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Abstract. We introduce an international active fund management industry model, in which
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search for domestic versus foreign investment opportunities. In equilibrium, incentive
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(worsens) domestic manager incentives, induces an increase (decrease) of both domestic
performance and size. Empirically, we find that 30 global markets’ performance and size, on
average, decrease with U.S. concentration. This evidence is consistent with our theoretical
predictions but is inconsistent with extrapolation of single-country (implying homogeneous
incentives) equilibria to one “global village” [e.g., Feldman, Saxena, and Xu (2020)].

JEL Codes: G10, G15, G20, L10

Keywords: Active management, Mutual funds, Global fund markets, Global village,
Effort, Performance, Market concentration, Competition, Herfindahl-
Hirschman index, Industry size, Alpha

Copyright © 2021 by David Feldman, Konark Saxena, and Jingrui Xu. All Rights Reserved

2 Banking and Finance, UNSW Business School, UNSW Sydney, NSW 2052, Australia.  Email:
d.feldman@unsw.edu.au

b Banking and Finance, UNSW Business School, UNSW Sydney, NSW 2052, Australia. Email:
k.saxena@unsw.edu.au

¢ Wang Yanan Institute for Studies in Economics (WISE) and Department of Finance, School of Economics,
Xiamen University, China. Email: jingrui.xu@xmu.edu.cn

4 We thank Doron Avramov, Vitor Azevedo, Rita Biswas, Carmen Borrego Salcido, Huaizhi Chen, Teodor
Dyakov, Bejamine Jansen, Chang Mo Kang, Jeong Ho Kim, Linda Pesante, Federico Platania, Avi Wohl, and
Terry Zhang for helpful discussions. We also thank seminar participants at Australasian Finance and Banking
Conference, Midwest Finance Association Annual Meeting, Mutual Funds, Hedge Funds and Factor Investing
Conference, Asian Meeting of the Econometric Society, Spanish Association of Finance (AEFIN), and CUNEF
Finance Forum, FIMEF International Financial Research Conference, Financial Management Association Annual
Meeting, International Conference of the French Finance Association, World Finance Conference, and The
Finance Symposium. Jingrui Xu’s research was supported by the Fundamental Research Funds for the Central
Universities, Grant Number 20720181061.




1 Introduction

The competitive environment faced by fund managers plays a critical role in determining the
performance, fees, and size in the active fund management industry (AFMI). Recent articles
study, both theoretically and empirically, how scale, skill, and competitiveness influence U.S.
AFMI outcomes (i.e., in a single dominant country') [e.g., Pastor and Stambaugh (2012) (PS);
Pastor, Stambaugh, and Taylor (2015); and Feldman, Saxena, and Xu (2020) (FSX)].
International evidence suggests that AFMI outcomes are heterogeneous across countries [e.g.,
Dyck, Lins, and Pomorski (2013); Khorana, Servaes, and Tufano (2005, 2009); Chan, Covrig,
and Ng (2005); and Ferreira, Keswani, Miguel, and Ramos (2012, 2013); Ferreira, Matos, and
Pires (2018)] and that there are significant cross-effects where foreign economies influence
domestic fund manager outcomes [e.g., Goldstein and Pauzner (2004); Defond, Hu, Hung, and
Li (2011); Jotikasthira, Lundblad, and Ramadorai (2012); Yu and Wahid (2014)]. This
international evidence creates the need for theoretical models that provide economic insights
into how foreign economies affect domestic AFMIs, especially for smaller economies that are
likely to experience substantial spill-over effects from a dominant foreign country. In this paper,
we study, theoretically and empirically, how foreign AFMI competitiveness influences the
performance and size of a domestic AFMI.

Our two-country model has important features distinguishing it from the single-country
setting (e.g., PS, FSX): fund managers in our model spend two types of effort exploring
investment opportunities. One type targets investment opportunities in the domestic stock
market, whereas the other type targets opportunities in the foreign stock market. We allow the
productivity of efforts for finding mispriced assets, and the costs of these efforts, to be
heterogeneous for the domestic and foreign countries.?

Other features of our model follow PS and FSX: fund managers, competing for
investment funds, maximize expected net (of management fees) alphas by choosing
management fees and costly effort levels. Infinitely many mean-variance risk-averse investors
maximize their portfolios Sharpe ratios, by allocating their wealth across domestic active funds

and a passive benchmark portfolio (here, the benchmark includes both domestic and foreign

! Dominant in the sense that it is little influenced by other countries” AFMIs.

2 For example, the costs and productivity of finding alpha in Sydney, Australia, or Silicon Valley are likely to be
heterogenous for an Australian active manager.

3 We do not extend the model to include more than two countries as this unnecessarily increases the complexity
of the model without adding to its intuition: a three-country model can be represented as a two-country model
with a domestic country and an aggregation of the two foreign countries as a single foreign country.
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stocks).** Alpha production is subject to decreasing returns to scale at the industry level, as in
PS and FSX, and at fund levels, as in Berk and Green (2004), FSX, and Feldman and Xu (2020).

Studying how changes in the competitive environment in a foreign AFMI (FAFMI)
influence outcomes in a domestic AFMI (DAFMI), we introduce a model of DAFMI/FAFMI
equilibrium with endogenous performance, size, fees, and managerial effort under a continuum
of DAFMI and FAFMI concentration levels.® Our model analyzes how and by which
mechanisms FAFMI concentration affects DAFMI. By allowing real-world heterogeneities to
influence fund managers’ decisions on how to allocate their efforts between domestic and
foreign stock markets, we obtain novel predictions. All else being equal, a change in the
concentration of one AFMI induces effort productivities (for finding mispriced opportunities)
and effort costs to change, incentivizing effort re-allocation across the domestic and foreign
stock markets.

As is the case in the real world, DAFMI/FAFMI concentration levels (competitiveness)
affect alpha production functions and cost functions. Managers’ competition for investment
funds and investors’ portfolio choices determine equilibrium fund sizes, performance, and
direct benefits.” Our main theoretical findings are that an increase in FAFMI concentration
changes® both DAFMI performance and size in the same direction. In this setting, equilibrium
expected net alpha and size depend on a key quantity: the direct benefits, for DAFMI, defined
as the sum over domestic and foreign stock markets of gross alphas produced by managers’
efforts, minus the sum of the costs of these efforts. Further, the direction of the change of
equilibrium expected net alpha and size depends on the direction of change of direct benefits.
Precisely, if and only if (holding DAFMI concentration unchanged) higher FAFMI

concentration induces higher (lower) DAFMI direct benefits, then it induces higher (lower)

* In the model, both foreign and domestic active funds aim to outperform the international passive benchmark
consisting of foreign and domestic stocks. However, we do not allow investors to allocate directly to foreign active
funds, reflecting real-world barriers, such as transaction and information costs, taxes, and biases, to invest in
domestic funds. For example, we assume that a representative Australian retail investor does not convert AUD
savings to USD then fulfill various regulatory and legal requirements before investing in a U.S. active fund.
Instead, he or she invests in an Australian active fund that looks for investment opportunities in both U.S. and
Australian markets.

5 As we argue in Section 2, a case in which both countries’ investors and active funds invest in both countries’
active funds falls under the analysis of FSX.

6 For brevity, we henceforth omit the word “levels” in the terms “concentration levels,
“expected net alpha levels,” “effort levels,” “cost levels,” “investment levels,” etc.

7We prove the existence and uniqueness of this equilibrium below, see Proposition 0, its proof intuition, and its
proof in the appendix. The underlying intuition is simple. Competing managers, who do not offer competitive
expected net alphas to investors, who maximize their portfolios’ Sharpe ratios, do not attract investments,
therefore, cannot exist. Thus, in a Nash equilibrium, all mangers offer the same expected net alphas, and managers’
skills determine the sizes of their wealth under management. Because of the optimization problems of managers
and investors, each has a unique optimum; the Nash equilibrium is unique.

8 Increase or decrease; both first and second order.
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DAFMI fund expected net alphas and size.’

Intuitively, as competitiveness increases in FAFMI, there are lower incentives to exert
effort to search for investment opportunities in the foreign stock market,'” thereby increasing
incentives and wealth available to DAFMI funds to search for investment opportunities in the
domestic stock market. Consequently, these changes make it more difficult to find investment
opportunities domestically. However, these changes could also decrease managers’ salary
levels and then decrease the effort costs of searching for investment opportunities. If the effect
on the costs overwhelms the effect on the return from investments, then these changes increase
DAFMI size and performance. Which of these effects dominates is an empirical question,
depending of parameter values, a question that we answer in the empirical part of this paper.

Our analysis is related to that of FSX, though FSX does not address, theoretically or
empirically, the question of how competitiveness in one market’s AFMI affects other markets’
AFMIs. While a single dominant market analysis is reasonable for the U.S., due to its relative
magnitude, it is unlikely that a smaller market’s AFMI, subject to substantial influence from
foreign fund managers and investors, behaves in the same way, as if such international effects
could be largely ignored. Alternatively, one could conceive a one global village!! version of
the single-country model of FSX, in which fund managers in all countries face the same effort
productivities and costs for global investment opportunities.'? In such a model, the decision of
whether to spend more effort in finding investment opportunities in the domestic stock market
than that effort spent in the foreign stock market is irrelevant. The relevant decision is only
about how much total effort to spend, given the opportunities and costs of effort. Such a model
is plausible and has distinct empirical predictions compared to our international model, in
which effort heterogeneities play an important role in determining AFMIs outcomes.

Specifically, the one global village model (with no country-level heterogeneities)
predicts that the performance and size of AFMIs in all countries will respond in the same
direction to change in a global AFMI competitive environment. For example, if the dominant

U.S. AFMI becomes more competitive, resulting in a decrease in incentives (productivities net

® We also provide second-order analysis. In equilibrium, concave DAFMI expected net alphas in FAFMI
concentration imply concave DAFMI direct benefits in FAFMI concentration. In turn, concave DAFMI direct
benefits in FAFMI concentration imply concave DAFMI size in FAFMI concentration. On the other hand,
equilibrium convex DAFMI size in FAFMI concentration implies convex direct benefits in FAFMI concentration,
and convex DAFMI fund expected net alphas in FAFMI concentration.

19T ower (higher) such incentives induce lower (higher) optimal effort allocated to find alphas.

' Thomas Friedman defines the global village as a world “tied together into a single globalized marketplace and
village.” [Poll (2012)].

12 That is, a fund manager based in Sydney, Australia faces the same opportunities and costs in finding investment
opportunities in Silicon Valley as in Sydney.



of costs) to exert effort in the U.S. stock market, it will also reduce incentives of foreign fund
managers to find alphas there. In this one global village model, foreign active fund managers
cannot have improved incentives to exert effort domestically when U.S. incentives decline. As
a result, net alphas will decrease together globally, and investors will re-allocate wealth from
all active funds to the global passive benchmark, resulting in a decrease in the global AFMI
size.

In contrast, our model with international competition allows for DAFMI and FAFMI to
respond in different directions when competitiveness in FAFMI increases. By modeling two
types of effort for the two countries and their heterogeneous productivities and costs, our model
allows for the re-allocation of optimal fund manager effort across countries. For example,
consider the following scenario. As AFMI competitiveness increases in the U.S., there are
higher costs and lower productivity for domestic active managers to search for investment
opportunities in the U.S. stock market. However, domestic fund managers find better local
opportunities to enhance productivity and reduce costs (e.g., they are able to better attract U.S.
and domestic talent or to acquire U.S. knowledge and technology at more attractive prices, so
they become more productive at finding investment opportunities domestically). This leads to
an increase in the domestic AFMI’s alpha and size in response to an increase in the U.S. AFMI
competitiveness. The one global village model does not allow this scenario.

Our empirical evidence is inconsistent with a one global village interpretation of FSX,
and it significantly supports a model with international competition, as does our model here.
Using the Normalized-Herfindahl-Hirschman Index (NHHI) and other indices as concentration
(competitive environment) measures, we study 30 active global equity AFMlIs, considering
each one as a domestic AFMI (DAFMI), and analyze their fund net alphas and size associations
with both the domestic and the U.S. equity AFMI concentration, thus calling U.S. market the
foreign AFMI (FAFMI). Pooling all the markets’ data together and using multiple hypothesis
tests, we find that domestic AFMI fund net alphas and sizes are, on average, both significantly
negatively associated with the U.S. NHHI. Consistent with our theoretical results, DAFMI net
alphas and sizes move, on average, in the same direction in response to changes in FAFMI
concentration. Furthermore, we find that, on average, global (DAFMI) markets’ sensitivity to
U.S. (FAFMI) concentration is higher than to their own concentration. This suggests that the
heterogeneous international effects we model are of first-order importance for markets outside
the U.S.

We also empirically study all 30 individual pairs of the 30 DAFMIs, keeping FAFMI

fixed to be that of the U.S. The effects for these pairs are expected to be heterogeneous across
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countries and depend on how U.S. concentration affects incentives (that is, effort productivities
and costs) in various markets. We find that six (one) DAFMI markets’ fund net alphas and size,
on average, are both significantly negatively (positively) associated with the FAFMI NHHI,
whereas nine DAFMI markets’ fund net alphas and size both are insignificantly associated with
the FAFMI NHHI. Only for 3 of the 30 DAFMI markets are the associations with FAFMI
NHHI inconsistent with our theoretical prediction; that is, DAFMI alpha and size do not move
in the same direction when FAFMI NHHI changes.!® Furthermore, after we combine our
sample’s European DAFMI markets into one EU DAFMI market, we find that this EU DAFMI
market’s fund net alphas and size both are, on average, significantly negatively associated with
the FAFMI NHHI.

Dyck, Lins, and Pomorski (2013) find that alphas are generally larger in emerging
market equity, followed by non-U.S. developed markets, and are smallest in U.S. markets.
These results are consistent with the cross-sectional notion that alphas are higher in less
competitive markets. This result is consistent with our model but is distinct from our key
empirical result: in contrast to a cross-sectional relation, we examine a spill over relation where
changes in competitiveness of the U.S. markets influences the performance and size in other
markets.

Our empirical results are robust to several empirical specifications. We use Pastor,
Stambaugh, and Taylor’s (2015) (PST) recursive demeaning estimator to address endogeneity,
reverse causality, fund fixed effects, and omitted-variable-related issues when studying the
FAFMI concentration-DAFMI net alpha relation.'* We also use Zhu’s (2018) estimator in
studying this relation for a robustness check and find consistent results. We use vector auto-
regression (VAR) techniques to account for simultaneity in determining DAFMI size and
FAFMI concentration in our robustness checks and find consistent results with those that do
not use the VAR techniques. We control for survival bias by using Morningstar Direct’s global
database, which contains both surviving and terminated funds. Our empirical results are also
robust to the use of alternative estimation methods and concentration measures.

Our findings provide implications for fund managers, investors, and regulators. Our
evidence suggests that it is important to understand how changes in the internal competitive

environment of dominant countries influences the incentives for finding investment

13 In Finland (Chile and Taiwan), fund net alpha is significantly negatively (positively) associated with FAFMI
NHHI, but DAFMI size is significantly positively (negatively) associated with FAFMI NHHI.

14 The recursive-demeaning estimator by Pastor, Stambaugh, and Taylor’s (2015) also controls the effects that a
first-difference approach can control.



opportunities in smaller economies. The findings also suggest that current low and decreasing
concentration in the U.S. AFMI can benefit non-U.S. AFMIs. These are typically good times
for smaller AFMIs to try to improve domestic effort productivity by acquiring talent and
technology at more attractive rates. Policy changes or mergers in the U.S. AFMI that
substantially increase its concentration are likely to negatively affect non-U.S. AFMIs by re-
allocating incentives away from domestic markets toward finding investment opportunities in
the U.S.

While we focus on AFMI concentration, our model provides a framework to analyze
other international AFMI heterogeneities. For example, differences in regulation, capital gains
taxes, and transaction costs can be modeled as heterogeneously influencing fund manager costs
for finding investment opportunities. Differences in equity market development, noise trading
levels, and sophistication of non-AFMI investors can be modeled as heterogeneously
influencing fund manager productivity. These factors will have theoretical predictions for
international differences in AFMI alpha and size. Our model can also be extended to allow for
multiple domestic/foreign AFMIs as well as heterogeneous investors in foreign and domestic
AFMIs with different levels of home bias, risk aversion, and background risks. Modeling such
features can provide new testable implications for international differences in AFMI alpha and
size. We leave these and other such extensions for future research.

Section 2 develops the theoretical model, Section 3 presents the empirical methods and

results, and Section 4 concludes.

2 Theoretical Framework

We develop a theoretical framework for modeling the effects of DAFMI and FAFMI
concentrations on DAFMI managerial efforts, fees, performance, size, and direct benefits. For
simplicity, we consider a two-country international model, in which each country has an AFMI
with competing fund managers who invest in stocks and infinitely many mean-variance risk-
averse investors who allocate their wealth to a passive international benchmark portfolio and
active funds.

Consider three possibilities of investment across the two countries. If each country’s
investors and AFMI managers invest in both countries’ AFMIs and stocks, respectively, we
can consider the two countries as one global village with one AFMI. FSX studies this case.

If each country’s investors and AFMI managers can invest only in their own country,
we have two separate AFMIs. Each country’s AFMI is, again, modeled in FSX.

If, however, due to transaction and information costs, each country’s investors invest
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only in DAFMI, whereas fund managers, facing lower transaction and information costs, invest
in both countries’ stocks, then a new DAFMI/FAFMI model is required. In such a model, fund
managers compete domestically for wealth to manage, but both DAFMI and FAFMI
concentrations affect managers’ gross alpha production and effort costs. We introduce such a
model in the following sections. We note that this model is applicable to more complex
situations. For instance, a European country’s AFMI might be closely related to some other
European countries” AFMIs, and also be related to the U.S. AFMI. Then, we can regard these
European countries” AFMIs, in aggregate, as one DAFMI and the U.S. AFMI as FAFMI. Then,
we can use our model to study how the FAFMI (U.S.) concentration affects the DAFMI (these
European markets in aggregate).

Figure 1 illustrates these three cross-country investment possibilities.



Figure 1 Three Cases of a Two-Country Model.

This figure shows the three cases of two-country models. In the first case, investors invest in both countries’
AFMIs and managers invest in both countries’ stocks. The two countries can be regarded as one AFMI “global
village.” In the second case, investors can invest only in DAFMI and fund managers can only invest in domestic
stocks. The two countries” AFMIs are separate. In the third case, investors invest only in DAFMI, whereas fund
managers invest in stocks of both countries. Each country’s fund managers compete for domestic investments,
but both DAFMI and FAFMI concentrations affect gross alpha production and effort costs in each country’s AFMI.

First Case

Country 1 Investors Country 2 Investors

International
Country 1 Funds Passive Country 2 Funds

\ Benchmark

| Country 1 Stocks ‘ ‘ Country 2 Stocks

Full connections from investors to funds and from funds to
stocks across two countries

Second Case

Country 1 Investors Country 2 Investors

Country 1 Country 2
Country 1 Funds Passive Passive Country 2 Funds

Benchmark Benchmark

Country 1 Stocks Country 2 Stocks

No connections from investors to funds or from funds to stocks across two
countries

Third Case — The Case in This Study

‘ Country 1 Investors ‘ ‘ Country 2 Investors ‘

International
Country 1 Funds Passive Country 2 Funds

\ Benchmark

‘ Country 1 Stocks ‘ Country 2 Stocks

No connections from investors to funds, but full connections
from funds to stocks across two countries




2.1 Setting

The economy consists of two countries, Country 1 and Country 2, and one period. We
denote each Country k’s, k = 1,2, parameters by superscripts. For simplicity and without loss
of generality, we assume the countries’ currency exchange rate is one.'” Country k has two
types of agents: MY, M¥ > 1, active fund managers, and N*¥, N¥ — oo, infinitely many
investors. Fund managers in both countries are risk-neutral, invest in both countries’ stocks,
and maximize fund profits by optimally choosing proportional management fees and effort.
Mean-variance risk-averse investors in both countries allocate their wealth between a passive
international (including both domestic and foreign stocks) benchmark portfolio and domestic
active funds (DAFMI), maximizing their portfolios’ Sharpe ratios. All investors are small; thus,
individual investors’ do not affect fund sizes.

Due to the economy’s internal symmetry with respect to Country 1 and 2, it is sufficient
to focus on one country only. We denote Country 1 (2) as domestic (foreign), and its AFMI as
DAFMI (FAFMI).

Fund Managers’ Problem

Manager i in Country 1 observes alpha production functional forms and cost functional
forms, their parameters, and domestic and foreign concentration levels, fund sizes, and fees.
She maximizes her economic profits by allocating effort in each country, and fee rates, subject

to nonnegative allocations and nonnegative profit rate. Mathematically,

mag st U = GGl el st L HD)L m
subject to
it = Cclett,ef?; st H, H?) = 0, )
ell > 0, 3)
el >0, (4)

15 Realistically, currency risk is likely to influence investor portfolios as their domestic and foreign consumption
requires different numeraires. This risk induces a hedging demand. However, this hedging demand can be directly
managed via currency derivatives and, thereby, separated from problems of choosing active versus passive equity
management. Specifically, we assume that the passive benchmarks are hedged to local currencies; e.g. U.S.
investors use their benchmark as MSCI World (hedged to USD) while Australian investors use MSCI World
(hedged to AUD). In our setting, active equity managers do not have skills in predicting exchange rates, so they
hedge implicit currency bets when investing internationally. Thus, alpha arises only from the selection or timing
of equities, after hedging out currency risk. Our preferred way of modeling this fully hedged scenario is assuming
that the exchange rate is one. This is a reasonable assumption that captures our model property that currency risks
are orthogonal to the issues we study, keeping our model parsimonious.
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fir =20, (5)

where s}, f1, e!', el?, and C}(e}', el?; s}, H', H?) represent manager i’s fund size,
(nonnegative) proportional management fee, (nonnegative) effort spent in Country 1’s stock
market, (nonnegative) effort spent in Country 2’s stock market,'® and average (per dollar) cost
function, where H' and H? represent Country 1 and Country 2 AFMI (DAFMI and FAFMI)
concentrations, respectively. We define the domain of H! and H? as [0,1), where {0}
represents a fully competitive market and {1} represents a monopolistic market.!” Also,
inequality (2) shows that manager i’s profit rate should be nonnegative to survive.

Following FSX, we assume that the marginal diversification benefits of investing in an
additional fund are trivial, such that managers compete for investments over net alphas.
Manager i has to maximize her fund expected net alpha given fund size and AFMI
concentrations. Thus, as in FSX, we can transform manager i’s profit maximizing problem (1)
to an equivalent problem of maximizing expected net alpha:
max E(aHD), (6)

11 12
ej e f;

subject to constraints (2), (3), (4), and (5).
Proof. See the appendix.

The proof is similar to the one in FSX. Its intuition is as follows. Under competition,
funds that offer higher expected net alphas draw (all) investments. The possibility (threat) that
other managers increase fund profits by improving expected net alphas, and their fund sizes,
forces managers to maximize expected net alphas to “survive.” Thus, funds must offer similar
expected net alphas, leading to a unique Nash equilibrium. We note that this aspect of the
equilibrium is similar to that in PS; but in addition to their result, we show that it holds also in
the case of a finite number of managers.

Manager i’s average cost function has the following form.!'8

Cl(el',ef?; st HY H?) = c§ + cf;si + c3' (el HYL, H?) (7)

16 We remind the reader that the first superscript designates the manager’s country, and the second superscript
designates the country where stock effort was directed.

17 The open right boundary of the concentrations’ domain implies that managers are competing.

8 To simplify our model, we assume there is no interaction between effort and size in the average cost function
because it is unlikely that fund size affects managers’ per dollar efforts. We also assume that there is no interaction
between concentration and size in the average cost function because it is unlikely that concentration affects
managers’ average cost sensitivities to fund size. Nevertheless, even if these interacting effects exist, they tend to
be small in comparison to the effect of other terms in the average cost function.
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+c3%(ef?; HY H?),

where ¢j and c¢{; are constants and c;'(ej'; H',H?) and c3%(ej'*; H',H?) are costs,

conditional on countries’ concentrations, due to ej! and e} efforts directed at Country 1’s

stock market and Country 2’s stock market, respectively. Each fund’s operation cost is positive,

so ¢ > 0. Also, we assume decreasing returns to scale at the fund level, so fund average cost
increases with fund size, ie., cf; > 0. c3*(el'; HY, H?) and c3?(e/%; H',H?) have the
following functional characteristics:

. nonnegative, ie., ci'(0; HLH?) =0 , c3?(0; HLH?) =0 , VHYLH? ;
cil(e}'; HLH?) >0, Vel >0,HLH? ; and ci?(e}?; HLH?) >0, Vel* >
0,H', H?;

. increasing convex in effort, as we assume increasing marginal cost for each unit of
effort, i.e., cglein(eill; HY, H?) > 0, 0211631'651(631; HY,H?) > 0,V e}', H', H?, and
Cypr2(el?s HY H?) > 0, 0000 12(ef?s HY, H?) > 0,V e, HY, H2.

The different c;;’s across DAFMI funds imply differences in DAFMI fund-level
decreasing returns to scale parameters, as c;;’s measure differences in the rate at which
managers’ costs in generating gross alpha increase with size. This setting of fund-level
decreasing returns to scale is consistent with the empirical findings in the literature.!” We now
introduce two terms, an DAFMI individual manager skill and DAFMI aggregate skill.

DAFMI fund manager skill. In our model, (:11,1-_1 is the source of heterogeneous

manager ability/skill. A more skilled manager is one who has lower total variable costs of
active management for the same AUM and gross alpha.

Aggregate DAFMI skill. DAFMI aggregate skill is the sum of individual managers’
skills, Zﬁ‘fl (cll'i_l). In our model, DAFMI is more skilled when the sum of its mangers’ skills
is higher.

We show below that higher DAFMI aggregate skill corresponds to higher DAFMI size
and that higher individual DAFMI fund managers’ skill, relative to other managers,

corresponds to a higher relative size of their fund. (See Proposition 1 and the discussion

following Lemma 1.)

Y Van Binsbergen, Kim, and Kim (2020, Panel A) document the heterogeneity of fund managers’ decreasing
returns to scale. Other empirical studies, such as Chen, Hong, Huang, and Kubik (2004) and Yan (2008), also
show that different fund types experience different levels of decreasing returns to scale.
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By spending efforts, manager i improves her fund net alpha. Manager i’s net alpha has

the following form.

1

S
af =a' = b' oo+ A (el HY H?) + A (e HY H) — f, (®)

where a® and b* are positive constants and b? is the industry-level decreasing returns to scale
rate, with conditional mean and variance

— 2
(o) = (3). ver(glo) = (2 ") g

where D is in managers’ and investors’ information sets. Equation (8) is based on the alpha

(>

production structure in PS and FSX. The information structure in Definitions (9) follows PS.

For simplicity, we assume g 41,1 = 0. Parameter W1 is the country’s total wealth, and S? is

DAFMI size (controlled by investors). The gross alpha production functions A**(e}*; HY, H?)

and A'%(e}'?; H', H?) quantify the impact of e}'! and e}'?, respectively. A (e}'; HY, H?) and

A2(e}?; H', H?) have the following functional characteristics:

. nonnegative, ie., A@(0; HL,H?)=0 , A'Y2(0; H,H*)=0 , VH,H? and
Al(e}'; HYL,H?) > 0,V e}t > 0,HY, H?, A¥?(e}?; HY,H?) > 0,V e!* > 0,H', H?;

. increasing concave in effort, as we assume marginal productivity of efforts is
decreasing, i.e., A;}l(ei“; HY,H?) >0, A;}I'ein(eiﬂ; H',H?) < 0,V e}',H', H?
Agra(ef?; HY H?) > 0, AT 12 (ef?; H',H?) < 0,V e}, H', H?;

. A(e}'; HY, H?) increases with H! and has positive cross partial derivative with
respect to H* and e;'', as higher H* implies more unexplored investment opportunities
and higher efficiency in wusing fund industry resources in Country 1, i.e.,
Arli(elt; HYLH?) > 0, Aii}lﬂl(e}l; HY,H?) >0,V e}' > 0,H', H?;

. A1(e}'; HY, H?) increases with H? because a higher H? implies more unexplored
opportunities in Country 2, diverting managerial efforts, leaving more unexplored
opportunities in Country 1, and improving effort productivity in Country 1 as well. That
is, Az (ef'; HYL, H?) > 0, AéiLJHz(ei“; HY,H?) >0,V e}',H', H?;

. A'%(e}?; H',H?) increases with H? and has positive cross partial derivative with
respect to H? and e}'?, as higher H? implies more unexplored investment opportunities
in Country 2, ie., Aya2(el?; HLH?) >0, A;%Z’Hz(ei“; HYLH*) >0, Ve}?>

0,HY, H?;
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. A'%(e}?; HY, H?) increases with H! because a higher H' implies more unexplored
opportunities in Country 1, diverting managerial efforts, leaving more unexplored
opportunities in Country 2, and improving effort productivity in Country 2 as well, i.e.,
A (el HYH?) > 0, Atz ya (el HY H?) > 0,V ef?, HY, HP.

From Equation (8) and Definitions (9), manager i’s fund expected net alpha is?°

— =St
E(af|D) = al = bt o + Al (el's HY, H?) + A'2(ef*; H', H) = fi. (10)

We define the direct benefits of efforts exerted by DAFMI managers in the domestic
stock market e}'* and in the foreign stock market e;'2, as follows:

B''(ei'; HY, H?) & A™(el''; H', H?) — c}'(ef"; H H?), (11
B'?(ef?; H',H?) 2 A (e/?; H',H?) — c;*(e{*; H',H?). (12)

These two terms are important for social planners and policy makers, as they capture the direct
benefits of e}'! and e}?, respectively, in terms of increase in gross alpha production minus the
corresponding effort costs.

B'1(ej'; HY,H?) and B*?(e}*; H', H?) capture the direct benefit from effort exerted
in active fund management in terms of an increase in gross alpha production minus the effort
cost. We interpret benefits generally, allowing them to be positive or negative.

Whether manager #’s marginal direct benefits of initial effort in each county’s stock
market are positive [i.e., B:ih (0; HY,H?) > 0, B:ifz (0; HY,H?) > 0,V H, H?] is an important
condition affecting the equilibrium. If this condition is not met, no effort is exerted, as in PS

(see Proposition PS, Section 2.3 in FSX). Whether the sensitivity of manager i’s direct benefits

B\ (et H H?) N dB?(ef?’; H H?)

at optimal effort is positive or not [i.e., ey e

>0 (< 0) and

dB“(eill*; Hl,Hz) + dB“(eilz*; Hl,Hz)

5 7 >0 (< 0)] is also an important condition affecting the

20 Following FSX, investors observe the passive benchmark and the AFMI funds’ returns. The difference between
these returns comes from three components: net alphas, the common risk factor, and idiosyncratic risks. As the
distributions of the common risk and idiosyncratic risk are common knowledge, investors know the likelihood
functions of the net alphas. Given prior beliefs of net alphas, they form posteriors and update their beliefs. In our
one-period model, there is no dynamic Bayesian updating, but we suggest that investors reach a fixed-point

equilibrium. Further, because investors observe fees and fund sizes (thus, industry size), they can also infer the
sum of A (ef'; H',H?) and A'?(e}?; H',H?). For simplicity and brevity, we depress the notation of
A''(e}t; HY, H?) and A'(e}?; H',H?) in favor of A" (el'; H',H?) and A'(e}?; H',H?), as these two
functions are deterministic.
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equilibrium.?!

Investors’ Problem

Country 1’s infinitely many mean-variance risk-averse investors invest in M funds,
earning returns, rFl, a M! x 1 vector with elements ng,i, i =1,..,M', in excess of the risk-free
rate. The model of rif is

i = ol + Blr, + xly + €l (13)

where al is a M* X 1 vector of fund net alphas in Country 1, with each element as a}, i =
1,..,M*; and [31 is the beta loading of each fund to an international benchmark portfolio. To
simplify the framework, we assume each fund has beta loading equal to one, with respect to
the international benchmark portfolio,” so that B! is the same as the M X 1 unit vector ty1.
Ty 1s the international benchmark’s return in excess of the risk-free rate, with mean p,,, u,, > 0,
and variance 05, 05 > 0. x! is the common risk factor of fund returns in Country 1, with mean
0 and variance 0'31, 031 > 0. gl isa M! x 1 vector of fund idiosyncratic risk factors in Country
1, and each of its elements is &}, i = 1, ..., M1, which has mean 0 and variance ‘7521> 0521 > 0.
The parameters u,,, 05, 031, and 0821 are constants, common knowledge to both investors and
managers.

Investor j’s portfolio return (in excess of the risk-free rate) is

T T T
nt =8 1w+ (1— 8 wor, =1,+8 (al +x'yu +eh), (14)

where 8i1 is a M1 X 1 vector of weights that investor j allocates to the M* funds, with each

1

element as &3;, and superscript T is a transpose operator. Investor j’s problem is*?

ji
E(r|D
n%?x(]—#, (15)
b varG )
subject to
§L=0, Vi (16)
SilTlMl <1 (17)

21 See also, Proposition 3 and the “proof intuition” to it.

22 This is a common assumption, as active funds usually have diversified portfolios. See the discussion in Pastor
and Stambaugh (2012).

23 Recall Footnote 20.

15



Constraints (16) and (17) imply that investors cannot short sell funds, or short sell the
international benchmark portfolio. To simplify our analysis, we assume that, in equilibrium, all

investors have the same weights allocated to funds (i.e., a symmetric equilibrium), such that

8" =81, Vvj#k (18)

In this case, in equilibrium, the fund industry size in Country 1 is

*
St 1T

m = 8] lMl, Vj. (19)

We also note that, as in PS and FSX (see PS, pp. 748-750, including Footnote 6, and
references therein, and FSX, Footnote 4), DAFMI’s and FAFMI’s active search for net alphas
might have indirect effects not modeled here. It might drive security prices toward their true
values; it might induce firms to improve governance and performance and to reduce agency
costs. It might induce transfer of wealth from less productive firms or investors to more
productive ones. As discussed in PS, FSX, and elsewhere in the literature, gross alphas are
zero-sum. We note that this is the case regardless of whether any manager’s direct and or
indirect benefits are non-zero or zero.

We are now ready to characterize, in the following propositions, lemma, and corollaries,
the TAFMI equilibrium, induced by managers choosing optimal effort in each country, and
optimal fees. That is, we characterize DAFMI equilibrium expected net alphas, Sharpe ratios,
effort, fee rates, direct benefits of effort, DAFMI size, and DAFMI funds’ market shares. In
Proposition 0, we formally state the DAFMI Nash equilibrium. In Proposition 1, we describe
the qualitative properties of this equilibrium; and in Lemma 1, we describe technical properties
of the DAFMI equilibrium used to prove Proposition 0 and 1. We present the two propositions
and lemma in a sequence, and then provide the proofs intuition.

We first define DAFMI equilibrium optimal allocations.?* Let

. e!1" be an M x 1 vector with Country 1 managers’ optimal effort allocations to
Country 1 stocks, eill*,

. e12” be an M x 1 vector with Country 1 managers’ optimal effort allocations to
Country 2 stocks, with components, eilz*,

. f1" be an M! x 1 vector with Country 1 managers’ optimal fee allocations, fil*, and

. 81" be an M® x N matrix with vectors of Country 1 investors’ optimal wealth weights

24 This is sufficient for describing the IAFMI equilibrium because of the DAFMI-FAFMI symmetry.
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allocations to funds, Sjl*.
PROPOSITION 0. Unique Nash Equilibrium.
There exists a unique Nash equilibrium, {e“*, elz*, f 1*, 81*}.
Proof of Proposition 0. See the appendix.
The following proposition that characterizes the equilibrium.
PROPOSITION 1. For manager i, i = 1, ..., M, if initial effort inputs generate positive direct
benefits of effort, then in the DAFMI equilibrium induced by managers choosing optimal

* * * 1*
effort-fee combinations, (el-11 , el-12 , fil ), DAFMI size, % , and DAFMI fund market shares,
.1*
Sl?, Vi, adjust such that the following properties are satisfied.
S

1. Competition drives managers’ economic profits to zero, so they can only charge break-
even fees.

2. Higher managers’ aggregate skill results in higher DAFMI size.

3. Higher managers’ relative skill results in higher DAFMI fund market share (relative
fund size).

4, Managers offer the same market competitive expected net alphas.

5. Managers offer the same market competitive Sharpe ratios.

6. Investors hold the same DAFMI portfolio weights (which are proportional to DAFMI
fund sizes).

7. Equilibrium efforts and fees are the same across funds.

8. Equilibrium DAFMI direct benefits of effort are the same across funds.

Proof of Proposition 1. See the appendix. The proof intuition is below.

To prove Proposition 1, we use the seven results of the following Lemma 1, which
characterize properties of the IAFMI equilibrium. (The following statement of Lemma 1 is
mostly verbal. An analytical statement of the Lemma, with all relevant mathematical
expressions, is in the Appendix.)

LEMMA 1. For every manager i, { = 1, ..., M?, if initial effort inputs generate positive direct

benefits of effort, the DAFMI equilibrium induced by managers choosing optimal effort-fee

combinations, (ei“*, eilz*, fil*), has the following properties.

1. Fees are equal to costs:

2. The impact of marginal effort, in either country, on gross alpha is set to be equal to the
marginal average costs of effort in the respective country, thus manager i’s marginal

direct benefits of effort (in either country) under the optimal effort are zero.
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3. When either country’s concentration is higher, DAFMI equilibrium optimal efforts in
either country are higher (lower) if and only if higher concentration induces a larger
(smaller) marginal effort impact on gross alphas than on costs in the respective country.

4. Whether each country’s higher concentrations induce higher equilibrium optimal fees
depends on whether they induce changes in equilibrium DAFMI sizes and in
equilibrium optimal efforts in each country that are aggregately positive.

5. When either country’s concentrations are higher, equilibrium manager i’s direct
benefits of effort in the respective country are higher (lower) if and only if higher
concentrations induce, in the respective country, a larger (smaller) impact on gross

alphas than on costs.

6. Pairwise relative DAFMI fund sizes, sil* /sjl*, are inversely proportional to their
corresponding cost coefficients, Cij/cii, (where cf; is the intensity of fund-level
decreasing returns to scale in gross alpha production).

7. DAFMI fund market shares sil*/Sl*s are 5}*/51* = |ci; Z;V:ll(cll,i)_l]_l, Vi.

Analytical statement and proof of Lemma 1. See the appendix. The proof intuition is below.
The proof of the existence and uniqueness of the Nash equilibrium is similar to the

single-country one in FSX. Competing for investments, DAFMI managers maximize fund

expected net alphas by choosing optimal efforts and fees in each country, earning zero
economic profits (break-even fees) in equilibrium. The reason for the latter is the following. If

DAFMI managers increase fees, they would lower fund expected net alphas and lose all

investments. If DAFMI managers decrease fees, they would become insolvent—incurring

negative cash flows (costs higher than fees). Deviating from equilibrium effort would also
induce a loss of investments (if decreasing effort) or insolvency (if increasing effort). Therefore,

DAFMI managers have no incentive to deviate.

Also, as there are no diversification benefits across funds, DAFMI managers who
attempt to provide higher expected net alphas attract investments. Consequently, due to
decreasing returns to scale in performance, on the one hand, and increasing fund costs, on the
other hand, “alpha gains” are more than mitigated by a (break-even) fee increase, resulting in
an overall decrease in expected net alpha. Thus, in equilibrium, the allocation of investments,
or fund sizes, sets expected net alphas to be equal across funds. If DAFMI fund managers
cannot produce the DAFMI highest expected net alpha, even for an infinitesimal fund size,
they lose all investments and go out of the market.

In addition, as DAFMI funds have the same expected net alphas, they have the same
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expected returns. As the source of DAFMI fund returns’ variance is the same across funds, the
DAFMI fund return variance is the same across funds. Therefore, DAFMI managers offer the
same competitive Sharpe ratio. Because investors cannot obtain a higher Sharpe ratio, they
have no incentive to deviate.

These conditions result in a DAFMI unique Nash equilibrium in which neither DAFMI
investors nor DAFMI managers have incentives to deviate from their chosen strategies.

If an increase in either country’s concentrations induces a higher (lower) marginal effort
impact on DAFMI gross alphas than a marginal effort impact on DAFMI costs, in the
respective country, then DAFMI managers optimally choose, in each country, higher (lower)
efforts in producing fund net alphas. If an increase in either country’s concentrations induces
higher DAFMI equilibrium optimal efforts in the respective country and DAFMI managers’
costs are driven higher, then equilibrium break-even fees are higher.

Higher concentrations in each country have two effects on manager i’s direct benefits
of effort in the respective country. First, in the respective country, they directly affect gross
alpha production functions, A'(e!'; H,H?) and A'2(e}?; H',H?) , and costs,
cil(elt; HY, H?) and c3?(ej?; H, H?), being parameters of each of these functions. Second,
in the respective country, they affect DAFMI equilibrium optimal efforts, consequently
changing the respective country’s gross alphas and costs. In equilibrium, the latter (net) effect
is zero because managers keep increasing DAFMI efforts in each country until, in each country,
the marginal effort impact on gross alphas is equal to the marginal effort impact on costs. Thus,
the effect of higher concentration through effort on gross alphas, in each country, is cancelled
out by its effects on costs. Therefore, in DAFMI equilibrium (as the net second effect is zero),
changes in either country’s concentrations affect gross alphas and costs through the (direct)
first effect only. Consequently, if higher, either country’s concentrations induce higher direct
impacts on gross alphas than on costs in the respective country. DAFMI manager i’s direct
benefits of effort, in this country, increase in the respective concentration.

DAFMI managers’ different costs of producing gross alphas (skills) induce different

fund sizes in equilibrium. There is a separation between the determination processes of DAFMI

size (that is, DAFMI weight in total wealth, st_ll*) and DAFMI fund market shares (that is,
relative fund sizes within DAFMI). The former is driven by DAFMI managers’ aggregate skill
(cost), and the latter by DAFMI managers’ relative skills (costs). In other words, how DAFMI
investors weight the funds inside DAFMI, or investors’ “optimal DAFMI portfolio,” could be

unaffected by how DAFMI investors weight the DAFMI as a whole relative to the passive
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benchmark. This separation property facilitates later results.
For convenience in describing the equilibrium in the following propositions, we define

the equilibrium optimal expected net alphas of an initial marginal investment in the DAFMI
(i.e., where ST = 0) as X(eill*, eilz*; H',H?). Quantitatively,

X(el,el?"; HY, H?) & aT + AM(e}'; HY, H?) + A¥(e}?; H', H?)
(20)
—ct — ct(e}t; HY, H?) — c3%(e}?; HY, H?).

For DAFMI to exist, we must have positive expected net alphas for initial infinitesimal

investments into it, or®>

X(el'',ef?"; HY,H?) > 0, V H', H?. 1)

If Inequality (21) is violated, investors receive no advantage in diverting funds from the
passive index to the DAFMI. Also, to offer meaningful results, we assume that initial marginal
allocations of effort generate positive AFMI direct benefits of effort; that is,

B;l}l (0; HL,H?) >0, B;ifz (0; H,H?) > 0, Vi, H', H?, (22)

such that the optimal -effort, (ein*, el-lz*) , 1s positive, finite, and attainable, i.e.,
B;ih(ei“*; H'H?) =0, B:ifz(eilz*; HYLH?) =0, el e}?" <K, Vi,H',H? , for some
positive constant K. We focus on the case where the optimal effort is positive.

As in PS (see their Proposition 2) and FSX (see their Proposition RA2), the explicit

. . st . . . .
analytic solutions for 1 are solutions of a cubic equation and are cumbersome. The following

proposition presents the cubic equation, and its corollary presents properties of its solution.

PROPOSITION 2. Equilibrium Optimal Allocations.
For manager i,i = 1,..., M1, we have
1. E(a’il|D)|{e11*’e12*’f1*'81*} > 0; and

1*

2. the equilibrium optimal S—l is either 1 or a real positive solution (smaller than 1), of
w

the following first-order condition (a cubic equation) of the investors’ problem

1*

«T
[Equations (15)—(17)]. After substituting 8]-1 Wt =

_m ) v];

5 The condition in Inequality (21) here is equivalent to the condition that a > 0 in PS. See PS, p. 747, for further
discussion and insights.
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1 -1
3 M 51 *

s1” _ 1
—]/0'51 <W > - )/0'51 + ]/0'51 + b + Z(Cll,i) w? W
=1 (23)

+X (el el?’; HY, H?) = 0,

where y £ p, /o7 .

Proof of Proposition 2. See the appendix.

The intuition of Proposition 2 is as follows. DAFMI investors allocate investments to
funds based on their risk-return tradeoffs. Investing wealth in the DAFMI increases portfolios’

risk, so they choose to limit these investments, leaving E(a} |D)| (et 12 1 51°) > 0. The risk-

return tradeoff of potentially investing the last dollar, the dollar that would drive DAFMI fund
expected net alphas to zero, is “in the variance favor.” That is, the marginal cost of risk, of
investing this last dollar, is higher than the marginal benefit of the gained net alpha. This
prevents optimizing DAFMI risk-averse investors from allocating it to the DAFMI, leaving

DAFMI fund expected net alphas to be positive. The properties of the cubic equation guarantee
1 *
exactly one real positive root. If the positive root is larger than 1, then S—l =1.
w
We can now write the following corollary, characterizing DAFMI equilibrium relations

between performance and size, and between the rate of returns to scale decrease and size.

1 *
COROLLARY TO PROPOSITION 2. For large enough W?, such that % < 1, we have

the following.
1. Higher equilibrium optimal expected net alphas of an initial marginal investment in the

DAFMI induce a larger equilibrium DAFMI size relative to total DAFMI wealth, or

st
dX(e-“* :1121*.1_11 HZ) = —= 1 — — > 0. (24)
Lo e y[30§1(% ) +021+02 +b1+[2?”:11(c11‘i) ] w1
2. A higher rate of decrease in aggregate DAFMI returns to scale [fund level and industry-

— _17-1
level, b + [ ?ill(cll'i) 1] W] induces a smaller equilibrium DAFMI size, or

st” st
Yot = Wl <0
5 [yMt .1y - 1%\? — -1771 ’ (25)
d{b1+[2j=1(cl,i) ] Wl} y[3a§1(%> +021+02; +b1+[29”=11(cii) 1] wi
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Proof of Corollary to Proposition 2. See the appendix.

The intuition of this corollary is as follows. A higher level of DAFMI equilibrium
optimal expected net alpha of an initial marginal investment, X (ei“*, el-lz* ; HLH 2), attracts

more investments to the DAFML Also, we can see that b is the industry-level expected

decreasing returns to scale rate coming from the alpha production function, based on current
. . -17171 s .
information, whereas [Z?”:l(cll,i) ] W?* may be regarded as the equilibrium decreasing

returns to scale factor coming from DAFMI managers’ costs of alpha production (calculated

by aggregating all the fund average cost sensitivities to size, cll’i’s). The latter decreasing

—17-1
returns to scale factor, [Zy:ll(cll‘i) 1] W1, is inversely proportional to DAFMI aggregate

— _171-1
skill. Thus, the factor b1 + [ 94211(6110 1] W1 may be regarded as the combined decreasing

returns to scale factor in DAMI.

The next proposition offers comparative statics that underlie our main empirical
analysis. The following statement of Proposition 3 is mostly verbal. An analytical statement of

the proposition, with all relevant mathematical expressions, is in the Appendix.)

PROPOSITION 3. Sensitivities of DAFMI Size and Expected Net Alphas to Concentration.

1*

Where vsv_ < 1, we have the following.?¢

1

1. Higher concentrations, in either country, induce larger (smaller) DAFMI equilibrium
size and higher (lower) DAFMI equilibrium expected net alphas if and only if higher
concentrations induce a larger (smaller) aggregate (over the two countries) impacts of
induced optimal effort changes on gross alphas than on costs.

2. If concave in either country’s concentration, DAFMI equilibrium direct benefits of
efforts function indicates concave DAFMI equilibrium size in the respective
concentration. (If convex in either country’s concentration, DAFMI equilibrium size
indicates convex, DAFMI equilibrium direct benefits of efforts function in the
respective concentration.) The sensitivity of equilibrium DAFMI size to the cross

partial derivative of DAFMI and FAFMI concentrations depend on signs and sizes of

* 1%

26 When % =1, it is the case that, 1. Vi— is unrelated to DAFMI and FAFMI concentrations; 2. higher

1
DAFMI/FAFMI concentrations induce higher (lower) DAFMI/FAFMI equilibrium expected net alphas if and
only if higher concentrations induce a larger (smaller) impact on gross alphas than on costs; and 3.
DAFMI/FAFMI equilibrium expected net alphas are concave (convex), in DAFMI/FAFMI concentrations, if and
only if the DAFMI/FAFMI equilibrium direct benefit function is concave (convex), in concentrations.
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several terms, including the sum of the sensitivities of DAFMI direct benefits due to
efforts exerted in the domestic and foreign stock markets, to the cross partial derivative
of DAFMI and FAFMI concentrations, and the product of the sums of DAFMI direct
benefits sensitivities, due to efforts exerted in the domestic and foreign stock markets,
to DAFMI and FAFMI concentrations, respectively.

3. Concave equilibrium expected net alphas, in either country’s concentration, indicates
concave, in concentration, equilibrium direct benefit function. (Convex, in
concentration, equilibrium direct benefit function indicates convex, in concentration,

equilibrium expected net alphas.)

Similar to the case of equilibrium DAFMI size, the sensitivity of DAFMI equilibrium
expected net alpha dependency on the cross partial derivative of DAFMI and AFMI
concentrations depends on signs and sizes of several terms, including the sum of the
sensitivities of DAFMI direct benefits due to efforts exerted in the domestic and foreign
stock markets, to the cross partial derivative of DAFMI and FAFMI concentrations,
and the product of the sums of DAFMI direct benefits sensitivities due to efforts exerted
in the domestic and foreign stock markets, to DAFMI and FAFMI concentrations,

respectively.
Analytical statement and proof of Proposition 3. See the appendix.

The intuition behind Proposition 3 is as follows. Changes of H! affect both DAFMI
cost and productivity of efforts exerted in alpha production in both domestic and foreign stock
markets. In turn, such changes affect equilibrium DAFMI expected net alpha,

E(ai1|D)|{e11*,e12*,f1*,51*}’ in two stages. In the first stage, if a higher H! induces a larger

(smaller) aggregate, across the domestic and foreign stock markets, impact on gross alphas than
on costs, it increases (decreases) DAFMI managers’ ability to produce expected net alphas,
thereby increasing (decreasing) the DAFMI expected net alphas produced. In the second stage,
DAFMI investors react to the increase (decrease) in DAFMI fund expected net alphas by
increasing (decreasing) investments in funds, consequently decreasing (increasing) DAFMI
expected net alphas, due to decreasing returns to scale. The risk-return tradeoff of DAFMI risk-
averse investors makes their reaction to changes in DAFMI fund expected net alphas less
intense. That is, they subdue their additional investments to funds when inferring higher fund
expected net alphas due to risk increase, and they limit their reduction in investments to funds

when observing lower fund expected net alphas due to the decrease in risk.
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The first stage and second stage described above, the latter as affected by risk attitudes,
result in a change of DAFMI optimal efforts in both the domestic and foreign stock markets.
DAFMI new optimal efforts, in turn, affect DAFMI alphas productions and the efforts costs
producing it in both the domestic and foreign stock markets. The overall outcome depends on
the aggregate—across the domestic and foreign stock markets—relative sensitivities to
DAFMI concentration of—the domestic and foreign stock markets—alpha production
functions, on the one hand, and of the efforts cost functions, on the other. Indeed, we formally
show that whether a higher H' increases equilibrium DAFMI expected net alpha,
E(ai1|D)| {ell*,elz*,fl*,sl*}’ depends on whether it has a larger impact on DAFMI gross alphas

ak(a}|D)

than on the costs producing it [i.e., the sign of ey

, depends on the sign
{e11*,e12*_f1*,81*}

B (et H,H?) N dB1?(ef?; u,H?)

of
dH! dH!

= Apa(e!'"; HYL, H?) + Afi (el HY, H?) —
C;zl(eill*; H1,H2) — 0212H1(ei12*; Hl,HZ)27 (as we show in Lemma 1.5 above). Thus, a
higher H! induces a larger equilibrium DAFMI expected net alpha if and only if it induces
higher equilibrium DAFMI direct benefits, [Bll(eill*; H',H?) + B2 (e}z*; Hl,Hz)]. This
explains the expected net alpha part of Proposition 3.1.

If a higher H! induces a larger (smaller) impact on gross alphas than on costs, then it

attracts more (fewer) investments to the DAFMI [if investors have additional wealth to allocate

1
to funds (i.e., 2 < 1)]. This explains the size part of Proposition 3.1.

w1l
The intuition regarding H? in Proposition 3.1 is similar.

Examining the second-order effects of DAFMI concentration on DAFMI size, we first

1 *
note that changes in H! that induce a larger % result in a larger allocation to DAFMI funds
and, in turn, in a higher investors’ overall portfolio risk. Mean-variance risk-averse investors
facing risk-return tradeoffs respond to an increase in marginal portfolio risks, holding other

parameters constant, by optimally lowering investment in funds. Thus, how changes in H?!

*

affect changes in equilibrium % depends on how changes in H! affect this risk-return tradeoff.

25t
The implications for the second-order derivative dh‘;‘fz are in the proof of Proposition 3, which

27 This total derivative of DAFMI direct benefits with respect to H* is the same as its partial derivative with respect
to H.
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1 *
28

1
d;"lz as a sum of two addends. The first

expresses this tradeoff analytically by identifying

addend is negative (positive) if the sum of the direct benefits functions is concave (convex) in

H?, and the second one is always negative. This shows that a concave sum of the direct benefits
1 * *

. . S . st
functions in H* implies an 1 concave in H ! and a convex wi

in H! implies a convex sum
of the direct benefits functions in H?.

The intuition regarding H? in Proposition 3.2 is similar to that of H. The intuition
regarding the cross partials in Proposition 3.2 is straightforward, as second-order derivatives
become cross partial derivatives and squares of first-order derivatives become products of first-
order derivatives with respect to both countries’ concentrations.

This explains Proposition 3.2.

Similarly, examining the second-order effects of DAFMI concentration on expected net
alphas, we show that as H changes, the change of marginal E(a;|D)| (el 12" 1" 517 ie.,
dZE(ai1|D)

PP , 1s positively proportional to the second-order change in the sum of

{611*,e12*,f1*,81*}

the direct benefit functions plus an adjustment term that captures the effects of risk. This
adjustment term ensures that, holding all other parameters constant, if investors’ marginal
portfolios risks of investing in funds are higher, investors optimally invest less in funds. In
doing so, they exert a smaller negative impact on expected net alphas; thus, a higher H* induces
a higher marginal E(a} |D)| {ell*,e“*, fl*,sl*}‘ We can see that if the second-order derivative of

a*e(a;|D)

the sum of the direct benefits functions is positive, Py must be positive,

{ell*,e“*,fl*,sl*}
1
. d°E(a;|D . . o
whereas if (—12|) is negative, the second-order derivative of the sum of the
dH {ell*,elz*,fl*,sl*}

direct benefits functions must be negative.

The intuition regarding H? in Proposition 3.3 is similar to that of H. The intuition
regarding the cross partials in Proposition 3.3, similar to that in Proposition 3.2.

This explains Proposition 3.3.

1
When investors have no additional wealth to allocate to funds, i.c., % = 1, they exert

no impact on marginal E(a}|D)| {ell*elz* (o 81*}, making the marginal equilibrium optimal
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expected net alphas depend only on the effect of H! and H? on managers’ ability to produce
net alphas.

We are now ready for the following proposition.
PROPOSITION 4. Relation between skill, market share, and net alpha.

*

1 —
When Ij/— <1, a decrease (increase) in DAFMI manager i’s skill, c{; 1, while DAFMI

1

1 -1 ... )
manager j’s skill, cll' i > VJ # i, 1s unchanged induces

*

1* 1
. .S , . . Sj . .
1. a decrease (increase) in =%, Vi, and an increase (decrease) in ==, Vj # i, and
Sl Sl
2. a decrease (increase) in E(a} |D) |{e11* 12" 17 81*} and a decrease (increase) in

E(a}|D)| (el 12" 1" 51} Vj # i

Proof of Proposition 4. See the appendix.

According to Proposition 4, a decrease in DAFMI manager i’s skill leads to a decrease

1*
Si

Sl*.

in i’s market share, Some of the assets that fund i loses are invested in all other funds,

thereby increasing the market share of all other funds.

Also, a higher skill (lower cj ), affects E(ai1|D)|{e11* 12" 171" in two stages. In the

81
first stage, it decreases DAFMI manager i’s average cost and, thus, induces higher fund
expected net alphas. As DAFMI manager i offers a higher fund expected net alpha, investments
shift into DAFMI fund i from other DAFMI funds, making all those funds’ expected net alphas
higher due to decreasing returns to scale at the fund level. At the second stage, an increase in
DAFMI fund expected net alphas attracts investments into DAFMI, which in turn drives down

DAFMI funds’ expected net alphas due to decreasing returns to scale at the industry level.
1 *

Where % < 1, DAFMI investors’ portfolio risks increase (decrease) when they invest more

(less) in DAFMI. Thus, they subdue DAFMI investment increases when observing an increase
in DAFMI fund expected net alphas, and they limit investment reductions when observing a
decrease in DAFMI fund expected net alphas. Thus, DAFMI investors’ risk aversion mitigates

the countered effect at the second stage and makes the first stage’s effect dominant.

Where % = 1, DAFMI investors have no additional wealth to allocate to funds, so

their investments have no impact on DAFMI marginal equilibrium optimal expected net alphas,

causing the first stage’s effect to dominate.
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2.2 Endogenous Market Concentrations

Our model allows for an endogenous measure of DAFMI and FAFMI concentrations.
Modeling an endogenous measure of concentration facilitates the use of available and prevalent
empirical measures. If we define H! and H? to be Herfindahl-Hirschman indices (HHI), which
is the sum of market shares squared, then H' and H? are endogenous to our model.?® Using
funds’ equilibrium market share, as identified in Lemma 1.7, we can write the equilibrium

DAFMI and FAFMI concentrations, H" and H2", as

£ 20 (5;*) =2 [ s ] 26)

2*
A ZMZ 5i
- i=1 52*

We can see that H1* and H2" are determined by Cll_is and C12,iS- Specifically, depending on the

27)

) AR I

size of c11’i relative to that ci j» Vi # 1, an increase in cll’i, holding 611, j» VJj # I constant,
increases or decreases H' .

For simplicity and brevity, we focus our discussion on DAFMI (similar results hold for
FAFMI). When the DAFMI concentration is defined as the HHI, Propositions 3 and 4 imply
that the relation between the c%_is, DAFMI equilibrium fund expected net alphas, and DAFMI
size is complex. An increase in cll’i affects the DAFMI equilibrium fund expected net alphas in
two ways: 1. its direct impact leads to lower DAFMI equilibrium fund expected net alphas
(Proposition 4) and 2. depending on fund i’s size relative to DAFMI rivals, it increases or

decreases H!", which consequently increases (decreases) DAFMI equilibrium fund expected

dBll(eill*;Hl*,HZ*) N dBlZ( 12%, Hl H

2*
net alphas if and only if : ) = 0 (< 0) (Proposition 3.1).

dH1 dH1
Similarly, an increase in cllji affects the equilibrium DAFMI size in two ways: 1. its direct
impact leads to an (inverse direction) DAFMI size change, and 2. it increases or decreases H v
which consequently increases (decreases) the equilibrium DAFMI size if and only if

ap*t(ef; HY H?")  aB'?(ef? HY H?)
+

dH? dH1

> 0 (< 0) (Proposition 3.1). Thus, in the endogenous

DAFMI concentration measure case, the relation between the ¢{ ;s, DAFMI equilibrium fund

28 In an M!-fund DAFMI, for example, the HHI could have values between the highest concentration, 1, in which
one of the funds captures practically all the market share, and the lowest concentration, 1/M?, in which market

shares are evenly divided. That is, in an M!-funds’ market HHI € [# 1.
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expected net alphas, and DAFMI size depend on fund i’s size relative to rivals.?

Due to investments in the foreign stock market, DAFMI is also affected by changes in

H?". An increase in clz_l- affects DAFMI equilibrium fund expected net alphas in the following

way: depending on fund i’s size relative to rivals’, it increases or decreases H 2" which
consequently increases (decreases) DAFMI equilibrium fund expected net alphas if and only

dBll(e-ll*- H* Hz*) dBlz(e-lz*' gt Hz*)
. L 4 4 L 4 4 o . . .
if oz + e = 0 (< 0) (Proposition 3.1). Also, an increase in Clz_i

affects DAFMI size in the following way: depending on fund i’s size relative to rivals’, it

increases or decreases H? , which consequently increases (decreases) equilibrium DAFMI size

aB\ (e}t HY H) N B2 (e} HY H?)

dH? dH?

if and only if > 0 (< 0) (Proposition 3.1). Notice that an

increase in cf’l- does not have direct impact on DAFMI fund expected net alphas and size, as
that of cll'i. Its impact on DAFMI is only through its impact on FAFMI concentration, H 2,

Thus, when the market concentration is endogenous, the relations between DAFMI
concentration and DAFMI equilibrium fund expected net alphas and size are more complex.
On the other hand, the relations between FAFMI concentration and the DAFMI equilibrium
fund expected net alphas and size are similar to those under the exogenous concentrations
framework.

Please see the discussion in FSX regarding the industry characteristics affecting
equilibrium markets’ concentration and why modeling those here would unnecessarily
complicate our model. As long as real-world concentration is not exactly determined by the
cllris (or any other exogenous parameter of our model), we are back to the case that when
concentration is exogenous (that is, has an exogenous component), our predictions remain
unaltered regarding the relation between changes in exogenous DAFMI concentration level,
the DAFMI equilibrium fund expected net alphas, and DAFMI size.

Similarly to FSX, we now proceed with an empirical analysis of the benefits and costs
of changing concentrations of DAFMI and FAFMI using the version of our model with

endogenous concentrations. This version of our model befits available data of empirical market

2 We believe that our cost function, Equation (18), is a concise one that captures essential effects within our
model. To assure that all our functional form restrictions of the non-specialized model (exogenous concentration),
which we deem basic and simple, hold in the specialized one (endogenous measure of industry concentration);
however, we need to impose additional, technical, “second-order,” parameter restrictions. For brevity and
simplicity, we do not impose these restrictions. We call the parameter values that make the specialized model
abide by these restrictions plausible. We later confirm that the said technical restrictions are not empirically
binding. That is, imposing these restrictions would not change our empirical results. In other words, the
empirically estimated parameters fall within the plausible parameters range.
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concentrations, such as the HHI. Popular empirical market concentration measures, such as
HHI, are functions of rivals’ relative sizes. We use empirical techniques to control potential
endogeneity of market concentration measures.

Whether DAFMI fund net alphas and DAFMI size move in the same direction as
DAFMI (FAFMI) concentration become empirical questions. Further, in cases where active
fund management creates value, if fund net alphas and DAFMI size increase with DAFMI
(FAFMI) concentration, our model predicts positive marginal direct benefits of efforts, for
plausible parameter values. Both signs of benefits sensitivity to changing concentrations are
plausible alternatives to a null hypothesis of no benefits of active fund managers’ efforts.

In the following empirical analysis, we use alternative empirical measures of
concentration to evaluate robustness to issues such as endogeneity. We also control for
potential endogeneity of DAFMI size and alpha using lagged measures of concentration and

the recursive demeaning estimator of PST.

3 Empirical Study

We analyze the concentration—net alpha and concentration—-DAFMI size relations using
international data of active equity mutual funds. We regard the U.S. AFMI as FAFMI, whose
concentrations might affect another market’s DAFMI net alphas and size. This is because the
U.S. has the largest AFMI, which influences global DAFMIs. We analyze how DAFMI
concentrations and, more importantly, how the FAFMI concentration influence global DAFMI

net alphas and sizes.

3.1 Methodology

We describe our concentration measures, fund net alpha estimates, and our econometric

models in this section.
Concentration Measures

Following FSX, and many other empirical papers, we use the following three indices
to measure AFMI concentrations. The indices i, j, and t indicate the fund, the market, and the
time, respectively.

1. Herfindahl-Hirschman Index (HHI)
M jt

HHI;, = Z MSE . (28)
i=1
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2. Normalized-Herfindahl-Hirschman Index (NHHI)
Mj,t X HHI]'t - 1

NHHI; , = 29
o= =51 (29)
3. 5-Fund-Index (5FI)
5
S5FI;, = Z MS; ). (30)
i=1

Here MS; ;; is the market share of a fund in its market, measured as the fund’s asset under
management divided by the total assets under management in its market, and the MS; ;;’s in
the 5FI;, are those of the largest five funds in market j. M;; is the number of funds in market

j. As some markets tend to have a large number of funds and others tend to have a small number
of funds in our sample period, we focus on the results of using NHHI as the market
concentration measure because it adjusts the effect of the number of funds on market
concentrations [Cremers, Nair, and Peyer (2008)]. For a robustness check, we redo the analyses

using HHI and 5FI.
Style-Matching Model and Net Alpha Estimation

Following FSX, we develop our style-matching model to estimate funds’ passive

benchmarks and then calculate fund net alphas. We use the following return-generating process:

nj _n;j
Rije=apj;+ bil,j,tP}%t + et bi,]]',tP]",t]’ (31

where R; ; ; is the return net of management fees of an active fund, @; ; ; is the fund net alpha,
and F}lt through P]'T;] are the factors constructing the benchmark portfolio returns. We require

the benchmark portfolio to be an international passive benchmark portfolio, so F}lt through Pj";]

include returns net of management fees of domestic tradable index funds of different asset
classes, a U.S. large-cap equity tradable index fund, and a domestic risk-free asset.’* We

include a U.S. large-cap equity tradable index fund because it can be a potential factor in this

30 After matching the styles of the active funds, we compare the fund net alphas of active funds from different
categories. See, for example, discussions in Sharpe (1992) and Berk and Binsbergen (2015).
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international passive benchmark.’'** Coefficients b;; , through bijj . represent the loadings,
and n; is the number of these factors in a particular market. In our algorithm, in each fund

market, we minimize the variance of the residual when projecting R; j  on Fjlt through F}'r;’ ,

and we constrain the coefficients Eil‘j't through Elnj’ . to be positive and sum up to one (as

investors cannot short sell funds). We use a 5-year rolling window, from months t — 60 to t —

" EY s the

1, to estimate Eil’]-,t through Bln]’t The predicted value Bil‘j’tift + ---+El’ b

international passive benchmark at time t, and we estimate a; j; by subtracting R; j; from

nj

B}, j,tFﬁt +-+b F]'? . We note that our empirical design of identifying passive benchmarks

Lt
using matching tradable index funds fits our theoretical structure, which assumes the
appropriate international passive benchmarks for each fund.

Our style-matching method is similar to the style-matching model developed by Sharpe
(1992). Also, as our passive benchmark is tradable, our net alpha estimation is consistent with
the Berk and Binsbergen (2015) argument that to measure the value added by a fund, its
performance should be compared to the next-best investment opportunity available to investors.
Moreover, our style-matching passive benchmark is similar to the characteristic-based
benchmark developed by Daniel, Grinblatt, Titman, and Wermers (1997). Our model is similar

to the style-matching model of FSX except that ours contains an additional U.S. large-cap

equity tradable index fund besides domestic tradable index funds.
Concentration—Net Alpha Relation

Pastor, Stambaugh, and Taylor (2015) (PST) develop a recursive demeaning (RD)
estimator to control endogeneity bias. We adopt their method here to analyze the

concentration—net alpha relation. The model we use is

@, = piNHHI’,_, + B,NHHI"®, + Controls,; + 5, . (32)

where the superscription D and US represent the domestic and the U.S. concentration measures,

respectively. The bar above the variables represents the recursive forward-demeaning operator.

31 In many of the markets that we study, during early years of the data sample, the U.S. large-cap equity index
funds are the only U.S. equity index funds available to investors, due to their higher liquidity. Other index funds,
such as the U.S. small-cap equity index funds and the U.S. all-equity index funds, were not available in these
markets during those years. Also, we use the Vanguard 500 Index Fund as the U.S. large-cap equity tradable index
fund, whose returns move closely with the returns of the U.S. stock market, and even move closely with the returns
of global markets. Thus, this index fund can represent a factor in the international passive benchmark.

32 A list of these index funds is in an online Data Appendix.
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The recursive forward-demeaned value of a time-series variable X; is

T
_ 1
X=X——ZX (33)
T Tt 41 ’ S

S=

where T is the total number of observations of this time-series.
Following the literature [e.g., FSX, PST, and Spiegel and Zhang (2013)], we use the

lagged values of the following variables as control variables:

e Market Share, which is calculated as a fund’s net assets under management (AUM) divided
by the sum of all funds’ net AUM in the same month,;

e Fund Volatility, which is the standard deviation of a fund’s net return in the last 12 months;

e  Fund Age, which is calculated as the number of months since the fund’s inception month;

o  DAFMI Size, which is the sum of funds’ net assets under management in a DAFMI market,
divided by this market’s stock market capitalization.

The variable Time Trend, which is equal to one for the first observation and increases by one

over each month, is also included to control any time-trend effect in the fund net alphas.

The recursive demeaning method that we use addresses the omitted fund fixed effect.
An additional concern is that reverse causality could exist between fund market shares and fund
net alphas because when fund net alphas are higher, corresponding asset values increase and
funds attract investments, both leading to a higher market share. To address this endogeneity
issue, we use the recursive backward-demeaned market share to instrument for the recursive
forward-demeaned market share, following PST and FSX.** For a robustness check, we also
use the lagged market share with a constant term to instrument for the recursive forward-
demeaned market share, following Zhu (2018).

Our model is similar to the concentration—net alpha model in FSX, except for the
following: 1. whereas FSX studies how U.S. AFMI concentration affects U.S. AFMI net alphas,
our international model uses the U.S. AFMI concentration as FAFMI concentration, and studies
the associations of this FAFMI concentration with fund net alphas in other global DAFMI
markets; 2. our model includes more fund-level controls, such as fund volatility and fund age.

We also run the model in Equation (32) and estimate the coefficients at each DAFMI

market.

33 The recursive backward-demeaned value of a time-series variable X, is X, = X, — é t-1 X,. PST shows that

this method can address both the omitted fund fixed effect issue and the reverse causality issue.
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Concentration—-DAFMI Size Relation
Our panel regression model is
DAFMI Sizej, = Py + ByNHHI,_; + B,NHHI{®, + Controls, + €, (34)

where DAFMI _Size;; is the DAFMI size of each global market. We include lagged DAFMI
Size, Time Trend, and market fixed effects as control variables. We also perform the model in
Equation (34) at each DAFMI market and estimate the coefficients without market fixed effects

but with Newey-West estimates of standard error.

3.2 Data

We obtain our data from the Global Databases of Morningstar Direct. Our sample
contains 30 active equity mutual fund markets. Due to data availability, most of these markets
have observations from 1999, so we set our sample period from the beginning of 1999 to the
end of 2015 and use monthly data.?* Our online Data Appendix supplements the data
description below.

The active equity mutual fund filter and the sample development method are similar to
those in FSX. We use keywords in Morningstar to identify active equity mutual funds. We
require the mutual funds to be open-ended and non-restricted. In each mutual fund market
dataset, we exclude index funds, enhanced index funds, funds of funds, and in-house funds of
funds. Also, we require funds to be classified as “Equity” in the Global Broad Category Group,
and we further identify equity funds based on their Morningstar Category. Next, we use the
fund identification provided by Morningstar to aggregate fund share class-level information to
fund-level information. To have sufficient observations of net alphas for each fund to mitigate
measurement error, we require each of our active equity mutual funds to have at least ten years’
return observations, as we use a five-year rolling window to estimate fund net alphas.*

The index funds used in the style-matching model are also from Morningstar. We
require index funds to have no missing observations in our sample period so that the style-
matching model is consistent and stable. The information of the risk-free rate of each market
is provided by the International Financial Statistics on the official website of International
Monetary Fund (IMF).

For each market, the DAFMI size is calculated as total funds’ net assets under

34 As we use a 5-year rolling window to estimate fund net alphas, the tests contain observations from the beginning
0f 2004 to the end of 2015.
35 We also omit some rare cases in which there is a gap with more than five years’ return observations missing.
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management divided by domestic stock market capitalization, which is a relative size measure
and which is consistent with FSX and PST. Each market’s fund net assets under management
and stock market capitalization are also provided by the Global Databases of Morningstar
Direct.

All the fund returns are net of administrative and management fees and other costs taken
out of fund assets; thus, the fund alphas we estimate are net alphas (net of fees). For comparison
purpose and to be consistent with our international model, we measure the fund returns, risk-
free returns, fund net assets under management, and stock market capitalization in U.S. dollars.
We define a fund’s age as the number of months since the fund’s inception month, which is
also provided by the Global Databases of Morningstar Direct.*®

Table 1 reports the summary statistics of these global active equity mutual fund markets.
Panel A presents the summary statistics of market-level variables. It shows that the average
DAFMI Size greatly varies across the global markets, from around 6.5% in Canada to 0.015%
in Germany. The market concentration also greatly varies across the global markets. The
average NHHI value ranges from around 0.36 in Austria to around 0.01 in Taiwan. Panel B
shows the summary statistics of fund-level variables. The average R-squared of the style-
matching model are quite high in each market (ranging from 97% in Chile to 83% in Mexico),
with a low standard deviation in each market. This result indicates that our style-matching
benchmarks perform well in tracking the style of the active equity mutual funds, so it is unlikely
that our style-matching models omit relevant factors in developing the passive benchmarks.
Also, most DAFMI markets’ average Net Return and Net Alphas are slightly positive with large
standard deviations. In most markets, the average fund market share is small, showing that
there are no dominating funds in these markets, and fund volatilities are large compared to fund
returns. Asian markets (e.g., mainland China, India, Japan, Korea, and Thailand) tend to have
younger funds, whereas European markets (e.g., France, Germany, and the United Kingdom)

tend to have older funds.

36 The inception date information of funds in the Israel market is not available in the Global Databases of
Morningstar Direct, so for funds in this market, we use the month of the first observation of a fund’s returns as
this fund’s inception month.
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Table 1 Summary Statistics.

Monthly data is used. Panel A reports the summary statistics for market-level data, and Panel B reports those for
fund-level data. We report the number of observations, mean, and standard deviation of each variable. DAFMI
Size is the sum of funds’ net assets under management in a DAFMI market divided by this market’s stock market
capitalization, and it is in decimal. NHHI, HHI, and 5FT are Normalized-Herfindahl-Hirschman Index, Herfindahl-
Hirschman Index, and the 5-Fund-Index, respectively, and they are in decimals. Net Return and Net Alpha are
fund net return and fund net alpha, respectively, and they are in percentages, and net of administrative and
management fees and other costs taken out of fund assets. The Style-Matching Model R’ is the R? when estimating
the style-matching model, and it is in decimal. Market Share is calculated as a fund’s net assets under management

(AUM) divided by the sum of all funds’ net AUM in the same month.

Panel A: Summary statistics for market-level data

DAFMI Size NHHI HHI SFI
Number Number of Standard ~ Number of Standard ~ Number of Mean Standard ~ Number of Mean Standard
Global Market ~ of Funds Observations Deviation ~ Observations Deviation  Observations Deviation ~ Observations Deviation
Australia 257 144 0.0374  0.0065 144 0.0180  0.0048 144 0.0212  0.0056 144 0.2325  0.0404
Austria 7 144 0.0178  0.0062 144 03612 0.2337 144 0.4164  0.2322 144 0.8918  0.0823
Belgium 20 144 0.0020  0.0022 144 0.1224  0.1193 144 0.1744  0.1388 144 0.6914  0.1673
Brazil 102 144 0.0017  0.0020 144 0.0237  0.0159 144 0.0283  0.0189 144 0.2785  0.0971
Canada 299 144 0.0651  0.0049 144 0.0127  0.0007 144 0.0149  0.0012 144 0.1818  0.0103
Chile 25 144 0.0090  0.0130 144 0.0248  0.0082 144 0.0530  0.0168 144 0.3888  0.0771
China (Mainland) 4 144 0.0026  0.0011 139 0.1039  0.0637 144 0.2193  0.2031 144 0.7666  0.2222
Denmark 24 144 0.0128  0.0039 144 0.0507  0.0158 144 0.0760  0.0223 144 0.5091  0.0780
Finland 27 144 0.0077  0.0051 144 0.1014  0.0504 144 0.1804  0.0898 144 0.7198  0.2124
France 180 144 0.0109  0.0033 144 0.0251  0.0100 144 0.0286  0.0107 144 0.2908  0.0488
Germany 89 144 0.0001  0.0001 144 0.0630  0.0321 144 0.0730  0.0357 144 0.5237  0.1016
Greece 14 144 0.0180  0.0061 144 0.1530  0.2439 144 0.1992  0.2373 144 0.7045  0.1416
Hong Kong 14 144 0.0008  0.0005 130 0.1330  0.1003 144 0.2812  0.2675 144 0.8170  0.1219
India 38 144 0.0034  0.0023 144 0.0837  0.1337 144 0.1713  0.2265 144 0.5272  0.3156
Israel 82 144 0.0189  0.0137 144 0.0169  0.0070 144 0.0257  0.0068 144 0.2572  0.0566
Italy 47 144 0.0063  0.0030 144 0.0268  0.0119 144 0.0397  0.0180 144 0.3318  0.0944
Japan 317 144 0.0034  0.0018 144 0.0976  0.1387 144 0.0995  0.1385 144 03622 0.1757
Korea 210 144 0.0580  0.0295 144 0.0162  0.0044 144 0.0186  0.0058 144 0.2115  0.0518
Mexico 29 144 0.0003  0.0001 144 0.1466  0.1146 144 0.1789  0.1293 144 0.6584  0.1391
Netherlands 15 144 0.0021  0.0041 144 0.0841  0.0763 144 0.1462  0.0979 144 0.7077  0.1512
Norway 45 144 0.0267  0.0099 144 0.0573  0.0247 144 0.0770  0.0260 144 0.5101  0.0819
Portugal 17 144 0.0022  0.0016 117 0.0942  0.0364 117 0.1483  0.0320 117 0.7513  0.0601
Singapore 13 144 0.0015  0.0009 144 0.1785  0.1053 144 0.2974  0.1723 144 0.8351  0.1044
South Affica 78 144 0.0197  0.0039 144 0.0466  0.0111 144 0.0559  0.0147 144 04269  0.0559
Spain 85 144 0.0027  0.0025 144 0.0237  0.0086 144 0.0318  0.0083 144 0.2977  0.0400
Sweden 90 144 0.0203  0.0097 144 0.0441  0.0484 144 0.0665  0.0819 144 04012 0.2286
Switzerland 118 144 0.0063  0.0030 144 0.0242  0.0190 144 0.0321  0.0244 144 0.2877  0.1122
Taiwan 98 144 0.0212  0.0191 144 0.0094  0.0011 144 0.0160  0.0006 144 0.1841  0.0086
Thailand 132 144 0.0141  0.0075 144 0.0201  0.0055 144 0.0254  0.0060 144 0.2713  0.0392
United Kingdom 379 144 0.0073  0.0054 144 0.0438  0.0605 144 0.0525  0.0786 144 0.3510  0.2222
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Panel B: Summary statistics for fund-level data

Net Return Net Alpha Stlye-Matching Model R ? Market Share Fund Volatility Fund Age

Number of Mean Standard ~ Number of Mean Standard ~ Number of Mean Standard ~ Number of Standard ~ Number of Mean Standard ~ Number of Mean Standard
Global Market ~ Observations Deviation ~ Observations Deviation ~ Observations Deviation ~ Observations Deviation ~ Observations Deviation ~ Observations Deviation
Australia 28,197 0.7645  7.1380 28,197 0.2154  1.9923 28,197 0.9285  0.0790 27,951 0.0044  0.0092 28,197 6.6662  2.5895 28,197 156.9449 78.0510
Austria 571 1.1370  8.5657 571 0.1817  2.2183 571 0.9018  0.0416 318 0.2302  0.3016 571 6.8843 36184 571 193.8091 47.3629
Belgium 2,690 0.7719  6.1115 2,690 0.2272  1.8962 2,690 0.8959  0.0799 1,949  0.0642  0.0909 2,690 52739 2.6627 2,690 167.2743 94.7546
Brazil 11,283 0.3186 10.0539 11,283  0.2377  5.0543 11,283  0.9021  0.0835 11,283 0.0049  0.0131 11,283  8.6979  3.5834 11,283 154.4623 75.3139
Canada 34,810 0.5163 6.1113 34,810 0.0100  1.9951 34,810 0.8877  0.1086 32,147 0.0038  0.0070 34,810 54672  2.4536 34,810 201.7699 132.5100
Chile 1,500 1.2362  6.0915 1,500 0.1442  1.0964 1,500 0.9724  0.0273 1,500 0.0292  0.0213 1,500 6.0348  2.1127 1,500 177.1000 86.3065
China (Mainland) 325 0.7791  7.7435 325 0.1558  2.4760 325 0.9479  0.0517 325 0.1131  0.0710 325 7.6592  2.7960 325 102.8031 24.3654
Denmark 2,773 1.2043  6.3738 2,773 0.1216 13192 2,773 0.9486  0.0748 2,726  0.0333  0.0389 2,773 57295  2.5818 2,773 191.8370 89.3553
Finland 3,356 0.8177  7.0131 3,356 0.0488  1.7025 3,356 0.9293  0.0752 1,927 0.0695  0.0918 3,356 6.3940 2.7714 3,356 163.8603 78.1918
France 22,324 05189  6.2557 22,324 0.1273  1.9821 22,324 0.8749  0.1212 21,627 0.0049  0.0116 22,324 57187 23752 22,324 195.1456 98.0176
Germany 10,630 0.7717  6.8077 10,630  0.1068  2.0592 10,630  0.9066  0.1017 9,348 0.0144  0.0295 10,630 6.1183  2.9736 10,630 226.7954 169.4476
Greece 1,656 -0.4618  9.2689 1,656 0.0328  2.0276 1,656  0.9410  0.0463 982 0.0920 0.1236 1,656  7.5792  3.4792 1,656 142.0888 67.2920
Hong Kong 2,134 0.8363  6.3093 2,134 0.1679  2.1306 2,134 0.8640  0.1671 1,417 0.0860  0.1046 2,134 5.6537 24568 2,134 1452816 74.5456
India 11,090 1.2264 8.5167 11,090 0.3846  2.7072 11,090 0.8884  0.0931 3,186 0.0138  0.0207 11,000 8.1268  3.0045 11,090 138.6034 53.6679
Israel 8,466 0.6473 69214 8,466 0.1620 2.9836 8,466 0.8287  0.1345 8,466 0.0098  0.0132 8,466 6.2083  2.7682 8,466 155.5122 54.7284
Italy 5,601 0.2624  6.9582 5,601 0.1239  1.2957 5,601 0.9547  0.0569 5,236 0.0165  0.0201 5,601 6.2208  2.7494 5,601 160.6245 59.0760
Japan 35,633 0.3950  5.0012 35,633 0.0656  2.1802 35,633 0.8585  0.1433 35,574 0.0029  0.0196 35,633  4.6409  1.8697 35,633 138.5075 61.9765
Korea 16,819 0.5343 74214 16,819 0.0128  1.8854 16,819  0.9491  0.0413 16,769  0.0020  0.0050 16,819 6.8830  3.3583 16,819 109.7323 30.4874
Mexico 3,320 0.5156  6.6944 3,320 0.0493  2.6913 3,320 0.8277 0.1744 2,896 0.0343  0.0627 3,318 59836  2.6956 3,320 202.8283 71.8646
Netherlands 1,876  0.6674  6.7878 1,876  0.1517  2.4881 1,876  0.8732  0.1522 1,425 0.0757  0.0821 1,876  6.0162  2.7520 1,876 207.7729 142.1011
Norway 5,738 1.0073  8.4386 5,738 0.0864  2.0225 5,738 0.9316  0.0703 5,588 0.0223  0.0344 5,738  7.6985  3.2807 5,738 171.9840 71.9108
Portugal 1,778 0.1448  7.7343 1,778 0.0488  2.1276 1,778 0.9292  0.0242 1,739 0.0646  0.0737 1,778 7.0545 23312 1,778 172.8661 38.0430
Singapore 1,710  0.8435  6.4475 1,710  0.0121 1.3539 1,710  0.9375  0.0551 1,285 0.1016  0.1434 1,710 55903  2.9420 1,710 188.2772 72.5187
South Affica 8,995 0.8079 7.2570 8,995 0.1223 22113 8,995 0.9137 0.0712 8,589 0.0142  0.0265 8,995 6.8175 23513 8,995 159.0649 107.1109
Spain 9,962 0.5168  7.0045 9,962 0.0025 1.2959 9,962  0.9559  0.0758 9,734 0.0115 0.0170 9,962 6.2243 29537 9,962 157.4677 59.5060
Sweden 11,197 1.0388  7.2233 11,197 0.0449 1.5148 11,197  0.9468  0.0620 9,015 0.0132  0.0199 11,003 6.5627  2.8655 11,003 177.5179 89.7282
Switzerland 12,788 0.7914  5.2876 12,788  0.0479  1.9316 12,788 0.8940  0.1129 11,708  0.0088  0.0157 12,788 47589  2.0713 12,788 163.4837 104.7498
Taiwan 7,308 0.4173 55388 7,308 0.1297  2.4830 7,308 0.8365  0.0665 7,308 0.0085  0.0087 7,308 5.8419  2.3938 7,308 183.4614 49.5105
Thailand 14,135 1.0660  6.7499 14,135 0.1447  1.5856 14,135 0.9479  0.0414 14,127 0.0054  0.0107 14,135  6.6426  2.0872 14,135 139.0712 52.6587
United Kingdom 48,939 0.6505 54471 48,939 0.0118 1.5585 48,939 0.9206 0.0774 31,019 0.0039 0.0144 48939 4.8214 2.1785 48,939 226.4449 146.5886
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Figure 2 illustrates the monthly NHHI of the U.S. active equity mutual fund market
from January 1999 to December 2015. It shows that the concentration of this U.S. market
decreases substantially from January 1999 to the end of 2003. After that, it started to increase

gradually and decreased again, reaching the lowest point at the current time.

Figure 2 NHHI of the U.S. Active Equity Mutual Fund Market.
The U.S. NHHI value is in decimals. Sample period is from January 1999 to December 2015.
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3.3 Empirical Results

Table 2 reports the empirical results of the concentration—net alpha relation. We find
that, on average, DAFMI net alphas are significantly negatively associated with DAFMI NHHI
and U.S. NHHI. However, the absolute value of the coefficient of U.S. NHHI is much larger
than that of DAFMI NHHI, showing that a small change in the concentration in the U.S. AFMI,
say 0.01 change in U.S. NHHI, has a much larger impact on the DAFMI net alphas than the
same magnitude change in DAFMI NHHI [regarding model specification (3), 136.5698/0.4526
~ 302 times in magnitude]. If we consider the values of the standardized coefficients, i.e., the
t-statistics, we find that the absolute value of the t-statistics of U.S. NHHI is 13.96, which is
still three times larger than that of DAFMI NHHI, 4.64.

Also, DAFMI NHHI does not have much power in explaining DAFMI net alphas, as
illustrated by the small R-squared in model specification (1). After we add U.S. NHHI in model
specifications (2) and (3), these models’ explanation power improves, as the R-squareds of

these two model specifications almost triple.*! Further including lagged Market Share in the

41 As shown in the literature, fund net alphas, or risk-adjusted abnormal returns, are difficult to explain, so the
small R-squared values of the models in Table 2 are consistent with the findings in the literature.
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controls reduces the sample size by more than 13%, and reduces the R-squared and adjusted
R-squared (as we use the instrumental variable regression here to instrument for the forward-
demeaned market share with its backward-demeaned value); but we still find consistent results
in the coefficients of DAFMI NHHI and U.S. NHHI. If we use HHI and 5F1I as concentration
measures, we find consistent results, though DAFMI 5F1 is not significant.

In unreported robustness tests, we instrument for the forward-demeaned market share
with the lagged market share and a constant term, following Zhu (2018). Also, we test model
(32) in Table 2 by using fund fixed-effect regressions instead of the RD method. In addition,
we extend the sample period to earlier years, starting from 1997, when quite a few markets do
not have observations, and redo the tests in Table 2. We find consistent results in all these tests.

Our framework provides an appealing explanation for our interesting finding that U.S.
NHHI has larger impact on DAFMIs net alphas than DAFMI NHHI has. Changes in U.S. AFMI
concentration affect the alpha productivity and effort costs of searching investment
opportunities in the U.S. stock markets; consequently, by a substitution effect, the changes
affect the incentives of managers to search for opportunities in global stock markets. As the
U.S. AFMI is much larger than global DAFMI markets, the impact of the U.S. AFMI
concentration changes would be larger than that of DAFMIs concentration changes.

Table 3 reports the empirical results of the concentration—-DAFMI size relation. We
find that, on average, DAFMI size is significantly negatively associated with U.S. NHHI but
insignificantly associated with DAFMI NHHI. In particular, 0.01 increase in U.S. NHHI, on
average, decreases DAFMI size (relative to the domestic stock market capitalization) by more
than 10 basis points, as shown in model specifications (2) and (3). As the global stock markets’
capitalizations are huge, this represents an economically significant decrease in DAFMI size
measured in dollar. Also, the R-squared and adjusted R-squared of each model specification in
Table 3 are close to 90%, showing that DAFMI size is well explained by the models. When the
concentrations are measured by HHI or 5FI, we find consistent results.

In unreported tests using a panel VAR model, regarding DAFMI size and DAFMI
concentration measures as endogenous and the U.S. concentration measures as exogenous, we
find that DAFMI size has insignificant impact on DAFMI concentration measures. Thus,
results in Table 3 are not affected by bias created by the reverse causality between DAFMI size

and DAFMI concentration measures.
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Table 2 Concentrations and Fund Net Alpha.

The dependent variable is Net Alpha and is in percentage. The variables are recursively forward-demeaned.
DAFMI Size is the sum of funds’ net assets under management in a DAFMI market divided by this market’s stock
market capitalization, and it is in decimal. DAFMI and U.S. NHHI, HHI, and 5FI are Normalized-Herfindahl-
Hirschman Index, Herfindahl-Hirschman Index, and the 5-Fund-Index of the corresponding market, respectively,
and they are in decimals. Time Trend is equal to one for the first observation and increases by one over each month.
For each fund, Market Share is calculated as a fund’s net assets under management (AUM) divided by the sum of
all funds’ net AUM in the same month. Fund Volatility is the standard deviation of a fund’s net return in the last
12 months. Fund Age is calculated as the number of months since the fund’s inception month. Standard errors are
clustered by fund and presented in parentheses. The symbols ***, ** and * represent the 1%, 5%, and 10%
significant level, respectively, in a two-tail #-test.

) @ €) “) ®) (6)
Lagged DAFMINHHI ~ -0.1708* -0.4526%%%  -(.7435%%*
(0.0885) (0.0875) (0.1604)
Lagged U.S. NHHI -129.5473**%% -136.5698*** -137.8691***
(6.3192) (6.4891) (9.8781)
Lagged DAFMI HHI -0.7267***
0.2179)
Lagged U.S. HHI -137.8569%**
(9.5359)
Lagged DAFMI 5FI -0.1680
(0.1589)
Lagged U.S. 5FI -12.9864***
(0.8676)
Lagged Market Share 0.3988 1.0544 1.0427

(3.9721) (3.9514) (4.1441)
Lagged Fund Volatility ~ 0.0176*%*  0.0344%*%  0.0340%**  0.0325%%*  0.0325%**  (,0335%**
(0.0025) (0.0026) (0.0026) (0.0029) (0.0029) (0.0029)

Lagged Fund Age 0.1982%%%  (.1654%%% 0. 1715%%%  (1788%%x  (.]794%Fk  (]788%**
(0.0282) (0.0290) (0.0288) (0.0301) (0.0301) (0.0304)

Lagged DAFMI Size 0.4154 -0.5494 -0.5533 -1.2676 -1.2699 -1.7595*
(0.7707) (0.7387) (0.7360) (0.9190) (0.9305) (0.9035)

Time Trend -0.2009%%%  -0.1703%%%  _0.1768%**  -0.1845%*%  _0.1851%**  -(.1850%**

(0.0285) (0.0293) (0.0291) (0.0304) (0.0305) (0.0308)

Number of Observations 325,318 325,318 325,318 282,251 282,251 282,251
R-squared 0.0009 0.0024 0.0026 0.0025 0.0024 0.0024
Adjusted R-squared 0.0009 0.0024 0.0026 0.0025 0.0024 0.0023
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Table 3 Concentrations and DAFMI Size.

The dependent variable is DAFMI Size. DAFMI Size is the sum of funds’ net assets under management in a
DAFMI market divided by this market’s stock market capitalization, and it is in decimal. DAFMI and U.S. NHHI,
HHI, and 5FI are Normalized-Herfindahl-Hirschman Index, Herfindahl-Hirschman Index, and the 5-Fund-Index
of the corresponding market, respectively, and they are in decimals. Time Trend is equal to one for the first
observation and increases by one over each month. Market fixed effects are controlled. Standard errors are
clustered by market and presented in parentheses. The symbols ***, ** and * represent the 1%, 5%, and 10%
significant level, respectively, in a two-tail #-test.

0] @ 3) “4) &)

Lagged DAFMI NHHI -0.0017 -0.0020

(0.0015) (0.0016)
Lagged U.S. NHHI -0.1213** -0.1733%*

(0.0469) (0.0654)
Lagged DAFMI HHI -0.0016
(0.0010)
Lagged U.S. HHI -0.1932%*
(0.0751)
Lagged DAFMI 5F1 -0.0011*
(0.00006)
Lagged U.S. 5FI -0.0167**
(0.0063)

Lagged DAFMI Size 0.9390%** 0.9384%** 0.9373%** 0.9361%** 0.9353%**

(0.0120) (0.0122) (0.0126) (0.0131) (0.0133)
Time Trend -0.0000 -0.0000 -0.0000* -0.0000* -0.0000*

(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
Constant 0.0014** 0.0022%** 0.0033%** 0.0037** 0.0051**

(0.0006) (0.0008) (0.0013) (0.0015) (0.0020)
Number of Observations 4,268 4,320 4,268 4,290 4,290
R-squared 0.8878 0.8876 0.8880 0.8880 0.8878
Adjusted R-squared 0.8877 0.8875 0.8879 0.8879 0.8877
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To test whether DAFMI markets’ fund net alphas and size are both significantly
associated with the concentration measures, we conduct multiple hypothesis tests on whether
B; in Equation (32) and f8; in Equation (34) are both significantly different from zero, and on
whether 8, in Equation (32) and 8, in Equation (34) are both significantly different from zero.
The tests are based on the p-values from model specification (4) in Table 2 and model
specification (3) in Table 3. As the p-values are estimated based on #-test statistics, multiple
hypothesis methods assuming nonnegative correlation are appropriate. Thus, we choose the
Sidak method, a one-step method, and the Holland-Copenhaver method, a step-down method
[see the discussions in Newson and the ALSPAC Study Team (2003)]. The uncorrected critical
p-value is set to be 0.1, and then we calculate the corrected critical p-values based on the Sidak
method and the Holland-Copenhaver method.

Results in Table 4 show that DAFMI markets’ fund net alphas and size both
significantly decrease with U.S. NHHI because both f, = 0 in Equation (32) and 8, = 0 in
Equation (34) are rejected, in the Sidak method and in the Holland-Copenhaver method. In fact,
if we set the uncorrected critical p-value to 0.05 instead of 0.1, both 5, in Equation (32) and
B, in Equation (34) still pass the multiple hypothesis tests. Thus, we are 95% confident that
these two significant results are real.

On the other hand, we cannot be 90% confident that DAFMI markets’ fund net alphas
and size both significantly decrease with DAFMI NHHI because f8; in Equation (34) does not
pass the multiple hypothesis tests. We find consistent test results where concentrations are
measured by HHI and 5FI.

The findings that, on average, DAFMI markets’ fund net alphas and size, both, decrease
with the U.S. AFMI concentration, is consistent with the predictions of our theoretical model,
under both the exogenous concentration framework and the endogenous concentration
framework. Based on our empirical and theoretical results, we conclude that higher
concentrations in the U.S. AFMI induce smaller aggregate impacts of induced optimal effort-
level changes on gross alphas than on costs. In other words, higher U.S. AFMI concentration

induces lower DAFMI direct benefits.
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Table 4 Results of Multiple Hypothesis Tests.

This table presents the results of the tests on whether Net Alpha and DAFMI Size are both significantly associated
with DAFMI concentration measures and whether they are both significantly associated with U.S. concentration
measures. The tests are based on the p-values from model specifications (4), (5), (6) in Table 2 and (3), (4), (5)
Table 3. The uncorrected critical p-value is set to be 0.10. The corrected p-value and the rejection decision of the

Sidak method and the Holland-Copenhaver method are presented.

Sidak Holland—Copenhaver
Panel A: NHHI R
anel A:N esults Coefficient P-Value  Critical P-Value Reject Critical P-Value Reject
Net Alpha--Lagged DAFMI NHHI -0.7435 0.0000 0.0513 Yes 0.0513 Yes
DAFMI Size--Lagged DAFMI NHHI ~ -0.0020 0.2228 0.0513 No 0.1000 No
Net Alpha--Lagged U.S. NHHI -137.8691 0.0000 0.0513 Yes 0.0513 Yes
DAFMI Size--Lagged U.S. NHHI -0.1561 0.0122 0.0513 Yes 0.1000 Yes
Sidak Holland—Copenhaver
Panel B: HHI Result
ane esuits Coeflicient P-Value  Critical P-Value Reject Critical P-Value Reject
Net Alpha--Lagged DAFMI HHI -0.7267 0.0009 0.0513 Yes 0.0513 Yes
DAFMI Size--Lagged DAFMI HHI -0.0015 0.1582 0.0513 No 0.1000 No
Net Alpha--Lagged U.S. HHI -137.8569 0.0000 0.0513 Yes 0.0513 Yes
DAFMI Size--Lagged U.S. HHI -0.1751 0.0158 0.0513 Yes 0.1000 Yes
Sidak Holland—Copenhaver
Panel C: 5FI Result:
anel C s Coefficient P-Value  Critical P-Value Reject Critical P-Value Reject
Net Alpha--Lagged DAFMI 5SF1 -0.1680 0.2902 0.0513 No 0.1000 No
DAFMI Size--Lagged DAFMI SFI1 -0.0010 0.0797 0.0513 No 0.0513 No
Net Alpha--Lagged U.S. 5SFI -12.9864 0.0000 0.0513 Yes 0.0513 Yes
DAFMI Size--Lagged U.S. SFI -0.0149 0.0087 0.0513 Yes 0.1000 Yes
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Table 5 reports the results of the concentrations—net alpha relations and the
concentrations—DAFMI size relations in Equations (32) and (34), respectively, for individual
DAFMI markets.*? We show only the results of relevant coefficients. We also conduct similar
multiple hypothesis tests with the same critical p-values and check, for each individual DAFMI
market, whether 8; in Equation (32) and 8; in Equation (34) are both significantly different
from zero and whether 8, in Equation (32) and 8, in Equation (34) are both significantly
different from zero. The statistics of multiple hypothesis tests are unreported for brevity.

We find that in six (one) DAFMI markets, Austria, Germany, Israel, Japan, Spain, and
the United Kingdom (Australia), on average, fund net alphas and sizes are both significantly
negatively (positively) associated with U.S. NHHI, whereas nine DAFMI markets’ fund net
alphas and size are both insignificantly associated with U.S. NHHI. On the other hand, on
average, in only one (two) DAFMI market, Finland (Chile and Taiwan), fund net alpha is
significantly negatively (positively) associated with U.S. NHHI, but its size is significantly
positively (negatively) associated with U.S. NHHI. These results show that, in general, DAFMI
markets’ fund net alphas and size are more likely to move in the same direction when U.S.
NHHI changes, than to move in opposite directions. This finding is consistent with the
prediction of our theoretical model under both the exogenous concentration framework and the
endogenous concentration framework.

Regarding the association with the DAFMI NHHI, we find that in only three (one)
DAFMI markets, Germany, Greece, and Singapore (Australia) fund net alphas and size are
both significantly negatively (positively) associated with DAFMI NHHI. Also, five DAFMI
markets’ fund net alphas and size are both insignificantly associated with DAFMI NHHI. On
the other hand, on average, in three (one) DAFMI markets, Hong Kong, Sweden, and the
United Kingdom (Spain), fund net alpha is significantly positively (negatively) associated with
DAFMI NHHI, but size is significantly negatively (positively) associated with DAFMI NHHI.

In unreported robustness checks, we replace NHHI by HHI and 5FI, and redo these
tests. We find consistent results.

The current low and probably decreasing concentration in the U.S. AFMI, given the
tradeoff of higher U.S. AFMI concentration is not changed, would benefit (harm) other global
DAFMI markets whose fund net alphas and size are, on average, negatively (positively)

associated with the U.S. NHHI. Our results show that, on average, other global DAFMI markets

42 When testing the concentrations—net alpha relation for each DAFMI market, we do not include the fund market
share as a control because it is insignificant in the tests and including it significantly reduces the sample sizes of
some small markets. We exclude the fund market share in the controls to reduce noise in the estimations.
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in our sample are likely to benefit from the decreasing concentration in the U.S. AFML.
Robustness Check: Regarding European Union Markets as One DAFMI Market

Investors in the European Union (EU) might invest in active funds of any of the EU
member countries with low transaction costs due to the policies, such as the same currency
used in EU and the low capital control inside the EU. Thus, we regard the EU markets in our
sample as one DAFMI market, calculate its concentration measures and DAFMI size, and redo
our analyses. The EU markets in our sample include Austria, Belgium, Denmark, Finland,
France, Germany, Greece, Italy, Netherlands, Portugal, Spain, Sweden, and the United
Kingdom, and all of these 13 countries joined the EU before the start of our sample period.

After this combination, we have a total of 18 DAFMI markets in our sample. In
unreported tests, we redo our analyses in Table 2 and Table 3, and find consistent results in the
signs, magnitudes, and significances of the coefficients.

In unreported tests, we also perform the analyses of Table 5 on the EU market, and
check how its fund net alphas and DAFMI size change with concentrations. We find that in the
EU market, the DAFMI net alphas and size are both significantly and negatively associated
with DAFMI NHHI and U.S. NHHI (based on results of similar multiple hypothesis tests), and
the effect of a small change in U.S. NHHI are much larger than the effects of the same
magnitude change in DAFMI NHHI. These results also imply that we are not in one global
village, consistent with what we have found before.

We do not combine other DAFMI markets. For example, we do not combine the Asian
markets into one DAFMI market. This is because large transaction costs would discourage
investors in one market (e.g., mainland China) from investing in active funds operating in
another market (e.g., Japan), making each of these DAFMI markets an individual market in

practice.
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Table 5 Results of Each Market.

Panel A shows the results of the concentrations—net alpha relations for each DAFMI market, and the dependent
variable is fund Net Alpha. Standard errors are clustered by fund and presented in parentheses. Panel B shows the
results of the concentrations—DAFMI size relations for each market, and the dependent variable is DAFMI Size.
Newey-West estimates of standard error with a maximum lag of 12 months are used and presented in parentheses.
In both panels, concentrations are measured by NHHI, and only the coefficients of the DAFMI NHHI and the U.S.
NHHI are reported. Control variables in the tests of Panel A and B are the same as those in model specification
(3) of Table 2 and Table 3, respectively. Control variables’ coefficients are omitted here for brevity. The symbols
wak k% and * represent the 1%, 5%, and 10% significant level, respectively, in a two-tail stest.

Panel A: Results of concentrations—net alpha relations

Lagged DAFMI NHHI Lagged U.S. NHHI Number of R-squared

Global Market Coeficient Standard Error Coeflicient Standard Error  Observations

Australia 125.9292%%** (16.5322) 309.5224*** (50.9527) 28,029 0.0438
Austria 5.1260%** (0.9187) -2,647.3727%*%*  (391.4927) 564 0.0556
Belgum 1.8650%** (0.6542) -9.1151 (49.7206) 2,668 0.0073
Brazil 0.5451 (3.8677) -96.1587* (52.2873) 11,219 0.0065
Canada -181.1875%** (22.0536) -173.1231%*** (26.7814) 34,675 0.0103
Chile -66.6638** (25.2895) 560.1942%* (223.1512) 1,475 0.0545
China (Mainland) -16.9914 (31.0978) -1,026.2887 (821.8890) 321 0.0383
Denmark 4.1505 (4.5418) -61.8472 (67.0540) 2,763 0.0123
Finland 4.0763*** (0.7630) -250.5316*** (41.9122) 3,329 0.0216
France 6.0672%** (1.7516) 113.6250%** (18.5782) 22,144 0.0106
Germany -4.2801%*** (0.7191) -185.8201*** (34.0415) 10,541 0.0124
Greece -1.3648*** (0.3569) -54.5851 (78.0598) 1,639 0.0134
Hong Kong 0.5265%* (0.2475) -31.2086 (108.8858) 2,125 0.0132
India 4.3950%** (0.8540) 55.8574 (53.6853) 10,981 0.0257
Israel 44 3736%** (5.5980) -555.0263*** (61.6503) 8,384 0.0306
Italy -7.7472%** (2.3477) -167.6262%** (50.5915) 5,554 0.0037
Japan -0.6904*** (0.2309) -155.3339%*** (17.8868) 35,407 0.0098
Korea 99.0272%** (7.2094) -131.6193*** (39.3773) 16,609 0.0235
Mexico -1.2081 (1.7108) -595.0665*** (116.2500) 3,289 0.0393
Netherlands -9.7028* (5.0168) -14.5984 (51.6035) 1,861 0.0164
Norway -23.9439%** (2.8096) -347.1046*** (38.0491) 5,724 0.0280
Portugal 29.3836%** (4.2338) -962.4869*** (85.5555) 1,761 0.0504
Singapore -0.8709** (0.3721) 50.6522 (100.5254) 1,705 0.0196
South Africa 30.6163*** (7.0941) -276.1948*** (30.7909) 8,951 0.0247
Spain -18.9087*** (2.2604) -127.5332%** (29.1495) 9,877 0.0184
Sweden 1.6164%* (0.6218) 34.8206 (22.7690) 10,965 0.0048
Switzerland 5.3854*** (1.7370) 26.1425 (27.9872) 12,724 0.0065
Taiwan 221.3754%** (56.7624) 434,9734%** (89.0874) 7,210 0.0083
Thailand 12.6860%** (2.4723) -155.7064*** (36.4270) 14,045 0.0182
United Kingdom 1.8723%** (0.2298) -32.4324* (17.9394) 48,779 0.0048
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Panel B: Results of concentrations—DAFMI size relations

Lagged DAFMI NHHI Lagged U.S. NHHI Number of squared

Global Market Coefficient ~ Standard Error Coeflicient ~ Standard Error ~ Observations

Australia 0.6249%*** (0.2359) 0.7778* (0.4535) 144 0.8559
Austria 0.0028 (0.0026) -0.7475* (0.4508) 144 0.8266
Belgium 0.0021 (0.0021) -0.0868 (0.0853) 143 0.8852
Brazil 0.0061 (0.0070) 0.2491 (0.1517) 144 0.8845
Canada 0.1890 (0.2570) -0.1675 (0.2102) 144 0.8559
Chile 0.1389 (0.0843) -0.8077** (0.4009) 144 0.9672
China (Mainland) -0.0007 (0.0008) 0.0854 (0.0557) 138 0.8222
Denmark 0.0074 (0.0181) 0.2887 (0.1745) 144 0.8703
Finland -0.0010 (0.0020) 0.1541%** (0.0777) 144 0.9817
France -0.0040 (0.0248) 0.1278 (0.1567) 144 0.9281
Germany -0.0019%*** (0.0005) -0.0478%** (0.0163) 144 0.2883
Greece -0.0072%*%* (0.0021) -1.7732% % (0.5678) 144 0.7541
Hong Kong -0.0002** (0.0001) -0.0416%** (0.0133) 129 0.9885
India -0.0006 (0.0009) 0.1122 (0.0733) 143 0.9139
Israel 0.1948 (0.1251) -4.9103* (2.7980) 144 0.8292
Italy 0.0086 (0.0094) -0.1340 (0.1474) 144 0.9417
Japan 0.0006 (0.0007) -0.0875%* (0.0439) 144 0.9049
Korea 0.3201 (0.3657) 0.1406 (0.7746) 144 0.8945
Mexico -0.0001* (0.0001) -0.0055 (0.0047) 143 0.9780
Netherlands -0.0001 (0.0028) 0.0811 (0.2892) 144 0.0019
Norway 0.0063 (0.0088) 0.0357 (0.1987) 144 0.9772
Portugal 0.0223 (0.0138) -0.1995 (0.1405) 116 0.9015
Singapore -0.0003* (0.0002) -0.0426 (0.0411) 144 0.9604
South Africa -0.0066 (0.0222) 0.0809 (0.0669) 144 0.9682
Spain 0.0051* (0.0028) -0.0915%** (0.0309) 144 0.9928
Sweden -0.0226* (0.0131) -0.7917 (0.5138) 144 0.9533
Switzerland -0.0085 (0.0081) -0.0764 (0.2098) 144 0.7317
Taiwan 0.7602 (0.6852) -1.0715* (0.6254) 144 0.9627
Thailand 0.0161 (0.0236) -0.2496 (0.2070) 144 0.9701
United Kingdom -0.0085%*** (0.0025) -0.9730%** (0.2742) 144 0.9197
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4 Conclusion

We introduce a theoretical model of IAFMI equilibrium with which we investigate
DAFMI performance, size, and managerial efforts under a continuum of DAFMI and FAFMI
concentrations. Utilizing PS’s and FSX’s single-country frameworks, in which fund managers
have homogeneous incentives (effort productivities and costs) while searching for investment
opportunities, we create a two-country IAFMI framework in which in each country, due to
transaction costs, information costs, and taxes, investors invest only in DAFMI funds, whereas
fund managers invest in both domestic and foreign stock markets facing heterogeneous
incentives. Gross alpha production and managerial effort costs depend on concentrations. In
particular, higher FAFMI concentration implies higher incentives to explore investment
opportunities in the foreign stock market because effort spent there is more productive.
Moreover, this FAFMI concentration increase also induces incentives to divert managerial
effort from the domestic stock market to the foreign one, affecting, in turn, incentives to spend
effort to explore investment opportunities in the domestic stock market. By symmetry, higher
DAFMI concentration induces similar effects.

Our model’s comparative statics characterize the association between DAFMI expected
net alphas and a continuum of DAFMI and FAFMI concentrations, and that between DAFMI
size and a continuum of DAFMI and FAFMI concentrations. In particular, we show that, in
equilibrium, if and only if higher FAFMI concentration induces higher (lower) DAFMI direct
benefits does it induce higher (lower) DAFMI fund expected net alphas and size. By symmetry,
a similar necessary and sufficient condition holds for higher DAFMI concentration.

In addition, the concavity of DAFMI fund expected net alphas in FAFMI concentration
indicates that DAFMI direct benefits of effort are concave in FAFMI concentration. This
further induces concavity of DAFMI size in FAFMI concentration. On the other hand,
equilibrium convex DAFMI size in FAFMI concentration implies convex direct benefits in
FAFMI concentration and, consequently, convex DAFMI fund expected net alphas in FAFMI
concentration. By symmetry, similar second-order results hold for DAFMI concentration.

We specialize our model to allow for endogenous concentrations, which befits
empirical market concentration measures, thus facilitating empirical studies. Although the
relation between DAFMI concentration and DAFMI expected net alpha, and that between
DAFMI concentration and DAFMI size, become more complex in this framework, we are still
able to conclude that DAFMI fund expected net alphas and size, in equilibrium, move in the

same direction as FAFMI concentration.
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We use the data of 30 active equity mutual fund markets in Morningstar Direct to test
our theoretical findings. We find that, on average, DAFMI fund net alphas and size decrease
with the U.S. AFMI concentration. As FSX find that U.S. AFMI fund net alphas and size
increase in U.S. AFMI concentration, our findings suggest that we do not live in one global
village.

Our findings provide relevant implications for fund managers, investors, and regulators.
If market parameters leading to the current equilibrium persist, the current low, and probably
decreasing, concentration in the U.S. AFMI would benefit (harm) other global DAFMI markets
whose fund net alphas and size are, on average, negatively (positively) associated with the U.S.
AFMI concentration. Our empirical results suggest that, on average, other global DAFMI

markets would benefit from the declining U.S. AFMI concentration.
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APPENDIX FOR ONLINE PUBLICATION

Proof of Managers' Maximization Problems Equivalence: Profits and Expected Net
Alpha

We prove that when DAFMI managers maximize fund expected net alphas, they
maximize profits and must do so in order to survive (that is, have wealth to manage and be

).*> We also show that this maximization leads to a unique Nash equilibrium.

solvent

First, we establish that all managers offer the same level of fund expected net alpha.
This is the case in PS and FSX as well, and the rationale here is the same: managers who offer
expected net alpha that is lower than the highest offered by some other manager attract no
investments, as diversification benefits are irrelevant, negligible to risk-averse investors, and,
thus, out of the DAFMI.

Next, we show that DAFMI managers’ competition drives the DAFMI (unique)
expected net alphas to be the highest possible one, in which managers are still solvent; that is,
managers charge break-even fees.

Suppose that managers choose profit maximizing optimal effort and fees to set DAFMI
funds expected net alpha to be a@. Without loss of generality, we assume that @ is between zero
and the highest expected net alpha that allows solvency. We show that, in equilibrium, & is the
maximum fund expected net alpha that mangers can produce (while staying solvent). They do
that by choosing optimal efforts eill* and eilz* (by fulfilling the condition in Lemma 1.2) and
charging a fee f;' such that the fund expected net alpha is exactly @. Substituting @ into
Equation (10) (our “state” equation that links efforts, alpha production functions, fees, and fund
expected net alphas) yields

—_ Asl*
1

f=al =bT > + A1 (e} HY, H?) + A12(ef?'; HY, H?) - @. (35

12
w

i * *
Denote the profit rate of manager i, as prof, pro} & fi' — C}(e!*',el'*’; s{, H', H?).

Then, from the last definition and equation (35), we have

— -_ - Sl* * *
a=al-b2, + AN (', HY, H?) + A(e}2"; H', H?) — pro} — a6
b —ctist—cil(ef'’; HY, H?) — c3?(el?'; HY, H?).

As all managers produce the same expected net alphas, Equation (36) implies an

equilibrium condition,

43 By our model assumptions, insolvent managers are out of the DAFMIL.
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pro} +ci;st = proj +cisj, Vi,j. (37)

Next, we consider manager i’s total dollar profit function (size in dollars times the per

dollar profit rate):

* *
siprof = stfi —cg —ciisi —c3t(elt; HYL H?) — c3%(ef%; HY, H?)), (38)

and by the first-order condition, the optimal fund size given manager i’s profit is

1 1 11(,11%, g1 y2 12(,12%, g1 12 1 1
wopt _ fi =~ (ei ,H,H)—C2 (el- ,H,H)_proi S;

L 1 1 .
2¢5; 2¢; 2

(39)

The latter equality is useful in presenting the optimal size relative to current size. Note

that if manager i maximizes her fund’s expected net alpha, the profit rate pro} = 0, and the
condition in Equation (39) for 5i10pt does not exist. For some manager j, j # i, it is possible
that pro} is so high that sjl < sjlopt. In other words, it might be possible that some manager j,

J # 1, increases his (dollar) profits by increasing his fund expected net alpha, reducing profit
rates and increasing (his fund) size. As manager i does not observe other managers’ cost
functions,** she must consider the above possibility [to avoid losing (all) the wealth she
manages].

We now demonstrate that the possible scenario described above indeed occurs. We
analyze a simple game between manager i and all other managers, denoted “—i”. The actions
of this game are to either maintain expected net alpha or improve it by an infinitesimal amount.
Throughout, we assume that the diversification benefits of investing in both manager i and
manager —I are negligible. The payoffs are the profits of the two managers.

If manager i improves her fund expected net alpha infinitesimally and manager —i does
not follow, then manager i’s profit change by an infinitesimal amount, say £}, and manager —i
receives no investments and earns no profits. If, on the other hand, manager i does not follow
manager —I when increasing her fund’s expected net alpha infinitesimally, then manager —i
profits change by ;, and manager i receives no investments and earns no profits. Suppose
that manager i believes that manager —i’s strategy is to improve his or her fund expected net
alpha, @ with (nontrivial) probability p and to maintain @ with probability 1 — p. Suppose that
manager i’s strategy is to improve her fund expected net alpha with probability 8 and maintain

a with probability 1 — 6.

4 If cost functions were common knowledge, each manager could have calculated the DAFMI equilibrium
independently.
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The payoffs of such a game are illustrated in the following table, with the row (column)
representing manager i’s (—i’s) action, and with manager i’s (—i’s) payoffs in the first (second)

figures in the brackets.*

Maintain & Improve Infinitesimally
I-p P
Maintain @ 1-6 (pro}s},prol;st) (0,prol;st; + 1)
Improve
Infinitesimally (prots} + &},0) (prots} + &}, prol;st; + &1))

We show that in this game, manager i optimally chooses 8 = 1, until reaching the
highest fund expected net alphas. (This is the break-even/zero-profits point, beyond which the
manager becomes insolvent.) As manager i is a generic manager, this implies that all mangers
do that. We also show that once managers reach the point of producing the highest fund
expected net alphas, they are in (a Nash) equilibrium.

The expected payoff of manager i is*

nt = (1 —p)[(1 — O)proj'si + 0(profs} + ] + pb(pro}st + &l). (40)

The first-order condition is

1
dﬂ'i

=& +pxprojs;. (41)

Equation (56) shows that &} — 0 implies that dm}'/d6 > 0. Thus, manager i’s optimal
choice to maximize 7} is @ = 1. That is, increasing fund expected net alphas increases profits.

As managers keep increasing fund expected net alphas, they reach a level of fund
expected net alpha where & is the maximum fund expected net alpha. At this point, managers’
profit rates must be zero (otherwise managers could use profits to increase fund expected net
alphas). Moreover, further increases of fund expected net alphas (by increasing efforts or
decreasing fees) make managers insolvent. Thus, at this point, when & is the optimal fund
expected net alpha, &} and €!; are negative. Managers are, then, in a Nash equilibrium

(Maintain @, Maintain @).

4 For simplicity and brevity, we do not introduce new notation to differentiate the infinitesimal profit changes
when one or two players move. We use &; and €', in both cases.
46 Generally, e! and €!; may be positive or negative, which does not affect our results as they approach zero. If

the infinitesimal profit change for manager i, when both players move, was denoted 8} , Equation (56) would have
been % = ¢} +p(6! — ') + p x pro;s;, yielding the same result as & and &; approach zero.
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Therefore, each manager will improve his or her fund expected net alpha as long as it
is below the maximum fund expected net alpha. Thus, managers’ problems of maximizing

profits is equivalent to maximizing their funds’ expected net alphas.

Next, we show that that managers’ optimization leads to a unique DAFMI equilibrium.
Because at any fund expected net alpha below the maximizing level, managers attract no
investments and have incentives to increase fund expected net alphas. Because further
increasing fund expected net alpha above the maximizing level drives managers to insolvency,
this Nash equilibrium is unique.

The proof for FAFMI managers is similar.

Q.E.D.
Proof of Proposition 0
{en*, el?” 17 81*} is a Nash Equilibrium for the following reasons.
1. Given other DAFMI managers’ optimal choices, a manager has incentives to not
deviate from ell*, elz*, and f1°. If a DAFMI manager deviates from ell*, elz*, and

1, this manager decreases the fund expected net alpha, either losing all investment or
becoming insolvent. Also, DAFMI managers cannot deviate from both in offsetting
ways and gain. This is because effort increases do not sufficiently improve performance
to justify costs and fee increases, and effort reductions cause too great a loss of
performance that cannot be returned to investors through fee reductions. The reason is
that a manager’s optimal effort and fee together determine his or her fund expected net
alpha. If the DAFMI manager deviates from the equilibrium and produces a higher fund
expected net alpha, he or she incurs a loss; and if the DAFMI manager deviates and
produces a lower fund expected net alpha, he or she receives no investments. We proved
these results in the previous proof of maximization problem equivalence.

2. Given DAFMI managers’ and other DAFMI investors’ optimal choices, a DAFMI
investor has no incentive to deviate from Sil*. This is because, when there are infinitely

many small mean-variance risk-averse investors, each investor’s choice does not affect
fund sizes and, thus, DAFMI size. Changing allocations across funds does not improve
an DAFMI investor’s portfolio Sharpe ratio, whereas changing allocations between the
DAFMI and the passive benchmark decreases the portfolio Sharpe ratio.

{ell*, elz*, fl*, 81*} is unique because

11*

e is unique because, for each DAFMI fund, e}l* is the unique solution of
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Belilll(eill*; Hl,Hz) =0

12*

e~ is unique because, for each DAFMI fund, e}z* is the unique solution of

12 *
B;r(ef*; H', H?) = 0;
* . * * * *
f1 is unique because, for each DAFMI fund, f* — C}(e}* ,e}?; s}, H', H?) =0,
* * * . . . . . * *
where Cil(eill cel?; st ,Hl,HZ) is a deterministic function of e}* and e}* , and

11

* * .
el and e'? are unique;

81 is unique because allocations to DAFMI funds maximize DAFMI investor
portfolios’ Sharpe ratios, driving fund expected net alphas to the same values. Deviating,
thus, cannot help and to the extent that large deviation would affect fund sizes, they
will decrease Sharpe ratios. Moreover, the uniqueness of e’ e12"and f1 rules out
the existence of additional equilibrium allocations. We show below (Proposition 2) that
each 8j1* is the weights vector of DAFMI funds’ “market portfolio.”

The proof for FAFMI managers is similar.
Q.E.D.

Analytical Statement of Lemma 1
For every manager i, i = 1, ..., M?, if initial effort inputs generate positive direct benefits of

effort [i.e., B,11(0; H, H?) > 0,B%:(0; H',H?) > 0,V H',H?], the DAFMI equilibrium

induced by managers choosing optimal effort-fee combinations, (ein*, el-lz*, fil*), has the

following properties.

1. Fees are equal to costs:
f—ct(et ef?’; st HYL, H?) = 0. (42)
2. The impact of marginal effort, in either country, on gross alpha is set to be equal to the

marginal average costs of effort in the respective country, thus manager i’s marginal
direct benefits of effort (in either country) under the optimal effort are zero:
11 (,11%, g1 g2 11 11%. g1 g2\ — pll (,11% g1 g2\ —
Agi(el's HL H?) — oy (el HY H?) = Bja(el s HY, H?) =0,
(43)
12_(,12%, g1 g2 12 12%, g1 g2\ — pl2 (,12% g1 g2) —
A2 (el HY H?) — iz (ef® ' HY H?) = B, %2 (el s H',H?) = 0.

3. When either country’s concentration is higher, DAFMI equilibrium optimal efforts in
either country are higher (lower) if and only if higher concentration induces a larger

(smaller) marginal effort impact on gross alphas than on costs in the respective country.
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Or,
el JdH' 2 0(< 0) iff Atk a(el's HY H?) = ¢y ya (el HY, H?) 2 0(<
0),
el2"/dH > 0(< 0) 1ffA112H1(ei12*; H',H?) - czl'j,ilz'Hl(eilz*; H',H?) > 0(<
0),
el JdH? = 0(< 0) 1ffA111H2(ei11*; HY,H?) - czﬂein’Hz(ei“*; HY, H?) > 0(<

0),
el?’ JdH? = 0(< 0) lffAllez(elz* H', H?) - czelez(e}Z*; H', H?) =2 0(<

(44)

0).

Whether each country’s higher concentrations induce higher equilibrium optimal fees
depends on whether they induce changes in equilibrium DAFMI sizes and in
equilibrium optimal efforts in each country that are aggregately positive. Or,
N
1__\Ww 11%, g1 g2
L/ Z( 7wl e (e ) S

12*

X de
12(612 Hl Hz) dH1

+cit (el HY, H?)
ci21(e}?’; HY, H?),
(45)

x m! st
af 1 d(—l) i} el
L - Z(c},j) Wt b (el HY, H?) 4 e

12

+C2 12(@12* Hl Hz)d

dH? 2H2(611* HY, Hz)

+ci2.(ef?’; HY, H).

When either country’s concentrations are higher, equilibrium manager i’s direct
benefits of effort in the respective country are higher (lower) if and only if higher
concentrations induce, in the respective country, a larger (smaller) impact on gross
alphas than on costs. Or,

dBll(eill*; Hl,Hz)
dH?!

>0 (< 0)iffALi(ef'’; H, H?) — cita(ef; HLH?) 2 0 (< (46)
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0)7

dB2(ef?; H' H?)

— >0 (< 0)iff AYA(ef?"; HYL H?) — 221 (ef?; HLH?) 2 0 (<

0),

aB'(e}'’; 0 H?)

— >0 (< 0)iff A (ef'’; HY H?) — ey (el HLH?) > 0 (<

0),

dBlz(eilz*; H HZ)

— >0 (< 0)iff Aja(ef?’; HY, H?) — c)22(ef?; HYL H?) =

0(<0).

6. Pairwise relative DAFMI fund sizes, sl-l* /sjl*, are inversely proportional to their
corresponding cost coefficients, cll,j/cll'i (where cf; is the intensity of fund-level

decreasing returns to scale in gross alpha production).

7. DAFMI fund market shares, s!” /S "s are s} /1" = [Cuz (cll)_ll

Proof of Proposition 1 and Lemma 1.
The proof of Proposition 1.1 is in the Proof of 0.1.

To maximize E(a} |D)| {ell* Q12" 17 81*}, manager i chooses the breakeven management

fee. This is because choosing higher fee would decrease expected net alpha and choosing lower
fee would induce insolvency. Moreover, changing both fees and efforts would move managers

away from optimal effort. Thus,

f 1* 1(611* 12*’ 11*’1_11 Hz) =0. (47)

This proves Lemma 1.1.
If direct benefit of DAFMI manager i exerted to domestic stock market
B1(el'; HY, H?) has a partial derivative with respect to effort, at zero effort, is positive, i.e.,
1(0 HY,H?) = A1 11(0; HY, H?) — c2 11(0 H',H?) > 0, then it pays to exert this effort,
and the optimal level is positive, i.e., ei“ > 0. The first-order condition, with respect to effort,
to maximize E(aj |D) becomes

Agn (el HYH?) = ¢yt (el HY H?) = Bin(ef''; HL, H?) =0. (43
The related second-order condition, A;}l 6;1(61-11* ; HL,H?) —
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0211311 e11( ; HLH 2) < 0, is satisfied by assumptions. (This is because we assume that

productivity effort decreases in scale, i.e., A;h e;l(e H',H?) < 0,Ve}!, and that the costs
| A}

* . .
of effort increase in scale, i.e., c2 611 11(611 H,H?) > 0,,Ve}"). Thus, e}' is a maximum.

(We assume that functional forms of effort productivities and effort costs induce a finite e11 )
By symmetries, the proof of the results regarding eilz is similar to the one regarding
elll*. This proves Lemma 1.2.
Fully differentiating (48) with respect to H* and H?, we have
dein* 11H1(311* HY, HZ)_CZe“Hl(e'll*' HY, HZ)
dHT A111 (el HLH?) = c)ba (el HY, H?)

(49)

deill* 11 Hz(ell* Hl HZ) - CZell Hz(eill*; Hl,HZ) (50)

2 11 11*. 1 g2\ _ 11*%, g1 2)
dH Aei“,eill( i HLH ) C2ei11,ei11(ei s HY H )

Thus, the sign of de}'" /dH' ( de}' /dH? ) depends on the sign of

Aghs i (el''s HY H?) = ey (el HY, H?) ( AGhs o (el's HY H?) =
czli;le(eill*; H',H?)), because we have shown that the denominator of de!'" JdH?
B

(de!'” JdH?) is negative.
By symmetries, the proof of the results regarding eilz* is similar to the one regarding
1" This proves Lemma 1.3.

The optimal DAFMI manager effort ei“* is determined only by the functions
A (e}t; HY,H?) and cit(e}t; HY, H?), which are the same across DAFMI funds. Thus, we

have 611 ejll* and, consequently, Bll(el-ll*; H1,H2) = Bll(ejll*; Hl,HZ),Vi,j . By

2%

symmetries, the proof of the results regarding e;'?  is similar to the one regarding eill*, and we

also have e}? = ejlz and, consequently, B*?(e!?’; H',H?) = B*?(e!?*’; H*,H?),Vi,j .
Because, in equilibrium, managers produce the (same) fund expected net alphas (Proposition

1.3, which we proved above in the Manager’s Equivalence Problems theorem) and, as we just
11*

showed, exert the same optimal efforts (i.e., eill* =e;

* * . .
it and e/? = e!?,Vi,j), from the

definition of fund net alpha in Equation (8), we have that fl-l* = fjl*, Vi, j.

These prove Proposition 1.7 and Proposition 1.8.

* *
As e!', el*, and E(ai1|D)|{e11*e12*f1*51*} are the same across DAFMI funds, we
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*

further have Ct(el'’,ef?’; st', H', H?) = le(e]-ll*,e]12 sjl*,Hl,Hz),Vi,j, and recall that
Cleit',el?’; st' HY, H?) = c{ + clist + cit(ef; HY, H?) + c3?(ef?"; HY, H?). As ct,
el-ll*, eilz* and Cil(eill*, eilz*; sil*,Hl,Hz) are the same across DAFMI funds, we have the
following relationship between different funds’ sizes and costs:

clist’ = cllljsjl*,‘v’i,j, (51)
orst' /st =cl;/cli, Vi,

This proves Lemma 1.6.

1
. * * . P 1 s; S 1 Cl
Summing s /s} withrespecttoi, i = 1,2, ..., M, we have Z?’ils'? ===yM 2

j j ‘L
Inversing the second equality and exchanging the subscripts j and i gives
1* m?t -1
% = > ()] v (52)
j=1

This proves Lemma 1.7.

Using the break-even fee condition and Equation, we can write

1* _ ~10,11% _12%, 1% 1 152
fi —Ci(ei ,€.°; S ,H,H)

— 1 1 1* 11(,11%, g1 g2 12(,12%, g1 2
=cf+cisi +eat(elts HLH?) + c3?(ef? s HY H?)

1* Sl* .
=c} +cllsl < >W1+c 1(e11 H',H?) + c3*(ej*; H',H?)

sT\w? (53)
_1 .
=c} Z(c )_1 w? <Sl ) +cil(ef'’; HY, H?)
=c t+ 1 Wi 2
+ci?(ef?’; HY, H?).
Fully differentiating f;'"~ with respect to H! and H2, we have
1* M -1 1 riarl 11*
df; 131 4 /w ) 11*, g1 g2
dH1 = Cl,j) w dH1 Ce 11( s HY H ) dH1
12* 54)

2€1z(e12 H, HZ) +ciha(elt; HY, H?)

dH1
+c)2n (812 H',H?),
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(35)

df~1* d(sl/wl) . 11*
dl_llz - Z( 11) ‘ de 2e11( - ; HY, HZ) de

12*
12 (312* H1 Hz) de

de ZHZ(ell HY, Hz)

clilz(eilz*; H1, Hz).

Thus, whether each country’s higher concentrations induce higher equilibrium optimal fees
depends on whether they induce changes in equilibrium DAFMI sizes and in equilibrium
optimal efforts in each country that are aggregately positive.

This proves Lemma 1.4.

Fully differentiate B'*(e}'"; H', H?) with respect to H' and H?, and use the result
B:illl (el-“*; H',H?) = 0, and we have

dB'(el'; HY, H?)
dH?

11*
2
) dHl
_ Cl}-ﬂ(eill*; H1’H2)

= (e BB — el (el B )

= B11 (e}'’; HLH + A (el HY, H?) (56)

dB'(ef'’; HY, H?)
dH?

11*

= B11 (311* HY, HZ) dHZ AiIIZ(eill*F H',H?) (57)
- CZHz(ell* Hl HZ)

= Ars(eft’; HY H?) — c)h(eft's HY, HP).

By symmetries, the proof of the results regarding e12 is similar to the one regarding el-ll*
Thus, where either country concentrations are higher, equilibrium manager i’s direct benefits
of effort in the respective country are higher (lower) if and only if higher concentrations induce,
in the respective country, a larger (smaller) impact on gross alphas than on costs.

This proves Lemma 1.5.
In equilibrium, all DAFMI funds’ expected alphas are the same, i.e.,

E(a} |D) | fert 12" 51" 1) is the same across for all funds. Consequently, DAFMI fund expected
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returns E(TI}yi|D)|{ell*'e12*'f1*’51*} = E(ail|D)|{611*,e12*_f1*151*} + pyp, are the same in equilibrium.

In addition, as DAFMI funds have the same expected alphas, they have the same expected
returns. The source of DAFMI fund returns’ variance is the same across funds, and

1*

2
Var(rﬁ'i|D)|{e11*e12* ) = o + 0+ (% ) o/1 4+ 0Z + 02, Vi. That is, the DAFMI

fund return variance is the same across funds. Combining these results, we conclude that all
managers offer the same competitive Sharpe ratio.
This proves Proposition 1.4 and 1.5.

We note that Proposition 1.3 is a direct consequence of Lemma 1.6 and 1.7.

Finally, to prove Proposition 1.2, recalling that aggregate skill is Z?ill(c}_i)_l, we

1 *
differentiate % by parts to get

as a{pr+ RGO w)
= PRt ——— > 0. (58)
d{b1+[zj-”=1(c1{i) | Wl} dyM (k)

The inequality is correct because, from Equation (66), the first multiplicand of the LHS
is negative, and because the variables in the second multiplicand of the LHS are positive, the
second multiplicand is negative.

This proves Proposition 1.2.

This proves Proposition 1 except for Proposition 1.6, which is proved in the next section.

Q.E.D.
Proof of Proposition 1.6, Proposition 2, and Corollary to Proposition 2

DAFMI investor j’s portfolio Sharpe ratio is
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E(7}|D)
Jvar(1p)

— — 1% * * *
iy + 8i1TlM1 [al _ bl% + A (el HY, H?) + A¥2(e}2"; HY, H?) — f} ]

1% 2

R R R G R T B

1

ty + 81 {— Ms/—ll {[Z;V’;(c},i)_l]_l W+ ﬁ} + X(e}t, el?"; H1’H2)}

2 2 2 1N 2 (51T, N\ 2 (51Tl
a5 + aa1+ax1+(m) Op1 (8]- lM1) +o5 (8]- 8]-)

The second equality holds because 1 — Cil(ei“*, el?"; s’ HYL H 2) = 0, the definition of

* * * 1* st* .
X(e!'',el?; HLH?), cf;s} = C%‘i%(m )Wl , and Equation (52). We assume that
marginal diversification benefits of investing in one more fund is trivial, so we set
0821 (8]1 8]1) — 0 when solving the problem. When maximizing DAFMI investor j’s portfolio

Sharpe ratio, we take the first-order condition with respect to 8]-1. We have

x\ 2 -1
tp| 2 2 (St 2 +T 1 -1
U_:ZJ O'al + O'bl (m ) + le] 8]1 Lyt — {[Eli‘il(cll,i) ] W1 +
(60)
—_ 1* * *
bl}% +X(e}V,ef?"; HYH?) = 0.
1 *
Notice that each small investor regards % as given since each of them cannot affect this ratio.

¥ «T
Substitute y = u,/ Gg, (y > 0) and symmetric equilibrium condition % = 8i1 Lyt into (60),

we have
st *\ 3 — 1 —171—1 st *
—yoh (W ) — {]/0-31 +yoh + b+ [Z?’Ll(c},i) ] Wl}m + 1)
X(e.ll*,eilz*; H',H?) = 0.

4

1*

. T . o .S
If the constraint 8i1 Lyt < 11is not binding (i.e., —
w

< 1), the equilibrium optimal

1%
—1 is a real positive solution of this cubic equation. This is because the condition

X (eill*,eilz*; H',H?) >0,V H*, H? (positivity of the lowest order polynomial coefficient)

and the negativity of the two higher order polynomial coefficients —)/651, and — {yaé +
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— —-11-1 . —
Yol + bt + [ ﬁ”zll(cll’i) ] Wl} , (e, —yo/i <0 , and —{ya,fl +ych + bl +

-1171 . . .
[Z?fl(cll,i) ] Wl} < 0) guarantee the existence of exactly one positive real solution for

1 o . st*
— (and two imaginary ones). Also, as each DAFMI investor cannot affect the value of — ,
w w
1 *

«T
the cubic equation above shows that the solution for 8]-1 Wt = is unique given the

wi
*

s
parameter values and the market — .
w

*

*T . . . . 1 . . .
If the constraint 8j1 Lyt < 1is binding, (i.e., % = 1), there is an obviously unique

solution where DAFMI investors maximize their portfolio Sharpe ratios by allocating all their

wealth to the DAFMI (no international passive index holdings).

* * *T 1%
We, thus, demonstrated that 8i1 = 8j1 ,Vi,j, such that 8i1 Wyt = % , induces a
unique equilibrium.
This proves Proposition 1.6 and Proposition 2.2.
In addition, from the proofs above, we have shown that
1 _ st Mt 0
E(a; |D)|{e11*,e12*,f1*,81*} = ~wi {[Zj:l(cl,i) ] W=+ bte+ ©2)
X(el', ef?’; HY, H?).
Also, by taking variance on both sides of the alpha production function, we have
Sl xy 2 6
2 2
Var(aél|D)|{e11*’e12*’f1*,81*} = O-al + <W > O'bl- ( )
By substituting (62) into (61) and rearranging, we have
1 *
(64)

S
1 — 2 1
E(q; |D)|{e11*,e12*,f1*,81*} Wi Y [le + Var(q; |D)|{e11*,e12*,f1*,81*}]'
Because all the components on the right-hand side of the equation above are positive, we have

E(a} |D) | fe1t” 12’17 1°) > 0. The intuition is that a portfolio with allocations to DAFMI funds

and the international passive benchmark is always riskier (i.e., higher portfolio return variance)
than a portfolio with allocations only to the international passive benchmark. If

E(al|D)| fe11” 121" 1°) = 0, because of a sufficiently large amount of investment in DAFMI

funds, DAFMI investors can always improve their portfolio Sharpe ratios (in particular, reduce

their portfolios risk) by shifting wealth from DAFMI to the international passive benchmark.
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Thus, we should have E(ai1|D) |{e11* 12" 1" 51°) > 0 to induce investments to DAFMI funds.

This proves Proposition 2.1.

This proves Proposition 2.

1* * *
Where % < 1, fully differentiating (61) with respect to X(e!' ", e}*; H,H?) and

bt + [Z?:l(cllri)_l]_l W1, respectively, we have

St
Wt .
_ >0 (65)
dx(et'”e}?”; H1,H2 1%\? — —1771 ’
(AATIE) s (35 ) oot orrefeticeto™ e
g1 s1”* 66
dit _ _wt <0. (©0

— 1 -1771 . -1
d{b1+[2§yl=1 C11,i) ] Wl} y +b1+[2j'w=11(611,i) 1] wi

2
1*
2 (S 2 2
3O'b1<m> +O'a1+0'x1

The inequalities above hold because the parameters are positive.

This proves the Corollary of Proposition 2.

Q.E.D.
Analytical Statement of Proposition 3
Sensitivities of DAFMI Size and Expected Net Alphas to Concentration.
1 *
Where - < 1, we have the following."’
w
1. Higher concentrations, in either country, induce larger (smaller) DAFMI equilibrium

size and higher (lower) DAFMI equilibrium expected net alphas if and only if higher
concentrations induce a larger (smaller) aggregate (over the two countries) impacts of
induced optimal effort changes on gross alphas than on costs.

The analytical statements of the verbal statements are as follows. Regarding DAFMI

equilibrium size sensitivity to DAFMI concentration, we have

st st 11(,11%, 1 42 12( ,12*% 11 12
dyr dit B (ef!; HYH )+ aB2(ef?’; H1H?)| 67)
dH! dX(eill*,eilz*;Hl,HZ) dH? dH1 ’
thus,
* 1%

47 When % =1, it is the case that, 1. Vi— is unrelated to DAFMI and FAFMI concentrations; 2. higher

1
DAFMI/FAFMI concentrations induce higher (lower) DAFMI/FAFMI equilibrium expected net alphas if and
only if higher concentrations induces a larger (smaller) impact on gross alphas than on costs; and 3.
DAFMI/FAFMI equilibrium expected net alphas are concave (convex), in DAFMI/FAFMI concentrations, if and
only if the DAFMI/FAFMI equilibrium direct benefit function is concave (convex), in concentrations.
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*

s1

d_
W > ( (< 0) iff

dBll(eill*; Hlsz) dBlZ(eilz*; Hl'HZ)
dHl — +

dH?! dH?!

>0 (< 0).

The analytical statements regarding DAFMI equilibrium size sensitivity to foreign

concentration are

dvsv—ll 3 d‘j/—ll B (e 0 H?) N aB*?(ef?; niu?)| 68)
2 11* j12* 2 2 >
dH dX(ei il Hl,Hz) aH aH
thus,
Sl * * *
as @B (e} HLHZ)  dBI2(el}? HYH?)
—7 = 0(<0)iff — + e > 0(<0).

The analytical statements regarding DAFMI equilibrium expected net alpha sensitivity

to DAFMI concentration are

ak(a;|D) B [dBll(ei“*;Hl,Hz) N dBlZ(eilz*;Hl,Hz)]
ik {e11*,e12*,f1*'81*} ek ek
(69)
— 1 —17-1 d(Sl/Wl)* ‘
X {1 — {bl + [Z?il(cll,i) ] Wl} dx(egl*.ei“*:Hl.Hz)}’
thus,
ag(at|D a1 (e}, g1 H? dB12(e}?"; H1 H?
(dTlJ) > 0 (< 0) iff (;Hl )+ (;Hl )20(<0).

* * * *
{e11 12 1% 51 }

The analytical statements regarding DAFMI equilibrium expected net alpha sensitivity

to foreign concentration are

ak(a;|D) [dB“(ei“*; H',H?) N aB*?(e}?; Hl,HZ)]
daH? {e11*,e12*,f1*'81*} dH? dH?
(70)
— 1 —-11-1 d(Sl/Wl)* )
X {1 - {bl + [ ) ] Wl} dx(eill*,eilz*:Hl'Hz)}’
thus,
ag(a}|D __aBM(e}";H1H?)  aB?(e}?’; H1H?
(dTLJ) > 0 (< 0) iff (;Hz )+ (ldHZ )20(<0).

* * * *
{en 12" f1" 51 }

If concave in either country’s concentration, DAFMI equilibrium direct benefits of
efforts function indicates concave DAFMI equilibrium size in the respective

concentration. (If convex in either country’s concentration, DAFMI equilibrium size
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indicates convex, DAFMI equilibrium direct benefits of efforts function in the
respective concentration.) The sensitivity of equilibrium DAFMI size to the cross
partial derivative of DAFMI and FAFMI concentrations depend on signs and sizes of
several terms, including the sum of the sensitivities of DAFMI direct benefits due to
efforts exerted in the domestic and foreign stock markets, to the cross partial derivative
of DAFMI and FAFMI concentrations, and the product of the sums of DAFMI direct
benefits sensitivities, due to efforts exerted in the domestic and foreign stock markets,

to DAFMI and FAFMI concentrations, respectively.

The analytical statements of the above verbal statements regarding second-order

sensitivity of equilibrium DAFMI size to DAFMI concentration are

1 1*
25 S 2p11(,11%, 1 2 2p12(,12%, 1 42
d dyr [d B (e} HLH )+ a?B*?(el?’; HLH )]

2
dH1 dx(ei“*,eilz*; HLH?)

dH1? dH1?

(71)

2 3
L2 51* B (e}t 1 H2)+dB12(ei12*;H1,H2) a(st/wt)” ,
dH1 dH1 dx(e >

11* j12*
el HLH?)

thus,

d2p1t ill*;Hl,Hz d2B12 HlH 2(cl sl d2(st/wt
i G ) (L) 0 then LMY o g it (H/W)

daH1? aH1? 20,

28 (e}’ H H?) N d?B2(ef?’; HH?)

dH1? dH1? 2 0.

then

The analytical statements regarding second-order sensitivity of DAFMI size to FAFMI

concentration are

1* 1*
Pyt ds— @BV (e} HLHE)  a?B (el HAH)|
an?®  ax(eftet?’ H1H2) an?’ an?z’
(72)
) 2 ) 3
. 51* B (e} HYH?)  dB'2(e}?’; HYH?) a(st/w1)
v Jbl dH? * dH? ax(eft e}? " Htn2)|
thus,
_azBi(ef " HLH?)  a2B12(e}?’; HiH? a2(st/wt a2(s1/wl
il Gl (4 )SOthen<_/z><0andlfMZO,
dH? dH? dH?
a2B' (e} HUH?)  a?B12(e}?; HH?)

> 0.

then 77 + 72

The analytical statements regarding the cross partial derivative sensitivity of

equilibrium DAFMI size to DAFMI and FAFMI concentrations are
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1 1
2y dor a?B'(ef; HLH?)  d?B'2(e}? HH?)
dHdH? — olx(ei1 el? ;Hl,HZ) dH1dH? dH1dH?
« 2y 3
1 =
_6)/10-21 S_ * Wl* (73)
b* w1 dX(eill el? ;Hl,HZ)

y dBll(ein*;Hl,Hz) N dglz(eilz*;Hlsz)] [dBll(eill*;Hl,Hz) N dBlz(eilz*;Hl,Hz)];

dH?! dH?! dH? dH?

*

1
thus, the sign of the cross partial derivative of % with respect to H! and H? depends

a?p' (e}’ H H?)  a?B2(e}? ' HYH?) dBYY(e}'’; HYH?)
dH'dH? dH'dH? ’ dH?

on the signs and magnitudes of

aB2(e}?’; H,H? aB (e HLH?)  aB'?(e}?’; HLH?
( ;Hl )’ and ( ;HZ ) + ( ;HZ )

Concave equilibrium expected net alphas in either country’s concentration, indicates
concave, in concentration, equilibrium direct benefit function. (Convex, in
concentration, equilibrium direct benefit function indicates convex, in concentration,

equilibrium expected net alphas.)

Similar to the case of equilibrium DAFMI size, the sensitivity of DAFMI equilibrium
expected net alpha dependency on the cross partial derivative of DAFMI and AFMI
concentrations depends on signs and sizes of several terms, including the sum of the
sensitivities of DAFMI direct benefits due to efforts exerted in the domestic and foreign
stock markets, to the cross partial derivative of DAFMI and FAFMI concentrations,
and the product of the sums of DAFMI direct benefits sensitivities due to efforts exerted
in the domestic and foreign stock markets, to DAFMI and FAFMI concentrations,

respectively.

The analytical statements of the verbal statements regarding second-order sensitivity of

equilibrium DAFMI expected net alpha to DAFMI concentration are

dzE(ai12|D) dzgll(eill*;Hl_Hz) s dzBlz(egz*;Hlsz) .
aH’ {ell*,eu*,fl*,{u*} dH? dH?t
'z -17~1 d(st/w? * 1% (—~
{bl + [Z;W;(C%l) ] Wl} dX(ei“(*,ei“*;I)-Il,Hz)} + 6)/0;1 o {bl + (74)

1 -171 B (el H H?) dB“(e-“*;Hl,Hz)2 da(st/wt) ’
DHCONNTEI . el E

dH? dH? 11 e12"; H1 K2
thus,
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a2B(ef'"; H H?)  a?B'2 (e} H1H?)

1
if M <0, then

dHl2 {e11* elz*fl* 81*} dH12 dle S 0 and
) | P e )
an’ dH? dH1

{ell*,elz*,fl*,Sl*}

(The fact that equilibrium expected net alpha is concave in H! indicates that the sum of
the second-order derivatives of B! (ei“*; H',H?) and B'? (eilz*; H',H?) with
respect to H' is negative, and the fact that the sum of the second-order derivatives of
Bll(eill*; HY, HZ) and B1? (eilz*; H?Y, HZ) with respect to H! is positive indicates that
equilibrium expected net alpha is convex in H'.)

The analytical statements regarding second-order sensitivity of equilibrium DAFMI

expected net alpha to FAFMI concentration are

dZE(a}JD) _ dzBll(eili*;Hl,Hz) N d2812( 2H1 H ) L
aH? {ell*,elz*,fl*,sl*} dH? dH?
— _ -1 *
{bl + [Z;W;(Clll) 1] Wl} e iil(flgvll)_lle)} + 6)/0b1 {bl + (75)

—17t Y [aBtt(ef HLHE) a2 (ef? HlH)2 a(st/w?)’ 3.
[Z 1(ei) ] W}[ aH? + dH? ax(eft et uin?)|

thus,

1 117, 12",
" dZE(alz|D) <0, then 2B (e; ;Hl,Hz) d?B2(e; ;Hl,Hz) <0 and
ifdan(e"ll*;Hl’Hz) a2 (e} ZHIH ) = 0, then —dZE(a}JD) = 0.

dH? dH? dH?

{eu*,e12*,f1*‘81*}

(The fact that equilibrium expected net alpha is concave in H? indicates that the sum of
the second-order derivatives of B(ef'’; H',H?) and B'?(e}?’; H',H?) with
respect to H? is negative, and the fact that the sum of the second-order derivatives of
Bll(egl*; H',H?) and Blz(el-lz*; H', H?) with respect to H? is positive indicates that
equilibrium expected net alpha is convex in H2.)

The analytical statements regarding the cross partial derivative sensitivity of

equilibrium DAFMI expected net alpha to DAFMI and FAFMI concentrations are
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a*e(aj|D)
dH1dH?

dHdH? dH1dH?

_ [dzBll(eill*;Hl,Hz) N dzB12( HIH )] {1 3
{611*’e12*,f1*’81*}

{bl + [2 1(C11) ] } 11‘1,2?2- H1,H2)} + 6ygb {bl +
S ™) s ) e )

(76)

dBlZ(eL-“*; Hl,HZ) a(stwr)’ 3
dH? ) ’

11* j12*
e’ e “ ;HLH?

2elml
) a?e(a;|D) ) )
thus, the sign of ——-+* depends on the signs and magnitudes of
dH dH * * * *
{e11 12" 1% 51 }
dZB“(eiu*;Hl.HZ) dzB“(eilz*:Hl,Hz) dB“(eill*;Hl,Hz) dBlZ(eilz*;Hl,Hz) d
dH1dH? dH1dH? ’ dH? + dH? > an
B (et 0 H?) N dB2(ef?; 0 H?)
dH? dH?
Proof of Proposition 3
st* .
Also, where wi < 1, by the chain rule, we have
st* st* . .
di dyq dX (el ,el*; H',H?)
dH1 dX(eL-”*,eilz*; H',H?) dH!
st*
_ wt 11 ¢ 11%, g1 g2 12 ¢ 12%, g1 g2
WD) [A}i(el; HY H?) + A}a(el?'; HY, H?)
l
2H1(311 H H 2) _ C212Hl(ei12*; H1,H2)] (77)
st* .
B dos dB''(e!*’; H',H?)
dX(ei'’, e}?"; HY, H?) dH?

dB'?(e}?"; H', H?)
dH? '

1 1) 1 71)*
Recall that i(s {ZZ ) > 0. Thus, we have that w >0 (< 0) if and only if
ax(ejtef?’; HLH?) dH

B\ (ef'’; H1,H?) N dB12(ef?; 0 H?)

— — >0 (< 0).
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*

Sl

Fully dlfferentlatmg w1th respect to H! again, we have
az(stywt)’ d(Sl/Wl)* dzBll(eill*; H1,H2) dzBlz(eilz*; Hl,HZ) +
aH'® T ax(eft e} HLH2) ant? an1?

dz(sl/wl)* [dB“( JHYH )+ aB*?(e}?’; H H )]

dx(el“* H1H2)2 aH?! aH?
(78)
a(syw)’ a?p1t(e} L H1 HZ)  d?B2(e}? LHT H?)
= dX( 11* 12 H1 HZ) dH1? dH1? -

2 St7 [dBll( et HH?) N dBlz(eilz*?Hl'HZ)]z [ a(s'/w) ]3.
dX(e )

6}/01’1 dH? dH1 11% p12% p1 2
it s HY,

The second equality holds because, by differentiating (65) with respective to

* * .
X(e!'',e!?*; H',H?) again, we have

d2(St/why* Ceve gL* d(st/wb: 3 79)
ax(@r e mmy W e i)
and then substitute the result.
_ g1* dBll(eill*;Hl,Hz) dB12(e}? S HLH 2) 2
Notice that 6yt O'b1 wi > 0, el + Tl >0, and
d(st/wi)’ 0. Th _deB“( P HLHE) 2B (ef? HYH?) <ot a(stywi) _ .
ax (et ef?’; HH?) > 0. Thus, 1 a1’ + aHt? = O then—p iz =0,
2 d2p1t Hl H d2B12 Hl H2
andlfw>0,then ( = ) ( 3 )20.
dH? dH?
1 1 2(cl 1
Following similar mathematics, we can prove the results of (sde;/ ] , d (2H/2M2/ ] , and
2(cl 1) 1*
(s /W) where >~ < 1.
dH'dH? wt

* 1%

1
Where — =1, > does not depend on H? or H2.
w w

1*

Moreover, where vsv_ < 1, fully differentiating (62) with respect to H', we have

1
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dE(a}|D)

TH (v gz 1)
Mt -1
d(st/whyr Z L1 L
-GN @) e
dH =

dB(ef'’; HY, H?) dB'?(e}?’; H', H?)
* dH * aH

(80)
_[aB*(e!*"; HY,H?) dB'?(e}*’; H', H?) .
B dH! * dH!
Mt -1
— - d(st/why*
—<b1+ Z Y7 owe — :
L (01,1) dX(eill ’ei12 . H1,H2)
j=1
By (65), we have
M1 -1 ST\
o . (i)
1=3BT+ (> ()7 w —
A 0 dX(ef'’, e}?’; H', H?)
j=1
(81)

1% 2
4 [3051 (% ) + 051 + 031]
= — ——>0.
; — .
y [3051 (5) +oa+ a,gl] +BL+ [T ()] we

The last inequality holds because the values of all the parameters and variables in the equation
are positive. Then, from the result of this inequality, Equation (80) implies that

ak(a}|D)

dBll(eill*;Hl,HZ) dBlZ(eilz*;Hl,Hz)
dH? +

> 0 (< 0) if and only if P dH1

* * * *
{e11 12" f1% 51 }

>0 (<

0).
aE(a;|D)

dH?!

Also, differentiate again with respect to H*. Using the result

* * * *
{911 12" 1% 51 }

of (79), we have
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d*E(a}|D)
dH1?

* * * *
{e11 el2"f17 51 }

_ dzBll(eill*; Hl,HZ) dzB12(ei12*; Hl,Hz) .
B dH1? * dH?

Ml

-1
Z(Cii)_ll wi d(st/wh

X(el e HE )

bt +

(dB'!(e!'’; H',H?) dB'(el*’; H, H?)| ) ~
dH? " dH* b

-1
dZ(sl/Wl)* (82)

wl .
dX(eit’,el?’; H', H?)

.
()™
=1

dZBll(eill*; Hl’HZ) dzBlz(eilz*; Hl’HZ)
= 2 + 2 1
dH? dH?

—{bT +

M* - 1 1

Y d(st/w
E : w —
j=1(61,l) ‘ dx(elt’, el?’; HY, H?)

, St [dBY(e!'"; HY, H?)
+ 6y0;1 Wi e

N dB'?(e}?’; Hl,HZ)]Z [ d(st/wty: r

1 11% ,12%,
dH dx (e’ e*’; HY, H?)
* * 2
. g1* aB'i(ef' s HLHZ)  aBi2(e}?’; H H?) d(stwr)"
Notice that 6yc — > 0 >0 ORTL
YOh1 1 ’ dH? + dH1 ’ dX(eill e’ ;Hl.HZ) >0,
-1 ()
and 1= {5+ [ ] W w1 >0 Thus if
J=1VMLL dX(eill*,eilz*;Hl,Hz) ' ’
a?e(a;|D) a2 (e} HUH?)  a?B12 (e}’ HYH?) .
EEPTTCE <0 , then 12 PP <0, and if
{911* el2” f1* 81*} H
a2B" (e} HLH?)  a?B'?(e}? HH?) a*e(ai|D)
dH1Z dH12 = 0, then —dle > 0.

* * * *
{en el2" f1% 51 }
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st¥
wi o~

Where 1, fully differentiating (62) with respect to H, we have

dE(a}|D)
dH?

_dx(eft, el HYL, H?)
B dH! a

* * * *
{e11 el27 1" 51 }

(83)
_dB'(e}¥; HLH?)  dB2(e}*’; H',H?)
B dH! " dH!

d*E(a}|D)
dH?

* * * *
{eu o127 f1% 51 }

(34)
_ dZBll(eill*; Hl,HZ) dzBlz(eilz*; Hl,HZ)
B dH1? * dH1? '

ae(a;|D)

dHZ * * * * ’
{en 12" 1% 51 }

Following similar mathematics, we can prove the results of

a?e(a;|D) an a*e(a;|D)

dnz? dH1dH?2

* * * * * * * *
{en 12" 1% 51 } {e11 o127 1% 51 }

1*

Putting the results in this section together, where % < 1, we have
st* . .
d— dBll(e;ll . Hl HZ) dB12(€~12 . Hl HZ)
w1l i ’ ) i ) )
>0(<0) o= >0
dH' — (<0) dH? + dH? = 0 (85)
dE(a}|D)
<0) & — =>0(<0)
dH {e11*'e12*’f1*‘81*}
d2(St /w1 d2B11 e;l*; HY, H? d2B12 612*; HY, H?
(/WY oo BB HLHY) | B HLH)
dH? dH? dH? (86)
d*E(a}|D)
dH? {ell*,e“*,fl*,sl*}
d*E(a}|D)
— <0
dH! {811*‘812*‘f1*‘51*}
d2B11 e;l*; H H? d2B12 e_12*; HY H?
[ EB(el i HLHT) | dPBT(e HLHE) 0 B7)
dH1 dH?
dZ Sl Wl *

dH1*

This proves Proposition 3.
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O.E.D.

Proof of Proposition 4

* 1%

Where % < 1, if we fully differentiate % with respect to c{ ;, we have
1 *
it
dcii
_i*wl (88)
wl
<0.

2
st” — 1 -1771 1 —142 2
[Y[M;l(m) +021+02, +b1+[29/[=1(011,i) ] wt (2%1(511,1') ) (c1)

The first equality holds because the derivative of X (el-ll*, eilz* ; H', H?) with respect to c{ ; is
0, and the last inequality holds because all the parameter and variable values in the equation
above are positive and we have a negative sign in the numerator.

Also, fully differentiating E(a} |D) |{e11* o127 17 81*} with respect to Cii, and substituting

st”

the result of an1 above, we have

1,1
dE(a}|D)
dci;

* * * *
{611 el2"f17 51 }

*

Mt -1 st
_ - d\—
= — b1+ Z(C%'i) ! VV1 —(Wl)
j=1

1
dC1,i

_ (:,,_11)* wi (39)

) (Zﬂg Cll,i)_l)z (Cll,i)z

.
Sl
wr W'

*\ 2
2 (st 2 2
_y[30b1(m ) +Ua1 +GX1

+ff1+[zy:l(c;i)‘l]‘1w1](z§":1(c;i)‘1)2<c;,i)2

<0.

2
1 *

2 (S 2 2

3ab1<wl ) to,1t0,

b

The last inequality holds because all the parameter and variable values in the equation above

are positive and we have a negative sign in the numerator.

s1* astywt)’
Where — =1 (—1) =
dcl_i

™y 0 , and as E(ai1|D)|{e11*'e12*'f1*'81*}=

- {[Zﬂ‘-ill(cll,i)_l]_l wt 4+ ET} +X(el¥",el?"; H', H?), we have
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dE(ai1|D) -wt
B S i} =— <0.
dc11,i {ell*,elz*,fl*,ﬁl*} (E?ﬁl Cll,i)_l)z(cll,i)z 0

The last inequality holds all the parameter and variable values are positive and we have a

1

i |D
M , Vj # i are similar.
dcy;

* * * *
{e11 127 1" 51 }

negative sign in the numerators. The result of

This proves Proposition 4.2.

*

1* 1
S; . Sj . .. .
As 5l1* decreases in cll’i whereas 517, Vi # j, increases in Cii, from results above, we

1*
find that E(a} |D)| {ell* o127 1" 81*} and S‘T are increasing/decreasing in the same direction due
1*
5j

and =, Vi # j are increasing/decreasing

to changes in ¢{;, and that E(ajl|D)|{e11*'e12*'f1*'81*} il

. . st* st”
inversely due to changes in c{ ;, whether 1 < 1or =1.

; wi
This proves Proposition 4.1.
This proves Proposition 4.

Q.E.D.
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