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Abstract

In many scenarios, investors in financial markets are uncertain about the relationship
between two firms and have to rely on firms’ disclosure of such relationship. We develop a
theory to study the asset pricing implications of this relationship uncertainty and how such
relationship uncertainty affects firms’ incentives to form and disclose their relationships to
the public in the first place (i.e., the real implications). We find that while disclosing re-
lationships has a positive price impact by increasing the expected cash flow, it also has a
negative price impact by reducing the diversification benefit (or, equivalently, increasing the
diversification cost) of investing in multiple firms that have more correlated cash flows. The
price impact upon relationship disclosure is therefore not monotone: it increases with the

expected benefit of relationship and decreases with the risk of the underlying relationship.

*Xu Jiang: Fuqua School of Business, Duke University, 100 Fuqua Drive, Durham, NC, 27708; E-mail:
xu.jiang@duke.edu. Jordi Mondria: Department of Economics, University of Toronto, 150 St. George Street, Toronto,
Ontario, M5S3G7, Canada; E-mail: jordi.mondria@utoronto.ca. Liyan Yang: Rotman School of Management, Univer-
sity of Toronto, 105 St. George Street Toronto, Ontario M5S3E6, Canada. E-mail: liyan.yang@rotman.utoronto.ca.
We thank Snehal Banerjee, Qi Chen, Stephen G. Dimmock, Jin-Chuan Duan, Bill Mayew, Haresh Sapra, Kather-
ine Schipper, Kevin Smith, Anand Srinivasan, Rahul Vashishtha, Benda Yin and workshop/seminar participants at
Catalan Economic Association Meetings, Chicago Booth, Duke Fuqua, Emory University, European Economic Asso-
ciation Meetings, Federal Reserve Bank of Atlanta, Nanyang Business School, NUS Business School, and Shanghai
University of Finance and Economics for their comments. We thank Alykhan Jetha for his excellent research as-
sistance. Mondria and Yang gratefully acknowledge the financial support from the Social Sciences and Humanities
Research Council of Canada.



One main policy implication of our analysis is that mandatory disclosure of firm relationships
may both destroy relationship development and reduce investor welfare. In other words, dis-
closing relationship information can have real consequences on cash flows through affecting
firm relationships at both the intensive and the extensive margins. The results are robust to

a battery of extensions.
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1 Introduction

In this paper we propose a model that studies the asset pricing and real implications of disclosure
about relationship between firms. Firms do not operate in isolation and financial markets con-
sist of a network of companies that are linked to and interact with each other. These companies
are linked through contractual relationships such as customer-supplier agreements or implicit
relationships such as strategic alliances, common production or labor exposures, and similar reg-
ulation requirements or litigation risks. Not surprisingly, regulators require many disclosures of
such linkages. For example, SFAS No. 131 requires firms to disclose the existence of and the total
amount of revenues from each major customer that represents more than 10 percent of a firm’s
sales revenue. As another example, Regulation S-K requires firms to disclose all material contracts
or agreements into which a firm enters. Such relationship disclosure will clearly affect investors’
perception of the firms’ underlying cash flows and thus their capital market prices. Concerns
about capital market prices will in turn have real effects on firms’ investment in such relation-
ship in the first place (Kanodia and Sapra (2016)). In other words, disclosure of relationship affects
the correlation of firms’ cash flows endogenously.

Traditional theories on asset prices and disclosure assume that the correlation structure of
asset payoffs is exogenously given and known to investors through links among firms. However,
knowledge of such payoffs is often obtained through firms’ endogenous disclosure choices. In ad-
dition, disclosure of such relationship is often incomplete and differs among firms. For instance,
while regulation SFAS No. 131 requires firms to disclose the existence of and the percentage
of revenues from each major customer that represents more than 10 percent of a firm’s sales
revenue, firms can choose whether to disclose the identity of the major customer. For example,
Pepsi disclosed in its 2020 annual report that “Walmart and its affiliates (including Sam’s) repre-
sented approximately 14% of our consolidated net revenue,” whereas Nike only disclosed in its
2020 annual report that “our three largest customers accounted for approximately 24% of sales in
the United States” without disclosing the names of those customers. In addition, as discussed in

Ellis et al. (2012), firms can choose to voluntarily disclose non-major customers. The possibility



of disclosing some but not all relationships suggests that investors are uncertain about relation-
ships and exposure between firms. Uncertainty about such relationships and exposures implies
that investors have imperfect knowledge about the correlation structure of asset payoffs. In this
paper, we study how investors value assets when there is such uncertainty about relationships,
and the incentives of firms to disclose and form such relationships. While previous studies on
firms’ disclosure of relationships (e.g., Ellis et al. (2012) and Verrecchia and Weber (2006)) focus
mostly on how proprietary cost affects firms’ disclosure choices, we abstract away from such
proprietary cost and instead focus on how the residual uncertainty about relationships affects
firms’ disclosure choices and, perhaps more importantly, firms’ choices of whether to establish a
relationship in the first place, through affecting firms’ stock prices.

In our setting, there are two firms with an uncertain exposure to a common relationship risk
factor, which we label as “matching intensity.” ! We assume that if two firms form a high (low)
intensity match, their collaboration will generally lead to more (less) cash flows (in expectation).
The valuation of both firms is determined by a representative investor who forms her portfolio in
a competitive asset market. Having a relationship has two effects on the firms’ valuation. First,
the cash flows have an additional payoff component with a positive mean (i.e., firms on average
collaborate on positive NPV projects). This increase in the mean of asset payoffs increases asset
prices via boosting the investor’s perceived returns on investing in those risky assets. Second,
the cash flows of the two firms are more risky and become more correlated, which harms the
investor’s ability to diversify her portfolio, thereby lowering her demand for those risky assets
and their prices.

The effect of the relationship on firms’ prices in turn affects the optimal disclosure policy
about matching intensity. Unlike most of the existing studies on disclosure, disclosure in our
setting is about disclosing the exposure to a common component in the asset payoffs of the two

firms, which generates the correlation structure between the two firms. It is not about disclosing

Therefore our setting can be literally interpreted as two big firms in a large economy, which may not be unrea-
sonable in the example of Walmart being a major customer of Pepsi, in addition to making the model tractable. We
discuss how our results can be extended in settings with N-firms in Section 6.



the realization of the fundamentals as in most research on disclosure (see, e.g., Dye (2001),Ver-
recchia (2001), Beyer et al. (2010), Stocken (2013), Kanodia and Sapra (2016), and Goldstein and
Yang (2017) for excellent reviews) and in particular, the literature on proprietary cost (Verrecchia
(1983)). Even when abstracting away from such proprietary cost, we find that firms may not al-
ways want to make relationship disclosures. Specifically, firms in relationships with very large
or very small collaboration intensity relative to the collaboration risk of forming such relation-
ships will choose to fully disclose their relationships, while firms with collaboration intensity at
an intermediate level relative to the collaboration risk will choose not to disclose any informa-
tion about their relationship. Intuitively, firms with very large expected collaboration intensity
relative to collaboration risk have an incentive to fully disclose to let the investor be aware that
the increase in cash flow relative to increase in risk is large. When the collaboration intensity
is sufficiently small relative to collaboration risk, the investors are particularly concerned about
the diversification cost and therefore put more weight on the high uncertainty scenario in the
absence of disclosure. The firm then has an incentive to commit to full disclosure to clarify when
such uncertainty is low. For firms with intermediate collaboration intensity relative to collab-
oration risk, investors are not much concerned about the diversification cost and therefore put
more weight on the low uncertainty scenario in the absence of disclosure. The firm then has an
incentive to not disclose to make such clarification. Algebraically, the results are driven by the
effect of more precise disclosure on higher moments of cash flow distribution, specifically, skew-
ness and kurtosis, which relates our finding to that in Heinle et al. (2018). However, as discussed
in more detail in Section 2, our binary distribution of relationship intensity implies that more
precise disclosure does not unambiguously increase skewness and kurtosis.

We then use our framework to investigate the choice of firms to form relationships and how
the choice of forming relationships interacts with the choice of disclosing such relationship, that
is, the real effects of such disclosure. Unlike previous studies, we do not take the relationship as
given but we treat the decision to form a relationship as endogenous. Firms will choose to form

a relationship when the expected price of forming a relationship is higher than the expected



price when there is no relationship. We assume the decision is made before the firm is aware
whether the relationship will be a high intensity or low intensity match. We find that when
the expected benefits of forming a relationship are very large relative to the costs, firms choose
to form a relationship with disclosure. Instead, when the expected benefits are at intermediate
levels relative to the costs, firms form a relationship without disclosure. Intuitively, when the
expected benefit is sufficiently high, forming a relationship increases the perceived firm value
and thus expected price. Conditional on forming a relationship, whether or not firms would
want to disclose depends on the relative magnitude of the expected benefit, as discussed above.
Finally, when the relative expected benefits are low, firms choose not to form a relationship.

This new setting allows us to analyze the implications of policies that mandate disclosure of
relationships. We find that even absent proprietary cost concerns, mandatory disclosure may
prevent relationship formation. Specifically, we find that when firms are forced to disclose their
relationships, some relationships that would have been formed, specifically, when the expected
benefits of forming a relationship relative to the costs are at an intermediate range, will not
be formed at all. The reason is that, as discussed above, firms would voluntarily choose not to
disclose in this case. Therefore, mandatory disclosure, through reducing expected prices, results
in firms not forming relationships in the first place. Thus, mandatory disclosure will have an
effect on the extensive margin of relationships. In addition, we show that such real effects have
an unambiguously negative effect on investor welfare, as the reduced expected cash flow more
than compensates the reduced risk from not forming a (risky) relationship in the first place. In
contrast, mandatory disclosure have an unambiguously positive effect on investor welfare when
relationship formation is not destroyed, by lowering the price that investors pay for firms. Our
paper therefore provides a novel trade-off regarding regulation aimed at relationship disclosure
such as SFAS 131.

Finally, we analyze a couple of extensions of the model. We first extend our basic framework
to settings of N-firms. We consider two settings: in the first setting, there are N-firms and either

N-firms can choose to form relationship with each other or not, sharing a similar spirit to prior



work on strategic network formation (e.g.,Goyal and Vega-Redondo (2007)); in the second set-
ting, N-1 firms have already formed relationship with each other and the Nth firm is considering
whether to join the relationship network. In both settings, we find that our results in the basic
framework remain qualitatively unchanged: firms would voluntarily disclose their relationship
if the collaboration intensity relative to collaboration risk is either sufficiently large or small, and
mandatory relationship destroys such relationship if firms’ collaboration intensity relative to the
collaboration risk is in the intermediate range.

We also consider a setting where there is correlation between firm-specific cash flow and cash
flow from relationship formation. We find that firms are more likely to disclose relationship when
the correlation is negative and less likely when the correlation is positive. Intuitively, negative
(positive) correlation reduces (increases) the diversification cost, making firms more likely to
disclose. Nevertheless, our results in the basic framework remain qualitatively unchanged so
long as the correlation is not too negative, as firms will always disclose their relationships when
the correlation becomes too negative.

We finally consider a setting when firms observe the realization of relationship matching
intensity and chooses whether to disclose ex-post. Without adding frictions full disclosure is op-
timal, in line with the previous literature. When adding frictions such as disclosure cost, whether
firms will disclose high matching intensity or low matching intensity depends on whether the
expected benefit from relationship formation is larger than the increase in diversification cost,
with firms disclosing high (low) matching intensity when the expected benefit is large (small).

The rest of this paper is organized as follows. Section 2 discusses related literature. Section
3 introduces our framework to study the asset pricing implications regarding uncertainty of a
relationship between two firms. Section 4 addresses firms’ voluntary disclosure strategies of
relationships. Section 5 discusses how relationship disclosure affects formation of relationship
in the first place, that is, the real implications of relationship disclosure. Section 6 discusses
extensions to N firms. Section 7 introduces correlation between firm-specific cash flow and cash

flow from relationship formation. Section 8 explores ex-post relationship. Section 9 examines



the effect of disclosure mandate on investors’ welfare. Section 10 discusses implications of our
analysis. Finally, Section 11 concludes. All proofs are relegated to the Appendix. More technical

details and variations of the model are included in the Online Appendix.

2 Related Literature

Our paper is related to the extensive literature that has examined the implications of disclosure
for market quality. Recent studies analyze the implications of financial disclosure and argues that
both the amount (e.g.,Tang (2014)) and the type of the information disclosed (e.g., Goldstein and
Yang (2019)) are crucial determinants of market quality (see Verrecchia (2001), Dye (2001), and,
more recently, Goldstein and Yang (2017) for surveys on this topic). The main reason to disclose
information voluntarily is to reduce information asymmetries between investor and firms (e.g.,
Diamond and Verrecchia (1991), Easley and O’hara (2004), Lambert et al. (2007)) or reducing
uncertainty about future payoffs (e.g., Barry and Brown (1985), Coles and Loewenstein (1988),
Cheynel (2013)). The implications of mandatory disclosure are studied by Fishman and Hagerty
(2003) who show that customer’s sophistication level is of great importance to determine the
benefit of mandatory disclosure, and by the real effects literature (Kanodia and Sapra (2016))
showing that mandatory disclosure may have unintended consequences of distorting firms’ real
decisions. Unlike these prior studies, where disclosure is related to the realization of private
information, our paper focuses on disclosure of firm relationships and its implications for asset
prices.

Our paper is also related to the vast literature on diversification discount (e.g., Lang and Stulz
(1994), Berger and Ofek (1995)), which focuses on the cost of having multiple segments inside a
firm instead of forming a relationship between firms. While this literature in general documents a
discount for diversified firms relative to the sum of the estimated value of their segments, Campa
and Kedia (2002) show that after controlling for the endogenous decision of firms to diversify,

diversification actually improves firm value, which is similar in spirit to our assumption that



forming relationship improves firm value. However, the diversification literature finds that di-
versification within a firm reduces risk, whereas we find that relationship formation increases
the systematic risk. This result is consistent with the empirical findings in Herskovic (2018),
who documents that networks in production (a source of inter-firm relationship) are sources of
systematic risk reflected in equilibrium asset prices.

Another line of research studies capital market response to firms’ disclosure choice about
certain relationships, and how the existence of such relationships affect firms’ public disclosures.
Examples include disclosure about consumers (Ellis et al. (2012)), material contracts (Verrecchia
and Weber (2006), Samuels (2021)), and strategic alliances (Ma (2019), Kepler (2021)). Analytically,
Darrough and Stoughton (1990) and Wagenhofer (1990) model the decision to disclose informa-
tion on customer-supplier relationships when there is a benefit of reducing information asymme-
tries but also a cost of revealing proprietary information to competitors. Correspondingly, most
if not all of the papers are couched in a proprietary cost framework, suggesting that firms should
always disclose such relationships in the absence of proprietary cost. In contrast, our paper shows
that even without proprietary cost, firms may not want to make relationship disclosure because
such disclosure results in a diversification cost. In addition, our paper also studies the effect of
disclosure on the firms’ decision to form a relationship, whereas relationships are assumed to be
exogenous in those papers.

In a closely related paper, Heinle et al. (2018) analyze the effects of factor-exposure uncertainty
on asset prices and the implications of disclosure about exposure. Similarly, our paper models
uncertainty about a relationship as uncertainty about exposure to a common factor between
two firms. Since there are two firms in our model, we are able to capture a diversification cost
of having a relationship that is not explored by Heinle et al. (2018). Also, the way we model
exposure to the common factor is different because we are pursuing different research questions.
Our model is able to capture a situation in which an investor does not know whether two firms
have a relationship, while this is not possible in the previous literature on disclosure. In addition,

as stated previously, our paper endogenizes the firms’ decision to form a relationship instead of



taking it as exogenously given. Of course, our paper also shares a lot of similarities, e.g., prices
are affected by higher order moments of cash flow distribution and more disclosure does not
necessarily increase the cost of capital. However, our paper also differs from Heinle et al. (2018) in
this aspect, by showing that more precise disclosure does not unambiguously increase skewness
and decrease kurtosis. We believe this is due to our binary distribution of factor exposure being
not a symmetric distribution, as the normal distribution in Heinle et al. (2018). In addition, our
binary distribution provides us with a tractable framework to characterize the necessary and
sufficient conditions for more precise disclosure to decrease the cost of capital, thus allowing us
to answer the question of the real effects of more precise disclosure on relationship formation.?

A growing literature studies endogenous network formation, in which the aim of forming
such network could be acquiring information (Herskovic and Ramos (2018), Galeotti and Goyal
(2010)), or forming input-ouput relationships (Acemoglu and Azar (2017), Taschereau-Dumouchel
(2017), Lim (2018), Oberfield (2018), Tintelnot et al. (2018)).> In contrast to these papers, disclosure
policy is at the core of our analysis. Furthermore, our paper contributes to this literature by
showing that disclosure policies can affect customer-supplier relationships. More specifically,
mandatory disclosure may prevent such relationship formation in the first place.

Finally, our paper features relationship uncertainty, which connects our framework to a few
theoretical studies in the literature that have considered uncertain factor loadings in various
forms (e.g., Armstrong et al., 2013; Beyer and Smith, 2021; Huang et al., 2021) and a more recent
literature on disclosing algorithms (e.g., Brunnermeier et al. (2020), Sun (2021)). In these papers,
the random factor loadings or the statistical properties of algorithms are exogenous, while our

framework makes an effort to endogenize these random loadings via relationship formation.

2See Section 4 for more detailed discussions.
3See also Bernard and Moxnes (2018) and Carvalho and Tahbaz-Salehi (2018) for recent literature reviews on
production networks in international trade and macroeconomics, respectively.



3 Conceptual Framework

In this section, we build a framework to study the effects of uncertainty of a relationship between

two firms on asset prices.

3.1 Setup

Consider two symmetric firms: A and B. We normalize the number of shares of each firm to 1. The
cash flows of each firm have two components and are given by F W= ‘N/A +Aand F B = f/B +A.
The components V4 and Vj are firm-specific (and so mutually independent) and normally dis-
tributed with mean V and variance 62: V4 ~ N(V,02) and Vs ~ N(V,02). The component A
is common between the two firms and reflects the cash flow correlation driven by the relationship

between both firms. This second component is given by

A = po, with 6 ~ N (5, Jg) and p = pn with probability 7. (1)
pi  with probability 1 — m,
where p, > p; > 0 and § > 0. The random variables D, 5 , f/A, and f/B are mutually independent.

In this setup, a relationship between the two firms determines their payoff correlation through
two elements, j and 0. First, a relationship may turn out to be a high intensity match with pj,
or a low intensity match with p;. We refer to p as “matching intensity.” Second, given matching
intensity, if the two firms engage in intensive collaboration, say, collaborating across multiple
product lines, their payoff correlation tends to be strong. We interpret 4, or more specifically, its
mean 0, as “collaboration intensity.”

A special case of specification (1) is 7 = p; = 0, which implies that A = 0. This degenerate
setting corresponds to a benchmark setting with independent cash flows (no relationship between
the two firms). Another interesting but less specialized case is p; = 0 but 7 > 0. In this case, the
uncertainty about matching intensity p can be reinterpreted as uncertainty about the existence

of a relationship between firms: the market is ex ante uncertain about whether two firms are



related, but once the market becomes certain that there is a relationship between the two firms,
then it is known that the matching intensity of the two firms is py,.

There exists a representative investor, whose preference is —e’”W, where v > 0 is the absolute
risk aversion coefficient and W is the final wealth. The investor is initially endowed with W,
wealth and chooses the asset holdings that maximize her preference subject to the following

budget constraint

W = WoR + qa(Fa — RP,) + qs(F — RPg), (2)

where R is the exogenous risk-free interest rate, g4 and ¢p are the asset holdings of the risky
assets, and P4 and Pp are asset prices. In the following two subsections, we compute asset prices
when the matching intensity is known or random respectively.

As a final remark, we consider a two-firm setting as the main model, which can be literally
interpreted as two big firms in their respective industries. A two-firm setting is the simplest way
to model relationship among firms and is consistent with the Pepsi-Walmart example discussed
in the introduction. While it certainly raises the issue of whether the risk exposure due to the
relationship among two firms can be diversified away in a multiple-firm setting, we later in Sec-
tion 6 extend our analysis to N-firm settings and show that our results remain largely the same,
when relationship formation among N firms are modelled as a natural extension to that of the
two-firm setting. For now we focus on the two-firm setting to better illustrate the driving forces

and the underlying intuition of our results.

3.2 Asset Prices under Perfect Matching Information

We use superscript “PI” to denote the case in which the investor has perfect information about
the firms’ matching intensity p. That is, the representative investor knows the realization of p. In
this case, the common component of cash flows A follows a Normal distribution. The expectation

and variance of final wealth in equation (2) for any realization of p are given by

EW | p| = WoR + qa(V + p6 — RPY!) + qp(V + pd — RPET),
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and

VIW | gl = ¢i(oy + 7°03) + qi (o + 5°03) + 24485703

When the investor maximizes her expected utility subject to the budget constraint, her demand

for asset A is given by

T = (0f + p?03)(V + pd — RPYT) — p*03(V + 50 — RPg")
. W(of + p?03)? — (p°03)]

©)

Similarly, one can find the demand for asset B. The demand of one asset is affected by the demand
of the other asset. We can find the asset prices under perfect information by imposing the market-
clearing conditions g4 = 1 and g = 1. The price for asset j € {A, B} under perfect information
is given by

V—nqoy [ 0. 2}

PI~ ~ 5 ~2 ~
Piip)=—F—+tpP~p p-, for j € {A, B}. (4)

The first term of the price would be the price when p = A = 0, that is, when firms have no
relationship. The second and third terms convey the additional effects of relationships in prices.
Specifically, the second term captures the benefit of having a relationship, which is an additional
payoff factor. The third term, instead, captures the cost of forming a relationship: payoffs of both
assets are more risky and become correlated, making it more difficult for the investor to diversify
risk. The risk aversion parameter -y affects prices in two ways. First, the weight of the variance in
the price increases with risk aversion. Second, the risk aversion parameter also affects the weight
associated with the decrease in the investor’s ability to diversify when firms form a relationship.
Under both effects, prices decrease with risk aversion.

The next corollary characterizes how the features of a relationship influence asset prices under

perfect matching information. The proof is straightfoward and thus omitted.

Corollary 1. Asset prices under perfect matching information (i) increase in 8, the level of collab-
oration intensity; (ii) decrease in U?, the risk of the relationship; and (iii) increase in p, the level of

L o o~ 5
matching intensity, if and only if p < pr

11



Corollary 1 is intuitive. Prices will increase with the expected benefit of the relationship due
to its positive impact on the cash flow, decrease with the underlying risk of the relationship due
to its negative impact on the variance of the cash flow. Higher matching intensity increases
both the mean and the variance of the underlying cash flow and so it increases asset prices only
when the mean effect is sufficiently large. Since the mean effect increases linearly with p but
the variance effect increases quadratically with p (and thus increases faster), higher matching

intensity increases asset prices only when p is sufficiently small.

3.3 Asset Prices under Matching Uncertainty

Facing uncertainty about matching intensity, the representative investor has to compute her ex-
pected utility without knowing p. For a given realization of p, final wealth follows a normal dis-
tribution. If 5 = pp,, then W ~ N (uw (h), 03, (h)), while if 5 = p;, then W ~ N (uw (1), 02,(1)),
where py(s) and o,(s) for s € {I,h} are the expectation and variance of final wealth condi-

tional on p = p;, and are given by
pw(s) = EW | § = ps] = WoR + qa(V + ps6 — RPa) + qa(V + ps6 — RPg),

and

o (s) =VIW | p=ps| = ¢i(ov + plos) + ap(ov + pios) + 2qaqppio;.

However, before p is realized, final wealth does not follow a normal distribution and we cannot
apply standard results of the CARA-Normal framework. The distribution of final wealth is a
mixture of two normal distributions. To solve the portfolio choice, we need to calculate the

expected utility of final wealth by using the Law of Iterated Expectations, resulting in:

EU = E [E(— exp(—W) | ﬁ)}
= —Texp [—7 (Nw(h) - Vaa/(h))} — (1 —m)exp [—7 (MW(Z) - WU%V(Z))] - (5)

12



If we take the first-order conditions with respect to g4 and ¢ and plug the market-clearing
conditions g4 = 1 and gg = 1, we can compute prices for asset j € {A, B} as specified in the

following proposition:

Proposition 1 (Asset Prices under Matching Uncertainty). The price of asset j € { A, B} is given

by

V — ot
R
Tpne® RIS 4 (1 — W)Pl@QVQ”lQ"?”’Y”h‘s]

2 2 s 2 2 s
eV Pros+2vps (1— W)ethl o5 +27pno

)
R

2vo?

- ©

2 .2 2 5 2.2 2 KN
Wp%eh PROsT27P10 | (1 _ 7T)p12€27 pios+2vpnd
reX’Phoi+2yms | (1— 7T)€2’V2PLQU§+2’YP}LS

The asset price in this economy has three distinctive terms. The first term of the price would
be the price of the asset if there was no common element A in the cash flows, that is, firms A
and B would be independent of each other. The second term captures the benefit of having a
relationship, while the third term, instead, captures the cost of forming a relationship. Note that
both the benefit and the cost term come from expectations of utilities taken with respect to the
prior distribution of p, hence containing the exponential terms. In other words, we can rewrite

equation (6) as

[op " + pi (1 — 7)), (7)

where
2v%p} 03 +27vp18
ra e h”o
e = _ . (3)
2v2p2 02 +2vp; 6 2v2p2024+2vppd
eV PO 20 4_(1_7)6701 s 27pn

can be viewed as the risk-adjusted prior probability that p = p;, for an investor with CARA
utility and a portfolio of firms with correlated cash flows.
Note that when p, = p; = p, i.e.,, when there is no relationship uncertainty, we have the

standard result in a CARA-Normal setup that the price of the relationship part is equal to the

13



mean of cash flow minus the product of twice the risk-aversion coefficient (as there are two firms)
and the variance of cash flow (discounted by the risk-free rate), i.e., the price is only determined

by the first and second moment of cash flow,

V—ryot §  2v0?
p - V., =
g R "R_R
 V—nob N E[0]  2yvar[]
B R R R

When p;, # py, i.e., in the presence of relationship uncertainty, the price of the relationship
part is determined by the higher order moments of cash flow, as in Heinle et al. (2018). We can

write the price expression as

V—nop  EWbpl  2yvar(ss]

Py = 7R R R
o(n™ —m - 2 5
P TN Z ) B (gt — ) — (1~ )~ )%}
_ V—nqod | 9E[5] 2y
- T g RC, ©)
where

E[op] = d[pnm + pu(1 — )],

var(op] = oimp;, + (1 = m)pf] + *n (1 — ) (pr. — p1)?,

(7" —m)(pn — p1)
put + pi(1—m)

o=1+

and

C=o3[m"pp + (1 —7")pil.

As one can clearly see in the second line of equation (9), in addition to the usual mean and
variance term, P; is determined by the difference between 7" and 7, which clearly depends on
higher order moments, based on a Taylor series expansion argument of the exponential terms. In

the third line of equation (9), we compare our price expression to that of equation (3) in Lemma

14



1 of Heinle et al. (2018). Note that different from that in Heinle et al. (2018), ¢ is not necessarily
always bigger than 1 as it depends on the relative magnitude of 7™ and 7. We are able to show
that 77 > , and thus ¢ > 1 if and only if

)

2 < Ph + Pl
Y05

In other words, one need % to be sufficiently low relative to p for the prior mean to have an
amplifying effect on prices. Intuitively, when § is sufficiently low or o2 is sufficiently high, in-
vestors face more downside risk of the factor relative to the factor exposure. Uncertainty about
factor exposure therefore preserves the upside potential and amplifies the effect of prior mean
on prices. Note that this difference stems from the fact that the distribution of A in our setting is
not necessarily positively skewed but is positively skewed in Heinle et al. (2018) when the mean
of both components of the cash flow is positive.

Also different from Heinle et al. (2018), we can also show that it is not necessarily true that
¢ > var [gﬁ], that is, uncertainty about factor exposure also does not necessarily increase kurtosis,
which we conjecture is because our factor exposure distribution is not symmetric around the
mean, as in Heinle et al. (2018). When the factor exposure distribution is symmetric around
the mean, more uncertainty increases the probability of tail events occurring in both tails thus
amplifying kurtosis, which is not necessarily true if factor exposure distribution is highly skewed
to one tail. Please see the Appendix for more details of the statistical properties of A.

In contrast to the case with perfect matching information, asset prices under matching uncer-
tainty is generally ambiguous in J and % due to their ambiguous effects on higher order moments
of the cash flow distribution so we cannot make any general statements. We now examine the

firms’ optimal disclosure strategies of relationships.
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4 Voluntary Disclosure of Relationships

In this section, we study the optimal disclosure policy about matching intensity p. To capture
relationship disclosure, we assume that firms can commit to disclosing information about their
matching intensity p. Such assumption of ex-ante commitment of voluntarily disclosing informa-
tion is quite common in the literature (e.g., Diamond (1985)) and is consistent with the findings
of a large stream of empirical literature showing that firms can ex-ante commit to disclosing
with various information quality by, e.g., providing forecasts with different frequency and qual-
ity (e.g.,, Ajinkya et al. (2005), Karamanou and Vafeas (2005) and Baginski and Rakow (2012)).* In
principle, we can also model relationship disclosure as disclosing information about ¢ or about
A. We do not explore these alternatives in the current paper.

Before the realization of p, firms commit to a joint disclosure policy that will take place once
firms observe the realization of p. They will send a message 7 € {h,(} to indicate if they are in
the state with p;, or p;. Specifically, firms can choose the following probability o € [%, 1] at zero

cost:

Prim=1[p=py) = Prim=h|p=p)=1-o (10)

In the limit, when o = 1, firms provide perfect disclosure of the realization of p. Instead, when
a = 1/2, firms provide no information about the realization of 5. Any « in between will generate
only partial disclosure about the realization of p.

We augment the main conceptual framework to a setup with three stages. The timeline of the
augmented setup is described by Figure 1. At ¢t = 1, before the realization of p, firms can commit
to a disclosure policy a.. At ¢ = 2, firms observe p and provide a joint message m € {h, [} based
on the disclosure policy a. Att = 3, the investor updates her beliefs about the realization of p

based on the message received and the disclosure policy, decides her portfolio choice, and asset

*Section 8 discusses results when firms can choose to disclose relationships ex post.
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prices are determined in equilibrium.

t=1 t=2 t=3
Firms commit to a Firms observe the re- The investor updates
disclosure policy « alization of p and pro- beliefs, chooses her
vide a joint message portfolio, and prices
m € {h,l} based on are determined
policy «

Figure 1: Timeline with Voluntary Disclosure of Relationships

Firms will choose the disclosure policy o that minimizes their costs of capital (CoC hence-
forth) given by CoC; = E[F; — P for j = { A, B}. Since the decision on disclosure is made be-
fore firms observe the realization of p, minimizing the costs of capital is equivalent to maximizing
the expected price. Specifically, since E[F}] is a constant independent of a, then min, E[F; — P;]
is equivalent to max, E[P;|. The model is solved using backward induction. First, we solve for
the investor’s demands and asset prices. Second, we solve for the firms’ committed disclosure
policies that maximize the firms’ expected prices.

The investor’s problem is the same as that derived in Section 3 for the conceptual framework
with probabilities m and 1 —7 being updated based on the message received at ¢ = 2. Let us denote
7" = Pr(p = py | m = h)and 7' = Pr(p = py, | m = 1) as the probabilities of p = pj, that are
assigned by the investor after receiving the message m = h and m = [, respectively. Accordingly,
1 — 7" and 1 — 7! are the posterior probabilities of p = p; assigned by the investor after receiving

the message m = h and m = [, respectively. Following Bayes’ rule, these probabilities are given

by
. Prim=h|p=pu)Pr(p=pn) arm
m=Pr(p=pn|m="h) = Pr(m = h) Car+(I—a)(1—m)
 Pr— =) — Pr(m = lLi(;p:h);;r(p =pn) _ = Oé()lﬂ_:‘oz?l 3 (11)

There will be one asset price for 72 = h and another one for m = [. The expression of the

prices will be similar to the one in the conceptual framework in equation (6), but with adjusted
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probabilities 7™ for m € {h,l}. Hence, for any message m € {h,l}, the price P;(a;m) for

j € {A, B} is given by

V — o
C 0y _ |4
Pj(Oé, m) = T +
g ﬂ-mph€272p%0§+27pl8 _|_ (1 — Wm)ple272p%o-§+27ph5
+ = _ _
R 7Tm€2’72p20§+27p16 + (1 — 7Tm)6272p120§+2’7ph6

202
R

(12)

2.2 2 5 2.2 2 5
7Tmp]ZleQ'y pOs+2vp10 (1 7Tm>p1262'y 0] 06+2’yph6]
’

7Tm6272p’210§+27p15 —+ (1 — 7rm)62'72pl2‘7§+27ph5

where 7™ is the posterior probability after receiving message m given by equation (11). Using
the similar risk-adjusted probability formulation as in equation (7), we can rewrite the price ex-

pressions given disclosure as

~ V — 702 8 ram ram 2702 ram ram
Pyas) = L2 4 & (1 rom) = D% rrem e, (13

where
7Tm62’y2’0%0§ +2vp1 9

ﬂ-,ram = 2.2 -2 5 2.2 .2 s (14)
Tme2Y?PRos 2P0 | (1 _ 7Tm)ﬁm p;o5+2vpnd

is the risk-adjusted probability that p = p;, given disclose of m.
Given the asset prices for any «, firms will choose the joint optimal disclosure policy a*
that maximizes their expected asset prices. Since both firms are symmetric, we can focus on the

problem of one firm. The expected asset prices are given by

E[Pj(a;m)] = Pj(o;v = h)Pr(m = h) + Pj(a;m = 1) Pr(m = 1). (15)

The next corollary shows that an ex-post disclosure of higher relationship intensity is not nec-
essarily good news to the market, relative to the ex-ante price. Again, the proofis straightforward

and thus omitted.

Corollary 2. Disclosure of o = h (i = ) increases (decreases) prices if and only if X3 > 2(py, +

2
vo§
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p)-

Corollary 2 is similar to Proposition 1 of Heinle et al. (2018) in the sense that disclosure of high
relationship intensity is not necessarily good news to the market as the price may drop. High
relationship intensity increases the expected cash flow but also increases the underlying risk of
the expected cash flow. Therefore, high relationship intensity is good news if and only if the
benefit of the increase in expected cash flow dominates the underlying risk. Since m is binary,
the Bayesian updating is not linear. Therefore we are not able to follow Heinle et al. (2018) to
express the price as a simple expression. Due to this complication, we are not able to provide
analytical results on the comparative statics of both the ex-ante (i.e., before any disclosure) and
ex-post (i.e., after disclosure) prices. We provide some graphical illustrations instead. Figure 2
shows how the ex-ante price and the two ex-post prices (i.e., when m = h and m = [) change
with respect to § and o2, respectively, when disclosure quality (i.e., o) varies. While the general
trend is ambiguous, price increases with § for large values of § and decreases with o2 for large
values of o2. The parameter values are reported on top of the panels.

Given our focus is on the optimal disclosure policy, we now proceed to characterize it. With-
out loss of generality, we assume that if a firm is indifferent between any policy «, it will choose
full disclosure (&« = 1). The following proposition shows under which conditions firms will

choose to opt for a full disclosure policy or a non-disclosure policy.

Proposition 2. The optimal disclosure policy o = o* is a corner solution and given by

1 £ PhtpI 5
o = 29 kf P} < 270§ < Ph 4‘%%» (16)

1, otherwise.

22 < pntp

2vo§

Firms choose to commit to a non-disclosure policy a* = % if and only if ”’LT“" <
Otherwise, they commit to a full disclosure policy a* = 1. While the optimal disclosure policy is
a corner solution, it is not robust to slight perturbations of the model. For example, we can add a

disclosure cost that increases with «. In this case, the optimal solution will still be no disclosure
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Figure 2: Ex-Ante and Ex-Post Prices

X =05 X o =0625 X =075 X o =0875 X a=10
y=17=050=01p=1,3=01N=2 v=17=05d0=2p,=1p=01N=2
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Price
Price
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Ex-Post: High Ex-Post: High

Price
Price

i 2
o ag

Ex-Post: Low Ex-Post: Low
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1 2 3 1 5 0.0 0.1 0.2 0.3 0.4 0.5

2750(% < pn + p; but may be interior otherwise. We choose not to include a

if and only if ’”“Tﬂ” <
disclosure cost in our main setting as essentially we are comparing o* = 1 with o* = %, which
can be interpreted as more or less disclosure, while abstracting away from other factors that may
affect disclosure precision.” The conditions on o* = 1 versus a* = 1 being the equilibrium can
be used to derive predictions for when more disclosure is more likely, which we will discuss in
more detail in Section 10 regarding empirical implications.

To further understand the conditions in Proposition 2, we rewrite equation (15) using the

>Section 8.2 considers the case of a disclosure cost when firms can disclose ex post.
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risk-adjusted probabilities as follows:

vV — 70_2 ra ra 2’70’2 ra ra
= =5+ gl +p(l =7 = =2 op™" + pi (1 — ")} Pr(h)
V — ~o2 5 e a 2y02 ra ra
g gl (1= 7] = =2 g P (1= 7))} Pr()
R R R
V —~o2  GE[S 2
_ R’Y v éﬂ o _fyg (17)
where
b1+ (7r”d —7)(pn — p1)
prm + pi(1 —m)
and
¢ = o3[ + (1 — 7"y,
where

77 = 7t Pr(h) + 7" Pr(l),

and we replace Pr(m = i) with Pr(¢) for i € {h, [} to shorten the notation.
As in the analysis in Heinle et al. (2018), the marginal impact of a change in disclosure preci-

sion, «, on price is

OE[P;(a; m] 23
v J 4 = opl—— _2 —>
O« R< [ A] 8(1)
1 aﬂ,rad aﬂ.rad
= E[\(ph—pz) 9o 2705(/) ) 5 ) (18)
Skewr:egs term kurto:i: term

We find that the sign of a” ® s ambiguous. So, unlike Heinle et al. (2018) case, in our setting
more precise disclosure does not unambiguously increase the skewness or kurtosis terms. How-
ever, more precise disclosure always change the skewness or kurtosis term in the same direction,

therefore resulting in a tradeoff. We conjecture that the difference is due to that in Heinle et al.
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(2018), the distribution of factor exposure is normal and therefore symmetric with respect to the
mean whereas in our setting, the factor exposure is binary and can only be positive, resulting
in a truncated and therefore asymmetrical distribution with respect to the mean. In fact, we can
show that in the hypothetical case of T = l and p, = p = —p; > 0 (i.e., symmetric with respect

to the mean), we can sig

—1

« oh)

which will be consistent with the result in Heinle et al. (2018) that more precise disclosure

increases skewness but decreases kurtosis.

rad

When 2% > 0, more precise disclosure increases the skewness and the marginal impact
increases with d and p, — p;. Intuitively, the higher ¢ and the larger the difference between
pn — pi, the more skewed the distribution will be, and thus the larger the impact of the skewness

term. Whe

impact increases with 02 and p7 — p?. Intuitively, the larger the variation in 6 and p, the larger
the probability of tail risk, and thus the larger the impact of the kurtosis term. Therefore, when
§(pn — p1) > 2v02(p? — p?), or, equ1valently, o7 > 2(pn, + p1), the impact of the skewness term

dominates that of the kurtosis term.

We can show that B?T:d > 0 if and only if ¢2VPlo5+21m8 > 2°Po3+2900 o1 equivalently,
Yo7 > pp + pi. Note that 77%¢ can be viewed as the risk-adjusted probability that p = p;, occurs.
When 27 P75 +21008 > 027°2,03+29015 the risk-adjusted probability puts more weight (relative to
the Bayesian weight) on the probability that p = pj, occurs, resulting in full disclosure maximizing
the risk-adjusted probability that p = p; occurs. Intuitively, When 2 > pn + pi, the expected

factor value (relative to the risk) is so high that the investor faces less downside risk of the factor

relative to the factor exposure. Risk-adjusted probability then puts more weight on p = py,.

rad
[oe"

In summary, when %g > 2(pn + p), &
skewness term and the kurtosis term but the effect on the skewness term dominates, resulting
in perfect disclosure maximizing the price; when 756 (pn + p1), 2 < 0 and more disclo-
sure decreases both the skewness term and the kurtosis term but the effect on the kurtosis term

dominates (is more negative), again resulting in perfect disclosure maximizing the price; when
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(pn+p) < %;? < 2(pn+pm), %—a > () and more disclosure increases both the skewness term and
the kurtosis term but the effect on the kurtosis term dominates, resulting in no disclosure maxi-
mizing the price. Similar to Heinle et al. (2018), more disclosure does not necessarily decrease the
cost of capital because its effect on the higher order moments terms are not unambiguously price-
increasing. Different from Heinle et al. (2018), the asymmetric binary distribution in our setting
results in more disclosure not having an unambigously positive effect on skewness and negative
effect on kurtosis. Perhaps more importantly, the binary structure provides us the tractability to
be able to characterize the necessary and sufficient conditions for disclosure to increase the cost
of capital, which is useful in our subsequent analysis of when firms choose to form relationship
in the first place.

From a general intuition perspective, note that when the collaboration intensity ¢ of having
a relationship is very high relative to the collaboration risk o2, the firm is more likely to get a
high cash flow from having the relationship. Firms therefore want to disclose to let the investor
be aware of the high expected benefit of the relationship. When the collaboration intensity is
sufficiently low, the investor is more concerned about the increased expected diversification cost,
in particular when the matching intensity is high, i.e., p = pj,, therefore putting more weight on
this scenario in the absence of disclosure (in other words, the risk-neutral probability of p = pj,
becomes smaller). Firms then have an incentive to disclose to let the investor be aware when p
is low. When the collaboration intensity is at intermediate levels relative to the cost of forming
a relationship, the investor is not much concerned about the increased diversification cost, in
particular when the matching intensity is high, i.e., p = pj,, therefore putting less weight on this
scenario in the absence of disclosure. Firms then have an incentive to not disclose to prevent
the investor from being aware of the possible scenario that p is high. Thus, full disclosure of a
relationship is not always optimal when the objective is to maximize the expected asset price of
the firm (or equivalently, to minimize the cost of capital). The following corollary provides the

asset prices under non-disclosure and full disclosure.
Corollary 3. The price of asset j € {A, B} when the optimal policy is non-disclosure (a* = %) is
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Figure 3: Timeline with Relationship Formation and Voluntary Relation Disclosure
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given by equation (6). Instead, when the optimal policy is full disclosure (a* = 1), asset prices are

given by equation (4) and the expected asset price is given by

5 2
2t (1= mp) = 2w+ (L= m)h). (19)

5 Relationship Formation

In this section, we study the real effects of relationship disclosure, that is, how disclosing rela-
tionship affects firms’ choices to form relationships in the first place. We augment the conceptual
framework with disclosure from the previous section to a setting with four stages. The timeline
of the economy is now given by Figure 3. At ¢ = 0, firms choose whether to form a relationship.
Att = 1, before the realization of p, firms can commit to a disclosure policy a. Att = 2, firms
observe p and provide a joint message . € {h, [} based on the disclosure policy . Att = 3,
the investor updates her beliefs about the realization of p based on the message received and the
disclosure policy, and decides her portfolio choice, and prices are determined in equilibrium.

As in the previous section, firms’ objectives are to maximize expected prices. That is, a firm
will choose to form a relationship if and only if the expected price of the firm when forming
a relationship is higher than the expected price of the firm under no relationship, taking into
account the strategic actions of the other firm. Without loss of generality, we assume that if a
firm is indifferent between forming or not forming a relationship, the firm will choose not to form

a relationship.
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If firms choose not to have a relationship, then the cash flows of each firm have only one
component and are given by Fy = V, and Fiz = Vj, which corresponds to the degenerate case
of m = p; = 0 in Section 3. We use superscript “N” to denote the case in which the two firms
have not formed a relationship. Taking prices as given, demand for asset j € { A, B} is standard
in a CARA-Normal framework and given by

N_V—RPJN.

q; = (20)
J ,}/0‘2/

The demand of the investor for asset j is independent of the demand for the other asset in the
economy. The demand depends positively on the expected excess returns and negatively on the
variance of the asset and the risk aversion of the investor. We can compute prices using the
market-clearing conditions: g4 = 1 and gp = 1. The prices of the two firms are the same and

given by )

PN = V_Tj“%, (21)
for j € {A, B}. The price is the present discounted value of expected payoffs adjusted for the
risk associated with holding the asset.

If firms choose to have a relationship, then cash flows have two components [y = V, + A
and Fz = Vg + A as in the conceptual framework in Section 3. The second component A is
given by equation (1) and the price for firm j € {A, B} is given by (12). Firms will compare the
expected price (15) of forming a relationship under the optimal disclosure policy o* from equation
(16) with the price (21) under no relationship, taking into account the choice of the other firm.
The payoff matrix is given by Figure 4 and the definition of the equilibrium of this game and the

definitions of a relationship equilibrium, a no-relationship equilibrium, and a Pareto-dominant

equilibrium are presented below.

Definition 1. An equilibrium consists of (i) prices when there is no relationship P} and Pj that
satisfy the market-clearing conditions and are given by (21); (ii) prices when there is a relationship

P4s(a;m) and Pg(ca, m) that satisfy the market-clearing conditions and are given by (12); (iii) a
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Figure 4: Payoffs under Relationship Formation

Firm B
Relation No Relation
Firm A Relation | E[Pa(a*;m)], E[Pg(a*;m)] | PY,P§
No Relation Py, Py Py, PY

disclosure policy o that maximizes (15) and is given by (16); and (iv) the firms’ decisions to form a

relationship that form a Nash equilibrium in Pure Strategies of the game in Figure 4.

Definition 2. (i) A relationship equilibrium is an equilibrium in which both firms A and B choose
to form a relationship. (ii) A no-relationship equilibrium is an equilibrium in which at least one of
the firms A or B chooses not to form a relationship. (iii) An equilibrium is Pareto-dominant if it has

the highest expected price across all equilibria.

5.1 Equilibrium Characterization

The following Lemma shows that there always exists an equilibrium with no relationship.
Lemma 1. A no-relationship equilibrium always exists.

Intuitively, since a relationship is formed only when both firms choose to do so, no firm has
any incentive to deviate from a no-relationship equilibrium as there is no benefit from a unilateral
deviation. For the purpose of this paper, we will focus on the Pareto-dominant equilibrium. As
mentioned above, a Pareto-dominant equilibrium is the equilibrium with the highest expected
price.® There will be a Pareto-dominant equilibrium with a relationship when E[P;(a*;m)] >
PY. The next proposition characterizes the conditions for the existence of a Pareto-dominant

relationship equilibrium.

Proposition 3. There exists a Pareto-dominant relationship equilibrium in which firms will form a

relationship wi -di *—1)i e 5 s TR +(1-m)p  pitpn
ionship with full-disclosure (a* = 1) if and only 1f2w§ > (pi+pn) or F07 € <7rph+(1—7r)pl’ ton),

with the latter possible if and only if mp, < (1 — 7)p;. There exists a Pareto-dominant relationship

%In Section 9 we discuss the relation between Pareto-dominance and social welfare.
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Figure 5: Pareto-Dominant Equilibrium with Relationship Formation
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Proposition 3 states that firms will form relationship if and only if % is sufficiently large,
that is, when the benefit of increased collaboration intensity from relationship formation is suf-
ficiently larger than the cost of increased colloboration risk. The rest of the conditions comes
from that in Proposition 2 regarding when the optimal disclosure policy is full disclosure versus
non-disclosure. Figure 5 shows the parameter range for which a Pareto-dominant relationship
equilibrium exists. There are six parameters involved, that is, 7, 7y, pp, pi, 5, and Jg. In the figure,

we assume 7 = 1 and m = 0.5, choose several values for p, and p;, and show equilibria with
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relationship formation when we vary 6 and o2. We observe that equilibria with relationship for-
mation can be Pareto-dominant under both a disclosure and a non-disclosure policy. Intuitively,
when the collaboration intensity d of forming a relationship is high relative to the collaboration
risk 02, a Pareto-dominant relationship equilibrium exists. When the collaboration intensity is
very high relative to the collaboration risk of forming a relationship, firms choose to commit to
disclosing the nature of their relationship, as the benefit of disclosure exceeds the cost. When the
expected collaboration intensity is at intermediate levels relative to the collaboration risk of form-
ing a relationship, firms prefer to commit to a non-disclosure regime, as investors are (relatively)
less concerned about the increase in diversification cost (relative to when the collaboration in-
tensity is sufficiently low relative to the collaboration risk) and put more weight on the scenario
when p is low in the absence of disclosure. Therefore, firms choose not to disclose. However,
firms would still prefer to form a relationship as the expected benefit of forming a relationship
still dominates the cost of increased diversification cost. Finally, we observe that when the ex-
pected collaboration intensity of forming relationship is low relative to the collaboration risk of

increased diversification cost, there is a unique equilibrium where no relationship is formed.

5.2 Mandatory Disclosure

In this subsection, we study the implications of regulations mandating relationship disclosure,
such as Regulation SFAS No. 131 under which firms must disclose their major operating seg-
ments and the existence of major customers. The next proposition shows that the introduction of
mandatory disclosure (&« = 1) may lead to destruction of previously formed relationship under

. 1
non-disclosure (o = 3).

Proposition 4. Mandatory disclosure may destroy relationship formation. Specifically, for any firm

j € {A, B}, E[Pj(a = 3;m)] > P > E[P;j(a = 1;7m)] if and only if

[t mgpAo el 4 (w4 (1= m)ef
2 ;ppe? PRI 4 (1 — 1) e el t20ens 202 wpn+ (L—7)p
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which requires wp;, > (1 — m)p;. Mandatory disclosure will not destroy relationship formation when

TPy +(1=m)p}
mpp+(1—m)p;

5
270?

5 TP +(1=m)p}
2y032 mpp+(1-7)p

. In particular, when € ( , Pn + p1), mandatory disclosure will

force firms to disclose but will keep relationship formation intact.

When the parameter condition in the above proposition is satisfied, moving from a non-
disclosure regime (o = %) to a disclosure regime (v = 1) would break relationships previously
formed. Intuitively, when the benefit of disclosure relative to the cost is in the intermediate re-
gion, firms would optimally form a relationship but not disclose, because E[P;(a = 3;1m)] > PV,
as the benefit of forming a relationship is still sufficiently large. However, once regulation forc-
ing disclosure is introduced, then forming relationships would be suboptimal because P]-N >

E[Pj(a = 1;m)], that is, forcing firms to disclose results in firms not establishing relationship in

the first place.
Figure 6: Mandatory Disclosure and Destruction of Relationships
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Figure 6 shows the parameter range for which forcing disclosure destroys the formation of
relationships. In the figure, we assume v = 1 and 7 = 0.5, choose several values for p;, and
p1, and show relationship formation destruction when we vary parameters ¢ and o2. For most
combinations of p;, and p;, there exists a region for which relationships are formed only under
the non-disclosure policy when ¢ relative to o2 is in an intermediate range. Thus, when the
collaboration intensity of forming a relationship is at some intermediate level relative to the
collaboration risk, mandatory disclosure may destroy relationship formation and will affect the

extensive margin of a relationship between two firms.

6 N-Firm Extensions

In the main setting we focus on disclosure of the relationship in a two-firm setting. This naturally
raises the concern regarding whether the results hold more generally in a N-firm setting. In this
section we extend our analysis to N firms and show that our results hold qualitatively, when the
relationship formation among N firms are properly modelled.

Clearly, when N gets large, if relationship formation is only among a subset of firms, the
diversification cost would approach zero as N goes to infinity, unless we assume that for some
reason the idiosyncratic risk is priced (e.g., segmented markets). Therefore, we need to model
relationship formation as firms forming a relationship network across many firms, and there are
numerous ways to model such a systematic relationship network. To preserve tractability we con-
sider two approaches to modelling systematic relationship formation. Under the first approach,
we compare the case when none of the firms forms relationship versus the case when all N firms
move together and form relationship with each other. This approach shares a similar spirit to the
prior literature on strategic network formation (e.g., Goyal and Vega-Redondo (2007)). Under the
second approach, we assume that N-1 firms have already formed relationship with each other
(i.e., the N-1 firms have a common component with each other) and examine whether the Nth

firm (the new joiner) would want to form relationship with the existing N-1 firms or not (i.e.,
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forming bilateral relationships). In both approaches, the relationship modelled in the N-firm set-
ting can be understood as the notion of “coalition” in economic theory, which requires mutual
benefit for all parties for equilibrium coalition formation, i.e., if any party does not agree then
relationship cannot be formed (see,e.g., page 247 of the survey paper by Ray and Vohra (2015)).
For simplicity we only list the main results and discuss the main intuitions and relegate the rest

of the algebraic details to a separate online appendix.

6.1 All N Firms Moving Together

There are N firms, indexed by i € {1,2,..., N}. Each firm’s cash flow is characterized by F;, =
Vi + A, where V; ~ N (V,0%) is the firm-specific cash flow component, and A = 6 is the
common component if all firms end up with a relationship. As in the two-firm case, § ~ N (d, o?)
and p = pj, with probability 7 and p; with probability (1 —7). We again assume that Vi,...,Vn, 0

are jointly normal and independent of p.

6.1.1 Relationship Disclosure

We first show that the conditions for firms to disclose relationship is qualitatively the same as

Proposition 2, i.e., firms will not disclose if and only if % is in the middle.
13

Proposition 5. The optimal disclosure policy o = o is a corner solution and is given by

1 srpntp 5
1ifede < < pn+p,

1, otherwise.

Note that Proposition 2 can be seen as a special case of Proposition 5 with N = 2. Intuitively,
while the presence of more firms increases the expected cash flow, it also increases the diversifi-
cation cost. Since diversification cost increases at a faster rate (~ N?) than that of the increase
in expected cash flow (~ N), firms find it more costly to not disclose as N increases, resulting in

no disclosure less likely to be an equilibrium.
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6.1.2 Relationship Formation

We now consider the conditions when firms would form relationships, given their subsequent
disclosure strategies. The next Proposition shows that, in this case, the conditions for forming

relationship are again qualitatively the same as that in the two-firm case.

Proposition 6. There exists a Pareto-dominant relationship equilibrium in which firms will form a

relationship with full disclosure (o* = 1) if and only lf%% > (pi+pn) or ijag € (:ﬁig:gi, pl;ph )

with the latter possible if and only if mp, < (1 — 7)p;. There exists a Pareto-dominant relationship

equilibrium in which firms will form a relationship with non-disclosure (" = %) if and only if

2 2
= 2 X p2N2624yNp§ 2 L p?N2624yNpp,3
5 mpie 2 Ph 5 4 (1—m)p?e 2 Pl 5 h + .
> € (max(~— l -, PESPR) pr - pr), with

N~o 22 2 N242 5 12 2N2,2
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2 2 5
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Again, Proposition 3 can be seen as a special case of Proposition 6 when /N = 2 and our gen-
eral intuition is retained. In particular, it is straightforward from Proposition 3 that mandatory
relationship disclosure will destroy relationship formation in the first place when the collabora-
tion intensity of the relationship relative to the collaboration risk is in the intermediate region,

ie., if

Pn + ,OZ ;. 2 V0N pr+% PhN20§ + (1 — )p e YONpr+7% pl 2N202

max(
WPhGWSN”’J“ AR +(1- )Plewszth 7 PEN?03
4 oy + (L —m)p;

< < .
YNo} = mpp+ (1 —7)p,

As in the two-firm case, mandatory disclosure will not destroy relationship formation when

é th+(1 )
2y03 mprp+(1-m)p;

i (o

e i P T p1), mandatory disclosure will

. In particular, when ;
force firms to disclose but will keep relationship formation intact. Figures 7 and 8, corresponding
to Figures 5 and 6 in the two-firm setting, illustrate the equilibrium relationship formation and

when mandatory disclosure destroys relationship formation in the N-firm network setting.
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Figure 7: Pareto-Dominant Equilibrium with Relationship Formation in the N-Firm Network
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6.2 N-1Firms already Forming Relationship

We now consider the second approach to modeling a systematic relationship network, under
which N-1 firms have already formed relationship with each other and the Nth firm is considering
whether to form relationships with the N-1 firms. For the N-1 existing firms, the cash flows are
F, =V + Zje_[ﬁgij, where —I denotes {1,...,N}\ {i}, V; ~ (V,02),i = 1,...,N, and
Sij ~ (8,0%),1 < i < j < N. Again, we first establish the conditions for firms to disclose
relationship when such relationship exists, followed by the conditions for firms to form such

relationships, with or without disclosure.
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Figure 8: Mandatory Disclosure and Destruction of Relationships in the N-Firm Network
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6.2.1 Relationship Disclosure

We first show that the conditions for firms to disclose relationship are identical to Proposition 2.

Proposition 7. The optimal disclosure policy o = o* is a corner solution and is given by

1 5
5> l’ph+pl<70 <2ph+pl,
o = 2 7% ( ) (23)

1, otherwise.
To understand the intuition regarding why the conditions in Proposition 7 is the same as
that in Proposition 2, note that from either the perspective of the new joiner (the Nth firm) or
any of the existing firms (the rest N-1 firms), they are choosing between the price when two

firms collaborate and the no-collaboration price, which is essentially a bilateral problem as in the
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situation characterized by Proposition 2.

6.2.2 Relationship Formation

The conditions regarding when the relationship would be formed differ depending on whether we
are looking at the new joiner or the existing firms, as the two types of firms are asymmetric before
relationship formation. The conditions when the relationship would be formed would thus be the
intersection of the two conditions. We summarize the main conclusions in the next Proposition

and relegate all the technical details to the appendix.

Proposition 8. There exists a Pareto-dominant relationship equilibrium in which relationships are

formed between the existing firms and the new joiner with full disclosure (o = 1) if and only if

5
o2

mpp+(1=m)p}
wpp+(1—m)p;

% > pr4pror 5o € ( , EEE) with the latter possible if and only if mpy, < (1—m)p;.

There exists a Pareto-dominant relationship equilibrium in which relationships are formed between

the existing firms and the new joiner with non-disclosure (o* = %) if and only if

5
270§ €
5 2,2 2 5 2,2 2
(N_1) ﬂp%E’Y(éN(N—l)Pl)Jr’Y (P,LN(N—I)U(;)+(1_7r)p126’y(6N(N—1)P}L)+’Y (P N(N—-1)o3) (N2 (L))
X ONN=D )+ 2 (FNN-102) (| AGN(N=Dpp)+ 2 (NN -1)7) Ph Pi
(max( AONN-Dp 22 N(N-1)03) 1 AON(N-Dpp) 72 (2 N(N-1)o3) )
[(N-1) | TRe u e : = | ~(N=2)(mpn+(1-m)p1)]
2N ONN Do)+ 2 EN(N-D)0F) | AGN(N=1)pp) +72 (5 N(N-1)0F)
@), p1 + pr). A necessary condition for
SN(N—1 2(p2 N(N=1)c2 SN(N—1 2(p2N(N—-1)02
(N-1 "P%J(f ( )P+ (pp, N( )5)+<1,,r)plze:v( ( YPp) 77 (py N( o) (N—2)(mp? (1))
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that 7w p,e? ONN=Dp)+? GENIN-173) < (1 — 1) 7 ONN=1)pn) +72(pf N(N=1)o5)

Again, we see that the insights from the two-firm setting extends qualitatively here. In partic-
ular, mandatory relationship disclosure destroys relationship formation in the first place between

the existing firms and the new joiner when the collaboration intensity of the relationship relative
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to the collaboration risk is in the intermediate region, i.e., when

— 2 — 2
NNt G ANN-13 | (1 1) 23 N(N=Dpnct T pN(N—1)o3

(Ph +p Tp;,

max 3 — 2 - 2
NN =D F ANN-10F | (1 1) 5BV (N =Dt 5 2N (N-1)e

)

) <7rpi+(1—7r)p?
YNo? = wpn+(1—m)p’

<

Note that the condition for mandatory relationship formation to destroy relationship forma-
tion in the first place is less likely to be satisfied when N gets larger. Intuitively, for the existing
firms who already form relationship with N-1 firms, forming relationship with another firm with
independent cash flows increases diversification and thus reduces the diversification cost, as N
gets larger. Therefore, the firm is more likely to voluntarily disclose relationship formation and
mandatory disclosure is less likely to destroy such formation.

Figure 9 illustrate how mandatory disclosure destroys relationship, with the parameter values
reported on top of the panels. Again, such relationship destruction happens when the collabora-

tion intensity relative to the collaboration risk is in the intermediate region. As in the two-firm

mpp+(1=m)p}
mppt+(1—m)p

case, mandatory disclosure will not destroy relationship formation when 27502 > In
é

[
270?

mpi+(1—m)p?
mpp+(1—m)p

particular, when € ( , Pn + 1), mandatory disclosure will force firms to disclose

but will keep relationship formation intact.

7 Introducing Correlation between Firm-Specific Cash Flows
and Cash Flows from Relationship Formation

So far in our analysis we assume that the firm-specific cash flow component before forming a
particular relationship, V;, and the cash flow component coming from that particular relationship
formation, A, are mutually independent. In reality, it is quite plausible that those cash flow
components can be correlated. For example, suppose a cloud service provider has several big
retailers as customers. Then, securing another retailer as an additional customer may result in the

existing cash flow from the cloud service provider being even more positively correlated with the
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Figure 9: Mandatory Disclosure and Destruction of Relationships For the New Joiner and Existing
Firms
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cash flow from the additional retailer customer and thus the diversification cost becoming even
bigger, whereas securing a luxury goods retailer may result in the cash flows being negatively
correlated, to the extent that luxury goods consumption is relatively recession-proof.

In this section we build on the N-firm setting from Section 6 and introduce correlation be-
tween f/z and a component of A, . Denote Cov(f/i, 5) =0y, and let C = Zf\il 0s;. Again we first
look at optimal relationship disclosure, when such relationship exists, and then examine optimal

relationship formation.

7.1 Relationship Disclosure

The results on releationship disclosure are summarized in the following Proposition:
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Proposition 9. The optimal disclosure policy is

1, if 6 is between Cy + N~yo2(p, + p1) + Nvos; and Cy + Ty02(pn + o),
1, otherwise.

Proposition 9 shows that the results are largely in line with that in the main setting: the
relationship increases the expected cash flow but also increases the diversification cost due to the
common component of the cash flow. The introduction of correlation between \N/Z and g, however,

also generates some subtle differences in our results.

If the correlation is positive, then o5; > 0 and C' > 0, we have NLU? + % + pn+p >

+Pz

NU and so our results are largely consistent with the previous section, namely that a
firm will choose to make relationship disclosure if and only if >— Noyo? is sufficiently large or small.
Intuitively, the driving forces with positive correlation are similar to that in our main setting:
relationship disclosure increases the expected cash flow due to the collaboration intensity but
also exacerbates the diversification cost due to the collaboration risk, even more so due to the
positive correlation. Therefore, the range of no disclosure actually increases.

If the correlation is negative, then o5; < 0 and C' < 0. In this case relationship disclosure

actually reduces the diversification cost due to a reduction of the collaboration risk, resulting in

C
Nag

the firm more likely to disclose. In the extreme case when is sufficiently negative relative to
pr+ pi so that both = —|— enthl ”p L and 02 +=4 ‘” —|— pr+ pi are negative, we will have o* always equal
to 1. In this case, the negative correlation is so large as to dominate the increase in diversification

cost due to the common component A (which is determined by p;, and p;). Therefore relationship

disclosure only has benefits and the firm will therefore always disclose.
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7.2 Relationship Formation

In the Online Appendix we show that mandatory disclosure destroys relationship if and only if

(mph + (L =m)pf) (6= Cy = Nyoy)
(mpn + (1 = 7)p1) N~y

2v(QCN +N2p2 2) 2-<2CN 4+ N2 202)
- v 73 PO - ¥ Pl pjos
<7TpieN6'Ypl+ 3 + pl2 . (1 — ﬂ-) 6N67PIL+ D) )

2-(20Nph+N2p%U§) 72-<QCNpZ+N2p120§))

>
_ ¥ _

Again, the results are largely in line with that in the main setting. Positive correlation be-
tween V; and 4 results in the firm less likely to form a relationship as diversification cost from
the common relationship increases even more, whereas negative correlation results in the firm
more likely to form a relationship, and there will be circumstances when mandatory relationship
destroys disclosure formation in the first place, so long as C' and oy; is not too negative.

Due to the complexities of the expressions, we resort to numerical examples to illustrate our
results. Figure 10 shows the equilibrium relationship formation and when mandatory disclosure
destroys relationship formation. For a broad range of parameter values, we can see that manda-
tory disclosure destroys relationship formation when the collaboration intensity of relationship
formation relative to the collaboration risk (after properly accounting for the correlation between
V; and ) is in the intermediate region, in line with our previous findings. We also see that when
C becomes more negative, the region that mandatory disclosure destroys relationship formation

shrinks and does not exist when C' is very negative, consistent with our discussions.

8 Ex-Post Disclosure

In our main setting we focus on firms committing ex-ante to a disclosure strategy. While this
is in line with some of the literature (e.g., Diamond (1985)) and can be justified on the ground
that voluntary disclosure ex post is not credible, it is hard to argue that voluntary relationship

disclosures are not credible, as it is hard to imagine that a firm could blatantly lie about whether
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Figure 10: Mandatory Disclosure and Destruction of Relationships in the Correlation Model
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it has a contractual relationship with another firm. Therefore in this section we study a setting in
which firms can choose whether to disclose ex-post, i.e., after observing the realization of p. We
first show, not surprisingly, that without any disclosure friction, full disclosure is always optimal.
We then add a disclosure cost friction and illustrate when there is an interior optimal disclosure

precision «.

8.1 No Disclosure Cost

We first show that full disclosure is always fully revealing without any disclosure friction.

Proposition 10. The optimal ex-post disclosure is fully revealing. Specifically, firms observing p =

pr wants to disclose and firms observing p = p; is indifferent between disclosing and not disclosing
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if and only lf% > pn + pi; firms observing p = p; wants to disclose and firms observing p = py,
6

is indifferent between disclosing and not disclosing if and only lf%{jg < pn + pr.

Proposition 10 follows from the literature on ex-post disclosure (Grossman (1981), Milgrom
(1981)): without any disclosure frictions, those with good news will disclose and those with bad
news will not but will be inferred as having bad news. To obtain an interior optimal disclosure

precision, we need to introduce some disclosure friction, which we do next.

8.2 Costly Ex-Post Disclosure

We now introduce disclosure cost in the spirit of Jovanovic (1982) and Verrecchia (1983). Differ-
ent from the assumption of a constant disclosure cost, we assume that firms can disclose with
precision v with a cost that is increasing and convex in the precision. Specifically, we assume a
cost form of C(a) = K (2a — 1)" x RE[P;j(a;m)], K > 0,n > 2 so firms choose a € [3,1] to
maximize P(a) = (1 — K(2a — 1)) x RE[P;(a;m)]. We focus on the case of +°— N2 > Pht P
i.e, firms observing p = p; will not disclose and firms observing p = pj, may choose to disclose or
not, as the reverse case is qualitatively the same. We are able to characterize conditions regarding
the price function for an interior maximum, as illustrated in the next proposition and corollary.
However, given the complexity of the price expression, we are not able to solve the problem in

closed form and so rely on numerical examples to illustrate.

) >

Proposition 11. The following are sufficient conditions for an interior optimal ov: Price”(a = 3

0 and Price(1) < Price(3), where Price”(.) is the second order derviative of the price function.

Corollary 4. Given E[P;(c; )], then the costly disclosure price Price(«) will have an interior

maximum if:

P (L] BQE[P-(Q;M)]‘

. EPJ‘ a=3; da2 a= 2

1 E[P;(a=1;m)] < K < —[Pj(ozfé ) andn = 2
1.

1-— [P(aﬁ )]<Kandn23.

E[P;(a=1;m)]
If we assume § > yN ag (pr + p1), and n > 3, then K =1 will always satisfy the conditions in

Corollary 4 and ensure an interior maximum, as we now graphically illustrate. Figure 11 graphi-
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cally illustrates the price as a function of disclosure quality for various parameter combinations.
As can be seen from the figure, when there is no disclosure cost (X = 0) or when marginal
disclosure cost is sufficiently small, full disclosure is optimal as price increases with disclosure

quality. When K becomes larger, then there will be an interior optimal degree of disclosure.

Figure 11: Price As a Function of Disclosure Quality in the Costly Ex Post Disclosure Setting
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Figure 12 provides numerical examples for the optimal ex-post disclosure quality as a func-
tion of various exogenous parameters. One can see that the optimal disclosure quality generally

decreases with 02, i.e. the firm is less likely to disclose if the relationship becomes riskier.

9 Welfare Analysis of Mandatory Relationship Disclosure

So far we have been focusing on how relationship disclosure affects the cost of capital or as-

set prices. However, in a setting with real decisions that affect cash flows, asset prices are not
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Figure 12: Comparative Statics of Optimal Disclosure Quality
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equivalent to measures of investors’ welfare (e.g., (Gao, 2010)). In addition, in the main setting
we focus on the cost of relationship disclosure in affecting firm price, without considering the
potential benefit of relationship disclosure in reducing uncertainty faced by risk-averse investors
and a potential increase in investors’ welfare. In this section we use the setting in Section 6.1 to
study whether mandatory disclosure regulation increases or decreases investor welfare, i.e., the
expected utility, as this setting is a generalization of our main setting of two firms. When firms
choose to voluntarily disclose relationship, such regulation clearly does not affect welfare, so
the interesting question is how such regulation affects welfare when firms voluntarily choose to
not disclose relationship. The following proposition shows that mandatory disclosure regulation
increases investor welfare when such disclosure does not result in destruction of relationship for-

mation but decreases investor welfare when such disclosure results in destruction of relationship
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formation.

Proposition 12. Mandatory disclosure makes the investor strictly better off when firms are forced
to disclose relationship without destroying the underlying relationship formation and makes the in-

vestor strictly worse off when relationship formation is destroyed.

Intuitively, Proposition 12 states that mandatory relationship disclosure has welfare benefits
if firms are still forming the relationship, as such disclosure reduces the prices that the investor
pays for (which is why firms choose not to disclose in the first place). However, when mandatory
relationship disclosure destroys relationship formation, the reduction in expected cash flow due
to firms not forming relationship more than offsets the price reduction benefit to the investor.
In other words, mandating relationship disclosure is beneficial if such disclosure does not have
adverse real effects.

Figure 13 graphically illustrates when mandatory disclosure increases and decreases investor

welfare, for various parameter combinations. When # is in the intermediate range, mandatory
&

o

Nro? becomes

disclosure reduces investor welfare by destroying relationship formation. When
higher, mandatory disclosure increases investor welfare by forcing firms to disclose but does not

3

> becomes even higher, firms will voluntarily disclose
N~og

destroy relationship formation. When

relationship so mandatory disclosure has no effect.

10 Empirical and Regulatory Implications

Our results provide several implications related to disclosure of relationships among firms. First,
Corollaries 1 and 2 and the numerical examples offer some predictions on price responses to
relationship disclosure. We show that price response to relationship disclosure will be lower if
the relationship is riskier, and will be higher if the expected levels of matching intensity and
collaboration intensity are higher. To the extent that expected levels of matching intensity and
collaboration intensity are more important for small firms’ cash flows, the price response will be

higher in magnitude for smaller firms relative to larger firms in the relationship. Interestingly,
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Figure 13: Effect of Mandatory Disclosure on Investor Welfare
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Corollary 2 also suggests that disclosure of a more intensive relationship (than expected) may
not necessarily generate a positive price response, if the relationship turns out to be very risky
relative to the expected benefits.

Second, we show that relationship disclosure increases the perceived risk of firms due to
a decrease in diversification benefit, which may result in lower ex-ante prices. Therefore, we
predict that firms making relationship disclosure are more risky than firms that do not make
such disclosure, which can be empirically proxied by, e.g., return volatility or beta.

Third, we show that firms that choose to voluntarily disclose relationship have either high or
low expected benefits from such relationship. To the extent that the benefits from relationship
translate into higher future earnings and cash flows, our results imply that in the pre-SFAS 131
regime when relationship disclosures are voluntary, firms that choose to disclose relationship

would have either high or low future expected earnings and cash flows from operations whereas
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firms that choose not to disclose such relationship will have intermediate future expected earn-
ings and cash flows.

Fourth, our analysis of N-firm settings in Figure 7 shows that the more firms form relationship
with each other (i.e., a strategic alliance network), the less likely firms will voluntarily disclose
about such relationship, as the range when no disclosure is optimal is increasing in N. While
this result seems counterintuitive, it also suggests that conditional on firms disclosing about a
strategic alliance network, the average benefit to each firm would be larger, relative to the increase
in risk, the larger the network is.

Fifth, our analysis of the setting with correlation between V; and ¢ in Section 7 suggests that
the firm is more likely to make relationship disclosure if the correlation of the cash flow generated
between the new relationship and existing relationships is more negative (or less likely to be
positive). Therefore, conditional on firm disclosing a new customer relationship, such relationship
should generate higher expected future cash flows if the customer is more correlated with the
firms’ existing customers, which can be proxied by, e.g., correlation of stock returns, correlation
of past earnings.

Sixth, our analysis of the setting of ex post disclosure in Section 8 suggest that firms are more
likely to disclose that matching intensity is high if the expected future benefit is sufficiently high
and are more likely to disclose that matching intensity is low if the expected future benefit is
sufficiently low. However, adding a cost of disclosure (e.g., proprietary cost) then suggests that
firms will choose to optimally disclose less if the underlying relationship is riskier.

Finally, we show that mandating relationship disclosure has the unintended consequences of
discouraging firms to form beneficial relationships in the first place, which should be of inter-
ests to regulators contemplating more relationship disclosures. The results also imply that firms
who voluntarily disclose in the pre-SFAS 131 regime will make less relationship disclosure post-
SFAS 131, when such disclosure becomes mandatory. However, those firms will also have higher
profitability post SFAS-131 as relationships that only have high benefits will be formed. In addi-

tion, results from Section 9 suggest that such mandatory disclosure will result in a lower investor
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welfare if and only if it destroys relationship formation, which may have macroeconomic implica-
tions for, e.g., consumption growth and GDP. When such disclosure does not result in destroying

relationship formation, mandatory disclosure cannot decrease investor welfare.

11 Conclusion

In this paper, we examine how the payoff correlation structure is endogenously generated and
study the incentives and implications of firms to form and disclose such correlations. Since asset
payoffs are cash flows generated by production, in principle, any payoft correlation structure
must trace back to the production process. In this paper, we open the black box of the production
process from a particular perspective, namely, firm relationships.

This paper develops a new conceptual framework to analyze the incentives of firms to form
and disclose relationships and its implications for asset prices, abstracting away from the propri-
etary cost framework on which most prior literature focuses. Forming a relationship generates
synergies between firms. But relationship formations also incur a cost. Relationship formation
makes the performance of the firms correlated, reducing the ability to hedge the risk of investing
in the firms and generating additional risk in financial markets. We first study the trade-offs on
asset prices when there is uncertainty about the relationship between two firms. Having a rela-
tionship generates two effects on the cash flows of the firms. First, the cash flows of the two firms
have an additional payoff component with a positive mean. Second, the cash flows also become
more correlated. On the one hand, the increase in the mean of asset payoffs raises the investor’s
perceived returns on investing in risky assets and thus increases her demand for the assets and
their prices. On the other hand, the increase in the variance of the asset payoffs decreases the
investor’s ability to diversify her portfolio as cash flows are now correlated, which decreases the
investor’s demand for the assets and their prices.

We further analyze the optimal voluntary disclosure policies about a relationship. Unlike pre-

vious literature, disclosing a relationship in our framework is about disclosing the existence of
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a common component in the asset payoffs of the two firms, generating a correlation structure
between the two firms. It is not about disclosing the realization of the fundamentals as in most
research on disclosure. We finally examine under which conditions firms choose to form relation-
ships and their collaboration intensity. Our analysis provides insights for regulations mandating
relationship disclosure, by highlighting the consequences of such regulations for asset prices and
relationship formation, as well as proposing an endogenous and non-proprietary cost of such
disclosure.

As a final remark, in this paper we consider a two-firm setting for the sake of tractability.
This setting can be literally interpreted as two big representative firms. For example, Walmart
and Pepsi can be considered as two big representative firms in their respective industries. In a
large economy with N firms, the number of relationships among firms is large and modelling
relationship between any two of the N firms becomes quite challenging. While we make some
attempts in Section 6 to show that our results largely hold with appropriate extensions of rela-
tionship formation to N-firm settings, there is always the issue that whether the extension to the
N-firm setting correctly captures the interactions of N firms in reality. We leave that for future
work but conjecture that our results will hold so long as the modelling of relationship among
firms results in relationship being systematic, which is supported by the empirical evidence in

Herskovic (2018).
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Appendix

Statistical Properties of Cash Flows

The common component of the cash flows A follows a mixture of two Normal distributions.
Hence, A does not follow a Normal distribution. Since p affects both the mean and the variance
of A, uncertainty about j generates uncertainty about both the mean and the variance of the
common component in the cash flows. Hence, states of the world with high mean will also have
high variance, generating skewness in the distribution of the common component.

The sign of skewness of the common component of the cash flows is going to be given by the

sign of the following expression:

E (A = BAD| = #(1=m)(on = p)3[(1 = 27) (o — )% + 303 — )]

Skewness is a measure of asymmetry of the distribution of cash flows. For m = 0.5, the
skewness will always be strictly positive. Risk averse investors have preferences over higher
moments of the distribution. Specifically, risk averse investors value more assets with positive
skewness, and it will be reflected positively in asset prices. There will only be negative skewness
when both 7 > 0.5 and § is large. The uncertainty about the variance of A will also generate
kurtosis in the distribution of the common component. Kurtosis increases the probability of
extreme outcomes and will lead to a decrease in asset prices as a result.

In addition, the distribution of the common component A may be unimodal or bimodal de-

. e _ (pn—p)d e
pending on the parameters of the distribution. Define d = 207 Yoo The distribution of the

common component A is unimodal if and only if d < 1 or

IIn(1 — ) — In(7)| > 2log (d — \/d? — 1) + 2d+/d? — 1).

For sufficiently low 4, the distribution of the common component A will be unimodal and the
distribution will have positive skewness as described above. For sufficiently high 6 and if 7 > 0.5,
the distribution of the common component will be bimodal and have negative skewness. For
7 < 0.5 and large 6, the distribution of the common component will be bimodal and have positive

skewness.
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Proof of Proposition 1

The representative investor maximizes equation (5) with respect to ¢4 and ¢p. The first-order

condition (FOC) with respect to ¢4 is given by

e |- (s - 27 )]

(
VU%/V(Z) ¥ < 2 2 2 2 2
(I =m)exp | = { pw(l) = —5 (V' + pi6 — RPa — yqaloy + pios) — vaspios = 0.

V + psd — RPa — vqa(o}, + pios) — Yapppos +

We can get the FOC with respect to ¢p in the same way. When we plug the market clearing

conditions ¢4 = 1 and ¢ = 1 into both conditions, we get prices for asset j € { A, B}:

V — ~o2

T eV Proit2ms (1— W)pl6272pz2‘7§+2’7ph5]

eV Pnoit2ms | (1-— 7T)€2w2p?0§+2vph5

L]
R

2vo3

R

2.2 2 5 2 2 2 5
Wp%eh PROST27P10 | (1 _ ﬂ)pl262’7 i 0'5+2'th5]

T2V RIS | (1 — )e2 o5 +2end

Proof of Proposition 2

We know that 7 > 7! as o > % In addition, from equation 14 7"*™ is increasing in 7 as its
inverse is decreasing in 7. Therefore, from equation 15 m = h increases prices (and m = [
decreases prices) if and only if P;(«; m) is increasing in 7"*". From equation 13, the derivative

of P;(a; m) with respect to 77 is

0 2v02
E(ph_Pl_)_ = (on = )
Pn—pi; O
- S
R”)/O'g [’}/(7? (Ph‘|‘pl>]
> 0,

if and only if 7% > 2(pn + p1)-
1
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Proof of Proposition 2

The FOC of the expected asset price (15) with respect to o equals zero at o = % is:

OE[P;(a;m)]

=0.
O 0l

1
2

82E[§2(2a;ﬁ1)} for o —

The relevant expression for the sign of the second-order condition (SOC) %

to be a maximum is given by

127035 (o + p1) — 6] (€27 PRt 2md _ 2 piobt2vend) < (;

otherwise a = 3 is a minimum. There are two ways under which the inequality above is satisfied

fora = % to be a maximum:

1. Ifboth of these conditions are satisfied: 6 > 2y02(pp+p;) and €27 Ph73+2100 > 27*pP05+29pn0
These two conditions are satisfied if and only if y(p; + pr)o2 > & > 2v(p; + pp,)o?. This is

not a feasible condition.

2. Ifboth of these conditions are satisfied: § < 2y02(pp+p;) and €27 Phos +2100 < 27075 +2v015

These two conditions are satisfied if and only if y(p; + py)o2 < & < 2v(p; + pp)o2. This is

a feasible condition.

Hence, we can conclude that o = 1 is a maximum if and only if y(p; + pp)o? < & < 2y(p +

pr)os. Otherwise, @ = 1 is a maximum since @ = % is a minimum and W > 0 for any
o€ (3,1

Proof of Corollary 3

When the optimal policy is non-disclosure (o* = %), the message received by the representative

investor contains no information and we are in the scenario of Section 3.3, where the asset price

is given by equation (6). In this case, the price is independent of the message, and thus E[P;(a* =
ot
the message received by the representative investor contains full information and asset prices are

m)] is also given by equation (6). Instead, when the optimal policy is full disclosure (a* = 1),

given by equation (4) depending on the realization of p. Using equation (15), we can calculate the

expected asset price as

E[Pj(a” = 1;m)] = 7P (p = pu) + (L = )P (p = p1),
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where we have used that Pr(m =h) =m, Pr(m=1)=1—m, Pj(a* = 1;m =h) = P’ (p =
pn), and Pj(a* = 1;m = 1) = P/ (p = py).

Proof of Lemma 1

From Figure 4, we can see that no firm has any incentive to deviate from a no-relationship equi-

librium as there is no benefit from an individual deviation.

Proof of Proposition 3

Under the optimal disclosure policy a* = 1, using equations (19) and (21), for any firm j €
{A, B}, we get that P < E[P;(a* = 1;m)] if and only if

(mpn + (1L = m)p)d > 2y05 (mpi + (1 — )p7).

In addition, from Proposition 2 we know that a* = 1 is optimal if and only if e1ther 2 > pn+p

s Gl < pn + p; as it is equivalent to

or =2 < 2ntPl We can show that
2 mpp+(1—7)p;

270'?

(1 —m)pppr > 0.

mpp+(1—m)p} < ph+pz

We can also show that PR Py

if and only if

Ton(pn — p1) < (L= m)pi(pn — o),

which is equivalent to

PR < (1 —W)pl.

Under the optimal disclosure policy af = l , using equations (6) and (21), for any firm j €

{A, B}, we get that PY < E[P;(a* = 3;m)] if and only if

27

2 .2 2 N 2 .2 2 S\ = 2.2 2 N 2.2 2 S
(theh ph”5+27p15+(1—7r)p1627 i U§+2'th5)6 > Q’Yag(ﬂpiew ph”5+27’”5+(1—7r)p12627 I 05+2wph5)_

In addition, from Proposition 2 we know that o* = 1 is optimal if and only if 2232 < 2w <

2 2 = 2 2 2 =
P2 62"/ ph°5+27p15+(1—7r)pl262"’ ppos+2vppd

pn + pi- 33
T

2 +2vp;8
e wphé wpl+(

l—w)plew P2o2+27pp,0 < pr + prasitis equlvalent to

2 .2 2 5 2 2 2 —
prpi|re®? PrOsT20P10 4 (1 —m)e*rr 06+27Ph5] < 0.
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2 2 2 = 2 2 2 _
7rp,21e2'Y ph"5+271’15+(1,ﬂ.)p12€27 Py s +27pR 8

5 = < LaXPLif and only if

We can also show that TP 4 (1 mypre PR E D

2
TPRE v

TR PRI (5 ) < (1 — m)ped PeE e (),
which is equivalent to

2.2 2 s 2.2 2 5y
the% PRI T2YP10 (1 _ W)pleh PLO5+27pPR0

Proof of Proposition 4

There are three conditions that need to be satisfied so that E[P;(a = §;m)] > P > E[P;(a =
1;m)] for any firm j € {A, B}.

1. For both conditions E[P;(v = ;m)] > PN and P > E[P;(a = 1;1m)] to be jointly

satisfied, the following inequality must be satisfied

2 2 N 2 292025242+, 2 292p26242vp1,8
o + (1 —m)p;i 0 Tpjel PRI 4 (1 — ) e Pios TAPh

o+ (1—mp ~ 2vy0} ﬁph6272020§+2wz5 +(1— W)ple2729120§+2wh5'

The first inequality arises from P¥ > E[P;(a = 1;7n)] and the second inequality arises
1.~ N
from E[Pj(a = 5;m)] > P;".
2. The sufficient conditions stated in Proposition 2 need to be violated. Otherwise, there ex-
ists an equilibrium with relationship formation under both a disclosure and non-disclosure
policy or alternatively there is a unique equilibrium with no relationships in both economy.

Hence, the following condition must be satisfied

Pn > > pr-

20?2

3. For the upper bound of condition 1 to be larger than the lower bound, we need

2 .2 2 5 2.2 2 KN
(/)h _ pl)(e% PLOsT2YPR0 _ p27 ph05+2vm5) > 0,

which is only satisfied when

)
< —.
(pl+,0h) ,Yo_g

Conditions 3 implies that the upper bound of condition 1 is always strictly higher than the

lower bound of that condition. Also conditions 2 and 3 are weaker than condition 1. Hence,
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condition 1 is a necessary and sufficient condition.

Note that for condition 1 to be satisfied, we need

2.2 2 = 2.2 2 =
ﬂ_piGQW pLOs+2vp16 + (1 _ )p262'y Py o5 +2vpn6

mpp + (1 = m)pf

ﬂphe%zpi"?HW’ﬁ + (1 )pl€2'y pPo2+2vppd

which is equivalent to
2,2 .2 2.2 .2 6

e272Pio3+27pn8 < 292ph o3 +2vp1
that is, 3
0 S Ph + p1
20?2 2

Note that we also need ) )
Pt _ o+ (1 —m)p;

2 mpn + (1 —m)py

b

which is equivalent to

o > (1 —7m)p;.

Therefore , the condition can be finally reduced to

2,2 .2 s 2.2 .2 Ky
ph + pl ﬂ-pi€2’7 Ph05+2"/l7l5 (1 ﬂ-)p%e2'y Py 05+2'7ph6
maX(

T+ (1 —m)p”

< mpp + ( ™)p;

2 7’ TppeXVProit2ms | (1— 71—),0[6272912034'2'7%%3

which requires 7p, > (1 — 7)p;.

Proof of Proposition 5

<
2vo}  wpp+ (1 —m)p

5

For simplicity we use the expression of RP; as I? is a constant so maximizing F; is equivalent to

maximizing RP;.
We have

_ “/(5sz)+”
RPj(a;m) =V —yob + 6 T pne L+

1_7Tm)pl€v(5Nph)+%( iN?o )]
)

7Tm€7(51\fpz)+7 (pEN202 +(1— ﬂ-m)e’)’(SNPh)‘FL(PlzNQUg

T RN BN (1 wmwew%”é wived

—7N0§[

T NPT (GAN?03) | (1 om) 1 ONon)+ 5 (o N203) ]

E[RP;(o;m)] = RP;j(ov; v = h)Pr(m = h) + RP;(o; i = 1) Pr(m = 1).
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Relevant expression for FOC:

— 72 20 —1)(m = 1)*(pn — p) o —a —n)? (Nvpnoy + Nypioy —6) (2am — o — 7 + 1)2 eNorPn Nover

B N2425202  3N2+42,242 B B B 3N242,2 52
« ( — qe2Novpnt—— " L 9 o NOypn Noypt N2y2 o3+ N2y2plof o 2Noypi+ 5L

2
o5 N 'y pl 06
+ 2

N242p202  3N242,2052 _ _
R €N5“/ph+N57pz+N272pi0§+N272p?0§)

+ 2V 5vpn+

Relevant expression for second order condition (SOC):

_ N2 2 20, -~
(eNéwﬁN?vzpicr%”g’” S Nyt TR N2y P?"§> (Nyo3(pn+ p) —0) < 0.

To find the optimal ¥, we start by considering W:
First, —8E[Pf9(a;m)] =0.
o Cl{:l
2

Second, looking at the SOC m for v = § to be a maximum is given by:

N _ _
(570§<ph + p1) = 0) (Nyo3(pn + p) — 6) < 0.

Finally, breaking down the FOC:

First we notice: forall @ € (3,1) and w € (0,1):

7 20— 1) (1= 1) (pn — o) Qam — o — 7w + 1)2 NOPreNoe 5
and: — (2am —a —7)° > 0.
Looking at the exponential term:

B N2-2,2,2  gN2,2,2,2 B B
e2Novpnt T % = P VOVt Novp1+ N2y pjof+ N2y? pf o

_ , _ N2425252  3N242,252 B 3N242,202  N242,242
+ ﬂ.(2€N(5’th+N6'ypl+N272pia§+N272pl20§ _ 2N&pnt— hos | 0L _ 2NSyprt “hos N2 5)

N
is determined by :(gyag(ph +p) — 0).

As a result, the sign of the FOC is determined by:

N - -
—~05(pn + p1) — 8) (Nvos(pn + p1) — ) , the SOC expression.

3

This allows us to conclude that when o* = % is a minimum, the derivative is increasing over
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(3,1) and so the maximum occurs at a* = 1.

Proof of Proposition 6

When o = 1:

RP;(a* = 1;m)
RPY

V =70y +8(mpn + (1 — m)p1) — Nyos (mph + (1 — 7)p}),

V — ol

So form relationship if: 6(wp, + (1 — 7)p;) > Nyo2(mp: + (1 — 7)p?),
which is equivalent to B
0 _mpp+ (-7
Nvyos = mpp+ (1 —m)p

From Proposition 5 we know that firms disclose if and only if Njag < e oy Njag > pi+ ph-

2
We know that

o + (1 —m)p?
Ph + ( )pi < pn + pis
T+ (1 —m)py
as it is equivalent to
prnpr 2> 0.

Therefore a relationship will be formed with full-disclosure if % > p1+ pn, or when % €
) 13

(Wﬂi+(1—ﬂ)p? pitpn

e (g ). The latter case is possible only if

mpp+ (L=mpi _ put pn
won+ (1L —7)p 2 7

which is equivalent to

Ton(pn — p1) < (L= m)pi(pn — 1),

that is,
PR < (1 — W)pl.

When a = % price given by the standard price equation in Section 1:

So form a relationship if

5[7Tph67(3N”l)+§(P%N2"§) +(1- W)plev(SNthﬁ(p?N?ag)]

> 71\70?[Wpie“/(gNmH%(piN%?) +(1- W)pl?g(gl\fph)Jrg(p?N%?)],
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which is equivalent to

[N

5 mpReONeT R (RN 4 (1 ) e BN o)+ (EN?03)
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From Proposition 5 we know that firms will not disclose if and only if L;@ < Njag < pi+ pp.

We know that

WpieV(gNﬂl)Jrg(ﬂiN%?) +(1— W)pfev(ENph)Mg (2 N202) .
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T
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Therefore a relationship will be formed with no disclosure if

[

2
ﬁ(p2N20.2)
2 \F] §

max( , _ _ .
2 T ppeY NPT (PRN?03) | (1 — 1) g7 ONpn)+

< < pr+t Ph-

N~o?

In addition,

Wpiev@NmH%piN%g) 41— ) plzev@zvphwﬁ(p%zv%z) oL+ i

theV(SN/’l)JF%(PﬁNQU?) +(1— ﬂ)plev(ngh)Jr%(pr?o?) 2

if and only if
thew(Esz)+§<piN2a§)(ph —p)

< (1- ﬂ-)ple’}’(SNPh)Jré(P%NQUg)(ph — ),

which is equivalent to

pne? ONPFZ GIND) (1 1) ) ONow+ 3 (oEN?)
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Proof of Proposition 7

Price with Posterior Probability 7™ after sending message m

(meheNgvpl(N—1)+Nw2pﬁ0§( —-1) + (1 . 7Tm) 6N(§’yph( 1)+N~2p202(N— 1))
RPj(a;m) =V — 03 +6 (N — 1)

ameNovp(N=1)+Ny?phof(N-1) (1 —7m) eNoVpr(N—1)+N~2pjo3(N~1)

2 .2 2 Ky 2 .2 2
p2€N67pz(N D+Ny2ppo5(N=1) 1 912 (1 —7m) eNovpn (N=1)+N~*pjos(N— 1))

— 2705 (N — 1) (

ameNovp(N=1)+N~2pjof(N-1) | (1—7m) eNovoR(N=1)+N~2pfos (N-1)
Expected Price with disclosure policy a:
RE[P;(c;; )] = RPj(co;; v = h)Pr(m = h) + RP;(o; i = 1) Pr(m = 1).
Relevant expression for FOC:

(N = 1) 20— 1) (7 = 1) (o — p) (e (BNt simncintnd) o (1 ) Mo (NGt o)

% eN’Y(NSPh +Nopi+Nvp o2+ Nypio2+3pn+dpi+ypioi+ypio?)

5 2 2,5 2.2 s 2.2, % 2 .2 =
X (eN W(NSprtNvehod +oontreios) _ Ny(NoontNyej "”5”1””’”‘5)) (0 = 2705 (pn + 1)) -
Relevant expression for SOC:

2 _N& _NA& _ 2,2 2 _ 2.2 2 25 25, 2 2 2 2 2 2
— 3272 (N — 1) (7r — 1) . (Ph _ Pl)€ Novph o =Novp1 o= N2pj05 . =NY*piog (N26vpn o, N26vp1 ;N y2pic selV v pio}

_N& _ 25, 2.2,2 2 _NE _ 2 _
% <e Néypu Ny2 pha,;eN oot N Ypio} _ e~ Novpn o N~? pldaeN 6’YPheN Y pm,;) ((5 _ 270§<ph +pz)) _

OE[P; (a;)] |

To find the optimal a*, we start by considering —=5~

First, Z0sml| - —
(&4 1

OZZE

Second, looking at the SOC M for a = % to be a maximum is given by: First we
notice: for all & € (3,1) and 7 € (0, 1).

2 _ NS _ NS _ 2,2 2 273, 2 2 2
3272 (N=1)(r=1)"(pr—p)e Noypn o =N&vp1 o =NV pj,05 o =NV pi o (N20vpn N26vp1 JN2¥2pji0f JN2¥2piof < ()

Looking at the exponential term, it is determined by:

(o3 (pn + p1) — 6).
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As a result, the sign of the SOC is determined by:

(0 =03 (pn + 1)) (8 = 2905 (pn + 1)) -

So the SOC max condition becomes: (& — voZ(py + p1)) (6 — 2703 (pn + p1)) < 0.
Finally, breaking down the FOC:
First we notice: for all a € (3,1) and 7 € (0, 1):
7 (N = 1) (20— 1) (w — 1) (pn — i) (me " (Vores¥shobsdoninsted) o (1 — ) 2o (N Gonitod) s5msvied)

% GNW(NSPHNSM+N7pi0§+N7pr§+5Ph+5m+vpia§+7p120§) >0

Looking at the exponential term, it is determined by:

(703 (o + p1) = 6).
As a result, the sign of the FOC is determined by:
(6 — o3 (pn + 1)) (6 — 2705 (pr + p1)) , the SOC expression.

This allows us to conclude that when o* = % is a minimum, the derivative is increasing over

(3,1) and so the maximum occurs at a* = 1.

Proof of Proposition 8

We need to find the intersection of the conditions stated in Proposition OA1 and OA2. The con-

ditions for forming relationship with full disclosure are the same for both the existing firms and

.. . . . . 5 5 mpi+(1—m)p?  pi+pp
the joiner so the intersection is the same, i.e., 5702 > p; + pp Or 7 € <7Tph+(1f7r)pl’ 5 ).
The conditions for forming relationship with non-disclosure are different. We show now that the
conditions for the existing firms are more stringent so the intersection of the conditions is the
same as those for the existing firms.

We need to show that

(N — 1) Wpie"/(gN(Nfl)pl)+'y2(P%N(Nfl)ag)+(l_ﬂ-)pZQe'y(SN(Nfl)ph)nLﬂ/Q(plQN(Nfl)og) (N — 2)( 2 (1 ) 2)]
e ON N D)+ GENN-DD) | (1) ONN Do) +22 (FN (N -1)aF) TPh TP

(N —1) mppe? ONW Do)+ GENN-1D) 4 (1 )y 7 NN Dpp) 422 (0] NIN-D) | (N =2)(mpn + (1 —m)p1)]
e OV D)2 GENN—D02) | (] ) SOV D) +22 (N (N—1)03) Ph Pi

TR EN N =Dp) 2 GRANN-1)03) 4 (1 _ 1) 2 CN(N=1)pn)+92 (o N(N—1)o)

T ppe? NN =Dp)+72 (E N(N=-1)o3) | (1- ﬂ)plev(gN(N—1)ph)+72(p?N(N—1)U§) '

(24)
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With a slight abuse of notation, denote

— 7Tpiev(gf\’(N*l),Oz)er?(pif\/(f\ffl)ﬂg)

= (1 — m)pte’ ONW=Dp)+7* (PP N(N-1)3)

Y

Wev(gN(N—l)pz)ﬂQ(piN(N—l)U?;’)’ and

S Q @ =
Il

_ (1 _ ﬂ-)ev(gN(N—1)ﬂh)+v2(P12N(N—1)U§)_

Then inequality (24) can be written as

WDA (N = 2)[mp} + (1 —7)p})]
O8N = 2)[rpn + (1 - m)pl]

>A
B’

which is equivalent to

(N =)A= (N = 2)[mp} + (1 = m)pd))(C + D)
(N—1)B — (N —2)mpn + (1= m)p) (C+ D)

>A
B’

and can be further reduced to

(N=2D{A—[rp+(1-DRDIC+D)}+4 A
(N=2{B-lfrpn+ L-mpl(C+ D)} +B B

Rearranging terms result in the condition equivalent to

mpp+ (L—mpi _ A
T + (1 —m)pi

Now denote
E = ONW-Dp)+P2(0iN(N=1)a3) anq
F o= @GNt N(N-1)02)
Then inequality (25) can be written as

o+ (L=m)pf _ mppk 4+ (1= m)piF
mon+(1—m)p  wpopE+ (1 —m)pF

Rearranging terms result in the condition equivalent to

prpi(pn — p)E < prpi(pn — p) B,
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ie.,

F < FE.

Insert into the expressions of F' and £ and after rearranging terms result in
3(pn = pr) < 05 (ph = p7),

which is equivalent to B
)
— < Pn+ Pl
95

which is clearly satisfied. The proof is therefore complete.

Proof of Proposition 9

Relevant expression for FOC:

2 20— 1) (1 —1)* (o — p) Qam —a — 7)° (2am — o — 7 + 1) (Cv + Nvpros + Nypiog + Nryos; — )

2 N 3N%y%pi oy N2v%pfod 2 2 5 5 2.2,2 2 A2.2,2 2
% (WGQCNW PrZNOVPL 5 e 5 — 2eC NV Pr ONY P NOYPR o NOvo1 N7 P05 o N7 P} o5 4

2 N N2y2p20}  3N29%pfod 2 2 5 N 2.2 2 2 A72.2,2 2
1e2CNY L 2NOVph o 5 e 5 + eCNY Pr ONY P Novpn (Novp1 (N7 P05 N7 piio;

_ N2"/2P2 0,2 3N272p202
2 h%é 178

2 2 5, Ky
x eONYPr ONY 1 o NOYPR o Novp1

Relevant expression for SOC:

_ N242 5252 _ N242,2 52
(eCN’YQPheN5Wﬂl€N2’72PiU§6 50 _ cONY? P Novpn (N232pfof . —5 12

x(Cy + Nypros + Nypoy + Nyos; — 9)

< 0.

OE[P; (o7)] :

To find the optimal o*, we start by considering e

First’ w‘ = O
o a=1
2

O2E[P; (i

Second, looking at the SOC —.5 I for o = 3 to be a maximum is given by:

_ N _
(Cv + Nvo3(pn + p1) + Nyos; — 0) (ny + E’ya?(/)h +p) — 6) < 0.

Finally, breaking down the FOC:
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First we notice: forall a € (3,1) and 7 € (0,1):

72 (2a —1) (r — 1) (pn — p1) Qo — a — 7 + 1)? CNTon ENT201 NV NoVOL 5 )

and: (2ar —a —7)° < 0.

Looking at the exponential term:

2 5 3N2v2pf05  N292pfod 2 2 N N 2.2 2 2 A72.2,2 2
(W€2CN7 Pr2NOYpL 5 e 2 — 21N P ONY 1 o NOVPH  NOVP1L NV P05 N7 ) o5 4

B N242,252  3N242,2,2 B B
T2ONV? P 2NOVpp o~ 5 | (ONY2p SCNY? o1 o N6vpn o Novp1 o N9 003, N2y2 pi o

N272pia'(2; 3N2w2p120'§

_ - N
— 2ONT N0 e =5 g determined by : ((5 - Cv+ 570?(% + pl)> :

As a result, the sign of the FOC is determined by:

/- N
— (Cv + Nypnos + Nypog + Nyos; — 6) x (5 — Oy +505(on+ pz)>

_ N ~
< (Cv+ Nvo3(pn + p1) + Nyos; — ) (CW + Evag(ph + 1) — 6) , the SOC expression.

This allows us to conclude that when a* = % is a minimum, the derivative is increasing over

(%, 1) and so the maximum occurs at o* = 1, resulting in conditions stated in the proposition.

Proof of Proposition 10
Suppose a firm knows the realization of p; = pj,.
Choosing to disclose this to investors would result in:

RP,(ps = pn) = V — 01 + prd — YN pro;.

Not disclosing yields:

RPNP =V —~02 46 mppe? NPT RN 4 (1 — ) p,ew<6Nph)+g(p$N20g)]

_ 2 = 2
neYONp)+5(ph N203) (1-— 7T)67(<51\7ph)+%(p?NQU(?)

— 2 - 2
2 V(SN p)+2%(pf N203) _ 2 ,7(6Npp)+%5- (b} N?03)
2 | TPRE 2T 4 (1 —m)pe > 5]
— vNo; [

— 2 = 2
metONe) T3 (P N205) 4 (1 — W)ev(éNph)Jr%(p?N?U?)

The firm wants to disclose if and only if RP;(p, = pp) > RPNP.
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The relevant expression for wanting to disclose py, is:

2

TV ONo)+ (P N0F) 4 (1 _W)ev(SNphW—( PEN202)

pnd — yNpias > 6 [

No? WpieV(SNPlHé(2N2”§)+(1—W)P?67(5Nph)+77( iNo3)
—vNo
T 1eVONp)+% S (R N0 )+(1_7T)6W(5Nph) 2 (P N203)

2

> (ppd — YN pio2)(me N0+ 5 (N%02) + (1 — )Y ONo)+ 7 (b N?o])

> 5_(7rph67(5Npl)+§(PiN2"§) +(1— W)plewsN”h)Jﬂz (bPN?a}))

NG (e Ve T AN3) | (1—m) pgev(SNpmé(p?N%g))
— <ph5)(Wew(ngz)Jré(piN%?) + (1= ) ONen)+ L (PFN%o )
— 'priag(ﬂeV(éN”)Jﬂ? PAN*98) 4 (1 — 7)e V(5N pn)+ % (0 N0 2)

> g(ﬂpheV(‘;Nm)*g(PiW"?) +(1— W)plev(éNph)Jr”Q (bPN?a3))

— YN (mpRe N N | (1 ) e OV + 5 (EN0R))
s (o) (e OV AN D) 4 (1 ) ONon)+ 5 (N D))

S pr NPT N | (] _ ) N+ (N D))

> ’YNPiU ( 67(6sz)+” (P2 N2%o )Jr (1 . ) ((szh)Jﬂ2 (pPN?02 ))

_ ,VNO-(?(WpQGW(‘SNPl)‘F (th20§) +(1— W)pfev(lSNph)Jr” (piN 2))

72

= (0)(rpne NI E RN (1 1), XN+ (N

— theW(SNpl)Jrg(PiN%?) —(1— W)ple"/(ngh)nLé(p?N%g))

> ,YNJ(?(Wpiev(Ssz)Jré(piN%g) +(1- W)piev(SNthﬁ(p?N%?)

N

_ Wpiev(Ssz)Jr%(piN%?) —(1- 7T)pl?ev(&\fph) 2 (N2 ))
— — 2
= 0((1 — 7)ppeONPr)+ L (PEN%2) _ (1 — )y ONPI+5 (PPN0)
> yNo2((1 - 7T)p267(5Nph) 2 (p2N%02) _ (1— W)pfev(gl\/thé(p?N%?))

= 0(pn — p1) > VN3 (py — 1)
0 > yNoj(pn + p1)-

As a result, the firm wants to disclose pj, if and only if § > YNo2(p;, + p;). We can similarly
show that the firm wants to disclose p; iff. § < YNo2(pp,+p;). Therefore, whend > yNoZ(pn+p1),
firms observing p = p;, will choose to disclose and firms who do not disclose will be inferred as

having observed j = p;. When when § < yNoZ2(pj, + p;), firms observing p = p; will choose to
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disclose and firms who do not disclose will be inferred as having observed p = pj,. We therefore

always have full disclosure.

Proof of Proposition 11

Suppose a firm knows g, = pp,, and § > yNoZ(p, + p;), then the following provide sufficient
conditions for an interior maximum: P”(o = 3) > 0, and P(1) < P(3).

Note that P(«) is a C* function on [%, 1]. So the Extreme Value Theorem guarantees the
1

existence of a global maximum. P'(av = 3) is 0 and we are assuming P”(c = 3) > 0. By the

SOC characterization of minima for C? functions, we can conclude P(a = %) is a strict local

minimum. If @ = 1 is a strict local min and P(1) < P(3), then we can rule out the maximum

being at a boundary point. The max is therefore an interior solution. The proof when p, = p,

and 0 < YNo2(py, + p;) can be similarly proved.

Proof of Corollary 4

Lower bound on K to ensure o« = 1 is not a maximum.

1
Price(1) < Prz’ce(é)

(1 — K)RE[Py(a = 1;11)] < RE[Pj(a = ;)
= E[P(0 = L)) - KE[Py(o = 1)) < E[P(a = )
g < ElPa=5im)
= E[Py(a = Lim)]
[Py(a = 5;m)]
TR =N

Note: for K > 1, this is always true when we assume the firm wants to disclosure pj,.
Upper bound on K to ensure o = % is not a maximum.

: : (1 1y PEP ()] 1 \n—19E[Pj(esm)] _
Sign of SOC determined by: (1 — K (2a —1)") =43 InK(2a—1) o 4n(n
1)K (20 — 1) 2E[P,(a; )]

For n > 3, then Price”(a =

disclose py,.

2 . s
) = TR @m] S g by our assumption that firms want to

1
2 da?
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For n = 2, we can re-write the relevant SOC expression as:

2 . R
w —dn(n = DE (20 — 1" E[P;(a:m)] > 0
(6%
O’E[P;(c; )] -
C L SKE[P (o)) > 0
321@[?(3;771)]
= ER ]

Assessing at o = % gives us the required condition.

Proof of Proposition 12

We first prove the first part. When firms choose not to voluntarily disclose, it must be because the
price upon disclosure is lower. Therefore, if we can show that investors’ expected utility increases
in prices, then mandatory disclosure will increase investors’ expected utility.

Since W = WoR +¥, g (E — RP;), the derivative of the investor’s expected utility with

respect to F; is

OF[—e= W]
obr;
ae—vE[W]-ﬁ-%’Y?U%
or;
deE i
op;
OE[W]
op;

< 0.

We now prove the second part. Relationship destruction harms welfare if and only if EU 1=
EUy > 0, where EU 1 refers to the investor’s expected utility when there is no disclosure and
relationship formation and EUy refers to the investor’s expected utility when there is no rela-

tionship formation, or equivalently:

mexp(Fi(RFy +V + F5) + dpy,

—(1 —7m)exp(Fy(RF5 +V + Fs) + 0p1)
i NEY(V—rot)

> 0,
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where

N~*pio
h%dsq
Fo= - Ny,
N2'Y2F’}2106$q N2w2pl20-55q
N*yo'(;sq (ﬂ'p}%e p) +Novor 4 pl2 . (1 — ﬂ-) e =2 +Nopn
=
N2’Y2Pia5 N2,y2pl20.§ )
Te F£—=29 + Nvyp; + (1 _ W) e Lt+Ndvpn
N272p%053q N2’Y2plzaésq
5 <7Tph6 2 N (1 —m)e =2 TN
2
F; = — o
N272p%055q N2w2p12055q Vo
me =2 TN (1 _ W) e 5 +Ndvpp
2 2
F, = N’Y Pi05sq
4 - ]
2
N272p%‘765q N2'72pl2‘755q
N’YU6sq (ﬂ.p}ZLeQ +Novpr 4 pl2 . (1 — ﬂ-) e~ - +Novpn
F5 -
NQ’YQ/J%U& N2V2pl205 I
e 2 - +Nov 4 (1—m) e L+Novpn
NQ'YQP%LUésq N272p120'55q
° (me 2 O (1—m)e 2 TN
2
F6 = — Yo
NQWQP%LU(S Nzwzp?(,5 Ve
Te 220+ Novyp; + (1 _ ﬂ-) e~ t+N&ypn

This difference can be simplified, using Python codes, to a sum that will be positive if the

following 3 terms are positive:

(1) (20pn — 20p1 — ypros + Ypios) > O;
(2) (—2N7m+2N+71—1) > 0;
(3)  (2Nvpho3 — 20pn + 2601 — Ypio3) > 0.

The first term:

(200 — 261 — Ypios +vpios) > 0
> 26 (pn — p1) > 705 (i — p7)

= > %U?(ph + ).

and notice 203(py + p1) < §v03(pn + p1) < 0 by non-disclosure optimality.
The second term:
—2Nm+2N +7—1>0,

is equivalent to

(2N —1)(1 — 7) > 0.
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which holds for 7 < 1.
The final term:
2N+ 2N +7m—1>0,

is equivalent to
(2N -1)(1—m) > 0.

2Nvphos — 20py + 26p1 — pioy > 0,

is equivalent to
¥05(2Np;, = pi) > 20(pn — p1).

Note that yo2(2Np? — p?) > 25(p, — p;) as it is exactly equivalent to the condition for non-

disclosure to be optimal,

J

— < .
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Online Appendix

OA1 Technical details of N-firm extensions

OA1.1 AIlN firms moving together

We assume that there are N firms, indexed by i € {1,2,..., N}. Each firm’s cash flow is char-
acterized by F, = V; + A, where V; ~ N (V,02) is the firm-specific cash flow component, and
A = p5 is the common component if firm ¢ chooses to form a relationship. As in the two-firm
case, & ~ N(0,02) and p = p, with probability 7 and p; with probability (1 — 7). We again
assume that V7, ..., Vi, d are jointly normal and independent of /.

We then have

EU = —r(e- w5 ol D) _ (1 — p)(e-mw O+ oh0),

pw(s) = EW|p = p] = WoR + pdN + Y _q;(V — RP,),

i=1
oty (s) = VIW|p = pa) = PPosN* + 0. (> q)-
i=1
This results in
a/~LW( )

az
daiy (s)
0q;

V+,085_RPZ7

= 207,¢; + 2N poj.

n X/ 2 n
Divide both sides of the partial by constant: e~?(Woli+2 iz, a:(V—RP 430l ik 4} results in

the first order condition being

OEU N )4 s i
= e ONon)+ T(th%a)( ~v(V + pud — RP;) + %(203% + 2N pio3)]

2
= (1= m[e SN E D (7 4 i — RP) + T (208 + 2N}




Plugging in ¢; = 1 and re-arranging terms results in the price being

) ) —A(NpR)+ 2% (02 N?02) _ Y@ENp)+ 2L (p2N202)
RP, =V — o2+ | 20° m)pe
i =V — Y0y
)

+

— 2 —

e YONp)+5 (P N?03) 4 (1 — 7r)ef'v(tSsz)Jr%( pi N2}
5

re—1ONpr)+ 2 (N0 )+(1 — e~ V(BN p)+22 (p2N?02)
gy 5| TR 1 1 w)me“‘w%fﬁ(pw)]
meVONo)+F (EN203) 4 (1 — ) (ONen)+3 (fN203)
, | mpRer@Ne+ 2 (b N?02 ) 4 (1 —m)pperONmm)+ 2 (0?N202)
— N [ 7T67(<51\fpz)+“’ (PhN?03) | (1—m)e (5Nph)+” (p?N202) ] ‘

OA1.2 N-1firms already forming relationship

We now consider the second approach, under which N-1 firms already form relationship with
each other and the Nth firm is considering whether to form relationship with the N-1 firms. For
the N-1 existing firms, we specify that F; = V + D et p0:;, where —I denotes {1,..., N} \ {i},
Vi~ (V,o2),i=1,...,N,and d;; ~ (6,02),1 <i<j<N.

We therefore have

E[E|p = ps] =V + ps(N = 1)6,

VIEp = ps] = 0§ + p2(N = 1)a3

N
E[W|5 = ps] = WoR+ > ai(V = RP,) + p,(N — 1)Q3,

i=1
and
) N N
VW= p =)oy + p2Q%3 + pi(N = 2)(D _ )3,

where

N

Q= Z Q-
i=1

Taking FOC with respect to ¢; and set ¢; = 1 results in the price being

RP. =V 2 4 (N —1)5 [th@’Y(gN(N1)Pl)+'yz(P%N(N1)a§) +(1— )plev(SN(Nfl)ph)ﬂ (PEN(N- )%)]
i = — Yoy + —

re?CNW=Dp)+72 (P N(N=1)o3) | (1 — 7)Y ON(N=Dpr)+72 (o} N(N-1)a3)

T3 2 oY (ON(N=1)p)+72(pg N(N=1)oF) | (1— W)pl?ev(gN(N1)ph)+'yz(p?N(N1)0§)]

= 2/(N = 1)o; [ meVENIN=Dp)+7*(EN(IN=-1)03) 4 (1 — 7)e7ONN=1)pn)+72 (o} N(N=1)o7)



OA1.2.1 When would the relationship be formed

The conditions regarding when the relationship would be formed differ depending on whether
we are looking at the new joiner or the existing firms, as the two types of firms are asymmetric
before relationship formation. The conditions when the relationship would be formed would thus
be the intersection of the two conditions. We summarize the main conclusions and relegate all

the technical details to the appendix.

The new joiner The results regarding when the new joiner would form relationship are sum-

marized in the next Proposition.

Proposition OA1. There exists a Pareto-dominant relationship equilibrium in which the new joiner

will form a relationship with the existing firms with full disclosure (a* = 1) if and only lf% >
é

< 2 2
B mppt(A=mp]  prtpp
P17+ phor 2907 € (ﬂph+(1—ﬂ)m ’

exists a Pareto-dominant relationship equilibrium in which the new joiner will form a relationship

), with the latter possible if and only if Tpy, < (1 — 7)p,. There

with the existing firms with non-disclosure (o* = %) if and only if
1p2 T ENW=Dp)+72 (g NIV -1)03) | (1 1) p2 VBN (N=D)pp)+72 (6 N(N-1)75)

he'y(gN(N—l)pl)+'y2(p%N(N—l)O'g)+(1_7r)ple’Y(SN(N—1)Ph)+’Y2(P%N(N—l)gg) )
FVENN=1p)+72 (PE N(N=1)08) 4 (1 1) 2V EN(N=1)pp)+7 (0] N(N=1)o5) ) )
GN(N=1)p)+72(pE N(N=1)03) i GNN- Do 2 N (N-DD) pl;ph if and only if
mpne’ pp)+v<(py, 5 +(177r)ple"’ pp)+7=(p] 5

,n.phefy(SN(Nfl)pl)+'yQ(p,QLN(Nfl)Ug) <(1-— ﬂ_)ple'y(SN(Nfl)ph)Jr’ﬂ(pl2N(N71)<7§ )

ﬁ € (max( PR ), p1 + pr), with

™0

Wp%e

Note that when the new joiner discloses the relationship, the conditions for relationship
formation are identical to that in Proposition 3, as with relationship disclosure the problem of
whether to form a relationship in the first place is essentially a bilateral problem, as in the discus-
sion following Proposition 7. When the joiner chooses not to disclose the relationship, however,
the conditions for relationship formation is a generalization of the conditions in Proposition 7
with the latter being the former with /N = 2. Intuitively, while the problem is essentially a bilat-
eral problem, in the case of no disclosure, the other part consists of N-1 firms instead of one firm
in the main setting.

Overall, the conditions for the joiner to disclose relationship and to form relationship in the N-
firm setting is qualitatively the same as that in the main setting. In particular, it is straightforward
from Proposition OA1 that mandatory relationship disclosure will destroy such relationship for-
mation in the first place for the new joiner when the expected benefit of the relationship relative

to the diversification cost is in the intermediate region, i.e., when

ﬁp%e’Y(SN(N_l)pl)+72 (p%N(N—l)O'g) —|— (]_ — ﬂ')p%e'Y(gN(N_1)ph)+72(pl2N(N_1)o—§) ph + pl

Tppe? NN =D+ 2R NIN=1)03) 1 (1 — ) e’ ONW=Dpn)+72 (i N(N=1)o5) * 2 )

max(

< < pn+ pi.
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Proof of Proposition OA1

For the new joiner firm, without collaboration:
RPN =V — oy,
With collaboration and o* = 1:
REP;(a* = 1;1m) = V — yop + (N = 1)d(mpn + (1 — m)pr) — 27(N — Dos(mpp + (1 — 7)p}).

With collaboration and o* = %:

_ [the"/(éN(N—l)pz)+72(piN(N—1)a§) +(1— W)plew(azv(zv_nph)ﬂz’(pgN(N_l)ag)]

(N —1) 1V ON(N=1)p))+~2(pj N(N=1)o3) | (1- ﬂ-)e’Y(SN(N_1)ph)+72(Pl2N(N_1)U§)

2 Y(ON(N—1)p;)+72(p2 N(N—1)o2) _ 2 Y(ON(N—=1)pp)+7v2(p? N(N—1)o2)
TpLe h §) 4+ (1 —m)pje i 5
> 2y(N — 1)o? [

7V ON(N=1)p))+7*(pp N(N-1)03) (1- W)ev(SN(N—l)ph)Jer(p?N(N—l)UE)
_— (the'y(gN(Nfl)pl)Jr’yQ(p%N(Nfl)og) T (1- W)ple»y(SN(Nq)th%(p,?N(Nq)ag))

> 2y02 (Wpiev(gN(Nfl)pz)ﬂQ(piN(Nfl)G(?) +(1- 7T),01267(51\7(1\7*1)ph)+72(/J?J\f(l\f*l)cn?))

0 - prb1+ by
2vo? FL+F 7

When o = 1, we get REP;(a* = 1;7m) > RP\ iff:

(N = 1)d(mpn + (1 —m)py) > 2y(N — D)o (wpj, + (1 — m)p})
= 0(mpn + (1 = m)p) > 2y05(7pj, + (1 —7)p7)

0 2 1-— 2
> TP + (1 —7)p;

<~ .
2v05 ~ wpn+ (1 —m)p

When o = 1, we get REP;(a* = 1;m) > RP)Y iff:



1V ON(N=1)p))+~2(pf N(N=1)o3) | (1- 7T)e'Y(SN(N_l)Ph)+’72(Pl2N(N_1)U§)

(N—1)5[

7 pne? ON(N=Dp)+92 (B N(N-1)03) (1 _ ) plew«w(zv—1)ph>+w2<p%N<N—1>o§>]

mp2 e ONIN=Do)+ P NIN=1)73) 4 (1 — 77) p2e7ON(N=1)pn)+7 (pf N(N=1)a5)

> 2y(N — 1)o3 [
_—3 (,Nphe'y(SN(N—l)pl)-i-’ﬂ(p%N(N—l)af) . W)plefy(gN(N—l)ph)—i-'ﬁ(p?N(N—l)Ug))
> 2y02 (Wpiev(gN(Nfl)pz)Jr%(piN(Nfl)cT?) +(1- 7T)pl2e’v(gN(N*1)ph)+v2(/)121\7(1\’*1)0(?))

5 F, F
>Ph 1+ piro

<~
270? Fi+ F

where
(ON(N=1)p)+7*(pp N(N~1)03)

3

Fi = mppe”

and
F=(1- W)ple“/(gN(N—l)Ph)-MQ(P?N(N—l)@?)_

From Proposition 7 we know that the new joiner will disclose relationship if and only if

Ph + P 5
< < .
92 270_? Ph + pi
Note that ) a ) )
Ty + (L —m
. A< Pr+ P>

o + (1 —m)p
as it is equivalent to

prpr = 0.

Therefore, the new joiner will establish and disclose relationship with the new joiner if and only

if

)
2vo?

> pn + s

or if ~
0 mpi + (L =m)pi pn+pi
5 © 7
20§ won + (1 —7)p 2

),

which requires
mpy + (L =m)p _ prtp
mpn + (1 —m)p 2

metONW=Dp)+72 (P N(N=1)o5) | (1 — 7)Y ON(N=Dpn)+72 (0} N(N-1)a3)

|



The above inequality holds if and only if

Ty + (1 —m)pf — pupr <0,

which is equivalent to
o < (1 —m)pr.

When o* = %, which is equivalent to

) >PhF1+PlF2
2v03 L+ 5

From Proposition 7 we know that an existing firm will disclose relationship if and only if

Pr + i )
< < .
92 270_(% Ph + Pl

Note that
prF1 + prFa

< + o,
F, + F, S Pr TP

as it is equivalent to
prEs+ piFy > 0.

Therefore, an existing firm will establish and disclose relationship with the new joiner if and only
if _
i+ pntp d

max , <
(PhF1+PlF2 2 )

< .

Note that
pnEy + piFa o P +m
Fi+ F 2

is equivalent to
(pn = p)(F1 — F») <0,

which is equivalent to
F < Fs.

Existing Firms The results regarding when the existing firms would form relationship with

the new joiner are summarized in the next Proposition.

Proposition OA2. There exists a Pareto-dominant relationship equilibrium in which the existing
firms form relationships with the new joiner with full-disclosure (o* = 1) if and only 1]627% > p1+pn
5

5 (W%Jr(l—fr)ﬁ? piton
2y03 mpp+(—m)p 7 2

or ), with the latter possible if and only if mpy, < (1 — 7)p;. There exists



a Pareto-dominant relationship equilibrium in which the existing firms form relationships with the

new joiner with non-disclosure (o* = %) if and only if

5
270§ €
22 VONN=1)p)+12 (P N(N=1)03) | ;| 2 v(EN(N=1)pp)+72 (s N(N-1)03)
[(V—1)| TPRe - Al A - |~ (N=2)(rp2 +(1-m)p?)]
2 YON(N=1)p))+~ (ﬁ,LN(Nfl)ff(;)_‘_(l_w)e“f((SN(N*l)th“/ (pf N(N—1)o§)
(max( o AN D)2 A N(N-DaR) | SGN(N- Do) 472 (7 N(N-1)3) ’
[(N—-1) | Zh— 3,2 p) L= 3,2 ) —(N=2)(mpp+(1—m)p1)]
2 YONN=1)pp)+~ (/JhN(Nfl)U(;)+<17W>ev(5N(N*1)ph)+v (pf N(N—-1)o%)

PIEER Y py + p). A necessary condition for
,rp}2e’v(SN(N—l)pz)+72(p%N(N—l)vg)Hl,,r)p?e'v(gN(N—l)ph)+72(p12N(N—1)a§)
Trev(gN(Nfl)Pz)Jr“F(P%N(Nfl)og)Hlfﬂ)e’v(gN(N*l)Ph)Jr’ﬁ(P%N(Nfl)o'g)
YEN(N—=1)p)+72 (P2 N(N—1)o2) YEN(N=1)pp)+72(pZ N(N-1)o2)
N—1)|Zene__ taomere —(N-2 -
I ){ AN D2 BN 100), ) PON N D 42 N -ed) |~ N2t (L=
that 7w pye? NN -Dp) 2 (PEN(N=1a) (1 — W)plev(SN(N—l)ph)erQ(p?N(N—l)ff?)'

[(N-1

}—(N—Q)(WPiHl—W)P?)}

< pl';ph lS

Note that the conditions for relationship formation when the existing firms choose to disclose
is identical to that in Proposition 3. The reason is that with full disclosure, the problem essentially
reduces to a bilateral relationship. The conditions for relationship formation when the existing
firms choose to not disclose is more complicated and can be viewed as a generalization of the
conditions in Proposition 3. The reason is that in a two-firm setting, not disclosing relationship
means that each firm has independent cash flows. In a N-firm setting, the existing firms are
still intertwined with each other, resulting in the incremental benefit from forming another rela-
tionship being different. Nevertheless, the results are qualitatively the same: when the expected
benefit from additional relationship relative to the diversification cost is large or small, forming
a relationship and disclosing is beneficial; when the expected benefit relative to the cost is in the
intermediate region, forming a relationship and not disclosing is beneficial.

The proof of Proposition 8 shows that the conditions stated in the Proposition are the inter-

section of Propositions OA1 and OA2.

Proof of Proposition OA2

Without new joiner and o* = 1:

1 .
REP,(0" = S3m) = V =403 + 8 (N = 2) (pn+ (1 = m)p1) — 2903 (N = 2) (g} + (1 = m)h).



[=

Without new joiner and o* =

N

REPj(a" = %,M) =V — o}
i (theévm(zw)(zv D420 (N=2)(N=1) 4 (1 — 1) Pron(N=2)(N~ 1)“2,),20;(%2)(%1))
+9 (N - 2) 1ed1PUN=2)(N=1)+~2p} 03 (N=2)(N~1) + (1 _ 7r) 5vpn(N—=2)(N—1)+~2p202(N-2)(N—1)
(m DI N=2)(N=D+7? Ro3(N=D(N=1) 4 52 (] )eswh(N—2)<N—1>+v2p%a§(N—2)<N—1>)
—2y03 (N —2)

With collaboration and o* = 1:

REP;(a” = 1;1) =V —yop, 4+ (N = 1)d(mpn + (1 = m)pr) = 29(N = 1)o3 (wpp + (1 — m)p}).-

With collaboration and o* = 1:

7N N-D 772 (N-2)(N-1) § (1 1) dren(N-D(N-D+72foF (N-2)(N-1)

5
* 1 ~ [/ 2
REP, (o = Lom) =V — 10}
YEN(N=1)p)+7* (o N(N=1)oF) YEN(N=1)pn)+72 (P} N(N—1)o
+(N—1)5 Tppe . 7 ( )ple
eV ON(N=1)p)+72(pj N(N— Dos) 4 ( ) N(N—=1)pn)+~2(p}
P2 2 Y (ON(N=1)p)+72(pf N(N-1)oF) 4 (1 —m)p? YON(N=1)pp)+7*(pf N(N=1)o3)
- 27<N 1) 2 l 2(,2
7eYON(N=1)p))+7*(ph N(N=1)a3) | (1— )67(5N(N Dpp)+72(p N(N=1)o3)

Therefore, when o* = 1, we get REP*"“*(o* = 1;m) > REP]*“" (o = 1;1m) iff:

(mpn + (1 —m)pi) > 2y03 (mpj, + (1 —m)pp),

which is equivalent to -
0 _mpp+ (L—m)p}
2v03 ~ wpn+(1—m)p

From Proposition 7 we know that an existing firm will disclose relationship if and only if

Ph~+ Pl )
< < .
Note that ) (1
TPy +
Ph i < pn + pus

o + (1 —m)p

as it is equivalent to

prpr = 0.

|



Therefore, an existing firm will establish and disclose relationship with the new joiner if and only
if -
o

20?2

> Pn + P

or if _
5 mpi + (1 =m)pi pn+pi

2 e ( ) ):
20§ won+ (1L —7)p 2

which requires
mpp+ (L=m)pi _ putp
won+ (1 —7)p 2

The above inequality holds if and only if
Py + (L= m)pi — pupr < 0,

which is equivalent to

mon < (1 —7)pr.

When o* = 1, we get REP(a* = §;1m) > REP (o = Z;m) iff:

_thev(gN(N—l)pz)+v2(pﬁN(N—1)0§) + (1 — 7) eV ONWN=D)pn)+7*(pf N(N=1)org
(N -1) 7 YON(N=1)p))+7*(ph N(N-1)o3) | (1-— W)ev(gN(N—l)ph)Jrvz(p?N(N—l)Uf‘;’)

- (N -2

7 (N-D(N-D 7 f(N-2)(N-D) | (] _ 1) d1en(N-D(N-D72fa3(N-2)(N-1)

i (mheém(N72><N71>+w2p,%a§(N72>(N71> (1) eswh<N—2>(anﬂ%%ag(zvfa)(fvfl)) )

2 V(SN (N=1)p)+7*(pp N(N—-1)03)
>270-§ (N_l) the_ 20,2 2+<
meYON(N=1)p))+7*(pp N(N=1)o3) | (
2
1

(W e IN=D(N-D+7? {3 (N-2)(N-1) |,

- W)Pz :
T

276N (N=1)pp)+7*(p N(N=1)03)
_ )ew(fsl\f(l\/—l)/)fl)Jrv2 (P N(N-1)o})

- (N -2

(1—7) 657Ph(N*2)(N*1)+’729520§(N*Z)(Nfl))
7 (N2 (N2 (N-2)(N-1) | (1 — 1) Dvn(N=-2 (N1 420f 03 (N-2)(N 1) ) ’

which is equivalent to

5 D[ - (V- 2+ (- med)

2905 © (N — 1) [24H2E] — (N = 2)(mpp + (1 = m)p)]

where
A = gt ONW=Dp)+7* (P N(N-1)oF)



and
B=(1- 7T)67(51\7(1\7*l)ph)ﬂ?(1)121\7(1\7*1)0(?)_

From Proposition 7 we know that an existing firm will disclose relationship if and only if

Pr + pi 5
< < .
92 270_? Ph + Pl

Note that

(N = 1) [A552] - (¥ = 2)(m} + (1 = m)f)

(N = 1) [2555] = (N = 2)(mpn + (1 = 7m)p1)]

< pn + 1,

as it is equivalent to
(N =2)pnpr < (N = 1)pnpr.

Therefore, an existing firm will establish and disclose relationship with the new joiner if and only

if

2 A+p?B
(N = 1) [ 2458 - (N =2+ (1= ™)) 4

max( ) )
(N = 1) [25557] — (N = 2)(mpn + (L= m)p)] 2
)

To see the necessary condition for

(N—lﬂﬁzﬁﬂ—%N—ﬂﬂm%+ﬂ—WW%<J%+m’ onn
(N = 1) (24588 — (N = 2)(mpn+ (1= mp)] 2

first note that when % < pn + o % > 7= 50 Phﬁ%ﬂg > 7pp, + (1 — m)p;. Therefore the

denominator of inequality (OA1) is positive, as

prA+ pB
A+ B

=

(
> (N—=1Dmpp+ (1 —m)m
> (N =2)(mpp + (1 —m)p1).

~1)

Therefore inequality (OA1) is equivalent to

A B

N =2)lmpn = A =mor] > (N = Vlpn g5 — g 5)

(OA2)

10



When p, A > p; B, then the right hand side of inequality (OA2) is non-negative. Since % >
=, this implies 7p; — (1 — m)p; < phAJ%B - plAJrLB. In addition, we have N — 1 > N — 2
so inequality (OA2) cannot be satisfied. Therefore a necessary condition is p, A < p; B, which

translates to the expression in the proposition.

OA2 Technical details of introducing correlation between
firm-specific cash flow and cash flow from relation-

ship formation

Denote Cov(V/, 5) = 05, and let C = Zf\;l Osi.
We still assume that V;, ..., Vy,  are jointly normal, then for s € {h,1},

BU = —n(e W+ 5ai () _ (1 _ (e mw O oh 0)

Y

where

N

i=1

N N
o (s) = VIWI|p = p] = plosN* +00.(>_a}) +2Np, Y o

=1 i=1

Take the partial derivative of EU with respect to ¢;, then setting ¢; = 1 results in the price

for firm ¢ being

_ 2. (2CNpy +N2p252 _ 2. (2CNp;+N2p252
| 7Tph€N6'ypl+7 ( ”’; #hos) o (1— ) 6N5'yph+’y ( "12 °i 6))
_ [/ 2 N
Pi - E{V - ’YO-V + (6 - O’Y - N,70-62> _ "/2'(QCNPh+N2p%J§) B 72‘(20NPZ+N2P]2‘7§)

2.(2CNph+N2p%cr§) 72.(2CNpl+N2plza§)

(7r,0%6N‘5W+7 P +p7-(1—m) eNovont 2 )
}

2. 2,252 2. 2,2,2
reN&vo+ (QCNP}L;N viot) (1 — ) NEvon (QCNpl;N i)

— Nyo?

OA2.1 Relationship disclosure

After sending message m, price of firm ¢ with the posterior probability 7" can be similarly ex-

pressed as

11



- 1 5
Pi(a;m) = }—%{V —op+
2. 2 2 2 2. 2 2 2
7TmpheN5wz+W (QCN%;N ph%) + pi (1 — wm) eNSvmﬂrW (QCNW;N : Ua))
(5 — C’Y - N’VU&) N 72-(20Nph+N2p%J§) B ’YQ'(QCN,Ol-HVzplQo‘g)
gmelNovoit z + (1 — 7m) eNovent 2
2, 2,2 2 _ 2, 22 2
<7Tmp}2leN57m+v (QCNph;N . 6) —+ pl2 . (1 _ ﬂ-m) eNMPh—&-W (ZCNPZ;—N al 6))
o 2
nyo-(s ~ ’Y2‘(QCNPh+N2P%IU§> _ '72'(QCNPZ+N2pl2“§> }
ameNovoit 5 + (1 _ ﬂ-m) eNovpn+ 7

Each firm 5 would thus choose disclosure policy o to maximize the expected price

E[P;(a; )] = P(a;i = h)Pr(m = h) + P(a; 1 = 1) Pr(m = ).

OA2.2 Relationship formation
Comparing the prices, we have that when o* = 1, EP;(a* = 1;m) > P if and only if:

(0 = Cy = Nyosi) (mpn + (1 = m)pr) > Nyog(mpp + (1 —m)pi),

or, equivalently,
5 wp2 + (1 —7)p?
Ph, ( )pl +C"}/+N")/O'51

Nyos = mpn+ (1 —7)py

When o* = 3, EP;(o* = 1;/m) > P/ if and only if:

72.(20Nph+N2p%a§)

3 +p(1=mn) eNovpnt

72.(20NPZ+N2/)I20'§> >
2

(6 — Cy — Nvos) (theN‘SA*'””r

) o N5 +72'(2CNPh+N2p%a§) ) -
> N~oj | mpre™ 77 2 +p; - (1 —m)erPn 2

72'(2CN/JZ+N2W20§) >
5

or, equivalently,

(mp2 + (1 —7m)p?) 5 Wpiew(Ssz)Jré(piN%?) +(1— W)pfev(gl\fph)Jré(p?NQ 3)

>
(mpn + (L =m)p) = yNoj

thew(SszHﬁ(piNagg) +(1- W)ple'Y(SNph)"’%(PzQN%g)

12



Therefore mandatory disclosure destroys relationship destruction if and only if

(mph + (L =m)pf) (6= Cy = Nyoy)
(mpn + (1 = 7)p1) Nyo3

2-(201\/ +N2 252) 2-(26’N 4+ N2 202)
- v Ph PO - ¥ ol pjos
<7Tp%eN6'ypl+ P} _I_ pl2 . (1 — ﬂ') eN(S'thJF P) )

_ 72-(2C’Nph+N2p%U§) _ 72-(2CNpl+N2pl20§) )

>

OA3 Other variations

OA3.1 Optimal collaboration intensity

In this subsection, we study the optimal collaboration intensity  from a firm’s point of view. We
continue to assume that each firm’s objective function is to maximize the expected asset price.
Since the two firms are symmetric, we focus on one firm without loss of generality. To illustrate
the result most transparently, we assume that there is no cost of the firms to change §, which is
a measure for intensive margin of firm relationships.

For the case without matching uncertainty, by pricing function (4), firms would choose the
largest & possible (i.e., with unbounded support, firms would choose d to be infinity).

We now consider the case with matching uncertainty and in this case, we show that the
optimal intensity ¢ is interior. For simplicity, we assume that p; = 0. As mentioned before, in
this special setting, uncertainty about matching intensity p can also be interpreted as uncertainty
about the existence of firm relationship. The asset prices for j = { A, B} are just a special case of

the prices in the conceptual framework given by equation (6):

p — Voaow
R
L0 mpe? P
R 7627%%03; + (1 _ 7.‘-)62’yph5
2v02 Tp2e2’ho}
- R d 2’}/202 2 L g (OA3)
Te* % + (1 — m)ePn

Firms choose their collaboration intensity § € [0, 00) to maximize their asset prices (OA3).

An increase in 6 has two effects on the price (OA3). There is a direct effect that increases the
price due to an increase in expected cash flows. There is also an indirect effect that decreases the
price due to the risk associated with an increase in the asset demand of both assets caused by

the direct effect. A high asset demand adds risk to the investor’s portfolio as she believes with

13



probability 1 — 7 that firms A and B have no relationship (9 = p; = 0). In other words, an
increase in ¢ increases the downside risk and thus the kurtosis term as captured in the third term
of equation (OA3). When the investor is uncertain about the matching intensity between two
firms, it is optimal for firms to have a limited collaboration intensity, in contrast to the case in

which the investor is certain about the matching intensity.

Proposition OA3 (Optimal Collaboration Intensity). The optimal collaboration intensity § = 0*

is uniquely determined by the solution to the following equation:
(1= m)pn + pam?e?Pr 0P a1 — m)phod — 2ym(1 — m)prd = 0.

In Figure OA1, we report the optimal collaboration intensity §* for several parameter spec-

ifications. Specifically, we assume v = 1 and m = 0.5, set several values for p;, and depict 5*

against o2. We can see that the optimal collaboration intensity * is interior and increasing in o2.

Figure OA1: Optimal Collaboration Intensity

y=1,p$=0,7m=0.5

—pn =1
—pp =3
—pn =9
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Proof of Proposition OA3

Taking the FOC of the asset price under uncertainty (6) with respect to § and re-arranging terms,

we obtain

(1 = 7)pn + par?e?P 07 =0) 4 dym(1 = m)pjof — 29w (1 — m)p3d
0

Re2v?0r03+272pfo3+26vpp+28vp ((1 _ 77)627(7pl20§+5ph) + 7T62'y('ypi0§+5m))

OA3.2 Disclosure of exposure to factors by one firm

This subsection aims at further comparing our paper to Heinle et al. (2018) by connecting the
disclosure of an exposure to a risk factor as in their study to a disclosure of a relationship as in
our paper. Assume there is only one firm with payoffs F; = V4 + A, where V4 ~ N(V,0?) and
A is given by

pn  with probability 7,

A = po, with 6 ~ N (5, ag) and p = { (OA4)

pi with probability 1 — m,
where p, > p; > 0 and 5 > 0. Investors are uncertain about the exposure of the firm to the factor

0. The price of the asset is given by

V — ot
R
Tppe2 T PO I (] — W)pleév%?a%whé]

Py, =

TV PS4 (1 — r)ezyioitens

]
R

vo3;
R

21220.2_*_ 5 21220.2_;'_ 5
Tpre2Y PRIsHIP® (1 — ) pPez? PiosHIPn (0AS3)

me Vo tIme 4 (1 — r)ezy’ioitens

There are three changes with respect to the price under matching uncertainty with two firms
given by equation (6). First, the third term is no longer multiplied by 2, which accounts for the
diversification cost, as there is no diversification cost with a single firm. Second, there is a change
in the relative importance of the variance of the common factor in the exponential weights relative
to the mean of this common factor. The variance of the common factor now is relatively more
important than the mean relative to the two firms case. Third, there is a change in the absolute
importance of weights. The exponential weights are smaller than in the two firms case due to the
absence of correlation in a single firm case.

As in Section 4, we now specify that the firm can commit to a disclosure policy such that the
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firm can choose the following probability o € [%, 1] at zero cost:

Prim=h|p=pn) = Pr(im=1|p=p)=a,
Prim=1[p=py) = Prim=h|p=p)=1-o (OAS)

As before, when o = 1, the firm provides perfect disclosure of the realization of p. Instead,
when o = 1/2, the firm provides no information about the realization of 5. Any « in between
will generate only partial disclosure about the realization of p. The following proposition shows
under which conditions the firm will choose to opt for a full disclosure policy or a non-disclosure
policy, which is a counterpart for Proposition 2. The intuition is similar to the model in our main
setting but the results are qualitatively different. Specifically, the region where no disclosure is
optimal shrinks. This is because no disclosure is more costly due to the absence of diversification
cost. In addition, since there is only one firm, we are not able to answer questions related to the

real effects of mandatory relationship disclosure on relationship formation.

Proposition OA4. The optimal disclosure policy o« = o* is a corner solution and is given by

L rpitpn s pitpn
5, 1 < <

a*z{ 5 P < g < B (OA7)
1,

otherwise .

Proof of Proposition OA4

Following the same steps as in the proof of Proposition 2, the FOC of the expected asset price

(OAS5) with respect to « equals zero at a = % is:
OFE[P4(a;m)]
—_— = 0.
Oa a=1
2
The disclosure policy a@ = % is a maximium if and only if these two conditions are satisfied:

= 1 < 1 <
5 < 1(p1 + pr)ot and edreend < oheiat e
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