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Abstract

This study develops a novel New Keynesian framework incorporating information-
producing mutual funds and market segmentation to investigate how passive invest-
ment trends may interact with monetary policy transmission. The model highlights
fundamental tensions between the fund’s information production incentives and its
intermediation role. Analysis reveals these tensions manifest in contrasting steady-
state corner solutions for fund holdings (depending on model specification) alongside
a consistent tendency towards minimal fund share allocation. While these struc-
tural complexities lead to significant computational challenges, including violations
of standard stability conditions that preclude robust dynamic analysis, the steady-
state findings offer valuable insights. They suggest that intermediaries may optimize
towards extreme allocations, potentially leading to regime-dependent market beha-
vior rather than smooth adjustments, which carries implications for central banks
operating within evolving financial landscapes and identifies avenues for future re-

search.
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1. Introduction

The investment landscape has changed dramatically over the past decade, exhibiting a
significant shift in the balance between active and passive investment funds. Passive funds
reached approximately 37% of global market share by 2022, a substantial increase from
just 19% in 2013 (Kerzérho, 2023). This development was not merely a temporary trend
but represented a clear acceleration, since, for the first time in history, by the end of 2023,
U.S. passive funds overtook active funds in terms of market capitalization (Morningstar
Direct data, 2024).

This structural transformation raises critical questions about broader macroeconomic
effects, particularly concerning market efficiency, which has traditionally depended upon
active investment strategies. Jaquart et al. (2023) highlight the complex dynamics in-
volved; their research demonstrates that higher proportions of active investment improve
fundamental market efficiency, although exhibiting diminishing returns in markets already
dominated by active investors. What is perhaps more concerning is their finding that mar-
kets with large shares of passive investors can unintentionally fuel technical price bubbles,
potentially culminating in market failure.

This situation creates a paradox within financial markets: higher ratios of active to
passive investment enhance market efficiency but simultaneously reduce active investors’
returns by rendering passive instruments more attractive. Conversely, lower market effi-
ciency tends to improve active investors’ potential returns but makes passive funds—an
increasingly popular choice—less profitable. While passive funds hold appeal for retail
investors (who constitute most of the investor base), these same passive funds may act
to undermine the market efficiency benefiting all participants. Active funds, hence, re-
main crucial for maintaining healthy stock market functioning, creating a scenario where
actions benefiting individual investors could ultimately prove detrimental to the market
itself.

These dynamics suggest a cyclical pattern should emerge: as passive assets gain dom-
inance, market efficiency would decline, which makes it more likely for active investors
to outperform the market. Naturally, this outperformance ought to increase the share of
active assets, leading towards improvements in market efficiency and eventually rendering
passive investments appealing once more, primarily due to their lower costs. However,
contrary to what intuition might predict, empirical evidence indicates that passive fund
market share continues to grow regardless of prevailing market conditions.

This paper undertakes an examination of this phenomenon’s implications for monetary
policy transmission. Despite the growing importance associated with passive investment,
limited research currently exists concerning how this structural change within financial
markets affects the capacity of central banks to influence the real economy. To investigate
this relationship, this paper aims to develop a novel New Keynesian model featuring

a financial sector engaged in information production. The framework developed herein



incorporates a representative mutual fund that adheres to a three-stage optimization
process: information production, premium setting, and portfolio allocation. Through
this mechanism, the fund’s information production activities enhance the precision of
firms’ observed productivity signals. This reduction in productivity noise, as a result,
diminishes the variance of realized marginal costs, thereby improving the efficiency of
firms’ contemporaneous production decisions and establishing a direct channel linking
financial market structure to real economy.

The framework presented here is designed to facilitate the addressing of critical policy
questions: Does the rise of passive investment uniformly weaken monetary policy trans-
mission, as intuition might suggest? How might the balance between active and passive
investment influence the strength of various transmission channels? Could a threshold
exist beyond which passive investment concentration might undermine central bank ef-
fectiveness? While the model is structured to investigate these quantitative relationships,
the computational challenges encountered in the analysis, particularly the violation of
stability conditions, prevented the derivation of robust dynamic results. Consequently,
definitive conclusions regarding the precise impact of passive investment share on policy
effectiveness cannot be drawn from the current simulations, though the theoretical struc-
ture itself highlights potential mechanisms and complexities relevant to these questions.
Notably, this study represents an important first step towards analyzing contemporary fin-
ancial phenomena, specifically the rise of passive investment, through the lens of standard
macroeconomic modeling tools.

The remainder of this paper is organized as follows. Section 2 reviews the relev-
ant literature pertaining to passive investment trends and market efficiency, information
production in financial markets, and the integration of financial markets within mac-
roeconomic models. Section 3 presents the model setup, providing detailed descriptions
of firms, households, and the mutual fund, alongside the government sector and market
clearing conditions. Section 4 presents the model solution. Section 5 discusses the equilib-
rium characterization, computational challenges, the simulation approach adopted, and
the resulting steady-state and dynamic properties. Section 6 discusses the key results and

their economic implications. Finally, Section 7 concludes the paper.

2. Literature Review

2.1 Passive Investment Trends and Market Efficiency

Jaquart et al. (2023) built a simulated financial market to analyze how different levels of
active and passive investments impact market efficiency. Their findings—especially about
how active investment improves fundamental market efficiency while passive investment
might fuel price bubbles—are a key reference for understanding the market dynamics
modeled in this paper.

Kerzérho (2023) provides a detailed breakdown of assets under management, market
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shares, and flows of money into passive and active retail funds, highlighting the huge
growth of passive funds globally. By documenting how investor preferences have shifted
toward passive funds because of their higher returns, predictability, and transparency,
Kerzérho’s paper gives essential statistics on market shares and expense ratios that sup-
port the rationale behind the analysis of this paper.

Weissensteiner (2017) examines how correlated noise might actually help passive in-
vestments improve market efficiency under certain conditions, offering a counterpoint to
the common view that passive investment always reduces market efficiency.

Providing recent industry context, Von Moltke and Slgk (2024) review the impacts
of passive investing, arguing that its rise has contributed to increased market volatility,
reduced liquidity, and heightened concentration, particularly in large-cap stocks like the
"Magnificent Seven." They synthesize arguments concerning the mechanisms, including
reduced price elasticity and potential macroeconomic inefficiencies stemming from passive
flows. This analysis highlights the contemporary concerns and observed market phenom-
ena that motivate the theoretical investigation undertaken in this thesis regarding the
structural effects of passive investment.

Brough et al. (2018) examine the observed cyclicality in active equity manager per-
formance and identify significant headwinds post-GFC (Global Financial Crisis), includ-
ing the substantial shift of assets into passive strategies. They note that large passive
inflows can create feedback loops influencing market-cap weightings and potentially dis-
advantaging active managers with different portfolio construction approaches (e.g., more
equal-weighted). This paper offers further empirical motivation for studying the active-
passive dynamic and its potential structural consequences for market functioning, which

is a central theme of this thesis.

2.2 Information Production in Financial Markets

The Grossman-Stiglitz Paradox (Grossman & Stiglitz, 1980) establishes a fundamental
tension between market efficiency and the incentives to acquire information. It suggests
that if markets were perfectly efficient, nobody would bother to acquire costly informa-
tion, yet without this information acquisition, markets can’t become efficient in the first
place. This paradox is central to understanding the dynamics between passive and active
investing that I explore in my model.

Vives (2014) investigates whether markets can be informationally efficient, providing
theoretical frameworks that help contextualize the analysis of this paper regarding the
information production when passive investment funds are present.

The literature exploring the "feedback effect," surveyed by Goldstein (2022), exam-
ines how information aggregated in financial market prices influences decisions in the real
economy. This research distinguishes between the market’s ability to forecast future out-
comes (Forecasting Price Efficiency) and its ability to reveal new information useful for

corporate decisions (Revelatory Price Efficiency), highlighting potential conflicts between



the two. This conceptual framework is directly relevant for analyzing the mechanism cent-
ral to this thesis, where the intermediary’s information production activities potentially

guide real economic activity, and for assessing the overall efficiency implications.

2.3 Macroeconomic Models and Financial Markets

Gomes and Michaelides (2008) study asset pricing and portfolio choice in a life-cycle
model featuring heterogeneous agents, incomplete markets, and endogenously determined
limited stock market participation arising from a fixed entry cost. They successfully
match both aggregate asset pricing moments and key features of household portfolio data,
notably finding that endogenous non-participation by poorer households has a negligible
impact on the aggregate equity premium. Their work serves as a key reference regarding
the implications of agent heterogeneity and market segmentation for asset pricing and
participation, providing a contrasting mechanism (endogenous fixed cost) to the market
access segmentation employed in this thesis.

Matsuyama (2004) demonstrates how financial market globalization interacting with
pre-existing credit market imperfections can lead to "symmetry breaking," where initially
identical countries endogenously diverge into stable rich and poor equilibria. In this
framework, integration destabilizes the symmetric steady state, leading to a polarized
world where borrowing constraints bind only for the poor nations. This perspective
on how market structure and financial frictions can generate endogenous segmentation
and multiple stable equilibria offers a relevant theoretical backdrop for considering the
potential regime-switching dynamics suggested by the contrasting steady states found in
this thesis.

Sims and Wu (2019) develop a tractable four-equation New Keynesian model incorpor-
ating financial intermediation through the addition of segmented households, long-term
bonds, and channels for quantitative easing (QE) and credit shocks. Their framework
demonstrates how such financial frictions break the Divine Coincidence, creating distinct
roles for conventional policy and QE even outside the zero lower bound. This work
provides a valuable benchmark for incorporating financial sector details and unconven-
tional policy tools within a simplified NK structure, similar in spirit to the objective of

this thesis, albeit through different specific friction and intermediation mechanisms.

3. Model Setup

3.1 Overview of the Model

This paper develops an extension of the standard New Keynesian macroeconomic frame-
work by adding a financial sector in the form of a mutual fund engaged in information
production. Unlike the classical model, this framework incorporates a stock market di-

mension with information asymmetries and market segmentation. The model features



three main types of economic agents: two types of households (wealthy and poor), a rep-
resentative mutual fund with information production capabilities, and firms at both the
final and intermediate levels.

The key difference between the household types lies in their initial endowment, labor
productivity, and critically, their ability to access financial markets. Wealthy households
can participate directly in stock markets, while poor households must invest exclusively
via mutual funds, which creates a natural captive clientele for mutual funds and ensures
a well-defined role for financial intermediation.

Within each period, events unfold in a structured sequence. The mutual fund first
determines its information production effort X, which directly enhances the precision of
%th of the noise in firm
productivity. Subsequently, in accordance with the Calvo (1983) pricing framework, a

productivity signals through reducing the variance ag(Xt) =

fraction of intermediate firms - specifically 1 — 6y of high-productivity firms and 1 — 6, of
low-productivity firms - reset their prices based on their productivity expectations. The
fund then sets its premium w; by taking household demand elasticity as given, maxim-
izing premium revenue based on the downward-sloping demand curve it faces. Based on
this premium and the information quality achieved, the fund makes its portfolio alloc-
ation decisions, optimizing its holdings of each stock type (SH*, SI*) and determining
what fraction of each (af*, af*) to sell as fund shares. Households then make their con-
sumption, labor supply, and investment decisions in response to market prices and fund
offerings.

The central innovation of this model is introducing a mutual fund that actively pro-
duces information about firm productivity. When firms make production decisions, they
face uncertainty about their true productivity due to the noise component 7,(f). The
fund’s information production activities help reduce this uncertainty by decreasing the
variance of productivity noise. This creates a direct link between financial market activ-
ities and production efficiency in the real economy.

This mechanism effectively captures an important feature of modern financial mar-
kets: the dual role of institutional investors in both allocating capital and producing
information that helps guide real economic decisions. The framework presented in this
paper incorporates this mechanism directly in order to study how the rise of passive in-
vestment might affect productivity, price-setting behavior and, consequently, monetary
policy transmission.

A key feature of the model specification developed in this paper involves structuring
the fund’s decision-making across three sequential stages. This particular approach was
implemented primarily as a means by which to bypass indeterminacy issues encountered
in earlier iterations of this framework. The intended purpose of adopting such a sequen-
tial methodology was to foster a well-functioning stock market mechanism that possesses
clear equilibrium properties, thereby allowing meaningful comparative statics and policy

analysis. While this staged approach represents a necessary step towards analytical tract-



ability and significant progress from earlier iterations, the subsequent analysis reveals
that critical computational challenges remain, ultimately limiting the model’s capacity

for such standard policy evaluation in its current form.

3.2 Production

3.2.1 Final good firm

The production side of economy consists of two sectors: a representative final good firm
and a continuum of intermediate firms of two types. For easier notation, the types can be
denoted as I € {High-Productivity (H), Low-Productivity (L)}. High-productivity firms
are indexed by f € [0, <] and low-productivity firms by f € (¢, 1], where ¢ is the measure
of high-productivity firms. The final good firm combines intermediate goods using CES

technology with the production function:

n:([m%ﬁfﬂ+[3ﬂﬂTwya 1)

where € > 1 is the elasticity of substitution between varieties, and V¥ (f) and Y;*(f)
are inputs from high and low-productivity firms, respectively.

The final good firm chooses input quantities Y,I(f) for f € [0,5] and Y/ (f) for
f € (s, 1] to maximize profits:

< CHEj 1Lﬁel)efl_gHH _1LL
s [y @ v Aawmuw[awf@#
2

Due to perfect competition and constant returns to scale, the firm earns zero economic
profits in equilibrium.

3.2.2 Intermediary good firms

The model features two types of intermediate firms with noisy productivity. Each firm’s
productivity includes both a deterministic component based on firm type and a stochastic

noise component:

A (f) = A" +ni(f)) for fe0,q] (3)

AL (f) =AM +n(f) for fe(s.1] (4)

where A” > AL captures the baseline productivity differential between firm types,
and 7;(f) ~ N(0,02(X,)) is a noise term with variance o;(X;) = %;th that depends on

the mutual fund’s information production level X;. The parameter ¢ > 0 determines how



quickly signal variance decreases with the fund’s information investment. The productiv-
ity parameter A!(f) represents labor productivity - the amount of output that can be
produced per unit of labor input.

This productivity noise creates uncertainty about the precise productivity level for
all market participants. When observing productivity A/(f), firms know their underlying
type I € {H, L} but cannot perfectly discern the magnitude of the noise component n,(f).
This noise affects short-term production decisions while firms recognize its transitory
nature when making forward-looking price-setting decisions.

To address the viability of low-productivity firms in equilibrium, the model introduces
a form of labor heterogeneity. Each firm type requires a specific labor input that is most

productive with it:

YA = ANNLI(f) for fe(0,q] (5)

YA = AP (DLe(f) for fe (s 1] (6)

Households supply both types of labor according to:
L] =M+ )" for Je{W, P} (7)

Where L;] A represents the amount of type-I labor supplied by household type J. In
this economy, there is a measure A of wealthy households and a measure (1 — A) of poor
households, as will be discussed in Section 1.3.

Each labor type earns its own wage, W/ and W}, with WH > W[ in equilibrium
due to higher productivity of H-type labor. Importantly, the wage differential is not large
enough to make low-productivity firms unprofitable or to perfectly reveal firm types, due
to the productivity noise.

Each intermediate firm has a monopoly on its good and faces demand from the final
good firm. Each firm issues one unit of stock, entitling the stockholder to receive the

firm’s profits as dividends:
SH(f)y=1 foreach f€[0,¢] (8)

SE(f)y=1 foreach f€ (s 1] 9)

The total measure of stocks equals the measure of firms of each type:

[ st =< ama [ stna -1 (10)
0 S

These stocks can be owned by both the fund and wealthy households.

Intermediate firms follow Calvo price setting with type-specific parameters 05 < 6,
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reflecting more frequent price adjustments by high-productivity firms. While price ad-
justment faces Calvo frictions, firms can optimize production decisions every period.
The intermediate goods firm’s problem is solved in two stages. The sequence within
each period unfolds as follows: First, firms observe their current productivity Al(f) =
AL(1 4+ n:(f)). Then, a fraction (1 — 6;) of firms get the opportunity to reset prices.
These firms recognize that the noise component 7;(f) is transitory, so they set prices
optimally based on their permanent productivity component A’ as will be shown in Sec-
tion 4. Finally, all firms produce to meet demand at their current prices using their
current productivity, which includes the noise component. For expositional purposes,
the presentation separates the production decision (Stage 1), applicable to all firms each
period, from the price-setting decision (Stage 2), applicable only to the resetting fraction
(1 — 07). Within the model’s actual timing per period ¢, however, production decisions

by all firms occur concurrently with price-setting decisions by the eligible subset.

Stage 1: Production Decision (Every Period)

Note that firms know their general type (H or L) but face uncertainty about their
precise productivity due to the noise component 7;(f). In Stage 1, given its price PL(f)
and observed productivity A!(f), each firm meets the demand for its product by hiring
the appropriate amount of labor. This demand-meeting behavior follows from the firm’s
monopolistic position - with a preset price, the optimal strategy is to produce the quantity
demanded at that price. So, given its current price P/ (f) and observed productivity A!(f),
each firm f of type I € {H, L} must hire enough labor to meet the demand:

YY)
AL(f)

where Y/(f) is a standard demand function obtained from the solution of the final

Li{(f) (11)

goods firm’s problem:

1ﬂn=n(%¥§€ (12

The intermediate good firm’s profit is:
L (f) = P (HY/(f) = W/ Li(f) (13)

Substituting the expressions for the output and labor demands of the final good firm
into the profit function allows to obtain the expression for the marginal cost of the inter-
mediate goods firm:

W}l W/l
MCH(f) = Lt = L (14)
D= A0 T A )

Importantly, each firm knows which labor market it participates in based on its type,
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so it faces the appropriate wage W/. The price PI(f) is either the result of previous
optimization decisions or, for firms that can reset prices in the current period, determined

through the optimization described in Stage 2.

Stage 2: Price-Setting Decision (With Probability 1 — 6;)

With probability (1 — 6;), a firm of type I can reset its price. When setting prices,
firms recognize that the noise component 7,(f) is transitory and provides no information
about future productivity. Therefore, it can be shown that firms base their price-setting
decisions on their base productivity level A’ rather than their current noisy productivity
AL(f). When allowed to reset, the firm chooses optimal reset price Ptl (f) to maximize

the expected present value of profits:

[e.e]

max B, Y (90" | P (F)Y4(F) = Wi Ll ) (15)

ptl (f) k=0

subject to the production and demand functions:

V() = AL (DL () (16)
V() = Yigx (%) (17)

When setting prices, firms face two key sources of uncertainty: they don’t know future
aggregate demand with certainty and must form expectations about Y;.x, and while they
observe their current productivity A!(f) = A’(1 + n,(f)), they recognize that the noise
component 7;(f) is purely transitory. Since it can be shown that this noise provides no
information about future productivity, firms rationally form expectations about future
variables and base their forward-looking price decisions on their permanent productivity
component A’ rather than their current noisy productivity. These expectations are cap-
tured in the optimization problem in equation (15) through the expectation operator E,
applied to the entire future profit stream.

Solving this optimization problem yields the optimal reset price, which will be dis-
cussed in Section 4.

For periods when a firm cannot adjust its price (with probability 6;), the price remains

fixed at the previous level:

P/(f) = PLL(f) (18)

All operating profits are distributed as dividends to shareholders:

D{(f) =P/ (HY!(f) = W/ Li(f) (19)

12



With aggregate dividends for each stock type:
H S oH
pf' = [ Dl (20)
0
1
D= [ DHp (21)
S

Note that it is possible to write the dividends in terms of the marginal cost:

pin) = (BL) i - 3] @)

where the term [P!(f) — AV,V—(tIf)] represents the profit margin per unit of output. Due
t

to monopolistic competition, firms charge a markup over marginal cost, making this term

positive in general. Market clearing is ensured because higher prices reduce demand

according to equations (11) and (12), placing natural bounds on labor demand.

3.3 Households

In order to capture important distributional aspects of financial markets, this model dis-
tinguishes between two types of households. Wealthy households, with higher initial
endowment, can analyze firms and participate in the stock market directly, while poor
households, in contrast, have no direct access to the stock market. This limitation may
represent information constraints or regulatory barriers occasionally arising in real finan-
cial markets. As a result, poor households are forced to invest exclusively through mutual
funds making them a captive clientele for mutual funds and creating a well-defined role
for financial intermediation in this economy.

The model contains households of types J € {Wealthy (W), Poor (P)} with measure A
of wealthy households and 1— A of poor households. Both types receive initial endowment
in the form of one-period government-issued bonds, but wealthy households start with
higher endowment (B}Y > BY).

Each household supplies two types of labor: L;] H (labor suitable for high-productivity
firms) and L* (labor suitable for low-productivity firms). The total labor supply is:

L] =M+ L] for Je{W, P} (23)

Each period, wealthy households make decisions about consumption C}V, labor supply
allocation {L;"", L}""}, and their investment portfolio, including direct stock holdings
(SEW and SE™), mutual fund shares S/*", and bonds B/Y. Poor households choose
consumption C}, labor supply allocation {Lf ’H,Lf ’L}, mutual fund shares StF P and
bonds B, but cannot directly purchase stocks.

Wealthy households face uncertainty when investing directly in the stock market. For
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stocks they identify as high-productivity, with probability p, they correctly identify H-
type stocks and with probability (1—pg) they mistakenly identify L-type stocks as H-type.
In both cases, they pay the market price of H-type stocks Q. Similarly, for stocks they
identify as low-productivity, they pay QL regardless of whether they’ve correctly identified
the stock type.

At the beginning of period ¢, each household’s portfolio consists of bonds By ; and
previous investments. For wealthy households, this includes stock holdings { ~£¥V , S'tL_‘f/}
and fund shares S/”}, while poor households only hold fund shares S; .

To solve the household’s problem, a two-stage approach is employed as a solution
method, not as sequential decisions in time. This approach is mathematically equivalent

to solving the complete problem in equations (25-26) directly:

Stage 1: Solving for consumption and labor supply decisions, deriving the standard Euler

equations.

Stage 2: Given optimal consumption and labor decisions, as well as Euler equations with
respect to portfolio allocation variables, solving for optimal portfolio allocation across

all available assets.
This reformulation allows to derive tractable asset demand functions presented in
Section 4°.
3.3.1 Household’s Optimization Problem: Stage 1

In the household utility function, the parameter n > 0 represents the inverse Frisch
elasticity of labor supply, not to be confused with the noise term 7;(f) in firm productivity.

The general household optimization problem is:

maXEt Zﬁt (Ct ) o ( t ) + ( t ) (24)
— 1—-0 1+n

Wealthy households maximize with respect to {C}", LV pvE gEW GLW GEW. BV},
while poor households maximize with respect to {CF, LD LP* sFF BPY.
The optimization is subject to:

1. Budget constraint for wealthy households:

PCY + B + QIS + Qi ST + Qi s
<WHLPH + wrhL"r + (14 r)BY,
+ [po(Qf" + D) + (1 — po)(QF + DF)]SIY
+ [po(@F + Df) + (1 — po)(QF + DISEY
+(Qf + DSV (25)
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The left side shows that households pay Q¥ for all stocks they identify as H-type and
QL for all stocks they identify as L-type. The right side shows that the returns they
receive depend on whether they correctly identified the stock types, with probability pg
of correct identification.

2. Budget constraint for poor households:
PCP 4+ BP + QISP < wWHLP" + WELPY + (1 +7)BE, + (QF + DF)SEY (26)

Solving this optimization problem yields standard Euler equations for both household

types.

3.3.2 Household’s Optimization Problem: Stage 2

Having obtained optimality conditions for labor and consumption, as well as Euler equa-
tions for investment portfolio variables, it is now possible to solve for optimal portfolio
allocation using the mean-variance framework. Note that this two-stage approach is
mathematically equivalent to solving the complete lifetime utility maximization problem
directly, but offers greater analytical tractability.

In Stage 1, the optimization yields standard Euler equations for each available asset.
These Euler equations relate current asset prices to expected discounted future returns
and implicitly define the optimal portfolio allocation, but do not provide closed-form
solutions. To derive a more tractable formulation of the portfolio problem, the mean-
variance framework is employed, which emerges from the Euler equations under certain
assumptions discussed in Section 4 and allows to reformulate the portfolio optimization
problem in terms of expected log returns and their variances.

In this reformulated portfolio problem, households optimize over portfolio shares rather
than absolute quantities of assets. This requires the definition of financial wealth that will
be allocated across different assets. The household’s financial wealth WtF’J represents the
portion of total wealth available for investment after consumption expenditure has been
subtracted:

WtF,J — WtTOt,J _ PtCt] (27)

Total wealth differs by household type. For wealthy households, total wealth consists
of labor income from both types of labor, returns on previous bond holdings, and returns

on previous stock and fund investments:

Wi = wH L+ WL+ (14 r)BY,
+ [po(@f + D) + (1 — po)(QF + DF)]SY
+ [po(QF + D) + (1 — po) (@ + DS
+(QF + DS (28)
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For poor households, total wealth consists only of labor income, bond returns, and fund

share returns:
wrt = wHLPT ¢y wELPY + (1 +7)BE |+ (QF + DIYS]Y (29)

The financial wealth concept is critical for connecting the consumption and investment
decisions in the two-stage approach. Once consumption is chosen optimally in Stage 1, the
remaining financial wealth must be allocated across available assets to maximize expected
utility of returns. This allocation is expressed in terms of portfolio shares in Stage 2.
For wealthy households, the portfolio allocation problem involves four assets: H-type

stocks, L-type stocks, fund shares, and bonds. The fraction of financial wealth allocated
HW LW FW B,W HW

to each asset is denoted as a;" , a;”" , a;"" , and a;" , with the constraint that a;”" +
Y+ af’W + af’W =1.
The portfolio optimization problem is therefore formulated as:
afvvﬂfggi?ﬂc ?M;E [log(R/1)] —-——-V@rtﬂog(fq+1ﬂ (30)
subject to a/"" +a" + " + o =1 (31)

The gross return on the portfolio is calculated as the weighted sum of returns on

individual assets:

Rf =a""  REY +af" REY + 0" R+ 0" (14 1440) (32)
The returns on each asset type are:
Rﬁll/v _ pU(Qt-H + Dt+1> (1 pO)(Qt-H + Dt—i—l) (33)
Qff
RtLJ,rIiV _ (Qt+1 + Dt+1> (1 . pO)(Qt+1 + Dt+1) (34)
Qi
+D
R£L1 — M (35)
Qf

The return expressions reflect the uncertainty in stock identification: when a wealthy
household purchases what it believes to be an H-type stock, it correctly identifies it with
probability py and incorrectly identifies it with probability (1 — py).

Under the log-normality assumption, the expected log portfolio return can be expressed

as:
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Eilog(Rf} 1)) = ai" (log(1 + reen) + ) + ap (log(1 + 7o) + ™)
+alV (log(1 + ) +710") + aP W log(1 + ripq) (36)

where the term 7rtI o represents the risk premium for asset type I as perceived by
household type J, defined as:

1,J
m =

Rl
log ( C’;l )] —log(1 + 7441) (37)

This risk premium is derived from the Stage 1 Euler equations directly and incorporates
both expected excess returns and a risk adjustment term. Moreover, the risk premium
depends on the variance of returns and their covariance with the household’s stochastic
discount factor, capturing both volatility risk and intertemporal hedging motives.

The variance of log portfolio returns is:

P\ _ ( HW LW FW LW
Var[log(R,, )] = (at ay a; ) X | ay (38)
where ¥, is the variance-covariance matrix of log excess returns:

2
Oy O0HL OHF
_ 2
X = OHrL 05 OLF (39)

2
Ogr OLF Op

Each element of this matrix represents either a variance (0%) of a specific asset’s log
excess return or a covariance (o) between two assets’ log excess returns. The values
of these variances and covariances depend on the fund’s information production level X,
through its effects on both the identification probability p(X;), discussed in the following
section, and the productivity noise variance az(Xt).

For poor households, who can only invest in bonds and fund shares, the portfolio

problem is structurally similar but significantly simpler:

P
/>/
apg}aangt log(R{,1)] — 5 var [log(R/ )] (40)
subject to af’P + af’P =1 (41)

The fractions a;*" and a”" represent the allocation of financial wealth to fund shares
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and bonds.

The expected log portfolio return for poor households is:

Eillog(Rp,1)] = a; " (log(L + repr) + ") + ag " log(1 + 7441) (42)

The variance of log portfolio returns is:

Var[log(R{,)] = (a,"")? - o, (43)

where 012% is the variance of log excess returns on fund shares, which is the (3,3)
element of the variance-covariance matrix ¥, in (39).

While the mean-variance framework provides a more tractable formulation of the port-
folio problem, it does not yield independent closed-form solutions for portfolio allocations.
The expressions for optimal portfolio weights involve circular dependencies with other en-
dogenous variables in the model. The variance-covariance matrix elements themselves are
functions of endogenous variables, particularly the fund’s information production level.
The risk premia also depend on equilibrium asset prices and returns. Consequently, the
resulting system of expressions must be solved simultaneously with the fund’s optimiza-

tion problem and market clearing conditions.

3.4 Mutual Fund

A novel feature of this model is a representative mutual fund that engages in stock selection
and information production. The fund can invest in both high-productivity (H) and low-
productivity (L) firms but faces uncertainty when identifying firm types due to the noise
in firms’ productivity. Through information production, the fund may improve its ability
to correctly identify these firms.

The mutual fund serves two distinct but related functions. First, it acts as an in-
formation producer, investing resources to reduce uncertainty about firm types. This
information production benefits the whole economy by improving the precision of firms’
productivity signals. Second, it serves as an investment intermediary, allowing house-
holds (particularly poor households who can’t access the stock market directly) to gain
diversified stock market exposure.

As a mean of compensation for these services, the fund may charge a premium w;
over the fundamental value of its portfolio. This premium, along with capital gains and
dividends from proprietary trading, serves as an important incentive for the fund to engage
in costly information production.

Each period, the fund makes decisions in a sequential manner:

1. Stage 1: The fund chooses its information production effort (X;) to improve the
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probability of correctly identifying firm types.
2. Stage 2: The fund sets its premium (w;) based on the demand for fund shares.

3. Stage 3: The fund makes portfolio allocation decisions, determining how many
stocks to purchase of each type (S/) and what fraction of each type to sell as fund
shares (af € [0,1]).

The fund’s information production improves its probability of correctly identifying
stock types from a baseline py according to p(X;) = po + (1 — po)(1 — e~¥**). This
identification probability affects both the price at which the fund purchases stocks and
the value of fund shares it sells.

The mutual fund’s decision-making process occurs in three sequential stages that re-

flect different optimization horizons and information sets.

3.4.1 Mutual Fund’s Optimization Problem: Stage 1

In the first stage, the fund optimizes its information production level (or effort), taking
into account how this decision will influence subsequent stages. This decision reveals
important economic tensions captured by the model’s structure. The fund must weigh
the benefits of more accurate firm identification for proprietary trading against the costs of
information production. At the same time, it must consider how information production
affects the value proposition of the fund shares it offers to clients.

Information production in this model creates value through both a private channel
(improved investment returns) and a social channel (reduced productivity noise in the
broader economy). The fund can only appropriate returns from the private channel,
which creates a potential wedge between socially optimal and privately optimal levels
of information production. This one-sided appropriability may contribute to the corner
solutions observed in the model’s equilibrium in upcoming sections, as the fund does not
directly benefit from the improved firms’ productivity identification.

The fund chooses its information production effort X; to maximize the expected profit

across all subsequent decisions:
max E 07 (X,) — v X¢ (44)
Subject to the resource constraint:
vX; < KY, (45)

where ITF(X;) is the expected profit from subsequent stages given the chosen informa-
tion production level, and fyXf is the cost of information production. The parameter x
limits the fund’s information production as a fraction of total output, while v and £ > 1

determine the cost structure.
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3.4.2 Mutual Fund’s Optimization Problem: Stage 2

In the second stage, having already chosen its information production level X; from Stage
1, the fund sets its premium w; to maximize premium revenue. This decision reveals
important strategic considerations in the fund’s behavior as a financial intermediary. The
premium directly influences both the fund’s revenue per share and the quantity of shares

demanded by households. The fund’s problem in Stage 2 can be expressed as:

max w; - Vi (wy, X) - Sf’D(wt,p(Xt)) (46)

Wt

Where:

o V' (w;, X;) is the fundamental value of the fund’s portfolio per share, which depends
on the premium through its effect on the optimal portfolio allocation variables from

Stage 3
o S/P(wy, p(X,)) is the total quantity of fund shares demanded by households

The aggregate demand for fund shares combines demand from both household types:
S (wi p(X0)) = ASE Y (@i, p(X0)) + (1= XS (wi, p(X0)) (47)

The fundamental value V' depends on the optimal portfolio allocation:

. aflgH LSk
Vi SH+0thSL Q' HSH+atLSL Qr

(48)

This can be expressed more compactly by defining Z; = off SH + oL SL, which repres-
ents the total quantity of fund shares issued:

SH L

VtF = Qt Qt (49)

This premium-setting decision introduces a novel trade-off not typically seen in stand-
ard monopoly pricing problems. In addition to the traditional balance between price
and quantity, the fund must also consider how its premium affects the composition of its
portfolio through Stage 3 decisions. A higher premium incentivizes the fund to sell more
shares, but it may also distort the fund’s portfolio allocation toward less valuable assets,
potentially reducing the fundamental value of each share. This creates an interesting

interdependence between premium-setting and portfolio composition.

3.4.3 Mutual Fund’s Optimization Problem: Stage 3

In the final stage, taking the information production level X; and premium w; as given

from previous stages, the fund makes its portfolio allocation decisions. These decisions
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involve determining how many stocks to purchase of each type (S and SI) and what
fraction of each type to sell as fund shares (afl and al). This stage captures the fund’s
core function as both a direct investor and financial intermediary.

The fund’s optimization problem in this stage introduces important economic tensions
between proprietary trading and intermediation. Each stock in the fund’s portfolio gen-
erates expected returns through capital gains and dividends, with the precision of these
returns depending on the information production from Stage 1. Alternatively, each stock
can be sold as part of fund shares, generating immediate premium revenue but sacrificing
future proprietary returns.

The fund maximizes:

oo
max B, Y BT 50
515} all o ttzoﬁ : (50)

Where the per-period profit is:

I = (1 — o) [p(X)(Q — Q1)) + (1 = p(X))(Qr — Qi 1)]S)4

Capital Gains from Investment Holdings

+(1— af)[p(Xt)(Qf - szf:—l) +(1— p(Xt))(Qf{ - Qﬁl)]StL—L

(.

~
Capital Gains from Investment Holdings

+ (1 — o )[p(X) D + (1 = p(X4)) Dy1S

(.

~
Dividends from Investment Holdings
L L HyQL
+£1 — o) [p(Xe) Dy + (1 — p(X4)) D, ]St—lj
Vv
Dividends from Investment Holdings
F HgQH L gL
+ owe Vi (0 S +aSy)
NS g
Vv
Premium Revenue from Fund Shares

— (@S +QrSY) (51)

J

TV
Cost of Stock Purchases

Subject to:

1. Budget Constraint: Q}' S/ + QF S}
< (1= o) [p(X)(@Qf — Q11) + (1 = p(X))(Qy — Qi1)]S
+ (1= a)p(X)(@Qr = Qi) + (1= (X)) (@) — Q11)1S
+ (1= o) [p(X) D + (1 = p(X0)) DI,
+ (1= o) [p(X) Dy + (1 - p(X4)) DS,

4w, - VE - (aF SE + aFSE) (52)
2. Portfolio Constraints: S{7 < ¢ (53)
Sk<1-—¢ (54)
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The fund distributes all profits as dividends to fund shareholders:
Df =TIf (55)

A distinctive feature of this stage is how the fund balances its current portfolio alloc-
ation against expected future returns. Capital gains and dividends depend on previous-
period holdings, while purchasing decisions affect future periods. This intertemporal
dimension creates a dynamic tension between building proprietary positions for future
returns and maximizing current premium revenue through fund shares.

The fund’s decision has another layer of complexity due to an economic tension
between profitability and diversification. While the fund has incentives to invest more
heavily in the higher-return stock type identified through its information production, di-
versification concerns may push it to maintain a balanced portfolio, particularly for the
portion sold as fund shares. Such tension between return maximization and risk man-
agement introduces rich portfolio dynamics that interact with the fund’s dual role in this

economy.

3.5 Government

This model includes a government that issues one-period risk-free bonds to provide a
risk-free asset in the economy. The government’s flow budget constraint in nominal terms

18:

B¢ = (1+r,)BE, (56)

where Bf is the nominal value of government bonds issued in period ¢ and r; is the

nominal interest rate on government bonds.

3.5.1 Bond Market Structure and Non-Arbitrage Conditions

Government bonds are one-period risk-free assets that provide a nominal return ;. For
households to hold both bonds and stocks in positive quantities, the following non-
arbitrage conditions must hold:

For stocks identified as H-type:

po(Qfy + D) + (1= po)(Qf + Dtlj+1)):|
1+r =E; | M, 57
= e (B e i
For stocks identified as L-type:
pO(QtL+1 + DtL+1) +(1— pO)(Qﬁl + Dﬁl—l))]
1+r=E {M ( 58
' i Po@F + (1 —po)Qf' (58)
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For mutual fund shares:

F F
+ D
14+r =E |:Mt,t+1 (%)} (59)
t
where M, ., is the stochastic discount factor:
¢\ 7 P
M .. = t+1 ¢ 60
=0 () A (00

Expected returns on stocks account for identification uncertainty through pg, while
fund share returns reflect the fund’s improved identification probability p(X;) through
QI and DF.

The real return on government bonds, 7}, is governed by the standard Fisher equation:

P,
1+r{=(1—|—n)Et{Pt} (61)
t+1

3.6 Market Clearing Conditions

For the equilibrium to be well-defined, all markets in the model must clear. The complete

set of market clearing conditions is specified below.

3.6.1 Asset Markets

Stock Market Clearing

The total supply of each stock type must equal the combined demand from the mutual
fund and wealthy households:

For H-type stocks:

¢=SH 4 SitW (62)
For L-type stocks:
1—¢=5L4+5kW (63)

Fund Share Market Clearing
The supply of fund shares must equal the demand from both household types:

ol SH 4 ol SE = 2sFW 4 (1 - N)sPF (64)

The left side represents the total amount of fund shares supplied, which consists of
portions of both H-type and L-type stocks that the fund sells as shares. The right side
represents the total demand from both wealthy households and poor households.
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Bond Market Clearing

The government’s bond issuance must equal the total household bond holdings:
ABY + (1 - \BF + B¢ =0 (65)

3.6.2 Factor Markets

Labor Market Clearing
For H-type labor:

A - = [ = [ (1 ))Cdf (66)

For L-type labor:

e a-neft = [ - [ (B0 e e

These conditions ensure that the total supply of each type of labor from households

equals the total demand for that labor type from intermediate firms.

3.6.3 Goods Market

Intermediate Goods Market Clearing

For each intermediate good, production must equal demand:

V/I(f) = AE(HLE(F) = Y, (Piif ) doran fed (65)
Vi) = aHOLE = (FR) foral fet (69

Final Goods Market Clearing

Total production must equal total expenditure in the economy:
Y, = ACY + (1= NCF + X} (70)

where yX¢ is the fund’s information production cost, and AC}V +(1—X)CF is aggregate
household consumption.

These market clearing conditions, combined with the optimality conditions for all
agents, fully characterize the equilibrium. The heterogeneous labor market structure
ensures both firm types remain viable despite productivity differentials, while noisy signals

create a meaningful role for information production.

24



4. Model Solution

This section outlines the solutions to the optimization problems presented in Section 3
and details the optimality conditions resulting from these optimization problems. De-
tailed mathematical derivations for all solutions presented herein are detailed within a
supplementary appendix, available from the author upon request; their inclusion within
the main body of this document was deemed impractical as it would significantly increase
the manuscript’s length beyond reasonable limits for a thesis of this nature. The analysis
proceeds by first presenting the solutions for the production sector, covering both final and
intermediate good firms, followed by the derivation of household optimality conditions,

and finally outlining the solution to the mutual fund’s multi-stage optimization problem.

4.1 Final good firm

The goal of solving the final good firm’s optimization problem is the derivation of the
optimal demand for each intermediate input. The firm chooses input quantities Y2 (f)
for f € [0,¢] and Y,E(f) for f € (s, 1] to maximize:

€

YH (), YE

(71)

Taking first-order conditions and solving yields the standard demand functions for

each intermediate input:

Y/ (f) =V, (me> (72

This generates the labor demand for each intermediate firm:

Li(f) =

Y(f) _ % (Pt’<f>)‘€ (73)

Al A\ P

It is possible to derive the associated price index:

—€

b= </0<(PtH(f))1_€df + [(Pf(f))l‘edf> 1 (74)

These demand functions play a pivotal role in the intermediate firms’ decision-making,
since they determine how much of each firm’s output will be purchased at any given price.

The demand elasticity e measures the response of the quantity demanded to price changes,
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with higher values indicating greater substitutability between the varieties of intermediate
goods.

The price index represents the minimum cost of producing one unit of the final good,
taking into account the prices of all intermediate inputs. It aggregates all individual
prices into a single measure, with each price weighted by its relative importance in the
production process.

The total labor demand for each type is the integral over the respective firm ranges:

o= [ - [ (BR0) (75)
o= [ = [t (B2 (76)

These equations were used in presenting the labor market clearing conditions and
they show how labor demand depends on aggregate output, firm-specific productivity
(including noise), and price dispersion. The information production activities of the

affect labor

mutual fund, by reducing the variance of productivity noise Jg (Xy) = %;Xt,

allocation efficiency by making productivity more predictable.

4.2 Intermediary good firms

Intermediary firms, indexed by f and belonging to type I € {H, L}, operate under mono-
polistic competition and face the production technology and demand structure outlined
in Section 3. As was detailed, these firms confront uncertainty regarding their contempor-
aneous productivity A/(f) = A1(1 +n,(f)), knowing only their permanent type A’ and
observing the noisy signal Af(f). Furthermore, their price-setting opportunities are sub-
ject to Calvo-style frictions, occurring with probability 1—6;. Within each period ¢, these
firms undertake two key decisions. First, all firms determine their optimal production
level (labor input) based on their currently observed productivity and prevailing price.
Second, the subset of firms granted the opportunity engages in forward-looking price-
setting. For clarity, the solutions derived from these decisions are presented sequentially

below, beginning with the production choice pertinent to all firms each period.

4.2.1 Production Decision

In the production stage, which occurs every period, each firm chooses labor input L!(f)

to maximize current-period profits, given its current price Pf(f):

max P/ ()Y, (f) = W/L{(f) (77)
L{(f)
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Subject to production and demand constraints:

Y/(f) = ALFEL) (18)
Y/ (f) = (P;éf )> (79)

Without explicitly solving the optimization problem at this stage, it is possible to
obtain the expression for the marginal cost. In order to achieve this, equations (73) and
(79) need to be substituted in the objective function in (77). Hence, the firm’s profit can

be expressed as:

I (f) = P/ (HYY (F) = Wi L{(f)

v (B [ - 3] (50)

This shows that the firm’s marginal cost is inversely proportional to its productivity,

as in standard New Keynesian framework:

wi wi

MG = 2077 ~ T+ ()

(81)

4.2.2 Price-Setting Decision

In the price-setting stage, with probability (1 — 6;), a firm of type I can reset its price.
When allowed to reset, the firm chooses optimal reset price P/(f) to maximize the ex-

pected present value of profits:

o0

mx B 3 (901" LY = WD) (82)

Subject to:
YL(F) = AL L) (83)
V() = Yo (ig )) ) (84)

Since the noise component 7,(f) is assumed to be i.i.d. with mean zero, the current

realization provides no information about future realizations:

Eelnex ()1 ()] = Elner(f)] = 0 (85)
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This leads to:

Ee[ AL (DAL ()] = B AT (L + nee(N)AT(L + (1))

= A B4 ()] 4 )]
— Al 1= Al (86)

This means the firm’s best estimate of its future productivity is simply the base pro-
ductivity level Al for its type, not its current noisy productivity AZ(f).
The calculation of the expected future marginal cost, crucial for this forward-looking

price decision, also simplifies due to the assumed transitory nature of the productivity

noise:
W 1 1
B | s |l = B SEWL)-4 (87
[Af+k(f) ' t EJ[AL(DIAL(H)] A
For better tractability, it is possible to define:
E W/ ] =W/ (1+ gu)" (88)

where g, is the expected growth rate of wages.
Then, taking the first-order condition and solving the optimization problem yields the
optimal reset price:
A € WI

Pl(f) = o (59)

where Qf is an adjustment factor accounting for expected future conditions:

B, Y5 0(800) Yiur () (L+9u)"
By Y (000 i (7)

I _
;=

(90)

This optimal reset price equation reveals an important mechanism of the model.

Namely, firms set prices as a markup over their expected marginal cost, adjusted

—1
by a factor ! that accounts for expected future conditions, which is a modification of a
standard markup formula in the New Keynesian model.

Notably, the results reveal that there is a fundamental disconnect between current
production decisions and forward-looking price setting. Current production is based on
realized noisy productivity AL(f), while price setting uses expected future productivity
Al This creates potential inefficiencies when prices don’t fully reflect current costs.

Another important observation is that improved information quality (higher X;) does
not directly affect forward-looking price-setting. However, as it decreases the variance of
productivity noise U%(Xt), current production decisions turn out to be more efficient due

to reduced variability of marginal costs, which creates an interesting asymmetry in the
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model.

Finally, the model captures a curious interaction between informational frictions - via
noisy productivity - and nominal rigidities associated with Calvo pricing, where the former
affects current efficiency of production while the latter influences the response of prices
to aggregate shocks. This mechanism introduces novel dynamics for the transmission of

monetary policy.

4.3 Households

This subsection outlines the solutions derived from the utility maximization problems
faced by the two types of households as presented in Section 3. The primary focus lies
on the resulting optimality conditions that govern labor supply, consumption patterns
and, critically for this study, their portfolio allocation decisions across available financial

assets.

4.3.1 Wealthy Households

Wealthy households maximize expected lifetime utility subject to their budget constraint.
Taking first-order conditions with respect to consumption, labor supply, and financial
assets yields the optimality conditions below.

For consumption:

(G~

=

(91)
where A}V is the Lagrange multiplier on the budget constraint, representing the marginal
utility of wealth.

For labor supply of both types:

WtH _ Wyo W,H\n
e =(C;")7 - (Ly7) (92)
WtL o o Lyn
B = (C)7 - (L") (93)

These equations represent the standard intratemporal optimality conditions, where
the real wage equals the marginal rate of substitution between leisure and consumption.

For bond holdings, the Euler equation is:

i\ ° P
( m) Lt )

1=pE .
6 t C,th Pt+1

(94)

This expression represents the standard intertemporal optimality condition for a risk-
free asset, equating the marginal utility cost of saving one unit today to the discounted

expected marginal utility benefit received tomorrow.

29



For stock holdings (H-type and L-type) and fund shares, the solution yields:

o = o | (S5) P @it + D) + (- m)(@E + DRI (99)
¢ t cw Pt+1 Po\Lit1 t+1 — Po)\Wip t+1
L Cl B ]
Qy = PE, ( cw ) ) P [pO(Qt—H + Dt+1> (1 pO)(Qt—H + Dt—l—l)] (96)
cCY N\ P _
Qi = PE, (ler/l) P Qi1 + Diy) (97)

These equations equate the current price of each risky asset (QF, QL. QF) to the expec-
ted discounted value of its future payoff (resale price plus dividend), adjusted by the
household’s stochastic discount factor. Notably, the equations for direct stock holdings
incorporate the probability py of correctly identifying the stock type, reflecting the im-
perfect information faced by wealthy households when investing directly.

To derive tractable asset demand functions from these optimality conditions, several
standard assumptions common in macro-finance are employed, namely the conditional
log-normality of asset returns and the application of a second-order Taylor approximation
to the Euler equations. This approximation, exact under log-normality and CRRA util-
ity, allows the household’s portfolio choice problem to be represented within a tractable
mean-variance framework, balancing expected return against risk. Such approach allows
for a more tractable derivation of explicit asset demand functions without altering the
fundamental simultaneous nature of the household’s optimization problem.

With these assumptions, the portfolio optimization problem can be expressed in a

mean-variance framework, where wealthy households maximize:

HW LW (LW | (W FW
max log(1 W
1 T g(1+7i1) +a Y tap +a;’
at ,at ,at ,at
HW
ol “
HW (LW FW LW
——a a il a (98)
2 t t t
W
ay
: HW | LW , FW , BW
subject to a;"" +a;”" +a;" +a =1 (99)

I . . .
where T, W is the risk premium for asset I, defined as:

W _E,

RIW
log ( 5}1 )] —log(1 + 741) (100)
t

Solving this optimization problem yields the optimal portfolio allocation shares:

GHW SHW
t t
1
Lws | -1 L w
a; = —WZt (101)
FW % v FW
Ay Ty
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where ¥, is the variance-covariance matrix of log excess returns:

RH,W RH,W RL,W RH,W F
Var; |log ngl )} Covy {log ( é;{} ) ,log ( (t,gtLl )} Covy {log ( gg} ) ,log (RCS}I )}
R REY REY Rf,
of Var |log of Cov: |log af log or
H,W

F rH F rLW F
Covy {log (%) ,log ( g}{l )} Covy [log (%) ,log < é;Ll )} Vary [log (RQt;r’l )]
t t t t t

(102)
or, more compactly:
2
Oy OHL OHF
_ 2
Y= |oyL 0r OLF (103)
2
OHF OLF OF
where each element represents a variance or covariance of log excess returns.
Note that the share allocated to bonds can be determined from the constraint:
BWsx H,Wx LW FW %
ay =l-a — O O (104)
. . . HWx LWx FWx BW .
These derived optimal portfolio shares (a,”" ", a;”" *,a; " *,a;" ") determine the house-

hold’s desired nominal holdings of each asset type. Specifically, the nominal amount al-
located to each asset is obtained by multiplying the optimal share by the total financial
wealth available for investment, WtF’W. For stocks and fund shares, this nominal amount

is then divided by the respective asset price (QX, QF, QF) to yield the quantity demanded:

HW W
W,

grws G Tt 105
LW FW
N Wx wh
SL,W* — at t 106
F W FW
) . W )
StF"W* — a’t = t (107)
Qi
BV = oW (108)

A key observation from this solution is that the demand for each asset of wealthy
households’ depends not only on its own risk premium but also on how it co-varies with
other available assets, which allows them to construct diversified portfolios that balance
risk and return. The inverse of the variance-covariance matrix ;' reflects these diversi-

fication advantages, with off-diagonal elements reflecting hedging demands.

4.3.2 Poor Households

Poor households face a similar but more restricted optimization problem, as they can only
invest in mutual fund shares and bonds. Their first-order conditions for consumption and

labor supply are identical to those of wealthy households:
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P _

N =5 (109)
wH -
=y @y (110
Wik
B = Gy (1)

For bonds and fund shares, the Euler equations are:

[rcP N P

1= 8E i+l . b, 1 112
[ /cP N7 P

Qf = PE, < Ct«;l) ’ Pt (ijl-l +D£‘r1>] (113)
I t t+1

Under the same assumptions as for wealthy households, their portfolio optimization

problem is simpler:

P
FpP _FP 7 F,P
Jnax log(1+ 7)) +ay” m ™ — 7(% )? ok (114)
Ay
subject to a; " 4+ a;" =1 (115)

where Wf 7 is the risk premium for fund shares as perceived by poor households and
F
a%ﬂf = Var, [log (%:gl)} is the variance of log excess returns on fund shares.

Solving this optimization problem yields the optimal portfolio allocation:

F.P

F,Px T
! P - J%,t
B,P P m "
ok F, * t
Ay —1—(lt _1_’}/13—0'12:,715 (117)
And the resulting asset demands are:
SF,P* _ &f"P* ) WtF,P _ Wf,P . WtEP (118)
' Qf P O%‘,t £
L IP
Bf* - CLtB’P* : WtF’P - ]_ - ﬁ : WtF’P (119)
T Oy

where W, is the financial wealth of poor households.

A key distinction from wealthy households is that poor households cannot diversify
across different stock types, which forces them to accept a less efficient risk-return tradeoff.
Their demand for fund shares depends only on the fund’s risk premium and variance,

without the benefit of covariance terms with other assets.
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4.3.3 Aggregate Demand and Elasticity

It is important to derive the aggregate demand for fund shares as it plays an important
role in the fund’s optimization problem. It is defined as the sum of demands from both

household types:

SyP = A8+ (1= NS0T

FW FW F.P F,.P
3 .W ’ ’ .W ’
_A‘%—FtJr(l_A)atTt (120)
t t

Similarly, the elasticity of aggregate demand with respect to the premium w; con-
stitutes a crucial input for the mutual fund’s premium-setting decision. Conventionally
defined to yield a positive value for downward-sloping demand, this elasticity measures
the percentage change in quantity demanded resulting from a percentage change in the

premium:
3SF’D Wt
e(wr) = — &Zt ' SFD (121)
t

The negative sign incorporated into this standard definition ensures that €(w;) is positive
when demand decreases as the premium w; (and thus the price Q) increases, which is
the expected relationship.

To derive this elasticity, it is important to determine how each household type’s de-
mand responds to changes in the premium. Recall that the fund share price includes the

premium:
Qi = (1 +w)V)" (122)

where VI is the fundamental value per share.
Taking the derivative of aggregate demand with respect to the premium and perform-

ing extensive algebraic manipulation, the elasticity can be expressed as:

Wt Wt A FW 1—-A F,P
e(wy) = + = D - W, + -®p - W 123
() L+w  (1+w)2VF . 8PP W T yp P (123)
where:
0202 — o2
by — 2L “HL 124
v det(%,) (124)
1
<I>p—a—2 (125)
F

This expression reveals that the elasticity consists of two components: (1) The direct

Wt
1+wt

substitution effect captured by the second term, which depends on the relative importance

price effect , which approaches 1 as the premium increases, and (2) The portfolio

of wealthy against poor households.
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The comparative analysis of &y, and ®p provides important insights into household
behavior. Typically, ®y exceeds ®p because Py, accounts for the covariance structure
across all three risky assets, reflecting wealthy households’ ability to substitute between
them, while ®p only depends on the variance of fund share returns, reflecting poor house-
holds’ limited options. Moreover, the numerator of ®y is positive when H-type and
L-type stock returns are imperfectly correlated. This provides wealthy households with
diversification opportunities that are unavailable to poor households. In addition, the
denominator of @y is typically smaller than 0% due to the negative terms involving co-
variances, which further magnifies the difference between the two terms. Such difference
in @ values reveals that wealthy households are more responsive to premium changes as
they can reallocate their portfolios more efficiently across multiple types of assets.

A larger proportion of wealthy households (A) or higher relative financial wealth for
wealthy households (W/™" /WW/*") increases the overall elasticity of fund share demand
with respect to the premium. This is because wealthy households have more substitution
options (direct stock investments) compared to poor households (only bonds). Conversely,
market segmentation creates a captive clientele through poor households, who must use
the fund to gain stock market exposure. This gives the fund a degree of market power,
which is stronger when the proportion of poor households (1 — \) is higher.

The fund’s information production activities affect elasticity of demand through their
effect on the variance-covariance structure. Better information (higher X;) reduces vari-
ance and increases correlations between assets, affecting both &y, and ®p. This creates

a direct link between the fund’s information investment and its pricing power.

4.4 Mutual Fund

This section presents the solution to the mutual fund’s optimization problem, as defined
in Section 3. The model employs backward induction approach to solve the problem,
due to the potential complexities anticipated to arise from the fund’s interconnected
decisions regarding information, pricing, and portfolio allocation. This approach proceeds
sequentially, solving Stage 3 (Portfolio Allocation) first, followed by Stage 2 (Premium
Setting), and finally Stage 1 (Information Production).

The adoption of backward induction for this problem is motivated by a number of
mathematical and economic considerations with the intention of enhancing tractability
and conceptual clarity.

First, it aims to mitigate potential analytical difficulties stemming from inherent cir-
cular dependencies anticipated within the fund’s section of model. To clarify, the optimal
premium is expected to depend upon demand elasticity, which itself is influenced by in-
formation quality (affecting return variances/covariances). At the same time, the optimal
information production level may depend upon expected premium revenue. Breaking the
problem into sequential stages, where decisions in earlier stages are taken as given in later

stages, is a reliable technique intended to help manage such circular interdependencies.
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Second, the sequential approach also builds an implicit commitment mechanism where
the fund makes investments in information production before setting premium and choos-
ing portfolio allocation. This prevents time inconsistency problems where the fund might
deviate from announced strategies upon collecting fees from investors. This simulates the
real-world environment where research capabilities represent long-term investments that
cannot be adjusted as frequently as pricing decisions.

Third, treating the outcomes of earlier stages (information production level, premium)
as state variables for subsequent stages facilitates the characterization of the solution.
While intended to simplify the analysis and potentially reduce the likelihood of multiple
equilibria compared to a simultaneous approach, this decomposition represents an import-
ant step towards analytical tractability, even if ultimately insufficient to fully mitigate the
numerical difficulties encountered later in the simulation analysis. Although this structure
does not guarantee uniqueness or eliminate all computational complexities, it effectively
manages dimensionality by decomposing a high-dimensional optimization into a sequence
of lower-dimensional problems.

Finally, the staged optimization reflects the different decision horizons typically ob-
served in asset management practice. Strategic decisions regarding information infra-
structure often precede tactical decisions on pricing, which in turn precede operational
decisions on daily portfolio adjustments.

While this staged methodology provides a structured approach to solving the fund’s
complex problem, it is important to note that significant interdependencies remain, par-

ticularly between the stages, which translate to the numerical solution results.

4.4.1 Stage 3: Portfolio Allocation Decision

The complete optimization problem solved in this stage is outlined in equations (50)
through (54) in Section 3 and duplicated below.

Recall that, in the final stage, taking the information production level X; and premium
w; as given from previous stages, the fund makes its portfolio allocation decisions (SH, SE, aff | al)

to maximize the expected, discounted stream of its future per-period profits (I1"):
o

max E; Z Bkﬂﬂrk

SH.SE ol \a
AR RE AR k=0
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where the per-period profit is defined as:

Iy =(1 — o) [p(X)(Qf — QL) + (1 = p(X))(QF — QL1)IS
+ (1= o) (X (Qr — Q1) + (1 — p(X))(QF — QL1)ISE,
+ (1= o) [p(Xy) Df' + (1 — p(X))Dy] S

+ (1= af)[p(X)Df + (1 = p(X,)) D] S}

+w - VE - (o SE + aFSF)

— (@S +QrSy)

This maximization is subject to the following constraints:

1. Budget Constraint:

QS +QrS;

< (1= o) p(X)(QF — Q1) + (1 = p(X))(QF — Qr1)ISt,
+ (1= o) [P(X)(Qr — Q1) + (1 — p(X))QF — QL1)ISis
+ (1= o")[p(Xy) DY + (1 = p(X))Df]SH,
+ (1= af)[p(X) Dy + (1 = (X)) DS,
+w - VE - (o SE + aFSF)

2. Portfolio Constraints:

SH <

SF<1-¢

where the fundamental value of the fund’s portfolio, V", is defined according to equa-
tions (48) and (49).

By setting up the Lagrangian with v, as the Lagrange multiplier on the budget con-
straint and 97 and YL on the portfolio constraints, it is possible to derive optimality
conditions for both stock holdings and allocation fractions.

The first-order conditions with respect to stock holdings S and SE, assuming the

portfolio constraints may be binding (97 > 0 and 9F > 0), are:

o = ([ LI (@l v ot — @]

+ BB, (M (1 - aft RIS (126)
= ([ OO G Q) v ot ]

+5Et[ tt+1<1_atL+1)R£2i1} (127)
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where My, ., = 05 L —t represents the fund’s stochastic discount factor adjusted for
budget constraint multlphers, and Rt{ 11 denotes the expected gross return per unit from
holding stocks identified by the fund as type I, accounting for potential misidentification
probability (1 — p(Xy)):

Rf{,t’il :p(Xt)(QEH Qt +Dt+1) (1 _p<Xt))(Qf+1 Qt +Dt+1> (128)
RtL,{eil = p(Xt)<Q1tL+1 Qt + Dt+1> + (1 - p(Xt»(Qfl—l Qt + Dt+1) (129)

These optimality conditions express the shadow prices of the portfolio constraints (91,
?L) in terms of current and future benefits. The first component (multiplied by (1 + 1))
captures the current-period net benefit of acquiring stocks, including both premium rev-
enue effects and acquisition costs. The second component represents the expected dis-
counted future benefit from holding stocks for proprietary trading. When the constraints
are non-binding (¥ = 0), these equations determine the optimal stock holdings that
balance current costs against expected future returns.

Likewise, the first-order conditions with respect to the optimal allocation fractions o

L : )
and oy are given by:

SH SL L F QH H QH

Wt Zt (Qt — Q) +we - VST = RS, (130)
ol SHSE

Wy - tT (QF — Q) +w, - VI - Sk = RESE | (131)

where R! represents the current realized return:

Rfl = (Xt)(Q Qt 1) ( (Xt))(QtL_Qthl)

+p(X) D' + (1 = p(X,)) Df (132)
Ry = p(X)(Qr — Q) + (1 = p(X))(Q;" — QL))

+p(X) Dy + (1 = p(Xy)) D! (133)

These conditions balance the marginal opportunity cost of allocating stock to fund
shares (lost proprietary trading returns R!S! |) against the marginal benefits of fund
share allocation, which include both direct premium revenue and the effect on portfolio
composition via the fundamental value V,*". The equations reveal a fundamental trade-off
in the fund’s optimization problem: each additional unit allocated to fund shares generates
immediate premium revenue but sacrifices future proprietary returns from information-

enhanced trading.
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Define the net benefit of holding each stock type:
HnHeEf = E, [Mtljtﬂ(l - O‘gl)th’il] - Q{{ (134)
HE?; =E, [Mtl:t-s-l(l - O‘tL+1)R££il] - QtL (135)

Then, after solving the complete system of first-order conditions and carefully account-
ing for all interdependencies between variables, the optimal stock holdings for non-binding

constraints are:

Z, (ng; +w - Vi al)

S = 136
T QI — QPaflaf 50
gL _ 4 (I3} +we - V" - o) (137)
! wi(Qf — Q" )af'af
When the portfolio constraints may be binding, these expressions become:
_ Z, (I3t 4+ w, - V.F - al
S — min A L Lt),g (138)
wi(Qy — Qp )y oy

_ 7, (T12et + w, - VE .o
Sk — min 2 ne Lt>,1—g (139)
Wt(Qt —Q; )O‘t Qy

And the optimal allocation fractions are:

" RFSL+ RIS S — 2w VS

___almrst - ]
RESE, - S+ RASH, — 2w, Vi - 51

These expressions reveal key economic mechanisms driving the fund’s portfolio de-
cisions.

First, the optimal holding of H-type stocks (SZ*) depends positively on the net benefit
of L-type stocks (IT}%) and on the premium-weighted value of L-type allocation fraction
(w;-ViF-aF), while being inversely related to the price differential (QF —QL). Similarly, the
optimal holding of L-type stocks (SF*) depends positively on the net benefit of H-type
stocks (H?ftt) and the premium-weighted value of H-type allocation fraction. Notably,
in this model, the fund increases its holdings of one stock type when the other type
becomes more profitable. This might seem contradicting the traditional portfolio theory
where investors would simply increase their holdings of the more profitable asset, however
such counterintuitive pattern actually makes economic sense considering the fund’s full

optimization problem. The fund optimizes across both stock types simultaneously; when
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L-type stocks become more profitable, the fund increases holdings of H-type stocks to
maintain an optimal balance between proprietary trading and fund shares. Given the
fund’s limited capital resources, if it decides to retain more L-type stocks for proprietary
trading, it needs to sell more H-type stocks as fund shares to maintain portfolio balance,
increasing its H-type holdings as a result.

Second, the fund’s premium w,; directly affects both stock holdings and allocation
fractions. Hence, higher premiums increase the incentive to sell more stocks as fund
shares, which may potentially alter the composition of the fund’s portfolio to maximize
premium revenue.

Third, the optimal allocation fractions presented in equations (140) and (141) illustrate
that the fund allocates a larger fraction of its stock holdings to fund shares when the
premium revenue (w;-V,!") is high relative to the expected returns from proprietary trading
(R{S{1)-

The equations characterizing optimal portfolio decisions - (136), (137), (140), and
(141) - form a system with circular dependencies. The optimal stock holdings depend
on the allocation fractions, while the optimal allocation fractions depend on the stock
holdings both directly and through V. A critical interdependency emerges through
Zy = ot SH + ol'SE, which appears in both the stock holding and allocation fraction
equations, requiring simultaneous determination in equilibrium.

Importantly, the structure of these equations can potentially lead to corner solutions,
where the fund gravitates toward extreme portfolio positions, unless bounded artificially.
When information production creates substantial proprietary trading advantages, the fund
may minimize allocation fractions to retain most stocks for its own portfolio returns. On
the other hand, when the potential for premium revenue is high relative to proprietary

returns, the fund might maximize its stock holdings to amplify premium revenue.

4.4.2 Stage 2: Premium Setting Decision

In the second stage, having already chosen its information production level X; from Stage
1, the fund sets its premium w; to maximize premium revenue. Following proper backward
induction, the fund has solved Stage 3 completely and knows how its optimal portfolio al-
location variables {SH*(wy, X;), SE*(wy, Xy), aff* (wy, X;), aF* (wy, X;)} respond to changes
in the premium.

The fund’s problem in Stage 2 can be expressed as:

n}ix Wy - VtF(wt, Xy) - StF’D(wt,p(Xt)) (142)

Where V' (w;, X¢) is the fundamental value per share:
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atH*(wt, Xt)gf*(wt» Xi)

V5 (wi, Xy) = _ -QH
! ( ' t> atH*(wt,Xt)StH*(wt,Xt) ‘f:Oét (wt7Xt)S (Wt,Xt) !
705tL*(wt7Xt>StL (wtaXt> QL (143>
al{—l*<wt7Xt>StL[*(wt7Xt) + at (thXt)S (thXt) !
The first-order condition with respect to w; is given by:
ov,F oS
VESPP s 8PP VP S =0 (144)

‘ 8wt awt

Before proceeding to evaluating the above condition, it is useful to define the elasticity

of fundamental value with respect to the premium:

thF/awt

EV, =
‘/tF

(145)

This elasticity measures how the fundamental value of the fund’s portfolio responds
to changes in the premium. It is typically negative since higher premiums shift the fund’s
optimal allocation decisions in the direction of maximizing immediate premium revenue
at the expense of retaining the most valuable stocks for proprietary trading.

This elasticity can be derived utilizing two complementary approaches. The fully en-
dogenous approach applies the chain rule and implicit function theorem to the Stage 3
first-order conditions to calculate how the optimal portfolio variables respond to changes
in the premium. This approach, while theoretically complete, entails significant compu-
tational challenges due to the intricate partial derivatives and complex interdependencies
between variables that must be accounted for. Each change in premium affects portfolio
composition through multiple channels simultaneously, creating a dense web of feedback
effects that are difficult to calculate precisely. Despite these challenges, the approach
provides valuable theoretical insights into the portfolio distortion mechanism. The fully

endogenous approach produces the following expression:

1 | SHalSE o Oall  allSHSE o Oat
EVo =77 Z—tz (@ Qt)'athr 7 Q=@ 5
ozt alSE oSH  allSHAL oSk
—i— 146
Z2 (Qt Qt) a Wy Zt (Qt Qt ) wt ( )

As mentioned previously, economic intuition suggests that EV,, < 0, meaning that
higher premiums lead to lower fundamental values precisely because increasing the premium
incentivizes the fund to sell more fund shares, particularly from stocks with higher fun-

damental value, creating a portfolio distortion effect.
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A simplified approach for analytical purposes develops an approximation that leverages
the structural form of the Stage 3 solution. This approach begins by analyzing how the
premium directly appears in the stock holdings and allocation fraction equations (136),
(137), (140), and (141) derived in Stage 3.

From these relationships, it is possible to identify key factors that would drive portfolio
distortion from premium changes: the price differential between stock types, the imbal-
ance in allocation fractions, the total stock holdings, and the interaction between current
holdings and returns. Combining these factors and incorporating appropriate normaliz-
ation terms, the approach constructs a parametric approximation with a scaling factor

i > 0 that can be calibrated to match the fully endogenous calculation:

Q=@ o —of| - (SF 4+ S) oo STSE

EV, = — 4 L ! _
M RIS, SF+ RESH, . SF 72

(147)

Notably, this elasticity is also affected by information production through R and RE,
which incorporate the identification probability p(X;).

This expression reveals that the magnitude of the portfolio distortion effect increases
with the price differential between stock types, (QY — QF)?, the allocation imbalance
between H-type and L-type stocks, | — ol and the total stock holdings (SH + SL).
It is further amplified by the interaction term affalSHSL  which captures how actively
the fund sells shares of both stock types. Conversely, the effect is attenuated by the
returns-weighted interaction between current and previous holdings in the denominator,
RESE . SH 4+ RESH . SL and by the square of total fund shares issued (Z2).

Using the elasticity of demand with respect to the premium, €(w;), as defined in (123),
and substituting into the first-order condition (144):

F,D F.D e(w) - 5"
VE.SP +w BV, -VE-S0Y —w - VE T =0
Wt
VE-SPP(1 4w -EV, — e(wy)) =0 (148)
Since V;I' - SFP 220 in general, we get:
14w -EV, —€e(w) =0
e(wt) =1+ Wt * va (149)

Assuming that EV,, < 0, this implies €(w;) < 1 at the optimum. Solving for the

optimal premium:
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e(wy) —1
EV,

*7
Wy =

(150)
This appears to differ from the standard monopoly pricing result where the elasticity
exceeds 1 at the optimum. However, this difference arises from the sign convention utilized
in this model. The elasticity €(w;) as defined in (123) is already positive.
To connect to standard monopoly theory, consider that EV, < 0 as was initially

assumed, so:

e(wr) —1
EV,
_ewp) -1
a _|EVW|
1 — e(wy)
TRV oy

Since €(w;) < 1 from equation (149), 1 — €(w;) > 0, making w; > 0 as required
for a meaningful premium. If we define the magnitude of the elasticity of demand as
lep| = €(w;), where €p is the conventional negative elasticity used in standard monopoly
theory, then e(w;) < 1 implies |ep| < 1.

This apparent contradiction can be resolved by recognizing that the elasticity definition
presented in this paper also captures the portfolio distortion effect. In standard monopoly
pricing, elasticity only reflects how demand responds to price changes. In this model, the
elasticity in equation (149) combines both the direct demand response and the indirect
effect through changes in the fundamental value. When these effects are separated, the
result becomes consistent with standard theory, with |ep| > 1 at the optimum.

The optimal premium solution reveals several key economic insights.

First, market segmentation plays a pivotal role via its effect on demand elasticity.
Since poor households do not have direct access to the stock market, they constitute a
captive clientele with lower demand elasticity, which potentially leads to higher premiums.

Second, the analysis highlights a significant portfolio distortion effect that also acts as
a self-limiting mechanism on the premium. When considering a higher premium w;, the
fund anticipates not only lower demand StF P but also a strategic adjustment to its optimal
portfolio o}, S} in Stage 3. This portfolio shift, which is driven by profit maximization
under the new premium, typically lowers the fundamental value per share V;', captured
by the negative elasticity E'V,,. As a result, this interdependence results in an optimal
premium w; lower than in a case when only demand elasticity were relevant. On top
of that, the complex incentives generated by maximizing both premium revenue and
proprietary returns, affected by this distortion, likely contribute to the model’s observed

tendency towards corner solutions for portfolio allocation.
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Finally, information production and premium-setting decisions are strategically linked.
The optimal premium depends on the information production level X; through both the
identification probability p(X;) and the portfolio allocation decisions it influences, creating

a complex feedback mechanism between information quality and pricing behavior.

4.4.3 Stage 1: Information Production Decision

In the first stage, the fund chooses its information production effort X; to maximize

expected profits net of information costs as was specified in equations (44) and (45):

max E 17 (X,) — v X¢
t
Subject to the resource constraint:

vX; < KY;

The fund’s first-order condition for optimal information production is:

dE, 11} (X))

— X 152
X, 7§ t ( 5 )

Following the backward induction approach, note that the fund has already determined
the optimal premium w; (X;) in Stage 2 and the optimal portfolio variables { SH* SE* ol al*}
in Stage 3. By the envelope theorem, since these variables are chosen optimally in their
respective stages, small changes in these variables due to changes in X; have no first-order
effect on the profit function. This means the total derivative simplifies to just the direct

effect of X; on profit through the identification probability:

dXt N dXt ap(Xt)

(153)
Defining the return differential between correctly and incorrectly identified stocks:

AR = (Qf = Q) — (QL, — Qi) + (D' = Dy) (154)
AR{ = (Qf — Qf') — (@1 — QiLy) + (Df — D) (155)
The direct effect can then be expressed as:

dE 117 (X,)

T (e (1= af)ARISE, + (1= aDARESE] (156)

Setting this equal to the marginal cost and solving for the optimal information pro-

duction level yields:
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1
X/ =—In

J (157)

((1 —po) - [(1— of )AR['S] | + (1 - af)ARtLStL_l]>
V(X))

This equation implicitly defines the optimal information production level.

Several key economic insights emerge from this analysis.

First, the fund’s information production is higher when the return differential between
correctly and incorrectly identified stocks (AR and ARF) is larger. In other words, when
high-productivity and low-productivity firms have substantially different returns, the fund
has stronger incentives to invest in information.

Second, the fund’s proprietary holdings (1 — af)SH | and (1 — of)SE | directly affect
the return to information production. The fund invests more in information when it holds
a larger share of stocks for proprietary trading rather than selling them as fund shares.
This creates a self-reinforcing feedback loop that drives the model toward corner solutions:
more proprietary holdings increase the return on information production, better informa-
tion improves proprietary trading profits, which in turn incentivizes the fund to minimize
allocation fractions and maximize proprietary positions. Without sufficient counterbalan-
cing forces, this feedback mechanism naturally pushes the fund toward extreme allocations
obtained in the numerical simulation rather than interior solutions.

Third, as captured by the factor e~%*¢, information production exhibits diminishing
returns, while higher information costs (larger v or £) reduce optimal information levels.
Better baseline information quality (higher py) similarly reduces the marginal benefit of
additional investment.

Notably, information production in this model creates an interesting dual-benefit feed-
back loop. When the mutual fund invests in information production, it reduces productiv-
%jxt), which, in turn, simultaneously improves financial
returns and real economic efficiency. This creates an important externality: the fund’s

ity noise variance (07 (X;) =

information production enhances overall market efficiency, but the fund is unable to fully
appropriate this social benefit, potentially leading to suboptimal information production

from a welfare perspective.

5. Equilibrium Characterization and Numerical Ana-
lysis

This section presents the discussion of the equilibrium characterization and numerical
analysis of the model. Note that while standard macroeconomic models typically proceed
from theoretical equilibrium derivation to numerical simulations, the complex nature of
this framework characterized by its multistage optimization, non-linear feedback mech-
anisms, and intricate portfolio decisions presents significant challenges for conventional

analytical analysis.
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Therefore, instead of providing a closed-form analytical equilibrium, which proves
mathematically intractable in the context of this model, the current section characterizes
the equilibrium concept and directly examines its properties through numerical simu-
lations. Such approach not only allows to address computational limitations but also
reveals valuable economic insights about the model’s structure. The very difficulties en-
countered in solving this model highlight the underlying tensions in financial markets with
information-producing intermediaries that would remain obscured in simpler frameworks.

The analysis proceeds by first characterizing the equilibrium concept and computa-
tional challenges, followed by the explanation of the simulation approach developed to
address these challenges. After that, the examination of the resulting steady state prop-
erties and corner solutions is provided. Finally, the analysis of the model’s dynamic

responses to monetary policy shocks is presented.

5.1 Equilibrium Concept and Computational Challenges

This model’s equilibrium consists of allocation decisions by all agents, prices for all assets,
and market clearing in all markets. In the equilibrium, the optimality conditions for
households, firms, and the mutual fund must be satisfied, while ensuring that all markets
clear through appropriate price adjustments.

The challenge of finding an equilibrium stems from a number of sources. First, as
was highlighted in Section 4, the optimal outcomes of the mutual fund’s staged decision
process contain interdependencies between information production, premium setting, and
portfolio allocation. Second, the fund’s information production affects firms’ current pro-
duction decisions by reducing the variance of productivity noise, thereby improving the
precision of firms’ observed productivity signals. This creates a direct channel through
which financial market activities enhance real economic efficiency, even as firms’ forward-
looking price-setting remains based on permanent productivity components. Third, mar-
ket segmentation between wealthy and poor households generates asymmetric elasticities
of demand for fund shares, which influences the fund’s market power and premium-setting
behavior.

These challenges collectively produce a complex system of non-linear equations that
must be solved simultaneously in equilibrium. On top of that, the interdependencies
between fund decisions, production efficiency, and market segmentation also lead to three

distinct sources of strategic complementarity that significantly complicate the analysis:

1. Information-Premium Complementarity: Higher levels of information produc-
tion may result in higher premiums through improved portfolio composition, which,

in turn, may fund more information production

2. Information-Portfolio Complementarity: Better information increases the ef-
ficiency of portfolio allocation decisions, which thereafter increases returns. These

reruns may be reinvested back in information production
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3. Premium-Portfolio Complementarity: Higher premiums may change the in-
centives for portfolio allocation, incentivizing the fund to allocate more assets to fund
shares to maximize premium revenue. This may have an effect on the fundamental
value of fund shares, which reflects back on the optimal premium. Even though
the sequential structure was designed to mitigate this feedback effect by having the
premium decision precede the portfolio decision, the overly realistic forward-looking
nature of the fund’s optimization problem means the fund still accounts for how its
premium will affect subsequent allocation choices, which creates a tension between
the commitment mechanism and the rational expectations of the interaction of these

decisions

The above complementarities facilitate the theoretical possibility of both "high-information,
high-premium" equilibria, where sophisticated active management coexists with passive
investment, and "low-information, low-premium" equilibria, where minimal information
production occurs. Such potential for multiple equilibria captures the real-world obser-
vation that financial markets can operate under different regimes with varying levels of
informational efficiency, which contributes to realism of the model.

However, the mathematical structure of these complementarities contributes to sig-
nificant challenges when obtaining the numerical solution. In particular, the model’s
forward-looking variables and complex expectations formation lead to violations of the
Blanchard-Kahn conditions necessary for a unique stable solution using standard per-
turbation techniques. Importantly, this violation is most likely not a mere technical issue
but rather it may to some extent reflect a fundamental property of the economic struc-
ture being modeled, as there might be the inherent instability in financial markets with
information-producing intermediaries unless additional frictions or constraints are intro-
duced.

To address these challenges while preserving the model’s key economic mechanisms,

two equilibrium characterization approaches were created:

1. Tractable Equilibrium with Preserved Mechanisms: This approach was de-
signed to maintain all essential economic channels and mechanisms while introducing
computational simplifications to enhance solvability of the model. The key features

of this approach include:

e Parameterized Variance-Covariance Structure: Rather than deriving
the variance-covariance matrix endogenously, this approach utilizes predefined
functional forms where variances decrease linearly with information quality:
04 (Xy) = 09 — 0fy - p(Xy) and correlation increases linearly: p(X;) = po +
p1 - p(Xy). This helps alleviate computational complexity while preserving the

core feature that better information reduces return volatility.

e Simplified Elasticity Calculation: The elasticity of fundamental value with

respect to the premium is calculated using a simplified formula give in equa-
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tion (147) and discussed in Section 4: EV,, = —pu - QI =Qp)* Jai —ay |(ST+57) .

Ry S{ RS

aflaj SHSE
z3
ing complex derivatives: it scales with price differentials, portfolio imbalances,

. This expression captures key economic dependencies without requir-

and interaction effects between allocation fractions and stock holdings.

e More Lenient Convergence Criteria: This approach accepts steady states
with market clearing errors up to 5%, allowing for progress even when perfect

market clearing is computationally problematic.

2. Endogenous Equilibrium: As opposed to the tractable approach, this approach
preserves more endogenous relationships and employs a more sophisticated solution

algorithm. Its distinctive features include:

¢ Endogenously Derived Covariance Structure: The variance-covariance
matrix is directly computed from price differentials and information quality.

The key formulas are:

oy = (1—px) px - (Qu— QL)+ (x + (1 —px)?) - 0} (158)

o7 =(1—px) px-(Qu—QrL)?*+ (px + (1 —px)?) - 0727 (159)

o =(1—px) px- (Qu—Qu)?* —px - (1 —px) -0} (160)

These formulas consider both main sources of uncertainty in the model: misid-
entification risk (first term) and productivity noise (second term). For cov-
ariance, the productivity noise term is negative, which creates an offsetting

interaction between stock types when identification is imperfect.

e Structured Approximation for Elasticity: For the computation of the
elasticity of fundamental value with respect to the premium, a slightly mod-
ified version of the formula in (147) is utilized, which is a structured approx-
imation rather than the full theoretical expression. This specifications avoids
the computational complexity of calculating multiple partial derivatives while
preserving the key economic dependencies. The formula used is:

EV, = —p- (Qu — Qr)* - |lag — ar| - (S + S1) - agarSySy, (161)

Z} - max(Vp, min_ var)

The difference between this expression and the one used in the tractable ap-
proach is the explicit regularization term in the denominator, which prevents
division-by-zero issues that may potentially arise with the full derivative cal-

culation during iterations when Vp approaches zero.
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e Nested Iterative Structure: The solution mechanism in this approach em-
ploys a nested fixed-point algorithm with an inner loop specifically targeting
portfolio allocation and premium setting. This allows for closer convergence of

these highly interdependent variables.

e Highly Adaptive Damping: The solution algorithm also utilizes a sophist-
icated damping mechanism that automatically adjusts from approximately 0.5
to as low as 0.006 based on convergence progress. This enables more reliable

convergence despite the highly nonlinear relationships.

e Stricter Market Clearing Requirements: This approach also requires
market clearing errors that are below 0.1% for a valid steady state, ensuring

greater economic consistency.

While the tractable approach sacrifices certain degree of theoretical completeness for
computational tractability, the endogenous approach focuses on more detailed modeling
of feedback channels at the cost of added complexity. Notably, notwithstanding the meth-
odological differences, both approaches produce the qualitatively similar results in regards
to the inherent tensions in the fund’s dual role, albeit with opposite corner solutions for
stock holdings.

The combined results of the implementation of these two approaches provide comple-
mentary perspectives on the relationship between passive investment and the transmission
of monetary policy, improving confidence in the findings that emerge consistently across

both methodologies.

5.2 Simulation Approach and Methodology

The model is simulated in MATLAB using a first-order perturbation approach, linearizing
the equilibrium conditions around the steady state. This approach is an appropriate choice
considering the model’s complexity and the focus on business cycle dynamics rather than
higher-order effects.

The model is calibrated using standard parameter values from the macroeconomic
literature, as detailed in Table 1. Several parameters require additional explanation:
portfolio constraints (ming,,, ming,, min,) represent lower bounds imposed to prevent
degenerate solutions; and the wealthy households’ wage premium (Wp%mmm) captures
labor income inequality. The full endogenous model incorporates slight adjustments to
the information production parameters to enhance stability, notably in the information
effectiveness (1) and signal precision effect (¢) parameters. In addition to this baseline
calibration featuring a relatively high share of wealthy households (A = 0.7), an alternative
calibration using a lower, potentially more standard value (A = 0.2) was also utilized for

robustness checks.
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Table 1: Baseline Calibration

Parameter Value

Description

Household Parameters

54 0.99 Discount factor (quarterly)

o 2 Risk aversion coefficient

n 1 Frisch elasticity of labor supply

A 0.7 Share of wealthy households in baseline
W 2 Risk aversion for wealthy households

~P 4 Risk aversion for poor households
Production Parameters

€ 6 Elasticity of substitution between varieties
S 0.5 Share of H-type firms

AH 1.5 Productivity of H-type firms

Al 1.0 Productivity of L-type firms

Oy 0.75 Calvo parameter for H-type firms

0r, 0.85 Calvo parameter for L-type firms

W i 1.5 Wealthy households” wage premium

Fund Parameters

¥ 0.2 Cost scaling for information production

19 1.5 Cost elasticity for information production
P 2.0-2.5 Information effectiveness parameter

Do 0.5 Baseline identification probability

[0) 0.5-0.6 Information effect on signal precision

Tbar 0.05 Baseline signal variance

W 0.3 Scaling factor for premium elasticity
Portfolio Constraints

ming,, 0.01-0.02 Minimum H-type stock holdings

ming, 0.01-0.02 Minimum L-type stock holdings

ming 0.01 Minimum allocation fraction

Monetary Policy Parameters

O 1.5 Taylor rule inflation response

Oy 0.125 Taylor rule output gap response (quarterly)
Pi 0.8 Interest rate smoothing parameter

The solution process follows several key steps.

First, the deterministic steady state is computed using an iterative fixed-point al-
gorithm with adaptive damping to ensure convergence. The two model variants show
significant differences in convergence behavior. The tractable model fails to achieve full
convergence even after 2000 iterations, with the continued occurrence of relatively large
changes and minimal market clearing errors. In contrast, the endogenous model achieves
proper mathematical convergence through highly adaptive damping, automatically redu-
cing the factor from approximately 0.5 to 0.006 as iteration progresses, indicating that
while both models share similar theoretical structures, the endogenous model’s steady
state is computationally more stable, perhaps because of the more theoretically consist-
ent approach to calculating the variance-covariance matrix.

In practice, both model variants converge toward corner solutions, albeit of differ-
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ent types. The tractable model consistently drives the fund toward maximum allowable
stock holdings with minimum allocation fractions. Interestingly, the endogenous model
produces the opposite corner solution, with the fund holding minimum allowable stock
quantities while still setting allocation fractions to minimum values. This stark contrast
is most likely due to a fundamental difference in how the two model specifications treat
variance-covariance relationships. However, both models share the common feature of
pushing allocation fractions to their lower bounds, which suggests that this aspect of the
fund’s behavior is robust to modeling assumptions.

Once the steady state is obtained, the system is linearized to produce a linear rational
expectations structure of the form Ay, = BE[§i41] + Cey, where g, represents deviations
from steady state, e; is the vector of structural shocks, and A, B, and C are matrices
of coefficients derived from the model’s equilibrium conditions. The linearized system is
solved using the Sims (2002) method implemented in the gensys function, which applies
QZ decomposition to derive the state transition equation.

Both model variants encounter significant challenges in their dynamic solutions des-
pite different steady state properties. In fact, both models fail at the same step and
for identical structural reasons: they have 9 forward-looking variables but insufficient un-
stable eigenvalues to satisfy Blanchard-Kahn conditions. After trying different calibration
parameters, this violation remained, suggesting that it must be an underlying property of
the model structure rather than an implementation issue and should be addressed when.

The solution algorithm attempts multiple different approaches before resorting to a
fallback mechanism. First, it tries a standard solution using the Sims (2002) method.
When this fails, it applies matrix regularization to improve conditioning but after these
attempts prove unsuccessful, both models ultimately rely on the same artificial "stabilized
policy function" approach that creates a transition matrix with controlled eigenvalues.
This matrix uses diagonal elements of 0.7 for moderate persistence, adds small cross-effects
based on normalized system matrices, and caps eigenvalues at 0.95 to ensure stability. This
artificial approach produces the qualitative patterns seen in the impulse responses, which
will be discussed in the upcoming sections, but explains why the response magnitudes are
negligible (around 10~ to 10717).

5.3 Steady State Properties and Corner Solutions

The numerical solution and analysis reveal distinct steady state characteristics across
the two model specifications, each suggesting different economic forces at play. The most
striking finding is the emergence of contrasting corner solutions for the mutual fund’s stock
holdings, a pattern robustly observed across different calibrations, alongside a consistent
tendency towards minimal fund share allocation.

Specifically, the tractable model specification consistently drives the fund toward max-
imum allowable stock holdings. Under the baseline calibration (A = 0.7) and the altern-
ative calibration (A = 0.2), the fund seeks to hold 100% of the available supply of both
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H-type and L-type stocks (corresponding to Sy = ¢ and Sp = 1 — ¢). Simultaneously, it
sets the allocation fractions, representing the portion of its holdings sold as fund shares,
to the minimum allowable level (e.g., ay = ay, = 0.01). This outcome suggests that when
the complex variance-covariance structure of returns is simplified using parameterized
approximations, the fund perceives strong incentives to maximize its proprietary trading
activities. It aims to hold all available stocks, presumably to fully leverage any inform-
ational advantage derived from X, while minimizing its intermediation role by offering
only the smallest possible fraction of its portfolio to investors. The potential benefits from
premium revenue (w;) and the broader market effects of its information appear insufficient
in this setup to outweigh the perceived gains from internalizing the full value of its stock
positions.

In stark contrast, the endogenous model, which derives the variance-covariance struc-
ture directly from underlying price differentials and identification probabilities, produces
the opposite corner solution for stock holdings, yet still achieves proper mathematical
convergence. Across both baseline and alternative calibrations (A = 0.7 and A = 0.2),
the fund converges to the minimum allowable stock holdings (e.g., 2-4% of the available
supply, depending on the specific bound parameters) while, similar to the tractable model,
setting allocation fractions to their minimum allowable values (ag = a = 0.01). This
result is particularly noteworthy as it arises despite the shared core theoretical structure.
It implies that the endogenous computation of risk and return relationships fundament-
ally alters the perceived trade-offs. Instead of maximizing participation, the fund opts to
minimize its direct holdings in the stock market, effectively minimizing its exposure and
potentially its role as a significant direct investor. However, it persists in minimizing its
intermediation activity via low allocation fractions. This suggests an equilibrium where
the fund primarily exists as a marginal participant, perhaps focusing on extracting small
informational rents or simply minimizing operational scale, rather than actively engaging
in either large-scale proprietary trading or broad intermediation.

The emergence of these opposing corner solutions for stock holdings, robustly linked to
the specific modeling choice regarding the variance-covariance structure rather than the
share of wealthy households, underscores the model’s sensitivity to assumptions about
financial risk characteristics. It highlights that the incentives governing an information-
producing intermediary’s market participation (scale of holdings) versus its intermediation
activity (share allocation) are complex and highly dependent on how risk interplays with
information advantages and premium-setting opportunities. Furthermore, the existence
of these distinct, stable steady-state regimes suggests the possibility of multiple equilibria
or regime-switching behavior in markets with such intermediaries, driven perhaps by
structural changes, regulatory shifts, or evolving market conditions that might alter the
perceived risk-return landscape in ways analogous to the differences between the tractable
and endogenous specifications. Understanding the conditions that might favor one regime

over the other presents an important avenue for future research.
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5.4 Dynamic Properties and Computational Boundary

Attempts to analyze the model’s dynamic behavior through impulse response functions
(IRFs) to monetary policy shocks using standard first-order perturbation methods did
produce numerical results. However, both model variants failed to satisfy the Blanchard-
Kahn (BK) conditions necessary for a unique, stable dynamic solution. Critically, this
failure proved robust, persisting across different calibrations including the alternative
specification with A = 0.2, indicating the violation is likely an inherent property of the
model structure.

Despite this violation of standard stability conditions, it was deemed viable to imple-
ment a controlled fallback solution method—specifically employing an artificial stabiliza-
tion matrix—to explore whether the model could still generate qualitative insights about
monetary policy transmission and to identify precisely how the structural tensions in the
model manifest in dynamic responses. However, these IRFs exhibited magnitudes on the
order of 107! to 1077 (Figure 1), effectively representing numerical noise rather than eco-
nomically meaningful responses. These negligible magnitudes are a direct consequence of
the artificial stabilization technique employed after the standard solution method failed
due to the BK condition violation. The patterns observed in these IRFs likely reflect
properties of the artificial stabilization technique rather than genuine model dynamics,

making them unsuitable for quantitative analysis of monetary policy transmission.

IRF to 25bp Monetary Policy Shock - Full Endogenous Model (passive share = 0.3)
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Figure 1: Impulse responses to a contractionary monetary policy shock in the endogenous
model. Note: The responses have magnitudes of 10! to 107!7, rendering them effectively
numerical noise. These patterns reflect properties of the artificial stabilization technique
rather than genuine model dynamics.
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Notably, to some extent this computational boundary is not merely a technical limita-
tion but rather a reflection of certain fundamental properties of the economic structure be-
ing modeled. When institutional investors, represented by the mutual fund in this model,
already occupy extreme positions in the steady state (either maximum or minimum stock
holdings with minimal allocation fractions), they have rather limited capacity to adjust
portfolios in response to policy shocks within a linearized framework, which inevitably
constrains traditional transmission channels. On top of that, the structural complement-
arities identified earlier may create potential instabilities in the transition dynamics that
standard perturbation methods struggle to capture.

Rather than interpreting these quantitatively unreliable impulse responses, this ana-
lysis suggests that the computational challenges encountered may indicate limitations in
standard dynamic analysis techniques when applied to this particular model structure.
Interestingly, the contrasting corner solutions obtained in the steady state analysis—with
funds gravitating toward either maximum or minimum stock holdings depending on mod-
eling assumptions—do suggest the possibility that financial markets with information-
producing intermediaries might exhibit regime-switching behavior rather than smooth
transitions. This characteristic, while requiring further research to fully validate, would
imply that monetary policy transmission might operate differently depending on which
market regime prevails. Central banks might therefore benefit from considering how finan-
cial market structure influences policy effectiveness, particularly in markets with evolving
active-passive investment shares.

Overall, these findings emphasize the need for alternative modeling approaches to
study dynamic interactions between passive investment, information production, and

monetary policy transmission.

6. Key Results and Discussion

Building on the analytical and computational results presented in the previous sections,
this section focuses on interpreting the broader economic implications of the results, dis-
cussing their significance for financial market theory and policy, and, importantly, dis-
cussing limitations of the current research and proposing potential avenues for future

analysis.

6.1 Economic Interpretation of Corner Solutions

The opposing corner solutions observed in both specifications of the model reveal an under-
lying economic tension inherent in information-producing financial intermediaries. This
tension highlights what might be called the "information producer’s dilemma", which oc-
curs when an entity producing valuable information faces significant incentives to capture

that value privately rather than sharing it with clients.
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This result has a direct connection to the literature on conflicts of interest in fin-
ancial institutions. As Bolton et al. (2007) note, integrated financial institutions that
combine proprietary trading with client services face inherent tensions between these
functions. Therefore, one inference that could be made from the simulation outcomes is
that the extreme corner solutions in this model formalize this intuition, suggesting that
without countervailing forces (regulatory constraints, reputational concerns, or organiza-
tional structures, etc.), the natural economic tendency is drawn toward either hoarding
information value or minimal market participation.

In addition, the model’s outcomes also provide a novel perspective on the Grossman-
Stiglitz paradox (1980), which identifies a tension between market efficiency and inform-
ation production incentives. This model demonstrates how such tension can take the
form of discontinuous market structures rather than smooth equilibrium adjustments,

particularly in cases when information producers also act as intermediaries.

6.2 Passive Investment and Financial Market Stability

This analysis also makes valuable contributions to the examination of the growing trend
toward passive investment. While the conventional concern about passive investment
generally focuses on declining price efficiency (as in Jaquart et al., 2023), this model
provides an alternative perspective by identifying a more structural concern characterized
by the potential for discontinuous shifts in market organization.

If it is indeed the case that information-producing intermediaries exhibit regime-
switching behavior rather than smooth transitions as suggested by the model’s corner
solutions, the growth in passive investment may not result in gradual changes in mar-
ket functioning but rather it could trigger sudden shifts in market structure once critical
thresholds are crossed. To a certain degree, this perspective may provide a theoretical
foundation for recent empirical observations of market fragility during periods of rapid
passive investment growth.

Additionally, the consistent finding that funds minimize their allocation fractions re-
gardless of total stock holdings makes important suggestion that the intermediation func-
tion itself may be systematically undervalued in current market structures. While the
specific mechanism somewhat differs from phenomena observed empirically, this inter-
pretation draws significant parallel support from evidence on ’closet indexing’ (Cremers
& Petajisto, 2009). Their research shows numerous funds charging fees characteristic of
active management, essentially constituting compensation for intermediation, while main-
taining portfolios with minimal deviation from market benchmarks, effectively limiting
active risk-taking. Even though minimizing allocation fractions in this model serves to
prioritize proprietary trading rather than benchmark-hugging, both findings point to a
common structural issue: the market permits funds to receive compensation associated
with active intermediation without fully committing to the core function (be it serving

clients extensively via providing shares in the model, or taking significant active risk em-
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pirically). This observation suggests that the market structure, in both the model’s logic
and observed empirical practice, does not sufficiently value or incentivize genuine, uncon-
strained active intermediation relative to the perceived benefits of alternative strategies

like proprietary trading or low-risk fee collection.

6.3 Implications for Monetary Policy Effectiveness

The findings from this model have particularly important implications for central banks
operating in evolving financial markets. Traditional monetary policy models typically as-
sume smooth transmission channels operating through gradual portfolio adjustments. The
possibility of regime-switching behavior in financial intermediaries suggests that policy ef-
fectiveness might vary dramatically depending on which market regime prevails.

When intermediaries operate at corner solutions (either maximum holdings/minimum
sharing or minimum holdings overall), their capacity to adjust portfolios in response
to policy changes becomes constrained. This constraint could create nonlinearities in
policy transmission that standard models fail to capture. For instance, interest rate
changes might have dramatically different effects depending on whether markets are in a
high-information /proprietary-trading regime or a low-information/minimal-participation
regime.

These findings suggest that central banks may need to develop regime-specific mod-
eling approaches that account for structural differences in transmission mechanics across
different market configurations. The framework developed in this paper provides a start-
ing point for such regime-specific analysis, identifying key mechanisms through which

regime characteristics might influence policy effectiveness.

6.4 Information Production as a Public Good

Another significant insight from this analysis concerns the public good aspects of informa-
tion production in financial markets. In this model, fund-produced information enhances
the precision of firms’ productivity signals, creating economy-wide benefit spillovers bey-
ond just improved investment returns for the fund. However, the fund’s demonstrated
tendency toward corner solutions featuring minimal sharing highlights a crucial misalign-
ment: since the fund incurs the costs of information production but cannot directly mon-
etize the resulting economy-wide efficiency benefits, its profit-maximizing strategy leads
it to fully prioritize the easily capturable private benefits derived largely from proprietary
trading, rather than performing its intermediation role. This outcome heavily suggests
that purely market-driven incentives may lead to an under-provision or under-utilization
of the socially beneficial aspects of financial information.

This finding suggests a potential role for policy intervention to support the public
good role of financial information production. Such interventions might take the form

of subsidies for information-sharing activities, regulations requiring minimum allocation
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fractions, or the development of specialized institutions explicitly devoted to producing
and disseminating market information as a public service.

Ultimately, this analysis emphasizes the critical public good nature of financial in-
formation within this framework. The identified tension, where the private fund bears
production costs but cannot capture the resulting economy-wide spillovers, leads to sub-
optimal sharing in the model’s steady state. Theoretically formalizing these positive
externalities thus provides a useful lens for evaluating market structure and a motivation
for policy discussions that may treat financial information as part of public infrastructure

rather than purely private good.

6.5 Limitations and Directions for Future Research

The analysis indicates a number of important limitations in the current modeling approach
that present promising directions toward future research avenues. These limitations fall
into several main categories: clarity of information assumptions, structural design choices
potentially creating unintended consequences, incentive misalignments, and significant
methodological constraints revealed during the analysis.

First, a significant limitation stems from potential ambiguity in how the model spe-
cifies the information available to intermediate firms, particularly regarding their con-
temporaneous productivity shocks (1,(f)). The model structure, where firms know their
base productivity (A”) and observe their actual output per worker (A7(f)), implies they
can perfectly deduce the current noise realization (n,(f)). This deduction makes the
period-by-period production decision reactive—simply hiring the labor required to meet
demand determined by preset prices—rather than an active optimization choice. This
structural implication contrasts somewhat with the exposition’s language emphasizing
uncertainty and noisy signals regarding contemporaneous productivity, potentially creat-
ing interpretative challenges. While the core economic decision lies in the forward-looking
price-setting stage, where firms correctly account for the transitory nature of the noise, the
precise mechanism and information set governing contemporaneous production requires
refinement for consistency. Furthermore, the price-setting problem relies on simplified
expectations formation, notably the assumption of a deterministic expected wage growth
path, given in equation (88), abstracting from potential uncertainty in future factor costs.
Future research should revisit the modeling of firms’ contemporaneous information acquis-
ition, potentially incorporating imperfect signal extraction regarding 7;(f) to better align
structure and narrative, and explore the implications of richer expectations formation
processes.

Second, a fundamental challenge arises from the interaction between heterogeneous
labor inputs and information asymmetry. The assumption that firms hire perfectly type-
specific labor, while intended to ensure the viability of low-productivity firms, may inad-
vertently create a mechanism that perfectly reveals firm types to the market. If house-

holds can observe which type of labor a firm hires, the uncertainty regarding firm types
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— central to the fund’s information production role and the direct investment decisions
of wealthy households — is potentially eliminated. This structural feature could under-
mine the model’s core premise regarding the value of costly information acquisition and
the fund’s specific advantage. The current framework implicitly assumes some friction
preventing this perfect inference from labor choices, or this revealing aspect represents
an oversight. Addressing this critical structural limitation is vital for future research.
Potential avenues include: modeling labor markets with imperfect specialization, where
firms might use a mix of labor types or where labor skills are less distinct identifiers; intro-
ducing explicit frictions in observing firms’ factor inputs; reconsidering the fund’s value
proposition beyond just type identification (e.g., focusing on its ability to better predict
the magnitude of noise 7;(f), offering superior diversification, or lower transaction costs);
or exploring alternative mechanisms to support low-productivity firm viability that do
not rely on type-revealing factor inputs.

Third, key structural design choices influence the model’s outcomes and present limita-
tions that interact with calibration assumptions. The three-stage sequential optimization
for the mutual fund, designed to manage complex interdependencies, appears to create
strong feedback loops between stages based on rational expectations of future actions.
This amplification of forward-looking behavior may contribute significantly to the ob-
served numerical instability and the tendency towards extreme steady-state allocations.
Evaluating the robustness of the findings to alternative modeling of the fund’s decision
process (e.g., simultaneous optimization, different sequencing, or models incorporating
learning/bounded rationality) is an important direction. Relatedly, the initial calibration
choice of a high proportion of wealthy households (A = 0.7) was investigated. As de-
tailed in Sections 5.3 and 5.4, robustness checks using A = 0.2 demonstrated that while
quantitative levels adjusted, the qualitative nature of the steady-state corner solutions
(maximal vs. minimal holdings depending on variance-covariance treatment) and the
fundamental dynamic instability (BK failure) persisted. This reinforces the interpreta-
tion that the model’s core challenges are structural, rooted in the fund’s optimization and
risk-modeling framework, rather than being solely calibration-dependent.

Finally, the analysis starkly revealed the model’s computational fragility and limita-
tions of standard solution methods for this class of problem. The emergence of contrasting
steady-state corner solutions highlights significant sensitivity to modeling assumptions
regarding risk. More critically, the robust failure across different calibrations to satisfy
the Blanchard-Kahn conditions confirms that standard first-order perturbation methods
are insufficient for characterizing the dynamics of this system. The negligible impulse
responses obtained via artificial stabilization are computational artifacts, not reflective
of economic behavior. This computational boundary strongly suggests that the under-
lying economic system, with its inherent feedback loops, potential for multiple equilib-
ria (implied by the contrasting steady states), and state-dependent constraints (corner

solutions), possesses complex nonlinear dynamics. Consequently, assessing the dynamic
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impact of passive investment share on monetary policy effectiveness requires moving bey-
ond linearization. Future research should prioritize alternative solution methodologies
such as global solution techniques, agent-based modeling, or possibly Markov-switching
frameworks capable of handling potential regime shifts, discontinuities, and nonlinearities.
Furthermore, incorporating explicit economic mechanisms that might provide countervail-
ing forces against extreme allocations—such as portfolio adjustment costs, reputational
concerns tied to intermediation volume, or regulatory constraints—could yield models

with more stable interior solutions and potentially more tractable dynamics.

7. Conclusion

This paper has proposed a novel extension of the New Keynesian framework incorporating
information-producing mutual funds to investigate how passive investment might influence
monetary policy transmission. By modeling a financial sector with information production
capabilities, the model presented in this paper managed to implement a direct channel
linking financial market activities to real economic outcomes through enhanced precision
of firms’ productivity signals affected by the fund’s information production activities.

The analysis reveals underlying tensions inherent in financial intermediaries with dual
roles as information producers and investment vehicles. Two model specifications, differ-
ing mainly in their treatment of variance-covariance structure of assets returns, produced
contrasting corner solutions—one driving funds toward maximum stock holdings in the
tractable model specifications and the other toward minimum holdings in the endogen-
ous setup—while both consistently minimized fund share allocation. These contrasting
outcomes within each specification proved qualitatively robust to alternative calibrations
of household heterogeneity (A = 0.7 vs. A\ = 0.2), as discussed in Section 5.3. These
results formalize the well-known conflicts of interest in integrated financial institutions
and provide a structural perspective on the Grossman-Stiglitz paradox regarding market
efficiency and information production incentives.

The encountered computational challenges, particularly the failure to satisfy Blanchard-
Kahn conditions when linearizing the model, highlight difficulties in characterizing a
unique stable dynamic path using standard numerical methods. This failure was also
found to be robust across calibrations (Section 5.4) and ultimately prevented a reliable
quantitative assessment of the model’s dynamic properties. When considered alongside
the contrasting steady-state corner solutions, which represent strikingly different modes of
intermediary behavior, these computational issues suggest the possibility that the under-
lying economic system might exhibit complex nonlinear dynamics, potentially including
regime-switching behavior rather than smooth transitions. If this characteristic is indeed
reflective of real-world market structures, it has important implications for monetary
policy. Since transmission mechanisms may operate differently across distinct market

regimes, central banks may need to develop adaptive approaches that account for poten-
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tial discontinuities in financial market structure rather than assuming uniformly smooth
transmission.

In addition to its insights for monetary policy, the framework developed in this paper
emphasizes the public good characteristics of information production in financial mar-
kets. The model formalizes how fund-produced information generates positive external-
ities by enhancing the precision of firms’ productivity signals, which leads to improved
real economic efficiency across the whole model. However, due to the inability of the
private fund to fully capture these widespread benefits despite bearing the information
production costs, a potential market failure arises, suggesting that, without external in-
terventions, information production might be suboptimal from a societal viewpoint. This
result provides a strong theoretical foundation for considering certain aspects of financial
information as public infrastructure and for exploring policy interventions specifically de-
signed to facilitate information production or better align private incentives with social
benefits.

While computational limitations prevented a proper quantitative assessment of how
passive investment share affects policy effectiveness, the theoretical structure developed
here offers valuable qualitative insights into the convoluted relationships between inform-
ation production, market structure, and monetary policy transmission. Acknowledging
the specific limitations detailed in Section 6.5, including the computational boundary and
certain structural assumptions, identifying how the incentives inherent in information-
producing intermediaries can drive their portfolio choices toward extreme allocations, as
seen in the simulation results, and highlighting the potential implications for market func-
tioning—possibly involving discontinuities rather than smooth adjustments—represents a
key contribution of this paper to understanding evolving financial markets.

Several promising directions exist for building upon this framework. Methodologically,
alternative solution techniques designed for potential regime-switching dynamics could
help overcome the computational challenges identified in this study. Structurally, intro-
ducing balancing mechanisms—Ilike reputation effects or adjustment costs—that better
align information production and intermediation incentives could address the tendency
toward corner solutions in the model’s steady state. Refining specific structural elements,
such as the interaction between labor market specification and information revelation,
is also warranted based on the limitations discussed. From a policy perspective, incor-
porating explicit regulatory constraints and taxation allows for evaluating interventions
that support optimal information production while maintaining market stability. As pass-
ive investment continues to reshape financial markets, such refinements will be vital for
understanding the evolving interplay between market structure and monetary policy ef-

fectiveness.
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