AdP3 (2 - b,,70%) Ab,,70?
N A 1+—=2 )z )
* 8(1—A—p) Iz +1—/1—p )
Therefore,

Abpra®\ 2
OEICE,] /<1+1_"H>z<u> (1= A=b,76?) [22(1 = 4 = p)ro? — pdy| F s
A =0k

oK © 2(1— A+ ab,ro?)’
. /<1+“’"P”’ )Z@ (1= A= pP726* [ = 2= p—b,,(1 - p)rc?] 2 o db,,
z°f,(2)dz—.
(152 Yz (1= A= p+Ab,,70%)’° oK
OE[CE
Because b, > and b,, > & we have M <0
(I =pro oK

Proposition 3 summarizes the results. []

22
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A.5. Proof of Theorem 2

Proof. Substituting the demand function of sophisticated investors from (17) and the one of naive investors from (23) into market
clearing condition (24), we have the price as a function of the demand of the k,, market maker:

Eylvlk 2] E[v]s]+hz

i
Varioiedl TP “Narn
T—i—p

PR
Var[v|s] + Var[v|k.£]

AX M P

, P <E,[vlx. £l

TVar[v|s]Ax s

P(xpr) = {Eglvls] + hz + E, [vlx.¢] < p < Eglolk. &l,

1-2A—p ’
E_{v|x.£] E[vls]+hz
M ‘i
AXM P Narforeg TU4P)

TVar[uls]
,

1—i—p Eﬁ[Ul’C & <p.

TAmp L P
Varlols] T 7Var(ol~.Z]

Given CARA utility and the information set of market makers {«x, ¢}, the optimization problem of the k,, market maker is equal
to:

max  CEy = (Elolk, €] = PGy ) Xari — %rVar[vlk,cf]xiLk. (A.20)

XM k
By taking derivative over x,,, of CE,,,, we obtain that:

OCE )
0Xpp ke

= (E;[vlx, 81— p) - < +rVar[v|x, g]) Xpf k- (A.21)

dp
0X pp ke
Note that the demand function of naive investors X 5 (p, k, £) takes different forms under varied p, CE,, , will change accordingly,
that is:

1
CE\), = CEy,| Eyloledl-p » p <E,[vlx. &,
’ Xn(pkd)=Farma =
2 _
CEpi=1CEp i = CEpmily, oo E, [v]x.&] < p < Eglvlx. &,
3 —
CE = CE E-—{ulx&l-p » E.[v|k, &] < p.
Mok il N D=y !

Similar to the proof of Theorem 1, by conjecturing that the demand of the k,, market maker takes the form as in (A.6), we can
derive that:
A
dap K

T o S LI

Then, we solve the demand of market makers when p is in different ranges.
E, [vlx.2]-p

(1.) When p < EE[UPCf] and Xy (p,x, &) = N d

Since p < E, [v]«,¢], we need:

(1= 4= p [B,lol.81 = (Bylolsi +hz)| (= a=p) (Fue.0)+ - )
XMk < Aevar[ols] =" Aevar[ols] ’

where

F(k,&) =E, [v|x,&] - (E,[v]s] + hz).

(1)

E
We then solve the global solution x(/\14) . Which maximizes CE;;) . By setting — Mk — 0, we derive that:
B B M .k
o Eplleél-p E;lvlc,é1-p
VAT T Varoleg] 3 '
Oxpk ’ T — +tVar[v|x, ]
Kt Varhols  Varlona]

Given the form of x,,, in (A.6) and by using subscript p to denote the case when naive investors participate in the market, we
can derive that the coefficients a, and b, satisfy the following equations:

a, = bp,

b, =

1 .
,_f_‘, - + rVar[v|x, &]

(K-D4 +
tVar([v|s] * rVar[v|x,&]

K oot

23
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Solving the equation about b,, we derive that:

I i
1 _ Var[v|x.&] K - 1
iy it > ,
7Var[vlk, ] Varlols] T Varlolx 2]
Idp | by _ ( Iip | i4p )2_4(K—]) 2
bp = 1 1 Var[v|s] *~ Var[v|k.&] Var[v|s] = Var[v|x.&] K2 Va,[vl,(ﬂz K>2
- 2(K—D) 7 > Z 2,
tVar[vl|k, &] X Ve g
! K =+
tVar[v|k, &]’

1)
M k>

investors from (23) into market clearing condition (24), we can obtain the equilibrium price when x Mk =X

Substituting the demand function of market makers x
@ .
Mk
(=A=p)F (k) =P

tVar([v|s] tVar[v|k,&]

1-A—p ° :
TVar[v|s] Var[v|k,&] + Abp

p=E,lvlx. &1+

Because p < E,[v]x,£], we need:

(1= A= p+ab,zVar[u|s]) (4 — )

F(x,&) < —
(x, &) =i,
(1=3=p)( Fx.y+i—n ) Ey, )
Then, when x,, , < ———————*%, for the ————, we have the following results:
» ArVar[vls] axM X
1
>0, Xpp < xgw),k’
— _ 1=A—p+Ab,zVar[v|s])(i—
=0, Xapp=x" (1=A=p+Ab,rVar[v|s])(A—p)
dCE;f}k Mk = Mk Fe,8) <= 1—i—p ’
S o L (=A=p)(Fx.2ri—p)
M.k <0, xM,k < XM k <- AtVar[v|s] ’
(1=1=p)( (&1 (1-4=p+2b,eVarlels]) Gi—p)
>0, xM’k<_W’ F(x,8) 2 - 1—i—p .
(2) When E, [0k, ¢] < p < Ezlvlx,&] and X y(p, &, &) = 0.
Since Ey[vlz?, &1 < p < Eglulx, &], we need:
(=i=p(FoO+i-p) (1-2-p) (Fx.9)+a~7)
- < xM k g —_
ArVar[u|s] i ArVar[u|s]
2 2 Ejp
We then solve the global solution x(M) . Which maximizes CEjW) . By setting — Mk — 0, we derive that:
B i M .k
@ E;lvlx,&1-p E;lvlk,é1-p
VAT 0 Varlole.g] 3 '
PE ’ T '<+ ——— + tVar[v|x, &]

K P tVar[v|s]

Then, by using subscript np to denote that case when naive investors do not participate, we derive the coefficients a,, and b,,,

the following equations:

Ay, = bnp,
1
bnp =

n .
K= K i + rVar[v|x, ¢]

K Lot Narpolsy

Solving the equation about b,,, we derive that:

np>
A
1 Var([v|x.]
1- K=1
Var[olr, T, p , ,
eVarlvlxdl Varlols] T Varfolx gl
b = A A ( ldp 4 )2_4(1<—1) A2
np = 3 1 _ Var[v]s] ~ Var[v|x.&] Var[v]s] * Var[v|x.&] K2 Var[v|x.Z]2 K>2
tVar[v|k,£] 2(K-1) A s Z 4
K Var[v|x&]
1 K =400
TVar([v|k,£]’

24

the one of sophisticated investors from (17) and the one of naive

(A.22)

satisfy
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Substituting the demand function of market makers x? . the one of sophisticated investors from (17) and the one of naive

Mk’
investors from (23) into market clearing condition (24), we can obtain the equilibrium price when x,, , = x(1\24) &
A=A-p)F(k.5)
tVar([v|s]
p= E,;[U|K,§] e
S Y
Var[v|s] np
Because E,[v]x, ] < p < Eglvlx, £], we need:
(I1-2-p+ /lb,,prVar[vls])(ﬁ - ﬁ) (Il—A-p+ Abnl,TVar[vls])(ﬁ —-n)
- < Fx, < - .
1—-A-p 1-A-p
Therefore, when — 2SI (it D) g e e e have the following results:
ererore, when —W S Xpmie S _W’ or the FrTn , we have the fo owing resu ts:
(—amp)(Foei—p) (A=A p)(F (e E+A=T) (1=A=p+Ab,,eVar[o]s))(i—p)
<0, - ZrVar(ols] S Xy S - ZVar(ols] > Fx,9) <~ 1—i—p >
(=A=p)(Fdr+ii-p) ®
ocE® |17% T e S < X k
M .k ® _(1—A—p+/1b,,prVar[UISI)(M—g) < F(K 5) < _(1—A—p+Aan1Var[u\x])(ﬁ—Z)
0X py k =0 Mk = Xarge 1=i=p = s 1-i=p ’
@ (1=A=p)(F(k.£)+A—TH) |
<0 Xy, <X <= Jvar[vls] >
(lfifﬂ)(Fwi)ﬂ?fg) (1=4=p)(F(x.£)+A~T) (1=A=p+Ab,,rVar[v|s))(a—H)
>0, - ZrVar(ols] S Xy S ZrVar[ols] > - 1p—/1—p < Fx. 0.
Eglvlk&l-p
- — o 0eTh
(Z?) When Eg[v|«, ] < p and X 5 (p) = Nl
Since Eg[v|x,¢] < p, we need:
L _U-i-p(Fed+i—7)
X _
Mk AtVar[v|s]
3 3 aCEff)k
We then solve the global solution xgu) . Which maximizes CE;; .- BY setting ——— =0, we derive that:
, , 0X pr ke
e _ E,lvlc,é]1-p _ Elvlc,é1-p
MET T NVarlole ] 4 '
0Xpr i ’ T n + zVar[v|x, &]
K b+ TVar[v|s] + rVar[v|x.£]
Then, x . has the same form as x"
> M.k M k*
Substituting the demand function of market makers xfl) © the one of sophisticated investors from (17) and the one of naive
investors from (23) into market clearing condition (24), we can obtain the equilibrium price when x,, , = xf{) ¢
(=A-p)F(x.5) p(u—f1)
TVar[v|s] tVar[v|x,&]
p=Elvlk. ] + —— .
Ly —L— 4+ b
Var[v|s] tVar[v|k,¢] p
Because Eg[v|x,¢] < p, we need:
(1= A= p+ Ab,rVar[v|s]) (4 — 1)
F(x,&) > — .
1-4A-p
o dCE®Y
1=4—p)(F(c.&)+fi— M.k .
Therefore, when x,, , > — 2=~ WD) for the , we have the following results:
g ArVar[v|s] aka
_ (1=A—p)(F(k.&)+Aa—T) _ (1-A—p+ab,rVar[v|s])(A—n)
<0, ArVar([v]s] XM k> Fx.9) < 1-A—p >
ICE® _ U=A=p)(F(k.£)+a—p) 3)
Mk ) >0 JVar[ols] <Xk ( )z (A.23)
axMAk _ e _ 1—/1—p+/1bp‘rVar[U s])(a—u)
, =0, XMk = Xap o iy < F(x,§).
<0, x(;;’k < Xprps

Finally, given on the discussions above, we find x, , that maximizes CE,; .
(I—A—p+/1prVar[U|sJ)(;}—ﬁ) (1—/1—p+/1bnprVar[u|xJ)(ﬁ—ﬁ) (I*A*p‘FlbinVar[UIS])(ﬁ*m (l*}err/lbp‘rVar[uh])(ﬁfm
Note that — i < - i < - T < - iy

since
b, > b,,.
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(lflprrlprVar[U\s])(ﬁfﬂ)

(1) When F(k,¢&) < — =i , we have:
>0, Xprp < x(Ml) o
(1)
oCEy, =0, Xprx = x(n14)k’
0x M k ’

(1=3=p)( Fiy+i—p )
oCE ) _ "
a—M~,k = < 0’ stk < XMk < ArVar[vls] ’

XMk @ .
z)CEM’k <0 _(1—/1—#)(F(K,5)+M—g) <x <_ (1=2=p)(F(c.)+A—R)
OXpr i ’ 4rVarlv|s] SOME S Jevarls]
3) _
ICE N _ U=A=-p)(F(k.£)+ia—p) <x
U XMk ’ ArVar[vls] M k-

Therefore, CE), , is maximized at x
(l*l*p+lprVar[v|s])(ﬁfﬁ)

1
M,

(2) When — - < F(k, &) < — - , we have
(1) .
aCE (1=A=p)( F(,&)+n—p
Mk > 0, ka<——< *),
0x M k ’ ArVar[v|s]
E R
9Emk _ JocEy, <0 (=) Fix &) IO e G 57 )
axMYk OX 1k ’ ArVar[v|s] N Mk S ArVar[v|s] ’
) _
IEww 0 _Ui=p(Foed+ip) _
0x M k ’ ArVar[v|s] M k-

.+ And the equilibrium price is p".
(1=A=pAb,,7Var(vls]) (i—p)

(=3=p)(Fier+a-p)

Therefore, CE), , is maximized at —

ArVar[vls]
1—A—p+Ab,,tVar([v|s])(i—u) 1—A—p+Ab,,,TV: )
(3) When . Zal Jo-w Fle, &) < - 1742 lp_r:pr[um)w " we have
( (1) —A— [i—
CEL o I o (Foc+in)
0Xp ’ M.k ArVar[v|s] ’
(1—1=p)( Flx.y+i— ) @
>0, ———————— <xpp<xy,,
0CEp ;. | oce®, AzVar(vls] (; Mk ="Mk
Oxprg | Omk =5 Mk = Xy
@ _ (=A=p)(F(x)+i—T) .
<0, Xarg < XMk < ArVar[ols] >
ocEY .
Mk (1-A—p)(F(k.E)+A—7)
0Xpk <0, ArVar([vls] < XMk

Therefore, CE,, , is maximized at x(jl
(1=A—p+Ab,,Var(v]s])(A—w)

)

(4) When — s,

(1)
z)CEM’k

0x M k

JdCE 2)
Mk ICEy

< F(r, &) < -

Xpp <—

(=) Fix &) .

>0,

OX pp 4 0xp ke

(3)
z)CEM’k

0x M k

Therefore, CE), , is maximized at
(1=A—p+2b,rVar[v]s])(a—7)

ArVar[v|s]

1-A-p

(1=2=p)( Fx.y+a—pt)
ArVar[v|s] ’

_ (U=A=p)(F(c.£)+A—F)
ArVar[v|s]

S XMk <

(1—/1—p)(E,7[v|r<,f]—ﬁ—ﬁlr)

_ (1=a=p)(F(kE+a—F)
AtVar[v|s]

ArVar[v|s]

(5) When — = < F(k, &), we have:
acED, (I—A—p)(F(rc,/E)ﬂ}—y)
—Mk 5 0, Xppp < —— o,
0xp ke ’ ArVar[v|s]

ICE _(lfﬂfﬂ)(F(‘(sé)*ﬁ’ﬁ) <xn < _UAD(FEEA-T)
aCEM,k 0X pp k ’ ArVar[v|s] N Mk S ArVar[v|s]
0X 1 >0, -UAEESHD 6

3) ArVar[v|s] M .k
OCE
Mk =0 X _ x(3)
OX pr ke - Mk = Mk
<0 < x
’ Mk M k-

Therefore, CE), , is maximized at x
Theorem 2 summarizes the results.

(3)

M,

O

26

< Xpi-

5

. And the corresponding equilibrium price is p@®.

1—A—p+A4b,eVar[v|s]) (A—T)
Lk l)””,wehave

5

5

.+ And the corresponding equilibrium price is p©®.
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. And the corresponding equilibrium price equals to E,[v]x, &].

- And the corresponding equilibrium price equals to E[v|x, &].
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A.6. Lemma 1

Lemma 1. Given the b, and b,, in Theorem 2, we have the following results:

1. by, b,, and b, — b, are decreasing with o.

db b 0b, b,
» P np np
2 oVar[v|k,&] + Var[v|«.£] >0 and oVar[v|k,&] Var[v|x.£] 2 0.

Proof. When K = 1, given the definitions of b, from Theorem 2, we have:

A < 2(1—4—p) Ap )

abp _ 1 1 Var[v|x.£] Var([v|s] Var[v|x,£] <0
dVar[v|k, ] 7Var[vl|k, &2 Iimp ity 2 ’
Var[v|s] Var[v|k,£]
and
A 1-A—p
6bp 4 bp _ Var[v|x,&] Var[vls] >0
aVar[vk,&] * Var[vlx,¢] 2 ( dmimp e N
eVar(olr. ] (Varlvm + Var[uh«,ﬂ)
Similarly,
! 2(1—4—p) y!
abnp _ 1 1 Var[v|«,£] ( Var[v|s] + Var[v|1c,.§]) <0
oVar[v|k, &] Var[v|k, £]2 l—i=p 2 2 ’
Var[v|s] + Var[v|x.£]
and
i 1-A—p
abnp 4 bnp _ Var[v|k,£] Var[v|s] >0
oVar[v|x,&] * Var[v|x,&] 5 ( mimp A\
‘L'Val'[UlK, ¢l (Var[uls] + Var[ulk,;f])
Then,
a(bp - bnp) _ A 1 _ 1
oVar[vlx,¢] TVar([v|k, &P | 1= A Iimp | __itp
Var[v|s] Var[v|x,£] Var([v|s] Var[v|x,&]
(I1-4-p 1 _ 1 <0
Var|[v]s] ( 1—i—p A )2 ( l—i=p o __itp )2
Var[v|s] Var[v|x,&] Var[v|s] Var[v|x,&]
b ab oVar[v|x, ob, db o(b, — by,)
Note that —= = p__ SVarluled] anq [olx. €] > 0. Therefore, we have —, — = and ———"=" are all negative.
dg2  Ovarlvlcgl  do? 902 902’ 9c2 o2
.. s n . n n
When K > 2 and finite, from the definitions of b, and b,, in Theorem 2, we have:
1-A—p Atp itp HK-1) 22
ip (Var[u\s]+Val‘[v\K',5] )(Var[rf\ré])_ N2_ Var[olc I
Var[vlx¢] 1—i—p e \:_ k-1 22
ob, _ 1 . \/(Var[v\.rl+VarleK-5]) TN Varlow P2 <0
oVar[v|x,¢] 7Var[v|x, £]2 AK-D 4 )
K  Var[v|x,&]
and
1-4—,
Var[u|i1 +Var[u|/jc,.f] 1
1-A—p 1-i—p s \2_4K-=1) 22
0b, + b, _ Var([v|s] \/(Var[u\sJ"Varlu\m:J) N2 Var[o|x.2)? >0
oVar[v|x,&] * Var[v|x,&] ~ tVar[v|x, ]2 AK=D _ 4 :
K Var[v|x,&]
Similarly,
1-A—p A A _AK-1) 22
i (Var[m]*wr[uw,ﬂ )(Var[vwﬂ) N2 Varlole gl
Var[v|x.£] 1-i—p A 2 k-1 2
ob,, B 1 \/(Varfv\s1+Var[v\x,:l) TN Varlndl <0
dVar[v|x,&] rVar[v|x, & 2AK-D 4 ’

K  Var[v|x,&]

27
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and
Iip | 4
Var[ols] | Var[olx 2] —1
1-A—p 1—i—p i 2 ak-n _ 22
0b,, by _ Varllsl \/<Varlv|sJ+Vaer\m51) N2 Varlol.£P2 50
Var[olx.&] * Var[olx.&]  Var[vlx, £ D '
K  Var[v|x&]
Then,
o(b, —b,,)
—TVal‘[UllC,Af]z#
dVar[v|k, &]
Iip 4 1—i=p tp
Var[v|s] ~ Var[v|x.£] _ Var[v|s] ~ Var[v|x.£]
(17/17,74_ A )2_4(K—1) 2 (17/17,7_*_ Jtp )2_4(1@1) 2
Var[vls] * Var[o[x.g] N2 Var[ulx22 Var[v]s] * Var[o[x.Z] N2 Var[ulxZ2 1—-4A-p
2(K-1) A Var[v|s]

K Var[v|x.£]

( Ioip | iy )2 ak-y 2 ( i 4 )2 I )
Var[v|s] Var[v|x,¢] N2 Var[v|x.£]? Var|[v]s] Var[v|x.£] N2 Var[v|x.£]? Var[v|x.£]
+

2K-1) A >0.
K Var[v|x.£]
b, db,, (b, — b,,)
Therefore, when K > 2 and finite, — <0, <0, and ————— < 0 still hold.
60’3] 065 663’
1 iy s b, by, . (by = byp) i
When K = +o0, b, = b,, = ————. Then, it is easy to prove that — < 0 and —- < 0, while ———— = 0. In addition,
P P rVar[v|k, &) 053 063 063
ab b ab b

» + » _ np + np -0
oVar[v|k,&] Var[v|k,&]  odVar[v|k,&]  Var[v|k,&]

O
A.7. Proof of Proposition 5

Proof. Since Var[X] = Var[E[X|Y]] + E[Var[X|Y]], the return volatility equals to:

Var[v — p] = Var[E;[v - plx, &1+ Ey[Var[v — p|k, €]
= Var[E;[v|x,¢] - p] + Var[v|x, &].
oVar[v - p]

2
60’7’

To prove that > 0, we need:

0 (Var[E,[v|x,&] - p] + Var[v|«, &]) o
062
oVar[v|k, &]

2
0(7’7

Note that >0, and

oVarlvlx,&] _ 997

2 2"
00'” 00',7

oVar[E,[v]x,&] - p]  do? oVar[E;[v]x,&] - p]

Next, we prove that B E— > —2F when 63 is small enough, and Y > 0 when az is large enough.
(o3 (23 C
n n n

We denote { = M, which is standard normally distributed. ¢(-) and @(-) are the density function and cumulative distribution

oF
function of ¢. Then, E,[v|x,&] — p can be written as a piecewise function of ¢ as follows:

—(I—i—p)op¢ | PA=R) X
“Varlols] | tVarlolx] C<-— (1=A=p+abyrVar[ols])(A-p)
1—4—p ) ’ 1-4— ’
Varlols] T Varloieg] T4 ( nop

. _ (1—/1—p+/1prVar[v|sJ)(/2—ﬁ) (1—/1—p+/1bm,rVar[u|sJ)(ﬁ—ﬁ)

— MU, <E<—- s
H—H (U—I=por <¢ (U—Fpor
—(1=A-p)op¢ N .=
E;[vlk, &] - p = | Vbl _ (1=A=p+aby,eVar(els]) (a-p) <t<- (1=A—p+Ab,,tVar[v]s)) (i—F)
i =i (I—i—p)oy (1-A-p)op ?
TVar[o|s] np

(1-A—p+2b,,7Var[v]s])(a—7) (1-A—p+2b,rVar[v|s])(a—7)

L _ < _
R=# (-A—por se< (—3—por ’
~(=d=p)opl | pa=D) o
Varlols] | Var[olx.dl _ (1=A=p+ab,Var(vls])(A—p) ¢
T . ’ 1—A—pof e
Vartols T Var(olez] TA% ( Por

28



Z. Qiu et al. Journal of Financial Markets 62 (2023) 100761

Then, by taking derivative of Var[E,[v|x, &] - p] over 0,2’, we have:

oVar(E,[v|«, ] —
ar[E,[v|x, €] ]:2(II+I2)’

2
06,7
where:
(1—i=p+abyeVar(ols])(A—p) —(l=A=p)opl p(A—p)
- (-i=p)of 0 zVar[v|s] 7Var([v|k.£]
I, = — do(),
= 2| = : ©
n TVar[v|s] tVar([v|k,&]
(-i-pop T
0 6 TVar[v|s] 2
I, = /(1 A=p+AbyyeVar(ols])(i—p) Bo‘z 1,,1,”—11) £odo(f).
(I=2—p)of TVar|[v|s] np

(1) When af - 0.
Because lim >_, 65 = 0, we have I} — 0. In addition,

U-i-pop  T* )

d TVar[v|s] > aD—F
do2 | _1=A=p 062’
| zvar[v|s] + '%b n

0b
because we have a—"; < 0 from Lemma 1. Then,
o

n
0 130'2 2
21, > z/ —TLlape)y= —L
o ()O"% p

Therefore, when 0'5 is close to zero, we have:
oVar[E,[v|x,&]—p]  do%
2 902
06’7 aan

(2) When 62 — +o00.

Because 11m62_> 400 OF = +00, we have I, — 0. Then, we prove that I, > 0, which is equivalent to:

—(1=A=p)orl p(A—p)
d 7Var[uv|s] Var[v|x.£]

d02 1—A—p
n tVar[v|s] + rVar[U\K &] + Ab

>0, (A.24)

(1=A—p+Aab,rVar[v|s])(i—p)
when ¢ < - =
¢ (1=A=p)op

b dob

60’ 7]
Note that — < 0, and li b +202—"t = since ———-2
302 Mot T O GVar o, 8] oVar([vlx. ]

n

< 0 from Lemma 1. Hence, we have:

—(1-A-p)op
0 TVar[v|s]
do2 1-A—p p
T | zvar[v|s] rVar[u|K,§J+}'bP
(1-i—p) ﬁ limp | » 1
20 prVar(vls] 06,2’ rVar[v|s] zVar([v|x.£]

252 0
_ F Ry A
Var[u|x,/:1> +4 (b + 207 o] )]

<0

- 2
1-A—p
(rVar[ulsJ + rVar[ulkfl +4b )

(1—/1—p+/1bp‘rVar[U|s])(;?—ﬁ)

and o — +o00, we have:

Then, when ¢ < — r——
fi— a0 ab,
—(1=A=p)op¢ p(Ai—p) NN (ﬂ » )
i) tVar[v|s] rVar[v|K £] ( E) 66,27 oVar[v|k.£]
do2 | 1zd=p 1-—p
| =varols] TVal‘[U\Kﬂ + Ab 7Var[v|s] + rVar[vlr(f] + Ab
do? b

hich i itive b —f <0and —2 <0
whnich 1S positive because 60"2’ an 6Var[u|1<,§]

oVar[E;[v|x,£] - pl

> 0 when 62 is large enough.
00’5 z

Therefore,

Proposition 5 summarizes the result. []
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A.8. Proof of Proposition 6
A.8.1. Welfare analysis of sophisticated investors

Proof. Given the demand function of sophisticated investors in (17) and equilibrium price p, we can calculate that the certainty
equivalent of sophisticated investors CEg equals to:
(Elvls] - p)?

CEg=-—+*— "
ST 2rVar[vls]

— (Elvls] = p)z.

Then, the expected certainty equivalent E [CEg] is:
Var[E;[v]s] - pl

E[CEs| = 2eVar[v]s]

— Cov [Eﬁ[vls] -p, z] .
Since

E;[vls] - p = Eglvls] - Eylolx, &] + Ey[olx.&] - p
F(x.8) — hz + Eylvlx.&] - p,

we have:

Var(E;[v]s] - p] = oF + 22 + Var[Ey[v|x, £] - p| + 2Cov (F(x, &), Ey[v|x, ] - p)

—2hCov (F(k,£), z) — 2hCov (E4[vlx, &] — p, z) ,

and

Cov (E;[vls] — p,z) = Cov (F(x, &), z) + Cov (E;[v]x, &] — p,z) — ho?.
Thus, E [CEg]| can be rewritten as:
Var[F(x, &) + E;[v|x, &] - p] — h?c?

2zVar[v|s]

From the proof of Proposition 5, F(x, &) + E;[v]x,&] — p can be written as a piecewise function of ¢ as follows:

F(,8) +Eplvle, &l - p =

E[CEg| =

plia—pt+opl)

W+Ab;‘o‘[~c (1—/1—p+/{bprVar[U\s])(ﬁ—ﬁ)
e E——— £<- (—=por ’
TVar([v|s] * tVar[v|x.¢] P

(I—A—p+AbPTVar[U|s])(ﬂ—£) (1—/l—p+/1b,‘p‘rVar[v|S])(ﬁ—£)

. _ < _
OFC i H, (I—F—p)or $¢< (—i—p)or ’
byl (1=A=p+Ab,,Var(v]s])(A—p) (1=4—p+2b,,7Var[v|s])(A—F
T - (—i=p) — S¢<- (1—i-p)o ’
Var(ols] T A0np F F
L — (1=A—p+Ab,,Var|v]s])(A—H) (1—-A—p+Ab,rVar[v|s]) (A—n)
— - < —
OpC i~ H, (I—7—por <¢ (-i—p)or ’
(i—p+op{)
oty Hibport (1==p2byVarlols)) (i=7) _ c
1-A—, ’ - i X6
rVar[vl\J.r]+1Varrv|K,§] +4b, (=A=por
(1) When 62 - 0.
As 62 - 0, we have o2 — 0. Then:
2 2
oVar[F(x,&) +E,[vlx,&] - pl 2b,, Ik Ab,,
902 T == | e TR | T b <0,
n tVar[v|s] + np n T\ rVar[v|s] + np
5 2
Jdo Ab OE[CE
because —L < 0, and SN D is finite. Therefore, g < 0 when og is close to zero.
do? do2 | =4z 4 4p do?
1\ rVar[v|s] np n
(2) When af — +o00.
As 63 — 400, 6127 — +o0. Then,
¢ bpeVar[v]s])(a-p) p(a—ptopl) ’
—A—p+i prVar(vls ﬁ—ﬁ THTOFR
0Val‘[F(K, 5) + E,}[UlK, 5] - P] _ /_ (I-A-pop 0 rVar[v|x.£] + )'bpo-Fg dd)(g)
0c? e o2 | _1zA=p _r ’
n © 1| varlols] T Varloea T b,

When o — +o0, we have:
PoF
0 Var[v|x,£]

Oo2 | 1A= o »
T | zvar[vls] = tVar[v|x.£]

+ Abyop

+ab,

30
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_ oVar[v|k, &] °F <_TVar[Z|K,.f]2 + Abvaf[b:\)(,i]) (T‘lf;:'[;fs]) B m + 4b, 1 <0
oo, (T — Abp)z B —TY 2
because M > 0, and L < 0 from Lemma 1.
ao'z dVar[v|k, &]
Thus, when ¢ < — (I_A_ﬁ;b_pi]::ih])(”_w,
9 %"_lbl’aﬂ >_0Var[UIK,§]A#bUPIKYE1 (#[zm-’_lbp)(ﬁ_ﬁ) 50
91 | Narrorn + e + b O (et ,)

oVar[F(x,&) + Eylvlx, &1 - p] OE[CE]
do'g ’ 063

Therefore, when og is large enough, <0. O

A.8.2. Welfare analysis of naive investors

Proof. Given the demand function of naive investors from (23) and price p, we can calculate the certainty equivalent of naive
investors (CEy ) equals to:

(E,, [v]x.£1-p)? (1=A=p+Ab,tVar[v|s]) (a—p)
2cVar[olk.g] Fx,8) < - 1-A—p

5

CEy =10, _ (o by NVarlol) G ey o (AptdbyeVarblsl) G
1=A=p 1-A—p
(Bzlv|x.£-p)? (1=A—p+2b, tVar[v]s]) (A7)
2tVar[v|k,&] ° - 1—i—p < F(x, é)

By inserting the equilibrium price from Theorem 2 into the expression above, normalizing F(x,¢&) by ¢, and taking integral over ¢,
we obtain that the expected certainty equivalent of naive investors (E[CEy]) is:

2
s aie ) i {iarore) + b, (i — )
(I=i=p)op 1 zVar[v|s] 14 s
E[CEy] = — do(©).
o tVar([v|k, ] l-A=p  __»
Var[v|s] zVar[v|k,¢] P
The derivative of E[CE ] with respect to 0'5 is:
(=) 2
(1=4=ptAbyeVar[ols])(i-p) (I=A=p)((A=p)+opl W
E[CEyN] /_ —Tpor 0 1 TVar(ols] +4by(a = w) Jo0)
o2 /- dc2 | tVarfvlx,&]| _lhe_ ,__» ’
n G n L zVar[v|s] + TVar[v|k,&] + P
Note that:
2
(1=d-p)((a-p+ort ) b (1=3=p)((a=pr+ort) b
L 1 tVar[v|s] + P(” _E) _ 1 tVar[v|s] + P(” _ﬁ)
902 | tVar[v|x, l-A—p . p ~ rVar[v|x, b= , __ p
O-” [ I 5] TVar[v|s] + Var[v|k,&] + Abl’ [ | 5] Var[v|s] + Var[v|k,&] + Abl’
(1-2-p)((a-pr+or¢) X aVar(o|x.£] (==p)((=p+ort) X
Var|[v|s] + ibﬂ(” - E) (’U,? 5 0 7Var[uv|s] + Abl’(ﬂ - E)
Ay » Var[v|k,&] 962 l—ip . __p
zVar[v|s] Var[v|k,¢] + Abl’ l ¢ n Var[v|s] + Var[v|k,&] + Abl’

and
(1=4=p)((a-p+opt ) )
tVar([v|s] + /‘lbl’(” - E)
i 5 <0,
tVar[v|s] + Var[v|k,¢] + }'bp
when é’ - (l—ﬂ—p+lbp‘rVar[u|S])(ﬁ—ﬁ)

(=i—pwor
(1) When af 0.
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E[CE
Then, we prove that [—zN] < 0 by showing that:
n
(1=3=p)((A=pr+ort) X
a2 tVar[v|s] + Abp(” - ﬁ)
0_2 1-A—p P > 07
{0} —_—
n 7Var([v|s] + rVar[v|k.£] + )”bP

when o2 - 0.
Because lim2_, of =0, we have:

(1-A=p)op
i zVar[v|s]
do2 1-A—p p
M| zvar[v|s] ' rVar[v|x.&] + Abﬂ

2 2
(1=i=p) 9%y | 1=d=p » _ % ( 2 __ b )
20 ptVar(vls] agg [rVar[uh] + tVar[v|k,&] <1 Var[v|«,£&] +4 bl‘ + 20—F oVar[v|k,&]
= <0

2
1-A—p J
(rVar[v|s] + Var[v|k,¢] + Abl’)

In addition,
(=i=p)((-p+ort ) b
0 tVar([v|s] + l’(’u_ﬂ)

do2 1-A—p P
n rVar[u|s] + Var[v|x.£]

+ b,

902 2 ob b 1—ie
N ’ p p » ’

o E) 00',2, [‘rVar[u\x,/j] (0Var[u\x,.’;] + Var[v|«.£] ) + (rVar[u\sl) 1Var[u|x,§]2] 0
= - > ’

2
1-A—p I
(rVar[v|s] + Var[v|k,&] + Abl’)

ab,

+ P
dVar[v|k,&]  Var[v|k, ]
(1—/1—p+A.bPTVar[v|s])(;?—ﬂ)

(I—A-poy

because > 0 from Lemma 1.

Then, when ¢ < — , we have:

(1-1=p)((a—pr+or ) b
a2 Var[v|s] + l’(”_ﬁ)

_0 5 s 5 > 0.
o —a—
n tVar([v|s] + tVar[v|k,&] + )'bl’

E[CE
—[ n] <0

2
%

Therefore, when 62 — 0, we have

(2) When 0'3 — +oo and p — 1.
E[CEy]

2
36’7

Finally, we prove that > 0 by showing that:

(1-3=p)(Ga-p+ort) X aVar(o]x.] (1-2-p)((a=pr+or¢) X
7Var|[v|s] + Abp(” - E) 053 +2 0 TVar[v|s] + ﬂbp(” - E) <0
i gy gp, | Varlvlk ]l oop | A L 4 b, ’

tVar([v|s] tVar([v|x,&] tVar([v|s] tVar[v|x,&]

when 62 — +c0 and p is large enough.
We first prove that:

r (I=4=p)op Warlvlxf] (I=4=p)op

“Nariols] P “Narlols]

_ — Var([o|s] n +2L2 — TVar[uv|s] >0, (A.25)
—A=p o p 4 ,p |Var[v|x,&] Jdo —Ap 4 P2 L b

| zVar[v]s] Var[v|k,&] P 1 zvar[v|s] Var[v|k,&] P

which is equivalent to:

oF 1-A—p 3 b, )
1 + Var[v|«.£] (‘rVar[vlsl TVar[v|x.&] + lbp +24Var [UlK’ ¢l oVar[v|k,&]

<0. (A.26)
Ay P4 gp
TVar[v|s] Var[v|k,&] P
b b, k-1

Wh I,b b, < b,k d u < ,
e p = 1, DECAUSE By S k=0 AN Gy Tl €] S aVarlolr, &)

oF

from the proof of Lemma 1, we have:

l-4A-p p
tVar([v|s] zVar[v|k,¢&]

b+ 22V, ) [ —
+4by + 24Var ik, ] o
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I—A=p _ Atp 1=A=p + Atp 2 242 2(1=A-p) Atp
TVar[v|s] tVar([v|k,£] Var[v|s] Var[v|x.&] 7Var[v|k &2 Var([v|s] Var[v|x,£] <0
Idmp 2 '
Var([v|s] Var[v|x,£]
Then, the inequality (A.26) surely holds as lim > _, op = +oo.
1-A—p+2b,7V: a— ]
Thus, when ¢ < _ (gt by Varlols]) G ﬂ), we have:
(1=2=p)of
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1-A—p JJ
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902 2 b b 1—ie
A N F p » » /) )
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(ﬂ 4+ —L 4 b )2
Var[v|s] zVar[v|k,¢] P
E[CE
Therefore, [—zN] > 0 when (7? and p are large enough. []
(3

n
A.8.3. Welfare analysis of market makers

Proof. Given the equilibrium demand of market makers and equilibrium price in Theorem 2, by normalizing F(x, £) by ¢ and taking
integral over ¢, we obtain that the expected certainty equivalent of market makers (E[CE,,]) equals to:

E[CE;]1 = 2CEy, +2CEp, +2CE 3,

where:
_ (1=d=p+ibprVar(vls])(i-p) b —(1=A=p)orl P(A—H)
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(I=4=p)of TVar[v|s] np
By taking derivative of E[CE,,] over o-f,, we have:
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(1) When 62 - 0.

OE[CE]
Because 6y — 0, “ou equals to:
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OE[CE b Atoer T
o = s i (1= v | 5T
n n Var[v|s] np

bﬂ bﬂ
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which is negative since a— < 0. Therefore, # < 0 when o2 is small enough.
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We show that M > 0 by proving that:
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We first show that:

—(1-4-p)op 5
rVar(ols] —0 bp 1- —pTVal'[UlK, &]
I=A=p o » 4 p |06 2
tVar[v|s] = zVar[v|x.£] 12 n

34



Z. Qiu et al. Journal of Financial Markets 62 (2023) 100761

—(-i—p)op
Var[u|s
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From Lemma 1, we know that b, is increasing with K, so we have:
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Therefore, when a% and p are large enough, inequality (A.29) holds.
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Appendix B. Supplementary data
Supplementary material related to this article can be found online at https://doi.org/10.1016/j.finmar.2022.100761.
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