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Abstract

For many assets, traders favor either over-the-counter (OTC) or centralized markets.
This paper examines how traders’ choice between these trading venues depends on asset
and trader characteristics. Traders have private information with heterogeneous precision
and their values depend on a common and idiosyncratic component. A trader’s incentive to
choose an OTC market depends on the benefit of learning the asset value and the potential
cost due to price impact. Traders choose OTC markets over centralized exchanges when
the idiosyncratic component dominates in asset values or their private information is
sufficiently inaccurate, and thus, the benefit from learning is high. Market structures
are endogenously determined by traders’ individual market choices. This paper provides
comparative statics of endogenous market structures. When traders are asymmetric,
the OTC and centralized markets can coexist. Furthermore, the OTC market decreases

information efficiency by being conducive to trade only between informed traders.
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1 Introduction

Over-the-counter markets have been an important alternative trading venue for many assets,
goods, commodities, financial derivatives, and securities. In over-the-counter markets, buyers
and sellers are paired and privately choose their own trading terms, while public exchanges use a
centralized trading mechanism such as uniform-price auctions. Many commentators have raised
concerns about the implications of the various market mechanisms for their role in facilitating
information aggregation and efficiency. The goal of this paper is to examine these implica-
tions when traders individually choose a trading venue and the resulting market structure is
endogenously formed by traders’ choices.

Certain types of assets appear to be traded mostly in over-the-counter markets, whereas
others have been traded in centralized exchanges. Corporate bonds, interest rate swaps, index
derivatives, and many liquid financial products are mostly traded in over-the-counter markets,
even with their standardized structures and high volumes of trade. For some assets, the over-
the-counter and centralized markets coexist. For instance, foreign exchange is traded in both
over-the-counter spot markets and centralized futures markets. A good portion of over-the-
counter FOREX trading is in fast venues, such as Currenex, EBS, and Reuters, in which the
foreign exchange spot price is generally the same as the price in centralized futures markets.
This paper examines traders’ incentives to choose over-the-counter markets and whether this
type of trading venue can harm the efficiency of the economy.

This paper characterizes the endogenous market structure in which traders play a Bayesian
Nash equilibrium in the over-the-counter and centralized trading venues. In the first period
t = 0, each trader chooses to enter either a centralized market or an over-the-counter market
that opens at ¢t = 1. In the centralized market, all traders’ demand and supply schedules
determine the single market price. In the over-the-counter market, a pair of traders are matched
to be pairwise stable; and then they trade bilaterally at a pair-specific price. Entering into the
over-the-counter market, a trader observes types of others — the correlation between his and their
asset valuations (buyers and sellers) and their information precision (informed and uninformed).
In both the centralized market and over-the-counter bilateral trades, trade takes place in the
uniform-price double auction, in which all traders simultaneously submit their (net) demand
schedules ¢;(p) : p — R, and the trades clear at price p* such that ), ¢;(p*) = 0. Traders
are uncertain about the value of a risky asset and receive a private signal about the value
before any market opens. Signal precision can be heterogeneous among traders. Their asset
valuations are interdependent and have two components: a common component, which is the
same for all traders, and an idiosyncratic component, which can be correlated heterogeneously
across traders. The common value component captures the asset return or a future price in the
dynamic market. In turn, the idiosyncratic value component captures an individual portfolio

return that is correlated to the asset traded. If traders’ portfolios are correlated (e.g., they



contain the same assets), then the trader’s idiosyncratic values are also correlated.

This trading mechanism is the canonical model for non-competitive markets for divisible
goods (e.g., Kyle (1989), Vives (2011), and Rostek and Weretka (2012)). The uniform-price
double auction allows an explicit treatment of price impacts, which are the key equilibrium ob-
jects that determine traders’ trading behaviors, as well as, the market choices. The literature
based on the uniform-price mechanism so far has maintained a joint symmetry assumptions on
traders risk aversions, the correlation in traders’ asset values, and variance of values and uncer-
tainty. Rostek and Yoon (2017) dispense with any symmetry restrictions to allow heterogeneity
in all characteristics and primitives. One message in this paper is that heterogeneity in trader
and asset characteristics matter for understanding traders’ incentives to choose a market and
endogenous market structure.

Heterogeneity in characteristics affects liquidity and learning for traders. Liquidity is mea-
sured by the price impact, which is endogenously defined as the change of price as a trader’s
demand increases by one unit in equilibrium.! Larger price impacts, i.e. lower liquidity, reduce
traders’ demands and lower their utilities. Allowing traders to condition their private informa-
tion and prices, the demand schedule incorporates inference about values. Hence, price impact
and inference are interdependent. Heterogeneous correlations and information precisions affect
the liquidity and learning separately and determine the incentives for traders to choose an
over-the-counter market.

The first result shows that when the idiosyncratic component dominates the common value,
in the sense that if the dispersion of correlations is larger than the average level of correlations,”
over-the-counter markets are more attractive to traders in terms of both learning and liquidity.
Equilibrium price is a weighted average of traders’ signals and thus aggregates out idiosyncratic
components in centralized markets. When a trader’s value relies more on the idiosyncratic
value, he learns more about this component in an over-the-counter market. On the other
hand, the liquidity incentive is independent of whether the common or idiosyncratic component
dominates. An over-the-counter market allows a trader to choose a counterparty who would
more likely have opposite trading needs (i.e., more negatively correlated asset values), so that
the trader has a lower price impact, while the centralized price mitigates the difference between
values of buyers and sellers. This effect is stronger when traders’ asset values are interdependent
through the idiosyncratic values rather than the common component.

The literature has studied various traders’ incentives to trade in over-the-counter markets or

alternative trading venues. Traders can benefit in over-the-counter trades by searching better

1Other frictions considered in the literature (e.g. search costs, a chance that bilateral trades fail, bid-ask
spreads by dealers, etc.) can increase traders’ incentives to choose centralized markets over over-the-counter
markets, but the results in this paper still hold quantitatively.

2Suppose that p; ; denotes the correlation between individual asset values of two traders i,j. A trader i’s
value is correlated all other traders {p; ;};=;. The variance of these correlation represents the idiosyncratic
component in trader ¢’s asset value, while the average of correlations represents the common component. See
Section 2.



prices in an over-the-counter market (e.g., Vayanos and Wang (2007), Vayanos and Weill (2008),
and Zhu (2013)) or by clearing their large trading needs that cannot be fully exhausted in the
centralized market (e.g., Bessembinder and Venkataraman (2014), Ready (2014), and Degryse,
Jon, and Kervel (2015)). In this paper, even when there is no difference in prices between an
over-the-counter trade and centralized market, the over-the-counter market can open by traders’
choices. This is because, for certain trader and asset characteristics, trading over-the-counter
offers the benefit of improving learning and lowering price impact. Moreover, traders choose
the over-the-counter market when the centralized exchange is competitive. These results show
that the heterogeneous asset values of traders from large idiosyncratic value components are
the new incentive of over-the-counter trading that this paper contributes to the literature.

Second, this paper shows that the incentives to choose over-the-counter versus centralized
markets differ between informed and uninformed traders. Traders with low information preci-
sion (i.e., uninformed traders) benefit from an over-the-counter market because it helps them
learn counterparties’ information. On the other hand, the over-the-counter market discourages
those whose asset values are less idiosyncratic or those with high information precision (i.e.,
informed traders) to participate, since it decreases the likelihood of meeting a counterparty to
trade with and also may increase price impact. The trade-off between information and liquid-
ity incentives in over-the-counter markets creates a cutoff level of information precision. If a
trader’s information precision is higher than the cutoff level, the liquidity incentive dominates
and he chooses to trade in the centralized market. Likewise, with a precision lower than the
cutoff, the learning incentive dominates and traders choose the over-the-counter market.

Taking into account that the market choice are individual, the over-the-counter market will
attract uninformed traders or both informed and uninformed traders. In the over-the-counter
matching, there are two structures of over-the-counter markets depending on a dominant incen-
tive: When the learning incentive dominates for all traders, all prefer to trade with informed
counterparties. An uninformed trader cannot be matched with his preferred counterparty, and
thus, he chooses another uninformed counterparty instead. It creates a same-type (i.e., positive
assortative) matching. On the other hand, if the dominant incentive differs between informed
and uninformed, a cross-type (i.e., negative assortative) matching occurs. With an available
centralized market, however, the cross-type matching does not occur in equilibrium. When an
informed trader values low price impact more than improving learning, he is better off trading
in the centralized market than in the over-the-counter trading with uninformed counterpar-
ties. With only uninformed traders entering in the over-the-counter market, information is not
transmitted between the informed and uninformed traders and the over-the-counter market
aggravates the information asymmetry in the economy.

Moreover, this paper shows that asymmetry in traders is necessary for the two trading

venues to coexist in equilibrium. When traders asset values are interdependent with the same



profile of correlations® and their information precisions are the same, the trading strategies
and incentives in the market choices are symmetric for all traders. With these symmetric
incentives, the endogenous distribution of traders in two trading venues has a corner solution,
in the sense that either all traders choose the centralized market or all choose the over-the-
counter market. With asymmetric traders, endogenizing market structure creates a fixed point
problem between traders’ incentives in market choices and the distribution of traders in two
trading venues. Taking into account that the learning and liquidity incentives are functions of
endogenized market structures, this paper identifies the types of traders trading in the over-
the-counter market in equilibrium. The over-the-counter trading occurs between traders who
have relatively smaller idiosyncratic value components or lower information precisions.

Lastly, this paper develops an algorithm to construct a pairwise stable over-the-counter
matching when the asset characteristic is asymmetric across traders and shows that a stable
matching exists with any arbitrary interdependence in traders’ asset values. Although the
existence of a stable equilibrium in one-sided matching is not trivial, traders’ preference on
counterparties following the ranking of negative correlations ensures that a pairwise stable
over-the-counter matching exists. The stable matching may not be unique if some traders are
indifferent between two or more counterparties, but it does not affect the qualitative results on
the endogenous market structure and the identities of traders who are in each market.

The results in this paper help explain which traders choose the over-the-counter or central-
ized markets, which assets are traded in either type of trading venues, and when centralized
and over-the-counter markets can coexist. Biais and Green (2007) show that transaction costs
and liquidity are key determinants on why most trades for bonds are held in over-the-counter
markets, while Attanasi, Centorrino, and Moscati (2016) explore the effects of lack of informa-
tion in the over-the-counter market on efficiency. This is consistent with this paper’s prediction.
Many financial derivatives such as forwards contracts, interest rate swaps, or equity or credit
linked securities are traded in over-the-counter markets, even though their trading volumes
(liquidity) are large. When these products are held by traders until, or close to, the maturity,
it suggests that the purpose of trading can be hedging of traders’ outside portfolios so that
they are idiosyncratically valued. On the other hand, centralized markets attract assets traded
mostly by arbitrageurs or short-term investors, such as stocks or bonds with short maturity,
which are valued by future prices that are common to all traders. High-yield bonds that have
low credit ranking are often traded in the over-the-counter markets (e.g., Hendershott and
Madhavan (2015)). Low past trading volume and volatile return prevent the traders’ access
to quality information, i.e., low information precision. Moreover, it is possible to increase the

information asymmetry between insiders and other traders.

3Rostek and Weretka (2012) define a symmetric interdependence in traders’ asset valuation by an equicom-
monal model, ﬁ Zﬁéi Corr(6;,6;) = p for all i. The symmetry condition in this paper is stronger than the
equicommonal model. The profiles of correlations {Corr(éi, éj)}j#- are the same for all traders i. However, the
symmetric model incorporates the heterogeneous correlations Corr(6;,6,) across pairs of traders (i, j).



RELATED LITERATURE: Literature has developed theoretical frameworks for over-the-
counter markets for a fixed market structure. How liquidity affects traders’ behavior and effi-
ciency are studied in the literature (e.g., Duffie, Garleanu, and Pedersen (2005), Vayanos and
Weill (2008), Weill (2008), Atkeson, Eisfeldt, and Weill (2014)). Other studies show how pri-
vate information is aggregated in over-the-counter markets (e.g., Duffie, Malamud, and Manso
(2014), Maurin (2015), Babus and Kondor (2016), Back, Liu, and Teguia (2016)). In addition
to these papers focusing on over-the-counter markets, several papers compare these two trad-
ing venues in terms of welfare or individual profit. Observing that an over-the-counter markets
can dominate centralized markets in welfare terms, several authors examine determinants that
favor either market: such as default, search friction, price impacts, or information asymmetry
between sellers and buyers (e.g., Acharya and Bisin (2010), Malamud and Rostek (2014), Duffie
and Wang (2016), and Glode and Opp (2017)). Praz (2015) and Zhu (2014) studies how the
presence of an alternating trading venue affect equilibrium in centralized markets.

Another strand of the literature endogenizes the over-the-counter structure itself by study-
ing incentives to choose a counterparty in over-the-counter markets (e.g., Duffie, Carleanu,
and Pedersen (2005), Golosov, Lorenzoni, and Tsyvinski (2014), Farboodi (2015)). Golosov,
Lorenzoni, and Tsyvinski (2014) consider a dynamic incentive of uninformed traders to learn
information at a cost of low liquidity in trading with an informed counterparty. In this paper,
the joint effect (not necessarily a trade-off) of learning and price impact is the main deter-
minant of counterparty choice. The learning and liquidity effects exist in the static trading
due to the heterogeneity in precision (informed and uninformed traders) and correlation (as-
set characteristics). On the other hand, with heterogeneous preferences, traders search for a
counterparty who can provide a better surplus (Chang and Zhang (2016)) or a better price (in
Zhu (2012)). This paper shows that traders can strictly prefer one market to the other market
or a counterparty to others even though equilibrium prices are the same across. Hence, the
role of heterogeneity in determinants of counterparty choice is new in the endogenous market
structure that this paper contributes to the literature.

The model in Babus and Parlatore (2017) is close to this paper. The authors examine
over-the-counter dealer networks when trading is based on a uniform-price double auction as
in this paper. In their paper, the endogenous choice of a segmented market (or the choice of
a dealer) is determined by a trade-off between the price impact and the level of uncertainty
in asset values. The contribution of this paper, compared to Babus and Parlatore (2017), is
introducing a heterogeneous learning effect in endogenous over-the-counter matching and also
in endogenous market choice.

The objective of this paper is to understand endogenous market structures when centralized
and over-the-counter markets are both available. The choice between centralized and over-
the-counter markets has been explored by several authors. Up to my knowledge, this paper is

first to consider the market formation by all traders. Kirilenko (2000) and Viswanathan and



Wang (2002) consider a choice between trading venues for dealers by non-strategic agents (e.g.
designers, authorities, consumers) maximizing profit or efficiency of the market. Bolton, Santos,
and Scheinkman (2015) consider an entry problem of an informed seller to either market: a
centralized (organized) market or an over-the-counter market with uninformed dealers. In this
paper, all buyers and sellers, informed and uninformed, strategically choose a trading venue.
Endogenizing the market choices of all traders lets the advantage of over-the-counter markets
to be functions of endogenized participation and distribution of heterogeneous traders in two
markets, rather than functions of fixed market structures. Furthermore, no trader has an
incentive to change his market choice given chances in equilibrium with all traders’ market

choices, which provides a notion of the market stability.

2 Model

This paper considers a static economy where two trading venues open simultaneously: a central-
ized market where all traders’ bids are executed at a single market price and an over-the-counter
market where a pair of traders are matched and they trade bilaterally at a pair-specific price.
Figure 2.1 summarizes the economy. Before the markets are open (¢ = 0), traders can choose
which market they would trade in. If a trader chooses the over-the-counter market, then he also
chooses a counterparty he would like to trade with. The market choice and bilateral matching
occur at the end of period ¢ = 0. Traders can trade only once, in one market and with one
counterparty if they are in the over-the-counter market. At trading period ¢t = 1, two assets
— a risky asset (asset) and a riskfree asset (numeraire) — are traded in both markets. The
assets are perfectly divisible. Traders submit their demands to the market they chose at the
entering period, and each market cleared independently. I describe the details below, including

(1) traders and payoffs, (2) information, (3) markets, (4) strategies, and (5) equilibrium.

STRATEGIC TRADERS: There are I < oo strategic traders. Each of trader has a constant
absolute risk-aversion (CARA) utility on quantity trading ¢; net of payment —pg;, where p is

the price in the market he participates in. The ex-post utility is define as
wi(gi, p) = — exp ( — (i — pqi)>-

Here, i > 0 is the risk-aversion that is common for all traders, and 6; is the individual value
of the risky asset for trader i that is randomly drawn from 6; ~ N'(E[6;],03). The conditional

expected utility is equivalent to the mean-variance utility:

Elui(gi, p)|-] = —exp < — w(Eb:]-)ai — pa; — gVar(§i|-)q§)>. (1)
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Figure 2.1: Timing of the economy. ¢;(p) is his quantity demand at a market price p. Trader i has a
private information s; before trading, and their individual asset value 6, is realized at the end of economy and

so does the utility u; based on the realization of §; and equilibrium outcomes g;, p*.

In the CARA-Gaussian settings,’ the conditional variance V(6;]-) is a non-random constant
independent of ¢;, w; or any realization in the markets, while the conditional expectation E[él\]
is a random variable that is determined by conditioning variables. Therefore, the expected
utility (1) is equivalent to a quadratic utility with the coefficient on the first order term being

random, which represented traders’ expectation on asset value.

vi(qi, p) = —— log(—Elui(q:)|-]) = E[0]-]a; — pa; — gvar(éﬂ')fﬁ-

==

Traders’ values (éz)ze 1 are interdependent. The correlation matrix for (@z)z is denoted by
Y = (Pij)ijer with p;; = C’orr(éi,éj). The model allows any arbitrary Gaussian structure
for traders’ asset values. The interdependence of (6;); is interpreted as a combination of a
common value component, which is attributed to the future asset return in the market, and an
idiosyncratic value component, which comes from individual portfolio return consisting of other
assets that are correlated to the trading asset in the market. The idiosyncratic value component
is assumed to be independent to the common value component, but it can be correlated to other

traders’ idiosyncratic value components.” The decomposition of asset value 6; is formalized as

4The CARA-normal settings is the standard of the non-competitive market literature. See Kyle (1989),
Vives (2011), and Rostek and Weretka (2012). The non-competitive trading literature so far has focused on the
cases when traders are symmetric in terms of asset valuations, interdependency, and/or information precision.
One contribution of this paper is incorporating the heterogeneity in both interdependent asset valuation and
information precision.

5This model with arbitrary interdependence of asset values can incorporates various interpretations and set-
tings. For instance, as another interpretation of common and idiosyncratic value components: Each trader gets
a random initial endowment before he enters the market, that can be correlated with other traders endowments.
This private endowment forms his idiosyncratic value component. When the market has more trading rounds
(T >t = 1) after the rounds we are considering in the model (¢ = 1), the asset value at ¢ is determined by



follows:
0, =0+0;, Viel,

where 6 is the common value component and 9; is the idiosyncratic value component of trader
1. The common and idiosyncratic value components are independent and drawn from nor-
mal distribution, 8 ~ N (E[f],02) and (6;); ~ N(0,062%). The idiosyncratic values (4;); are

interdependent by a correlation matrix,

1 pi2 -+ pu
1 ...
Y= (C’orr(di,&j))ij = p.12 _ p_QI
P11 P21 1

The correlations p;; are heterogeneous across pairs of traders (i,j). I impose an assumption,
without loss of generality, that the sum of correlations in a row ) =i Pij 1s normalized to zero
for all 7. This is for keeping the heterogeneity from being additional source of common value,
so that for making a clear separation of information aggregation.

Example 1 shows how the common value and idiosyncratic value components determine ¥

in a simplest and intuitive setting.

Example 1 (Symmetric Interdependence in Asset Values) There are two groups of strate-
gic traders — buyers and sellers — with equal group sizes.’ Each trader has individual asset value

that is decomposed into two independent random variables:

0}=9+5i:{ 00 iTuis abuyer,

0 —46 if i is a seller.

Suppose that Var(0) = ¢%, and Var(§) = o2. Then, the correlation matrix of idiosyncratic

1 |-1
Y= :
-1/ 1
where each block represents (é X é) matrix. From the distributions of common and idiosyncratic

components, the correlation matrix of total asset values (0;); is

values (0;); is

2 2 2 2

i o 1 Ocv + Oiv | Ocv = Oy
) 2 2 2 2 2
Ocy + O Ocy = O4p | Oy + O

the marginal value function, which is a linear combination of individual asset return and future market prices.
Hence, traders’ valuation is interpreted as a combination of idiosyncratic value by holding the asset and common
value by selling it at market price.

6Buyers and sellers are not explicitly determined in this model.



The interdependence of traders asset values is symmetric in this example, in the sense that
the profile of correlation in each row is the same, {pik rti = {pjr}rz; for any i # j. However,
the correlations (p;;);; are still heterogeneous across pairs of traders (é,7). I will consider
this example for further analysis in Section 4, and will show the effects of the heterogeneous
correlations across pairs and asymmetric interdependence across traders on endogenous market

structures. O

INFORMATION: Each strategic trader gets a private information (signal) on his own val-
uation, s; = 91 + ¢; with an independent noise g; ~ N (0,028). The information precision
o =1/ 025 can differ across traders. The private signal s; is realized at the beginning of trading
period ¢t = 1 and privately observed by trader i. The realizations of other traders’ signals (s; ),
and prices in all markets are observed after all trades are done at the end of trading period
t=1.

Heterogeneity across traders, which is the key component in the model, is in both the
correlation structure ¥ and information precision (¢;);. Throughout this paper, I call this pair
of asset and trader characteristics a type. Each trader’s type represents his identity, such as
buyers or sellers in Example 1. It is worth to remark that the type defined in this paper
does not represent the realization of private signal s;. This definition of type is different from
the conventional definition in games with incomplete information. Traders’ types and prior

distribution of asset values and signals are common knowledge.

2.1 Centralized Market (CM) Mechanism

The centralized market is a large market where many buyers and sellers trade at a single price.
I design the centralized market as a uniform-price double auction that is a canonical model in
markets with divisible goods. A strategic trader i who enters the centralized exchange submits
his net demand schedule ¢;(p) : R — R (or a combination of limit and market orders) as a

continuous function of price.

m?iwi(%p) = m?i( {E[éi’5i7p]Qi — P4 — gVar(éilsi,p)q?}, VpeR (2)
ai(- ai(-

Additional L > 2 traders, called liquidity traders, are introduced in the centralized market
who are not given a choice to enter the over-the-counter market. Their presence ensures that the
centralized market always function even when none of I strategic traders choose the centralized
market.” The liquidity traders can be those who could not meet a requirement to enter the

OTC, for example, not enough deposit or credibility. In a later section, I also show that liquidity

"Without this assumption on the presence of liquidity traders, there always exists a trivial equilibrium in
which all strategic traders are in the over-the-counter market, independently of asset or trader characteristics.
Two or more liquidity traders in the centralized market allows a strategic trader ¢ € I who is currently in the
over-the-counter market to consider an individual deviation to the centralized market.

10



traders can be those who do not observe other traders types so that they optimally choose to
stay in the centralized exchange. Each liquidity trader submits their demand schedule g,(p)
based on his own private information. The precision of private information for liquidity traders
are homogeneous and equal to the least informed traders: o, . = max;c; 07_. Also, their asset
values 9~lq are equal to the common value 6 without any idiosyncratic value component. These
assumptions on liquidity traders are to ensure that their presence does not affect the market
choice of strategic traders i € I.

After all demands are submitted, the centralized market is cleared at a price of which
the total demand of I strategic traders and L liquidity traders is equal to zero; p* such that
D ier G(PF) + 2 er @1g(pF) = 0. The equilibrium allocation is determined by the demand
schedule traders submitted, ¢ = ¢;(p*) for any i € (I U L).

2.2  Over-the-Counter Market (OTC) Mechanism

An over-the-counter market is an off-exchange trading venue in which bilateral trades occur
between large institutions. Each trader who is in the over-the-counter market chooses a desired
counterparty based on their types, information precision, and correlation. The choice should
be mutual for two traders to be matched, in the sense that the over-the-counter matching is
pairwise stable.® Each trader has an individual ranking on other traders, and based on the
ranking, the matching will be determined by the algorithm of Irving (1985). If two traders
are matched, they trade and leave the market. If the counterparty choice is not mutual, the
matching fails and the trader searches for another counterparty until he succeeds at matching.
I assume that the search cost is zero to focus on the difference of endogenous incentives in two
trading venues. The over-the-counter market ends when all traders participate in exactly one
bilateral trade or when only a single trader is left.

Once the matching occurs, each bilateral trade is operated by the same mechanism as in
the centralized market: the uniform price double auction. Two traders simultaneously submit
their demand schedules ¢;(p) as functions of price p by solving the optimization problem (2).
The equilibrium price p;; is determined by the market clearing condition: ¢;(pi;) + ¢;(pi;) = 0.
The price p;; is pair-specific in the over-the-counter market. If an equilibrium price does not
exist, then there is no trade and the over-the-counter market ends without any further trade.

The utility of traders in such case are set to be the autarky utility v;(¢; = 0) = 0.

8The equivalence is due to the fact that traders’ private signals are realized after their choice of the counter-
party, and thus, the over-the-counter matching is determined by traders’ ex-ante utility in the trade with each
potential counterparty.

11



2.3 Market Choice and Trading

Based on the trading mechanisms in two markets described in Section 2.1 and 2.2, the strategies
of traders and equilibrium are determined.

STRATEGIES: At t = 0, each strategic trader ¢ € I chooses a market where he enters,
m; € {OTC,CM} and a type of counterparty 7; upon his entering to the over-the-counter
exchange m; = OTC. When the market choice of a trader is m; = CM, we will notate 7; = ()
for the convenience. At t = 1, the trader chooses his demand function ¢ (- : m;, 7;) in market
(my, ;). Therefore, the strategy profile of trader i is {(m;, ), ¢:(- : my, 7)) }. A liquidity trader
J € L in the centralized market has a strategy {(CM,0),q;(-;CM, D)} since she cannot enter
the over-the-counter market.

EQUILIBRIUM: Definition 1 provides three conditions for equilibrium: (i) Bayesian Nash
equilibrium in the double auction in each market, (ii) no incentive to deviate from the over-the-
counter market to the centralized market, and (iii) pairwise stable over-the-counter matching
including a pairwise deviation from the centralized to over-the-counter market. For each trader
i € I, Elu;(m;, ;)] denotes the expected utility with (m;, 7;) for given equilibrium distribution

of traders in both markets.

Definition 1 (Equilibrium) An equilibrium is defined by {(m;,7;), ¢;(- © mi, 7) Yic(runy such
that

(i) traders’ optimal bid schedules {q'(- : m;, ;) }; solving the optimization problem (2) char-

acterize a Bayesian Nash equilibrium in each market,

(i1) no trader in the over-the-counter market has a strictly positive incentive to deviate to the
centralized market: i.e., if (m},7}) = (OTC, 7)) for trader i, then
Elu;(m},77)] > Elu;(CM,0)], Viel; and
(111) the over-the-counter matching is pairwise stable: i.e., there exists no pair of traders (i, 7)
who are not matched such that both traders i and j strictly benefit from breaking their
respective matchings and creating a new matching between them.

Elui(m},77)] > E[u;,(OTC,j)] or Elu;j(m;,77)] > Eu;(OTC,q)], Vi#jel.

i’ 7770

The inequalities in Definition 1 (iii) include the case where either trader ¢ or j (or both)

o —

j
dition ensures that the over-the-counter matching is immune to an entry of a trader from the

choose the centralized market, m; = CM or m CM, in equilibrium. This equilibrium con-

centralized market as well as within the over-the-counter counterparty choice. Furthermore,

12



with this pairwise deviation from the over-the-counter to centralized market, a market struc-
ture where all traders choosing the centralized market (i.e. m = CM for all i) is a trivial

equilibrium, independently of asset or trader characteristics.

The following sections characterize equilibrium defined in Definition 1: Equilibrium bid
strategies and outcomes in Bayesian Nash equilibrium for a given market - part (i) - is charac-
terized in Section 3. The characterization allows us to develop comparative statics on traders’
expected utilities over the market, asset, or traders characteristics. Section 4 and 5 show en-
dogenous market structures that are formed by traders’ market and counterparty choice - part
(ii) and (iii) - and analyze influences of the characteristics in traders’ market choices and thus

in endogenous market structures.

3 Equilibrium in Double Auctions

This section shows traders’ bidding strategies in a given market. Equilibrium characterization
in a market provides traders’ equilibrium utility and its dependence on market, asset, or trader
characteristics.

Suppose that there are N traders in a market with a correlation structure of asset values
Y and information precision {¢:}i. Each trader i maximizes his expected utility as in equation

(1). The first order condition is characterized as follows:
E0;|si,p] — uVar(6ilsi,p)ai —p — higi =0, VpeR, (3)

where \; = 0p/dq" is the price impact that represents the change of price when trader i increases
his demand by one unit. A larger price impact implies that each unit of a trader’s demand leads
to a further increase in equilibrium price so that the trader’s demand is reduced by higher price
impact. This demand reduction due to the price impact represents market illiquidity that is
endogenously determined by the traders’ strategies. A competitive market with infinitely many
traders is perfectly liquid and the price impact is zero. In terms of primitives, when there are
fewer traders in the market or when traders are more sensitive to price changes due to inference
or risk-aversion, the market becomes less liquid.

In a trader’ first-order condition (3), he takes an expectation of asset value conditioning on
the equilibrium price p, as well as, his own private information. A trader chooses his bid at
each potential realization of price, and thus, his behavior incorporates the information revealed
by the price as if he observed the price. Therefore, even in the static model, traders make
inference about their asset values by the schedule bidding.

Proposition 1 states three equilibrium conditions for a given market with N traders whose
asset values are correlated by ¥ and whose information precisions are {¢;};: (i) a trader’s

strategy for a given price impact (illiquidity) and inference on asset values (learning); (ii)
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the consistency condition for equilibrium price impact; and (iii) the inference coefficients by
equilibrium price distribution.

Proposition 1 (Equilibrium Representation in a Market) In a market, a profile of de-

mand schedules {q;(-)}; is a linear Bayesian Nash equilibrium (hereafter, equilibrium) if

(1) a demand schedule ¢;(- : \;) mazimizing trader i’s utility is

E[§i|si,p] -r coiE[0;] + csisi — (1 — cpi)p
1Var(6;]s;,p) + A uVar(0isi, p) + A

[ 3

where E[§i|si,p] = ¢, E[0;] + 58 + ¢paD,

(ii) price impacts satisfy the consistency condition

(2 = (S 2o

Iy i wiVar(0;)s;,p) + A,

(111) inference coefficients {cp;, Csi, Cpi} in E[éi\si,p] and conditional variance Var(éi\si,p) are

determined by the Projection Theorem, with equilibrium price distribution following

p= (Z (1~Z_ Cp,'i) -1 Z CQ ) + Cs,iSi

uVar( 0 |sz,p) + A

A trader’ indirect utility in equilbrium can be written as a function of his price impact A;,
expected asset value E[f;]s;, p] conditioning on (s;,p), and conditional variable Var(6;]s;, p).

Ex-ante utility of trader ¢ in a give market is

uVar(f)s;, p) + 2X;
2(uVar(6ilsi, p) + Ai)?

Blu] = B[ —exp ( - (Bl6]si.7) = )]

The Gaussian structure of {QNZ, si}i generates the difference in individual expected asset value
from equilibrium price, (£ [9~Z—|si, p] — p), follows a normal distribution. Thus, the expectation
on the right hand side of the above equation is in the form of the moment generating function

for x7 distribution. It provides an explicit formula for the ex-ante indirect utility:

Elu;) = —(1 +

1+ QXZ- Var(E[éAsi,p] —p) >—1/2 Vi (5)
) C

(1 +/):i)2 Var(éﬂsz‘,l?
—— N

~
liquidity effect learning effect

Here, N = (Var(8;|si,p))~' )N is a normalized price impact by the quadratic coefficient

1V ar(6;]s;, p) of trader i’s mean-variance utility. Trader i’s ex-ante utility £[u;] can be decom-
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posed into two parts: the value of liquidity and learning. The benefit of liquidity is captured
by the term (1 +2X;)/(1+ A)2 =1 — (A;/(1 + X)) Recall that trader i’s demand is reduced
by a fraction A;/(1 + A;). In that,

Ai E[0;]si,p] — p Py
i = 1- N ={l-——= :* )
4 ( uVar(0:|s;,p) + )\i> wVar(0;|s;,p) ( 1+ )\Z-> »)

where ¢*(p) is the demand of trader i in a competitive market for a given price p. The
demand reduction lowers utility with the same fraction. The liquidity benefit in utility terms,
called liquidity effect, increases as the normalized price impact Xz increases. On the other
hand, the utility (5) contains the term Var(E[6;|s:,p] — p)/Var(f;|s;,p) that captures the
benefit of learning from price and private information. Equilibrium price aggregates all market
participants’ private information on asset values. Traders learn the aggregated information
from conditioning on price. It decreases the risk in uncertainty of the trader’s own value 6;
and thus increases his expected utility through the term Var(§i|si, p). In addition, the price
determines the net surplus F [9~¢|Si, p] — p of buying a unit of asset. Such information on the
future surplus influences the trader’s utility through Var(E[6;|s;,p] — p). The total benefit of
learning the trader’s own and others’ valuation, called learning effect, is incorporated in a form

of ratio in the expected utility (5).

3.1 Equilibrium Utilities: Learning and Price Impact

Now, this section characterizes the main objects of an equilibrium. Three characteristics can be
considered in this model: market size (market characteristic), interdependence of traders’ asset
values (asset), and precision of private information (traders). Each characteristic affects learning
and liquidity in traders’ utilities. This section examines these effects of the three characteristics
in a model with symmetric interdependent asset values and symmetric information precisions

across traders.

Definition 2 (Symmetric Traders) Traders are symmetric, if
(i) the profile of correlations {p;;};-i is the same for all i; and
(i1) the information precision ¢; = ¢ is the same for all i.

With the symmetric traders defined in Definition 2, traders submit symmetric strategies in
each market, but the correlation of asset values is still heterogeneous across pairs, C’orr(éi, éj) =
pi; can differ for each pair (7,j), which is the key heterogeneity in traders’ market choice.

Asymmetric traders with asymmetric correlations and information precision will be considered
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in Section 5. Example 2 and Proposition 2 show how the three key characteristics affect the

ex-ante utility of each trader in symmetric markets.

Example 2 (Symmetric Interdependence and Precision) Consider a market with N traders.
All traders have a symmetric information precision ¢; = 1/‘7@'2,5 = ¢ and a symmetric average
correlation to the residual market p; = ﬁ Z#i pij = p for alli. Each trader’s optimal schedule

and equilibrium price are
E[6;]s;,p] — p _ coE[0] +cssi — (1 —¢p)p
uVar(6;|s;, p) + A ©Var(0;]si, p) + A
1 1
P =7 (coE[0] + Cs7 Z Si) = (coE0] + cs5).

bl )

1—¢

Here, the liquidity and learning effects in trader i’s ex-ante utility are characterized by the price
impact and conditional variances:

~ A (1+ (= 1p)(1+0*—p)

N WarGsy) U=+ + (- 1P +1-21- DA +0?)p— U - DI -7

5 _(A+)+ U —2p-(I-1)p* , ils. ol _
Var(0;|s:,p) = Aot I Dp) o7 = ﬁ)ae, Var(E[0;]s;,p] — p)

Trader i gets the ex-ante utility E[u;) = —(1 + &)™ where

_ (A=p 11,
l+o02—p 1 °

1+ 2N Var(E[6:|si,p] — p)
<1+/)\\2)2 Var(éilsiap) '

&=

The liquidity effect on utility is captured by the term (11?)22 With this closed-form solution

of inference parameters and price impact,

1+ﬁi:1_(x y:1_< (1+0%—p)(1+ (I —1)p) >2
(1+N\)? 1+ A I-1D)(1-p)(A+o>+ (I —-1)p)/

The liquidity term increases as I increases or p decreases. Larger market size and/or more
negative correlation with others on average results in more liquidity, and thus higher utility for
traders. When the information precision ¢ = 1/0? increases, the endogenous liquidity of the

market increases if p > 0, and decreases if p < 0.

°In asymmetric markets, in the sense that the profiles of correlations {p;;};«; are heterogeneous across
traders, as well as, across pairs (4,j) and/or that information precision ¢; are heterogeneous, traders’ optimal
trading strategies are asymmetric. The effects of characteristics in traders’ behavior and utilities in this section
and the comparative statics on endogenous market structures in Section 4 can also be applied to asymmetric
markets. This section focuses on the symmetric market, in order to avoid technical complexities.
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The effect of learning from the price on utility is measured by

Var(El6i|si,pl —p)  I—1  (1=p*(1+0*+( —-1)p)

Var(0;|s;, p) I o*((1+0%)+(I=2)p—(I—-1)p*)

which is increasing in information precision ¢ = 1/0?. The effect of average correlation p is
ambiguous. The utility component due to learning is decreasing with respect to p, if and only
if, 1402+ (21 =3)1+0?)p+ (I =3)(I—-1)p*— (I —1)**>0. O

Proposition 2 characterizes the effects of each characteristic - market size, correlations, and
information precision - on traders’ expected utilities through learning and liquidity, when the

other characteristics are fixed.

Proposition 2 (Liquidity and Learning Effects) For a given market, the equilibrium util-

ity of a trader i increases as

(i) the number of traders in market N is larger; or

(i1) asset values are more negatively correlated to price, i.e., corr(6;,p) are more negative.
The equilibrium utility is non-monotone in the average information precision, i.e.,
(111) information precision ¢*, € (0,00] of other traders maximizes trader i’s utility.

The effects of the number of traders (part (i)) on learning and liquidity have been studied in
literature. In a sufficiently symmetric market, with more traders participating in the market,
price reveals more accurate information. Moreover, price impact can be small in large markets,
when other characteristics are fixed (See Rostek and Weretka (2012)). Proposition 2 (ii),
however, suggests that the benefits of large markets in learning and liquidity are not necessarily
true if traders in each market, large or small, have heterogeneous asset valuations. Suppose
that the equilibrium price in a small market exhibits greater negative correlations with trader
t’s asset valuation. Price provides new information that is not captured in trader ¢’s private
information, and with larger correlation in the absolute sense implies that the information is
more relevant to his asset value. This learning effect is captured by the decrease in conditional
variance V (6;|s;, p). The correlation structure also affects the liquidity through the endogenous
price impacts );. The price impact is characterized by the slope of the residual supply curve,
A = —(Z i dq;(+)/ Op)fl, that is an inverse of the aggregate reaction of other traders when
price increases. With more negative correlations, trader j # ¢ would rely more on the price for
his inference, in the sense that ¢, ; is more negative. This makes his demand more elastic to
price change and thus trader ¢’s price impact is smaller. Hence, his equilibrium utility increases
due to both learning and liquidity as the correlation between his asset values and price is more

negative. From the arguments, more negative correlations between traders’ asset values and/or
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more traders in the market are beneficial to both learning and liquidity. These conditions of two
characteristics jointly determine traders’ incentives to choose a market, which will be examined
in the next Section 4.

In addition to the joint condition of market size and interdependent asset valuation, the
last characteristic that affects equilibrium is the precision of traders’ private information. In-
formation precision has an ambiguous influence on traders’ expected utilities. The value of
learning increases when the trader’s own information precision is lower or when the (weighted)
average of other traders’ information precision is higher. At the same time, the price impact
increases, and thus, the liquidity decreases. It creates a trade-off between learning and liquid-
ity when the precision of information from the price changes. The trade-off between learning
and liquidity over traders’ information precision is shown in Figure 3.1. As a result, trader i’s
utility is non-monotone with respect to the other other traders’ information precision. If his
precision is sufficiently low, the learning effect dominates the liquidity effect, so that his utility

is monotonically increasing in others’ precision.

liquidity over o, o,=0.5 information over o, o, =0.5
oz B0
015
40
0.1
20
0.05
0 ]
] 1 2 3 4 ] 1 2 3 4

Figure 3.1: Liquidity and learning effects with respect to other traders’ information precision
1/0’2. A trader i has a information precision ¢; = 1/0? = 1/0.25 = 4. The liquidity effect and the learning
effect in his expected utility (5) are shown in each graph respectively. Two effects are monotone over the other
traders’ information precision ¢y = 1/02 = avg(1/07);21.

The comparative statics show the types of traders who would enter an over-the-counter
market based on the interdependence of asset values and the precision of their information.
The ambiguity in the influence of information precision on traders’ utilities will be considered

as a key determinant of traders’ market and counterparty choices.

4 Endogenous Market Structure

Traders’ individual choice for markets and counterparties forms a distribution of traders’ types
in centralized and over-the-counter markets and also an over-the-counter matching. This is
called a market structure. This section characterizes endogenous market structures by using

the comparative statics developed in the previous section. There are three types of market
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structure: only centralized market opens, only the over-the-counter market opens, and both
markets co-exist. Example 2 with a competitive centralized market (i.e. perfectly liquid market
with A; = 0 for all i) provides some intuition on endogenous market structures. The competitive
centralized market maximizes the difference in market sizes. The example shows that traders
can still be attracted to the over-the-counter market with certain condition for asset and trader

characteristics.

Example 1 & 2 - Cont’d Equation (5) provides the explicit formula of expected utility when
there are N symmetric traders. The utility from the centralized trading is derived by taking N
to infinity, while the utility from a bilateral trades in the over-the-counter market is by setting
N = 2. With these ezx-ante utilities in two exchanges, trader v chooses which exchange he wants
to participate in. Under the equilibrium existence, the necessary and sufficient condition for
him to enter the over-the-counter exchange is as follows:

1 —pem —2porc
EufM < Eluf?Y] < 1 .
[ i ] [ i ] 0_2 1+0_2 +POTC {poTc<0}
where 1y is the indicator function. Here, pcy = 02(’%;2 18 the average correlation in the
centralized market and porc = % 15 the correlation between two traders who are matched

in the over-the-counter market, which are sufficient statistics on Corr(6;,p) in two markets.

Consider the following canonical assumptions on traders’ asset valuation:

2 = 0,02 =1, and p = 0. With independent private

e [ndependent Private Value: o, Nops

(idiosyncratic) value, traders get no gain-to-trade in the over-the-counter market, i.e.,
rﬁ%lpm"c<0 = 0, while they get strictly positive equilibrium utility 1/0*. Therefore,
all traders choose the centralized market, and the over-the-counter market does not open.
Independent private value structure implies that the market has no valuable information
to any trader (no learning occurs), so all traders choose the centralized market to benefit

from the liquidity.

e Fundamental Value (Vives (2011)): o2, =1 — a,02 = a with a constant a € (0,1), and
p=0. Taking a — 0, the fundamental value model includes the common value: 0, =0 for
all i. With the fundamental value model, the over-the-counter trade provides no gain-to-
trade since porc > 0. On the other hand, traders get strictly positive equilibrium utility
€/o?, and thus, all traders choose the centralized market. The over-the-counter market

does not exist. Fundamental value model does not incorporate heterogeneous correlations
o2

o2, +0o3,

it concludes that the heterogeneous correlation is necessary for a trader to choose the

across pairs of traders, in the sense that Corr(éi, 9}) = for any pair (i,7). Hence,

over-the-counter market.

o Two-Sided Market with Buyers and Sellers (Ezample 1): 02, = 1—a,0% = a, and p = *1.
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Traders choose the over-the-counter market if and only if

a 4a —2 2-302+./(2+302)2 802 1 2a(1 —a)
< —F5 < > > = d ——=<o”
o2 2= 2+ 02 ¢ 1 2 M T3a—2 ©°

w is sufficiently large precision is ;'Ljﬁiciently low

(6)
Traders prefer to trade in the over-the-counter market if the idiosyncratic value com-
ponent in asset values is sufficiently large and the information precision is sufficiently

small.

When the centralized exchange is competitive, the liquidity incentive strongly derives traders to
avoid higher price impacts in over-the-counter bilateral trades. Hence, participation to the over-
the-counter market occurs only when the benefit of learning from the market is high enough to
dominate the loss from illiquidity. When the aggregated correlation pcy = ﬁ Z#i pij satisfies
|pca| < |pl, the price informativeness is higher in the over-the-counter exchange and thus the

benefit from learning is higher. 0

The predictions from the above example hold generally in the model with a non-competitive
centralized market and/or with asymmetric traders. (i) Traders choose the over-the-counter
market over the centralized market if the idiosyncratic value component in asset values is
sufficiently large and the information precision is sufficiently small; (ii) The over-the-counter
market does not exist if there is no heterogeneity across traders’ asset valuation.

Proposition 2 showed that equilibrium utility of a trader increases as the number of traders
who are participating in the market increases or as the correlation between his asset value
and the market price is more negative. With the presence of L > 2 liquidity traders in the
centralized market the number of traders (hereafter, market size) is larger in the centralized
market and its effect encourages traders to enter into the centralized market. However, the effect
of correlation between asset value and price is the opposite. In the over-the-counter market, a
trader can target a counterparty that has the most negative correlation, while the correlation
with the CM price is determined by the average correlation over all participants. Hence, the
effect of correlation Corr(éi,p) supports traders choosing the over-the-counter market. It is
worth emphasizing that from the comparative statics in Proposition 2, the correlation effect
reduces the price impact, as well as, improves learning. Hence, the benefit of more negative
correlation in the over-the-counter market is not only from better learning but also from low
price impact.

The effects of market size and correlation create a trade-off in the traders’ choice of market.
Theorem 1 examines when the correlation effect would dominate and provides a sufficient and
necessary condition such that the trader prefers to trade in the over-the-counter market and

endogenous market structure following the traders’ individual market choices.
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oTC CM
# of trader 2 < L+1

corr(0;,p) | corr(0;,60;) < I—ilzj#corr(éi,éj)

Table 1: Traders’ market choices and trade-off between market sizes and correlations

Theorem 1 (Endogenous Market Structure) The over-the-counter market opens in equi-

librium by some traders entering into the market, if and only if
O-in (o-gv + 0-1'211) > '%({QSZ}H Z) and gbl = 1/01'2,5 < &i(o-cva Oiv, E)
for some bounds k < oo and le > 0.

The first inequality in Theorem 1 implies that traders choose the over-the-counter market
when their asset values are sufficiently heterogeneous by having a large variance of idiosyncratic
value component o2 /(02 + 02,). It implies that the targeted bilateral trades in the over-the-
counter market can benefit a trader, in terms of both learning and price impact. Suppose that
a trader (say, a buyer) has a negative correlation with sellers but has a positive correlation with
another buyer. When both buyers and sellers participate in the centralized market, the price
that aggregates values of all traders mitigates the correlation so that the average correlation
p gets closer to zero. In a bilateral trade, the correlation with a single counterparty (i.e.
seller) can demonstrate a greater negative value than the average correlation in the centralized
market. The difference between these correlations can be enhanced when the asset valuation
relies more on the idiosyncratic value component than the common value component. This
helps explain why assets that have a strong common value component tend to be traded in
the centralized market, while assets that are heterogeneously valued tend to be traded in the
over-the-counter market. Furthermore, the second inequality condition in Theorem 1 shows
that the dominance of correlation effect is strengthened by low information precision. This is
because the trader’s inference depends more on the price, so the difference between correlations
is emphasized more in the trade-off between the effects of market size and correlations. The low
information precision, a characteristic of traders, creates a joint condition with the sufficiently
heterogeneous asset valuation, a characteristic of assets, for the over-the-counter market to be
chosen by traders in endogenous market structure.

The predictions in Theorem 1 are consistent with financial markets. Many over-the-counter
products, such as forward contracts or corporate bonds, are traded for the purpose of hedg-
ing. The portfolio they need to diversify is idiosyncratic so that asset values are valued by

idiosyncratic value components. On the other hand, stocks or options that are often traded by
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speculators are valued by the common values, which are the future prices in the market.'’ It
should be noted that the condition for over-the-counter markets to exist is a joint condition on
asset valuation and information precision. Bonds with low credit rating, which traders would
not have precise information due to its volatile value, are often traded in over-the-counter mar-
kets. Alternatively, treasuries and high ranked bonds are also traded in centralized futures

markets, even though they are valued idiosyncratically.

The following two corollaries show some properties of traders’ market choice and endogenous
market structure, other than learning and liquidity in this paper. These properties have been
studied in literature. Namely, the literature has shown that the over-the-counter markets can
be beneficial for (i) providing an additional trading opportunity to traders who could not fully
clear their trading needs in centralized markets, and for (ii) allowing traders to search for better
prices than the centralized market price. Despite these benefits of trading in over-the-counter
markets being present in this model, Corollary 1 and 2 show that the over-the-counter market
can be still chosen by traders even without the illiquidity in centralized markets or the price

difference between trading venues.

Corollary 1 (OTC with a Competitive CM) Suppose that the centralized market is com-
petitive, i.e., the number of liquidity traders is large, L — oco. There exists a set of correlation
Y and precision ¢, satisfying the inequalities (6), such that all strategic traders choose the

over-the-counter market over the competitive centralized market.

Corollary 1, as seen in Example 2 - Cont’d, shows that traders may prefer to trade in the over-
the-counter market even when the centralized market is perfectly liquid, and thus, all traders
choose to trade over-the-counter and only liquidity traders participate in the centralized market.
Recent studies (e.g., Bessembinder and Venkataraman (2014), Ready (2014), and Degryse, Jong,
and Kervel (2015)) show that the over-the-counter market or off-exchange trading venues can
open because of the illiquidity (i.e. non-competitiveness) of centralized markets: Trading needs
of institutions who have large endowments may not be fully absorbed in the centralized market,
and thus, these traders would trade in all available trading venues subject to the entry costs.
An over-the-counter market is a platform that provides more trading opportunities. Traders’
improved learning about heterogeneous asset values can favor the choice of an over-the-counter

market, even if the price impact were lower in the centralized market.

Corollary 2 (No Price Difference in OTC and CM) There ezists a set of primitives such
that the expected prices are the same in two markets and traders choose the over-the-counter

market.

10 Another canonical example on over-the-counter products is a housing market. Even though the unit demand
for houses does not directly fit the divisible good model in this paper, the intuition carries over. Houses are
valued in different aspects by different traders, and through brokers, the over-the-counter market matches a
buyer and a seller who have highly correlated valuations.
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Literature that studies an over-the-counter market mechanism with search and bargaining
(e.g., Zhu (2013), Vayanos and Wang (2007), and Vayanos and Weill (2008)) shows that traders
choose to trade in over-the-counter markets when searching for better prices. Traders can choose
an over-the-counter market even when the prices in the two markets are the same (Corollary
2). This is because, for certain traders and asset characteristics, trading in over-the-counter

markets offers improved learning and lower price impact.

5 Market Structure with Asymmetric Traders

Theorem 1 examined a trader’s choice between the over-the-counter and centralized markets
and the endogenous market structures. The key characteristics is the heterogeneous correlations
in asset valuation Corr(6;,6;) across pairs of traders (7,). This section considers the effects
of other types of heterogeneities: namely, heterogeneous correlations across traders, not only
across pairs, and heterogeneous information precision. A model with such heterogeneities across
traders is called an asymmetric model, and a model without the heterogeneities a symmetric
model (See Definition 2).

With symmetric traders, all bilateral matches in the over-the-counter market are identical
in the sense that the correlation between two matched traders is the same for all pairs and
Corr(6;,0;) = min;.; Corr(6;,0;) for any i. It leads all traders to have equal incentives to choose
either market by fixing the correlation difference between the two markets to be symmetric for
all traders. All strategic traders are symmetric in the market choice. On the other hand,
the incentives to choose either market can differ by traders in asymmetric markets, and thus,
the incentives of traders in the choice of the market are functions of distribution of traders
in two markets as well as of endogenized market structure. The next theorem shows that the
asymmetry across traders is necessary for the coexistence of two trading venues: the over-the-

counter and centralized markets.

Theorem 2 (Coexistence of CM and OTC) The centralized and over-the-counter market

coexist in equilibrium only if traders are asymmetric.

Suppose that a trader gains from deviating from the over-the-counter to centralized market.
His deviation increases the market size in the centralized market. With the fixed correlation
difference as discussed above, the incentive to deviate from the over-the-counter market to the
centralized market for the next trader is even stronger. Recursively, all traders end up choosing
the centralized market. The deviation from the centralized market to the over-the-counter
market follows the similar argument, by recursively increasing incentives to deviate due to
decreasing market size in the centralized market. It concludes that the endogenous distribution
of traders in two trading venues has a corner solution when traders are symmetric. Equivalently,

the over-the-counter and centralized markets can coexist in equilibrium only if traders are
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asymmetric: in the sense that either (i) the profile of correlations {p;;};.; is asymmetric or (ii)
the information precision ¢; is asymmetric across traders.

In an endogenous market structure in which both trading venues coexist, some strategic
traders choose the over-the-counter market while other traders choose the centralized market.
The next sections examine which types of traders are more attracted to the over-the-counter
market versus which are more attracted to the centralized market. Section 5.1 explores the effect
of heterogeneous correlation profiles and Section 5.2 examines the heterogeneous information

precision in both endogenous over-the-counter matching and market structure.!!

5.1 Asymmetric Interdependence of Asset Valuations

Suppose that traders are asymmetric in the sense that their profiles of correlation {p;;};; differ.
In the over-the-counter market, each trader can choose his counterparty based on the type, i.e.
correlation structure. The matching fails if the choice of the counterparty is not mutual. In
addition, even when two traders are matched, the trade does not occur if the traders have
positively correlated asset values. In that, if Corr(6;,0;) = po > 0, traders optimal bid function
becomes inelastic so that there is no trade. No trader chooses a counterparty whose values are
positively correlated with his. Consequently, if a trader ¢’s asset value satisfies C’orr(éi, 6’~]) >0
for any j # i, i.e., his asset valuations are positively correlated with all other traders, then he
gets zero gains-to-trade in the over-the-counter market which makes him enter the centralized
market.

Recall that the over-the-counter matching is determined by traders’ ranking on counterpar-
ties and that a trader prefers to trade with the one whose value is more negatively correlated
with his. Traders who have relatively less negative correlations may not be matched with whom
he wants, or he may not be matched with anyone. These traders will not be chosen by the ones
that they want to be matched with. This lowers the benefit of the over-the-counter market and

makes them choose the centralized market.

Proposition 3 (OTC Matching with Heterogeneous Correlations) Suppose that traders
are asymmetric in correlation structures but symmetric in information precision. There exists a

pairuise stable over-the-counter matching determined by the ranking in the negative correlations

(=Corr(6;,0;)) of pairs of traders.

The pair-wise stable over-the-counter matching is determined by the following algorithm:

HSince their incentives in the choice of the market are functions of endogenized market structure, traders’
market choice and endogenous market structure create a fixed point problem in equilibrium. This complexity
makes it difficult to analyze endogenous market structure in general. Hence, the two-dimensional asymmetry -
heterogeneous correlation profiles and heterogeneous information precision - will be considered separately. The
results from each heterogeneity can be jointly studied in a model with an arbitrary correlation structure and
information precisions.
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STEP-1. Two traders, who have the most negative correlation among all pairs, are matched
and the matching is denoted by (i1, 71). If there are multiple pairs that have the most

negative correlation, select one pair randomly.

STEP-2. Eliminating the selected traders, select the most negative correlation among the

remaining paper and create another pair: called (i, j2).

STEP-3. Repeating this procedure until there is at most one remaining trader in the over-the-

counter market, and then the over-the-counter matching is determined {(it, ji) }t=12.....

In general, a stable equilibrium may fail to exist in one-sided matching problems. However, if
traders are asymmetric only in correlation structure, a pairwise stable over-the-counter match-
ing always exists in endogenous market structure with the endogenized choice of market and
counterparty. First, the ranking based on negative correlations in Proposition 3 guarantees
the transitive property on ranking. It is shown by the fact that the rankings of traders
do not create any circular preferences. Suppose that there exists traders ¢, 7, and k£ whose
rankings are circular: i prefers j to k, j prefers k to ¢, and k prefers ¢ to j. By Proposi-
tion 3, it implies that Corr(6;,6;) < Corr(6;,6;) < 0, Corr(6;,0;) < Corr(6;,6;) < 0, and
Corr(fy,0;) < Corr(f;,0;) < 0. Hence, the correlations between the three traders satisfy
Corr(0;,0;) = Corr(8;,0;) = Corr(fg,0;), and thus, each trader is indifferent between the
other traders in his counterparty choice. In addition to the stability, the individual market
choice keeps a trader from not being matched in the over-the-counter market. A trader who
fails to find a counterparty in the over-the-counter market deviates to the centralized mar-
ket. Therefore, a stable over-the-counter matching exists in equilibrium due to the ranking
mechanism in Proposition 3 and the endogenized market choice between over-the-counter and

centralized markets.

5.2 Asymmetric Information Precision

In order to understand the effect of heterogeneity in information precision on endogenous market
structure, suppose that traders are asymmetric only in information precisions but symmetric
in the correlation structure, i.e., ¢; is different across ¢ but the profile {p;;};- is the same for
all 4. Proposition 2 (iii) shows that a trader’s equilibrium utility is non-monotone over other
traders’ information precision. A trader prefers an informed counterparty to improve learning,
but he would prefer an uninformed counterparty to have a lower price impact. Concerning
this trade-off between learning and price impact over the information precision of counterparty,
Proposition 4 shows how a trader ranks the counterparty depending on his own information

precision.

Proposition 4 (Trade-Off in Learning and Price Impact over Precision) In a bilateral

matching between traders i and j, the equilibrium utility (5) of trader i satisfies that

25



(i) the liquidity effect i+i’\)2 decreases in ¢;; and

Var(E[fi|si,p]—p)

(i1) the learning effect Var(Bils:.p)

increases in ¢;.

The liquidity effect dominates the learning incentive if and only if the trader’s own precision ¢;

is sufficiently high.

In the trade-off between learning and price impact, which effect dominates depends on the
trader’s own precision. If trader ¢’s own information precision is already high, lower price impact
is more valuable than better learning so that he chooses a relatively less informed counterparty.
On the other hand, if his precision is low he prefers a more informed counterparty for better
learning. The trade-off between learning and liquidity gives a non-monotone preference on the
counterparty’s information precision, in the sense that the optimal counterparty’s information
precision (¢—;); = argmaxy ,_y/,2 Elu;; OTC(i,j)] is determined in the interior of support
(¢p—i)F € (0,00) for traders with sufficiently large ¢;. Furthermore, the optimal counterparty’s
precision (¢_;)7 is decreasing in trader i’s own precision ¢;.

It is useful to consider a model with two types of information precisions, informed and
uninformed types. The information precisions of two types are assumed by ¢y = 1/07 <

= 1/0%?. With two informational types, the over-the-counter matching is either positive
assortative matching (i.e., same-type matching) or negative assortative matching (i.e., cross-
type matching).'”” The same-type matching is when traders are matched with other traders
with the same type, and cross-type matching is when informed and uninformed traders are
matched to each other. Figure 5.1 presents regions of {07, 0%} for the same-type and cross-
type matching in equilibrium. First, consider the case where informed traders have sufficiently
high precision (small o;) and uninformed traders have sufficiently low precision (large oy).
Both types of traders choose to trade with the opposite type of counterparty, with different
incentives: informed traders get benefit from liquidity incentive, and uninformed traders benefit
from learning incentive. Hence, the cross-type matching occurs in equilibrium. Outside of this
region, equilibrium shows the same-type matching. When the precision levels for both traders
are high (small o; and o), liquidity incentives dominate and all traders want to be matched
with an uninformed counterparty. As a result, some informed traders can not be matched
with their preferred counterparty. Since there is no more matching opportunity, the informed
traders optimally shift their counterparty choice to a less preferred counterparty, informed
traders. Hence, the same-type matching occurs in equilibrium. Proposition 6 in Appendix
shows a sufficient and necessary condition for the cross-type matching equilibrium, in terms of

information precision (o7, oy) and correlation structure X.

12 The non-monotone ranking on counterparty’s precision may prevent an assortative matching in over-the-
counter markets. However, I am expecting that there exists an endogenous statistics in which the matching is
assortative.
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Equilibrium OTC matching; p =-0.5

same group matching
informed prefered

cross group matching
same group matching
uninformed prefered
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Figure 5.1:  Equilibrium matching in OTC subgame: Each region shows an endogenous over-the-
counter matching, either same-type matching or cross-type matching between informed and uninformed traders.
All traders are assumed to be in the over-the-counter market. The z-axis is the noise variance of uninformed
traders while the y-axis is of informed traders. o2, = 0.25,02 = 0.75 and min;; p;; = —1.

With the presence of the centralized market, an over-the-counter market in which two
informational types match does not exist. When the informed type follows lower price impact
rather than better learning, he can be better off trading in the centralized market than in the

over-the-counter trading with uninformed counterparties.

Proposition 5 (No Cross-Type OTC Matching) Suppose that there are two precision types
o2, € {02;, < 0i,.}. Witha? > 6% >0, there is no over-the-counter trade between informed

and uninformed traders (i.e., cross-type matching).

Figure 5.2 presents an example of endogenous market structures through traders’” market
and counterparty choice. The left panel three types of equilibrium: all traders choose the
centralized market (when both o; and o are small, and learning is not sufficiently valuable to
either of them); only uninformed traders choose to trade in the over-the-counter market (large
oy but small o7); and all traders choose the over the counter market (both types of traders
have inaccurate information). Since learning incentive is a dominant incentive for uninformed
traders, there is no equilibrium where only informed traders enter the over-the-counter market.

Endogenizing the market choice, the over-the-counter market will attract either the unin-
formed or both.'® Furthermore, traders in the over-the-counter market always trade with the
same-type counterparty. The non-existence of matching between informed and uninformed at-

tributes to aggravating information asymmetry in over-the-counter markets. With a random

13 The conventional wisdom that informed traders are more likely to trade in the over-the-counter market for
keeping their private information from the public. Since this model considers only a static trading, such privacy
incentive does not exist. The incentives to trade in the over-the-counter market due to the heterogeneity across
traders is a separate effect. In dynamic models, I expect that the privacy incentives interact with the effects of
heterogeneities.
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Figure 5.2: Endogenous Market Structure: The z-axis is the noise variance of uninformed traders while
the y-axis is of informed traders. o2, = 0.25,02, = 0.75 and min;; p;; = —1.

match mechanism, information can be transmitted from the informed to the uninformed trader
when they met and thus information asymmetry disappears or diminishes over time. How-
ever, when traders choose their own counterparty based on information precision, the informed
traders do not want to be matched with uninformed traders. Information is shared only within
each type, and the asymmetry between types increases after trades take place. Consequently,

the informational inefficiency by allowing an over-the-counter market into the economy.

6 Discussion

CONNECTION TO MARKETS. I show that an over-the-counter market opens when the size
of the centralized market is small, the asset values are closer to idiosyncratic than common,
and private information of traders is less precise. Many financial derivatives such as forwards
contracts, interest rate swaps, or equity or credit linked securities are traded in over-the-counter
markets, even though their trading volumes (liquidity) are large. When these products are
required to be held by traders until the maturity, it suggests that the purpose of trading can be
hedging of traders’ outside portfolios. This paper suggests that idiosyncratically valued assets
tend to be traded in the over-the-counter markets. On the other hand, centralized markets
attract assets traded mostly by speculators, such as stocks or bonds with short maturity, which
are valued by future prices that are common to all traders. High-yield bonds that have low credit
ranking are often traded in the over-the-counter markets (e.g., Hendershott and Madhavan
(2015)). The volatile return prevents the traders’ access to quality information and hence the
information precision is low. This is consistent with this paper’s prediction that low information

precision encourages traders to choose over-the-counter markets.

ALTERNATIVE OVER-THE-COUNTER DESIGNS. [ have endogenized centralized and over-

the-counter markets assuming their prices and allocations based on an uniform-price double
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auction. This allows us to focus on the effects of the characteristics of market, asset, or traders,
rather than the difference between mechanisms. With random matching, searching with fric-
tions, or other mechanisms in literature introduced in over-the-counter markets, the effects in
this paper continue to be present. For instance, suppose that the over-the-counter market is op-
erated by random matching instead of traders’ counterparty choice. Traders’ expected utilities
in the over-the-counter market would strengthen the effect of the asymmetric interdependence
of traders’ asset values and heterogeneous information precisions. Uninformed traders have
a chance to meet an informed traders and to learn more precise information, while informed
traders’ liquidity can be improved with a higher chance of meeting uninformed counterparty.
Introducing random matching mechanism in the over-the-counter market does not affect the
endogenous market structure qualitatively, but it can increase traders’ incentive to enter the
over-the-counter market when the heterogeneity across traders is present. Exogenous frictions
in the over-the-counter markets - a probability that a trader does not trade, cost of waiting,
etc. - can decrease traders’ incentive to trade in over-the-counter markets.

In this paper, traders’ individual market choice occurs ex-ante, in that traders choose where
to trade before their private information is realized. This model is appropriate when traders’
individual asset values 6; contains future returns of the asset in the markets and/or future
returns of traders’ individual portfolios, as interpreted in Section 2. The future returns from
certain assets are often unobservable or costly to observe to those who are not in the market in
order to keep market participants privacy. If the traders asset values or their private information
are interdependent by other sources - for example, traders’ endowments before markets, pre-
trades, macroeconomic information, cheap talk, etc. - the model may incorporate interim
market choice, in that, traders choose a market to participate in after they observe the private
information. Interim market choice increases the dimension of heterogeneity, in addition to the
correlation structure and information precision. A trader whose realized signal is high can be
more attracted to the over-the-counter market since the difference between asset values and
price, |E[0;|s;, p| — pl|, is larger in a bilateral trades. '* The additional heterogeneity of realized
private information with interim market choice influence equilibrium distribution of traders’
types in each market and the distribution of equilibrium prices, but the trade-off between

learning and liquidity for each trader continues to shape trader’s incentives.

Boyarchenko, Lucca, and Veldkamp (2015) study the effect of realized private signals in market structure
in a different market mechanism from this paper. They consider an inter-dealer market and dealer-customer
market. Traders face a choice to be either a dealer or a customer. They show that traders who have a high
private signal choose to trade directly in the inter-dealer market to keep their information private. Although
the conjecture on the interim market choice in my model is related to the intuitions in Boyarchenko, Lucca, and
Veldkamp (2015), the determinants for main results are different. In their paper, traders reveal their private
information truthfully to the dealers, and thus, there is no learning incentive in over-the-counter markets. This
paper considers traders’ learning on the values due to demand schedule conditioning on equilibrium prices.
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A  Proofs

Proof of Proposition 1 (Equilibrium Representation in a Market). For a given price
impact \; > 0 and inference E[0;|s;, p| = cg i E[0i] + cs ;i + ¢p.p, trader i’s first order condition

gives his best response, i.e. demand schedule.

o Elb;|si,p| — p _ o E0;] 4 csi5i — (1 — cpi)p
e wVar(6;|s;,p) + \i pVar(0s]si, p) + Ai

With positive price impacts, the second order condition holds for all ¢:
—uVar(b;|s;,p) — 2\ < 0.

The market clearing condition ), ¢;(-) = 0 determines equilibrium price from the demand

function.

_ 1 —cp 1 coi (0] + csisi
b= (Z uVar(0;|s;, p) + )\Z-) Z wVar(0:|s:;,p) + \i

i i
Since the price is a linear function of traders’ private information {s;};, it follows a normal
distribution as well as the signals. This Gaussian-linear structure allows us to use the Pro-
jection Theorem in order to derive traders’ conditional expectation on asset value. First, the
unconditional expectation of price is equal to E[f;] which is same across traders. It results in

Coi + s+ ¢p; = 1 for any i. The inference coefficient {c;;, c,;} is

Csi o
Cp,i

and the conditional variance of 6; over (s;,p) is

Var(s;) Cov(si,p) ]_1 (7)

Cov(si,p)  Var(p)

Cov(0;, s;)
COU(HZ'?p) ’

Var(0;|si,p) = Var(6;) — COU(G"’S")]. Var(s;) COU(Si,p)]

Cov(6;,p) Cov(s;,p)  Var(p)
= Var(0;) — (Cov(0;, s;)csi + Cov(0i,p)cpi).

Cov(6;, s;)
Cov(6;,p)

We denote 0 = o?_/o3, the relative variance of noise in private information compared to

variance of asset values. By plugging the following variance and covariance of (s;,p) into

equation (7),

1-— Cp,i Cs,i

Var(p) = (3 VarGils. o) T >\z‘)2<,uva7”(@i’3i’p> n >\> (

i

Cs,i

uVar(b;)s:, p) + A)

o33 + diag(a2.)s) (

1-— Cp,i

C iwP) = - Caid A e2p;; -
ov(si,p) (Z uVar(0;]s;,p) + >\i) (,uVar(@ilsi,p) + >\Z‘>i (Jopj + ik )j’

7
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we get a fixed point problem for the inference coeflicients {c;;, ¢},

Z ¢s,jCs k(Pjr+o2 Lj—k)—=cs,jCs kpij(Pik+07 Lizk)
. Bk (uVar(0;]s5,p)+2;)(pVar(O|sk,p)+Ax) .
Csi = 2 2 2 2 ) VZ, (8)
Z (1+0'i)Cs,jcs,k(ij“l‘o'jlj:k)_cs,jcs,k(Pij'i‘O'ili:j)(pik+0'i Lli—x)
gk (wVar(0;ls;j.p)+X;)(uVar(Ok|sk.p)+Ak)
D 1—cpi 3 (1+0?)es,jpij—cs,j(pij+07Li=;)
t uVar(0;]s:,p)+XN; 7 uVar(0;]s;,p)+X; .
y - ) - Vi. (9)
> (I407)cs,jCs,k (Pjkt05Li=k)—Cs,iCs,k (Pij+07 Li=j) (Pir+07 Lizk)
Jk (uVar(0;lsj,p)+X;)(1Var(Ok|sk,p)+Ax)

In addition, the price impacts are characterized by

1—cp; -1
A= J Vi 10
<; uVar(8;]s;,p) +/\j> T (10)

for a given inference coefficients {c, ;}; and the conditional variance of asset values,

1—c,; _ Cs.iPii .
Var(8;s;, p) = 2(1_ = Cp 2 : p.j 1 5,5 Pij ) Vi, (11
a?“( ‘8 7p) 00 C s Cp, ( - uvar(9]’8J7p) + )\j) ; MVGT(9j|SJ,p) + )\J 5 ] ( )

Equations (8) - (11) solves {cs.i, ¢pis Ai, Var(6;]s;, p) }i, and thus, characterizes equilibrium.

With the equilibrium characterization, a trader’s indirect interim utility is

Elu;lsi,p| = —exp ( — 1(—pq; + E[b;|s;, plg; — gVaT(elsi,p)Q?)>

pVar(0]si, p) + 2\ Y
(uVar(0;|si, p) + )\i)Q(E[MS“p] P) )>’

= —eXp(—u(2

while his ex-ante utility is

uVar(0]s;, p) + 2\
(MV&T(9i|Si,p) + >\z>

Blu) = B[ = exp (= u(; S(Eilsi bl - p))]

Considering that the difference of individual expected asset value from equilibrium price,
(E[0;|s:, p]—p), follows a normal distribution that is generated by Gaussian structure of {6;, s; },,
the expectation on the right hand side of the above equation is in form of the moment gen-

erating function for x3 distribution. It provides an explicit formula for the ex-ante indirect
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utility:

wVar(0|s;,p) + 2\
(1Var(b;]si, p) + )

uVar(0]s;,p) + 2\
P ( - ’u(2(uVar(9i]si,p) )

wVar(Q|s;,p) + 2\
- M(Q(MVar(9i|5i7p> + )\i)2Var(E[¢9¢\si,p] B p))})

Mvar(elsiap) + 2)\Z —1/2
( i MQ(MVar(9i|8i;p)+/\i)2var< [Bils:. p] p))

BlB[ulsip]] = E|—exp (=i 5 (Blbilsi,p] ~ p)?))|

sVar(E[0:]si, p] — P)X%ﬂ)}

—-1/2

I
&5
|
@
%

We introduce a measure for the ex-ante utility. For each ¢,

I 1) = u(pVar(0|s;, p) + 2\;)

= (F Y T uar@sap) 1 ae o ELs B =)

The ex-ante utility is strictly increasing and strictly concave in 7,. m

Proof of Proposition 2 (Benefits of Learning and Liquidity). In equilibrium for a
given market, subject to existence, the ex-ante indirect utility of a trader ¢ is strictly increasing

and strictly concave in the following measure:

1+ 2X; Var(E[6;]s:,p] — p)
(1 + ;\\1)2 Var(9i|si,p)

€= p(pVar(0]si, p) +2X\)
" (uVar(0ilsi,p) + \i)?

Var(E[0i|si, p] — p) =

Intuitively, more negative asset correlation increases the variance of difference between individ-
ual asset value and price, Var(E[6;|s;, p] — p); the higher information precision of other traders,
on average, improves trader i’s learning from price so that decreases Var(6;|s;, p); and the larger
market size decreases price impact A\;. Suppose that the correlation of traders’ asset values and
information precision is symmetric across traders: when the average correlation is defined by
pi = (m)—ll_il i mpﬁ for each i and o} = o7_/o; for each i, the
symmetric market assumes p; = p and 02 = o2 for all 7. In general, the inference coefficients

are
1 Cs,j 2 2 - Cs,i 2= 2 =
P -1 Z#i((u‘/ar(ejlgj,p)ﬂj)) (1+05+ (I —1)p;) - <;1,Var(9i\si,p)+)\_i) pi(1+0i+ (I —1)p;)
’ (I +0)) 5 X inram s )2+ 07 + (= 1)5) = Grarg agr) 2oL+ 0 + (T = 1)py)
1—c i 1 Cs,i = 2
Cpi = (MVW(HHQ,ZJ)-*‘)\:‘ ™ >\_z) iVar(@isip)+x i
" I+ 0)) 5 Zinram s 2+ 07 + (= 1)5) = Grag g 2ei(L+ 0 + (T = 1)py)
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In symmetric markets, for each 1,

1—p Ipo?
Csi = 75 Cpi = — — — )
o l4oi—p " (1 =p)(1+ 02+ (I~ 1)p) + po?

\ = (Z 1—c¢p, )—1 ~ uVar(0ilsi, p)
LN wVar(Ols;,p) N/ T=20

Furthermore, the inference coefficients characterize the learning effect in expected utility.

Var(Ei]si,p] — p) = (c2,05(1 +07) + (1 = ¢0)*Var(p) — 2¢5,:(1 — ¢,1)Cov(si, p))

= G+ o)+ (L= (L )Y ooyt + 0Tt
O\ ' e wVar(0;)s:,p) + \; j’k (uVar(b;]s:,p) + Nj)(uVar(6;]s:, p) + A;)

1—c¢,; _ Cs '(pi'+g'21'=i>
9 » 1— ; Py 1 »J J [ )
il = &) uVar(Gilsi,p)vL)\z-) ;/LV@T(GHSJ';P)JF)\J')

i

i

) 5 9 1—cp. _9 cs,jCs,k (Pjkto3 1 =k)
( Cs,i(l +07) + (1= i) (X m) Zj,k (uvar(ej|si,p)+Aj)(uv7ar(9j|si,p)+,\j)
4 , g 1y esylpitoily=i)
Var(E[9;]si,p] —p) _ —265i(L — ) (i wwar@memin) | 2 iarldls; 21y
e - T—cpj 1 Cs i Pig
Var(bs|si,p) I —csi— Cp,i(zj Wspjfm“j) Zj W

In symmetric market, these equations are simplified into

-1
VW(E[QA&AP] —p) = 0303 T

(1+0*—p).

The above characterization for the symmetric markets provides the following comparative stat-

ics of the three characteristics (i) the market size, (ii) the average correlation p;, and (iii)
information precision ¢; = 1/0?: The liquidity effect on utility is captured by the term %
With this closed-form solution of inference parameters and price impact,

1+ 2); P X P _( (1+0*=p)(1+ (I —1)p) )2
(1+ A)? 14\ I-DA-pL+o>+(T—1)p)/

The liquidity term increases as I increases or p decreases.

9 142\ _ N o 1402—p o2+ (1+(I—1)p)? -
oI (14+X)2 14Xx L1=p (I-12(1+02+(—-1)p)?

Larger market size and/or more negative correlation with others on average results in more

liquidity, and thus higher utility for traders. When the information precision ¢ = 1/0? increases,
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the endogenous liquidity of the market increases if p > 0, and decreases if p < 0.

9 142 N (L+(I-Dp Ip
002 (11+2)2  1+xT-1D1-p)(1+c2+(T-1)p)?

The effect of learning from the price on utility is measured by

Var(E[0i|s;,p) —p)  I—1 (1—p)2*(1+0>+(I—1)p

p)
Var(0;|s;, p) I o?o?+ (1=p)(1+ (I —1)p)’

which is increasing in information precision ¢ = 1/02. The effect of average correlation p is
ambiguous. The utility component due to learning is decreasing with respect to p, if and only
if, 1+0%)+ (2 =3)(1+c¥)p+ (I =3) I —1)p? — (I —1)?p* > 0.

In asymmetric markets, we can heuristically explore influences of the three characteristics
on trader i’s expected utility E[u;]. We impose another simplicity on information precision:
032- = o2, for any j # i. It implies that all other traders j # i except for trader ¢ have symmetric

strategy. This assumption is to make the derivation simpler, but it does not affect conclusions.

5= 1 uVar(0_;s_;,p) + A
I -1 =) pVar(bilsi,p)
Csj= ——5—— Cpi = — — —.
’ 1+02—p; P, (1—p)1+024+ (I —1)p;) + pio? i

Var(E[0;|s;,p] —p) ciiVar(si) +(1- cpﬂ-)QVar( ) — 2¢s,i(1 — ¢pi)Cov(si, p)

. . - 1—c 1 Cs,iPij .
Var(8ilsi, p) L= csi = i) avar@ o prin )~ 205 avar@sls, p7T%

(12)

(i) Market size, equivalently, the number of traders I: Suppose that p; and o?

are fixed.
We can see that I affects utility only through the normalized price impact Xz and the inference
coefficient on price ¢,,. As I increases, /):, decreases and |c, ;| increases for sufficiently large I.
The liquidity effect in utility, (1 + 2/)\\Z) /(14 /):i)z, increases by the decrease of Ni. The learning
effect in equation (12) increases when p; > 0 and decreases when p; < 0. With sufficiently
symmetric market, the effect of liquidity dominates the learning effect, so that the expected
utility E|u;] increases in the market size I.

(ii) Average correlation p; = p: As more negative correlation p;, i.e., as p; decreases, the
inference coefficient on private information ¢, ; decreases and the absolute value of the coefficient

on price |c,;| increases:

Ocpi _ o¥(1+ 0%+ (I - 1)) L2k
O (L—p)(L+0?+ (I —Dp) +pio)? A,

It implies that the price impact A; and the conditional variance Var(6;]s;,p) both decrease. In
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addition, it increases Var(E|0;|s;, p| — p) by decreasing Cov(s;,p). Hence, the more negative
correlation p increases both liquidity and learning effects and thus increases traders’ expected
utility.

(iii) Information precision o2, of other traders: as the information precision 1/0?; increases
(i.e., 02, decreases), trader j # i’s inference coefficient on private information cs_; increases

and the absolute value of the coefficient on price |c, ;| decreases.

Dy i _ p(1—p)(1+ (I —1)p) 1+23

do%;,  (L=p)(1+o2,+ (I =1)p)+po%)? A
It makes \; decreasing if p_; > 0 and increasing /)\\Z otherwise. Hence, the liquidity effect of
trader 4’s utility changes depending on the correlation of other traders: as o2, decreases, the
liquidity effect (1 + 2/)\\1) /(1 + /):Z)Z increases when p_; > 0 and decreases when p_; > 0. The
learning effect in trader ¢’s utility is increasing in other traders’ information precision by the
decrease of Var(6;|s;,p). The liquidity and learning can create a trade-off with respect to

others’ information precision. m

Proof of Theorem 1 (Endogenous Market Structure). This proof is under the condition
that equilibrium exists. Suppose that only a centralized market opens in equilibrium but no
over-the-counter market does. Since no trader has an incentive to switch his market choice to
the over-the-counter market, his expected utilities E[u{*;all in CM], when all traders are in
the centralized market, is higher than a potential utility in the over-the-counter market. The
potential utility in the over-the-counter market E[u;; OTC(i,j)] is pair-specific, i.e., it depends
on the pair (i,7). A sufficient and necessary condition on the endogenous market structure
consists of only the centralized market is that there is no trader who has a positive incentive to
deviate to the over-the-counter market with his best counterparty. This condition is equivalent
to that the utility in centralized market is higher than the maximum utility trader ¢ would get

in over-the-counter market:
EufM;all in CM] > max Elu;; OTC(i,7)], Vi.
JF

Under the symmetry assumption, ﬁ > iziPij=pand ¢, =¢ =1 /o2 for all 4, the equilibrium
utility in each market is characterized as follows. Suppose that o = o./0y. In the centralized

market,

. 1—p . I(l—cp)ﬁ<72 B Ipo?

U l402—-p P A-p(+a2+ (I -1)p) (A+o2=p) 1+ —-1)p)
3 A 3 I+ =Dp)(1+0>—p)

YT wWar@ilsip)  T=2) 0+ o)+ (I—12+1-2(1 - 1)1 +0%))p— (I - (I —2)5*
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~ 1+0?)+ (I —-2)p—(I—-1)p* , ~ 1-p?2 I-1,
V s, p) = i Var(El0;s,p] —p) = .
ar(6;|si, ) Q1o+ I—D)p) (1107 =7) o2, Var(E[b;|si,p] — p) 10?5 1 o

From these equilibrium variables, the equilibrium utility is characterized by

e = 1 _1):(1—1)2(1—/))(1+0+(1—1)ﬁ) (1+0*=p*(A+({ —1)p)?
B (I =DIo*(1+02+ (I =1)p)((L+0%) + (I =2)p— (I - 1)p?)

On the other hand, the over-the-counter market provides the equilibrium characterization with
the following endogenous parameters:

o — L — pij o = I(1— Cp)/)ij02 _ 2)%'02
Tl o2y T =)Aot +py) (L4002 = py)(1+py)
T _ Ai _ (L4 py)(L+ 0% = pyj)
pVar(0;|si, p) —20%py; ,
- 1+ o’ — 12 . 1— p;: 2
Var(0;]si, p) = Pi 0% Var(El6ilsipl —p) = el Lo

(I+02)2—p5 < 1+02—p;2 %

From these equilibrium variables, the equilibrium utility is characterized by

gote = ( L 1) = (L= pig)*(L+ 02 + pij)* = (1 + 0% — py;)*(1 + pyg)*
' Elug]? 202(1 4 0% + py)(1 + 0 — pF)) '

Comparing the equilibrium utility in two markets,

€OM 5 (OTC 1+ 2Xfm Var(E[0;]s;,p] — p) - 1+ 2/):;?’50 Var(E[6;]si, ;] — p)

(1+xem)2 Var(0]si, pem) (1+xete)2 Var(f]si, s)
(-1 =p)*(A+0? + (I - 1)p)* = (140> =p)*(L+ (T =1)p)* _ (1= pyy)*(1+ 0%+ piy)* = (1 + 0% = py)*(
(I=DI1+0*+ I -1)p)((1+02)+ T =2)p—- (I —-1)p?) 2(1+ 02 + pij) (1 + 0 — p)
Here, without loss of generality, the correlations between asset values (él)Z can be written by
p= fj > and p;; = minj; Corr(0;,0;) =25 — 1 = a2—+iv

(=120 = PP +1+ (T = V5P = (0 + 1= pP(1+ (L= 1)) _ (20— p)*(0* +20)* = (0> +2(1 = p)*(2
T-DI@ 1+ I - p)e®+ (1 - )1+ —1)p)) 2o+ 2 A=)

The inequality can be rewritten as

K+ KT (P 1o 4 2P0 P 2970 2P~ AT D(0 +yPE o
(7= 1)(0? + 2)2(0% + y)? + 25%(07 + 22 — (41(I — 1)(0? + y)°7?) =

1-p <

where K = (I —1)I2*(6%+y)? — (02 +2)%y?) > 0, L = (I = 1)12*(0? +y)? — 2(0? + 2)?y?) > 0,
y=1+(—1)p>0,and z = 2p < 1. It shows that the sufficient and necessary condition on
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Eluf™;all in CM] > max;; Elu; OTC(i, )] is

2
%:1—ﬁ<%(02)
acv+0iv

o2

In addition, the inequality (13) can be also written in terms of signal variance o = g o

2 _ —2K + /2K2 + L(I2 — 1)(02 + 2)%(02 + y)? + 2¢2(02 + 2)% — (4I(I — 1)(02 + y)22?) 1

(I =1)Iz2(0® +y)* = 2(0? + 2)%?) ¢(02, + o3,

g

Hence, traders choose the centralized market if and only if the information precision satisfies

1 o’ +o? A
cv v 2 2
O = — = ——= > ¢(05,,05,2%).
? 0—52 0_2 ( cvr ) )
2
The over-the-counter market is chosen by a trader if these inequalities are violated, i.e., 02”;”02 >
cv v

i(0?) and ¢; < ¢(02,02,%). The proof is complete for symmetric markets.

With asymmetric traders, the equilibrium utility in each market is characterized as follows.

In the centralized market:

1 Cs,j — Cs, g — —
Gt 05+ U= D) — Gragiore) s+ or + (- Dpg)
CI 1 Cs,j —~ Cs,i = =\’

(L4075 2 Grar oy (L 05 + (= Dp)) = Grarigr )22+ 0f + (1 = 1)py)

Cs,i

1 = 2
(ﬂ J E) nVar(0;|s;,p)+A; PiT;

1 Cs,j = Cs,i - —\
(L4 0) 75 2 Gar, oy (L 05 + (= Dp)) = Grarigrn )22+ 07 + (1 = 1)py)

Cp,i

Var(E[0;|s;,p] —p) = (Ciiag(l +02)+(1— cpﬁi)ZVar(p) —2¢5,(1 — cp,i)C’ov(si,p))

= o3((1+oh)+ (1 — ) > S LR > CuaCeklPin 0, 15-4)
0 \%s,i I3 ) i MV@T’(Qi'Si,p) + /\z o (,uVar(é’j|sz-,p) + /\j)(/,LV(IT(Qj|SZ‘,p) + )\])

1—c. . B C ~(p"+021':‘)
—2¢5;(1 —cpy i 1 VA Uil
il @ >(Z uVar(0;|s;,p) + )\i) ; pVar(0;]s;,p) + /\j)

i

1—cp,; -1
/\i — < P.J ) .
; MVCLT(@HSj,]?) + )‘j

1—cp, _ Cs.jPij
Var(0ilsi, p) = o5 (1 = coi — cpa E = ' =L '
CLT( |S p) 06( & y Cp7 ( MV@T(QAJ%,]?) T )\]) Z Mvar(ejys‘j,p) + )\J)

J J

gm = ( 1 ) = p(pVar(8]si, p) + 2Xi)
TOUOVEE T (Var(@lsip) + M)

On the other hand, the over-the-counter market provides the equilibrium characterization with

Var(E|[0:]s:, p] — p).
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the following endogenous parameters:

Cs,j 2 2 Cs,i 2 2
(e iamoy) 1+ 95 +0) = Gragimym) P+ 07 +7)

Cs,i Cs,j - N ’
(1 + U?)(W)Q(l + 032 + p) - (uVaT(Giléi,Sj)-F)\i)zp(l + 012 + p)

1 1 Cs,i 2
P : <>\_j + /\_1') uVar(0ilsi,s;)+Ai pdi' .
" 0 o) e P+ 9 4 0) ~ Graresye 2P+ 02 1 0)

Var(E[0;|si,p] — p) = (ciiag(l +02) + (1 — ¢,4)*Var(p) — 2c,,(1 — cp,i)Cov(si,p))

L - i Cs,jCs i +O'2-]_<:
= (o)) + (1 - )Y = gesrlpin+ o1i1)

—2
- uVar(0;|s;, p) + /\i) ]Zk (uVar(0;lsi,p) + X;)(uVar(0k| sk, p) + k)

~2e,i(1— ¢,)(S . Y
aall = na)( MVQT(9i|Si7p)+)\i) ;Mvar<9j|sj7p)+/\j)

i

(1407 — p?)s; + pois;
Var(Elbi]s:, s;] —p) = Var (= )
ar( [ |5 SJ] p) ar (1_‘_012)(1_’_0]2)_p2

o (1407 —p°)

\ = uVar(0;]s;, s;) + A,
A+ of(i+ %) 7

)

. _ 2
T—c, . Var(;|si, s;) = o

I ) _ p(pVar(0|s;, p) + 2X;)
E[U,l]Q (Hvar<01|sz>p) + )‘2)2

Comparing the equilibrium utility in two markets,

Var(El0i|si, p] — p)-

g = (

€OM 5, (OTC 1+ %Xgm Var(E[0:|s:,p] — p) - 1+ {)\\ftc Var(E[0;si, s;] — p)
' ’ (14 xem)2 Var(0ilsi, pem) (14 xete)2 Var(f]s;, s;)

If CM is worse than the minimum utility that a trader can get in OTC, in the sense
that Euf™;no one in CM] < min,, <o Elu; OTC(i,7)], for all traders. Remark that it is a
sufficient condition. When min;,, <o E[u; OTC(i,7)] < E[uf™] < max; Elu; OTC(i, )] for
some traders, it can result in the extreme market structure, such as only centralized market or

only over-the-counter market opens, depending on the over-the-counter matching outcome. m

Proof of Corollary 1 (OTC Existence with a Competitive CM). From the proof of
Theorem 1, the inequality (13) is a sufficient and necessary condition for a trader to prefer
the centralized market to the over-the-counter market. Taking the number of traders in the

centralized market I to infinity, the inequality is written as

(2(1 = p))*(0® +2p)* — (0® +2(1 — p))*(2p)°
2(0242p)(02+2p-2(1 —p)) ’

1-7)>
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and it is simplified into
0> 0% —(30%+2)p+ 2p°.

The inverse of this inequality is satisfied, so that the trader choose to enter to the over-the-

counter market rather than to the centralized market, if and only if

2 2 — 30?2 302+4+2)2—-802%2 1
PP S k. e VA C A Sl Ay (14
Ogv + Jiv 4 2
which is equivalent to o2 > %. The proof is complete. =

Proof of Corollary 2 (No Price Difference in OTC and CM). Suppose that traders’
asset values (f; = 0 + 6;) follow the distributions 6 ~ N (E[6],02,) and 8; ~ N (0,02 %) with

)’ Y cv

1 | -1 . . . . .
Y= T ] where 1 = (1)7/2x1/2 is a (% X %)—matrlx with all elements being one, as in
Example 1. In this model, the equilibrium price in the centralized market with a sufficiently

co E[0]+cs0
co+cCs
the idiosyncratic component (d;) is zero. On the other hand, the equilibrium price is determined

large number of traders is p.,, = % Yicr El0+0i|s:,p) = , since the average correlation of

in each over-the-counter matching between two traders whose correlation is Corr(d;,d;) = —1.
coB[0;]) +cs5(0+0;+ei+0+0;+¢j) cE[R]+cf ¢ .
Dote = : = = T te - +09 _: . ((0i+0;)+(eit¢€4)) = pem+(noise).

Hence, the price py. in each over-the-counter market follows a normal distribution with the
mean equal to the centralized market price p.,. It shows that there exists a model where the
over-the-counter and centralized market prices are same in expectation. Even in this case, a
trader choose to trade in the over-the-counter market if the relative variance of idiosyncratic

value component, satisfies the inequality (14). m

Tiv
2 2
001)+0iv

Proof of Theorem 2 (Coexistence of OTC and CM). Suppose that traders are symmetric
in the sense that the profile of correlation in each row is same and that the information precision
is same across traders (See Definition 2).

(i) With the symmetric correlation structure, a trader is matched with the counterparty
whose asset valuations has the minimum correlation, i.e., the over-the-counter matching (i, j)
occurs such that Corr(éi, éj) = mingy; Corr(éi, ék) = Pmin, Upon traders i and j’s participation
in the over-the-counter market. It can be shown as a contradiction on the symmetricity of
traders. Suppose that there is an over-the-counter matching (i, 7) such that Corr(6;,6;) > pmin.
Since the profile of correlations are same across traders, there exists another trader k # i, j who
has the minimum correlation with trader i, Corr(éi, ék) = pPmin- Uf trader k’s current matching in
the over-the-counter market is not with the minimum correlation, traders ¢ and k have a positive
incentive to deviate from their current matchings, and thus the current matchings are not pair-

wise stable. Therefore, trader k’s current matching (k, 1) has to be such that C’orr(ék, él) = Dmin-

41



It implies that trader k& has two other traders i and [ that provides the minimum correlation
Pmin. By the symmetry, the profile of correlations of trader i, {Corr(6;,0,,)}im, contains two
Or MOTe pPrin, in that there exists another trader m # 4,7, k such that C’orr(éi,ém) = Pmin-
With the same argument, the current matching for trader m has the minimum correlation,
while implies that there are three or more p,,; in the correlation profile. Recursively, the
symmetricity of traders and pair-wise stable matching concludes that all pairs of traders have
Corr(éi, 0~]) = Pmin, Which is a contradiction to the assumption that there exists (7, j)-match

with Corr(éi,éj) > pmin- Therefore, all over-the-counter matching in equilibrium satisfies

C’orr(éi, éj) = ming; C’orr(@}, ék) = Pmin, V(i,7).
(ii) By the part (i), the utility comparison between centralized and over-the-counter market

is same for all traders. More formally, pfi¢

and p“" in two markets, and thus, the difference
of these two correlations are fixed and symmetric for all traders. With the fixed correlation
difference and the symmetric information precision, the incentive to enter either market is deter-
mined only by the different market size between the over-the-counter (N = 2) and centralized
(L + I) markets. Suppose that a trader ¢ who is currently in the over-the-counter market has
a profitable deviation to the centralized market. After trader ¢’s deviation, the market size in
the centralized market increases. With the fixed correlation difference, the incentive to deviate
from the over-the-counter to centralized market for other traders j # ¢ with m; = OTC, i.e.
for those who are currently in the over-the-counter market, is even stronger than the trader
. Applying this argument recursively, all traders choose the centralized market with endoge-
nized market choice. The opposite direction of deviation also concludes that if there exists a
trader who is currently in the centralized market and has a strictly positive incentive to deviate
to the over-the-counter market, then all traders have the same incentive by the symmetricity.
Therefore, it completes the proof for that the endogenous distribution of traders in the over-
the-counter and centralized market has a corner solution if traders are symmetric. Equivalently,

it concludes that two trading venues coexist only if traders are asymmetric. m

Proof of Proposition 3 (OTC Matching with Heterogeneous Correlations). The
pair-wise stable over-the-counter matching is determined by the following algorithm: (i) Upon
traders’ entry to the over-the-counter market, two traders, who have the most negative corre-
lation among all pairs, are matched: we call this pair (i1,71). (ii) If there are multiple pairs
that have the most negative correlation, select one pair randomly. (iii) Eliminating the selected
traders, select the most negative correlation among the remaining paper and create another pair:
called (is,j2). (iv) Repeating this procedure until there is at most one remaining trader in the
over-the-counter market, and then the over-the-counter matching is determined { (i, ji) }r=12....-

It suffices to show that the matching {(is, j¢) }+=12.. from this algorithm is pairwise sta-
ble. Suppose that there exists two traders who have a strictly positive incentive to deviate
from their current matching and create their own matching. Formally, there exists i, and js,
for some t < s, such that Elu,,; OTC, (ir,js)] > Elu,,; OTC, (i, ;)] and Efu;,; OTC, (i, js)] >

T
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Elu;,; OTC, (is, js)|. From Proposition 2, it implies that Corr (i, js) < Corr(it, ji) and Corr (i, js) <

Corr(is, js), since traders are symmetric in information precision and any bilateral trade has
the equal market size N = 2. It is a contradiction to the algorithm: at the step (i) for ¢, the
matching at ¢ is created between (i, j;), and hence, Corr (i, j;) < Corr(i, js) for any s > t. It
is contradicted to the assumption that trader ¢; has a profitable deviation by having another

counterparty js, Corr(iy, js) < Corr(ig, j;). The proof is complete. m

Proof of Proposition 4 (Trade-Off in Learning and Price Impact over Precision).
First, we characterize the equilibrium in a given over-the-counter bilateral matching between
two traders ¢ and j. Here, the correlation between two traders’ asset values are p and information

precision is ¢; = 1/07 and ¢; = 1/ 0'32».

1—cpi 1—cp,j 2
L I2(1+02+p)—p(l+o?+p) L (T2 + =221 po;
Y (4ol + ol +p)—p(l+oi+p) P (L4 o)FA+ 07 +p) = p(1+ 07+ p)’
where I'; = quzr(B Isj Y /,LLV(ZT(chls:,p — and I'; = 1/T";. Moreover,

(1+02)+T2(1+ 2)+2Fl-p_2 (1+02)+Tip
(1+1 cpjcbzr) (1+1 cpjcézl—‘)

1—cp,i cs,j 1—cp,i cs,j

Var(E[6;]s:,p) — p) = o5¢2, (1 + 07) +

):

_ wVar(¥ls;p) +; 5 _ Var(Bls;p) 1+ Var(6,|si,p) = o2 oi(1+07 —p%)

1 —¢p, I Var(0|si,p) 1 —cp; 9(1+‘7z‘2)(1+0j2') —p

The equilibrium utility is derived as follows:

i) — 1 - 1+ 2\ Var(E[6;|s:,p] — p)
R ey A A TR W T X P

By taking a derivative of equilibrium utility of trader ¢ with respect to the information precision
¢; of trader j, the optimal counterparty ¢; = 1/(032-)* = argmaxy _y . &i(1,7) of trader 7 is

determined by the first-order condition.

0 1+2\ )VaT(E[0i|si,p] - D) 1+ 2\ ( 0 Var(E[0;]s;, p] —p)) 0
8032' (1+ 5\1)2 Var(0;|si, p) (1+ 5\1)2 30]2- Var(0;|s;:,p) '

(

Here, the partial derivatives of liquidity and learning effect with respect to the counterparty j's
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noise variance 0]2- satisfy the following equations.

0 1+2) =2 a V(8]s;,p)(1 — cm)+1
o2 (14+M)2 (14 X0)390% (1—cpa)(1—cpy) —
R oV (0;]s;, Ocp.i dcyp, acp]
Y 44%¥£41f%o«1f%»a—vm>fn+—%;u—cm>+5gxl ep) +V(05155,9) 52 (1= 6.0 + 1
INCESWE (L =cpi)(1 = cpj) — 1)?
oVar S oVar s
0 Var(E[;|s:,p] — p) = (E('[)i‘ ! Var(0i]si,p) — Dol rept gzl p)VW( E0;|s;,p] — p)
do?  Var(Oilsi,p) (Var(0s]si,p))?
0 (( +o7)(1+03)—p* , 2(1‘*“7@2)(%?{%’;)2—201 ?JZ:,;‘F(l‘*‘UJQ'))
C 002\ o}l+oi-p?) 7 (14 o2 Lty )2 ’
hore Qg _ RSB0l gy, CEE R (ot o) —pl14)
where 32 = mammr e O et = T (@retare i < O
oVar(0;lsi,p) 2 (1407 —p) BVar(E[9 \s“p} p) _ 1
BO'JQ- — 0-9 ((1-‘,—0’?)(1“"0’%)_[)2)2 > 07 and 60’ — (1+11 ZZZE:;FI)Q > O Hen()e,
8 1+2)

= > 0 so that the liquidity effect of trader ¢ decreases as the precision of trader j

905 (1+X;)2
. . . . . “y Var(E[0:|si,p]—
increases (i.e., the noise variance o3 of trader j decreases). In addition, %W <0
]' 2 2.
i Var(Bloilsorlp) ;
Var(0;|si,p)

sufficiently small. Under this condition, the learning effect i increases in the precision of the

is sufficiently large, in the sense that the precision of both traders ¢ and j is

other trader j. This proves the trade-off between liquidity and learning effects with respect to

the counterparty j’s information precision ¢;.

Lemma 1 There is no over-the-counter matching between two players who have positively cor-
related asset values. In that, if Corr(éi, 0~j) = po > 0, then neither of trader i nor j choose the

other as his counterparty.

Proof. What we want to prove is that there is no equilibrium in the bilateral trade. From
the assumption that no equilibrium leads to no trade, the incentive to choose the other as a

counterparty is zero. The equilibrium price is

11— Cp1 1— Cp2> - ( Cs151 Cs252 Co1 Co2 )
t = + + + + 0] .
y <M+M PES Y N VS VS B VRS R ¥

Therefore, the equilibrium price impact is characterized by

p+ /\ N(Q - Cpi)
L= ¢y (1_Cpi)(1_cpj) —1

The characterization implies that the positivity condition for price impact \; > 0,7 = 1,2

Ai =

> 0, i#7€{l,2}.

implies that ¢,; < 1 for both ¢« = 1,2. By the projection theorem, the endogenous coefficients

(Csis Cpiy Coiy Ni)i=1,2 are the fixed-point solution of the following system of equations: with ¢y +
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Cpi + co; = ]-7

Cosi o2 . 2 1—cpi 1—cy; ;

()0 =+ 5 = %) (e + %) v

Cgi — LH_)\AJ o2 . ’ M+>\ ) cpi = . m o2 _“+ - o2 _9 I Z #j S {1’ 2}
G Z0 T %) - GE(+Z0+ G - )

From the further calculation, we get the following explicit solution'®

(1= p* +0})(1 = p* + 0}) — p’oio} 1—p?
Csi = =
(1—p2+03+ﬁji;pa)((1+0)(1+0) P 1= p2 40+ 5 po?
4pol(1+p+o7)
Cpi —
P (I=p?+0})A+p+0))+(A—=p>+0)(1+p+07)+2p07(1+p+03)
\ (I=p*+0)) A+ p+0)+ (A —=p*+0)1+p+07)+2p05 (14 p+07)
i = —H

2p{o7(1+p+0})+oi(1+p+07)}
{ 1 (1—p2)(2+2p+02+02) 0]2-(1—1—[)—1-02-2) }

2 2p{(1+ p)(c2 +02)+ 20703} o}(1+p+of)+oi(1+p+o07)

Here, the positivity condition for the price impacts, A\; > 0,; > 0, is equivalent to p < 0.
Hence, when two traders’ asset values have a non-negative correlation C’orr(éi, 6}) < 0, there

is no equilibrium. m

Proposition 6 (OTC matching equilibrium) The over-the-counter market is in form of

cross-type matching, if and only if

{o?1+p+02)+oi(l+p+0l)} (1+p+07)(1—p*+02)(L—2p03(1+ p+0}))?
A1+ p)H{(1 +07) (L +07) — p*}*(L — 2p07 (1 + p + 07))?
(1407)(L+2p07 (14p+07))? (1+0%)(L+2po? (1+p+07))?
[(1+p+o)){2(1+p+07) (1—pto7)+p(of —07)}]? T [@Fpro? H2(+p+07)(1—pto3)+p(oF—07)}]?
2p(L+2pU2(1+p+U N (LA+2po; (1+p+07))
- [(+ptoD){2(1+p+03) (1—p+02)+p(0? —02)}}[(1+p+a2){2(1+p+02)(1—p+af)+p(o§—a?)}]

z‘(l_P +‘7@')
T (A4p+o})2(l—p+oa})

X

Joralli# j, when L= (1—p*+07)1+p+0;)+(1—p*+03)(1+p+07).
Proof. The same-group matching gives a trader with o2 his expected utility as follows:

poi(1—p* +a?)
p(l+p+07)21—p+o7)

15As special cases, the above fixed-point problem provides that (a) in a symmetric case, cs = %,cp =

2pa” if o2 — 1 _ = =2
W, and that (b) if Us,j = 00, Cg; = W,cm =0 and Csj = O,Cp] = m
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(14p)(1—p+02) I oy . . e
T 0 T Tt In addition, the cross-group matching gives equilibrium

where A = —
utility as follows:

cross w4 2N 1 1\ 2 Csi g A+ Ai Csjo Csi [0+ N Csj
EluS R L N — 1 —1)%(1 - 2= .
= S (AﬁAj G o)+ () (4 o)) = 250 5

Hence, the condition for that the cross-group matching is the equilibrium in OTC,

E[ C’I“OSS] > E[ same]’ v 7/ 6 {Z?’L,’LL?’L},

’L

can be characterized with the equilibrium parameters of cross-type matching. When L =
(1=p*+07)1+p+03)+(1—p*+02)(1+p+o0}), the parameters {);, A;} have a closed form

solution.
p(L+p)(of —0oF) — L

p{af(l —|—p+0j) —i—aj(l —i—p—i—af)}'
This provides the closed-form solution of equilibrium utility in the cross-type matching, from
the following derivations.

pA2X = p

[t 2X 2p{0}(1+p+03)+ 071+ p+07)} (p(L+p)(0f —0F) — L)
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Hence, we get
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Cross

¢ross] subject to existence, is as follows:

The sufficient and necessary condition on E[u*"¢] < Eu

{o?(14+p+0)+a2(l+p+0d)} L+ p+0})(1—p*+02) (L —2p0%(1 + p+0}))?
AL+ p)H{(L + o) (L +03) — p2}2(L = 2p0 (L + p + 07F))?
(14+02)(L+2p02 (1+p+02))? N (14+02)(L+2p0? (1+p+02))?
[(A+pt+oi){2(0+pto3)(1—ptof)+p(of—02)}]? * [(1+pt+oi){2(1+p+07)(1—pto7)+p(oF—07)}]?
2p(L+2po? (1+p+07)) (L+2p0 7 (14+p+07))
 [(tpro)(2(t+p+02) (1—pto)+p(07 =0 [(1+p+02) {2(1+p+07) (1—p+o?)+p(0?—o2)}]

oZ(1—p* +0?)
(I+p+0)*1—p+o7)

X

Comparing the expected utilities E[uf*"¢] and E[u§ %] from same-type and cross-type match-
ing, the sufficient and necessary condition for over-the-counter matching to be between informed

and uninformed traders in equilibrium. m

47



Bank Competition and Bank Liquidity Creation”

Seungho Choi™*
University of New South Wales

First Draft: December 2014
This Draft: November 2017

Abstract: Using comprehensive measures of bank liquidity creation by Berger and Bouwman
(2009), I investigate empirically whether bank competition affects bank liquidity creation among
16367 banks from 1984 to 2007. I find that bank-level competition affects bank’s liquidity creation
strategy. Using bank-level competition measure, I find that banks create less liquidity when the
market is more competitive. Exploiting intra- and interstate bank deregulations and interstate bank
branching deregulation, I find that banks create less liquidity as interstate branching restrictions
release but banks do not significantly respond to intra- and interstate banking deregulation.
Surprisingly, different from bank-level analysis, state-level analysis shows that bank deregulation
events do not significantly affect state-level bank liquidity creation on average. The results
highlight the role of proper regulation to encourage depressed credit market in the United States.

Keywords: Bank Competition, Bank Liquidity Creation, Deregulation, Government Regulation

JEL Classification: G21, G28, G32

* Preliminary draft, please do not circulate. The first draft of this paper was written in December 2014. Comments and
suggestions are welcome. I would like to thank Renee Adams, Allen Berger, Christa Bouwman, Chang-Mo Kang, and
Eliza Wu (Discussant) for helpful advice and comments. I also thank conference participants at Conference on
Competition in Banking and Finance and 7th Annual FIRN Conference. All remaining errors are my own.

" UNSW Australia Business School at University of New South Wales, College Rd, Sydney NSW 2033

Mobile: 0402 560 267 E-mail: seungho.choi@unsw.edu.au.




1. Introduction

The two central roles that banks play in the economy are risk transformation and liquidity creation.
Since banks have the advantage of economies of scale, they can transform risk by issuing riskless
deposits to finance risky loans. This risk transformation may coincide with liquidity creation. As
these two main roles are crucially important in the economy, there are many previous studies of
them. However, the past literature mostly leans toward the banks’ role as risk transformers, even
though their role as liquidity creators is an essential part of banking, and interest in bank liquidity
creation increases after the recent financial crisis (e.g., Ivashina and Scharfstein, 2010).

The reason why empirical studies examining theoretical views of bank liquidity creation
are rare is the absence of a comprehensive measure of bank liquidity creation. However, Berger
and Bouwman (2009) provide comprehensive bank liquidity creation measures that allow us to
investigate empirical research questions about a bank’s role as a liquidity creator. They classify
balance sheet activities as liquid, semi-liquid, or illiquid. Once all of the balance sheet activities
are classified, the authors assign weights, which are ranged from -0.5 to 0.5, and calculated the
measures by summing all weighted activities. The specifications classify all items except loans by
combining information on both product category and maturity, while loans are classified based
purely on either category or maturity (i.e., “cat” or “mat” measures) because of the lack of data
availability. In addition, off-balance-sheet items are either included or excluded (i.e., “fat” or
“nonfat” measures).

Bank competition is a popular issue in banking research: both theoretical and empirical
literature on the topic has emerged. The previous literature about bank competition mostly focuses
on its impact on financial stability, risk-taking, access to credit, and bank failure. Two views of
competition—"“competition-fragility” and ‘“competition-stability”—are posited in the literature.
Even though some studies find empirical evidence for each view, the findings of the empirical
research that explores the links between competition and risk are rather mixed and still
inconclusive. For example, Berger, Klapper, and Turk-Ariss (2009) find limited support for both
the competition-fragility and the competition-stability views. However, there has not been enough
discussion about the effect of bank competition on bank liquidity creation. Thus, in this paper, I
examine whether bank competition affects bank liquidity creation, using a panel dataset of U.S.

banks from 1984 to 2007.



Like bank competition literature, the empirical results of my research could also have
mixed evidence. On the one hand, I expect a positive relationship between bank competition and
bank liquidity creation. For example, less bank competition (i.e., more market power) may induce
banks to raise lending interest rates and, thus, firms to have lower demands for borrowing money
from banks, because the banks with a higher level of market power dominate the market. Also, the
banks may raise loan rates and lower deposit rates when the market becomes less competitive,
which means that banks would have more market power to increase their charter value. From this
point of view, large banks are likely to create less liquidity in the market when their market power
is significant. Compared to smaller banks, large banks have a more secured buffer for overcoming
unexpected financial shocks, because they have several different branches, and each branch would
have different market conditions. These variations among different branches of the large banks
could be considered as a way of hedging against risk. That is why the large banks could pursue a
strategy creating less liquidity, which is an aggressive strategy for maximizing their profit when
they dominate the market. Thus, banks in a less competitive market might create less liquidity, and
banks in a more competitive market would create more liquidity.

On the other hand, I expect a negative relationship between bank competition and bank
liquidity creation. Less bank competition might induce banks to provide more liquidity. For
instance, banks supply more loans when the market becomes more concentrated, because the banks
are likely to take on more risk when they have more market power. Also, banks in a less
competitive market may provide more liquidity because they can supply more loans through
relationship banking while taking more deposits. Banks focusing on relationship banking could
create more liquidity to keep the relationship with their borrowers. From this point of view, banks
would create more liquidity in the market when they have more market power (i.e., when they are
less competitive).

To test these hypotheses, I construct a panel dataset for the sample period between 1984
and 2007. The data covers almost all the commercial banks in the United States. I collect the data
from various sources such as Call Reports, DealScan, Summary of Deposits surveys, the Federal
Housing Finance Agency, the U.S. Census Bureau, the U.S. Department of the Treasury, and

Christa Bouwman's personal website.



Following previous studies regarding bank competition (e.g., Fernandez de Guevara,
Maudos, and Perex, 2005; Berger, Klapper, and Turk-Ariss, 2009; Koetter, Kolari, and Spierdijk,
2012; Jimenez, Lopez, and Saurina, 2013; and Berger and Roman, 2015), I use the Lerner Index
for gross total assets (GTA), which is calculated as the observed price-cost margin divided by
price, as a proxy for bank competition, which is a key independent variable in this research. The
value of the Lerner Index ranges from 0 to 1. A 0 value on the Lerner Index means perfect
competition, and when the value of Lerner Index is equal to 1, a monopoly is considered to exist.
Thus, banks with any degree of market power except the two extremes have a positive Lerner
Index value. In addition, I exploit the U.S. banking deregulation events, including intra- and
interstate deregulation and interstate branching deregulation, as exogenous shocks on bank
competition (e.g., Johnson and Strahan, 2008; Rice and Strahan, 2009; Koetter, Kolari, and
Spierdijk, 2012; Chava, Oettl, Subramanian, and Subramanian, 2013; Krishnan, Nandy, and Puri,
2014; Cornaggia, Mao, Tian, and Wolfe, 2015).

Based on Berger and Bouwman (2009), I choose the most comprehensive bank liquidity
creation measure, “catfat,” among four different bank liquidity creation proxies to measure bank
liquidity creation. This is a key dependent variable among the various specifications in this paper.
In addition, there could be endogeneity issues such as reverse causality and omitted variables. For
example, banks that create more liquidity may have higher market power. Also, it is possible that
many other factors affecting both bank liquidity creation and bank competition are unobservable.
Thus, I used multiple empirical approaches, including a fixed-effects model and difference-in-
differences estimation, to mitigate these endogeneity problems.

Using the panel dataset that includes all sample banks, I find that reverse relationship
between bank competition and bank liquidity creation. In other words, banks with a higher level
of market power create more liquidity in the market. At this stage, I could not check whether this
result is caused by reaping monopolistic rents or maintaining a relationship with borrowers. To
disentangle these effects, I split the sample into large, medium-sized, and small banks and test
whether the negative relationship exists for every size class of banks or only for specific size
classes. Through the subsample analysis by bank size, I find that only small-sized banks
significantly create more liquidity in the market as bank competition decreases. However, I do not

claim causal relation because of endogeneity concerns.
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Following previous studies exploiting U.S. intra- and interstate banking deregulation and
interstate branching deregulation as exogenous shocks on bank competition (e.g., Johnson and
Strahan, 2008; Rice and Strahan, 2009; Koetter, Kolari, and Spierdijk, 2012; Chava, Oettl,
Subramanian, and Subramanian, 2013; Krishnan, Nandy, and Puri, 2014; Cornaggia, Mao, Tian,
and Wolfe, 2015), I exploit the exogenous variation in bank competition using the U.S. banking
deregulation events. Intrastate deregulation allows banks to merge or acquire other banks inside
the market where they are located. In contrast, interstate deregulation allows banks to acquire a
commercial bank in deregulated states. More importantly, interstate branching deregulation allows
out-of-state banks to acquire a branch in the deregulated states and the level of openness varies
over time.

The results of analysis using the deregulation events are consistent with the results of
analysis using the Lerner Index as a bank competition measure. Exploiting intra- and interstate
bank deregulations, I find that banks do not significantly respond to both intra- and interstate
banking deregulation. However, exploiting interstate bank branching deregulation, I find that
interstate bank branching deregulation leads to reduction in bank liquidity creation. To be specific,
banks create more liquidity as the level of interstate branching regulation in their home state
increases. I also find that small banks create more liquidity than medium/large banks as branching
restrictions release.

The results make sense because interstate deregulation requires much higher fixed costs to
invest in deregulated states. Only sizable banks are able to acquire and/or establish a charter in a
state outside the main bank's home state. On the other hand, small banks would not compete with
the sizable competitors. That is why these two effects could offset each other. In addition, existing
large banks in the deregulated state could have chance to invest in the other deregulated states.
This could also affect the insignificant effects of interstate deregulation.

Interstate branching deregulation lowers fixed costs to invest in the deregulated states.
Different from interstate bank deregulation, interstate branching deregulation allows banks to
acquire a branch. For example, banks in highly restrictive states would be secured than banks in
highly open states in terms of the outside threat. In addition, they have much lower fixed costs to
enter the new market after interstate branching deregulation. Thus, they have incentives to acquire

or establish a new branch in the neighboring states, where the level of restrictiveness is lower than
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their home state. In this situation, large banks would create less liquidity to enjoy monopolistic
rents and small banks would create less liquidity to avoid default risks. In a relative sense, smaller
banks would create more liquidity than large banks to keep their relationship banking. This means
that the negative effect of bank competition on bank liquidity creation is weaker for smaller banks.

Investigating bank-level relation between bank competition and bank liquidity creation is
interesting and important. However, my results suggest that economic magnitude of bank-level
analysis is not significant. Causal effects of interstate bank branching deregulation on bank-level
liquidity creation suggest that completely open states generate a total of 1.82% less liquidity
creation post branching deregulation than the most restrictive states.

In addition, for the perspective of regulators, bank-level analysis would not be important
than aggregate state-level analysis because policy makers do care about local market economy. To
derive policy implication concerning bank competition and bank liquidity creation, I examine
state-level analysis.

Following Berger and Sedunov (2017), I test whether state-level bank competition affects
state-level bank liquidity creation. To construct state-level liquidity creation and control variables,
I rely on each bank’s state deposit market shares as a proxy for weights on states where they operate
branches. Interestingly, state-level analysis shows that bank deregulation events do not affect state-
level bank liquidity creation on average. This result suggests that intra- and interstate bank
deregulation and interstate branching deregulation do not really stimulate the depressed capital
market. Based on both bank-level and state-level results, the key policy implication is that a policy
to encourage bank competition would be more efficient if the policy applies to banks depending
on banks’ heterogeneity, such as bank size and bank market share, and markets’ heterogeneity,
such as market demand and supply-side competition status prior to the policy implementation.

My paper contributes the literature that investigates the effects of banking deregulation.
Even though Jayaratne and Strahan (1996) find that interstate deregulation results in economic
growth in local markets, results of my paper suggest that the effects might not be driven by banking
activities because bank liquidity creation would be crucial bank-side activity to encourage local
market growth.

Second, my paper contributes to the literature on bank liquidity creation. Because of lack

of comprehensive bank liquidity creation measures, there is few empirical studies examining the



determinants of bank liquidity creation and/or the effects of bank liquidity creation before Berger
and Bouwman (2009) provide the comprehensive measure, which is catfat. This literature shows
relations between liquidity creation and equity ratio (Berger and Bouwman, 2009), corporate
governance (Diaz and Huang, 2017), and real economic output (Berger and Sedunov, 2017).

I am aware of a contemporaneous study by Jiang, Levine, and Lin (2016), which also
examine the relationship between bank competition and bank liquidity creation. Based on interstate
bank deregulation, they construct distance-weighted bank competition measures, which are
continuous bank-level measures. Their measure considers the distance between each bank in the
deregulated state and capital city of the other states as a factor of bank competition. Using the
bank-level distance-weighted interstate deregulation measures, they find that regulatory-induced
competition has a negative effect on bank liquidity creation.

Different from this study, I focus on both state-level and bank-level analyses that examine
the effects of bank competition on bank liquidity creation. State-level analysis allows me to
generate policy implications on bank competition. In addition, I exploit interstate bank branching
deregulation, which would be more important on bank liquidity creation because decisions about
loan and deposit contracts are made by branch managers. Same as Chava, Oettl, Subramanian, and
Subramanian (2013) and Cornaggia, Mao, Tian, and Wolfe (2015), my paper and Jiang, Levine,
and Lin (2016) suggest two different perspectives of bank deregulation.

The remainder of this paper is organized as follows. I first review the existing literatures
on bank competition and bank liquidity creation. In Section 3, I develop testable hypotheses.
Section 4 describes data and methodologies. Section 5 provides empirical results and Section 6

concludes.

2. Literature Review

2.1 Bank Competition

The deregulation of banking activities has drawn much attention of researchers and regulators on
the role of competition in the banking industry. Previous literature about bank competition mostly
focused on the impact of bank competition on financial stability, risk-taking, access to credit, and
bank failure. However, there is not enough discussion about the effect of bank competition on bank

liquidity creation.



There are two strands of literature on bank competition: “competition-fragility” and
“competition-stability.” The ‘“competition-fragility” view suggests that enhanced bank
competition results in reduced profit margins and franchise value, and this induce banks to take
excessive risk. According to past literature on the view, profit margins play as a safeguard in the
event of financial distress so banks try to recover their profit margins by taking excessive risk even
though the projects are high risk projects (e.g., Repullo, 2004). In addition, banks tend to protect
their franchise value when the market is more concentrated by taking less risk because high
franchise value implies high opportunity costs of bank failure (e.g., Keeley, 1990; Hellmann,
Murdock, and Stiglitz, 2000). Thus, the “competition-fragility” view supports the argument that
higher level of bank competition would result in more fragility.

The second view of bank competition is the “competition-stability” view. This view argues
that bank competition makes financial system more stable. That is, more concentrated market
power could lead to higher bank risk and/or higher probability of bank failure. Past literature
supporting the “competition-stability” argues that the more bank market power, the more bank risk
exposure. This is because the dominant banks enjoy monopolistic rents, such as higher interest
rates and lower deposit rates, through their market power and it could lead to adverse selection and
risk shifting (e.g., Stiglitz and Weiss, 1981). Boyd and De Nicolo (2005) and Schaeck, Cihak, and
Wolfe (2009) also support the “competition-stability” view. These studies suggest that the more
market power, the less stable financial system. Different from previous studies, Boyd and De
Nicolo (2005) construct models that allow bank competition for both deposit and loan markets,
and they suggest the reverse relation between bank competition and bank failure. Less bank
competition means more concentrated market power, and less bank competition could lead to
higher loan rates and lower deposit rates because banks with higher level of market power have
incentives to pursue monopolistic rents. Reduced bank competition could lead to either a more
stable credit market, which is an intended result of government policy, or a highly dominated and
limited credit market, which is an unexpected incident. Using 45 countries international data,
Scaheck, Cihak, and Wolfe (2009) also support this view. They find that enhanced bank
competition tends to be more stable and tend not to suffer systemic crisis.

However, Berger, Klapper, and Turk-Ariss (2009) take a moderate position because they

find mixed empirical results about the effects of bank competition on financial stability. Berger,
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Klapper, and Turk-Ariss (2009) find that market power increases credit risk, but banks with more
market power face less risk overall, using a variety of risk and competition measures derived from
a dataset of banks located in 23 countries. Thus, the paper suggests limited support to both the
competition-fragility and the competition-stability views. These mixed results suggest that the
effects of bank competition on bank activities could also be mixed under heterogeneous

circumstances.

2.2 Bank Liquidity Creation

There are many past studies that suggests the reason why banks exist is to create liquidity to
borrowers and lenders (e.g., Bryant, 1980; Diamond and Dybvig, 1983; Gorton and Pennacchi,
1990; Holmstrom and Tirole, 1996; Kashyap, Rajan, and Stein, 2002; Gatev and Strahan, 2006).
Banks create liquidity because they grant long-term and illiquid loans to borrowers by using short-
term and liquid deposits. Bryant (1980) and Diamond and Dybvig (1983) argue that banks create
liquidity on the balance sheet by financing relatively illiquid assets with relatively liquid liabilities.
Also, Holmstrom and Tirole (1998) and Kashyap, Rajan, and Stein (2002) suggest that banks also
create liquidity in form of loan commitments or credit lines. This means that banks create liquidity
off the balance sheet as well. Loan commitments can give a borrower the option to draw down
them on demand during the period of the contract. These withdrawals are uncertain to the bank.
From the perspectives of customers, loan commitments provide liquidity whenever they require
liquidity unexpectedly.

Empirical studies concerning about bank liquidity creation are relatively insufficient
because of the absence of comprehensive measure of bank liquidity creation. Deep and Schaefer
(2004) develop Liquidity Transformation gap as a measure of liquidity creation, but it is not
comprehensive measure. Berger and Bouwman (2009) provide four measures of liquidity creation
and argue that catfat measure is better than other measures including Liquidity Transformation
gap, which is similar to matnonfat measure of Berger and Bouwman (2009). Different from
Liquidity Transformation gap, catfat liquidity creation measure classifies loans by category, rather
than by maturity. This measure treats business loans as illiquid regardless of their maturity because
banks generally cannot easily dispose of them to meet liquidity needs, but this measure treats

residential mortgages and consumer loans as semiliquid because these loans can often be
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securitized and sold to meet demands for liquid funds. Also, catfat includes off-balance sheet
activities as well as on-balance sheet activities. Thus, catfat measure is advanced and more
comprehensive measure of liquidity creation.

Berger and Bouwman (2009) construct a comprehensive measure of bank liquidity creation
by including off-balance sheet items and by considering categories rather than maturities. There is
three-step procedure to construct the liquidity creation measures. In Step 1, all balance sheet and
off-balance sheets activities are classified as liquid, semi-liquid, or illiquid. The classification is
based on the ease, cost, and time for customers to obtain liquid funds from the bank, and the ease
cost, and time for banks to dispose of their obligations to meet these liquidity demands. The
balance sheet items are classified by product category and maturity. In Step 2, weights are assigned
to the items classified in Step 1. In Step 3, liquidity creation is measured by combining the items
as classified in Step 1 and as weighted in Step 2.

Using virtually all U.S. commercial banks from 1993 to 2003, they find that the U.S.
banking industry creates $2.84 trillion in liquidity in 2003, which is equivalent to $4.56 of liquidity
creation per $1 of bank equity capital, and liquidity creation has grown substantially over the
sample period by using catfat measure. They also report that the liquidity creation differs
considerably among banks by different size. Banks categorized as large banks, about 2 percent of
their sample, account for 81 percent of the bank liquidity creation. In addition, off-balance sheet
items played a significant role in generating liquidity for banks of all sizes.

There are not enough studies examining the relationship between bank competition and
bank liquidity creation. Three exceptions are Joh and Kim (2008), Horvath, Seidler, and Weill
(2013), and Jiang, Lin, and Levine (2016). Different from my paper, first two papers use non-U.S.
data to investigate the effects of bank competition on bank liquidity creation. Horvath, Seidler, and
Weill (2013) investigate this research question but their dataset is from the Czech banking industry.
They analyze the impact of bank competition on liquidity creation, using a dataset of Czech banks
from 2002 to 2010. They find that enhanced competition reduces liquidity creation and suggest
that pro-competitive policies in the banking industry can reduce liquidity provision by banks.
However, they do not use catfat measure because of a lack of information about components of
catfat measure. According to Berger and Bouwman (2009), catfat measure is the most

comprehensive measure among the four liquidity creation measures because it includes off-balance
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sheet liquidity creation and classification for loans is based on category. Joh and Kim (2008) use
an international data covering 25 OECD countries. They use catfat measure following Berger and
Bouwman (2009) but they control for size and market shares even though the key explanatory
variable is Lerner Index, which is strongly related to those variables. This could lead to biased
results.

Different from these papers, my paper investigates the relationship between bank
competition and bank liquidity creation, using the U.S. banking industry dataset. Also, I exploit
exogenous variation in bank competition through the U. S. banking deregulation events, including
intra- and interstate bank deregulation and interstate branching deregulation, and stick to use catfat

measure using sufficient datasets.

3. Hypothesis Development
This section details my hypotheses. By examining these hypotheses, I figure out how bank
competition affects banks’ liquidity creation strategies in a variety of circumstances.

The first testable hypothesis is that the relationship between bank competition and bank
liquidity creation is negative. In other words, I expect the positive effect of bank market power on
bank liquidity creation. The basic idea behind this hypothesis is that, in the more competitive
market, banks would suffer severe default risk and bank run risk. This is because many banks in
the competitive market try to survive by reducing their risk exposure if their resources are
concentrated on the market and they have no alternative market to move. By doing this, banks
could keep a certain amount of cash holdings, which acts as a buffer against bank default risk and
bank run risk. Thus, banks in the competitive market would create less liquidity in the market to
avoid bank failure. From a perspective of bank market power, banks with higher level of market
power would have enough sources of financing borrowers and have relatively sound internal
stability to respond to unexpected financial shocks. This argument is in line with Petersen and
Rajan (1995), suggesting that banks are less likely to supply credit when markets are more
competitive (i.e. less concentrated). They argue it is difficult for banks to internalize the benefits
of assisting the firms, so banks are less likely to grant credit to firms that do not have long-term
relationship with the banks. In other words, banks have much worse accessibility to information

on borrowers in the competitive market than in the concentrated market. Thus, banks have no
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incentive to create liquidity for new customers without reliable information about them. Banks
could utilize their own cumulative information about existing long-term customers to evaluate
underlying risks to create more liquidity in the market. From these two perspectives, I expect that

the relationship between bank competition and liquidity creation is negative.

Hypothesis 1: Bank competition is negatively associated with bank liquidity creation.

As I discuss in the previous section, two different views on bank competition, which are
“competition-fragility” and “competition-stability” views, could raise a possibility to have mixed
empirical results about the effects of bank competition on bank liquidity creation. The first
hypothesis is based on “competition-fragility” view. From the perspective of “competition-
stability” view, it would be possible that the impact of bank competition on bank liquidity creation
is positive.

Bank competition condition could affect banks’ decision on loan pricing and deposit rate.
To be specific, banks in more competitive market may reduce loan rates and increase deposit rate
to increase demand for both loans and deposits (e.g., Carbo-Valverde, Rodriguez-Fernandez and
Udell, 2009; Love and Martinez Peria, 2012). Also, on the other hand, less bank competition may
induce banks to raise lending interest rates and thus firms have lower demands to borrow money
from banks. In addition, Beck, Demirgiic-Kunt and Maksimovic (2004) suggest that keen
competition increases demand for loans by alleviating financing obstacles, such as collateral, to
dominate the market. This leads to higher liquidity creation. This could be a case for large banks.
Because large banks have sufficient resources to compete with the other banks in the competitive
market, they would tend to dominate the market when bank competition is severe. From the
perspective of market power, the large banks with substantial market power would tend not to
create liquidity with favorable terms because they have less default risk and bank run risk by
possessing sufficient funds in several different markets. This mechanism would allow them to
pursue monopolistic gains, such as higher loan rate and lower deposit rate. Thus, the effects of

bank competition on bank liquidity creation would not inverse but direct.
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Hypothesis 2: For large banks, bank competition is positively associated with bank liquidity

creation.

Using proprietary data, Peterson and Rajan (1994) investigate the effects of relationship
banking between banks and small firms on the availability and cost of financing. They find that
relationship banking positively affects financing availability of the borrowers. They also find that
a wide and shallow relationship with multiple lenders would result in both increase in costs and
decrease in the availability of financing. These results suggest that bank competition condition
affect the efficiency of relationship banking. In highly competitive market, there are many banks
in the market to compete. In this case, borrowers have many different alternatives to finance. This
would aggravate existing lender’s private information about borrowers because new lenders can
verify the private information. On the other hand, in less competitive market (i.e. more
concentrated market), the existing lender could enjoy its informational monopoly because
possibility that the private information is verified is quite low in this case. This would lead to
availability of funds for the firms involving the relationship.

Peterson and Rajan (1995) also examine the effects of competition on relationship banking.
Results of this paper suggest that creditors are more likely to finance credit-constrained firms when
bank competition is less competitive because banks could internalize the benefits from the
relationship banking more easily in the concentrated market. This suggests that banks would want
to keep this information advantage in the concentrated market. Different from large banks, small
banks with the long-term lending relationships would create more liquidity in the less competitive
market. Because they do not have strong capabilities to build multiple deep relationships with
borrowers, they would tend to utilize their own private information and try to maximize their
profits under the constrained circumstance. From the view of bank competition, these small banks
would not create liquidity aggressively to stand a chance in competition with the other banks
because they have significant default risk and bank run risk in the highly competitive market. Thus,
in this case, they would keep their liquidity to protect themselves against the risks.

Enhanced bank competition could either increase or decrease bank-level liquidity creation.
In the competitive market, large banks would increase bank liquidity creation to dominate the

market. On the other hand, large banks would not increase liquidity creation to enjoy monopolistic
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gains. Small banks would increase bank liquidity creation to keep their relationship banking, but
it could be also possible that small banks would decrease liquidity creation to avoid the default
risk in the competitive market.

Based on arguments that the market is segmented and that banks could react to bank
competition differently, I expect that the effects of bank competition on bank-level liquidity

creation could offset each other at state-level.

Hypothesis 3: For small banks, bank competition is negatively associated with bank liquidity
creation.
Hypothesis 4. The effects of bank competition on bank-level bank liquidity creation would be offset

at the state-level.

Previous studies exploit the U.S. banking deregulation as exogenous shocks on bank
competition (e.g., Johnson and Strahan, 2008; Rice and Strahan, 2009; Koetter, Kolari, and
Spierdijk, 2012; Chava, Oettl, Subramanian, and Subramanian, 2013; Krishnan, Nandy, and Puri,
2014; Cornaggia, Mao, Tian, and Wolfe, 2015). These studies use the exogenous variation in bank
competition after the banking deregulation. Theoretically, banking deregulation could increase
bank competition, bank efficiency, and M&A activities. Also, this could improve local market
macroeconomic condition (e.g., Jayaratne and Strahan, 1996). These studies suggest that intrastate
banking deregulation and intrastate banking deregulation have different effects on banks. Intrastate
deregulation enhances market concentration because number of competitions is fixed within the
state. On the other hand, interstate deregulation leads to more competitive market because out-of-
state banks can enter the deregulated states.

Based on arguments above, I expect that the effects of intrastate deregulation could be
mixed. Generally, banks in the concentrated market through intrastate deregulation would create
less liquidity because dominant players would want to exploit monopolistic rents. However, if the
dominant players focus on relationship banking, then they could create more liquidity in the market
to keep their relationship with borrowers.

The effects of interstate deregulation could be also mixed. This is because of relatively

high fixed costs for acquiring and/or establishing a charter in deregulated states. Interstate bank
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deregulation does not allow out-of-state banks to acquire or establish a branch in the deregulated
state. The deregulation only allows them to acquire or establish a chartered bank in the deregulated
state. This means that the newcomers are more likely to be aggressive in terms of liquidity creation.
Existing dominant banks in the state would also create more liquidity to compete with the incoming
competitors if they have sufficient resources and there is no other investment option. If they have
other investment opportunities, such as investment in the other deregulated states, they could create
less liquidity in the home state and create more liquidity in the new market. In addition, smaller
banks would create less liquidity creation to avoid default risks in the competitive market. Thus, I
expect that the effects of interstate bank deregulation on bank liquidity creation would offset.
Interstate bank branching deregulation would have different effects on bank liquidity
creation. Different from intra- and interstate bank deregulation, interstate branching deregulation
lowers fixed costs to enter the deregulated markets. Banks in more restrictive states would be more
secured than bank in more open states. Because the level of restrictiveness varies over time and
the fixed cost acquiring a branch is much lower than the fixed cost acquiring a commercial bank,
banks in relatively restrictive states could invest in a branch of the contiguous states, where the
level of restrictiveness in terms of bank branching is lower than the bank’s home state. Thus, |
expect that interstate deregulation and interstate bank branching deregulation would have
contrasting effects on bank liquidity creation and that the more restrictive interstate bank branching

regulation would lead to more bank liquidity creation.

Hypothesis 5: The effects of intra- and interstate bank deregulation on bank liquidity creation
would be mixed.
Hypothesis 6: The effects of interstate bank branching deregulation on bank liquidity creation

would be negative.

4. Data and Methodology

4.1 Data

To investigate the effect of bank competition on bank liquidity creation, I construct an unbalanced
panel of bank-level dataset for almost all commercial banks in the United States during the sample

period between 1984 and 2007. I collect the data from various sources such as Call Reports,
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Summary of Deposits, DealScan, Federal Housing Finance Agency, United States Census Bureau,
the U.S. Department of the Treasury, and Christa Bouwman's personal website.'

Financial data from Call Reports covers the period between 1976 and 2016. However, my
sample starts from 1984 because of missing observations for required items to construct liquidity
creation measures before 1984. In addition, following Berger and Bouwman (2009), I impose the
following restrictions to include only valid commercial banks in my sample. First, I exclude a bank
with zero commercial real estate or commercial and industrial loans. Second, I exclude a bank with
zero deposits. Third, I exclude zero or negative equity capital in the current or lagged year. Fourth,
I exclude a bank whose average lagged gross total assets (GTA) are below $25 million. Fifth, I
exclude a bank that has four times more unused commitments than GTA. Lastly, I exclude a bank
that resembles a thrift bank or a credit card bank.? My final sample of almost all commercial banks
in the United States from 1984 to 2007 consists of 203,711 bank-years in 1,176 state-years of data

on 16,367 unique banks.

4.2 Key Dependent Variables and Independent Variables

In light of the foregoing discussion of previous literatures, I study several factors that affect my
key variables. According to Berger and Bouwman (2009), the ability to securitize loans is closer
to product category concept than the time until self-liquidation, and the authors also show that off-
balance sheet activities provide liquidity in functionally similar ways to on-balance sheet items.
Thus, I use catfat measure as a key dependent variable, as Berger and Bouwman (2009) suggest
catfat is better measure than three other liquidity creation measures.

My key independent variables are proxies for bank competition. To indicate bank
competition, I use the Lerner index, which is an individual measure of competition for each bank
and each period. The Lerner index is commonly used in recent studies of bank competition (e.g.,
Fernandez de Guevara, Maudos, and Perex, 2005; Berger, Klapper, and Turk-Ariss, 2009;

Jimenez, Lopez, and Saurina, 2013; Berger and Roman, 2014).

' T collect the quarterly bank liquidity creation data from Christa Bouwman’s personal website
(http://faculty.weatherhead.case.edu/bouwman/data.html). The website provides four different quarterly bank
liquidity creation measures, such as catfat, catnonfat, matfat, and matnonfat, for almost all commercial banks in the
United States.

2 1 consider a bank as a thrift if the bank has residential real estate loans exceeding 50% of GTA and consider a bank
as a credit card bank if the bank has consumer loans exceeding 50% of GTA.
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The Lerner index is defined as the difference between price and marginal cost, divided by
price, i.e., it measures the market power of a bank to set a price above marginal cost. Thus, high

values of the Lerner index are associated with significant market power.

Priceit - MClt
Price;;

Lerner; =

Following the methodological approach of Fernandez de Guevara, Maudos, and Perex
(2005), Berger, Klapper, and Turk-Ariss (2009), and Berger and Roman (2014), I consider Price;;
as the price of GTA proxied by the ratio of total revenues to GTA for bank i at time t and MC;; as
the marginal cost of total assets for a bank 1 at time t. To compute MC;; for each bank for each

time period, I take the derivative from the following estimated translog cost function:
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where i represents banks, t represents time in quarters, Cost;, is total operating plus financial costs,
GTA;; is gross total assets, W), ;; represents input prices, W, ;; is the ratio of personnel expenses to
GTA, which is proxy for input price of labor, W, ;, is the ratio of interest expenses to total deposits
and money market funding, which is proxy for input price of all funds, Wj ;; is the ratio of other
operating and administrative expenses to GTA, which is proxy for input price of fixed capital, and
Time, is a vector of time fixed effects. The estimated coefficients of the cost function are then

used to compute the marginal cost for GTA:
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I also use bank-level Herfindahl index as an alternative proxy for bank competition for the
robustness check. To measure the bank-level HHI, I establish the Herfindahl index of the markets
in which the bank has deposits and then weight these market indices by the proportion of the bank’s
deposits in each of these markets. I use the natural logarithm of the HHI to avoid distorting the
regression analyses due to large values.

Using Lerner Index as a proxy for bank competition, I examine the relation between bank
competition and bank liquidity creation, but I cannot claim causal relation because of endogeneity
concerns, such as omitted variables and reverse causality problems. To mitigate the endogeneity
concerns, I exploit exogenous variations in bank competition through the U.S. bank deregulation
events, such as intra- and interstate bank deregulation and interstate bank branching deregulation.
Following previous studies exploiting bank deregulation events (e.g., Jayaratne and Strahan, 1996;
Black and Strahan, 2002; Johnson and Rice, 2008; Rice and Strahan, 2010; Krishnan, Nandy, and
Puri, 2014), I construct intra- and interstate deregulation indicator variables, Rice-Strahan index,
and Krishnan-Nandy-Puri index.

The intra- and interstate deregulation indicator variables take the value of one from the
year of deregulation onward and zero prior to the deregulation. Rice-Strahan index of interstate
banking deregulation ranges from zero (deregulated) to four (highly regulated) based on regulation
changes in a state. On the other hand, Krishnan-Nandy-Puri index ranges from one (highly

regulated) to five (deregulated).

4.3 Control variables

To investigate clear relations between bank competition and bank liquidity creation, I include some
control variables that influence bank liquidity created by banks. Following Berger and Bouwman
(2009), I'include a group of bank-level variables. To capture the risk, I include equity capital ratio,
which is the ratio of equity to GTA, and Z-Score, which is the distance to default that measured as
the bank’s return on assets plus the equity capital/GTA ratio divided by the standard deviation of
the return on assets, as a proxy for credit risk. In addition to the ZSCORE, I include earnings
volatility, which is measured as the standard deviation of the bank's return on assets over the
previous twelve (minimum: eight) quarters. I also control for the bank's multibank holding

company (MBHC) status because banks of multibank holding company could have much more
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sufficient resources that can potentially affect bank liquidity creation strategy. Furthermore, I
control for the bank's merger and acquisition history because banks often substantially alter their
lending behavior following mergers and acquisitions.

Different from Berger and Bouwman (2009), I do not include bank size, market share, and
a bank-level Herfindahl index as control variables in specifications using Lerner Index as a proxy
for bank competition because these variables are strongly related to Lerner index, which is an
indicator for bank competition. However, I control for bank size when I use bank deregulation
variables as a proxy for bank competition. To control for macroeconomic condition of local
markets in bank-level analysis, I control for natural logarithm of state population, Housing Price
Index (HPI), natural logarithm of personal income, and GDP per capita.

For state-level analysis, I control for local market macroeconomic conditions, such as
natural logarithm of state population, Housing Price Index (HPI), natural logarithm of personal
income, GDP per capita, Ln(Population), HPI, State deposit per capita, State equity per capita,
Number of potential borrowers, and Number of competitors.

Lastly, I include year fixed effects, firm fixed effects, state fixed effects, and state-year
fixed effects in various specifications in this paper to control for time-specific effects, individual
firm specific effects, state-specific effects, and state-level trends, respectively. In this paper, I do
not report results including state-fixed effects because state fixed effects are almost nested within

bank fixed effects and the results are consistent with specifications including bank fixed effects.

4.4 Models
To investigate the impact of bank competition on bank liquidity creation and test hypotheses, |

estimate following equations:

Liquidity;; = o + ag+ Po + BsLerner;.; + yControlyi-; + € (1)

where i indexes banks, j indexes state of the banks, t indexes year, and o; and a; are bank fixed
and year fixed effects, respectively.
As I discussed in 4.3, the key dependent variable is the dollar amount of liquidity a bank

has created normalized by GTA, using catfat measure from Berger and Bouwman (2009) and the
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key explanatory variable is the lagged Lerner Index, which is a popular proxy for market power,
and control variables that could affect the bank liquidity creation are included. I use the lagged
values for independent variables and employ the fixed effects model to mitigate the endogeneity
of the measures of bank competition and to avoid biased results because fixed effect model control
a problem that biased results might be yielded because of unobserved individual characteristics if
I regress without fixed effect model and the fixed effect model is more robust to endogeneity. Year
fixed effects control for the time trend such as a set of macroeconomic condition including inflation.
In the equation, p; means each bank’s individual specific effect, and v means that time specific
effect. Liquidity; is the dollar amount of liquidity a bank has created normalized by GTA, Lerner;.
1 1s the lagged Lerner Index, Control;;_4 is a set of control variables, and €;; is an error term,
which assumes that E(g:)=0 and Var(si)=c2. All regressions are estimated with robust standard
errors, clustered by bank, to control for heteroskedasticity, as well as possible correlation among
observations of the same bank in different years.

To mitigate the endogeneity concerns, I also employ a difference-in-differences estimator.
Using the proportion of state-level bank liquidity creation, we investigate whether banks
differently react to change in bank competition. Banks would decide their liquidity creation
decisions strategically in response to different level of supply-side competition in different states.
Some banks would prefer to focus on less competitive market to easily dominate the market as
early as possible and to enjoy the stable life. However, the other banks would prefer to compete in
competitive market to keep their competitive positions in the market and to expand their territories.

Bank deregulation ignites bank competition and reallocates assets to more competitive
banks. Thus, it affects bank competition at the beginning of the deregulation. As Jayaratne and
Strahan (1997) suggest that banking deregulation affects not credit supply but bank competition,
using the staggered banking deregulation events as exogenous shocks allows us to exploit the
exogenous variation in bank competition. It mitigates potential endogeneity concerns. Following
several previous studies using the bank deregulation (e.g., Johnson and Rice, 2008; Rice and
Strahan, 2010; Koetter, Kolari, and Spierdijk, 2012; Chava, Oettl, Subramanian, and Subramanian,
2013; Krishnan, Nandy, and Puri, 2014; Cornaggia, Mao, Tian, and Wolfe, 2015), I use a
difference-in-differences approach to examine a causal effect of bank competition on bank

liquidity creation after a change in bank branching regulation.
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Liquidity;;; = a; + o + yControl;;; + 6Deregulation;, + ;j; (2)

where 1 indexes banks, j indexes state of the banks, t indexes year, Liquidity;, is the key dependent
variable of interest, and «; and o are firm fixed and year fixed effects, respectively. Control;;; is
a set of control variables, and &; is an error term, which assumes that E(g;)=0 and Var(s;)=02.
Deregulation . includes intra- and interstate bank deregulation indicator variables and interstate
bank branching deregulation variables. This methodology fully controls for fixed differences
between treated and control banks via the bank fixed effects. Also, year fixed effects for aggregate
fluctuations. § is estimate of the banking deregulation effects. All regressions are estimated with
robust standard errors, clustered by state, to control for heteroskedasticity, as well as to allow for
an arbitrary serial correlation within state over time because bank deregulation variables vary at
the state level.

To examine the effects of state-level bank competition on state-level bank liquidity creation,

I estimate a following equation:

State Liquidity;; = o; + o + yControl;, + §Deregulation;; + &j; (2)

where j indexes state, t indexes year, State Liquidityj is the key dependent variable of interest, and
o; and a are state fixed and year fixed effects, respectively. Controlj; is a set of state-level
macroeconomic variables, and & is an error term, which assumes that E(g;)=0 and Var(g;)=02.
Deregulation, includes intra- and interstate bank deregulation indicator variables and interstate

bank branching deregulation variables.

[Table 1: Summary Statistics]

Panels A and B of Table 1 report summary statistics for all sample banks, large banks,
small banks, and the difference in summary statistics between large banks and small banks. I divide
sample banks into three groups by size. I define a bank as a large bank if its gross total assets

(GTA) exceed $3 billion. If a bank’s GTA is between $1 billion and $3 billion, then I define the
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bank as a medium bank. Lastly, the other sample banks whose GTA is up to $1 billion are
considered as small banks. I have 16,367 unique sample banks for the sample period between 1984
and 2007. Among the sample banks, numbers of banks that are categorized as large banks and
medium banks at least once are only 563 and 1,184 respectively. It is only 10% of total sample
banks. This means that approximately 90% of the sample banks are small banks in this setting.
From Panel B of Table 1, we can also see that there are highly statistically significant
differences between small banks and medium/large banks for all liquidity creation behavior and
bank characteristic variables. This suggests that there is substantial heterogeneity between small
banks and medium/large banks for the perspective of both liquidity creation behaviors and bank

characteristics.

5. Empirical Results

5.1 The effect of bank competition on bank liquidity creation

This section describes the effect of bank competition on bank liquidity creation. In this section, I
examine the relationship between bank competition and bank liquidity creation. Using Lerner
index as a proxy for bank competition and catfat measure, which is scaled by gross total assets, as
a proxy for bank-level liquidity creation, I investigate how bank-level strategy for liquidity
creation is affected by the ex-ante extent of bank competition. My analysis includes controls for a

wide range of variables that could affect bank liquidity creation as mentioned in Section 4.

[Table 2: Base regressions]

Table 2 presents ordinary least squares (OLS) estimates of the relationship between bank
competition and bank liquidity creation. All independent variables are lagged. Columns (1) and
(3) of Table 2 include both bank fixed effects and time fixed effects, and Columns (2) and (4)
include both bank fixed effects and state-specific time trend fixed effects. Also, all specifications
are estimated with robust standard errors, clustered by bank, to control for heteroskedasticity, as
well as possible correlation among observations of the same bank in different years.

In Table 2, I find a statistically and economically significant inverse relationship between

bank competition and bank liquidity creation. Because higher value of Lerner Index implies greater

21



market power, this means that banks with greater market power would create more liquidity in the
market. The result remains significant even after I control for bank characteristics and state-level
macroeconomic conditions. This shows that an increase of one standard deviation in Lerner Index
is related to 8.7% increase of a standard deviation in bank liquidity creation. To control for state-
specific time trend, such as regulatory changes, I include state-year fixed effects instead of year
fixed effects in Columns (2) and (4). The inverse relation between bank competition and liquidity
creation is still held. However, the results from Table 2 do not explain what types of banks
dominate this effect and which component of bank liquidity creation is more correlated with the
bank competition.

Now, to investigate these parts, I present the findings for different categories of banks. First
sub-sample analysis is for small, medium, and large banks. Second sub-sample analysis is for sub-
components of liquidity creation, such as asset-side liquidity creation, liability-side liquidity

creation, and off-balance sheet liquidity creation.

[Table 3: Sub-sample regressions (Size)]

In Table 3, which contains sub-sample analyses by bank size, I find that small banks and
medium and large banks react differently as Lerner Index increases. Columns (1) and (2) show the
results for small banks, Columns (3) and (4) show the results for medium banks, and Columns (5)
and (6) show the results for large banks. Columns (1), (3), and (5) include bank fixed effects and
year fixed effects. On the other hand, Columns (2), (4), and (6) control for time invariant bank
specific characteristics and state-specific time trend. Table 3 shows that statistically significant
and positive coefficients on Lerner Index in Table 2 are strongly driven by small banks. The
coefficients on Lerner Index for medium and large banks are statistically insignificant. That is, I
find that only small banks create more liquidity in the market as bank competition decreases. The
results show that medium and large banks’ liquidity creation strategies would not be significantly
correlated with bank competition.

As I discuss in section 2, these results suggest that small banks create more liquidity when
the market is concentrated because their resources are relatively focusing on the market and they

do want to utilize their own private information about their customers by keeping the relationship
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with the borrowers. On the other hand, in the concentrated market, large banks would prefer to
pursue monopolistic gains, such as higher interest rate and lower deposit rate. Since they have
sufficient resources to overcome reduced demand of borrowers and unexpected financial shocks
for a while until the borrowers inevitably take the bad deals, they could respond to bank
competition differently. In Columns (2), (4), and (6) of Table 3, we can see that the coefficients
on Lerner Index is quite similar to the coefficients on Lerner Index when I control for bank fixed
effects and year fixed effects. This means that differential time trends in bank liquidity creation
across states are correlated with bank competition but the omitted variable bias regarding state-

specific time trend is not significant.

[Table 4: Sub-sample regressions (Components of BLC)]

In Table 4, I examine the relation between bank competition and three different
components of bank liquidity creation, including asset-side, liability-side, and off-balance sheet
liquidity creation. Table 4 shows that positive and statistically significant relation between Lerner
Index and bank liquidity creation is only driven by asset-side liquidity creation. For the perspective
economic significance, the result in Column (3) means that an increase of one standard deviation
in Lerner Index causes 2.9% increase of a standard deviation in asset-side liquidity creation. The
results suggest that banks in less competitive market create more liquidity only through asset-side,
such as commercial and industrial loans, real estate loans, and so on. This result is consistent with
the evidence that the positive correlation between bank competition and liquidity creation is driven
by small banks. This is because small banks are more focusing on asset-side liquidity creation
activities than large banks and off-the-balance sheet activities are mostly occurred in large banks.
The specifications in Columns (2), (4), (6), (8), (10), and (12) include state-time trend fixed effects.
From the columns containing state-time trend, we can see that the estimates are not affected by
state-specific trends because the coefficients remain stable.

I conclude that banks create less liquidity in the competitive market. To be specific, this
relation is driven by small banks and asset-side liquidity creation activities. The results suggest
that banks react differently to change in market competition structure and have heterogenous

liquidity creation strategies. In this section, I investigate the relation between bank competition
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and liquidity creation and do not claim causal conclusions from my analysis. In following section,

I exploit the U.S. bank deregulation events to mitigate endogeneity concerns.

5.2 The effects of bank deregulation on bank liquidity creation

In this section, I examine the effects of bank deregulation on bank liquidity creation. Previous
studies suggest that bank deregulation facilitates bank competition and reallocates assets to more
competitive banks. Thus, as Jayaratne and Strahan (1996) suggest that banking deregulation affects
not credit supply but bank competition, using the staggered banking deregulation events as
exogenous shocks allows us to exploit the exogenous variation in bank competition. It mitigates
potential endogeneity concerns. Following several previous studies using the bank deregulation
(e.g., Koetter, Kolari, and Spierdijk, 2012; Chava, Oettl, Subramanian, and Subramanian, 2013), I
use a difference-in-differences approach to examine a causal effect of bank competition on bank
liquidity creation after a change in both intra- and interstate bank regulation. Table 5 shows base
regressions examining the effects of intra- and interstate banking deregulation events on bank

liquidity creation.

[Table 5: Effects of Bank Deregulation on Bank Liquidity Creation]

Using both intrastate and interstate bank deregulation events as exogenous shocks, I find
that exogenous variations in bank competition after both intra- and interstate deregulation events
do not significantly affect bank liquidity creation. This could be because of fixed costs to invest in
deregulated states. Because interstate deregulation requires much higher fixed costs to invest in
deregulated states, only sizable banks are able to acquire and/or establish a charter in a state outside
the main bank's home state. On the other hand, small banks would not compete with the sizable
competitors. That is why these two effects could offset each other. In addition, existing large banks
in the deregulated state could have chance to invest in the other deregulated states. This could also
affect the insignificant effects of interstate deregulation.

Different from previous studies examining the effects of bank deregulation, results in Table

5 show that intrastate deregulation and interstate deregulation have resembling effects on bank
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liquidity creation on average. To disentangle the effects, I examine sub-sample analysis by bank

size in Table 6.

[Table 6: Effects of Bank Deregulation on Bank Liquidity Creation: Size]

Columns (1) — (3) show the results of sub-sample analysis and Columns (4) — (6) show the
results of specifications including interaction terms between bank size dummy variables and bank
deregulation variables. In Column (1), I find positive but insignificant effects of interstate
deregulation on bank liquidity creation. We can see that the result in Column (1) of Table 5 is
driven by small banks and fixed cost channel. From Columns (2) and (3), we can see that there are
positive and slightly significant effects of interstate deregulation on medium and large banks’
liquidity creation. These results suggest that banks that have more sufficient resources either to
invest in the deregulated market or to compete with newcomers from outside the state create more
liquidity after the interstate bank deregulation.

To identify relative effects of bank size, I include interaction terms in Column (4) — (6).
Consistent with previous studies, I find that intrastate deregulation and interstate deregulation have
contrasting effects on bank liquidity creation. Small banks in states that passed intrastate bank
deregulation create more liquidity in the market but the small banks in states that passed interstate
bank deregulation create less liquidity in the market than the other sized banks. On the other hand,
large banks create less liquidity after intrastate deregulation but create more liquidity after
interstate deregulation. This is because of characteristics of competitors.

For the intrastate competition, competitors are limited, and banks are aware of their
intrastate competitors. That is why small banks could create more liquidity to keep their
relationship with current customers and large banks could create less liquidity to enjoy
monopolistic rents. However, for the interstate competition, banks in the deregulated states would
not have sufficient information about potential competitors. Small banks would not have ample
resources to compete with incoming out-of-state banks, but large banks would have sufficient
resources to dominate the market even after interstate deregulation. That is why small banks would
create relatively less liquidity creation in the market than larger banks to avoid default risk and

larger banks would create more liquidity to dominate the market.
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For the perspective of out-of-state banks, they would not want to compete with large banks
operating in the deregulated states because there is little chance to dominate the market over the
large local banks. That is why large banks might not need to create more liquidity after interstate
deregulation on average. This could explain positive but statistically insignificant coefficient on

interaction term between large bank dummy and interstate deregulation.

5.3 The effects of interstate branching deregulation on bank liquidity creation

In this section, to mitigate endogeneity concerns, I exploit the staggered interstate bank branching
deregulation. In 1994, the Interstate Banking and Branching Efficiency Act (IBBEA) is passed and
the IBBEA is implemented in 1997 to allow interstate branching. However, the U.S. government
gives state governments authorities to regulate interstate branching. State governments can either
create or relax interstate bank branching restrictions.

As Johnson and Rice (2008) and Rice and Strahan (2010) state, interstate bank branching
deregulation is more important than intra- and interstate bank deregulation regarding bank
competition and credit supply. This is because loan contracts and deposit contracts are
accomplished at the branch-level. To measure interstate branching deregulation, I follow previous
seminal papers, such as Johnson and Rice (2008), Rice and Strahan (2010), and Krishnan, Nandy,
and Puri (2014). I mainly use Rice and Strahan Index and use Krishnan, Nandy, and Puri Index for
the robustness checks.

The Interstate Banking and Branching Efficiency Act (IBBEA) allows state governments
to erect barriers to entry. According to Johnson and Rice (2008) and Rice and Strahan (2010), there
are four specific restriction on interstate bank branching. Based on the four restrictions, they
construct Rice and Strahan Index (RSI, thereafter). I add one to the RSI when a state adds any of
barriers to entry. Thus, maximum value of RSI is four, which indicates the states are the most
restrictive to interstate bank branching and minimum value of RSI is zero, which indicates the
states are the most open to interstate bank branching. First restriction is the minimum age of the
target banks. States could impose a minimum age of 3 or more years on target banks of interstate
branch acquirers. A maximum age restriction is 5 years. Second restriction is de novo interstate
branching. I add one to RSI if states do not allow de novo interstate branching. Third restriction is

the acquisition of individual branches. To weaken excessive external acquisitions, deregulated
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states could require an out-of-state bidder bank to acquire all branches of its target bank. I add one
to RSI if states do not allow individual branch acquisition. Last restriction is a statewide deposit
cap. The IBBEA has a provision about deposit concentration, which is 30%. However, state
governments still have authorities to build a higher or lower entry barrier regarding deposit cap,
which is the maximum amount of deposits that a single bank can hold. Thus, I add one if states set
the deposit cap less than 30%.

Krishnan, Nandy, and Puri (2014) add one more restriction to RSI. Krishnan, Nandy, and
Puri Index (KNP, thereafter) includes four restrictions that RSI already has and an additional
restriction, which is reciprocal requirement. This requirement means that interstate branching is
allowed only if a state where an out-of-state bank want to enter, and a home state of the out-of-
state bank permit the same level of interstate branching. Different from RSI, value of KNP index
increases as the state relax restrictions. Thus, maximum value of KNP index is five, which
indicates the states are the most open to interstate bank branching. This index takes the value zero

for all years before the implementation of interstate bank branching deregulation.

[Table 7: Effects of Interstate Branching Deregulation on Liquidity Creation]
[Table 8: Effects of Interstate Branching Deregulation on Liquidity Creation by bank size]

Table 7 reports the results of fixed effects regressions examining the effects of interstate
branching deregulation on bank liquidity creation. The coefficient estimates of RSI are positive
and significant at the 1% level on average. This finding suggests that an increase in banking
competition due to bank branching deregulation (i.e., a decrease in RSI) leads to a decrease in bank
liquidity creation. To be specific, based on the coefficient of RSI in column (3) of Table 7, states
that are completely open to interstate branching generated a total of 1.55% (=4x0.00388) less
liquidity creation after interstate bank branching deregulation than states with the most restrictions
on interstate branching after deregulation. I find robust evidence when [ use KNP index instead of
RSI index. The results suggest that interstate bank branching deregulation causes statistically
significant effects on bank-level liquidity creation, but economic significance is not substantial.

The results in Table 7 are surprising. This is because I find contrasting effects of interstate

bank deregulation on bank liquidity creation. Both interstate deregulation and interstate branching
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deregulation exogenously increase bank competition, but the effects are different. This could be
explained by

Interstate deregulation allows out-of-state banks to acquire banks in deregulated states, but
interstate branching deregulation allows out-of-state banks to acquire or establish branches in
deregulated states. This means that there will be much higher fixed costs that incoming banks must
pay in the case of interstate deregulation. As we can see from findings in Table 6, the higher fixed
costs could be a role of an entry barrier, so relatively large banks are more likely to enter the new
market, which is the deregulated state. Thus, both newcomers and existing medium and large banks
in the deregulated banks would create more liquidity to compete each other.

However, interstate branching deregulation lowers the fixed costs to enter new markets.
That is why existing banks in the most restrictive states could choose to invest in the other open
markets. For example, a bank in the most restrictive states could establish or acquire a branch at
neighboring states if the fixed cost for setting up a new branch in the adjacent states is much lower
than expected returns of the investment and/or the fixed cost for expanding a business within its
home state. This could be possible explanation about the conflicting effects of interstate
deregulation and interstate branching deregulation.

Table 8 reports the results of subsample analysis by bank size. This examines whether the
effects of interstate branching deregulation on liquidity creation vary in different bank size. In the
competitive market, small banks tend to create more liquidity than medium/large banks to avoid
bank failure. On the other hand, large banks create even less liquidity than medium/small banks
because they are more likely to be a dominant player in the market and they prefer to enjoy
monopolistic rents. These results are robust to controlling for bank characteristics, macroeconomic
conditions, banking deregulatory events that precede the IBBEA, bank fixed effects, and year fixed
effects.

5.4 The effects of bank deregulation on state-level bank liquidity creation

In previous sections, I examine the effects of bank competition on bank-level liquidity creation.
Understanding the effects of bank competition on bank-level liquidity creation is interesting and
important but the effects state-level bank competition on aggregate state-level bank liquidity

creation would be much more important because government policies are generally established at
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the state-level. In this section, using bank deregulation events, including intra- and interstate bank
deregulation and interstate bank branching deregulation, I examine whether state-level bank
competition affects state-level bank liquidity creation.

Following Berger and Sedunov (2017), 1 define state-level bank liquidity creation as
aggregate deposit of the state normalized by population of the state. To estimate state-level catfat
measure, | firstly construct each bank’s bank-state level market share using state-level deposit data
from FDIC. By multiplying the bank-state level market share by each bank’s liquidity creation
measures, [ can estimate bank-state level liquidity creation. For example, suppose Bank of
America’s total deposit in 2006 is $35 million and Florida branches have $10 million of deposit,
South Carolina branches have $5 million of deposit, and Texas branches have $20 million of
deposit. We can see that Bank of America’s market share in Florida is 28.57% (= $10 million/$35
million). If the value of catfat for Bank of America in 2006 is $100 million, then we can assume
that Bank of America creates $28.57 million in Florida at that time. After calculating the bank-
state level liquidity creation, I combine all bank-state level liquidity creation by state. Lastly, I
normalize the aggregate state-level bank liquidity creation by state population, which is collected
from the U.S. Bureau of Economic Analysis (BEA).

State-level control variables are collected from Call Report, U.S. Bureau of Economic
Analysis (BEA), and Federal Housing Finance Agency (FHFA). State-level control variables
include natural logarithm of state population, GDP per capita, state personal income per capita,
house price index (HPI), total state deposit per capita, state book equity per capita, and inflation.

Also, state and year fixed effects are included in all specifications.

[Table 9: Effects of Intra- and Interstate Deregulation on State-level Liquidity Creation]

Table 9 reports the results of regressions examining the effects of intra- and interstate bank
deregulation on state-bank liquidity creation per capita. I find that there is no statistically
significant empirical evidence that intra- and interstate bank deregulation events affect state-level
bank liquidity creation. Because bank deregulation stimulates bank competition and its objective
is to enhance financing condition of the market, this result is meaningful. The results suggest that

intra- and interstate bank deregulation policy did not play an appropriate role to encourage banks’
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liquidity creation incentives. Based on empirical results in previous tables, one possible
explanation is that the effects of bank deregulation events on large banks and on small banks offset
each other. This suggests that the policy, that is applied to all heterogenous banks in the same way,
does not fit all.

[Table 10: Effects of Intra- and Interstate Deregulation on State-level Liquidity Creation by Size]

Berger and Sedunov (2017) find that small bank liquidity creation is more important than
large bank liquidity creation for the perspective of per dollar effects. This could be because small
banks are more focused on small firm finance, which is important to local market growth, than
large banks. Different from small-sized borrowers, large firms have more options to raise funds
and they would prefer large lenders because of large banks have much sufficient resources and
have much lower default risk than small banks.

In Table 10, I examine whether bank deregulation events affect state-level small bank
liquidity creation and large bank liquidity creation differently. I find no statistically significant
evidence that bank deregulation events affect state-level small bank and/or large bank liquidity
creation. In Columns (4) — (6) and (10) — (12) of Table 10, I also find that the results are robust to
including state-level macroeconomic variables.

As I discussed in section 5.3, interstate bank branching deregulation would be much more
important in bank liquidity creation than bank deregulation events occurred in 1970s and 1980s.
Because loan and deposit decisions, which are major drivers of on-balance sheet liquidity creation,
are generally made at branch-level, interstate bank branching deregulation would have more direct

and significant effects on bank liquidity creation.

[Table 11: Effects of Bank Branching Deregulation on State-Level Bank Liquidity Creation]

Table 11 presents the results of state-level analysis examining the effects of interstate
branching deregulation on aggregate state-level liquidity creation per capita. Consistent with
previous results of intra- and interstate bank deregulation, I find no significant empirical evidence.

This suggests that, on average, even interstate bank branching deregulation does not affect state-
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level bank liquidity creation per capita. The result is robust to a variety of alternative proxies for

interstate bank branching deregulation, such as KNP Index.

[Table 12: Effects of Bank Branching Deregulation on State-Level Small/Large Bank LC]

However, different from analyses using intra- and interstate bank deregulation, I find
significantly different effects of interstate bank branching deregulation on small bank and large
bank liquidity creation. Table 12 reports that enhanced bank competition caused by interstate bank
branching deregulation leads to less liquidity per capita created by small banks in the market.
Based on the coefficient of RS Index in Column (2) of Table 12, we can see that the result is
economically significant as well. On the other hand, I find no significant effects on large bank
liquidity creation. Because large banks create more liquidity in terms of dollar values and small
banks are reluctant to create liquidity in the competitive market, the results support the view that
large banks enjoy monopolistic rents if they are dominant players. The results are robust if I use
alternative measures of interstate bank branching deregulation. The results suggest that interstate
bank branching deregulation result in even worse local market liquidity condition because small
bank liquidity creation is crucial channel for local market growth (e.g., Berger and Sedunov, 2017).

The results of state-level analyses provide an important policy implication. The objective
of bank deregulation is to encourage local market economy and a crucial channel that banks can
contribute to local market economic growth is bank liquidity creation. Even though Jayaratne and
Strahan (1996) find that the relaxation of bank branching restrictions positively affects local
market economic growth, my results suggest that the positive effects might not be driven by bank-
oriented effects, which is bank liquidity creation. Thus, the policy implication of the state-level
results is that the government policy regarding bank competition need to consider banks’
heterogeneity, such as bank size and bank market share, and markets’ heterogeneity, such as

market demand and supply-side competition status.

5.5 Additional robustness tests
Results in state-level analyses support the implication that a policy to encourage bank competition

would be more efficient if the policy applies to banks depending on banks’ heterogeneity, such as
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bank size and bank market share, and markets’ heterogeneity, such as market demand and supply-
side competition status prior to the policy implementation.

One concern about state-level analysis is a definition of state-level bank liquidity creation.
Because there is no available branch-level financial and accounting data except branch-level
deposit data, [ only rely on deposit market share to calculate weights for each state when I construct
state-level liquidity creation. Deposit market share would be closely related to bank’s
concentration on the market but there is a potential measurement error issue. To mitigate this
concern, I use DealScan data to construct a partial measure of state-level bank liquidity creation.
DealScan data provides information about borrower’s location and total loan amount so I use the
information to calculate more accurate state-level liquidity creation weights. Even though loan
creation is a part of bank liquidity creation, which is a part of asset-side liquidity creation, using
DealScan data allows me to identify correct weights for each state where a bank operates. Table
13 shows results of state-level analyses using DealScan data are consistent with previous results
using state-level bank liquidity creation relying on deposit market shares. This suggests that main
state-level liquidity creation measures in this paper are valid.

In untabulated tests, I conduct several additional robustness checks. Firstly, to resolve a
concern about any potential bias on bank competition measure, I run identical tests using different
explanatory variables. As I mentioned in previous sections, one of key independent variables of
this paper is Lerner Index, which is a proxy for bank competition (i.e. bank market power). As
banking literature widely uses Herfindahl-Hirschman Index as one of the proxy for bank
competition or bank concentration, I explore same specification with Herfindahl-Hirschman Index
instead of Lerner Index. Results are generally consistent with the results using Lerner Index.

In addition, I use a different comprehensive liquidity creation measure, matfat, instead of
catfat. As I discuss in Section 2, only difference between catfat and matfat measures is a way to
classify loans. Catfat measure classifies loans by category but matfat measure classifies loans by
maturity. It will be ideal if I can consider both category and maturity when I classify the loans.
Unfortunately, lack of available data does not allow us to consider both ways. Because category-
based classification captures loan-specific characteristics, Berger and Bouwman (2009) suggest
that catfat measure is the most comprehensive measure of bank liquidity creation among their four

liquidity creation measures. However, maturity-based classification would be essential when I
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compare same kinds of loans. Thus, there is a possibility that maturity-based classification has a
merit to evaluate loan-side liquidity creation. Thus, I run the identical tests using the matfat

measure as a robustness check. The results are still consistent.

6. Conclusion and Discussion

Banks’ role as liquidity creators is crucial for local market condition and economic growth.
However, the determinants of bank liquidity creation are understudied. While a large literature
suggests that bank competition affects local market economic growth, it is unclear whether bank-
side liquidity creation is a major economic channel of the effects of bank competition on economic
outputs. Empirical evidence of this paper suggests that the effects of bank competition on
economic growth would not originate from bank-side liquidity creation channel.

From bank-level analysis, I find that bank competition affects bank-level liquidity creation
behavior. I also find that staggered interstate bank branching deregulation, which represents an
exogenous variation in bank competition, affects bank-level liquidity creation.

Different from bank-level analysis, state-level analysis shows that bank deregulation
events do not significantly affect state-level bank liquidity creation on average. Additional analysis
regarding in-state banks’ liquidity creation and out-of-state banks’ liquidity creation shows that
the effects of bank competition offset each other. Also, I find that bank competition affects
differently small/medium bank liquidity creation and large bank liquidity creation. These effects
offset each other as well. The results suggest that the policy, that is applied to all heterogenous
banks in the same way, does not fit all. It highlights the role of proper regulation to encourage
depressed credit market.

There are some points I can develop deeper. Firstly, the U.S. government implemented
TARP program after the recent financial crisis to encourage credit supply, so it will be interesting
to use TARP as an exogenous shock on market power. Even though this is not purely random, it
is worth to exploit the exogenous variation in market power.

According to Bayazitova and Shivdasani (2012) and Duchin and Sosyura (2014), there are
some banks that received TARP fund offer but withdrew the offer. Collecting data for these
qualified but non-TARP recipients would allow me cleaner tests. Even though it would be quite

small sample analysis, comparing this group with TARP recipients would be cleaner test than
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comparing TARP recipients and non-recipients. This further analysis could provide additional
evidence whether government achieved its expected results of the government intervention or bank
managers took excessive risks at the expense of the government, following theoretical models of

bank risk-taking.
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Table 1: Summary Statistics

This table contains summary statistics for all sample banks and contains summary statistics that compare small banks with medium/large banks.
The sample comprises 16,367 unique commercial banks over the period 1984 to 2007. Panel A presents bank -level descriptive statistics for the
full sample. Panel B presents univariate differences between small banks versus medium/large banks. Each bank is categorized by size based on its
gross total assets (GTA). Gross total assets (GTA) is total assets + the allowance for loan and lease losses + the allocated transfer risk reserve (a
reserve for certain foreign loans). A bank is classified as a large bank if its GTA are exceeding $3 billion, as a medium bank if its GTA are between
$1 billion and $3 billion, and as a small bank if its GTA are below $1 billion. Panel C shows state-level descriptive statistics. All financial values
are measured in real 2007 dollars using the implicit GDP price deflator. The table reports number of observations, sample means, and standard
deviations. For liquidity creation measures, catfat is a category-based liquidity creation measure, including both on-balance sheet and off-balance
sheet activities. catnonfat is a category-based liquidity creation measure, including only on-balance sheet activities. Ic_a, Ic 1, and Ic_obs are asset-
side liquidity creation, liability-side liquidity creation, and off-the-balance sheet liquidity creation, respectively. Liquidity creation variables with a
“gta” suffix are liquidity creation measures normalized by GTA. Lerner Index is the observed price-cost margin divided by price. Equity Ratio is
total equity capital divided by GTA. Bank Size is Natural log of GTA. Earnings Volatility is standard deviation of the bank's quarterly return on
assets measured over the previous twelve quarters, multiplied by 100. ZSCORE is the bank's return on assets plus the equity capital/GTA ratio
divided by the standard deviation of the return on assets. Multi-BHC is an indicator variable, which is equal to 1 if the bank has been part of a
multibank holding company over the past three years. Acquisitions is an indicator variable, which is equal to 1 if the bank was acquired in the last
three years. INTRA is an indicator variable, which is equal to 1 from the year of intrastate deregulation onward and 0 prior to the deregulation.
INTER is an indicator variable, which is equal to 1 from the year of interstate deregulation onward and 0 prior to the deregulation. RS Index is
Rice-Strahan index of interstate banking deregulation. It ranges from zero (deregulated) to four (highly regulated) based on regulation changes in
a state. KNP Index is Krishnan-Nandy-Puri index. It ranges from one (highly regulated) to five (deregulated). GDP is state-level gross domestic
production. Personal Income is state-level personal income level. HPI is state-level housing price index. In Panel C, state-level variables with a
“per capita” suffix are variables normalized by state population.

Panel A: Summary Statistics (Bank-level)

N Mean SD
Liquidity Creation Variables
catfat 206,198 267,479 4,728,000
catnonfat 206,198 130,205 1,728,000
Ic a 206,198 27,485 667,700
Ic 1 206,198 102,720 1,388,000
Ic_obs 206,198 137,274 3,576,000
catfat gta 206,198 0.201 0.194
catnonfat gta 206,198 0.160 0.150
Ic a gta 206,198 -0.0151 0.138
Ic 1 gta 206,198 0.175 0.0651
Ic_obs_gta 206,198 0.0406 0.0958
Bank-level Variables
Lerner Index 203,711 0.315 0.109
Equity Ratio 205,097 0.0939 0.0421
Gross Total Assets 205,100 537,878 7,602,000
Bank Size 205,315 11.61 1.150
Earnings Volatility 203,011 0.00448 0.00360
ZSCORE 193,588 47.68 53.39
Small Bank 206,198 0.953 0.212
Medium Bank 206,198 0.0269 0.162
Large Bank 206,198 0.0201 0.140
Multi-BHC 206,198 0.254 0.435
Acquisitions 206,198 0.0777 0.268
State-level Bank Deregulation Variables
INTRA 206,198 0.779 0.415
INTER 206,198 0.837 0.369
RS Index (4 Restrictions) 206,198 3.423 1.152
KNP Index (5 Restrictions) 206,198 1.231 1.704
KNP Index (4 Restrictions) 206,198 0.968 1.506
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Table 1: Summary Statistics

Panel C: Summary Statistics (State-level)

N Mean  Median Ql Q3 SD
State-level Bank Deregulation Variables
INTRA 1,166 0.894 1 1 1 0.308
INTER 1,166 0.886 1 1 1 0.318
RS Index (4 Restrictions) 1,166 3.032 4 3 4 1.425
KNP Index (5 Restrictions) 1,166 1.467 0 0 2 1.803
KNP Index (4 Restrictions) 1,166 1.774 0 0 3 1.984
State Liquidity Creation Variables
Liquidity Creation per Capita 1,166 7.465 6.597 4.332 9.399 4.707
Small Bank Liquidity Creation per Capita 1,164 1.414 1.051 0.634 1.917 1.132
Medium Bank Liquidity Creation per Capita 1,106 0.742 0.573 0.332 0.928 0.666
Large Bank Liquidity Creation per Capita 1,047 5.958 4.827 2.877 7.722 4.833
Small/Medium Bank Liquidity Creation per Capita 1,165 2.116 1.665 1.082 2.745 1.500
Asset-side Liquidity Creation per Capita 1,166 0.762 0.595 -0.181 1.624 1.316
Liability-side Liquidity Creation per Capita 1,166 3.660 3.525 2.969 4.178 1.181
Off-balance sheet Liquidity Creation per Capita 1,166 3.042 2.191 1.243 3.719 3.437
State-level Variables
State-level Deposit per Capita 1,117 8.489 7.962 6.506 10.20 2.925
State-level Equity per Capita 1,117 1.294 1.180 0.933 1.558 0.556
GDP per Capita 1,166 28,053 25,657 19,280 34,035 13,470
Personal Income per Capita 1,166 23.12 22.00 16.54 28.58 8.181
LN(Population) 1,166 15.04 15.13 14.31 15.64 0.995
HPI 1,166 205.5 186.9 135.3 241.6 94.82
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Table 2: Relationship between Bank Competition and Bank Liquidity Creation

This table contains OLS panel regressions that examine the relation between bank competition and bank liquidity creation. The analysis is at bank-
year level. The dependent variable is catfat, which is a category-based liquidity creation measure, including both on-balance sheet and off-balance
sheet activities, normalized by GTA. The independent variable is Lerner Index, which is the observed price-cost margin divided by price. The
specifications in Column 1 and 3 include bank and year fixed effects. The specifications in Columns 2 and 4 include bank and state-year fixed
effects. Standard errors are adjusted for potential heteroskedasticity and for group correlation at firm level. All independent variables are lagged.
Robust standard errors in parentheses. Asterisks indicate significance at 0.01 (**%*), 0.05 (**), and 0.10 (*) levels.

(1) () 3) “)
VARIABLES
Lerner Index 0.0731** 0.0581** 0.142%* 0.126**
(0.0325) (0.0251) (0.0680) (0.0544)
EQRAT -0.902%#* -0.971*%*
(0.0946) (0.0875)
EARNVOL -0.812 -0.684
(0.527) (0.577)
ZSCORE -5.48e-06 -2.37e-05%**
(7.05e-06) (6.01e-06)
MBHC 0.0228%%*%* 0.0180%**
(0.00220) (0.00219)
Acquisition 0.00554*** 0.00764***
(0.00184) (0.00172)
Constant 0.109%** -0.166*** -0.0614 0.167%**
(0.00817) (0.0375) (0.240) (0.0449)
Observations 203,711 203,711 181,141 181,141
Adjusted R-squared 0.777 0.796 0.801 0.814
Control Variables No No Yes Yes
Macroeconomic Variables No No Yes No
Firm FE Yes Yes Yes Yes
Year FE Yes No Yes No
State time trend No Yes No Yes

% p<0.01, ** p<0.05, * p<0.1
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Abstract

How does gaining access to expensive credit affect the well-being of credit-
constrained households? I use plausibly exogenous zip code-level variation in the
temporal accessibility of payday loans to examine the causal effects of access to
payday loans on household well-being. Using suicide attempts and deaths as a
measure for household distress, I find detrimental effects from payday loans; that
is, having access to payday loans substantially increases suicide risk. The dynamic
analyses show that there is no existing trend during the pre-payday periods;
however, a sharp increase in attempted suicides emerges only after gaining access
to payday loans. Further analyses show that the effects are significant only among
people who are effectively eligible for payday loans—the employed and those with
private insurance—especially in zip codes with a high share of finance-constrained
households. Finally, increased suicide risk in zip codes with access to payday loans
appears to be related to mental health deterioration from financial distress.
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1 Introduction

Does expanding access to expensive credit improve the well-being of borrowers? Traditional
economic theories suggest that credit allows households to smooth consumption over their
life cycles and to invest in both physical capital and human capital. In this view, high-cost
credit, such as payday loans, should not cause social welfare losses as long as the market
is highly competitive and borrowers and lenders understand the risks and costs involved in
the transactions. Thus, a high interest rate is just a trade-off between present consumption
over future consumption. In recent decades, traditional models with symmetric informa-
tion and rational, time-consistent borrowers have been challenged by a radically different
alternative called behavioral economics. This view offers extensive examples of consumers’
divergence from rationality owing to behavioral bias, for example, self-control problems,
time-inconsistent preferences, over-optimism, over-confidence, narrow framing, and present
bias.!

Similarly to the ambiguous predictions from economic theories, empirical evidence is
mixed on the effects on consumer welfare of having access to high-cost credit. With respect
to payday loans, a strand of research finds evidence for positive effects of credit supply on
household well-being (Zaki, 2016; Parsons and Van Wesep, 2013; Morse, 2011; Morgan et al.,
2012; Morgan and Strain, 2008). On the other hand, other studies report negative effects
(Zinman, 2010; Agarwal et al., 2009; Carrell and Zinman, 2014; Skiba and Tobacman, 2009;
Morgan et al., 2012; Melzer, 2011), while yet others find null effects (Bhutta, 2014; Bhutta
et al., 2015).

Overall, there is a lack of consensus in both theoretical and empirical research on whether
expanded credit to financially constrained households does more good than harm, especially
when expensive credit, such as payday loans, is at the center of the discussion. The main

goal of this study is to empirically test whether access to expensive loans benefits or harms

1See Zinman (2014) for a review of theoretical work on household debt.



borrowers, with a particular interest in the measure for the longer-term well-being of borrow-
ers, which has not been examined in the literature. Such an analysis that aims to establish
a causal link from credit supply, or access to credit, to borrowers’ well-being faces several
challenges. This is because omitted factors could potentially affect both access to credit and
well-being of borrowers. One such challenge is location choices by payday lenders. Pay-
day lenders choose to enter a geographical market where high demand for such short-term
loans is present or expected, that is, locations where a large proportion of households are
credit-constrained and demand for credit is not satisfied by mainstream financial institu-
tions. Examples of such locations include military bases (Carrell and Zinman, 2014; Carter
and Skimmyhorn, 2016; Flannery and Samolyk, 2005) and areas with a large share of low-
to moderate-income households (Melzer, 2011) and minority groups (King et al., 2005).

The second challenge is regulations on financial institutions. A state’s regulatory forces
might endogenously react in multiple ways to the state’s economic conditions and the avail-
ability and scope of the local social welfare system. In addition, lobbying efforts by alterna-
tive financial services providers, such as payday lenders, are an endogenous factor. Lobbying
incentives by payday lenders are based on the profitability of and demand for payday loans,
and lobbyists have the ability to influence payday-related bills in state legislatures.? These
factors tend to have disproportional impacts on financially constrained populations who are
likely to have high demand for emergency loans. If any of the omitted variables are at
play—that is, the availability of payday loans is correlated with unobserved regional factors
that potentially affect the well-being of borrowers—then the estimates of our models will be
biased.

To address the endogeneity concerns of credit access, I use an identification strategy that
isolates the variation in access to credit from potentially endogenous state and local economic

conditions. This strategy, similar to that in Melzer (2011), uses the proximity of zip codes in

2Not surprisingly, Fox and Mierzwinski (2000) find intense lobbying activities by lobbyists hired by
payday lenders in the late 1990s and report that lobbying strategy seems to be working to enact financial
services providers’ preferred version of legislation.



states that ban payday loans (“payday-banning states” hereafter) to the borders of states that
allow payday loans (“payday-allowing states” hereafter). In addition, this strategy compares
the changes in household well-being between zip codes with and without close proximity to
payday-allowing states, before and after the emergence of payday lending in the neighboring
states.®> The idea behind this identification strategy is quite simple. Residents in zip codes
living close to a neighboring payday-allowing state can easily cross the border to take out
payday loans because travel costs are low. However, those who live far from the border have
little incentive to cross the border to borrow $500 from payday lenders, because the total
travel costs increase proportional to the distance and time traveled. Therefore, this strategy
mitigates endogeneity issues by focusing on changes in the variation in credit availability
of zip codes in states that never allowed payday lending but have a contiguous state with
payday stores that have rapidly emerged.

For the measure of borrowers’ well-being, I use suicide risk. Both suicide attempts and
deaths are extreme cases of household distress. According to a theoretical model in Daly
et al. (2013), individuals have different thresholds for suicide, and any negative shocks to
happiness (e.g., unemployment and financial difficulties) can cause an individual to locate
below his or her life satisfaction threshold for suicide. In addition, Hamermesh and Soss
(1974) develop an economic theory of suicide that explains why people commit suicide.
According to the model, an individual might end his or her life if the total discounted
lifetime utility falls below zero. Suicide risk in this sense is a measure of longer-term changes
in well-being (or distress) compared to measures of short- or mid-term changes in well-being,

which are used in the existing empirical literature (e.g., bank overdrafts, late bill payments,

3While the core idea is similar to that of other studies that use the identification strategy in Melzer (2011),
a major improvement of this research’s identification strategy is that it uses zip code instead of county as
the geographic unit. As explained in a later section, accurately measuring the shortest distance of a zip code
to the border of neighboring states that allow payday loans is at the heart of this empirical identification
strategy. By using zip codes rather than county codes, which might assign somewhat erroneous distance-to-
border measures, I minimize measurement errors in the construction of the essential variable in my empirical
models. Moreover, complemented by zip code-level demographic information from the census data (e.g.,
household incomes, poverty rates, and education levels), my strategy allows for much finer identification of
credit-constrained households.



and personal bankruptcies), which evaluate only current or near future utilities. A suicide
attempt might be the optimal choice for some people with persistent distress whose stream
of future expected utilities is dismal.

The findings of this study favor the view that access to dangerous credit adversely affects
consumers’ long-term well-being. Gaining access to payday loans substantially increases
suicide attempts by 10%. The baseline finding is supported by additional analyses that take
advantage of the main eligibility criterion for payday loans—employment of applicants.* The
effects of access to payday loans on suicide risks are significant only among those aged under
65 years, while the elderly person who is less likely or unlikely to be eligible for payday
loans does not experience increased suicide attempts. Moreover, only people with private
insurance or the employed increase suicide attempts and I find no significant effects for the
uninsured or beneficiaries with Medicare and Medicaid. Further analyses show that zip codes
with higher demand for payday loans experience significantly larger increases in attempted
suicides. Finally, the results from a diverse set of robustness tests and a placebo test suggest
that the relationship between access to payday loans and increased suicide attempts is not
coincidental.

Overall, the most conservative estimate, 10%, implies there were an additional 5.5 suicide
attempts per 100,000 people, which, if converted to the national level, would amount to an
additional 15,000 suicide attempts in 1998. As such, the results suggest there is a large
social cost from increased suicide attempts (and suicide deaths) caused by gaining access to
payday loans. At a minimum, suicide attempts incur annual medical costs of $142 million
in the late 1990s and early 2000s.5

How is gaining access to this expensive credit linked to increased suicide risks? First,

payday loans cause financial distress for many consumers. It is apparent that a significant

4Although unemployed retirees who are mainly on Social Security might still qualify for payday loans,
not all payday loan lenders accept applications from such unemployed retirees, possibly because there are
no wages to be garnished from them they were to miss payments. With these increased costs and possible
stricter screening for retired applicants, there would be much less incentive for the elderly to travel to a
payday lender.

5In the sample used in this study, the average medical charge per attempted suicide is $9410.



share of payday borrowers becomes trapped in financial distress: 80% of loans are not paid off
by the first due date and, as Figure 1 shows, 50% of all loans become part of long sequences
of more than 10 loans (CFPB, 2014).5 Second, excessive debts, in turn, could lead to
deterioration in the mental health of borrowers through stress. A growing body of literature
suggests that stress is associated with deterioration in both physical and mental health
(McEwen, 1998; Cooper, 2004; Schneiderman et al., 2005). If financial distress increases
overall stress level, we expect that changes in household balance sheets will affect health and
healthcare usage as well. Indeed, studies find support for this link (e.g., Gross and Tobacman
(2014); Evans and Moore (2011); Dobkin and Puller (2007); Parker et al. (2013); Currie and
Tekin (2015); Deaton (2011)). Thus, if excessive financial debts adversely affect mental or
emotional health, payday borrowers can develop suicidal ideation.

This research provides evidence that mental health plays a role in explaining the link
between financial distress and increased suicide risk. Payday borrowers who suffer from
mental well-being deterioration might consult a doctor in outpatient settings to obtain pre-
scription antidepressants. Emotional and mental instability caused by financial problems
can exacerbate borrowers’ suicide risks and, as a result, people in such circumstances might
choose prescription drugs as a method to commit suicide, as antidepressants are within
quick and easy reach before their suicidal impulses diminish. The results from a test for
the mental health explanation confirm this hypothesis; suicide attempts by poisoning with
antidepressants—drugs used for the treatment of mental instability—significantly increase
after gaining access to payday loans. This effect is prominent only for those aged under 65
years, who are the main consumers of payday loans. Although my data do not allow for
an examination of the exact responses of the number of antidepressant prescriptions on the
intensive margin (existing patients who had been taking antidepressants before obtaining

access to payday loans) and the extensive margin (new patients who started to take antide-

6The right tail in the distribution of payday loan sequences in Figure 1 is important, especially because
borrowers with those loans would have paid more than twice as much fees as the original loan amount. For
example, since it costs on average $100 per renewal (rollover) on a $500 loan, 10 or more renewals would
amount to $1,000 or more.



pressants owing to payday loans), the stark increase in suicide attempts by poisoning with
psychotropic drugs is unlikely to be fully driven by the patients who already had mental
distress.”

The findings of this study relate to the extensive literature examining the effects of access
to payday loans on diverse economic and welfare outcomes. To the best of my knowledge,
the use of the measure of long-term well-being—suicide risks—as well as mental health
explanation is new to the literature. In addition, using zip-level data in the construction
of the distance-to-borders measure, this research reduces measurement errors compared to
county- or state-level distance measures used in prior studies.

Furthermore, this study is related to a growing body of work that evaluates how financial
and economic conditions are linked to health, especially suicide. Studies identify unemploy-
ment and permanent income shocks as the two main economic factors that contribute to
the risk of suicide (Henry and Short, 1954; Hamermesh and Soss, 1974; Kposowa, 2001;
Mortensen et al., 2000). In addition, the existing literature finds that, unlike mortalities
from other causes, suicide is the only exception that is highly counter-cyclical; in other
words, only suicide mortalities increase during recessions (Ruhm, 2000; Luo et al., 2011,
Gerdtham and Johannesson, 2003; Granados, 2005; Evans and Moore, 2011). The findings
of my study complement the previous research, in that I provide evidence for a mental health
channel through which financial distress can affect the risks of suicide.

The rest of the paper proceeds as follows. Section 2 provides background on the payday
lending industry and briefly reviews theories and the previous empirical literature. Section
3 introduces the data and describes the empirical strategy. Section 4 presents the empirical

results. Finally, Section 5 concludes.

"To the best of my knowledge, for this research’s period of interest, no data are available that contain
drug prescription or usage information at the individual level in outpatient and physician’s office settings.
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2 Institutional Background and Literature Review

2.1 Background on Payday Lending Industry

A payday loan is a short-term, high-interest consumer loan with maturity period of 2 weeks.
The common loan amount is less than $500 with an associated fee of $20 per $100 advanced.
During the underwriting process, the lender typically verifies the borrower’s identification,
bank account, record of previous pay stubs, and personal information. If approved by the
lender, the borrower writes a post-dated check for the principal amount plus fees. While a
payday loan has a fixed 2-week maturity, rollovers are common.®

The payday lending industry has been hotly debated since its inception, due to the usuri-
ous interest rates charged by lenders and frequent rollovers by borrowers and this controver-
sial industry remains under scrutiny today.” Proponents of this high-cost, short-term credit
argue that payday loans help desperate borrowers solve temporary cash flow issues by pro-
viding easy-to-obtain liquidity, which otherwise would not be accommodated by mainstream
lenders. Opponents, however, are concerned that payday loans can be harmful, becoming
an endless “debt-trap” owing to high fees and rollover feature.”

The payday lending industry emerged in the mid-1990s. A series of banking deregula-
tions in the 1980s and 1990s increased the competitive environment in mainstream banking.
Competition incentivized many financial institutions to exit the market for less-profitable
short-term loans and instead to focus more on profitable longer-term loans. This gap between
demand for and supply of short-term credit has since been filled by alternative financial ser-

1

vices providers, such as payday lenders.!! Before the mid-1990s, there were only a small

8Rolling-over a loan is in practice identical to taking out a new loan with an incremented amount. For
example, if a borrower takes out a first loan for $100, she would write a check for $120, including the fees of
$20. If this loan were to be rolled over, she would then write a new check, with the first check voided, for
$140, which is the original check amount plus additional fees of $20.

9An average payday borrower who renews a loan of $400 eight times would end up with more finance
fees, $640, than the original loan amount, $400.

0CFPB (2014) finds that the majority of payday loans—four out of five—are rolled over within the
2-week period.

HSee Caskey (2005) and Barr (2004) for more detailed discussion of the background on the emergence of
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number of check cashers, pawn shops, and other alternative financial services providers par-
ticipating in cashing paychecks, but thereafter, a skyrocketing number of outlets began to
engage in payday lending, resulting in explosive growth rates. Exponential growth was ob-
served across the nation (Fox, 1998, 1999; Barr, 2004; Caskey, 2005; Stegman, 2007; Melzer,
2011). For instance, in Indiana, one of the few states that collected state-wide statistics
on payday lenders, the number of payday lenders skyrocketed five-fold and the loan volume
eight-fold (from $12 million to $98 million) in 2 years (Fox, 1998). Another example is
a Tennessee payday loan company, Check Into Cash, which reported a three-fold increase
in loan volume in 1996 from the previous year.!? As a result of the exploding number of
payday lenders, payday outlets became more prevalent than even McDonald’s and Burger
King combined: there were more than 22,000 payday stores in 2004 versus 21,000 combined
McDonald’s and Burger King branches (Karger, 2005; Barr, 2004).

New York and New Jersey banned payday lending during the entire sample period of this
study from 1994 to 2000. As Figure 2 shows, among the neighboring states of New York
and New Jersey, only Delaware and Pennsylvania allowed payday lending in this period. In
Delaware, licensed non-depository lenders were allowed to lend without any cap on interest
rate (5 Del. C. § 2201-2244). According to Delaware’s Office of the State Banking Commis-
sioner, the first appearance of payday lending was E Z Cash of Delaware, Inc. in July 1998.
Throughout the sample period, Pennsylvania imposed bans on payday lending using a rate
ceiling that lenders can charge on a loan (P.A. 7 P.S. § 6201-6219). Lenders in Pennsylvania,
however, successfully evaded state small loan and usury laws based on a legislative loophole
that permits brokering loans (P.A. 73 P.S. § 2181-2192). In other words, they formed part-
nerships with chartered financial institutions, which were exempt from usury laws and small
loan laws, to offer small loans and claimed themselves to be “brokers” so as to avoid regula-

tory restrictions. Several reports and previous studies indicate that payday lenders did not

the payday lending industry
12See Fox et al. (1997) and Fox (1998) for more examples on how fast the payday lending industry grew
after the mid-1990s.



begin their operations in Pennsylvania before 1997 (Fox, 1998; Melzer, 2011; Brickley, 1999).
In all other neighboring states to New York or New Jersey (i.e., Connecticut, Massachusetts,
and Vermont), payday loans were effectively prohibited for the entire sample period.

The rise of payday lending in Delaware and Pennsylvania provides a good source of
temporal and geographic variations in access to payday loans to borrowers who reside in
the payday-banning states of New York and New Jersey. Because only those who live close
enough to the payday-allowing states gain access to payday loans by crossing the borders,
those who live “economically” far from the borders of those states would not gain access.
Therefore, this study’s identification strategy takes advantage of the natural experiment
in the supply of payday loans in order to identify the causal effects of gaining access to

short-term, high-interest loans on borrowers’ distress.

2.2 Suicide Attempts and Mortalities as Measures of Household
Distress

Economists recognize that a subjective well-being measure can be useful in the analysis of
consumer preferences and social welfare. However, unlike researchers outside economics, such
as psychologists, who have long been undertaking subjective well-being research, economists
have begun to undertake empirical research in this area only in recent decades. The main
reason for the late development is economists’ skepticism about the quality of subjective
well-being data. Critics argue that self-reported measures commonly used in the subjec-
tive well-being research are not reliable, because respondents of a survey can answer quite
differently depending on the wording and order of the survey questions; respondents can
have an ambiguous understanding of what happiness and life satisfaction really mean in the
questionnaires; and the attitudes of survey participants can be non-coherent (Deaton and
Stone, 2013; Kahneman and Krueger, 2006; Daly et al., 2013; Bertrand and Mullainathan,
2001; Wilkinson, 2007; Daly et al., 2011; Krueger and Schkade, 2008).13

13 Among studies that report the divergence between self-reported measures of subjective well-being and
revealed preferences, an interesting and relatively recent one is Benjamin et al. (2014). They survey U.S.

10



To overcome these unreliability concerns of self-reported well-being measures, I use suicide
attempts and mortalities as a measure of distress or negative subjective well-being. As
Oswald (1997) states, suicide data offer “intrinsically more compelling” information about
individuals’ responses to unhappiness than survey participants’ answers to questionnaires,
and cannot be performed in an experiment setting. Thus, suicide risk has been studied in
both theoretical and empirical research. According to the theoretical model in Daly et al.
(2013), individuals have different thresholds for suicide, and any gradual or abrupt changes

14 In

in happiness can cause them to locate substantially below their suicide thresholds.
addition, Hamermesh and Soss (1974) develop an economic theory of suicide that explains
why people commit suicide. According to the model, an individual takes his or her life if
the discounted total lifetime utility falls below zero. With increased risk of suicide, people
might commit suicide. A suicide attempt or death by an individual, therefore, is a revealed
choice after a thorough examination of the utility of continuing one’s life.

Consistent with the theory, empirical research has found considerable association between
suicide and subjective well-being, and researchers have used suicide as a reliable measure of
well-being. Using cross-country panel data, Helliwell (2007) shows a negative association
between subjective well-being and suicide.'® Stevenson and Wolfers (2006) examine the
effects of unilateral divorce law on suicide, as well as other measures of family distress, such
as domestic violence and spousal homicide, and conclude that female suicide declined by 8%
to 16%. Daly et al. (2011, 2013) use suicide to test whether the relative status of being poorer
or less happy relatively to others in a neighborhood affects suicide risk. Instead of relying

on unreliable subjective measures, it would be more reliable to use the revealed outcomes to

understand the well-being of populations.

medical students who are enrolled in the National Residence Matching Program and find stark differences
between actual residents’ choices and students’ subjective well-being rankings.

14 Although negative shocks to happiness change only the suicidal outcomes of marginal people who become
located below their suicide thresholds, research shows that the general population whose members are well
above their suicide thresholds also shifted down in the happiness distribution (Daly and Wilson, 2009).

15Case and Deaton (2015) find no association between suicide and life satisfaction. Using the same data,
however, I find a negative correlation between them. The difference between their and my analyses come
from the inclusion of self-evaluation about one’s future life (Lee, 2017).
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Moreover, suicide risk is a better measure of the changes in the long-term well-being of a
population. The outcome variables employed in the existing literature are mostly measures
of temporary or transitory states of well-being; examples include foreclosures (Morse, 2011),
bounced checks (Morgan et al., 2012; Morgan and Strain, 2008), bankruptcies (Morgan
and Strain, 2008; Skiba and Tobacman, 2009; Morgan et al., 2012), bank overdrafts and
late bills (Zinman, 2010; Melzer, 2011), credit card delinquency (Agarwal et al., 2009), and
job performance (Carrell and Zinman, 2014). Among them, the most long-term welfare
consequence is personal bankruptcy. Even bankruptcy does not have significantly lasting
effects on the filers, mainly because its purpose is to provide debt relief, or a fresh start, for
those who are in severe financial trouble.!® Suicide risk, however, is a measure of long-term
well-being, because a person has to examine his or her stream of current and future expected
utilities before making a suicide decision. Put differently, even though an individual might
encounter temporary financial distress, if he or she sees a brighter near future, this person
would not develop suicidal ideation. On the other hand, a person could be suicidal if he or
she expects a consistent and permanent dismal future.

In addition to the reliability and long-term measure advantage, suicide risk is an impor-
tant measure of well-being in the field of household finance. First, a suicide decision is closely
related to changes in a household’s financial circumstances, which are often exacerbated by
negative shocks, such as personal emergencies and unemployment. In particular, the suicide
literature has identified that unemployment and negative permanent income shocks are the
two main economic factors that contribute to the risk of suicide (Henry and Short, 1954;
Hamermesh and Soss, 1974; Kposowa, 2001; Mortensen et al., 2000; Evans and Moore, 2012;
Ruhm, 2000; Granados, 2005; Gerdtham and Johannesson, 2003; Pierce and Schott, 2015).
Moreover, recent empirical studies confirm that, unlike mortalities from other causes that

are pro-cyclical, suicide is an exception that is highly counter-cyclical, meaning that there

16The bankruptcy record is deleted after 7 or 10 years from the filing date of the bankruptcy, depending
on the chapter of bankruptcy. However, the recovery of credit takes a relatively shorter amount of time
(Jagtiani and Li, 2015); bankruptcy filers continue to receive credit card solicitations, though with inferior
terms and conditions (Han et al., 2015); and the filers continue to work similar hours (Han and Li, 2007).
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are more suicide mortalities during recessions (Ruhm, 2000; Luo et al., 2011; Gerdtham and
Johannesson, 2003; Granados, 2005). Ruhm (2000) finds that a 1 percentage point increase
in the unemployment rate is associated with a 1.3% increase in suicides. The strong as-
sociation of suicides with business cycles, according to the author’s conjecture, is due to
deterioration in mental health caused by unemployment. My research provides evidence on
the connection between household finance and suicide risk, with a particular focus on the
mental health channel.

By using suicide attempts, I examine a causal link between the changes in household
balance sheets that are attributable to newly gained access to payday loans and the subjective
evaluation of borrowers’ well-being measured by suicide outcomes. Of course, there are also
non-economic factors that affect the risk of suicide among people; for instance, personal
events, such as the passing of family or loved ones and development of mental illness. As
long as these non-economic factors are uncorrelated with access to payday loans or with the
proximity of these people’s locations to borders of payday-allowing states, then my estimates

will not be confounded by the non-economic factors.

3 Empirical Analysis

3.1 Suicide Attempts and Deaths data

For the analysis, I use the State Inpatient Databases (SID) for New York and New Jersey
for the years 1994-2000, constructed by the Agency for Healthcare Research and Qual-
ity’s Healthcare Cost and Utilization Project (HCUP).}” The HCUP collects the universe of

discharge-level inpatient data from states with partnership. Each discharge record includes

17 As explained earlier, this study focuses on states that never allowed payday lending but have a contiguous
state that eventually allow payday lending. New York and New Jersey are the only two states before 2000
that share a border with a payday-allowing state and provide zip code information of inpatients to HCUP. 1
choose 2000 as the final year of this study’s analysis period because of the rapid expansion of the Internet in
the early 2000s, which has increased demand for and supply of online payday loans. In general, few state laws
prevent individuals from obtaining payday loans that are offered by out-of-state or online lenders. Moreover,
the patent of Prozac, the most popular antidepressant, expired in August 2001. To minimize any possible
spurious correlations that could bias the results of this research, I choose 1994 to 2000 as the sample period
of this project.
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demographic information of the discharged patient (e.g., age, sex, and race), diagnostic and
procedure codes, admission type, length of stay, total medical charges, payer information,
and, most importantly, zip code of the patient. Since one of the main contributions of
this study to the literature is the utilization of more detailed geographic units, zip code
information is crucial.

Each diagnosis category is constructed according to Clinical Classifications Software
(CCS) for the ninth version of International Classification of Disease (ICD-9) (HCUP, 2010).
For the list of CCS codes used to construct the outcome variables employed in this study, see
the appendix. The dependent variables are the numbers of attempted suicide discharges by a
variety of demographic groups, which are aggregated to the zip code level in each year. The
data include more than 18 million discharge-level observations over 7 years, 1994-2000. The
large sample size is critical because it enables the analysis of research to capture changes in
hospitalizations of relatively rare events, attempted suicides. In addition, I supplement the
zip code-level hospital data with demographic information from the 1990 decennial census.

One concern about the use of suicide attempt data is that the rates of (failed) suicide
attempts are greater than those of (successful) attempts, or suicide deaths.!® To address
this concern, I also use suicide mortality data from the National Center for Health Statistics
(NCHS). The NCHS data are a census of death records that list the cause(s) of death for
deceased. Due to the confidentiality restrictions of the NCHS, the smallest geographic unit

is a county.

3.2 Payday Access Measure

Similarly to Melzer (2011), I consider zip-to-border distance to construct the measure for

proximity of a zip code to a border of its neighboring states. In this study, therefore,

18Suicide mortality was 6.9 per 100,000 people and attempts were 52.3 per 100,000 people in New York
and New Jersey during 1994-2000, which equated to 7.6 attempts per completed suicide. The correlation
between suicide attempt and suicide death is 88.2 for the period. Such a high correlation is highly anticipated.

19Tn addition, the confidentiality restrictions require that any mortality counts less than 10 be suppressed.
I use the unsuppressed, county-level version of the data, provided by the NCHS. For the publicly available
mortality data, see https://wonder.cdc.gov/mortSQL.html. Researchers who are interested in using the
unsuppressed data can submit an application to the NCHS.
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any zip codes in New Jersey and New York that are less than 25 miles from a border of
either Pennsylvania or Delaware (the shaded area in Figure 3) are considered to have access
to payday loans after payday lending emerged in Pennsylvania and Delaware.?’ All other
zip codes in New Jersey and New York are considered to have no access throughout the
sample period, 1994-2000.2! The construction of the payday access variable is based on the
assumption that people travel across borders to take out payday loans. As expected, Melzer
(2011) and Bhutta (2014) find evidence that there are significantly more payday stores along

the borders of payday-banning states.

3.3 Summary Statistics

Table 1 presents summary statistics on demographics, business patterns, and hospitalization
rates of zip codes in payday-banning states (New York and New Jersey). The first two
columns are summary statistics for zip codes within 25 miles of a border of Pennsylvania or
Delaware (labeled Payday Border), and the last two columns are for those farther than 25
miles away from the two borders (labeled non—Payday Border).

There are slight differences between the two groups of zip codes. The payday border zip
codes, on average, have smaller population, fewer number of business establishments, and
slightly lower annual payroll. Moreover, the main dependent variable, suicide attempt, is
a bit more common in zip codes bordered with a payday-allowing state. Other than these

differences, the two zip code groups, stratified by payday access, have similar characteristics.

20New Jersey is geographically separated from Delaware by Delaware River that runs through the entire
border between New Jersey and Delaware. However, most residents in New Jersey can easily travel to
Delaware via 28 bridges. To minimize incorrect assignments of payday access measure, instead of relying
on birds-eye-view distances that ignore separations by the river, I manually recoded the travel distances
between New Jersey’s affected zip codes and Delaware. In fact, some zip codes in Cape May County and
Cumberland County at the bottom part of New Jersey required a recoding of the payday access measure.
Thus, these zip codes are coded to have no access to payday stores in Delaware (based on the 25 mile cutoff)
throughout the sample period.

21 As in Melzer (2011), the results are not sensitive to the chosen distance, 25 miles. Regression results
that use other distances will be provided upon request.
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3.4 Estimation Framework

Due to the count nature of inpatient data, I use a fixed-effects Poisson model. Specifically,

I estimate the conditional expectation of the outcome measures as

oot = exp (o, + BPayday,; + X,6 + Border, -t + v + e - t + €) , (1)

where fi,.; is the expected number of an outcome measure (e.g., the number of attempted
suicide discharges and other discharge categories) by residents of zip code z and county ¢
in New York or New Jersey in year t. «, represents a fixed effect for the zip code that
controls for time-invariant differences in observable (e.g., the relative size and characteristics
of population of the zip code) and unobservable characteristics. The inclusion of zip code
fixed effects leads to the identification of the effects of payday access, (3, solely from within
the zip code variation across time. Payday,; is a dummy variable that equals one if the
zip code in New York or New Jersey is within 25 miles of any Pennsylvania or Delaware
border after the rise of payday lending in Pennsylvania or Delaware, and zero otherwise.
X represents a set of time-varying controls, which includes the logarithms of zip code-level
average annual payroll, total number of employees and establishments, and total number of
all inpatient discharges. Border,-t is the linear time trend for bordered areas, where Border,
equals one if the zip code is located within 25 miles of any border and, zero otherwise. This
linear time trend for the border captures any secular differences across areas depending on
the proximity to a state border. ~; captures the synthetic year fixed effect. Furthermore,
7. - t represents a county-specific linear time trend, and €,; represents an error term.

The identifying variation in the Payday variable arises from geographic variation in
border proximity as well as cross-time variation in the availability of payday loans owing to
the emergence of payday stores in neighboring states. Furthermore, by including only zip
codes in payday-banned states in the analyses, this identification strategy exploits plausibly

exogenous variation in access to payday loans.
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The model is estimated by the Poisson quasi-maximum likelihood estimator (QMLE).
Under the mild condition that the conditional mean is correctly specified, this estimator
provides consistent estimates, is fully robust to distributional misspecification, and does
not require that the distribution be Poisson (Wooldridge, 1999).%? In all regressions, unless
described otherwise, standard errors are corrected to account for an arbitrary correlation at
the county level.

Although this study mainly uses Poisson models, owing to the count nature of the inpa-
tient data, as a robustness check, I also compare estimates from the OLS specifications of

the following form:
log (Y,et) = o, + BPayday., + X.,0 + Border, -t +~; + ne - t + €., (2)

where Y, is an outcome measure and all other variables are defined as before.

4 Empirical Results

The results presented in this section suggest that access to payday loans increases suicide
attempts. The analysis begins by investigating the effects of access to short-term high-
interest loans on suicide attempts by all age groups. To examine the possible mechanisms
for these effects further, I study the relationship of payday loans and suicide attempts in
different demographic groups, such as age, race, sex, and insurance type. Finally, I provide
evidence for mental health explanation as the channel through which credit access affects

suicide risk.

4.1 Dynamic Effects

First, I show there was no differential trend across locations prior to gaining access to payday

loans and that the effects are pronounced only for those aged under 65 years—the treated

22Tn addition to a consistent estimation of the count data models, the Poisson quasi-maximum likelihood
method can be used to obtain consistent estimates for positive and continuous variables as long as the
conditional mean is correctly specified (Wooldridge, 1999).
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group—after obtaining access to payday loans. I estimate the following specification:

3
Hzet = €XP (az + Z Bspaydayz,t—l—s + X;t(; + Borderz U+ Mt + Ne - 1+ Ezt) ) (3)
s=-3(0)

where [, is the expected number of discharges of suicide attempts, and Payday. ;s are six
separate dummy variables set to one in the sth year before or after having access to payday
loans, and zero otherwise. I do not include an indicator for the year in which payday lending
was first allowed (or started to emerge), so ; measure the dynamics of suicide attempts
relative to the base years, denoted as year 0.

The top panel of Figure 4 shows the dynamic impact of access to payday loans on suicide
attempts among those aged under 65 years. Although there is a slightly increasing trend of
suicide attempts in the pre-payday periods, the point estimates are not statistically different
from zero. A sharp increase can be observed after gaining access to payday loans, and
there are relatively persistent effects over 3 years. The bottom panel displays the dynamic
effects among the control group—the elderly. As can be seen, there is no pattern that is
statistically significantly different from zero after gaining access to payday loans. As with
previous results, the striking difference between the two age groups provides evidence for

adverse effects of having access to payday loans on suicide attempts.

4.2 Baseline Empirical Results

Table 2 reports the baseline estimates of the effects of access to payday loans on attempted
suicides. In all specifications, dependent variables are regressed on the binary payday access
variable, county-specific time trends, border time trends, zip code fixed effects, and year
fixed effects; and for all even-numbered columns, a set of zip code level economic controls
are included in the estimations. Standard errors are adjusted to account for an arbitrary
variance-covariance matrix at county level. The first two columns report estimates from a

Poisson regression and all others, estimates from an OLS. All Poisson regressions used in

18



this paper produce estimates, obtained by the Poisson QMLE with robust standard errors
clustered by county, which are completely robust to arbitrary distributional misspecification
and serial correlation.

Columns 1 and 2, estimated by Poisson regressions with suicide attempts as the dependent
variable, report considerably similar estimates. Exponentiating the coefficients of 0.104 and
0.100, these results indicate that having access to payday loans increases attempted suicides
by 11.0% and 10.5%, respectively.?> Although adding controls slightly decreases the point
estimate, the two estimates are of similar magnitude and the effects of payday loan access
on attempted suicides are both statistically and economically significant.

As a quick robustness check, I compare these Poisson estimates with estimates from OLS
specifications in columns 3 through 6. Columns 3 and 4 use the natural logarithm of the
rate of attempted suicides as the dependent variable, where the rate of attempted suicides
is calculated as the total number of attempted suicides per 100,000 people. Estimates from
these specifications are very significant at the 1% significance level with slightly increased
point estimates compared to Poisson specifications. Columns 5 and 6 replicate the previous
two models with a slight adjustment for zero count of suicide attempt; that is, attempt
counts are increased by 1, in order to keep zip codes with no suicide attempt. The estimates
also are significant and quite similar in magnitude with the Poisson estimates.

Overall, the results imply that access to payday loans increases annual suicide attempts
by 9.2-12.2%. Stable and consistent results across both Poisson and OLS specifications
confirm that adjusting for observations with zero count and changing functional forms of
the dependent variable have little effect on the interpretation of the estimated coefficient
on Payday. If calculated at the mean rate (52.3 suicide attempts per 100,000 people),
the baseline estimate (column 2) implies that gaining access to high-interest short-term

loans causes an additional 5.5 suicide attempts per 100,000 people, which equates to 1,400

23Gince each of these estimates is the log of the ratio of expected attempted suicide counts, a simple
conversion is required to interpret them precisely; for example, the estimate from the second column, 0.100,
is converted to 0.105 (= exp(0.100) — 1).
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additional suicide attempts for New York and New Jersey combined each year.?*

A somewhat important item to check is how suicide attempt compares with suicide mor-
tality. Table 3 reports the baseline estimates of the effects of access to payday loans on
suicides mortality. Since mortality data are not available at zip level, the table reports
county-level analyses. In general, the estimates are consistent with the zip-level counter-
parts, except that the size of the effects of payday access on suicide mortality is a bit larger

than that on suicide attempts. 2°

4.3 How Does Access to Payday Loans Affect Borrowers Differ-
ently?

Prior studies have identified the characteristics of primary customers of paydays, for example,
households with low to moderate income (Melzer (2011); Pew Charitable Trusts (2012));
those who are divorced or separated, disabled, or without a college degree (Pew Charitable
Trusts, 2012); and military personnel (Carrell and Zinman, 2014). This subsection explores
heterogeneous effects across diverse demographic groups and tests the hypotheses that people
with higher demand for payday loans are more responsive to newly obtained access to payday

loans; consequently, there are more suicide attempts in high demand zip codes. Base
4.3.1 Age

Since borrowers need to provide employment records and previous payrolls to payday lenders
in order to be eligible for payday loans, I expect to see a pronounced impact of payday access
among those aged under 65 years but not among the elderly who are retired. Although

unemployed retirees who are mainly on Social Security might still qualify for payday loans,

24The calculation of 1400 additional attempts is based on the population from the decennial census 1990,
in which New York and New Jersey have populations of 18 million and 7.7 million, respectively.

The effects of payday access on suicide risks are 18.6% for suicide mortality and 10.5% for suicide
attempts. This result might come from different characteristics between mortality and hospitalization due
to suicide. Lethal methods of suicide, such as use of firearms and jumping from heights, do not require
hospitalization if the attempters die on spot; thus, cases of this sort are not included in my suicide attempt
data. In addition, suicide attempters who are initially hospitalized but die during or after treatments are
included in the mortality data of this study.
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not all payday loan lenders accept applications from them, possibly because there would be
no wages to be garnished from them if a payment were missed. With these increased costs
and possible stricter screening for retired applicants, there would be much less incentive for
the elderly to travel to a payday lender. Indeed, a survey by Pew Charitable Trusts (2012)
finds that the primary consumer group of payday loans is prime-age workers and only 2%
of the elderly have used payday loans. As such, my approach naturally constructs a control
group consisting of people aged 65 years and over.

Each column of Table 4 shows the effect of payday access on attempted suicide by different
age groups. As expected, only estimates for the groups that are presumably affected by
this credit type are significant and economically meaningful (columns 3-8). Even more
convincing, perhaps, is that the effect increases with demand for this loan. In other words,
the age group with the largest share of people who have used a payday loan (age 25-44 years)
reports the biggest increase in suicide attempts, 16.3%, after gaining access to payday loans,
followed by 12.6% and 12.0% for the age groups 25-54 years and 25-64 years, respectively.26

For the elderly (column 9) and younger groups (columns 1 and 2), however, the estimates
are small and not statistically significant at any standard level.?” Despite the fact that the
estimate for the youngest group (column 1) is insignificant, this group is not a good control
group. Because people aged under 19 years (or 20-24 years) are likely to live with parents
who are in the range of age groups with high demand for payday loans, there is a possibility
for a second order effect of payday loans. In other words, a suicide attempt or death by
parents who suffered from debts from payday loans potentially could be followed by one by

their children.?® Even without an attempt by parents, if detrimental effects from payday

26See Pew Charitable Trusts (2012) for detailed reports on demographics of payday loan borrowers.

2"TDuring the period of the sample used, 1994-2000, the average mean rate of suicide attempts for the
elderly was 24.6 per 100,000. One reason for such a low rate, compared with their highest suicide mortality
rate, is that the elderly who commit suicide tend to use more lethal means due to ease of access and lower
physical resilience than younger groups (Conwell et al., 2011). Since all of the specifications in this study
include zip code fixed effects, the disparity between the rates of suicide attempt and mortality does not bias
the estimates or harm the eligibility of the elderly as a control group, unless there is a systemic change of
methods used for suicide attempts in response to payday loan access.

28Family history of suicide is among the top high-risk factors (Carrigan and Lynch, 2003).
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loans worsen intra-family relationships or economic hardships, the risk of suicide for children
could increase. Therefore, I prefer including the aged under 24 years in the treatment group
for a more conservative analysis. Indeed, the regression results in this study hold regardless

of inclusion of those aged under 24 years.
4.3.2 Sex

Table 5 explores heterogeneity of the effects of payday loans on suicide attempts across sex.
The dependent variable of each column is the number of suicide attempts by a denoted
group; for instance, in column 1, the dependent variable is the number of suicides by males
aged under 65 years and, in column 2, by females aged under 65 years.

The results imply a 15.8% increase in attempted suicides for males aged under 65 years
and an 8.7% increase for females aged under 65 years. Even though the effect of payday
access for the younger male group is twice as large as that for the younger female group,
because of the higher suicide attempt rate among females, the total expected additional
discharges due to payday access are similar for both sexes: 5.8 additional patients for males
and 4.5 for females. Columns 3 and 4 present estimates for the elderly. Although the point
estimate for elderly males is positive, it is not statistically different from zero. Moreover, the

estimate is even negative for elderly females.
4.3.3 Race

Table 6 reports estimates from specifications by race and age. Column 1 shows that having
access to payday loans would increase attempted suicides among the white population aged
under 65 years by 12.6% and an additional 5.4 discharges, while the white control group
(aged 65 years and over) in column 2 has no significant effects. Columns 3 and 4 show
estimates for the black population, and columns 5 and 6 for all minorities, including the
black population. Although the point estimates for minorities under 65 years (columns 3
and 5) are similar in sizes with that for the white counterpart (column 1), they all have, as

expected, positive signs and the estimates are negative and statistically insignificant for the
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elderly of both groups.?’
4.3.4 Insurance

Since the primary target of payday lenders is the employed, who can provide a history of
previous paychecks, a logical test we can run is to observe if the group of patients with
private health insurance is disproportionately affected by access to payday loans.®® Taking
advantage of the detailed discharge-level inpatient data, I can use payer information. For
each discharge record, I categorize the patient as having private health insurance if either
the patient’s primary or secondary payer is private insurance, and similarly for Medicaid and
Medicare.! Discharges that are expected to be paid solely by the patients are categorized as
self-pay; that is, either the primary or secondary payer is categorized as self-pay with none
of them indicating other types of insurance.??

Table 7 reports the results. Only the estimate for patients with private insurance is sta-
tistically significant, showing a 13.2% increase in attempted suicides. Patients with Medicaid
even have a negative estimate, although it is statistically not different from zero. In addition,
the elderly is statistically insignificant. The negative and small effects of payday access for

non-private insurance holders makes sense, because very low-income people and the elderly

have no or very limited eligibility for payday loans.
4.3.5 Income

Table 8 tests whether zip codes with a high share of low- to moderate-income households
that have high demand for payday loans are disproportionately affected by accessing payday
loans. Ellichausen and Lawrence (2001) finds that individuals in the income range $25,000 to

$50,000 are the main consumers of payday loans, accounting for more than half of the total

O Melzer (2011) also finds that payday access has significant effects on economic hardship for only the
white population, with insignificant effects for other minority groups.

30Tn the U.S. over %80 of private health insurance is sponsored by employers.

31Private health insurance category includes Blue Cross, commercial carriers, and private HMOs and
PPOs.

32 A patient might be grouped into multiple insurance types because a non-trivial share of patients holds
both private insurance and Medicare. However, the “self-pay” category is constructed as exclusive from other
insurance types.
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payday borrowers. Morse (2011) finds that those with income range of $15,000 to $45,000
have the largest probability of being financially constrained. With these prior findings, I
use three income ranges for the test: household income in the range of $20,000 to $40,000,
household income in the range of $12,000 to $50,000, and household income in the range of
$20,000 to $50,000.

I split zip codes into those above and below the median share of household income in each
range of income. For the income range $20,000-$40,000 in columns 1 and 2, a zip code is
categorized as “Top 50 pct” if it has above the median share of households with income in the
range $20,000-$40,000. Similarly, a “Bottom 50 pct” zip code has below the median share
of households with income in the range $20,000-$40,000. The same construction method
is used for columns 3-4 and columns 5-6 with household income ranges of $12,000-50,000
and $20,000-50,000, respectively. The estimates in all odd-numbered columns (top half
percentile zips) report significant and large effects of payday access on attempted suicides,
ranging from 15.0% to 20.8%, or 8.4 to 11.2 additional attempted suicides per 100,000. On
the other hand, none of the even-numbered columns (bottom half percentile zips) report
statistically significant estimates. Moreover, the point estimates are considerably smaller

than the high demand zip codes.
4.3.6 Other Demand Factors

Table 9 reports estimates from a further test on the effects of payday access using other
demand factors: single parents (columns 1-2), divorced people (columns 3-4) and high-
school graduates (columns 5-6). Construction of the ‘Top 50 pct” and “Bottom 50 pct” zip
codes are the same as for Table 8; that is, based on the median share of each factor, I divide
the sample into two subsamples and perform analyses within each subsample. As described
earlier, all those characteristics have positive correlations with demand for payday loans.
The estimates from high-demand zip codes (odd-numbered columns) show that the effects
are large; there is a 9.1-12.2% increase in suicide attempts after gaining access to payday

loans in zip codes with more single parents, divorced people, and high-school graduates. In
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addition, the estimates mean an additional 5.4 to 7.3 discharges per 100,000 people. By
contrast, there are no significant estimates for low-demand zip codes and the estimates are

considerably small.

4.4 Mental Distress: The Channel through which Financial Distress

Affects Suicide Risk

The existing literature suggests that stress is associated with deterioration in both physical
and mental health (McEwen, 1998; Cooper, 2004; Schneiderman et al., 2005). If financial
distress increases the overall stress level, we would expect that changes in household balance
sheets would affect health and healthcare usage as well.3® Several studies find support
for this channel (e.g., Gross and Tobacman (2014); Evans and Moore (2011); Dobkin and
Puller (2007); Parker et al. (2013); Currie and Tekin (2015)). As such, if accumulated
household debts attributable to expensive credit worsen emotional and mental instability,
then a member of the household who is at risk might develop suicidal ideation and could be
located below his or her own suicide threshold. As a result, those who suffer from mental well-
being deterioration might consult a doctor and obtain psychotropic drugs (antidepressants),
such as Prozac.?* With easier access to these psychotropic medications, suicidal borrowers
are more likely to use prescribed psychotropic drugs as a method to commit suicide. This
section provides a test for this mental health channel.

First, I briefly recalculate the main analyses (in Table 4 and Table 7) with a focus
on suicide attempts by poisoning, instead of analyses on suicide attempts by all methods.
Table 10 reports estimates of the effects of access to payday loans on attempted suicides by

poisoning. As Panel A shows, gaining access to payday loans increases the number of suicide

33Indeed, Deaton (2011) finds that the collapse of Lehman Brothers had negative effects on self-reported
worry, stress, and life evaluations of Americans.

34Fluoxetine, an antidepressant known mostly as Prozac, was first introduced in 1986 by Eli Lilly and
Company. The drug was a commercial success. Prozac was the U.S.’s most prescribed antidepressant within
5 years of its introduction (Fitzpatrick, 2010). Because the patent of Prozac expired in August 2001, to
minimize this impact, if any, which could bias the results of this research, I choose 1994-2000 as the sample
period of this project.
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attempts by poisoning only among the treatment group (those aged under 65 years) by 14.1%
and does not affect the control group (those aged 65 years and over). Even more reassuring is
that the point estimate for the control group is almost zero and even negative. The dynamic
effects of payday access on suicide attempts by poisoning are displayed in Figure 5. The top
panel shows the dynamic effects for the treated group, which is consistent with our previous
findings. There are no pre-existing trends, but after gaining access to payday loans, there is
a sudden increase in attempted suicides by poisoning. Unlike the younger neighbors, in the
bottom panel, the older population’s poisoning attempt indicates no discernible responses
to payday loans.

Panel B of Table 10 describes the effects of payday access on suicide attempts by poison-
ing by different insurance holders. Not surprisingly, the only group significantly affected by
payday loans is patients with private insurance, in other words, the employed who are the
primary consumers of payday loans (column 1). The point estimate, which is statistically
significant at the 1% level, indicates a 19.8% increase in hospitalization of employed people
due to suicide attempts by poisoning. Patients with other insurance types do not have sig-
nificant estimates. Because of the small share of self-paying patients who have no private
insurance, Medicaid or Medicare, the majority of zip codes are dropped in the regressions
owing to no variation in the dependent variable. In other words, there are no self-paying
patients who have attempted to commit suicide by poisoning for many zip codes throughout
the sample period. Therefore, with this small number of observations, the point estimate is
highly imprecise. The dynamics of suicide attempts by poisoning by patients with a different
insurance type (in Figure 6) provide additional support for the treatment-control interpreta-
tion; for all insurance-type patients, there are no pre-existing trends but a significant increase
only for employed patients (with private insurance).

Finally, Table 11 provides the result for a test of the mental health channel. Patients
with mental health deterioration due to financial distress will seek medical care through out-

patient settings or physician’s office visits and will use prescription drugs to treat depression,
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anxiety, and emotional distress. It is plausible that easier access to a means of suicide, or
psychotropic drugs, raises the risk of suicide by overdosing on those drugs. Column 2 is
the core test for the mental health channel. It indicates that there is a 21.9% increase in
suicide-related hospitalization of those aged under 65 years by overdosing on psychotropic
agents.?® Unlike those aged under 65 years, there is no statistically significant effect for the
elderly (in column 3) who have little access to payday loans. This confirms the hypothesis
that mental health could be one of major driving forces behind suicide risk and financial dis-
tress caused by expensive credit. Column 5 reports that suicide attempts by other medicinal
drugs increased by 14.3%. This result is expected, because suicidal people use both prescrip-
tion and non-prescription drugs to commit suicide. The focal point of the test is to observe
whether the treatment group uses more psychotropic drugs for poisoning (in column 2) and
whether the control group has no statistically significant change (in column 3). For suicide
attempts by poisoning with non-medicinal substances (e.g., petroleum products, acids, and

lead compounds), columns 7-9 show no effects of access to payday loans.

4.5 Robustness Checks and a Placebo Test

Table 12 presents estimates from a diverse set of specifications as robustness tests. In Panel
A, columns 1 and 2 are the baseline estimates (as in columns 8 and 9 of Table 4). Columns
3 and 4 show the coefficients of payday in specifications using a subset of the main sample,
which includes zip codes with population greater than 1,000 in the 1990 census. Similarly,
the specifications of columns 5 and 6 use a subsample that includes zip codes with population
greater than 3,000. The estimates are all significant and similar in size with only the younger
group’s estimates being statistically and economically meaningful.

In Panel B, I perform a further robustness test with another set of subsamples. The
subsample used in columns 1 and 2 includes zip codes that have a non-zero count of suicide

attempts in each year for the entire sample period. Columns 3 and 4 use zip codes with

35Psychotropic drugs temporarily alter mood, perception, consciousness, and behavior and are prescribed
as anti-depressants and anti-psychotics to treat mental illnesses.
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at least 5 years of non-zero suicide attempts (out of 7 years), and finally, columns 5 and 6
use zip codes with at least 2 years of non-zero suicide attempts. Having all non-zero suicide
attempts means the zip code is likely to have a large population size. Restricting the sample
does not alter the interpretation of the previous findings. All estimates for the elderly group
are statistically insignificant and small, whereas the treated younger group has significant,
large, and stable estimates.

Panel C presents estimates from a falsification test using the following specification with

placebo payday access assignment:

Uoet = exp (o, + BFakePayday.; + X.,0 + Border, -t + v + 1 - t + €.4) (4)

where FakePayday,; equals one if a zip code in New York and New Jersey is within 25 miles
of a border of payday-banning states (e.g., Vermont, Massachusetts, and Connecticut) after
the emergence of payday lending in Pennsylvania and Delaware, and zero otherwise (See
Figure 7). These zip codes with FakePayday,; = 1 do not have real access to payday loans
because none of their neighboring states allowed payday lending. As Panel C shows, the
estimates are small and insignificant. The absence of significant effects of placebo payday
access measure suggests that the relationship between access to payday loans and increased
suicide attempts is not coincidental. The overall findings of this study, as well as the robust-
ness tests, are difficult to be reconciled with alternative explanations for increases in suicide

attempts by people aged under 65 years and the employed with private insurance.

5 Conclusion

This study analyzes the effects of access to payday loans on the long-term well-being of
borrowers, measured by suicide risk. The robust evidence is consistent with payday loans
increasing the risk of suicide for low- and moderate-income borrowers and employed workers.
I find that having access to short-term, expensive payday loans increases hospitalization due

to suicide attempts by 10%. This estimate implies at least an additional 5.5 hospitalized
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suicide attempts per 100,000 people and, if converted to the national level, an additional
15,000 attempts in 1998. As such, the results suggest that the social costs to increased
suicide attempts and suicide deaths caused by gaining access to payday loans are quite
large. At a minimum, suicide attempts incurred annual medical costs of $142 million per
year during the late 1990s and early 2000s.

In addition, the findings provide a possible mechanism through which financial distress
caused by expensive credit affects the suicide risk of a population. Due to access to payday
loans, borrowers who accumulate excessive amount of debts undergo financial distress. This
in turn causes their mental and emotional stability to deteriorate through stress. Mentally
distressed people who have easier access to prescription medications, such as antidepressants,
are more likely to attempt suicide by poisoning. Although this explanation cannot be tested
directly on the extensive margin (new antidepressant prescriptions due to payday access),
the finding cannot be explained by alternative explanations.

While the results presented in this study provide strong evidence for detrimental welfare
consequences of having access to payday loans, this causal link should not be misinterpreted
as a call for a complete ban on payday lending. The fact that 12 million Americans use payday
loans per year indicates that there are no better alternatives for low- and moderate-income
credit-constrained households. Thus, without fulfilling otherwise unmet demand, depriving
already credit-constrained households of payday loans that serve as their last resort of lending
will be a welfare-reducing policy. Hence, careful and thorough government intervention is

required to regulate payday loans.
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Appendix: CCS Single-Diagnosis Codes

Suicide Attempt: CCS 662

Poisoning by Psychotropic Agents: CCS 241

Poisoning by Other Drugs: CCS 242

Poisoning by Non-medicinal Substances: CCS 243

Poisoning: CCS 241, 242, 243
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Figure 1: Distribution of Number of Loans by Sequence
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Notes: This figure is from a report by the Consumer Financial Protection Bureau
(CFPB, 2014). It shows the distribution of the number of loans by sequence. For
instance, a first loan in sequence indicates a new loan, and a fifth loan in sequence indi-
cates that four renewals (rollovers) have been made on the initial loan. Approximately
half the total loans are in the 10th or more sequence.
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Figure 2: A Map of Northeastern States

NJ

DE

Notes: Pennsylvania (PA) and Delaware (DE) are the only two payday-allowing states
that share borders with New York (NY) and New Jersey (NJ) during the years 1994—
2000. No other neighboring states to New York and New Jersey allowed payday lending
during the sample period 1994-2000.
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Figure 3: Zip Codes with Close Proximity to Payday-Allowing States

NJ

DE

Notes: The shaded area represents zip code areas that are within 25 miles of the
borders of Pennsylvania (PA) and Delaware (DE). The identification strategy assumes
that populations in those zip codes have access to payday loans only after the emergence
of payday lending in PA and DE, and that all other populations in zip codes in New
York and New Jersey do not have access to payday loans during 1994-2000.
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Figure 4: Dynamic Effects of Access to Payday Loans on Suicide Attempts
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Notes: Each figure plots coeflicients from regressions of suicide attempts on a series of
indicator variables, including 3 years before and 3 years after gaining access to payday
loans, as well as zip code-level controls, year fixed effects, zip code fixed effects, border
trends, and county-specific trends. The vertical I-beams represent the 95% confidence
interval. All estimates are by the Poisson quasi-maximum likelihood estimator (QMLE)
with robust standard errors clustered by county.
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Figure 5: Dynamic Effects of Access to Payday Loans on Suicide Attempts by Poisoning
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Note: Each figure plots coefficients from regressions of suicide attempts on a series of
indicator variables, including 3 years before and 3 years after gaining access to payday
loans, as well as zip code-level controls, year fixed effects, zip code fixed effects, border
trends, and county-specific trends. The vertical I-beams represent the 95% confidence
interval. All estimates are by the Poisson quasi-maximum likelihood estimator (QMLE)
with robust standard errors clustered by county.
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Figure 6: Dynamic Effects of Access to Payday Loans on Suicide Attempts by Poisoning
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Notes: Each figure plots coeflicients from regressions of suicide attempts on a series of
indicator variables, including 3 years before and 3 years after gaining access to payday
loans, as well as zip code-level controls, year fixed effects, zip code fixed effects, border
trends, and county-specific trends. The vertical I-beams represent the 95% confidence
interval. All estimates are by the Poisson quasi-maximum likelihood estimator (QMLE)
with robust standard errors clustered by county.
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Figure 7: Zip Codes with Close Proximity to Payday-Banning States: a Placebo Test

NJ

DE

Notes: The shaded area represents zip code areas that are within 25 miles of the borders
of payday-banning states (e.g., Vermont, Massachusetts, and Connecticut). Even after
the emergence of payday lending in Pennsylvania and Delaware, these zip codes do
not have real access to payday loans because none of their neighboring states allowed
payday lending.
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Table 1: Summary Statistics

Payday Border = 1

Payday border = 0

Mean Obs Std. Dev. Mean Obs Std. Dev.
Zip code demographics
Population 19,450 2,618 12,777 34,553 12,215 23,457
Income per capita 16,615 2,618 5,441 17,240 12,215 8,740
Median household income 39,462 2,618 12,772 37,305 12,215 14,962
White (%) 0.87 2,618 0.18 0.74 12,215 0.28
Black (%) 0.09 2,618 0.15 0.16 12,215 0.23
All minorities (%) 0.13 2,618 0.18 0.26 12,215 0.28
Male (%) 0.49 2,618 0.24 048 12,215 0.24
Female (%) 051 2618 0.24 052 12,215 0.24
High school dropouts (%) 0.21 2,618 0.09 0.26 12,215 0.12
High school graduates (%) 0.33 2,618 0.07 0.30 12,215 0.07
College graduates (%) 0.46 2,618 0.14 045 12,215 0.15
Married (%) 0.59 2,618 0.08 0.54 12,215 0.09
Divorced (%) 0.07 2,618 0.02 0.06 12,215 0.02
Zip code business patterns
Number of establishments 488 2,603 397 789 12,137 796
Number of employees 7,460 2,513 7,568 10,853 11,755 14,129
Annual payroll (per employee) 27,984 2,513 8,779 28,342 11,755 9,032
Discharge rates (per 100,000 people)
Suicide attempts 62.2 2,618 33.3 50.9 12,215 34.9
Poisoning (non-medicinal substances) 2.2 2,618 2.5 2.1 12,215 8.6
Poisoning (psychotropic drugs) 23.2 2,618 13.5 16.0 12,215 12.5
Poisoning (other drugs) 32.1 2,618 17.1 26.0 12,215 19.1

Notes: Annual payroll is calculated as the zip code-level aggregate payroll divided by the number of employ-
ees. A discharge rate is calculated as an annual average of each discharge type by zip code for the sample
period, 1994-2000. Means are weighted by zip code population in 1990. Sources: zip code demographics
are from the Decennial Census 1990, the zip code-level business pattern data are from the County Business
Patterns, and discharge rates are based on HCUP-New York and New Jersey State Inpatient Databases

(SID) 1994-2000.
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Table 5: Relationship Between Suicide Attempts and Payday Access: by Age and Sex

This table represents zip-level regressions of suicide attempts on the payday access indicator. All regressions
report coefficients from Poisson regressions estimated by the Poisson quasi-maximum likelihood estimator
(QMLE). The dependent variable of each column is the number of suicide attempts by the denoted age—
sex group. “Effects of payday access” is the exponentiated coefficient of the “payday” variable, which is the
percentage change in the expected number of suicide attempts due to access to payday loans. “Average suicide
attempts (per 100,000)” is the average rate of suicide attempts in the denoted group. “Additional suicide
attempts (per 100,000)” is the percentage change in the expected number of suicide attempts attributable
to access to payday loans. To save space, this table omits the coefficients of border trends, county-specific
trends, zip code fixed effects, and year fixed effects. The data used to produce this table are State Inpatient
Data (SID). All models report standard errors clustered by county, which are reported in parentheses. ***
p<0.01, ** p<0.05, * p<0.1.

(1) (2) (3) (4)

Aged under 65 Aged 65 and over

male female male female

Payday 0.147%%%  0.083* 0.082 -0.029
(0.050)  (0.050)  (0.223)  (0.209)

log(wage) -0.005 -0.007 -0.238 0.243
(0.079)  (0.081)  (0.303)  (0.247)

log(employment) -0.067  0.123* -0.242  -0.075
(0.062) (0.072)  (0.262) (0.201)

log(establishment) 0.005 0.073 0.241 0.531
(0.197)  (0.157)  (0.408)  (0.388)

Total number of discharges (per 1,000) 0.000 0.001 0.007*** (0.000

(0.000)  (0.000) (0.002)  (0.000)

Effects of payday access 15.8% 8.7% 8.5% -2.9%
Average suicide attempts (per 100,000) 36.6 52.2 25.6 22.2
Additional suicide attempts (per 100,000) 5.8 4.5 2.2 -0.6
Observations 12,274 13,137 6,095 6,655
Number of zip codes 1,766 1,894 874 953
Controls X X X X
Border trends X X X X
County trends X X X X
ZIP fixed effects & Year fixed effects X X X X
Cluster county  county county  county
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Table 7: Relationship Between Suicide Attempts and Payday Access: by Insurance Type

This table represents zip-level regressions of suicide attempts on the payday access indicator. All regressions
report coefficients from Poisson regressions estimated by the Poisson quasi-maximum likelihood estimator
(QMLE). The dependent variable of each column is the number of suicide attempts by patients of the denoted
insurance type. “Effects of payday access” is the exponentiated coefficient of the “payday” variable, which is
the percentage change in the expected number of suicide attempts due to access to payday loans. To save
space, this table omits the coefficients of border trends, county-specific trends, zip code fixed effects, and
year fixed effects. The data used to produce this table are State Inpatient Data (SID). All models report
standard errors clustered by county, which are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

(1) (2) (3)

Private insurance =~ Medicaid Medicare
Payday 0.124%* -0.046 0.072
(0.058) (0.093) (0.089)
log(wage) -0.029 0.031 0.066
(0.082) (0.108) (0.147)
log(employment) 0.099 0.056 -0.056
(0.068) (0.096) (0.120)
log(establishment) 0.131 -0.210 0.128
(0.139) (0.216) (0.216)
Total number of discharges per 1,000 0.000** 0.001 0.002
(0.000) (0.001) (0.001)
Effects of payday access 13.2% -4.5% 7.5%
Observations 12,874 11,238 10,391
Number of zip codes 1,856 1,615 1,492
Controls X X X
County trends X X X
Z1P fixed effects & Year fixed effects X X X
Cluster county county county
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Table 10: Relationship Between Suicide Attempts (Poisoning) and Payday Access: by Age
and Insurance Type

This table represents zip code-level regressions of suicide attempts on the payday access indicator. All
regressions report coefficients from Poisson regressions estimated by the Poisson quasi-maximum likelihood
estimator (QMLE). The dependent variable of each column is the number of suicide attempts (by poisoning)
by patients of the denoted age group (Panel A) or insurance type (Panel B). “Effects of payday access” is the
exponentiated coefficient of the “payday” variable, which is the percentage change in the expected number
of suicide attempts due to access to payday loans. “Average suicide attempts (per 100,000)” is the average
rate of suicide attempts in the denoted group. “Additional suicide attempts (per 100,000)” is the percentage
change in the expected number of suicide attempts attributable to access to payday loans. To save space,
this table omits the coefficients of controls, border trends, county-specific trends, zip code fixed effects, and
year fixed effects. The data used to produce this table are State Inpatient Data (SID). All models report
standard errors clustered by county, which are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Panel A: By Age Category

(1) (2) (3)
All population Aged under 65 Aged 65 and over

Payday 0.127%%* 0.132%%* -0.008
(0.047) (0.046) (0.193)
Effects of payday access 13.5% 14.1% -0.9%
Average suicide attempts (per 100,000) 40.6 44.5 15.7
Additional discharges (per 100,000) 5.5 6.3 -0.1
Observations 13,522 13,487 7,308
Number of zip codes 1,952 1,947 1,047
Controls X X X
Border trends X X X
County trends X X X
ZIP fixed effects & Year fixed effects X X X
Cluster county county county
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Table 10: Relationship Between Suicide Attempts (Poisoning) and Payday Access: by Age
and Insurance Type (Continued)

Panel B: By Insurance Type

(1) (2) (3) (4)

Private insurance Medicaid Medicare Self-pay

Payday 0.182%** -0.019 0.070 0.409
(0.058) (0.114) (0.095)  (0.924)
Effects of payday access 19.8% -1.9% 6.9% 50.5%
Observations 12,674 10,685 9,718 2,573
Number of zip codes 1,824 1,535 1,394 369
Controls X X X X
Border trends X X X X
County trends X X X X
ZIP fixed effects & Year fixed effects X X X X
Cluster county county county county
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