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Abstract

We consider a model in which two securities are traded by two different pools of deal-
ers. As the payoffs of these securities are correlated, dealers in one security can learn
information by monitoring the price of the other security. But monitoring requires atten-
tion and attention is costly. The number of dealers in one security who monitors the price
of the other security sets the level of attention to this security. We show that variations
in the level of attention to a security is a source of positive covariation in liquidity across
securities. We also endogenize the levels of attention by analyzing dealers’ decision in
each security to monitor the price of the other security. We find that monitoring decisions
by dealers operating in different securities are complements. For this reason, for identical
parameters, two possible levels of attention can emerge in equilibrium: no attention at all
or maximal attention. Thus, for a fixed value of the correlation between the fundamentals
of the two securities, the markets for both securities can be strongly segmented or strongly
integrated in equilibrium. Moreover, a decline in the cost of obtaining price information
does not necessarily result in a greater level of attention in equilibrium.
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1 Introduction

As asset payoffs are correlated, market-makers have an incentive to price a security by using
prices of other, related, securities. For instance, market-makers in a stock can learn information
from prices of other stocks in the same industry. Similarly, domestic market-makers in a cross-
listed stock have an incentive to watch its price in the foreign country or market-makers in
CDSs can obtain information from the stock price of the firm on which the CDS is written.

However, cross asset price monitoring is costly for several reasons. Sometimes, as in OTC
markets, price information is simply not readily available in real time or available only to a
few privileged market—makersE] Second, even when price information is disseminated in real
time, this information is not free as it is sold by data vendors (Reuters, Bloomberg etc...) and
market participants often complain about the size of the fees charged for this information ]
Last, in fast markets, prices are changing quickly and tracking price changes in all securities
that could potentially be informative requires attention, which is costly. Thus, in choosing
which price information to follow or to buy, market-makers face a trade-off between the value
of monitoring a specific security and the cost of doing so. In this paper, we show that this
trade-off has important implications. For instance, it can explain comovements in liquidity
between securities or generate segmentation between securities with highly correlated payoffs,
even when the cost of attention is small.

To this end, we consider a model in which two securities with correlated payofts are traded by
two different pools of risk averse market-makers. Each market-maker is active in one security
and is perfectly informed on the price of this security. He may also follow the price of the
other security, in which case we say that the market-maker is a “pricewatcher.” The fraction of
pricewatchers in a given security sets the level of attention by market-makers in this security
to the other security. We obtain four main findings.

First, pricewatchers are a source of liquidity spillovers across securities. To understand
this point, consider a market-maker in security X who monitors price movements in security
Y. These movements can be due to uninformative trades or news about fundamentals known
only to market-makers in security Y. When the market for security Y is more liquid, trades
contribute less to price volatility relative to news about fundamentals. Thus, market-makers
in security X obtain more reliable information from the price of security Y when the liquidity
of this security improves. This improvement spills over to the liquidity of security X because
its market-makers price security X more aggressively when they face less uncertainty on its

payoff. As this spillover mechanism is bi-directional, it is even stronger when market-makers

'For instance, a market-maker in a stock may be an employee of a trading firm also active in the CDS
market. In this way, the market-maker may be privy of information on trades in the CDS market not available
to his competitors.

2For instance, the fee charged by Nasdaq for the dissemination of corporate bond prices has been very
controversial. For accounts of these debates, see, for instance, “Latest Market Data Dispute Over NYSE’s Plan
to Charge for Depth-of-Book Data Pits NSX Against Other U.S. Exchanges,” Wall Street Technology, May 21,
2007; the letter to the SEC of the Securities Industry and Financial Markets Association (SIFMA) available at
http://www.sifma.org/regulatory/comment_letters/41907041.pdf, and “TRACE Market Data Fees go to
SEC,” Securities Industry News, 6/3/2002.
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in security Y also monitor the price of security X.

Second, variations in attention by market-makers active in one security are a source of
covariation in liquidity across securities. Indeed, under some parameter restrictions, an increase
in the fraction of pricewatchers in one security improves its liquidity. In this case, the spillover
mechanism we just described implies that this improvement in liquidity raises the liquidity of
the other security as well.ﬁ This effect sparks a chain reaction that amplifies the initial effect of
the change in the fraction of pricewatchers on the liquidity of both securities. We show through
numerical simulations that this amplification effect and therefore comovements in illiquidity
are strong when the fraction of pricewatchers in both markets is high.

Third, in the presence of pricewatchers in both markets, the liquidity of one security depends
on the belief about this liquidity by pricewatchers active in the other security. As there is no
fundamental anchor for this belief, multiple equilibria with differing liquidity levels can emerge.
For instance, suppose that market-makers in security X expect the market for security Y to be
highly liquid. Then, the market for security X is more liquid as market-makers feel that they
can rely on security Y as an extra source of information. Thus, the price of security X is more
informative, which works to make security Y liquid and confirms the belief of market-makers
in security X about the liquidity of security Y. But, by the same token, the belief that security
Y is illiquid would be self-fulfilling.

Last, we endogenize the number of pricewatchers in each security and show that, for iden-
tical parameter values, the markets for the two securities can be either strongly integrated (as
all market-makers are price watchers) or strongly segmented (as no market-maker is a price
watcher). The reason is that the value of being a pricewatcher operating in security X in-
creases in the fraction of pricewatchers in security Y and vice versa. Indeed, when the fraction
of pricewatchers in security Y increases, the liquidity of this security improves and therefore
its price conveys more precise information. Hence, pricewatchers in market X are willing to
pay more to observe this price. For this reason, the value of price monitoring is higher when
all market-makers watch prices than when no market-maker watches prices. This happens de-
spite the fact that the value of being a pricewatcher declines in the number of pricewatchers
operating in the same security, as usual in models of information acquisition (e.g., Admati and
Pfleiderer (1986)) /]

Hence, there is a range of costs for price information such that two levels of attention are
sustainable in equilibrium. In the first equilibrium, attention is high: all market-makers are
pricewatchers because the value of monitoring the other security is high relative to the cost of
attention. In the second equilibrium, attention is low: no market-maker acquires information

on the price of the other security because the value of monitoring the other security appears

3The positive covariation in liquidity also obtains if an increase in the fraction of pricewatchers in one security
reduces the liquidity of this security. This situation can occur when the fraction of pricewatchers is small because
pricewatchers have a larger informational advantage when they are less numerous.

4Usually, in models of information acquisition, the value of information declines when more investors acquire
information (see Admati and Plfleiderer (1986)). This is also the case here: when more market-makers in
market X monitor market Y, the value of monitoring this market declines. But the value of monitoring market
X increases for market-makers in Y.



low relative to the cost of attention. This situation is self-sustaining in, say, security X since
the value of price information on Y is low because there are no pricewatchers in security Y and
vice versa. Thus, a decrease in the cost of attention is not sufficient to stir market-makers away
from this equilibrium, unless this decrease is large.

This result has interesting implications. First, it implies that fads, traditions, or other coor-
dination devices may determine the degree of integration between two securities, independently
of the correlation in the payoffs of these securities. Second, a decrease in the cost of attention
(due for instance to better information linkages between markets) does not per se entail greater
market integration, unless the cost is very low. Third, market-makers operating in related
but opaque segments may undervalue the benefit of greater market integration. Indeed, in the
low attention equilibrium, the value of getting price information is low. Thus, data vendors
will perceive a weak demand and will therefore lack incentives to collect and disseminate price
information. In this case, regulatory intervention is needed. A case in point is the U.S. corpo-
rate bond market where real time dissemination of bond prices took off only under regulatory
pressure (see Bessembinder et al. (2006)).

Our paper is related to several strands of research. First, it contributes to the literature
on comovements in liquidity across assets. A series of papers have shown that liquidity is
positively correlated across stocks (e.g., Chordia et al. (2000), Hasbrouck and Seppi (2001),
Huberman and Halka (2001)), and between stocks and bonds (Chordia et al. (2005)). This
phenomenon has important implications for asset pricing (see Amihud et al. (2005) for a survey)
but its causes are not well understood. Brunnemeier and Pedersen (2007) show how funding
constraints for liquidity providers can generate comovements in liquidity. Our model describes
another mechanism, based on limited attention.

Second our paper relates to recent empirical papers on the impact of limited attention on
liquidity (Corwin and Coughenour (2008) and Boulatov et al.(2009)). On the NYSE, each stock
is assigned to a market-maker (a “specialist”). Typically specialists are assigned several stocks.
Corwin and Coughenour (2008) argues that time and processing constraints limit a specialist’s
ability to monitor multiple stocks simultaneously. Thus, specialists face an attention allocation
problem. Corwin and Coughenour (2008) shows empirically that the liquidity of a stock declines
when its specialist’s attention to other stocks increases. Their findings suggest that modeling
dealer attention is important to understand liquidity.E] Our paper is an effort in this direction.

Next, our paper relates to the literature on multimarket trading (e.g., Chowdry and Nanda
(1991)) and cross asset price pressures (e.g., King and Wadhwani (1990), Pasquariello (2007),
Bernhardt and Taub (2008), Pasquariello and Vega (2009)). Chowdry and Nanda (1991) focuses
on the case in which the same security trades in two different markets and market-makers in
one market cannot condition their price on the price in the other market. Pasquariello (2007),
Bernhardt and Taub (2008) and Pasquariello and Vega (2009) consider models of trading with

multiple assets and assume that market-makers in one security can condition their price on

®Peng and Xiong (2006) develop a model of trading in which investors’ limited attention is a source of return
comovements.



the prices of all other securitiesff] Our results are not directly comparable to these models
because the assumptions of our model are different in many ways. For instance, we consider
risk averse market-makers while these models consider risk neutral market-makers. But the
most important difference is that we consider the effect of varying the number of market-
makers in a given market who monitor the price in another market and we endogenize the
decision of market-makers to monitor this price. These features raise issues that do not arise in
other models. For instance we can relate the level of comovements in illiquidity to the fraction
of pricewatchers and show that segmentation can arise even if the cost of observing prices is
small.

Our set-up is closer to King and Wadhwani (1990) who study the transmission of information
across markets. They analyze how news in one market are transmitted to another market and
they explicitly assume that prices are the conduit through when information is transmitted.
However, they do not link the informativeness of the price in one market to the liquidity of
this market, as we do. We show that this linkage leads to multiple equilibria with different
levels of price informativeness and liquidity, a possibility which does not arise in King and
Wadhwani (1990). It is well-known that participation externalities result in multiple equilibria
with differing levels of liquidity (see Admati and Pfleiderer (1988), Pagano (1989), and Dow
(2004) for example). However, to the best of our knowledge, the coordination problem that
arises in our model, which involves market-makers operating in different securities, has not been
analyzed before in the literature.

The rest of the paper is organized as follows. Section [2| describes the model. In Section
Bl we consider the case in which the fraction of pricewatchers is fixed. We show how liquidity
spillovers and multiple equilibria arise in this set-up. Then, in Section .1} we endogenize the
fraction of pricewatchers and show how a low attention or a high attention equilibrium can

emerge for the same parameter values. Proofs are collected in the Appendix.

2 The model

We consider two securities, D and F', traded by two distinct pools of traders. As in King and
Wadhwani (1990), we assume that the payoffs of these securities, vp and v, are linear functions

of two “fundamentals,” namely:

UDI(SD—FdX(SF—i-T] (1)
vp = fX8p+dp. (2)

The random variables d p, 6 7 and 7 are independent and have a normal distribution, with mean
2
P
securities that load, with possibly different weights, on the same risk factors (see below for

zero. The variance of §; is 1 and the variance of 7 is o7. Thus, securities /' and D are two

more specific interpretations). To fix things, we assume that f = 1 and d € [0, 1], so that the

payoffs of the two securities are positively correlated.

6Bernhardt and Taub (2008) compare equilibrium outcomes when informed investors can condition their
market orders in one security on the prices of all other securities and when they cannot.



In each market, there are two types of traders: (i) a continuum of risk-averse speculators and
(ii) liquidity traders. The aggregate demand of liquidity traders in market j is u; ~ N(0,02).
Liquidity demands in both markets are independent. The net order imbalance from liquidity
traders is absorbed by speculators, who are therefore best viewed as market-makers. Hence, in
the rest of the paper, we refer to speculators as being market-makers and to u; as being the
size of the liquidity shock in market j E]

Market-makers are specialized: they only trade in one security. Market-makers specialized
in security j have perfect information on factor d; but no information on factor é_;. Yet, a
fraction j; of market-makers in each market have real time information on prices in the other
market. We refer to these market-makers as being “insiders” or pricewatchers. Other market-
makers are called outsiders. We index decisions of insiders by I and decisions of outsiders by
0.

Each market-maker has a CARA utility function with risk tolerance 7. Thus, if market-

maker ¢ in market j holds z;; shares of the risky security, her expected utility is
E[U()|6;, %] = E[— exp{—y""m;;}16;, Q%] (3)

where 7;; = (v — p;)z;; and Qf is the price information available at date j to a market-maker
with type k € {I,0}.

As usual in rational expectations models, the clearing price in each market reflects both
traders’ private and public information. In particular, the price in market j will reflect insiders’
information about the price in market —j. For this reason the price in market j is an additional
source of information for outsiders in this market. As market-makers submit price contingent
demand functions, they all act as if they were observing the clearing price in their market.
Thus, we have QJI = {pj,p—;} and Qjo = {p;}. We denote the demand function of an insider
by xjf-(éj,pj,p,j) and that of an outsider by x?(dj,pj). In each period, the clearing price in

security j, p;, is such that the demand for this security is equal to its supply, i.e.,

, 1
/Mﬂ g;§(5j,pj,p_j)dz'+/ 29 (8;,pj)di+u; =0, forje{D, F}. (4)
0 1
Interpretation. There are several ways to interpret the two securities in our model. For
instance, securities D and F' could be two stock market indexes of two different countries as in
King and Wadhwani (1990). In this case, assuming 0'3] > 0 and d € [0, 1] captures the existence
of asymmetries in the dependence between related markets. Another possibility is that these
securities represent the stock of a cross-listed firm and its ADR in the foreign marketﬁ or the

same security traded by different pools of market-makers with distinct information and different

7As will become clear from the discussion that follows, the adopted information structure implies that
market makers’ aggressiveness in market j positively depends on the informativeness of the equilibrium price
in market —j. To obtain this result the factor structure for payoffs appears crucial. Indeed, adopting an
information structure in which asset payoffs are not the sum of (potentially) common factors, prevents insiders’
aggressiveness in market j from depending on the illiquidity of market —j. Thus, if we modeled the information
structure a la Admati (1985), the results of our model no longer hold.

8Tn the cross-listing case, d; can be viewed as the cash-flow generated in country j by the cross-listed firm.



clientele bases.ﬂ In this latter case, as these securities have the same payoff, it is natural to
assume d = f =1 and 0727 = OH

In each of these cases, market-makers will have specialized information. For instance,
market-makers in country 7 will be well informed on local fundamental news but not on foreign
fundamental news as in King and Wadhwani (1990)H As a result, the dependence between the
payoffs traded in the two markets will vary depending on the value of d and a?l. In particular,
denoting by p> s and pl s, respectively the correlation coefficient between vp and vp
conditional on the information held by market makers in market D and F' we have

I s :d—2 ri oF = ! (5)
D>VF,0D 0—%_‘_(12 D,VF,0F 0—727+1

A lower (higher) value of d (o,) reduces the dependence between market D and market F'.
Indeed, as d approaches zero, vp tends increasingly to load on ép only. As o, increases,
residual uncertainty has a larger impact on the payoff of security D, and the latter is increasingly
less dependent on fundamental information. As a consequence, the two markets become less

dependent.

3 Information-based liquidity spillovers

We start by characterizing the equilibrium in the two markets in the general case where d > 0
and 0727 > 0. Under these assumptions both assets payoffs load on common factors and it is
therefore natural to assume that a positive fraction of market-makers in each market monitors
the price in the other market (up > 0 and pp, > 0). This case is complex to analyze. Indeed,
pricewatchers are better informed than outsiders. Thus, there is asymmetric information among
market-makers in each market and outsiders can extract information from the price in their
market. As usual, we will focus on the linear rational expectations equilibria of the model.

This enables us to obtain the following result:

Proposition 1. Suppose that pp > 0 and pp > 0. If there exists a linear rational expectations

equilibrium then the prices in market D and F' are given by:

p; =w;+ Ajw_;, for j e {F,D}, (6)
where wj = 6; + Bju;, A; = (B?,02) 'yp;B; > 0, and
B Varlvp|dp,wr] o ’YQMDP?;D,LUF + o2Var[vp|dp, wp] )
D =

gl VDO wr T o2 NVar[vp|op, wrl(l = p3, o, (1= kp))
B Var|vp|dp,wp) y VQNF/?%F,WD + o2 Var[vp|dp, wp] (8)

F= ,

’y 72”%p121F,wD + U%Var[UF|5F,WD]<]_ - pgp,wp(l - ILLF))

9For instance, in bond markets, some market-makers may cater mainly to institutions whereas others market-
makers cater mainly to retail investors.

10¥et another possibility, it that security F is a credit default swap (CDS) and security D the stock issued
by the firm on which the CDS is written.

HEquivalently, in the case of the CDS market, market-makers in CDS are often affiliated with lenders and
therefore better informed on the likelihood of defaults (and size of associated losses) than market-makers in the
stock market (see Acharya and Johnson (2007))



G 1
Popor = T2y Poren = T REo3 (9)
per = (g2 4 @)1+ Bio?) rer T 11 B2

Moreover, insiders’ and outsiders’ demands in each market are:

zi(pj,w—;) = af (Elvj|0;,p-5] —p;) = a;(8; — p;) + bjw_;

o _
i =
for bf ) bjo are provided in the appendix.

with af = yVarlv; | §;,w_;]7", af = Varlv; | 6;,0;]7", ©; = Ajw_; + Bju;, and expressions

To interpret this result, observe that, in equilibrium, the price in market j can be written

as:
pj=wj+ Aj(p; — Awy) = (1 = AjAj)w; + Ajpj. (10)

Thus, the price of security j is positively related to the price of the other security as A; >
0. Now, consider market-makers in market D. Insiders in this market observe the prices of
securities D and F'. Equation shows that, from this observation, insiders in market D infer
a signal wr about dr. Thus, their demand depends both on their specialized information, dp
and wp, i.e., the additional information that insiders in security D glean from monitoring the
price of security F' in real time. For this reason, the clearing price in market D is informative
about dp. It is easily seen, using equation @, that the signal provided by the price of security
D about 0 to outsiders is wp = Apwr + Bpup. Thus, their demand depends on dp and wp,
i.e., the additional information that outsiders in security D obtain from the clearing price in
market D. The same reasoning explains why insiders’ and outsiders’ demands in market F
depend on wp and wp, respectively.

In Proposition [, we have expressed insiders and outsiders’ demands in each market as
functions of their specialized information and the signals that they extract from the prices that
they observe. Of course, it is also possible to directly write insiders’ and outsiders’ demands
in terms of prices and private signals. Using investors’ demand functions in Proposition (1| and

equation , we obtain:

1 1
w1 (05,05, 0—5) = a;0; — Bjap; + Biap;,
o o
x5 (05,p5) = A7 (6; —py),
with 5]1-2 = ajl- + A_]ﬂ;g, ﬁjlg = (1- AjA_j)*lbjI-, and /\? = ajo — bjo > 0. Thus, insiders’
demand functions are negatively related to the price in the market in which they specialize but
positively related to the price of the other security (as both securities have positively correlated

payoffs).

Market illiquidity. Using equation @, we deduce that the price impact of a liquidity shock
in market j on the price of this market is given by:

op;



Thus, we refer to B; as the “illiquidity of market j .”H According to (7)) and (8) the observability
of w_; has two effects on market j’s illiquidity: a direct effect due to learning from cross-order
flow observability (which leads to payoff uncertainty reduction), which is captured by the first
term of the expressions; an indirect effect due to the increase in adverse selection, which is
captured by the second term. To see this, consider for instance (7). The first term of the

expression is given by
Var[vp|dp, wr]

Y
As wp potentially contains information about vp, its observability contributes to reduce the

conditional variance of market D’s payoff, lowering the illiquidity of that market. Using stan-
dard formulae for the correlation coefficient, the second term in the expression can be rewritten

as follows:
72MDP3D,MF + o2Var[vp|dp, wr]
VU2, wp + 0EVarfvpldp, wrl(1—p2, . (1 = pip))
Y*up(Var[vp|dp] — Var[vp|dp, wr]) + o2 Var|vp|dp, wr|Var[vp|dp]
v2u? (Var[vp|dp] — Var[vp|dp, wr]) + o2 Var|vp|dp, wr](Var[vp|dp] — Var[vp|dp, wr](1 — pp))

Manipulating :

= (12)

VipPipwp + 0uVarlvp|dp, wr] >

VA0, op + 02 Varlopldp, wil(L — 92, ,, (1 — pp)) if and only if i < 1.

The above inequality implies that as a two-tiered market generates adverse selection, the neg-
ative effect due to cross order flow observability on illiquidity is lessened by the positive effect
due to the risk-premium outsiders demand in their transactions to be compensated for the
losses they expect to make vis-a-vis insiders. Thus, adverse selection acts as a multiplier of

illiquidity. If pp = 1, all market makers in D are insiders and this multiplier disappears.

Market illiquidity and cross-security price informativeness. Insiders in market j watch
price movements in market —j as prices in this market constitute a source of information on
factor d_;. For insiders, observation of the price in market —j provides a signal w_; on factor
0_;. Thus, from the point of view of insiders, the informativeness of the price in market —j can
be measured by the precision of their forecast about factor d_; after observing w_;. Setting

j = D, and using the definition of wp, we obtain:
Var[vp|dp,wr] = Var[vp|dp] (1 - pszwF)

2 2 d2
~ 1+ ) (- G ) v

Thus, an increase in the illiquidity of market F' reduces the informativeness of the price in

this market for insiders in security D. Intuitively, as security F' becomes more illiquid, it is
more difficult for pricewatchers in security D to tell whether price movements in security F

are due to liquidity shocks or the arrival of fundamental news. This lowers the conditional

2Thus, Bj is conceptually similar to Kyle’s lambda.



correlation between wr and vp, increasing the dispersion of insiders’ forecast in market D. A
similar reasoning implies that other things equal, the informativeness of the signal insiders in

market F' gather from market D decreases in Bp.

Equilibrium existence. In the appendix we show that all the equilibrium parameters that
characterize prices and traders’ strategies in each market, depend on the values of the illiquidi-
ties Bp and Bp. Hence, equilibrium existence revolves around the solution of the system of
equations and which can be expressed as

Bp = f(Br,pp),  Br=g(Bp,pp)- (14)

Denoting by Bj(p;, p1_;) the equilibrium level of illiquidity in market j for given fractions of
insiders in both markets, an equilibrium will thus be a couple of illiquidities B}, (up, pp) and

By (pp, itp) such that

Bp = f(B;<:uD7 :U’F)a/vLD)v By = Q(BB(MDaMF)a NF)‘

The system together with the above discussion suggest that when the illiquidity of market
—7j increases, watching the price of security —j is less informative for insiders in market 5 and,
as a consequence, the illiquidity of security j is affected. Hence, the illiquidities of markets D
and F' are interdependent. To analyze the effect of this interdependence for the equilibrium
of the two markets, we proceed in two steps: first we look at the case in which illiquidity
spillovers are one-directional. In this case, the analysis is greatly simplified and the equilibrium
can be computed in closed form. We then turn our attention to the case in which spillovers are

bi-directional.

3.1 Omne-way spillovers

As argued in Section [2] the magnitude of d parametrizes the dependence between the two
payoffs vp and vg. According to , for d = 0, vp only loads on dp while vr depends on both
factors. As a consequence, pricewatchers in D learn nothing from wp and the observation of
wr is useless. On the contrary, insiders in market F' benefit from the observation of wp (while
outsiders suffer from the presence of adverse selection). As a result, the analysis of the model

is greatly simplified, allowing us to obtain the following result:

Corollary 1. If d = 0, there exists a unique equilibrium in linear strategies where

By, = 7 (15)
Ty
040_2 2 + 0_402 4 + 0_40_4
B;: n-u « (’Y n u)(’y HEr n u) (16)

Y+ ohon) - VeV + ohen) + onoi (Ve + ohon)

Proof. The result follows immediately by substituting d = 0 into and rearranging . O

If vp does not depend on dr the only source of uncertainty that remains on D’s market

makers comes from the presence of the residual uncertainty term n. Thus, the larger is 03,, the

10



higher is the unpredictability of vp and the more illiquid market D becomes. This, in turn, has
two contrasting effects on Bp as a poorer market D signal worsens F'’s insiders’ forecast but
also ameliorates the adverse selection problem that outsiders in market F' face.

As d increases away from zero, vp depends increasingly more on dr and observing wp is

more rewarding. Note, however, that according to (|7)):

2 2 2 2
UU d_ BFUu

B =1« B — —_—,
D’d:o v D‘d>0 v + v 1+Bl2w03

nu'Dzl

so that when all market makers in D are pricewatchers, an increase in dependence across payoffs
reduces liquidity, the more, the stronger is the dependence between payoffs (i.e., the higher is
d). The intuition is immediate: as d increases away from zero, a new information shock about
which investors can only receive an imperfect signal affects vp. This increases the uncertainty
about the final liquidation value, making the market more illiquid.

Inspection of shows that an increase in the fraction of insiders in market F' has a

negative effect on the illiquidity of that market:

OBy oy Vorou(V + opol) (vt + ono)

= X < 0.
Opp Y2 +opoz)  (Vup(y? +opol) +ogon(Vrp + oh0l))?

The above effect illustrates a well-known property of financial markets in which the observ-
ability of a given price which is informative about an asset cannot be restricted. As a wider
fraction of market participants becomes informed, the price reflects with an increasing precision
the information held by insiders. As a consequence, traders’ information becomes more homo-
geneous and the adverse selection problem faced by outsiders is less severe. As is well-known
(see, e.g., Admati and Pfleiderer (1986)), this implies that the value of observing pp decreases
in pp. We can easily verify that this result also applies to the present context. To this end we
define the mazimum fee ¢p(up, Bp) that a market-maker in market £ would be willing to pay

to monitor prices in market D (for given uz) as follows:
EU ((vr —pr)ap — ¢p)] = E [U ((vr — pr) 29)] .

Using the specification of market-makers’ utility functions and the fact that all variables have

a normal distribution, we obtain thatﬁ

Var|vp|dp, w
Opljip, Bp) = L In worltrlOr,Or]

2 Var[vp|dp,wp]

> 0. (17)

The value of being informed on prices in market D for a market-maker in market F' is strictly
positive because it enables an insider in market F' to better forecast the payoff of asset F' com-
pared to outsiders. As a consequence, insiders can take better positions than outsiders (e.g.,
conditional on asset F' payoff being high, they are more likely to have a large long position on

average). The value of price information is increasing in the ratio of the precision of an insider’s

130ur expression for the value of information is standard in models of information acquisition with normally
distributed variables and CARA utility functions (see for instance Admati and Pfleiderer (1986)). Thus, for
brevity we omit the derivation of this result, which can be obtained upon request.
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forecast to the precision of an outsider’s forecast (i.e., Var[vp|dp, wp] ™! /Var[vr|dr, @p]~!) be-
cause an insider’s informational advantage increases in this ratio. Using Corollary [I} we obtain

the following lemma:

Lemma 1. If d = 0 the value of monitoring pp for market makers in security F' is given by:

v
Op(p ,BD):—ln<1—|— ), (18)
e 2 oao(Yiup + o4on) + 0wk

and is a decreasing function of pip.

Proof. Substituting the expressions for Bp and By obtained in Corollary [Iinto the expressions
for Var[vp|dp,wp| and Var[vg|dr,&p] provided in the appendix, and rearranging yields (18)).
(]

Thus, if informational spillovers are unidirectional our model delivers the standard result
that the value of information is decreasing in the fraction of traders monitoring pp. However, as
shown above, assuming d = 0 implies that the equilibrium illiquidity in market D is independent
from the one of market F'. Therefore, an increase in pup affects ¢ only through the impact
that it has on the severity of the adverse selection problem faced by outsiders. If, on the other
hand, d > 0, informational spillovers are bidirectional and insiders in market D also find it
useful to observe wp. This, in turn, is likely to have a positive effect on the informativeness of

pp, thereby positively affecting the value of information in market F'.

3.2 Two-way spillovers

Suppose that d > 0, and that p; = 1, so that all market makers in each market j observe the
price in market —j and no adverse selection affects the two markets. In this situation it is easy

to see that and respectively reduce to

o2(1+ Byos) + d*Br.o,,
v(1+ Bgoy)
Bhow

v(1+ Bpo?)

Bp = f(Br,1) =

Br = g(BD7 1) =

Inspection of the above equations shows that the illiquidity of market j is a continuous, strictly
increasing function of B_; and that o} < f(Bp,1) < (1 + 07)/v, while 0 < g(Bp,1) < 1/y

which in turn implies that:

Corollary 1. If p; = 1 for all j: (i) there are positive illiquidity spillovers across markets

and (ii) there always exists an equilibrium in linear strategies where By, € (0,1/7v) and B}, €
(o3/v, (L+07) /7).

As argued in Section [3 when d > 0 and market makers in both markets observe price
information, the illiquidities of markets D and F' are interdependent: an increase in Br makes

it more difficult for pricewatchers in D to tell apart noise from information in wpg, lowering
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Figure 1: Equilibrium determination with no adverse selection: uniqueness (panel (a)) and
multiplicity (panel (b)).

their aggressiveness when pricing vp. Absent adverse selection effects (as y; = 1), this impairs
market D’s depth. As Bp depends on Bp this feeds back into market F’s illiquidity, further
reducing the latter market’s depth. As a result, multiple equilibria with different levels of
market depth can arise. In figure [I| we illustrate the determination of the equilibrium in two
cases. In panel (a) we set v = 0, = d = 1 and 0, = 2 and obtain a unique equilibrium.
In panel (b) we set 0, = 0.2, while keeping the other parameters’ values at their previous
levels. In this case we obtain three equilibria. Our numerical simulations show that the pattern
illustrated in figure [1|is general: for o, “low,” we obtain three equilibria with different levels
of illiquidity. For o, “high,” only the high illiquidity equilibrium survives. The intuition is
straightforward: a high level of residual uncertainty in market D makes vp less dependent on
fundamental information; as a result observing wpg is less important to price vp and the two
markets are less dependent. Conversely, a lower level of o, increases the dependence between
the two markets, potentially leading to multiple equilibria.

When p; < 1, the analysis is more complicated. Indeed, in this case an increase in Bp
has two countervailing effects: on the one hand, it impairs learning from wp, thus positively
affecting Bp; on the other hand, it renders less severe the adverse selection problem faced by
outsiders in market D, thus negatively affecting Bp. A simple calculation shows that both
effects can be captured by analyzing the impact that a change in the conditional correlation
coefficient between vp and wp has on Bp (symmetrically, looking at the impact that a change
in the conditional correlation coefficient between vp and wp has on Bp). Indeed, according
to @D, an increase in Br unambiguously lowers the correlation coefficient between vp and wg;

this, in turn, increases Var{vp|dp, wp]/v:

Var[UD|5D,WF] . (O% + d2)(1 B p?)DMF)

gl g

Y
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while lowering the second component of Bp:

0 ( Y uppiy, o + 0uVarfopldp, wp) ) B
(9,012,DMF 72M2DP%D,WF + U%LV&I[UDMD,WF](l — p%D,wF(l — :U’D))
(o +d*) (1 = pp) (1 = P}, 0 )oa(Prp (L + 07 up) + (00 + d*) (1= 97 0 )oh)

> 0.
(Vubody wr + ouVarlop|dp,wrl(1 = p3, . (1 = 1p)))?

As a result, the overall impact of bilateral spillover effects is in general ambiguous and we

obtain the following result

Corollary 2. If u; <1, a sufficient condition for the existence of positive illiquidity spillovers

across markets is that o2 > +* and Var[vp|dp] > 1.

The set of conditions of the above Corollary (a high dispersion in noise traders’ demand
together with a high coefficient of risk aversion and a high uncertainty on the asset payoff in
market D) make sure that the adverse selection effect is weak compared to the learning effect.
As a result, an increase (decrease) in market j’s illiquidity yields a corresponding increase
(decrease) in the illiquidity of market —j.

Hence, our model can generate positive co-movements in liquidity across securities. These
comovements are usually explained by a tightening of financial constraints for liquidity providers
acting simultaneously in several markets (see for instance Brunnermeier and Perdersen (2009)).
The reason for our finding is different since, in our framework, market-makers acting in each
security are distinct and face no financial constraints. Instead, when a market becomes illiquid,
its price as a source of information is less reliable. Thus, uncertainty for market-makers in
related securities increases and their liquidity drops as well.

With this in mind in the next section we simplify our analysis, concentrating on the case
o, = 0. This enables us to provide a more accurate analytical characterization of the equilibrium

in the two markets.

4 Symmetric markets

In this section we analyze the case of maximum interdependence between the two payoffs,
setting 0, = 0 and d = 1, so that informational spillovers exist across both markets, and
allowing 0 < p; < 1. In this case, the two assets are identical but traded in different markets,

as in Chowdry and Nanda (1991), and we obtain the following lemma{"|

Lemma 2. If 02 > 4~2 then there erists at least one linear rational expectations equilibrium
(i.e., the system of equations admits at least one solution) with B; > 0. Moreover, in
every equilibrivm BY € (v’ p; 4+ 03,)/7,1/7).

H1f investors could submit limit orders in both assets simultaneously, arbitrage would preclude any deviations
in prices between the two securities. Grossman (1990), Section 4 explains why this is difficult in reality. In any

case, this problem does not arise if f # d and/or O’% > 0.
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Thus, in the presence of adverse selection, the set of parameter values for which a linear ra-
tional expectations equilibrium exists in non empty. A second question relates to the cardinality
of the equilibrium set. In Section we argued that a decrease in o, makes the two markets
more interdependent. This, in turn, may yield multiple linear rational expectations equilibria.
In the symmetric market analyzed in this section, o, = 0, and it is possible to show that exis-
tence of an equilibrium also implies multiplicity. To illustrate this, we focus on the special case
in which p, = pp = p. In this case, the two securities are perfectly identical in all respects and

it is therefore natural to focus on symmetric equilibria in which B}.(u, 1) = B (u, ) = B*(p).

Corollary 3. If 0 < u < 1 and 02 > 42, there are two symmetric linear rational expectations
equilibria. In these equilibria, the level of illiquidity in each market is either low B*(u) = B*(u)
or high B*(u) = B** () (B* () < B*H(u) ). Moreover,

9B*™ (1)
o

B ()

_— . 1
on >0 (19)

< 0, whereas,
In either case market illiquidity is less than when pp = pp =0 (B (u) < 1/v). When pu =1,

we have
o2 +0,(02 — )12

2vo?

2 2 4 2\1/2
B*H(l) — ’ B*L(l) — Ou UU(Uu Y ) (20)

2vo?

Thus, when pup = pup = > 0 and 02 > 442, the model has two equilibria differing in the
levels of illiquidity of securities D and F. We refer to the equilibrium in which the level of
illiquidity is the largest as being the high illiquidity equilibrium. The reason for this result is
that the liquidity of security j depends in part on the belief about this liquidity by pricewatchers
active in security —j and this belief can be self-fulfilling. Indeed, suppose that market-makers
in security —j expect the market for security j to be illiquid. Then, they expect the price of
this security not to be very informative (see equation ((13))). As a consequence, they behave as
if they had little additional information, which makes the market for security —j less liquid.
But, as a result, the price of this security is not very informative, which works to make security
j illiquid and confirms the belief of market-makers in security —; about the liquidity of security
7.

To illustrate Corollary , consider the following numerical example where we set o, € {1,2}
and v = 0.495 Table [1] below provides equilibrium values for some variables of interest for
different values of pp and pp.

The numerical example shows that the two equilibria have very different properties. Sum-

marizing:

2

1. Impact of an increase in o

on Bj. Other things equal, an increase in the variance of

liquidity shocks makes the price of one security less informative for market-makers in the

15We have checked through simulations that the conclusions of this example are not specific to the case in
which pp = pp = p. In fact, even when pup # pp, there are typically one high illiquidty equilibrium and one
low illiquidity equilibrium displaying qualitative properties similar to those discussed in relation to the above
example.
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other security (see equation ([13])). Thus, one would expect securities to become more
illiquid in equilibrium. This is indeed the case in the high illiquidity equilibrium. For
instance, when up, = pup = 1/2, B*#(0.5) = 1.8 when ¢2 = 1 and B*¥(0.5) = 1.98 when
02 = 4. However, this intuition does not apply in the low illiquidity equilibrium. In this
case, counter-intuitively, illiquidity decreases with o2. For instance, when pp, = pp = 1/2,
B*L(0.5) = 0.27 when 02 = 1 and B**(0.5) = 0.06 when 62 = 4. The fact that the liquidity
of one security depends in part on the beliefs of pricewatchers active in the other market
is key here. Indeed suppose that market-makers believe that illiquidity decreases after an
increase in 2. If they expect the reduction in illiquidity to be large enough so that B*Lo?
decreases then price informativeness increases (see equation (13))) and market-makers’ beliefs

about the evolution of liquidity is self-fulfilling.

. Impact of am increase in p; on Bj. The spillover mechanism described in Corollary
suggests that illiquidity in both markets should be reduced when pp and pp increase.
Table [1] and the second part of Corollary |3| show that this intuition is correct in the high
illiquidity equilibrium. For instance, when o2 = 1, B*#(0.5) = 1.8 and B*(1) = 1.22.
However, the intuition does not apply in the low illiquidity equilibrium where the illiquidty
increases in the fraction of pricewatchers. For instance, when o2 = 1, B**(0.5) = 0.27 <
B*E(1) = 0.82. Again, the reason for this difference is that liquidity is in part driven by

market-makers’ beliefs.

The above example suggests that an increase in the fraction of insiders in one market

negatively affects the equilibrium level of illiquidity in that market along the high illiquidity

equilibrium. The following result formally proves this fact. Let

K= (1 B <8f(§Bij>luj)) (af(g;éw)»l'

Observe that either kK > 1 or kK < 0 since

Af (B, 1)\ (Of (B}, p_;)
( 0B )( 0B; )>O'

Moreover, k = 1 if u_; = 0 because in this case (0f (B}, u_;)/0B;) = 0. If u_; > 0, then x # 1,
and we obtain the following resultm

Corollary 4. If k > 1, the effect of a change in the fraction of insiders on the equilibrium level

of illiquidity in market j is given by

AB; _ Of(Bm)

) 21
0 o (21)

If 02 > 492 and k > 1, an increase in the fraction of insiders in market j reduces the illiquidity

of this market ((dBj/du;) < 0) and the illiquidity of market —j ((dB*;/du;) <0).

16Given the symmetry of the current setup we use f(-) to denote both the function that determines Bj as a

function of B_; and u; and the one that determines B_; as a function of B; and p_;.
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To understand this finding, consider first the effect of a small increase in the fraction of
insiders in market j, for a fized level of the illiquidity in the other market. This effect is
measured by (f(B*;, j1;)/0p;). We call this effect the direct effect of a change in the fraction
of insiders in market j since it ignores the fact that a change in this fraction also affects the
illiquidity of the other market. The sign of this direct effect is determined by two opposite
forces. On the one hand, an increase in the fraction of insiders in market j raises the level
of asymmetric information in this market since insiders are better informed than outsiders.
On the other hand, it lowers the level of uncertainty on future payoffs. The first effect raises
illiquidity while the second effect decreases illiquidity. The second effect always prevails when
o2 > 47?@ In this case, an increase in attention to security —j by market-makers in security
j translates first in a higher liquidity for security ;.

Now, if p; > 0 and 02 > 4~2, the higher liquidity in market j leads to an increase in the
liquidity of market —j as implied by Corollary [2l This indirect effect of the change in the
fraction of insiders in market j triggers a chain reaction since the higher liquidity in market
F' raises the liquidity of market j which in turn further raises the liquidity of market —j
etc. .. (Corollary [2). This chain reaction amplifies the direct effect of an increase in the fraction
of insiders in market j. If kK > 1, the cumulative effect of this chain reaction remains bounded

and is equal to k, which can be seen as the multiplier effect.

2
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Figure 2: The figure displays the illiquidity of security D as a function of pup when pp = 0.5
(in panel (a)) and when pp = 0.9 (panel (b)) when By is fixed at its equilibrium value for
pp = 0.001 (bold curve) and when instead it adjusts to its equilibrium value for each value of
tp (dotted curve). Parameters’ values are as follows: o, = 1 and v = 0.49.

Numerical simulations reveal that the size of the multiplier increases in both p, and pp
(when gy > 0 and pp > 0). As an illustration, consider Figure 2l In this figure we plot
the illiquidity of security D as a function of p, € [0.001,1] when pp = 0.5 (panel (a)) and
pp = 0.9 (panel (b)) when Bp is fixed at its equilibrium value for p, = 0.001 (bold curve) and

when B adjusts to its equilibrium value for each value of i, (dotted curve). Equivalently, the

17 Again the condition 02 > ~? is sufficient but not necessary. The same findings can be obtained for p high
enough.
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dotted (bold) curve depicts the equilibrium level of Bp as uj, varies taking (without taking)
into account the multiplier effect. Thus, the difference between the two curves quantifies the
size of the multiplier. Clearly this difference is higher when g, increases and pj is higher

(compare panels (a) and (b)).
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Figure 3: Panel (a) in the above figure displays the covariance between the illiquidity in the
F and D markets as a function of pp in the high illiquidity equilibrium. Parameters’ values
are as follows: o, = 1 and v = 0.7. Panel (b) displays the evolution of cross-security price
pressure from market F' to market D as a function of pup when pp = 0.5 (dotted curve) and
when g, = 0.9 (bold curve). Parameters’ values are as follows: o, = 1 and v = 0.49.

Corollary 4| implies that variations in the fraction of pricewatchers in one market will gen-
erate positive covariations in the illiquidity of both markets. To show this point, we ran the
following numerical simulation when o, = 1 and v = 0.7. In this case, two equilibria are
obtained and we focus on the high illiquidity equilibrium (for which x > 1). For a given value
of pp, we compute the illiquidity of securities F' and D for pj varying in [0, 1]. Then, assuming
that pp is uniformly distributed over [0, 1], we compute the covariance between B, (1p, fip)
and By (up, iip). Figure |3 (panel (a)) reports the value of this covariance when puj, increases
from 0 to 1 when o, = 1 and v = 0.7. Clearly the comovement between the illiquidity of

securities F' and D is positive and increasing in the fraction of pricewatchers in market D.

Cross-security price pressures. Equation () implies that a liquidity shock (u_;) in one
market will move the price in the other market. We refer to this effect as a cross-security price
pressure effect. Formally, this cross-security price pressure can be measured by (9p;/0u_;).

Using equation @, we obtain

Y1 By (15, p_y)
(Bjj(lhja/ij)) oy

where the second equality follows from the expression for A; in Proposition[I] Thus, a liquidity

(9pj
8U,]’

> 0, (22)

shock in market —j will affect prices in market j, even though market-makers operating in each
market are distinct and liquidity shocks are uncorrelated across assets. Again, the reason is

that market-makers in market j infer information from the price in market —j and they cannot
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tell whether the price change is due to a liquidity shock (which is uninformative) or a change
in the information of market-makers in market —j.

The model generates two predictions regarding the size of the cross price pressure effect in
market j. First, it should decrease in the illiquidity of market —j other things equal as shown
by equation . Second, it should increase both in the fraction of insiders in market j and
the fraction of insiders in market —j as shown in Figure [3] (panel (b))[™

As explained in the introduction, cross-price pressure effects arise in other models of cross-
market trading, in particular King and Wadhwani (1990), Bernhardt and Taub (2009) and
Pasquariello and Vega (2009). But these predictions are specific to our model.

Effects of transparency. The model can also be used to shed light on the effects of increased
market transparency. To this end, consider the case in which initially the market for securities
F and D is very opaque in the sense that no market-makers for a given security can observe the
price for the security (i.e., u; = 0). An increase in transparency for both securities means that it
becomes easier for market-makers in one security to observe prices in the other security. Thus,
it corresponds to an increase in ;. Corollary implies that this increase should result in a lower
illiquidity of both markets as information flows between the securities reduce market-makers’
uncertainty on securities’ values. Moreover, it should raise the tendency for the liquidity of
securities F' and D to comove, as explained previously["]

The first prediction is consistent with empirical findings regarding the effects of greater
transparency in the U.S. corporate bond markets. In 2002, the Nasdaq began to publicly report
transactions for a subset of all corporate bonds listed in the U.S. Several studies (namely,
Bessembinder et al. (2006), Edward et al. (2005), Goldstein et al. (2007)) show that this
increase in transparency was followed by a significant decline in trading costs for the bonds
affected by the program relative to other comparable bonds. These empirical findings are
usually interpreted in light of bargaining models. Transparency helps investors to be better
informed on current market conditions and thereby to obtain better prices from market-makers.
Bessembinder et al. (2006) offers a different explanation. They argue that the decline in trading
costs following the increased transparency in the U.S. bond market is due to an improvement
in the precision with which bonds’ values are estimated, as we do here. However, they do not
relate the informational content of bond prices to their illiquidity, which is key for our second
prediction: after the dissemination of bond prices in US markets, co-movements in liquidity
should be greater because an increase in liquidity for one bond makes its price more informative

to price other bonds and therefore increases the liquidity of other bonds.

4.1 Endogenous segmentation

In our model, the markets for securities F' and D will appear to be fully segmented if the
fraction of pricewatchers in both markets is zero. In contrast, they will be strongly inter-related

(e.g., co-movement in illiquidities and cross-price pressures will be high) if all market-makers

18This is clear when p1 = p1, = p since in this case B (pjp_j) = BZ ;(p_j, pr;). Thus Op;/O0u_; = (v /o2).
9These two implications do not depend on whether we focus on the high or the low illiquidity equilibria.
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are pricewatchers. Thus, the degree of market segmentation is determined by the fraction of
pricewatchers and therefore it depends on market-makers’ monitoring decision.

Intuitively, one would expect the fraction of pricewatchers to increase and securities to be
less segmented as the cost of monitoring prices declines. Our main finding in this section is
that this intuition does not necessarily apply. Indeed, as the cost of monitoring declines, there
is a range of cost for which there are two equilibria: an equilibrium in which the markets for
securities F' and D are fully segmented and an equilibrium in which the markets for securities
F and D are fully integrated. Thus, the level of segmentation between the two markets can
remain high even if the cost of monitoring prices declines and appears relatively low.

The reason for this finding is as follows. Intuitively, the value of monitoring the price of
security —j increases in the informativeness of this price. Now, as explained previously, this
informativeness is higher when the illiquidity of security —7j is lower. Thus, an increase in the
fraction of pricewatchers in security —j makes the value of monitoring the price of this security
higher, since it is associated with an increase in its liquidity (Corollary . For this reason,
an increase in the fraction of pricewatchers in one market creates a positive externality for
pricewatchers in the other market. As pricewatchers do not internalize this cross-market exter-
nality in making their monitoring decisions, market-makers can be trapped in a low attention
equilibrium, even if the cost of monitoring becomes small. We now formalize this intuition.

Extending the definition given in Section [3.I} the value of information in market j is given

by
v, Var[v]d;, @]
(u. B =11
%31ty B-3) 2 Varfu,[d,w_j]

Using Proposition [I| we obtain the following corollary.

> 0. (23)

Corollary 5. The value of monitoring the price of security —j for market-makers in security

J 1s:

¢ (1, B_i) = L1 (1 + B2 o ) (24)
j\Hj, B—j) = 51 2 2 1 :
I 2 ’72%’(1 + ijga) + ijag
This value decreases in the fraction of pricewatchers in market j and decreases in the illiquidity

of market —j when o, > p;(V?p; /o +1).

According to (24)), other things equal, an increase in the fraction of pricewatchers in market
j reduces the value of being a pricewatcher in this market. This is the same effect which we
discussed in Section [3.1 We refer to this effect as the “information leakage effect.” A second
determinant of the value of monitoring the price of market —j in real time is the illiquidity of
market —j. As B_; increases, the price in market —j is less informative (see equation )
As a consequence, pricewatchers in market j form a less precise forecast of factor d_;. This
effect tends to decrease the value of being a pricewatcher. However, as pricewatchers have a
less precise information, they trade less aggressively on this information and therefore the price
of security j becomes less informative about factor §_;. This effect tends to increase the value

of monitoring security —j. The first effect dominates when o, > y1;(v*p;/0. + 1) and therefore
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in this case ¢, (1, B_;)/0B_; < O.m We refer to this effect as the “illiquidity effect.”

We now compare the value of price information in two polar cases: (a) up = pp = 1 and
(b) pp = pp = 0. We refer to the first case as the high attention regime and the second case as
the low attention regime as y1; can be seen as the level of attention by market-makers in market
j to prices in market —j. When pp = pup = 1, we focus on the high illiquidity equilibrium.

Recall that, in equilibrium, market liquidity is higher in the high attention regime than in
the no attention regime since B*(1) < B*(0) (see Corollary[3). Thus, both the illiquidity effect
and the leakage effect are maximal in the high attention regime. As they have opposite impacts
on the value of monitoring prices, this value can be higher or smaller in the high attention

regime. However, the next lemma shows that its is always higher in the high attention regime.

Lemma 3. The value of monitoring prices in market —j for market-makers in market j is

strictly higher in the high attention regime than in the low attention regime:

¢;(1, B"*(1)) > ¢,(0, B*(0)).

Let C' be the cost for market-makers in one security to monitor the price in the other
security. In centralized markets with real time dissemination of price information, this cost
includes the fee charged by data vendors and the time cost of monitoring this information.
In OTC markets, C' represents the cost of searching for price information as it is not readily
available in real time. Now suppose that the fractions of investors in markets D and F are
respectively pp and pp and consider whether a market-maker in market j should become an
insider. Her decision rule is simple. If ¢;(u;, B*;(pip, ) > C, it is optimal for the market-
maker to be an insider since the value of monitoring the price in the other market is higher
than the cost. If ¢;(u;, B*;(pp, up)) < C, it is optimal for the market-maker not to monitor
the price in the other market and finally for é,;(u;, B*;(ip, pr)) = C, the market-maker is

just indifferent. Given these observations, the equilibrium fractions of insiders in each market,

(13, 163, will be:

p; = 1if ¢,(1,B,(1,1)) > C for j € {D, F'}

pw; = land 0 <p’; <1if ¢;(1,B",(1,u";)) > C and ¢_;(u";, B ;(1,u";)) =C
0 < pj<landO<p’; <1if ¢;(uj, B ;(uj,pu";)) = C for j € {D, F}
p; = O0and 0 < p”; <1if ¢;(0,B",(0,u";)) < Cand ¢_;(u";, B ,(1,u";)) =C

© = 0andu’; = 0if ¢,(0, B°,(0,0)) = C

=
<
Il

Observe that ¢,(1, B"*(1)) and ¢;(0, B*(0)) are independent of j because when i, = pup,

the two market are symmetric. Hence, let ¢, et (1, B*(1)) and ¢, «f (0, B(0)). We

obtain the following result.

2 2
J0s 95

- in i-
Y teTol o } since equ

20To establish this condition, we consider variations in B_; only in the interval {

librium values of B* ; are in this interval.
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Proposition 2. If o, < C < ¢y, pu}, = pp = 1 and p}, = pp = 0 are two possible equilibrium

levels of attention when market-makers’ monitoring decisions are endogenous.

Proof. Suppose that u}, = pj = 1. Then in this case, the value of monitoring market j for a
market-maker in market —j, given the actions of other market-makers, is ¢, (1, Bf*(1)) = ¢,.
As this value is higher than C', monitoring is optimal. Hence p}, = p} = 1 is an equilibrium.
Now suppose that pj, = pj = 0. Then in this case, the value of monitoring market j for a
market-maker in market —j, given the actions of other market-makers, is ¢;(0, B*(0)) = ¢,. As

this value is lower than ', not monitoring is optimal. Hence pj, = pp = 1 is an equilibrium.O

Thus, for the same parameters value, the high and no attention regimes can emerge in
equilibrium. In other words, the markets for the two securities can appear strongly inter-
related or fully segmented. As an illustration, suppose that o5 = 0, = 1, v = 1/4 as in Table
1. In this case, we get: ¢, = 0.007 and ¢, = 0.34. Thus, for any value of C' € [0.007,0.34], the
two markets can look either fully segmented or fully integrated, depending on whether market-
makers in both markets coordinate on the high or the low attention equilibria. The liquidity
of both markets and the informativeness of prices are higher if market-makers coordinate on
the high attention equilibrium (Bf*(1) = 3.73 and B*(0) = 4 — see Table 1). Interestingly this

coordination problem can arise even if the cost of monitoring prices is relatively low.

5 The general case

In this section we investigate, using numerical simulations, the generality of the results obtained

in the symmetric case.

Positive illiquidity spillovers. Figure {4] displays the illiquidity of security D as a function
of puy, when pp = 0.5 (in panel (a)) and when pp = 0.9 (panel (b)) when Bp is fixed at its
equilibrium value for p, = 0.001 (bold curve) and when instead it adjusts to its equilibrium
value for each value of p1p (dotted curve). Parameters’ values are as follows: o, =1, 0, = 0.77

and v = 1.

Strength of the positive feedback effect. From our discussion in Section [4.] we know that
¢;(1;, B—j) can be increasing in ;. However, as the model considered so far concentrates on
the symmetric solution, we have obtained this result only for pu, = pup = p. In this section
we disentangle the feedback effects by assuming up fixed and looking at the impact that an
increase in fip), through the effect it has on Bp, eventually has on ¢, (up, Br). If the leakage
effect is to be tamed by the positive externality coming from more aggressive pricing in market
F', then we should expect that ¢, (up, Br) is increasing in pp,. In Figure 5| we plot the value of
information in the two markets for a given level of attention in market F' (i.e., up € {.1,.9}).
According to panel (a) and panel (b) as the level of attention increases in market D, the value

of information increases in both markets, confirming that the positive feedback effect can make
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Figure 4: The figure displays the illiquidity of security D as a function of pp when pp = 0.5
(in panel (a)) and when g, = 0.9 (panel (b)) when Bp is fixed at its equilibrium value for
pp = 0.001 (bold curve) and when instead it adjusts to its equilibrium value for each value of
pp (dotted curve). Parameters’ values are as follows: o, =1, 0, = 0.77 and v = 1.
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Figure 5: The figure illustrates the relevance of the positive feedback effect on the value of
information in the two markets. In panel (a) we plot ¢ as a function of up), for pur € {0.1,0.9}.
In panel (b) we plot ¢, as a function of up, for pp € {0.1,0.9}. Other parameter values are as
follows: 0, =1,0,=1,vy=1,and d = 1.

the value of price information higher in the high attention regime compared to the low attention

regime.

6 Conclusions

To be written
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Appendix

Proof of Proposition

Let us assume that at any linear equilibrium, the price in market j has the form p; =
0; + Bju; + Ajw_j, where w_; = d_; + B_ju_;, and B;, A; are parameters to be determined.
Note that this implies that {J;, w_;} is a sufficient statistic for (observationally equivalent to)

{6;,p—;,p;} and, defining @; = Bju; + Ajw_;, {J;,w;} is a sufficient statistic for {d;,p;}.

Step 1. Equilibrium in market j.

Insiders. An insider’s demand function in market j, x§((5j, pj, D—;), maximizes

E [—exp {— ((v; = pj)x}) 7} 16,05, p—5] -
We deduce that

E[Uj|5jap—japj] —Dj
Var[vj|5j>p—j]
= a;(E[ijj?p—jﬁpj] - pj),

x5 (05,05, p—j) =

with a]I- = Var(v;]6;,p—;]7". To fix ideas, suppose j = D. As {0p, wr} is a sufficient statistic

for {6p, pr,pp}, we deduce (using well-known properties of normal random variables) that

Elvp|ép,pr,pp] = Elvp|dp, wr]

=0p +d———wp, (25)
and
aID = ~Var[vp | 5D,wp]*1
B 1+ Bio2 (26)
T\ PR+ 2(1+ Bio?) )
Thus,
2h(0p,wr) = ah(6p — pp) + bhwr, (27)
where
T I ‘7(25
bh, = dal, (28)

02+ B%o2’
Similarly, for market F' we obtain
23(0p,wp) = af(6F — pr) + bipwp, (29)

where wp = dp + Bpup, and

1+ B%o2 1
I DOy I I
= —, bp=ap———, 30
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implying that Bp > 0 for an equilibrium to be well defined.

Outsiders. An outsider’s demand function in market j, xjo(éj, p;), maximizes:

E [—exp{—((v; =py)a?) [7} 16, p5] -
We deduce that

Elv;165,p;] —
(5, p;) = o]
ZIZ'J ( jvpj) v Var[?]‘(sjﬁp*j]

= af (E[v;16;, p;] — py),

with af = Var[v;]6;, p_;]"!. Define &; = Ajw_; + Bju;. As {0;,;} is a sufficient, statistic for

{6;,p;}, fixing j = D, we deduce (using well-known properties of normal random variables)

that
E[UD|5D,]?D] = E[UD|5D,@D]
AADO'2
=dp—+d 2 “p,
PV AL (03 + BRo?) + Bpo?
and
ag =vyVar[vp | 5D,@D]_1
_ A}(of + Broa) + Bhoo
@234 B} + By) + 03(A5 (0 + Bio) + Bpo?)
Thus,
23(8p,wp) = a(6p — pp) + bP&p,
where

ADO'§
02+ B%02) + B}o?

o o
Similarly, for market F' we obtain:
27 (0r,wr) = aR(0F — pr) + boorp,

where

o _ Aploj + Bhoy) + Bioy, Apo;

— bO: 0] '
= oAz f BY)  F T A T BYot) § Bho?

Clearing price in market j. The clearing condition in market j imposes

My !
/0 (8. pjs p—j)di +/ 27 (8, ps)di +u; =0
I

J

(32)

Let a; = ,ujajl- +(1- uj)ajo. Using equations and , we solve for the equilibrium price

and we obtain

p;=0;+ (“bf +(1- Mj>b?Aj> oot ((1 — OB + 1

a; a;
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Identifying the parameters in the price, in equilibrium, we must have:

1
B = 38
’ aj — (1 — ;)b (38)
A; = p;Bjbl. (39)

J

Hence, at a linear rational expectations equilibrium equations , , , , , ,
together with and must be satisfied with B; > 0 (as otherwise the demand function

of insiders in market F is not well defined). As these equations must hold for both markets, we
have a system of 12 equations with 12 unknowns. To solve for the equilibrium we use recursive
substitution and after standard algebra obtain the expressions and for Bp and Bp in
the proposition. O

Proof of Corollary

As argued in the text, both Bp and B are continuous and strictly increasing in Br and Bp in

the intervals [0, 1/7] and [02 /7, (1 4 07)/7]. Hence, they must cross at least once in the region

o= {0, —] N {ﬁ, 0"} CR, xR,
vl Ly

which in turn implies (1) the existence of at least one equilibrium with finite depth in ©; (2)

the impossibility of equilibrium existence in any other region R, x R, — ©. O

Proof of Corollary

Differentiating with respect to p%DvwF yields

Var(vp|dplpp

7(72/1’2Dp121D,OJF + O-%Va,r[’UDl(SD,WF](]_ - p’lQID,wF(]‘ - #’D)))2

(V' D Pop wp + Varvp|dp, wrloy (Var[vplop](1 = py, )0 = (1= iip = Py o (L + 11p))))-

X

An increase in Br lowers p%DﬂwF. Hence, for this to yield an increase in Bp we need the sign of
the above derivative to be negative. Keeping in mind that Var[vp|dp] = o} + d?, the sufficient
condition proposed in the corollary ensures exactly this. Note also that the derivative of Bp
with respect to piF’wD has a similar expression. In that case, however, owing to our assumptions

Var[vp|0r] = 1. Hence, the only requirement for Br to be increasing in Bp is that o2 > ~2.
O
Proof of Lemma 2]

For fixed values of p, and up, consider the mapping F from R? into R? which transforms
(Bp, Br) into { f(Bp, up), f(Br, pp)} and let

o-— {—70% "—g} .
Yy +o5on
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Note that limp_, .o f(B—j, t_;) = 03/7. Hence, given that for o307 > 44*, B; is increasing in
B_;, this implies that B; < 03/, for all B_;. Furthermore, given that for o302 > 49* B; is

decreasing in fi;, it must be that

2
YO

2 2 2
’y(BJ'yu] —05) +Bj0'5(7u >0< Bj > W,

(40)

which yields a lower bound for B;. To prove (40)) we proceed by contradiction and assume

2
Vs

Biyp; —02) + Bjoio? <0 B, < ——2 .
v (Bjvn,; — 03) + Bjoson, 1< Pt olo?
Given that for o307 > 4v* we know that B; is decreasing in pi;, then it must be that

o3
Y2y + o302

j’ujzl =

050,(050, — (0202 — 49%)1/2)
2vo? '

Rearranging the above expression we obtain
27? ((’yzuj + agai) (2’72/Lj + agai) + 27%?0%) <0,
which is clearly impossible. Thus, we know that

F:O0x0 —-0x06.

As © is compact and F is continuous, we deduce from Brower’s fixed point theorem that F has

at least one fixed point. Existence of at least one rational expectations equilibrium follows. O

Proof of Corollary

Step 1. First, consider the effect a small increase in the fraction of insiders in market j. The
direct effect of this small increase on the illiquidity of this market is given by (0f (B*;, j1;)/0p;).
But, in turn, this change in the illiquidity of market j triggers a change in the illiquidity of
market —j through the spillover mechanism that we just described. The size of this change is

(W(?;JH—Q) (af(l;;f’”j>> ‘

J

But then the change in the illiquidity of market —j affects the illiquidity of market j by an

of(B*;, ;) 0B_; 0B,
8B_j (9BJ aﬂj ’
which again affects the illiquidity of market etc. .. Thus, if

af(Bijnuj) af(B;uu—j)
( dB; )( IB; )<17

amount

the total effect of a small increase in the fraction of insiders in market j on the illiquidity of

this market is given by:

dB}k B Of(ij,;Lj)
=K
dp; O
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with

(1 (P ()Y
B_; B,

Step 2. Recall that B; = f(B_;, ;) for j € {D, F'}. Differentiation f(B_j, u;) with respect
to p1; shows that the sign of % is identical to the sign of

deQ—V%%+B%ﬁM@+B4 u(y? = ono3)
1B 0% (v B? 05 (05 + B2 jo5,) + B? 0, + 703 B% 0y,) ,

—JU —J“

which is negative if v* < o203. Thus, (9f(B*;,;)/0p,;) > 0 if 4* < o203, and therefore
(dB;/dp;) > 0if & < 1.

Note: The function z(-) decreases in p; and is strictly negative for y; = 1 and strictly positive
for yu; = 0 when »* > ¢203. Thus, when v* > o703, there exists 7i; such that: z(f,;) = 0. For
p; > @i, we have (0f/0p;) < 0 and for p; <7, we have (9f/0u;) > 0. O

Proof of Corollary

In a symmetric equilibrium we have B}, (1) = Bj.(n) = B*(1) where, using equations and

(&), B*(x) solves:

p(B*) = (B?0, +7*1%) (05 (v — B*02) +705B*) +7205u(1 — p) (yu — B'oy) = 0. (41)

Step 1. Consider first the case p = 1. In this case, using equation , B* solves:
o3 (yp— B*ol) +y0.B* =0
Thus, there are two possible equilibrium values for B*:

2 92 2 92 2\1/2 2 92 2 92 2\1/2
o50. + 050y, (0505 — 497) / 0505, — osou(050; — 4v*) /

B*H(l) — ,B*L(l) —

2v0? 2v0?2

u

Moreover, B**(1) < B*#(1) < B*(0).
Step 2. Now consider the case ;1 < 1 and let:

B - 0202 + 050, (0202 — 472 u)1/?
b 2vo?
0202 — o50,(020% — 472 )12
BO — )

2702

which are well defined since o302 > 4~%u. Tt is immediate that:

p(0) = 7’uPos >0 (42)
o(By) < 0 (43)
¢(By) < 0 (44)
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As By < Bj and since ¢(+) is a quartic in B, there exist at least two solutions B*L and B*H to
©(B) = 0 with:
B*t € (0, By) and B*" € (By,0).

We can in fact get tighter intervals for B** and B*. To see this, observe that
o5 (v — B*o2) +yoi(B*)? > 0.

Thus, at equilibrium it must be that the second component of is negative or that B*l >

yu/a?. Given that, as one can verify

W _ 0305 — 0s0u(030h — 4*m)'?
o? 2v02 ’
we can conclude that
B* e (%,BO) . (45)
UU
Let’s turn the attention to the second equilibrium and define:
1/2

B, — agai + J(gau(a?gaz — )
2 — 2 2 .
YO0u

It is immediate that By > Bj. Thus, with the additional restriction o202 > 4+?u, calculations

show that ¢(Bs2) > 0. Thus, Hence, we can conclude that
B* ¢ (By, By). (46)

Step 3. To prove that B*# and B*L are the unique real solutions to ¢(B) = 0, we need to show
that the function ¢(-) changes slope only once in the positive ortant R, . This is equivalent

to show that the cubic ¢'(B) has a unique real root. We thus start by differentiating ¢(B):
¢'(B) = oy, (2yuB(0305 + 1) — 3B%0,05 + 4y B0, — v oju) . (47)

The cubic equation ¢'(B) = 0 possesses a unique real root if and only if its discriminant V is

negative. Setting k = 050, and computing yields:

V = 4y uc? (—3278u5 —96~°utk? — 3y ukt (36(1 — )+ 29u2)

—9r° (3(%2 —47°p) — (%2 - %v%))) :

As one can verify, the latter component of the discriminant is negative if and only if

2% (54 — Tp)
9B —p)

K2 > 672 >

and the result follows.
Step 4. Finally we show that (9B*7(u)/0u) < 0 whereas (0B*F(u)/0p) > 0. By implicit

differentiation of we have
3_3 _ d¢(B)/ou (48)
op dp(B)/0B"
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Note that according to Step 2, the denominator in the above expression is negative (positive) in
the high (low) depth equilibrium. Hence, the sign of 0B/du depends on the sign of dp(B)/dpu.
We obtain

O (B)

o

Again, according to Step 2, we know that any symmetric equilibrium of the market has B >

= (2v°u (0f + B®02) + Bosos (Bos, — 7)) . (49)

yu/o?, for all 4 <1 (when p = 1, direct inspection of the solutions confirms that B > v/02).
This implies that the sign of is positive. As a consequence, in the high (low) depth
equilibrium the sign of is positive (negative), confirming our claim. O
Proof of Corollary [5] To be written.

Proof of Lemma [3

We have B*H(1)2 .
(1L.BH1)) =2 (1 9u9%
0800 = 30 (4 e i) 0)
and ) )
* _ Z Os '}/ Y
¢;(0, B*(0)) = 5 In <1 + —B*(O)Qa%) 5 In (1 + 502>
Thus,
. . B*H 1 20_40_2 72
6,(1, B (1)) > 6,(0, B*(0)) & W0y, S

o7+ B0 + BA()0S  olod
We deduce that ¢;(1, B*(1)) > ¢;(0, B*(0)) if and only if
—ou B (1) + (0305 —9")ou B (1)? = 7%0f > 0. (52)

Now observe that

BH(1)? = (53)
Thus, we can rewrite condition as

0,05 (B (g =) + (0,05 =) (B (1)oy —9) =" > 0.
It can be checked that this inequality holds true if B*#(1) belongs to

(l olot— ' = ((ohol =91 = 1y°020H)Y2 y  olol — 4+ ((olol —4')? — 49502 2)”)

ozt 2y0io? 2t 270102

We now verify that this is the case. Firts, we check that B*¥ (1) is always larger than the lower
bound, that is:

o3on +0s0u(030n — )Py 0u0s =7 = (0405 — 1) — 4y°0i0f) '
2v02 o? 2voto} '

Setting o050, = K, rearranging and simplifying we obtain that the above inequality is satisfied

if and only if
1/2

K3 (/{2 — 472)1/2 > 2 (2/{ — 72) — <(Ii — 74)2 — 476/1> ) (54)
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However, under the parameter restriction imposed in Corollary |3 the 1.h.s. of is positive,
while the r.h.s. is negative, and the result follows[T] Next, we check that B*¥(1) is always
smaller than the upper bound, that is:

i R e MO WO e e

<=+

652 52)1/2
2v02 o2 2yolto? '

Rearranging the above inequality we have

o303 (020} — Ay < A2(20%0% — 47) + ((ohos — ") — dyPalad) 2. (55)

And setting 050, = Kk we rewrite as follows:

3(,.2 2\1/2 2 2 2 4 4)2 6 2)"/?
H(Ku —47) < (25 —”y)+<(/£ —7)—475)
Squaring both sides in the above inequality and rearranging yields
1/2
425 < 9 (KQ (KQ _ 472) i 78) 4242 (2/{2 _ 72) ((l{4 _ 74)2 _ 476,{2> . (56)
While the 1.h.s. of is negative, under the parameter restriction of Corollary |3 the r.h.s. is
positive (since k? > 44?), and the result follows. 0
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