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Abstract

This paper examines equilibrium asset prices and leverage in an exchange economy populated
with both retail and institutional investors. Institutional investors influence the price of the
stocks they trade and are aware of the price impact of the opponent and, thus, interact
strategically. Because of the price impact, institutional investors decrease their demand
for stocks and lend money to the retail sector, thereby increasing leverage in the economy.
The risk-free rate (equity premium) tends to be lower (higher) as compared to an economy
populated by retail investors only. Retail investors’ compensation for liquidity provision

depends on the behavior of institutional investors and the state of the economy.
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1 Introduction

The participation of individual investors in the stock market has increased over the recent
years. The development of fintech platforms and the reduction of trading costs give individual
investors not only more opportunities to trade but also the possibility of interacting with other
market participants such as institutional investors! (e.g., mutual funds or pension funds). The
equilibrium implications of this interaction are difficult to analyze because institutional investors
are not standard market players. First, the demand of institutional investors has a greater
impact on stock prices than the demand of individual investors: Nofsinger and Sias (1999),
Chakravarty (2001), Sias, Starks, and Titman (2001), Cai and Zheng (2004) and Zhou and
Zhou (2023). Second, institutional investors are sophisticated players. They understand that
their trades, and the trades of other large investors, move asset prices. They therefore interact
strategically.

This paper proposes a tractable equilibrium model that incorporates the observations above
and seeks to answer the following research questions. First, how are portfolio choice, asset prices,
and stock returns determined in equilibrium when strategic institutional investors and individ-
ual investors are both present in a financial market? Second, what are the implications of price
impact/strategic interaction for the aggregate leverage in the economy? Third, what is the role
of an individual investor (user vs. provider of liquidity) in such a market? Equilibrium implica-
tions are important in this framework because large traders have the incentive to reduce their
demand to minimize its adverse impact on expected returns. When this happens, retail investors
would need to hold additional shares in equilibrium. The ultimate question is thus ”How do
price-impact and strategic behavior interact with the market-clearing mechanism in determining
equilibrium returns and portfolio choice?” To address these questions, I build a continuous-time
endowment economy populated by three investors with logarithmic utility functions. There are
two institutional (or large) investors (representing the financial sector), who affect asset prices
and interact strategically, and a standard price-taker investor (representing the retail sector)
equipped with log utility and aware of the price impact of institutional investors.

Because of the price impact, large investors reduce their demand for risky assets. The
demand reduction is stronger when their own price impact is high or when the impact of the

opponent is high. In turn, the reduced demand induces retail investors to step in to buy shares

!The importance of this interaction becomes evident when considering some well known examples such as the
unexpected dynamics of GameStop Corp share price in 2021.



that institutional investors are not willing to hold, thus leveraging their portfolio. The amount
of leverage depends on the size of the financial sector. When the size is small, the lending
ability of the financial sector is also small, and aggregate leverage decreases. When the size of
the financial sector increases, the lending ability of the financial sector increases proportionally.
However, when the financial sector grows too large, individual investors become too small, and
their incentive to hold risk, and thus their leverage, decreases. In the limit when the financial
sector dominates the economy, the demand for leverage coming from individual investors goes
to zero. In this case, the aggregate leverage remains positive only when institutional investors
are heterogeneous. For instance, an institutional investor with a smaller price impact may find
it optimal to borrow from an investor with a larger impact, maintaining high levels of leverage
in equilibrium.

The optimal portfolios of large investors also affect the properties of stock returns. On the
one hand, reduced demand increases expected returns (or, to put differently, investors require
higher expected returns to hold a risky asset in equilibrium). On the other hand, the demand
of institutional investors, even if reduced, has a negative impact on expected returns. Both
effects depend on the strength of the price impact and the size of the financial sector. However,
even if these two effects are time-varying, they offset each other (because of log utility), and the
expected returns are constant in equilibrium. The reduced demand for a risky asset changes the
risk-free rate, as compared to an economy with retail investors only. When the financial sector
is large in size, the effect of the institutional demand is strong, and the risk-free rate (equity
premium) is lower (higher) than the corresponding value in an economy with retail investors
only. Finally, I show that the liquidity provision activity of retail investors is compensated:
being the trade counterpart of institutional investors increases the performance (i.e., the Sharpe
ratio) of retail investors when their ”market-clearing role” is more important, that is, when
the price impact of institutional investors is stronger (i.e., when the size of the financial sector

increases).

2 Related literature

This paper contributes to several strands of the literature. First, it contributes to the lit-
erature on the price impact of large traders, particularly focusing on continuous-time models.

Cvitani¢ and Ma (1996) assume that the stock price follows a diffusion process, with drift and



volatility dependent (non-linearly) on the portfolio choice of the large investor. Cuoco and
Cvitani¢ (1998) study the consumption and portfolio choice of a large investor, whose trades
affect the drift of both risky and risk-free assets. Isaenko (2010) models transitory price im-
pact through transaction costs. Kraft and Kiithn (2011) tackle the problem of option hedging
when the demand of large investors affects the drift and the volatility of the risky asset. Bush,
Korn, and Seifried (2013) assume that the portfolio of large investors affects the intensity of
price jumps. Eksi and Ku (2017) assume that the trades of large investors impact the drift
of the risky asset, studying optimal portfolio choices when the state of the economy is unob-
servable. This literature typically assumes a single large investor (i.e., no strategic interaction),
or analyzes optimal portfolio choices only (i.e., without equilibrium considerations). There are
several exceptions. For instance, an unpublished version of Kraft and Kiithn (2011) considers
the portfolio problem of two large investors with CARA utility. In contrast, I consider CRRA
utility and, importantly, examine the equilibrium implications of price impact in an economy
with three investors (two large investors and one retail/small investor). Cuoco and Cvitanié
(1998) derive equilibrium expected returns in an endowment economy populated by one large
investor and one small investor (i.e., no strategic interaction among large investors). In this
paper I investigate equilibrium returns in a model with two large investors (thus allowing for
strategic interaction among large traders) and one small investor. Curatola (2021) examines the
portfolio choice (i.e., without equilibrium considerations) of two investors who simultaneously
affect the risk-free rate and, thus, interact strategically.

This paper is also related to the literature on strategic interaction and portfolio choice.
Basak and Makarov (2014, 2015) explore the implications of strategic interaction induced by
relative wealth concerns for optimal portfolio choice and asset specialization, respectively. Guan
and Liang (2016) analyze the optimal portfolio choice considering relative wealth concerns and
inflation risk. The equilibrium implications of relative wealth concerns are analyzed by Glebkin
and Makarov (2012) and Huang, Qiu, Shang, and Tang (2013) in models with homogeneous and
heterogeneous beliefs, respectively. In this literature, strategic interaction arises from the insti-
tutional investors’ desire to outperform their opponents. In contrast, I analyze the equilibrium
implications of strategic interaction induced by price impact. Béuerle and Goll (2024) analyze
optimal investments in a model where strategic interaction arises from relative wealth concerns
and price impact.

The implications of price impact for equilibrium prices have been studied using various as-



sumptions about price impact. Basak (1997) constructs a continuous-time economy with a
leader and a follower, where the leader influences the price of consumption goods and assets
simultaneously. In this framework, there is strategic interaction between the leader and the fol-
lower, but no strategic interaction among investors with price impact. Basak and Pavlova (2013)
consider an equilibrium model with institutional and retail investors where the price impact of
institutional investors is induced by benchmarking. The equilibrium effects of benchmarking for
commodity prices are analyzed by Basak and Pavlova (2016). In contrasts, the price impact
in my model arises from the impact of trades on the drift of the risky asset (as in Cuoco and
Cvitani¢ (1998) and Kraft and Kiithn (2011)). In other words, the very nature of strategic in-
teraction differs in my model. Chen, Choi, Larsen, and Seppi (2023) analyze the equilibrium
existence problem in a model where the stock price responds linearly to stock holdings and large
investors are equipped with exponential utility. They find that price impact helps resolving the
risk-free rate puzzle but has minimal impact on stock returns and return volatility. My model
differs over two dimensions: the nature of price impact and investors’ utility function. The
equilibrium implications of price impact when institutional investors use time-weighted average
price or volume-weighted average price trading strategies are analyzed by Choi, Larsen, and
Seppi (2021) and Noh and Weston (2022).

Following Kyle (1985), the market microstructure literature analyzes strategic interaction,
price impact, and their implications for market liquidity and price efficiency. Pritsker (2005)
considers static and dynamic discrete-time markets in which large investors have CARA utility
and analyzes the implications of liquidity shocks. Brunnermeier and Pedersen (2005) investi-
gate the equilibrium implications of strategic predatory trading. Carvajal and Wereteka (2012)
consider a two-period financial market and study the implications of price impact for the exis-
tence of arbitrage opportunities. Glebkin, Malamud, and Teguia (2022, 2023) examine the joint
implications of price impact, preferences and the distribution of asset payoffs for endogenous
liquidity and asset prices. Neuhann and Sockin (2023) explore the relationship between price

impact, productivity and real investments.

3 The model

Consider an economy with a time horizon 7" where the uncertainty is represented by a filtered

probability space (Q, F,(F;),P) with a 1-dimensional Brownian motion B;. There is a single



and perishable consumption good used as numeraire and three types of investors (1,2 and 3),
representing different sectors. The financial sector is populated by two large investors (1 and
2) with log utility, whose portfolio choice affects the expected return of the risky assets. Both
these investors are aware of the price pressure of their opponent and, thus, interact strategically.
Investor 3, representing the retail sector, has log utility and cannot affect the price of risky
assets. The investment opportunities are represented by two securities: a risky asset, whose
expected return is affected by the demand of large investors, and a risk-free asset with return
r¢. The price of the risk-free asset is denoted by SP and evolves as

ds?

Sig) = Ttdt (1)

with Sg = 1. The risky asset, with price S, pays dividends at the rate D;. The dividend rate

follows a geometric Brownian motion

dD
ﬁt = ppdt + opdB; (2)
and the asset price changes as follows
dS; 4 Dydt A
tTtt = (fu + (7,1, m2)) dt + ovdBy (3)

where 7; 1 and 7 o represent the amount of money invested in the risky asset by large investors
1 and 2, and ji; is the expected return on the risky asset that would be obtained if large traders
refrain from investing. [i(m1,m2), defined below, captures the price impact of the two large
investors. Following the existing literature (e.g., Kraft and Kiithn (2011), Bush, Korn, and
Seifried (2013) and Eksi and Ku (2017)), I assume

~

fli = —oymyg, for i=1,2

L= i1+ o (4)

A positive (negative) demand for the risky asset reduces (increases) its expected return and this
effect increases with the amount of money that is invested (m ;). In the sequel the time index

will be suppressed unless an ambiguity arises.



3.1 Consumption-portfolio strategy and equilibrium

Each investor is endowed with initial wealth Wy ; > 0 and selects a consumption, ¢;;, and

investment, ¢;;, in such a way as to maximize the expected utility from consumption

E [/ e Pllog ct,idt] (5)
0

subject to the budget constraint
AWy = Wii(1 — ¢pi)redt + ¢e iWe i (e + (e 1, T 2)) dt + 0pdBy] — ¢4 dt (6)

where ¢; represents the fraction of wealth invested in the risky asset for ¢ = 1,2, 3. The assump-
tion of log utility is not uncommon in the literature in this area (see, for instance, Basak and
Pavlova (2013, 2016)) and is done to isolate the impact of the salient characteristics of institu-
tional investors (strategic interaction and price impact in this case). In this way, differences in

optimal portfolios can be attributed to differences in the price impact only.

Optimal choice for large investors As shown by Cuoco (1997) and Cuoco and Cvi-
tani¢ (1998), the portfolio problem of large investors can be solved using the martingale method
(Karatzas, Lehoczky, and Shreve (1987)) after having identified the state-price density consis-
tent with non arbitrage. This can be done by transforming the original consumption-portfolio
maximization problem into the associated dual minimization problem. More precisely, consider

a "fictitious economy” in which agent ¢ faces the state-price density

t t t
gt,i = €exp <—/ ’I“tdt — / QtyidBt — 5/ Of’zdt> (7)
0 0 0

where

0 = Pezretvi (8)

for some v;, which represents the cost of the price pressure. Armed with this state price density
the investor wishes to select the optimal consumption subject to the constraint that the present
discounted value of consumption cannot exceeds the present discounted value of her endowment.
The advantage of the fictitious economy is that, for given v;, one can use standard results from

the portfolio choice literature. Note however that the are multiple state-price densities (i.e.,



2. Luckily, one can exploit

multiple ;) consistent with the absence of arbitrage opportunities
the duality relationship between the original problem and the fictitious problem and select the v;
which minimizes the investors’ maximum attainable utility level. For this v; the solution to the

fictitious problem determines the solution to the original problem. With log utility, the problem

we need to solve in order to identify v; reduces to

min .5k7, 9)
ViEp ’
where k; = —‘_“U—_t” — Z—i = Tt_g%”l and p = {v; € R :sup m; (i — v;) < oo}. Intuitively, large

investors internalize the negative effect of the demand on expected returns and, thus, would
like to hold less stocks than without price impact. Their optimal allocation can be obtained
in a fictitious economy in which the excess returns are properly adjusted (i.e., minimized) as
suggested by Eq. 9. The optimal consumption-portfolio choice are then determined as a function

of the v; (see Cuoco and Cvitani¢ (1998)):

—pt __ 6—pT

_ P Wi Wos = Wa. S -1
Ct,’i - 1— e_P(T_t) (XX t1 — 0,2 1 — e,pT (gtﬂ) (10)
Tt M TV — Ty
A — 2 = 11
¢t,z Wt’i O_tg ( )

Because of strategic interaction, the cost of the price pressure (v;) depends not only on the price

impact of the large investor but also on the price impact of the opponent (see Appendix A).

Optimal choice for retail investors Retail investors solve the same problem as large
investors, but with the difference that their return impact is zero and thus v3 = 0. Therefore,

their consumption-portfolio choice is standard and is given by

—pt __ e—pT

e _
P Wiz =Wo3 1 (&)

3= ————=W,
t,3 1— e_p(T_t) t,3y

it + i — 1y
T3 = Pt 3Wis = Wt,370_2
¢

t t t
13 = exp (— / redt — / 0 3dB; — / efgdt)
0 0 0o

— e p

2Any v; such that exp (— fot 0:.,dB; — .5 fot Qf,idt) is a martingale identifies a valid state-price density in the
fictitious economy. Each &:; can then be interpreted as the state-price density in a fictitious economy in which
the the excess return is fiy — ¢ + ;.



Although retail investors have standard portfolios, they are particularly important in this frame-
work. Indeed, price pressure induces large investors to reduce their portfolio holdings. Therefore,
in equilibrium retail investors will require compensation to holds stocks that large investors are

not willing to hold.

Definition 1 (Equilibrium) An equilibrium is a set of processes {ry, iy, 01} and consumption
and investment policies {cti, ¢ri}, for i = 1,2,3, such that {ct;, ti} mazimize the investors’

expected utility for a given {r, fig,0¢} and consumption and financial markets clear, that is

c1taatcz=D;
Gt 1Wi1 + ¢ oWio + ¢ 3Wi3 = Sp

(1= e 1)W1+ (1 — o) Wia+ (1 — ¢r3) Wiz = 0.

The assumption of log utility allows us to simplify the computation of the equilibrium and to

obtain closed form results for the price of the risky asset and the investors’ consumption share:

Proposition 1 (Equilibrium asset prices and returns) Let T — oo, then in equilibrium

Dy
S, = =t 12
= (12)
fit + (71, m2) = p+ pp (13)
ot =0p (14)
Ctq thz’ dw; dDy 9

i = ’ = - C - — ] = i — 1 15
Wi, ZZ Cti -Dt ov ( Wi Dt O-D((bty ) ( )

Proof. See Appendiz A m

According to Proposition 1, the equilibrium price-dividend ratio of the risky asset, total expected
return and return volatility are constant and coincide with those obtained in an economy with
standard log investors. However, expected stock returns have two components (the left hand
side of Eq. 13), one component capturing the effect of the demand of large investors (fi(m1,m2))
and one component being the compensation for the return impact (). Both components are
time-varying and change in such a way as to keep total expected returns constant (the right
hand side of Eq. 13). Intuitively, large investors understand that their investment reduces their
expected returns (this effect is captured by the term fi(m,m2)) and, thus, find it optimal to

invest less in the risky asset. The reduction in their demand increases the expected returns (i.e.,



@ increases). Because of log utility these two effects cancel each other out and the expected
returns remain constant (at the level p + up). In other words, large investors reduce their
portfolio choice in such a way that the negative return impact of their portfolios is exactly offset
by the increase in expected returns induced by the lower demand. As a result, they obtain the
same expected return as they would have obtained in absence of the return impact?.

In a different way, Glebkin and Makarov (2012) show that when strategic interaction is gener-
ated by relative wealth concerns, the expected returns are smaller than those in an economy with
retail investors only (i.e., p+ up). Stock return volatility is not affected by large investors (Eq.
14). This result is due to log utility, which makes the stock price proportional to the aggregate
dividend (with a non-random proportionality factor p). Similarly, Glebkin and Makarov (2012)
show that, when strategic interaction is generated by relative wealth concerns, the equilibrium
stock market volatility is not affected by strategic interaction. On the other hand, Basak and
Pavlova (2013) find that when the price pressure is originated by benchmarking, stock market
volatility is increased by the presence of financial institutions?. Time-varying volatility (higher
or lower than in the case of no strategic interaction) can also occur with relative wealth concerns
and heterogeneous beliefs about the growth rate of dividends® (Huang, Qiu, Shang, and Tang,
2013). Finally, investors’ consumption share is positively correlated with the aggregate dividend
(and thus with the value of the stock market) for investors with leveraged portfolios (i.e., ¢; > 1
as evident from Eq. 15).

To analyze the optimal portfolios and their implications for equilibrium returns and leverage,

I first need to introduce the concept of a Nash equilibrium.

Definition 2 Let ¢y | ¢1i, for i # j, be the best response functions of the two investors (i.e.,
the optimal portfolio of investor j conditional on the portfolio of investori). A couple of portfolio
policies {¢f1,d; 5} is a pure-strategy Nash equilibrium if and only if b1 = brj | @1y fori # j
and j =1,2. In other words, in equilibrium, ¢;, is investor 1’s best response to ¢f 5 and ¢y 4 is

investor 2’s best response to ¢y ;.

3Similarly, Constantinides (1986) and Chen, Choi, Larsen, and Seppi (2023) argue that transaction costs (or
price impact which is indeed a kind of transaction cost) have only second order effects on stock returns because
investors can reduce frequency/volume of trading while suffering only small utility reductions.

“However the authors note that the contribution of benchmarking to the equilibrium volatility is small. They
suggest that time varying risk aversion (e.g., external habit formation) would be able to increase the equilibrium
volatility.

5 At this point it is worth mentioning that the empirical relationship between large investors and stock market
volatility is still unclear. See for instance Sias (1996) (positive relationship), Bohl and Brzeszczynski (2006)
(negative relationship), Bohl, Brzeszczynski, and Wilfling (2009) (negative relationship) and Ben-David, Franzoni,
Mossawi, and Sedunov (2020) (positive relationship).
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Like Basak and Makarov (2014), I consider a symmetric game in which each investor knows the
price impact, preference parameters and endowment of the opponent. This assumption can be
justified by the results of Koijen (2014) which show how to infer preference parameters from

observed fund returns.

Proposition 2 (Best responses of large investors) The best responses of the two large in-

vestors are given by

it — T — Qe

—— =011 =

Wt71 o2+ 2041Wt71
e é Ht — T — Q1T 1
—_— t72 = .
Wt 2 O’2 + 2042Wt’2

Proof. See Appendiz A m

Institutional investors reduce the fraction of wealth invested in the risky asset (¢) when their
opponent invests more, or when the price impact per unit of wealth invested («) of their opponent
increases. This happens because of the negative impact of the opponent on the expected returns
of the risky asset. Similarly, institutional investors reduce the fraction of wealth invested in the

risky asset when their own price impact increases.

Proposition 3 (Nash equilibrium portfolios of large investors) The optimal portfolios

of large investors are given by

o Wi (i — re) [0 + aoWy 2]
BLT (02 4 200 Wi ] [02 + 202 Wi 0] — Wi Wi
y Wia(fie — 1) [02 + 041Wt,1]
]

e = .
B2 (02 + 200 W] [02 + 200 Wi ] — anaaWi 1 Wi s

"
o}

Moreover, sgn(m; ) = sgn(myy) = sgn(fix —r¢) and 5+ < 0. Proof. See Appendiz A m

Several properties of the Nash equilibrium are worth mentioning. First, by comparing optimal

portfolios we obtain
[mi1] > |mial & Wia (0% + asWy2) > Wio (02 + anWia) (16)

Take, for instance, investor 1. On the one hand, because of log utility, the absolute risk aversion
decreases with financial wealth. Therefore, keeping other things constant, an increase in Wj

raises 7] as compared to 75. On the other hand, the increase in W raises the price impact of

11



investor 1, reduces 77 and induces investor 2 to increase her investments (this effect is captured
by the second term on the right-hand side of Eq. 16). Similarly, high volatility (¢2) reduces the
investments of investor 2. The reduction in 75 raises the expected returns and induces investor
1 to invest more as compared to investor 2 (the first term in brackets on the left-hand side of
16). The same considerations hold for investor 2, which explains why differences in the amount
of money invested by large investors depend on differences in wealth and differences in the price
pressure, as summarized by the inequality in Eq. 16. Second, the denominator of the optimal
portfolio is always positive. Therefore, we conclude that i) the Nash equilibrium portfolios exist
for any level of wealth and price impact parameters®, and ii) the sign of 7 and 75 depends on

it — r only.

a1=a2:.01,W1=W2:1 Dé1=.01,012=.05,W1:W2=1
5

) - 0
< -
R -5
-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1
n—r n—r
Oz1=0é2=.01,W1=1,W2=2 a1=.01,a2=.05,W1=1,W2=2
5
N
<
- 0
<
- -5 Benchmark
-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1
i p—r

Figure 1: Nash portfolios with size-dependent price pressure . This figure shows the
Nash equilibrium portfolios (definition 2) as a function of i — r when o = 0.15.

Figure 1 shows the Nash equilibrium portfolios (i.e., the fraction of wealth invested in the
risky asset) of a large investor who is the only one to affect the expected returns (i.e., there is no
strategic interaction), the strategic portfolios when the two investors affect the stock returns and,
thus, interact strategically, and the optimal portfolio of the benchmark investor with customary

log utility as a function of g — r for different levels of price pressure and investors’ wealth. We

5The denominator of optimal portfolios corresponds infact to the determinant of the coefficient matrix of the
2 X 2 linear system which characterizes the optimal portfolios. Since the determinant is different from zero, the
optimal portfolios always exists.

12



observe that, for all investors, the optimal portfolio is increasing in g — 7, is negative when
it —1r < 0 and is positive otherwise. Price pressure induces institutional investors to invest a
smaller (in absolute value when i — r < 0) fraction of wealth in the risky asset as compared to
the benchmark case, and the higher the price impact parameter («) the smaller the amount they
invest in the risky asset. Strategic considerations induce institutional investors to invest even

less, and the higher their price pressure the less they invest. Because of the smaller fraction of

CY1:CE2:.01,W1:W2:1 ali.ol,a2:.027W1:W2:1
0.1
0.1
N N
= =
- - 0.05
~ 0.05 =
0 0 :
-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1
p—r n—r
a1:a2:.01,W1:1,W2:2 a1:.01,a2:.02,W1:1,W2:2
0.15
0.1
X4
,,,,,,,,,, Xo
o 017
> 5
- 0.051
=
0.05
-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1
n—r n—r

Figure 2: Portfolio excess returns. This figure shows the excess returns of equilibrium
portfolios (definition 2) as a function of fi — r when o = 0.15. The excess return is defined as

Xi = Gifi + (1 — g)r — 7.

wealth invested in the risky asset, investor 2 (which features the larger price impact given that

ag > «1) obtains lower excess returns (Figure 2).

3.2 Equilibrium returns and portfolios

Analyzing the equilibrium returns with large investors is complicated because the price
impact (i.e., i = —aym — agme) depends on Wp and Wy (Proposition 3). Using the equality
between consumption and wealth shares (implied by log utility) one can write W7 = w1S; = wy %
and Wy = wo Sy = wg%. As a result, the investors’ portfolios, and, thus, equilibrium returns,

depend not only on their consumption shares but also on the aggregate consumption D;. Two

alternatives are available at this point: i) plotting the equilibrium quantities as a function of the

13



consumption shares and Dy, and ii) re-scaling o1 and ap in such a way that «; W; does not depend
on the aggregate consumption D; but only on the consumption shares. The latter option has
the appealing property that the price impact does not depend on how rich (in absolute terms)
the institutional investors are, but on the fraction of the aggregate wealth they own (i.e., the
relative size of the financial sector). I follow both approaches. First I show below the results
of alternative i (for a level of D; such that S; = 1). The appendix C.2 reports the results of
alternative ii and verifies that the main implications of the paper are the same for each of the
two alternatives.

I use the following parameter values: T' — oo, p = 0.01, up = 0.02 and op = 0.04. The

equilibrium quantities are plotted as a function of the consumption share of the retail investor,

Cc3

w3 = c1tcea+tcs”

As we will see below (Figure 3, bottom right panel), Cov(ws, D;) > 0. As a
result, an increase in w3 can be interpreted as an increase in the exogenous endowment D (i.e., an
improvement in the economic conditions). With three investors, the consumption share of one of
the three investors (i.e., the retail sector) does not completely define the state of the economy. For
this reason I consider a number of simplified cases capturing different consumption distributions
among the institutional investors. Case 1: only one institutional investor (with o = 0.01) and
no strategic interaction. Case 2: two homogeneous institutional investors (a; = ag = 0.01)
when w; = we = (1 —ws) x 0.5. Case 3: two heterogeneous institutional investors who differ
in their return impact only (a; = 0.01,9 = 0.02) when w; = wy = (1 — w3) x 0.5. Case 4:
two heterogeneous institutional investors with different wealth shares (a1 = 0.01, e = 0.02 and
wi = (1 —ws3) x 0.2, wy = (1 —ws) x 0.8). Very similar price impact parameters can be found
in the papers by He and Mamaysky (2005) and Kraft and Kiithn (2011). Although based on
sightly different models of price impact, the empirical evidence suggests that those numbers are
reasonable (see, for instance, Chiyachantana, Jain, Jiang, and Wood (2004) and Huh (2014)).
In equilibrium, retail investors borrow money and hold a leveraged portfolio (Figure 3).
Total leverage (computed as Z?Zl Tg,51(1 — ¢;)W;) is a U-shaped function of the size of the
retail sector. When the retail sector shrinks (w3 — 0), leverage goes to zero only in absence of
heterogeneity between institutional investors (Cases 1 and 2). When w3 increases away from 0,
there are two opposite effects on total leverage. First, the financial sector shrinks and its lending
capacity is reduced. On the other hand, institutional investors are less willing to invest in the
risky asset, and allocate a larger fraction of their now smaller wealth to lending. As a result,

financial leverage is a non-monotone function of the size of the retail sector, and we observe a
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Figure 3: Equilibrium portfolios with size-dependent price pressure. This figure shows
optimal portfolios as a function of the size of the retail sector (w3). Parameters: p = 0.03,
up = 0.02 and op = 0.04.

peak in total leverage for intermediate values of ws. When ws — 1 the market is populated by
homogeneous retail investors only and leverage goes to zero. The dynamics of the leverage are
similar to those found by Longstaff and Wang (2012) and Basak and Pavlova (2013), but the
nature of the leverage is different. In the model analyzed by Longstaff and Wang (2012), the
incentive to hold leveraged portfolios depends on heterogeneous risk aversion: the more risk-
averse agent provides credit to the less risk-averse agent. In my model, the agents have the same
relative risk aversion (log utility) and leverage is originated by price impact. Basak and Pavlova
(2013) assume that the price pressure of financial institutions is induced by benchmarking which
implies that financial institutions borrow from the retail sector. In my model the opposite is
true: retail investors hold a leveraged portfolio and at least one of the two large investors is
lending money to the retail sector, depending on their price impact.

The lower risk appetite of institutional investors reduces the risk-free rate as compared to

a benchmark economy with log investors only (Figure 4, middle panel). Similarly, Chen, Choi,
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Figure 4: Equilibrium returns with size-dependent price pressure. This figure shows
equilibrium returns as a function of the size of the retail sector (w3). Parameters: p = 0.03,
pup = 0.02 and op = 0.04.

Larsen, and Seppi (2023) suggest that the risk-free rate with price impact is smaller than the
rate arising in an economy without price impact. When the size of the retail sector increases, the
return impact is reduced and the incentive to invest in the risky asset increases. As a result, the
risk-free rate increases and converges to the corresponding quantities in a benchmark economy
populated by retail investors only when ws — 1. Changes in the investment strategies affect the
return of the risky asset. When wj is small the price impact of institutional investors is large
(i.e., f is more negative) and the compensation for price impact (i.e. f1) is high (Figure 4, upper
panels). When ws increases, the size of the financial sector, and thus the price impact of the
institutional investors, is reduced. Correspondingly, i — 0 and i — up + p (i-e., the expected
return in a model with log investors only) when ws — 1.

The empirical literature seeks to understand whether or not retail investors provide liquid-
ity (the answer seems to be in the affirmative) and whether or not they are compensated for
their liquidity-providing activity (the answer is less clear in this case): see for instance Kaniel,
Saar, and Titman (2008) Barrot, Kaniel, and Sraer (2016), Abudy (2020) and Eaton, Green,
Roseman, and Wu (2022). In my model, retail investors act as a counterpart of institutional

investors and, thus, as suggested by Kaniel, Saar, and Titman (2008), they provide liquidity”.

We do not claim that individuals provide liquidity by trading actively like dealers making two-sided market.
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Figure 5: Number of shares purchased and portfolio’s Sharpe ratio. This figure shows
the number of shares of the risky asset purchased by the three investors as a function of the size
of the retail sector (i.e., w3). Parameters: p = 0.03, up = 0.02 and op = 0.04.

Institutional investors dominate the market when ws is small, and hold an important fraction
of the outstanding shares. When w3 increases they progressively reduce the number of shares
they hold, while retail investors increase their portfolio holdings. When institutional investors
dominate the market, their price impact is large and the incentive to invest more in the risk-free
asset reduces the risk-free rate and, thus, increases the Sharpe ratio above the level that would

prevail in an economy with retail investors only. When ws increases, the Sharpe ratio declines

Rather, it could be that when institutions trade large positions in a certain direction and start moving prices,
individuals end up taking the other side of these positions” (pages 295-296). Similarly Glossner, Matos, Ramelli,
and Wagner (2022) find that while institutional investors (especially hedge funds) sold stocks during the COVID
period, individual investors (Robinhood investors) increased investment in risky assets, thus providing liquidity.
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because of the higher equilibrium risk-free rate, and it then converges to the level that prevails
in an economy with log-investors only when ws — 1. Therefore, retail investors obtain excess
compensation (in excess of that obtained in an economy with retail investors only) when the
financial sector is large in size and no extra compensation when the size of the retail sector

increases.

3.3 A different price impact function

One might wonder whether the specific form of price impact (i.e., Eq. 4) is crucial for the
results presented in the paper. To address these concerns, appendix B analyzes the implications

of a different price impact function, namely

O Tt 4 o
L it m; #0

L) Tl

O, if Tt = 0

o= fi1 + fi2 (17)

where a1,a9 > 0. Eq. 17 extends the model of Cuoco and Cvitani¢ (1998) to include two
investors with price impact. In this case, when investor ¢ buys (sells) the risky asset, its expected
return is reduced (increased) by «;, independently of the amount of money invested. This kind
of ”size-independent” price pressure can be applied to a number of cases where factors different
from trade size are also important in determining the price impact of a trade 8.

Solving for the equilibrium is more challenging in this case because the size-independent
price impact described in Eq. 17 creates "no-trade regions” in which at least one of the two
institutional investors refrains from investing (i.e., she finds it optimal to set ¢ = 0). This
happens because strategic institutional investors buy (sell) the risky asset only when the expected
returns are large enough (or low enough) to absorb the impact of their demand pressure, taking
into account the impact of the opponent’. In this situation the liquidity provision activity of

the retail investors is even more important and, in some situations (i.e., when both institutional

8For instance, Farmer, Gillemot, Lillo, Mike, and Sen (2004) and Weber and Rosenow (2006) find that the
price impact is mainly due to small liquidity rather than large orders. However, my purpose is not to determine
the best price impact function, which is a highly debated topic in the empirical finance literature. Rather, my
purpose is to compare the equilibrium implications of two price impact functions, commonly used in the literature.

9For instance, investors refrain from taking a long position in the risky asset when their demand will make the
expected returns negative, taking into account the demand of the opponent. Differently, when the price impact
depends on the amount of money invested, investors have a more precise control of the effect of their demand on
the expected returns: price impact can be reduced by decreasing m. When price impact is governed by Eq. 17,
the only possibility to reduce price impact is to set m = 0.
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investors set ¢ = 0), crucial for the existence of the market equilibrium. As is evident from
Appendix B, the main economic force described in this paper is still at work when price impact
is governed Eq. 17: retail investors need to step in and provide liquidity when institutional
investors reduce their portfolio holdings to limit the effects of price impact. The main results

are therefore qualitatively unaffected.

4 Conclusion

What is the impact of institutional investors on asset returns and leverage in equilibrium? 1
address this question using a model with two large investors who affect asset prices and interact
strategically, and retail investors. Several conclusions can be drawn fro the analysis. First, when
deciding their investment policy, retail investors need to consider that large investors not only
affect prices but also interact strategically. In particular, the compensation that retail investors
obtain for their liquidity-providing activity depends on the behavior of institutional investors and
on the state of the economy. Second, policy makers wishing to design policies to reduce market
leverage would need to consider the specific economic force generating the leverage. Indeed,
as discussed in this paper, institutional investors may borrow money from the retail sector or
lend money to the retail sector, depending on the nature of competition in the financial sector.
In both cases, total leverage increases but its determinants and consequences are likely to be
different. Finally, the nature of the price impact (i.e. size-dependent vs size-independent impact)
is not crucial for the above results but it does affect the institutional investors’ trading strategies.

To solve the model I made some simplifying assumptions such as log utility or the assumption
that the price impact (which also generates strategic concerns) only operates through the drift
of the risky asset. Clearly, one may want to consider different utility functions (e.g., power
utility to analyze the joint implications of risk aversion and price impact) or assume that large
trades also affect stock return volatility. Finally, in a multi-asset framework in which large trades
affect the volatility of risky assets it would be interesting to study the effect of price impact and

strategic interaction on stock returns correlations. These ideas are left for future research.
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Appendices

Appendix A Size-dependent price impact: proof of propositions

Proof of Proposition 1. The equilibrium requires that

ct1+cpo+ ez =Dy (18)
Gt aWi1 + ¢ oWia + @i sWiz = Si (19)
(I = 1)Win+ (1 = e2)Wia+ (1 — ¢ 3) W3 =0 (20)

Egs. 19 and 20 imply Wy 1 4+ Wy 2 + Wy 3 = S;. Using the optimal consumption of log investors

one obtains Wi 1 + Wy + Wiz = % = % = S;. Applying the Ito’s lemma

D D S, D
= BDZ g+ TP B, = upSedt + opSidBy = 2t + “Ztat = (up + p)dt + opdB;
p

d
S S, 'S,

Matching the drift and diffusion terms with those in Eq. 1 we obtain g + ji(m,m2) = up + p

and o = op. Finally, consumption shares are given by w;; = Zcf’ci” = % and we have
We i Wi
dwr; = [...]dt + %@aDdBt . %DtaDdBt = [.])dt + wyidiod B, — wiiopdBy
t t

= [...]dt + wiop(pi — 1)dBy

Proof of Proposition 2. The state-price density of the large investor ¢ is

¢ ¢ t _— :
&= exp —/ redt — / 0r:dBt — -5/ 07:dt ), 6r;= oz T v (21)
’ 0 0o o 7 gt

for some v; to be determined below!?. The optimal choices are given by (see Cuoco and Cvitanié

(1998))

P et —e Pl -1
Cti = WWM, Wt,i = WO,Z'W(&Z’) (22)

Tei  ft+Vi— Tt

- 2
Wti (g

)

10 Alternatively, one may determine two adjustment processes: one for the risk-free rate (say m:) and one for
the stock return (say i), so that the excess return in the fictitious economy is fir — r¢+ + v — 75. The optimal
consumption/portfolio choice is the same.
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The time index is suppressed for simplicity. Define g(m) = 71 (ft — v1) = —o1 T3 — Ty — T4
and g(m2) = mo (i — v2) = —a Ty — a5 — mavs. From the F.O.C. we observe that v; should

satisfy 11 = —2aqm — agmy and vo = —2aeme — amy. Plugging v; into portfolios 23 one obtains

U—1—209m — 1M
Wi, = - W

h—7—201m1 — QT2

T =
o2

— 1 — QT fo— 17— oqmy

=M = —F—F 5 V1 T2 = "5 o 7 "2
o2 4 2004 Wy ’ 02 4 2a5Wo

Proof of Proposition 3. Write the system of best responses as

m =a-+bwy, mo=c+dm, where

o — Wl(ﬁ—’l“) b _ asWq o— WQ(/_L—’I“) _ a1 Wy
0'2—|—2011W1, 0'2—{—2011W1’ U2+2Q2W2’ 02—1—2a2W2
e a+ be _ Wil —r) [0’2—|—042W2]
! 1—bd [02 + 20&1W1] [02 + QQQWQ] — OzlotQI/Vﬂ/VQ7
o ct+ad Wa(i — 1) [0 + an W1 ]
5 =

1—bd [02 + 2@1W1] [02 + 20&2W2] — oo WiWoy
Expanding the denominator of 7] and 75 one obtains
[0'2 + 2041W1] [0’2 + QQQWQ] — opaWiWy = ot + 202 [041W1 + O[QWQ] + 3a100W1 Wy >0

* *
ony o3

which implies that sgn(n]) = sgn(n3) = sgn(pi —r), 555 <0 and 72 <0.

Appendix B Size-independent price impact

B.1 Best-response functions and the Nash equilibrium

Proposition 4 (Best responses with size-independent price pressure) The best re-

sponse functions ¢ |g, <0, Pri g, ;=0 and ¢ |g, ;>0 for i,j = 1,2 and i # j are given
by
%<O z’f fr — 1 < —on — g W<O if fe — 1 < —on + g
t t
R e D I A T Pr g 2>0= § BEIZ21202 500 Gf [y — 1y > o0 + o
t t
0 otherwise 0 otherwise
ﬁt—igz;'al <0 if pr—re<—on 7%_;?—02 <0 if pr—re<-—oo
Pt.1 |gp 2=0= % >0 if fu—re>an P2 |g,1=0= %%“*2 >0 if fie—re> s
0 otherwise 0 otherwise
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BTtntos <0 if i —re < —o1 —ao mi”;faﬁaz <0 if pe—re<on— oo
bt2 |o;1<0= %;1*"2 >0 if fGe—re> —a1+a P2 |9, 1>0= % >0 if i —7e > o1+ a2
0 otherwise 0 otherwise

B.2 The Nash equilibrium

Proposition 5 (Nash equilibrium portfolios with size-independent price pressure)

The mutually optimal portfolios (definition 2) with size-independent price pressure are given by

¢;1:¢;2:%M<0 if =T < —ap—az
¢;,1:m+tg+m<ov¢;2zoa if—oap —ap < fiy — 1 < —ay
¢:,2:m+tg+az<ov¢;1:0a if —a1 —ag < jig — 1y < —ap

;1 =0 =0 if —minfay,e] < fiy —7¢ < minfoy, o]
¢;1:m%1’2_a1>07¢;2:0 if o1 < —1r <aq+an

Pio = 7%_;%_&2 >0,071=0 if ag<jfiy—1 <ar+a

*  _ Jx = Tri—a)—« . —
Pi1 =@l =F—"2>0 if m—ri>zota

Tt

Proposition 5 implies that price pressure induces institutional investors to invest a smaller frac-
tion of wealth in the risky asset compared to retail investors. Moreover, there exist regions of
f — r where we have two equilibriia in which only one of the two investors (no matter who)
takes a short position in the risky asset and the other does not invest. To deal with multiple
equilibria we need a refinement criterion. Basak and Makarov (2014) suggest to focus on the
minimization of transaction costs as a natural refinement criterion in this case. To minimize
transaction costs, institutional investors should favor the equilibrium in which swings in invest-
ments are minimized. In my model, swings in investments are minimized when, in the region
with two equilibria, we select the equilibrium in which the investor with larger price pressure

chooses ¢ = 0 ''. This refinement criterion will be in place from now on.

o see why, assume a1 < az and consider the following two selection criteria. Criterion 1: In case of multiple
equilibria, select the equilibrium in which the investor with larger price pressure (investor 2) invests in the risky
asset while the other (investor 1) chooses ¢7 = 0. This criterion leads to the following equilibrium portfolios, as
a function 1 — 7 ¢7,¢5 < 0 when i —r < —a1 —az, 7 = 0 and ¢35 < 0 when —a1 — a2 < it —r < —aq (the
multiple-equilibrium region in which either ¢7 or ¢5 is negative), ¢7 < 0 and ¢3 = 0 when —as < g — 7 < —ay.
@] = ¢5 = 0 when —minfay, az] < fi—r < minfay, @z, ¢7 > 0 and ¢3 = 0 when a1 < i—r < a1 + a2 and ¢] =0
and ¢5 > 0 when aq < i —r < az (the multiple-equilibrium region in which either ¢7 or ¢35 is positive), ¢7 > 0
and ¢5 > 0 when i — r > a1 + a2. Overall, the portfolio of investor 1 (2) switches sign six (two) times over the
domain of i — r. Criterion 2: In case of multiple equilibria, select the equilibrium in which the investor with
larger price pressure (investor 2) selects ¢35 = 0. As compared to criterion 1, the equilibrium portfolios differ in
the multiple equilibrium region only. In particular, we obtain: ¢7 < 0 and ¢3 = 0 when —a1 — s < i —r < —aa,
¢1 > 0 and ¢5 = 0 when a1 < i — 7 < az and the portfolio of both investors switches sign two times only.
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B.3 Equilibrium returns and portfolios

I use the same parameter values as in Section 3.2. Cov (C%“, %Dtt) > 0 (Figure 6, bottom

right panel), consistent with Section 3.2. Retail investors hold a leveraged portfolio (Figure
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Figure 6: Equilibrium portfolios with size-independent price pressure. This figure
shows optimal portfolios as a function of the size of the retail sector (ws).

6). The institutional investor with larger price impact (investor 2) does not invest in the risky
asset (i.e., g2 = 0 Vws). Case 1: agents’ portfolios are the same and total the leverage is zero.
In the other cases, the equilibrium leverage is time-varying. When ws — 1, all investors are
homogeneous retail and the leverage goes to zero. When ws is small, the market is dominated
by institutional investors but only one of the two invests in the risky asset and holds a leveraged
portfolio. Given that ¢o = 0, the return impact (i) is constant and equal to —«y which, in
turn, implies that the compensation for return impact (j) is also constant'?. When w3 is small,
the market is dominated by institutional investors who allocate more money to the risk-free

t13

asset'3, reducing the risk-free rate'. When ws increases, the impact of institutional investors

is reduced, the risk-free rate increases and converges to p + pg — U% (i.e., the risk-free rate in

12No significant differences are detected when analyzing the different cases described above. This happens
because the return impact does not depend on the size of trades and, thus, remains constant across different
cases.

13For instance, institutional investor 2 allocates 100% of her wealth to the risk-free asset (i.e., p2 =0).

14Note that the risk-free rate in Case 2 and 3 is the same because investor 2 refrains from investing in the risky
asset and the wealth share of investor 1 is the same.
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Figure 7: Equilibrium returns with size-independent price pressure

. This figure shows

equilibrium returns as a function of the size of the retail sector (i.e., ws).

an economy populated by retail investors only) when ws — 1 (Figure 7).
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Figure 8: Number of shares purchased and portfolio’s Sharpe ratio. This figure shows
the number of shares of the risky asset purchased by the three investors as a function of the size
of the retail sector (i.e., ws).
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number of shares of the risky asset held by the three investors (left column'®) and the Sharpe
ratio achieved by retail investors. In absence of leverage (case 1) retail investors obtain the same
Sharpe ratio as they would have obtained in absence of institutional investors. In the other cases,
the compensation for liquidity depends on ws. For small w3 the market is dominated by the
institutional investor 1 which holds an important fraction of the outstanding shares. Investor 2
does not hold equity. Retail investors then need to hold the shares that investor 2 is not willing
to hold. The market clearing role of retail investors is particularly important when ws is small
(i.e., when the size of the retail sector is small) and their Sharpe ratio is above the level that

would prevail in an economy with retail investors only.

B.4 Size-independent price impact: proof of propositions

Proof of Proposition 4. Define g(m1) = 71 (ft — v1) = —aq|m1| — miagsgn(me) — mivy. The

effective domain of sup g; is given by

—(Oél+a2)§1/1§041—042, if m >0
—a1+as <1y <o+ ag, if m <O (24)

7041§I/1§041, if 71'2:0

When conditions 24 hold, supm (& — v1) = 0. Since sgn(m2) = sgn(¢2), we can determine the
optimal v, given the sign of the portfolio choice of the opponent. Replacing v into the portfolio

of Eq. 23 we finally obtain the best-response functions of investor 1:

ap—ag, if r—p>a—as a+ag, if r—p>a+as
Vi |gy>0= —(og 4+ ag), if r—g<—(g+az) " |2 <0= —a1+as, if r—p<—a;+a
r — [, otherwise r — [, otherwise
ap, if r—gp>m %‘Wgo if r—g>a;+as
V1 |gy=0= —ayq, if r—p<—m B1 |gp<0= w >0 if r—p<—a;+as
r —p, otherwise 0 otherwise
=2 <0 if r—p> a1 —az B <0 if r—m>a
P1 [gp>0= % >0 if r—p<—a;—as P1 [po=0= % >0 if r—p<-m
0 otherwise 0 otherwise

5Note that ¢s2 = 0 for this calibration.

29



Repeating the steps above for investor 2 we obtain

WSO if 77— jgsa; +as %T%WSO if r—pa>—a;+a
P2 g1 <0= WEO if r—p<a;—as 92 gy >0= WEO if r—p<-—a;—as
0 otherwise 0 otherwise

mgo if r—pa>as

0-2
®2 |¢,=0= % >0 if r—p<—as
0 otherwise

Proof of Proposition 5. The Nash-equilibrium portfolios are given by the intersection of the

best-response functions of Proposition 4. We have the following cases:

e ¢1 < 0 and ¢ < 0. ¢1 < 0 is optimal given ¢ < 0 when 1 —r < —a; — @s. ¢2 < 0

is optimal given ¢; < 0 when g —r < —a3 — as. As a result when g —r < —a; — as
9} = g3 = Iortgiraz,

e ¢ > 0and ¢2 < 0 (and vice-versa). ¢1 > 0 is optimal given ¢o < 0 when 1 —r > a3 — ao.
¢2 < 0 is optimal given ¢; > 0 when i —r < a3 — az. The intersection point is it —r =
a1 — ag which implies ¢1 = ¢ = 0. The case ¢; < 0 and ¢ > 0 is symmetric.

e ¢ = 0 and ¢ < 0 (and vice-versa). ¢; = 0 is optimal given ¢o < 0 when —a; — ag <
n—r < ap—az ¢ <0 is optimal given ¢; = 0 when g —r < —ag. The intersection
region is —a — ag < i —r < —ap. In this case ¢ = ﬁ_;% < 0 and ¢] = 0. The case
¢1 < 0 and ¢ = 0 is symmetric.

o ¢1 = P2 = 0. ¢1 = 0 is optimal given ¢2 = 0 when —a; < it — 7 < a1. ¢ = 0 is optimal
given ¢ = 0 when —ag < i — r < ag. The intersection region is —minfay, @] < g —1r <
minlag, az]. Thus, ¢ = ¢35 = 0 when —minfai, as] < g —r < min[aq, as).

e ¢»1 =0 and ¢2 > 0 (and vice-versa). ¢; = 0 is optimal given ¢ > 0 when —a; + ag <
n—r < aj+ag. ¢ > 0is optimal given ¢y = 0 when i—r > ay. The intersection region is
ag < i —1 < aj + az. Therefore, 7 = 0 and ¢35 = % >0 when as < i—17 < a1+ ao.
Similarly for the case ¢1 > 0 and ¢ = 0.

e ¢ > 0and ¢ > 0. ¢1 > 0 is optimal given ¢ > 0 when jt—r < a;+as. ¢2 > 0 is optimal

given ¢1 > 0 when i — 7 > a1 + az. In this case we have ¢} = ¢} = W > 0.
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Appendix C Additional results

C.1 Computation of the equilibrium

We start from the market clearing condition c¢;1 + ¢t2 + ¢r3 = pWi1 + pWia + pWis = Dy

Applying the Ito’s lemma and matching the drift and diffusion terms

Wi lr—p+é1 (B+ )]+ pWeg [r — p+ d2 (i + )] + pWes [r — p+ é3 (i + )] = pup Dy

oci1P1 + ociapr + oc 393 = opDy

Using the market clearing conditions of the financial market, the equality between consumption
shares and wealth shares implied by log utility and the results of Proposition 1 one obtains the

following simplified system of equations

B+ f=pp+p

(1 — ¢1)wr + (1 — ¢o)wa + (1 — ¢h3)ws = 0

Since ¢1,¢2 and ¢3 are functions of 1 and r we have a system of two equations in two unknown

(2 and 1) to be determined as a function of the consumption shares of the three agents.

C.2 Re-scaling the price impact function

In this Appendix I consider an economy in which a; = %16. Case 1: only one large

investor with & = 0.01 and no strategic interaction. Case 2: two homogeneous large investors

(@1 = ag = 0.01) when w; = wy = (1 —w3) x 0.5. Case 3: two heterogeneous large investors
(@1 = 0.01, a2 = 0.02) when w; = wy = (1 —ws3) x 0.5. Case 4: two heterogeneous large investors
(a1 = 0.01, a2 = 0.02) when w1 = (1 —w3) x 0.2 and we = (1 —w3) x 0.8. Equilibrium leverage is

an inverted U-shaped function of ws. When w3 — 0 total leverage goes to zero only in absence
of heterogeneity between institutional investors (Figure 9). The risk-free rate is increasing in ws
and smaller than the corresponding quantity in an economy with log investors only (Figure 10).
Compensation for price impact (j1) is high when the financial sector is large in size (Figure 11)
which implies higher price impact (Figure 12). These results are perfectly consistent with those

of Section 3.2. In addition the properties of returns are not affected by the dividend Dj.

8This implies that institutional investors have more market power when their trade represent an important
fraction of the market capitaligation of the traded asset (because S; is small when D, takes low values). In

addition, for small &, a;W; = Efj:)t

Dt 7. Wi
wi Pt o F, Wi
v p v p
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Figure 9: Equilibrium leverage. This figure shows the equilibrium leverage with size-
dependent price impact as a function of the size of the retail sector (i.e., ws).

Case 1 Case 2

Figure 10: Equilibrium risk-free rate. This figure shows the equilibrium risk-free rate with
size-dependent price impact as a function of the size of the retail sector (i.e., ws) and the dividend
Dy.
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Case 1 Case 2

Figure 11: The compensation for price impact (). This figure shows i with size-dependent
price impact as a function of the size of the retail sector (i.e., ws) and the dividend Dj.

Case 1 Case 2

Figure 12: The price impact (/). This figure shows the equilibrium price impact as a function
of the size of the retail sector (i.e., w3) and the dividend D;.
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