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KEY FINDINGS

m Most funds underinvest relative to a hypothetical customer-sales-weighted benchmark,
but about 23% of funds overinvest. Vertical supply-chain information matters. A strategy
trading stocks with low SCCI underperforms by 0.62% per month.

m Institutional mandates often prohibit holding the smaller, value-oriented suppliers.
Without suppliers, there is reduced incentive to gather supply-chain information.
This exposes funds to the risk of supply-chain losses (or lost upside).

m Practitioners should carefully consider mandates, which can limit supply-chain-related
performance and hinder risk mitigation strategies.

ABSTRACT

Supply-chain shocks, such as from avian flu or COVID-19 outbreaks, expose the economy’s
fragility to supplier disruptions and the need for greater information about customer-supplier
relationships. The authors use a “supply-chain concentration index” (SCCI) and find that
funds lower on this index underperform, suggesting managers could benefit from supply-
chain knowledge by concentrating in vertically related stocks. This underperformance
holds after controlling for active management, industry concentration, and portfolio style.
The authors suggest that investment mandates constrain supply-chain information spill-
overs, exposing funds to the risk of underperformance from reduced supply-chain trading
or hedging.

or the COVID-19 pandemic, highlighted the risks faced by consumers, businesses,

and shareholders when supply chains are disrupted. So, one might expect that
market participants react quickly to supply-chain-related risks. However, previous
research shows that markets are slow to incorporate value-relevant information in
interconnected firms due to limited attention and lack of investor sophistication
(e.g., Hong et al. 2007; Cohen and Frazzini 2008; Menzly and Ozbas 2010). As a
result, investors tend to underreact to news along the supply chain, leading to pre-
dictable returns among individual stocks with such vertical relationships. On the
other hand, prior research shows that sophisticated market participants, such as
corporate insiders and sell-side analysts, actively use supply-chain information in their
decisions (e.g., Alldredge and Cicero 2015; Guan et al. 2015). Given the effects of
supply chains on companies, shareholders, and, therefore, share prices, one might

I n recent years, shortages and price hikes related to macro events, such as avian flu
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expect fund managers to trade on supply-chain information and mitigate supply-chain
risks. Yet, we know surprisingly little about mutual fund managers’ ability to profitably
exploit information about supply-chain interconnections.

To study the question of whether fund managers trade on supply-chain infor-
mation and related risk, we develop a new metric—the supply-chain concentra-
tion index (SCCl)—that captures mutual funds’ deviation from a hypothetical
supplier-sales-weighted benchmark in vertically related firms. This naive benchmark
allows us to investigate whether mutual fund managers invest, on average, according
to supply-chain exposures, thus incentivizing the gathering of information embedded
in supply-chain networks. For instance, if a fund holds a large position in Apple, it
may benefit from also understanding (and possibly investing in) Apple’s key suppli-
ers, such as TSMC or Foxconn. Suppose the fund manager truly understands the
value of supply-chain information. In that case, we expect this fund to hold not only
Apple, but also positions in both of these suppliers. Since the importance of the cus-
tomer is roughly proportional to the sales to the customer, we naively assume that a
mutual fund manager’s supply-chain-related information spillover about the supplier
is proportional to the supplier’s investment (i.e., sales) to the customer on average.

If fund managers deviate from this proportion, we expect it to be for one of
two reasons. First, fund managers with supply-chain information could see trends
in supply chains that are profitable to trade. For example, new efficiencies or tech-
nological innovation could make it better to negotiate with a single larger supplier
than to incur the contracting costs of multiple competing suppliers. So, savvy fund
managers could overweight larger suppliers and underweight smaller suppliers. Note
that this suggests that deviations from the assumption are more profitable. Second,
fund managers may be forced to avoid investing in suppliers of their portfolio com-
panies due to fund mandates. This constraint suggests that deviations from the
naive assumption risk inferior performance for the mutual fund, since it cannot
take advantage of supply-chain information. Our results generally support the latter
explanation, with low SCCI funds showing underperformance. This suggests that fund
managers may underestimate the risk imposed by mandates, and that mandates
may not only hinder supply-chain-related fund performance, but can expose funds
to shocks related to supply chains that are difficult or impossible to hedge under
the fund’s mandate.

We find a robust positive relationship between SCCI and fund performance, and
our analyses reveal substantial cross-sectional variation in how mutual funds exploit
supply-chain connections. Our results support the notion that those who trade on
their supply-chain information garner superior returns. To understand why not all
managers trade on this information, we provide several examples of how institutional
mandates limit fund managers’ ability to invest with their supply-chain knowledge and
expose managers to a type of supply-chain risk. To avoid this mandate trap, manag-
ers have two options. First, they could limit investment in customer firms for which
they cannot adequately invest (or short) in supplier firms. Second, managers could
push fund shareholders and boards to relax mandates to allow more trading along
the supply chain. While this would resolve the problem, this change is costly from a
governance perspective, and shareholders should be wary of any mandate change,
since mandates are for their protection.

Our study bridges the literature on asset pricing and active portfolio management.
We build on foundational work by Cohen and Frazzini (2008) and Menzly and Ozbas
(2010). These studies show that supply-chain links cause return shocks to spread
across firms. While these studies focus on firm-level pricing, we shift the lens to man-
agerial strategy. We identify supply-chain concentration as a channel that managers
overlook to the detriment of fund performance.
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Our work also extends research on how managers find information advantages.
Studies like Kacperczyk et al. (2005) and Huang and Kale (2013), link alpha to
industry specialization and product market connections. We show that the real alpha
opportunity lies in supply-chain expertise. Our results remain significant even when
we exclude a fund’s primary industry, confirming that expertise across links—not
just within one sector—drives performance. Finally, while corporate finance literature
(e.g., Dhaliwal et al. 2016) links customer concentration to firm outcomes, we pro-
vide the first evidence that these linkages are actionable inputs for improving fund
performance.

For practitioners, our findings underscore two strategic implications for portfolio
management. The first concerns risk mitigation. Supply-chain disruptions, ranging
from semiconductor shortages to logistics bottlenecks, propagate rapidly through
customer-supplier linkages, significantly impacting equity valuations. Managers lack-
ing visibility into these dependencies face an information blind spot, leaving portfolios
vulnerable to localized shocks. For example, a fund holding a major manufacturer
without monitoring its upstream semiconductor suppliers is exposed to unforeseen,
systemic disruptions. We propose the SCCI as a diagnostic tool for this exposure.
It quantifies the extent to which a portfolio’s holdings are interconnected, allowing
managers to proactively identify where research coverage gaps may leave them
vulnerable.

The second implication concerns alpha generation. Our results indicate that
managers—even those with broad investment mandates—can enhance performance
by concentrating research coverage in industries with supply-chain linkages. We sug-
gest that generating information externalities that naturally surface when investing in
related firms can generate better performance or allow risk reduction. This strategy
provides a mechanism to partially offset the performance drag often associated
with mandate constraints. Consequently, we suggest that evaluating a manager’s
supply-chain awareness—via the SCCI or qualitative assessment of industry depth—
serves as a vital, underutilized complement to traditional active management metrics
like Active Share or tracking error.

A NEW MEASURE OF SUPPLY-CHAIN TRADING

We must first develop a measure of supply-chain trading to understand how
managers use supply-chain information. We compile a dataset of domestic equity
mutual funds spanning the first quarter of 1984 to the fourth quarter of 2017. This
comprises 2,730 unique funds. We provide further details on the data and sources
in the Appendix.

Since there is no standard way to measure supply-chain concentration in port-
folio holdings, this section aims to develop a systematic approach that provides a
clear and interpretable measure of how mutual fund managers strategically utilize
supply-chain information. For brevity, we describe the basic design of the measure
here. For a more detailed description, see the Appendix.

First, we identify portfolio companies that are major customers of a supplier
and, for a given supplier, we note the percentage of its sales attributable to each
customer in the portfolio. Second, we make a hypothetical pseudo-weight that naively
assumes that suppliers are held in the portfolio in proportion to the weight of the
customer in the portfolio and the weight of the sales.” If the sales proportion is 10%,

*We posit that the relative size of the customer’s sales relates to the importance of the supply-chain
relationship more than, say, supplier size. Inasmuch as size may mitigate supply-chain risks, this is a
limitation of our study.
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then the benchmark says that the fund should hold the supplier company at 10% of
the weight at which it holds the customer. However, the pseudo-weight on a supplier
could be higher if, for example, the fund holds multiple customers that buy from one
particular supplier.

It is worth noting that the pseudo-weight, @,, does not prescribe an optimal capital
allocation for funds. Instead, it serves as a benchmark for measuring the upstream
exposure that a fund would have if it invested in suppliers proportionally to their eco-
nomic connections with the fund’s existing holdings. Once we have a pseudo-weight,
we take the distance from the pseudo-weight and the actual portfolio weight as a
measure of deviation from the supply-chain benchmark.

This distance gives some idea of deviation from the benchmark, but it tells us little
in terms of relative importance in the portfolio, since very small holdings of customers
could be related to very large deviations from the benchmark. So, for each supplier,
we take the proportion of the portfolio invested in that supplier’s customers. We then
multiply this proportion by the distance from the pseudo-weight (and multiply by —1)
to get a supplier-specific SCCI within the fund.

We then sum these supplier-fund SCCls at the fund level and multiply the sum
by the number of suppliers with major customers in the fund to get a fund-specific
SCCI.? This measure then gives us a proxy for whether managers invest proportionally
along supply chains and whether this is economically meaningful to the portfolio. The
multiplication by negative one makes it more intuitive, as a higher value suggests that
managers invest consistently with supply-chain importance. To clarify, this measures
how managers concentrate holdings around a benchmark. If a manager invests heavily
in a supplier, their fund would be overconcentrated, rather than highly concentrated,
according to our method of construction of the SCCI. Exhibit 1 provides an example
of SCCI formation for two funds holding the same customers but different weights
of their suppliers.

Which Funds Concentrate along the Supply Chain?

In Exhibit 2, Panel A, we provide summary statistics for the SCCI and control
variables. There are 2,730 unique mutual funds. The average fund has total net
assets (TNA) of $863.29 million and an age of 14.36 years. The mean expense ratio
is 1.26% annually, and the average portfolio turnover is 77.70%. The average monthly
fund return is 0.98%, while the average net Carhart four-factor alpha is —0.030%.
We winsorize continuous variables at the 1st and 99th percentiles.

Economically, the SCCI measures how well a fund “follows the money” through
its supply chain. A score of zero means that when a manager holds a customer like
Apple, they also hold its key suppliers in proportion to how economically important
that customer is to each supplier’s revenue. The more negative the score, the more
the fund holds customers without holding—or properly weighting—the suppliers
whose fortunes are tied to those same customers. In our sample, the median fund
(SCCI x 100 =-1.78) is reasonably well aligned with its supply-chain structure, while
the mean (—4.45) is pulled substantially lower, revealing that a meaningful subset of
funds are significantly underexposed to the supply chains of their own holdings, often
not because they have not connected the dots, but because their mandate will not
let them act on what they know. The large cross-sectional spread (standard deviation
of 6.04) is what our performance tests exploit: Funds near the top monetize customer-
related insight by extending it upstream, while funds near the bottom are paying
for research on customers, but not receiving the signals that research on holdings

’Note that the suppliers may not be in the fund (weight of zero), but the count is the suppliers
of customers.
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EXHIBIT 1

Hypothetical Example of SCCI Construction

Supplier s1

Supplier s2

Supplier s3

Fund m1
Follows the prescribed rule

s1: weight 0.060, rule 0.060
s2: weight 0.070, rule 0.070
s3: weight 0.032, rule 0.032

SCCI = 0.000

Customer c1
Fund weight = 0.10

Customer c2
Fund weight = 0.08

Fund m2
No supplier holdings

s1: weight 0.000, rule 0.060
s2: weight 0.000, rule 0.070
s3: weight 0.002, rule 0.032

SCCI = -0.063

NOTES: This exhibit shows an example of three suppliers and two customers. Fund m1 holds Customer 1 as 10% of its portfolio and

Customer 2 as 8% of its portfolio. Fund m1 also holds suppliers according to the pseudo-weight (customer portfolio weight times the
percentage of sales from the supplier to customer). Fund m2 holds the customers in the same proportion as Fund m1, but does not
hold any supplier equity, which may represent constraints from a fund mandate. As expected the SCCI of Fund m1 is higher, since its

supplier holdings deviate less from the pseudo-weights.

of suppliers naturally generates. We further show the determinants and persistence
of the SCCI measure in Exhibit A1.

In Exhibit 2, Panel B, none of the bivariate correlations between the SCCI and
existing activeness measures exceeds 0.31 in absolute value. The SCCI is nega-
tively correlated with ICl and Active Share, and positively correlated with R, These
low correlations confirm that the SCCI captures a dimension of fund behavior that
is distinct from existing activeness measures, rather than simply repackaging them.
Notably, the low correlation between the SCCI and ICI suggests that fund managers’
investment decisions in customers and their suppliers are not merely driven by

industry similarities.
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EXHIBIT 2
Fund Characteristics

Panel A: Fund Characteristics

Mean Median SD P25 P75

SCCI (x100) -4.45 -1.78 6.04 -6.77 -0.09
TNA ($million) 863.29 250.42 1798.58 82.90 773.11
Age (years) 14.36 11.80 10.72 7.06 18.40
Turnover (%) 77.70 65.54 52.67 36.09 109.95
Expenses (%) 1.26 1.13 1.22 0.90 1.40
oRet 4.62 4.43 1.14 3.84 5.25
Flow,, ., (%) 1.62 -0.72 14.17 -3.89 3.74
Fam Size ($million) 10,922.78 2,423.83 23,932.34 400.13 9,516.54
RNet (%) 0.98 0.91 2.35 -0.38 2.19
REross (%) 1.08 1.00 2.35 -0.29 2.29
CS (%) -0.03 -0.03 0.86 -0.53 0.46
oL4FNet (%) -0.03 -0.04 0.39 -0.26 0.20
R Gross (96) 0.07 0.05 0.51 -0.18 0.29
ICI 0.05 0.04 0.03 0.02 0.06
R2 (%) 91.42 92.89 5.87 89.27 95.36
ActvShr 0.86 0.89 0.13 0.77 0.98
ATS -0.11 -0.12 1.65 -0.82 1.09
Panel B: Correlation between SCCI and Fund Activeness Measures

Sccl ICI (o 4FNet R? ActvShr ATS
SCCI 1.00 -0.31 -0.08 0.28 -0.24 -0.09
ICI -0.25 1.00 0.08 -0.41 0.33 0.04
(o FNet -0.06 0.08 1.00 -0.05 0.05 0.01
R? 0.22 -0.26 -0.07 1.00 -0.30 0.00
ActvShr -0.28 0.16 0.03 -0.15 1.00 -0.02
ATS -0.03 0.02 0.00 -0.02 0.04 1.00

NOTES: Panel A of this exhibit presents the time-series averages of the cross-sectional mean, median, standard deviation,

25th percentile, and 75th percentile of fund characteristics. SCCl is the supply-chain concentration index of a fund; TNA ($million)

is the TNA under fund management at the beginning of the month; Age (years) is the fund’s age in years since its inception;

Expenses (%) is the percentage of the total investment that shareholders pay for a fund’s expenses; Turnover (%) is defined as the
minimum of aggregate purchases or sales of securities during the year, divided by the average TNA; 6" is the return volatility of a fund
measured as the standard deviation of monthly fund return over the prior 12 months; Flow,,,.., (%) is the prior 12-month normalized
net flow into a fund and is defined as (TNA,, — TNA,,_,(1+R,,,1,))/TNA, _,,; Fam Size ($million) is the TNA of all funds in the fund family
complex at the beginning of the month; R"" (R%**%) is the one-month net (gross) return; CS (%) is the monthly Characteristic Selectivity
measure computed following Daniel et al. (1997); o*""*" (o*"®"°*%) is the one-month net (gross) alpha, measured as the intercept of the
Carhart (1997) four-factor model estimated over the previous 24 months (with a minimum of 20 months of observations); ICl is the
Industry Concentration Index (Kacperczyk et al. 2005); R? (%) is the fund R? from a time-series regression of fund returns on market,
size, value, and momentum factors over the previous 24 months (Amihud and Goyenko 2013); ActvShr is the Active Share measure
(Cremers and Petajisto 2009); and ATS is the active technology similarity (McLemore et al. 2022). ICI, ATS, and R? are measured

at a quarterly frequency, and other fund characteristics are at a monthly frequency. Panel B of this exhibit presents the time-series
average of the cross-sectional quarterly correlation between the SCCI and three measures of fund activeness (ICI, R?, ActvShr and
ATS) and fund alpha (a*""*"). Spearman (Pearson) correlation is reported above (below) the diagonal. The sample period is from
1984Q1 to 2017Q4.

PERFORMANCE ANALYSIS

To gauge the relation between supply-chain concentration and future fund per-
formance, we first sort mutual funds into quintile portfolios based on their SCCI in
each quarter. The highest quintile, Q5, represents funds with a high SCCI, while the
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lowest quintile, Q1, represents funds with a low SCCI. Next, we evaluate the fund
performance of each quintile portfolio over subsequent periods, using a standard
four-factor model.’

For a specific performance metric (return or risk-adjusted performance), we calcu-
late both equal-weighted and TNA-weighted monthly returns before (i.e., gross return)
and after subtracting expenses (i.e., net return) within each SCCI quintile portfolio,
consistent with Berk and Green (2004).* Gross returns are created by adding back
1/12 of the annual expense ratio to each monthly return.

The first (second) column of Panel A in Exhibit 3 reports the average net (gross)
returns for funds in each SCCI quintile over the following month. The next two
columns report Carhart’s (1997) four-factor monthly alphas based on net and gross
returns, respectively. In addition, we use the Characteristic Selectivity (CS) measure
of Daniel et al. (1997) (“DGTW”) as an alternative. We include the CS measure
because, unlike return-based regression alphas, it evaluates performance using actual

EXHIBIT 3

SCCI and Mutual Fund Performance: Portfolio Analysis

Panel A: Equal-Weighted

Panel B: TNA-Weighted

RNet (X4F,Net RGvoss (X4F,Gross CS RNel a4F,Net RGross (XAF,Gross Cs
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Q5 1.475%%%  0.111%  1.275%%% 0.210%** 0.051%*%* 1.069%**  0.021  1.156%** 0.108*  0.031
(4.31) (1.86) (4.68) (3.52) (2.80) (3.93) (0.36) (4.26) (1.88)  (1.49)
Q4 1.053%%%  0.026  1.150%** 0.122%*  0.021  1.005%**  -0.033  1.092***  0.055  0.009
(4.18) (0.45) (4.57) (2.12) (1.29) (3.82) (-0.52) (4.16) (0.87)  (0.46)
Q3 0.933***  _0.033  1.026***  0.060 0.015  0.933***  _0.038  1.016*** 0.044  0.020
(4.12) (-0.72) (4.53) (1.32) (1.08) (3.83) (-0.79) (4.17) 0.92)  (1.28)
Q2 0.889%** _0.082*%*%* 0.975%**  0.004 0.001  0.925%**  —0.049  1.001*%**  0.027  0.011
(4.04) (-2.68) (4.44) (0.12) (0.09) (3.95) (-1.25) (4.28) (0.70)  (0.73)
Q1 0.846%** _0.087**%* 0.924%**  _0.009  -0.002 0.848%** -0.093*** 0.920%** -0.020 -0.009
(3.96) (-3.71) (4.33) (-0.37) (-0.14) (3.87) (-3.12) (4.21)  (-0.69)  (-0.68)
Q5-Q1 0.330%%* 0.197%** 0.351%%* (0.218%** 0.053***  0.221* 0.114*%  0.236%* 0.129%* 0.040%*
(2.77) (3.38) (2.94) (3.74) (3.40) (1.91) (1.92) (2.04) (2.16)  (2.14)

NOTES: This exhibit reports the equal-weighted (TNA-weighted) future returns of mutual funds sorted into quintile portfolios according
to the most recent quarter’s SCCI in Panel A (Panel B). At the end of the quarter, all funds in the sample are ranked into five quintiles
based on SCCIL. RV (R%°*%) is the one-month net (gross) return (gross returns of a fund are created by adding back 1/12 of the

annual expense ratio to each monthly net return); o

4F,Net ((X

4F,Gross>

is the one-month net (gross) alpha measured as the intercept of the

Carhart (1997) four-factor model; and CS is the monthly Characteristic Selectivity measure computed following Daniel et al. (1997).

The exhibit also reports differences in fund returns and four-factor alphas between the top and bottom quintile portfolios.
Newey-West (1987) t-statistics with a lag of 4 are reported in parentheses. All returns are expressed in percentage points.
Rk xx and * denote statistical significance at the 1%, 5%, or 10% level, respectively. The sample period is from 1984Q1 to 2017Q4.

®Fund performance is assessed using raw returns and alphas from the Carhart (1997) four-factor
model. For example, the four-factor model extends the Fama and French (1993) three-factor model by
including the momentum factor and is specified as follows:

re=00 "0+ B, MKT, + B, SMB, + B, HML, + B, UMD, +¢,,

pt

where r, is the monthly portfolio return over the one-month T-bill rate; MKT is the excess return on a
value-weighted market portfolio; and SMB, HML, and UMD are the returns on the zero-investment factor
mimicking portfolios for size, book-to-market, and momentum, respectively.

“Examining gross returns (returns before expenses) enables us to better evaluate the investment
ability of mutual fund managers because managers with better skills may charge higher expenses to
extract rents.
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portfolio holdings. By matching each stock held by the fund to a benchmark portfolio
of similar size, book-to-market, and momentum characteristics, the CS measure
controls for stock-level characteristics directly rather than relying on estimated factor
loadings (betas), thereby avoiding potential model misspecification and time-varying
estimation errors in factor regressions.

Consistently, we find that funds with a low SCCI underperform. That is, funds
trading off their inferred supply-chain weights have lower alpha than those that bal-
ance holdings across supply chains. Specifically, fund performance decreases from
the top to the bottom quintile, and the difference between the two extreme quintiles
is positive and statistically significant (labeled as “Q5 — Q1”)—the monthly return
difference is 0.330% for net returns, 0.197% for net alpha, and 0.218% for gross
alpha. All return differences are statistically significant at the 1% level.

In Panel B, we extend our analysis using TNA-weighted portfolios. The perfor-
mance difference between funds in the top and bottom SCCI quintiles remains sig-
nificant, suggesting our results are not entirely driven by the small funds in the
sample. Collectively, the results from the equal-weighted and TNA-weighted portfolios
suggest that funds with less-concentrated supply-chain holdings have inferior future
performance.

For simplicity, Exhibit 4 illustrates the performance difference of mutual funds
with a high SCCI compared to those with a low SCCI. Specifically, it plots the quintile
spread (the difference in performance between funds in the top SCCI quintile and
the bottom SCCI quintile) across five different performance benchmarks.

Trading along the Supply Chain

The results of trading along the supply chain are striking. What is the eco-
nomic significance of limited supply-chain trading? To answer this question, we
adopt a methodology similar to that of Pool et al. (2015) and Kumar et al. (2020).
In Exhibit 5, we create four distinct portfolios for each fund at the beginning of
each quarter. The portfolios are based on two criteria: (1) whether the fund bought
or sold a stock during the previous quarter; and (2) whether the trade involved
customer—supplier pairs held by the mutual fund (i.e., supply-chain-connected
pairs). Stocks that were bought are grouped into the buy portfolio, while those
that were sold are placed in the sell portfolio. Within the buy and sell portfolios,

EXHIBIT 4

The SCCI and Alphas

0.40%
0.35%
0.30%
0.25%
0.20%
0.15%
0.10%
0.05%
0.00%

Net Return

Difference in Performance between Funds in the Top SCCI and the Bottom SCCI Quintiles

Fama-French Four-Factor Gross Return Fama-French Four-Factor Characteristic
Alpha (based on net Alpha (based on gross Selectivity
returns) returns) Measure

NOTES: This exhibit presents the differences in alphas between top and bottom quintiles of funds sorted on the SCCI. Several different
models of expected returns are presented for robustness.
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EXHIBIT 5
The Economic Significance of Trading Supply-Chain-Connected Stocks in Mutual Fund Performance: Portfolio Results
Supply-Chain-Connected Stock Pairs Other Stocks
Buys Sells Diff. Buys Sells Diff. Diff.-Diff.
(1) (2) (3) (4) (5) (6) (7)
Ret-rf 0.736 0.041 0.695*** 0.174 0.169 0.005 0.689***
(4.64) (0.08) (5.11)
DGTW 0.132 -0.483 0.614*** -0.427 -0.421 -0.006 0.621***
(4.75) (-0.13) (4.92)
o4F 0.019 -0.527 0.546*** -0.615 -0.551 -0.063 0.609%***
(3.32) (-0.96) (4.04)

NOTES: This exhibit reports the performance of portfolios based on trades of mutual funds that hold supply-chain-connected stock
pairs versus portfolios based on other trades in the control group. For each fund, we form four distinct portfolios at the beginning
of each quarter based on: (1) whether the fund bought or sold a stock during the previous quarter; and (2) whether the trade was
of supply-chain-connected stock pairs held by the mutual fund. Stocks that are bought are aggregated into the buy portfolio, while
those that are sold are placed in the sell portfolio. We create two subgroups within the buy and sell portfolios: supply-chain-connected
stocks and other stocks. We calculate the average monthly returns of these portfolios for each fund in each quarter, weighting
each stock’s return in the portfolios by the dollar trade value during the previous quarter. We rebalance at the end of the quarter.
We then calculate the average returns of each subportfolio across the funds in our sample, using the dollar assets (TNA) of each
fund from the previous quarter as weights. This produces value-weighted average monthly returns for each of the four portfolios.
Columns (1) and (2) report the risk-adjusted average monthly returns of the supply-chain-connected stock buy and sell portfolios,
respectively. Risk adjustment is based on both DGTW benchmark returns and the Carhart (1997) four-factor alpha. Columns (4)
and (5) report the corresponding results for the buy and sell portfolios for other stocks. Finally, columns (3) and (6) describe the
difference in the returns of the buy and sell portfolios for the supply-chain-connected stocks and other stocks, respectively, and
column (7) provides the difference-in-difference estimate. The t-statistics are reported in parentheses. Significance levels for tests
of difference in means are denoted by *** ** and *, which correspond to 1%, 5%, and 10% levels, respectively.

we further divide the stocks into two subgroups: supply-chain-connected stocks
and other stocks.

To calculate the average monthly returns of these portfolios, we weigh each
stock’s return in the portfolios by the dollar trade value during the previous quarter.
We rebalance the portfolios at the end of each quarter. Finally, we calculate the
average returns of each subportfolio across the funds in our sample, using the TNA
of each fund in the previous quarter as weights. This enables us to calculate the
value-weighted average monthly returns for each of the four portfolios.

Exhibit 5 demonstrates that the long—short portfolio of supply-chain-connected
stocks outperforms the long—short portfolio of other stocks. Consequently, a portfolio
of limited supply-chain trading underperforms. Column 7 reports the difference
between the buy-sell portfolios of supply-chain-connected stocks and other stocks.
The analysis reveals a positive four-factor alpha of 0.621% and DGTW-adjusted
return of 0.609% per month—both statistically significant at the 1% level. These
findings show that not trading supply-chain-connected stocks lead to substantial
underperformance, which may be due to mandate restrictions.

Quantifying the Supply-Chain Handicap

Our evidence suggests that mutual funds benefit from trading stocks connected
through supply chains. We posit that this is due to supply-chain trading being infor-
mative about customers. That is, trading a supplier requires becoming informed
about the supplier, which may have spillover effects about the customer. Despite the
straightforward nature of this strategy, it appears that certain fund managers do not
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engage in long trading positions in supply-chain-linked stocks. This could be due to
restrictions from investment mandates.

This section aims to shed light on the risks and potential opportunity costs
incurred by mutual funds that overlook such trading strategies. To analyze this, we
employ a methodology similar to that used by Kumar et al. (2020). Specifically, we
first calculate trade profitability measures by multiplying the fund’s change in owner-
ship, scaled by the TNA in a calendar quarter, with the stock’s abnormal return in the
subsequent quarter (AOwnership,;, X Ret; ;). We calculate two measures of returns:
the quarterly four-factor alpha and the DGTW-adjusted quarterly return. To compute
quarterly four-factor alpha (alpha®) for stock j in month t, we first estimate factor
loadings by running the Carhart (1997) four-factor model on the prior 24 months of
monthly stock returns (requiring at least 20 observations). We then calculate o as
the stock’s actual return minus the expected return implied by these loadings and
the contemporaneous factor realizations. We then cumulate these alphas over each
quarter. The DGTW-adjusted quarterly return is computed as the difference between
the stock’s cumulative monthly return and that of its characteristic-based portfolio
(see Daniel et al. 1997).

To quantify the opportunity cost of not trading along the supply chain, we conduct
a counterfactual exercise at the fund—stock—quarter level. For each fund—-customer
pair in each quarter, we identify all suppliers—both those the fund actually holds
and those it does not. For unheld suppliers, we impute a hypothetical position equal
to the pseudo-weight from Equation A-1: the portfolio weight that the fund would
assign if it invested in the supplier proportionally to its economic linkage with the
fund’s customer holdings. These imputed positions are incremental—they represent
what the fund could have added to its existing portfolio, rather than a reallocation of
existing capital—so the weights do not need to sum to 1. On average, mutual funds
have approximately 35 such unexploited supply-chain connections per quarter.

We then estimate the following regression:

o+ B:L X DTheoretical Supply—Chain + Fund FES

AOwnership, ;X Return m

jit+l
+ Stock X Quarter FEs+¢, ;,

The left-hand side is the product of fund i’'s change in portfolio weight in stock j
during quarter t (scaled by TNA) and the stock’s subsequent quarterly abnormal
return. Intuitively, this product captures the dollar profit (or loss) per dollar of fund
assets attributable to a given trade. For observed trades, AOwnership is the actual
change in portfolio weight. For imputed supplier positions, it is the pseudo-weight from
Equation A-1. The indicator D™ecreea! Supply=chain aqals one for these imputed, unheld
supplier positions. A positive coefficient, therefore, means that the trades the fund
did not make would have been profitable. The regressions include fund and stock-by-
quarter fixed effects, ensuring that results are not driven by persistent differences
across funds or by time-varying stock characteristics.’

As shown in Exhibit 6, the coefficient is 0.232 for four-factor alpha and 0.248
for DGTW-adjusted returns, both significant at the 1% level. To translate this into

®We are also interested in examining the extent to which mutual funds generate additional abnormal
profits. To investigate this, we conduct a separate analysis focusing on mutual funds that engage in
trading along the supply chain. We create an indicator variable, D3*PPY-¢n comect “which takes a value of
one if the mutual fund holds customer—supplier pairs at the beginning of the quarter, and zero otherwise.
In unreported analysis, our findings indicate that mutual funds engaged in supply-chain-connected trades
outperform other types of trades by 0.140 and 0.172 basis points per quarter, based on four-factor alpha
and DGTW-adjusted performance, respectively. Given that the average mutual fund in our sample has
TNA of $863 million, this outperformance translates to an additional $12,082 to $14,843 in abnormal
quarterly profits per trade for a mutual fund.
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EXHIBIT 6

The Economic Significance of Trading Supply-Chain-Connected Stocks in Mutual Fund Performance: Univariate
and Regression Approach

AOwnership x Alpha* AOwnership x DGTW
(1) (2)

DTheoretical Supply-Chain 0232 % % %k 0248* * %

(13.03) (13.38)
Fund FE Yes Yes
Stock x Qtr. FE Yes Yes
Observations 15,669,775 15,669,775
Adj. R? 0.286 0.468

NOTES: This exhibit reports the opportunity costs of mutual funds when they fail to trade along supply-chain-connected stocks

in the portfolio. The variable AOwnership,;, represents the quarterly position change in a given stock, scaled by a fund’s TNA.
pTheoretical Supply=Chain e qyals 1 if the mutual fund has customer-imputed supplier pairs at the beginning of the quarter, and zero otherwise.
Trade returns (AOwnership,;, X Ret; ;) are calculated as the product of the change in mutual fund’s portfolio weight in stock

jin quarter t and the subsequent quarter’s abnormal return of the stock. The performance variables (alpha®*” and DGTW) represent
either the cumulative Carhart (1997) four-factor alpha or the Daniel et al.-adjusted return for stock j over quarter t+1. All regressions
are estimated with both fund and stock x quarter fixed effects. Standard errors are adjusted for heteroskedasticity and are clustered
by fund and quarter. t-statistics are reported below the coefficients in parentheses. Coefficients marked with *** **,

and * indicate statistical significance at the 1%, 5%, and 10% level, respectively.

dollars: For the average fund with $863 million in TNA, each unheld supplier position
represents approximately $20,000 to $21,500 in forgone quarterly abnormal profit.
Given 35 unexploited connections per fund, the total opportunity cost is approxi-
mately $2.8 million per year ($20,000 x 35 connections x 4 quarters). To put this in
perspective, the annual performance gap between the top and bottom SCCI quintiles
is approximately $11.8 million (from Exhibit 3, Panel B: 0.114% x $863 million x
12 months). Failing to trade along supply-chain-connected stocks, therefore, accounts
for roughly 24% of this performance difference—a meaningful share attributable to
a single, identifiable source.

WHY DO MANAGERS WEAR SUPPLY-CHAIN BLINDERS?

Our evidence suggests that failing to invest along supply chains leads to under-
performance. We study what hinders managers from avoiding this downside. If one
firm in the supply chain suffers, this could lead to problems for firms up and down
the supply chain, and managers naturally want information about if and when such
problems would happen to protect their investments (in customers). It seems obvious
that investing along the supply chain would position a manager to gather this infor-
mation and prevent problems because the investment in suppliers brings incentive
to learn more about the supply chain and any disruptions or growth opportunities.

A mandate that constrains mutual funds from making supply-chain investments,
therefore, exposes the fund to the risk of missing valuable information about trades.
For example, a fund with a large-cap mandate is unlikely to invest in a small supplier
firm, even if doing so might generate valuable supply-chain information that affects
the large-cap stock. Similarly, a growth-oriented fund is less likely to hold a supplier
with low growth. Beber et al. (2021) document that such mandates and constraints
exert wide-ranging effects on both benchmark returns and portfolio choice problems
faced by fund managers.

To study the effects of mandates, we develop a disaggregated dataset at the
quarter—-fund—customer—supplier level. This level allows us to more directly study
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investment style mandates that may constrain managers’ ability to hold firms along
the supply chain (Beber et al. 2021; Fulkerson and Hong 2021). We then compare the
style characteristics of mutual funds, customer firms, and supplier firms. Following
Daniel et al. (1997), we compute size and value/growth scores for all three enti-
ties. Specifically, all stocks in the Center for Research in Security Prices’ (CRSP)/
Compustat universe are ranked into quintiles based on size (market capitalization)
and book-to-market ratios (Exhibit 7, Panels A and B, respectively). Each stock is
assigned a style score ranging from 1 to 5, where quintile 1 (5) corresponds to
small (large) or growth (value) firms. A fund’s style score is then calculated as the
value-weighted average of the size and value quintile ranks of its portfolio holdings
at the end of each quarter.

Panel A of Exhibit 7 shows that customer firms tend to be larger relative to fund
portfolios. For funds holding both customers and suppliers, the difference in size rank-
ing between the fund and its customers (dSIZE™"°**™" js —0.692 (P < 0.000). For
funds holding customers but not their suppliers, this difference is —0.713 (P < 0.000).
Thus, regardless of whether supplier firms are also included in the portfolio, cus-
tomer firms are consistently larger than the average stock held by the fund. A sharp
contrast emerges when comparing funds and their suppliers. For funds holding both
customers and suppliers, the size ranking difference between funds and suppliers
(dSIZEFr-sreleny is 0.026 (P = 0.694), suggesting that supplier size is aligned with
fund style. By contrast, when funds hold customer firms but not their suppliers, the
difference (dSIZE™" """ js 2.234 (P < 0.000), indicating that suppliers are signifi-
cantly smaller than the fund’s style mandate. Taken together, these findings provide
evidence consistent with our hypothesis: Some supplier firms are excluded because
their size falls below the thresholds imposed by fund mandates.

Panel B examines differences along the value/growth dimension. We find that
customer firms exhibit book-to-market ratios broadly similar to those of the funds
that hold them. In contrast, supplier firms generally display higher book-to-market
ratios than funds, regardless of whether these suppliers are included in the portfolio.
Importantly, we find no significant difference in (dSIZE™"* """} between cases where
suppliers are held by funds and cases where they are not (—0.109, P = 0.518). This
result indicates that, unlike size-based constraints, which create sharp discontinuities
in portfolio inclusion, differences along the value/growth dimension are not systemat-
ically associated with whether suppliers are incorporated into fund portfolios. In other
words, while supplier firms may lean more toward the value end of the spectrum
relative to the funds themselves, this misalignment does not appear to represent a
binding constraint on managers’ portfolio choices.

So far, these findings reinforce the conclusion that size constraints, rather than
value/growth characteristics, are the more decisive factor shaping funds’ willingness
to invest in suppliers. More broadly, the evidence highlights persistent style-based
mismatches—between funds and their suppliers, between funds and their customer
firms, and between customer firms and their suppliers—that help explain why failing
to trade on supply chains, likely due to fund mandates, opens managers to downside
risk due to a lack of supply-chain information.

In Panel C, we extend the analysis to a multivariate framework. For each fund—
customer—supplier triplet in each quarter, we estimate the following linear probability
model:

DHoId Supplier —o+ BldS|ZEil-'ytgtd—Supplier + BZdBM{-‘und—Supplier + Bsspecializationlndustry

ist ist it

+ Time x Customer FE + Time xFund FE +¢, ,

The dependent variable equals 1 if fund i holds both the customer and its supplier
s in quarter t, and O otherwise. The distance variables dSIZE and dBM measure the
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EXHIBIT 7
Differences in Style Characteristics between Funds, Customer Firms, and Supplier Firms

Distance
Fund-Customer Fund-Supplier Customer-Supplier
Panel A: Size Dimension
Funds That Hold Customer and Supplier —0.692%** 0.026 Q.747%**
(<0.000) (0.694) (<0.000)
Funds That Hold Customer but Not Supplier —0.713%** 2.234 % 2.946% **
(<0.000) (<0.000) (<0.000)
Differences
0.023 —2.149%*x* —2.172%**
(0.264) (<0.000) (<0.000)
Panel B: Value/Growth Dimension
Funds That Hold Customer and Supplier -0.020 -0.433%* -0.413**
(0.927) (0.011) (0.048)
Funds That Hold Customer but Not Supplier -0.194 —-0.362%** -0.168
(0.423) (<0.000) (0.494)
Differences
0.125 -0.109 -0.234
(0.135) (0.518) (0.286)
Panel C: The Determinants of Holding Customer and Supplier: Linear Probability Regressions Results
dS|ZEFund-Supplier —0.048%*** —0.048%**
(-8.30) (-8.29)
dBMFund-Supplier -0.007** —-0.006**
(-2.56) (-2.26)
Specializationmdusty 0.005* ** 0.005***
(4.28) (4.30)
Time x Customer Yes Yes Yes Yes
Time x Fund FE Yes Yes Yes Yes
Observations 5,752,366 5,752,366 5,752,366 5,752,366
Adj. R? 0.354 0.317 0.317 0.354

NOTES: For each style category, Panel A of this exhibit reports the distance in the style scores between the fund and customer firm,
fund and supplier firm, and customer and supplier firms, as well as the distance in style between the funds that hold both customer
and supplier firms (the quarter—fund—customer—supplier firm pairs with supplier actually held by the funds), and funds that hold only
customer firm, but not its supplier firms (the quarter—fund—customer—supplier firm pairs with supplier not held by the funds) at the end
of the quarter. Size and Value/Growth scores are computed following Daniel et al. (1997). Specifically, all stocks in the entire CRSP/
Compustat universe are ranked into five quintiles based on size and book-to-market in Panels A and B, respectively. Stocks are then
assigned into their corresponding style score from 1 to 5 based on size, and book-to-market, with quintile 1 (5) indicating stocks

with small market capitalization or growth (large or value) firms. Fund style score is calculated as the weighted average of size and
value quintile ranks of stocks held by the fund at the end of the quarter. In Panels A and B, standard errors are clustered at the fund
and customer firm levels. Panels A and B include time fixed effects, and P-values are reported in parentheses. Panel C reports the
linear probability regression results of the fund that holds both the customer and supplier firms in a given quarter on the distance in
styles between the customer and supplier firms and the fund’s industry specialization. The dependent variable is an indicator variable
that takes 1 if the fund holds a customer and its supplier firm at the same time, O otherwise. dSIZE"Swrler (gBMFuna-customen g the
distance, measured as the absolute difference in the size (book-to-market, momentum) score between the fund and the supplier
firm. The fund’s industry expertise (Specialization*") is the top quintile of the average industry concentration relative to the total
market portfolio (S&P 500) in 10 industry classification defined in Kacperczyk et al. (2005) over the previous four quarter. In Panel C,
standard errors are clustered at the fund and customer firm levels. t-statistics are reported in parentheses. *, ** and *** represent
significance levels of 10%, 5%, and 1%, respectively.
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absolute difference in the size and book-to-market style scores between the fund and
the supplier, where higher values indicate greater style mismatch. Specialization™™*"
is an indicator for funds in the top quintile of average industry concentration relative
to the S&P 500 over the previous four quarters, following Kacperczyk at al. (2005).
More details on the construction of the specialization measure are in the Appendix.
All regressions include time-by-customer and time-by-fund fixed effects, with standard
errors clustered at the fund and customer firm levels.

In Panel C, columns 1 and 2 show that the greater the distance in size
(dSIZEF-SuPPien and book-to-market ratios (dBM™"“S*P") hetween funds and their
suppliers, the less likely funds are to hold supplier firms. These results are consis-
tent with the notion that style mandates constrain managers’ ability to incorporate
supply-chain stocks that deviate from their portfolio benchmarks and that this restricts
beneficial information spillovers.

We examine the role of specialization in column 3 of Panel C. The underlying
rationale is that funds with a thematic investment focus, or managers with deep
expertise in a particular industry, are more likely to hold both customer and supplier
firms concurrently. For instance, a fund specializing in the electric vehicle sector may
be more likely to hold Tesla, Inc., along with its key supplier, Contemporary Amperex
Technology Co., Limited.

To measure industry specialization, we follow Kacperczyk at al. (2005) and

calculate the average industry concentration of a

EXHIBIT 8

Distribution of Supplier Weights Relative to Supply-

Chain Benchmarks

fund’s portfolio relative to the S&P 500 market
portfolio across 10 industry classifications over the
previous four quarters. Funds in the top quintile of
this measure are classified as industry-specialized
(Specialization™™*"). Column (3) shows that industry
specialization is positively associated with the
probability of holding both customer and supplier firms,
supporting the view that industry expertise facilitates
recognition of economically meaningful supply-chain
linkages.

Taken together, these results provide strong
evidence that a fund’s likelihood of hindrance by a
low SCCI is shaped by two key forces: (1) investment
style mandates, which restrict the range of size and
book-to-market characteristics permissible within
the portfolio; and (2) industry specialization, which
enhances managers’ ability to incorporate supply-chain
linkages into their investment strategies.

To further illustrate the nature of supply-chain
misalignment, we decompose fund-supplier pairs
into those where the fund underweights the supplier
relative to its pseudo-weight (o, < @ ), including cases

B Underweight B Overweight

NOTES: This exhibit reports the proportion of fund—supplier pairs
in which the fund underweights or overweights the supplier
relative to its pseudo-weight ((735)' as defined in Equation A-1.

A supplier is classified as underweighted if the fund’s actual
portfolio weight is below the pseudo-weight (o< 535)' including
cases where the fund does not hold the supplier at all (o, = 0).
A supplier is classified as overweighted if the fund’s actual port-
folio weight exceeds the pseudo-weight (®, > ®,)- The sample
includes all fund—supplier pairs at the quarter—-fund—customer-
supplier level. The sample period is from 1984Q1 to 2017Q4.

where the fund does not hold the supplier at all, and
those where the fund overweights the supplier (o, > @,).
As shown in Exhibit 8, 77% of fund—supplier pairs
are underweighted, while only 23% are overweighted.
This asymmetry reinforces the article’s central
narrative: The dominant pattern is not that managers
misallocate across suppliers they hold, but rather that
they systematically exclude or underinvest in suppliers
linked to their customer positions. Combined with
our earlier finding that unheld suppliers tend to be
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significantly smaller than a fund’s typical holding (Exhibit 7, Panel A), this evidence
points directly to mandate-driven constraints as the primary source of supply-chain
underexposure.

Recap: Implications and Considerations for Fund Managers

Our results provide several implications for fund management, risk budgeting, and
portfolio performance. Though we caution against overreliance on any one particular
set of empirical results, we show that investing off the supply-chain benchmarks
(i.e., having a low SCCI) exposes managers to the risk of underperformance. The
first suggestion is to assess the risk of low SCCI portfolios. Our evidence shows that
77% of fund—supplier pairs are underweighted relative to the supply-chain bench-
mark (Exhibit 8), and that this underexposure costs the average fund approximately
$2.8 million per year in forgone abnormal profits (Exhibit 6). Especially if the low SCCI
results from underinvestment in suppliers, fund managers have a reduced incentive
to learn about suppliers and, therefore, risk missing out on supply-chain information
that affects customers in the portfolio.

Second, since the weights of suppliers in the portfolio can be determined or lim-
ited by mandates, careful thought should be taken when designing, modifying, and
adhering to mandates. Mandates are often designed to prevent things like excess
concentration or deviation from a particular style. However, our evidence shows that
size-based constraints are the primary culprit. Suppliers not held in a portfolio are,
on average, over two quintile ranks smaller than the fund’s typical holding (Exhibit 7,
Panel A), while value/growth misalighment does not appear to be a binding constraint
(Panel B). This means that size mandates, while protecting against style drift, can
sever the informational link between a fund and its customer holdings’ supply chains.
Mandates can, therefore, present a trade-off in risk budgeting for the portfolio, rather
than simply preventing inappropriate managerial actions. This trade-off should be
carefully considered.

Finally, our evidence shows that specialization partially offsets this underperfor-
mance from a low SCCI. Industry-specialized funds are significantly more likely to
hold both customers and suppliers (Exhibit 7, Panel C), suggesting that deep industry
focus generates information externalities. In short, researching one firm’s supply chain
naturally surfaces insights about connected firms that partially replicate the benefit of
direct supplier investment, even when mandates prevent such investment. For alloca-
tors, evaluating a fund’s supply-chain awareness, whether through the SCCI or through
qualitative assessment of a manager’s industry depth, may be a useful complement
to traditional active management metrics such as Active Share or tracking error.

LIMITATIONS AND FUTURE RESEARCH

While our results imply a few suggestions and insights for portfolio manag-
ers, we note that our research is one of few studies on supply chains and risks
in portfolio management. The documented abnormal performance could be tied
to a more specific risk in supply chains that is not yet identified. Further study of
these phenomena is, therefore, needed to fully understand the mechanisms at play.
Some candidates for future research include looking at supply-chain disruptions, how
the underperformance changes with factor exposures, and, generally, how tail-risk
events relate to the SCCl-related underperformance, perhaps through shocks that
propagate in the supply chain. Further exploitation of these issues would further
elucidate the precise sources of the underperformance and what is important for
mitigating supply-chain risk.
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It would also be insightful to not only study the risk factors driving the SCCI results,
but the implications for portfolio performance when combined with other strategies.
Specifically, it would be insightful to see how the variation in performance with the
SCCI interacts with other attributes like common factors (growth, momentum, etc.);
environmental, social, and governance loadings; and fund governance structures.
In short, while we have taken important first steps in documenting the performance
issues from deviating from supply-chain benchmarks, more evidence is needed to
generate a set of policies that incorporate recommendations for fund managers,
mandates, and fund governance.

CONCLUSION

We introduce a novel measure of mutual funds’ concentration in vertically related
firms. We document a robust relationship between deviation from a benchmark con-
centration in supply-chain-related firms and fund underperformance. That is, our pro-
posed supply-chain concentration measure, SCCI, provides significant alpha. We posit
that: (1) fund managers obtain superior information about supply chains that spills
over into customer-related investments when they invest in—appropriate amounts
of—supplier stocks; and (2) fund mandates hinder investment in suppliers, leaving
a blind spot for managers that cannot invest along the supply chain. The observed
empirical relationships persist, even after the addition of existing measures of active
management, and remain stable after controlling for industry concentration measures.

If funds’ investment style mandates serve as an institutional constraint that
hinders their ability to fully leverage supply-chain relationships, then what can mit-
igate this information problem? We note that mandates lead to specialization of
mutual funds, which provides its own benefit. That is, the mandated specialization
can serve as a counterbalance to these supply-chain blind spots, in terms of fund
performance. By examining the detailed trading behavior of mutual funds that hold
economically related firms, our study provides comprehensive and unique evidence
on how mutual funds mitigate the risk of losing out on supply-chain information spill-
overs by benefitting from the advantages specialization. While this is one potential
mitigating factor, the newly documented SCCl-related underperformance highlights
the need for further study to develop tools to mitigate supply-chain-related problems
in portfolio management.

APPENDIX
DATA DESCRIPTION AND SCCI DETERMINANTS

We use data common to prior literature on mutual funds. Specifically, the CRSP
survivorship-bias-free mutual fund database provides data on fund returns and
characteristics. We merge the CRSP data with the mutual fund holdings data from
Thomson Reuters using the Wharton Research Data Services MFLINKS file. Since we
are primarily interested in the decisions of actively managed mutual funds, we drop
funds that focus on international stocks, money markets, indexes, specific sectors, and
bonds, as well as balanced funds. These are common filters used in the literature (e.g.,
Kacperczyk et al. 2008; Huang et al. 2011; Doshi et al. 2015; Hoberg et al. 2018, 2022).°

®We include funds with Strategic Insight codes AGG, GMC, GRI, GRO, ING, and SCG; Lipper
codes EIEI, G, LCCE, LCGE, LCVE, MCCE, MCGE, MCVE, MLCE, MLGE, MLVE, SCCE, SCGE, and SCVE;
and Wiesenberger codes G, G-I, AGG, GCI, GRI, GRO, LTG, MCG, and SCG.
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We also only keep funds with 10 or more stocks to ensure enough data to make a
concentration measure.

We mitigate potential incubation bias by excluding the first two years of a fund’s
life (Evans 2010), and funds must have TNA exceeding $15 million. Following Wermers
(2000), we value-weight fund characteristics for mutual funds with multiple share classes.
The exception is fund age. We take the oldest share class age as the fund’s age.

Customer—supplier linkages and the corresponding sales percentages (Sales—c)
come from the Compustat Segment Files, which report each firm’s major custom-
ers accounting for 10% or more of its revenue. For each fund quarter, we match
the fund’s holdings to the Compustat supply-chain data to identify which suppliers’
customers are present in the portfolio, enabling computation of the pseudo-weights
and the SCCI.

Stock returns come from the CRSP. Finally, we construct two separate samples
for our analyses. The first sample is at the fund—quarter level, and we use this
sample for the performance implications of the SCCI. The second sample is at the
quarter—fund—customer—supplier level, which we employ to investigate the detailed trading
behavior of fund managers.

Once the data are merged, we construct the SCCI. To do this, we first trace a firm
(a customer) that is held by a mutual fund back to its suppliers, and determine whether
and to what extent the same fund simultaneously invests in the firm’s suppliers. We define
a vector of portfolio weights as ® = (®,, ..., ®,...),, where ®, is firm i’'s weight in mutual
fund m’s portfolio. For brevity, fund and time subscripts are omitted.

Firm ¢ (i = ¢) is a major customer of supplier s with the corresponding sales percent-
age Sale%, .., which is the percentage of firm s’s sales purchased by its customer c. For
lack of a better term, the supply-chain pseudo-weight of supplier s is Sale%, ., x ®,, which
reflects the weight of firm c in fund m (®,) and the relative importance of the individual
supply chain. As fund m could hold multiple major customers of s, the pseudo-weight of
firm s is defined as follows:

@, =) Sale%, X, (A1)

iem

where the summation goes over all firms in fund m (Vi € m), and Sale%,_,; is O if firm i
in fund m is not a customer of s.” Intuitively, to construct a hypothetical portfolio that
encompasses the supply chains of all its component firms, the weights of upstream firms
(i.e., ®,) are entirely determined by the portfolio weight assigned to downstream firms
(customers) and the flow of goods along the supply chain.

Given fund m’s portfolio holdings, we assess its level of concentration in the supply
chain of its component firms by taking the distance from @, the supply-chain pseudo-
weight, to o, which we define as the observed (actual) portfolio weight of the supplier. To
have a meaningful comparison across different suppliers, we need to take into account
the portfolio weight of their customers in fund m. A sizable deviation between @, and
o, suggests a low degree of concentration in the supply chain only when the customers
of s comprise a large share of fund investment. As a result, to capture concentration
across the supply chain, we calculate the total portfolio weight of the customers of
supplier s as follows:

o= (Sale%, > 0)x

iem

(A-2)

i

7(1)5 can be viewed as the weighted in-degree of firm s in a directed network, where the nodes are
customers and edges between two nodes gauging the direction and magnitude of the supply chain.
The nxn adjacency matrix of the network has element A, ; = Sale;_, and n is the total number of firms in

a year. The weight assigned to each node (®) is the portfolio weight.
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where I(-) is an indicator function that takes the value of 1 if firm i in fund m purchases
from s, and O otherwise. o assesses the importance of s’ customers and, therefore, of
s itself, to fund m. For a particular supplier s, its SCCI is defined as:

SCCI,=-1xm] X (A-3)
Then, fund m’s SCCI, is the sum of SCCI.:
scel,=-1x[s,| Y, scel,=-1x (A-4)

VseS,, VseS,,

where S, represents the complete set of principal suppliers, of which major customers
are held by fund m. The summation is multiplied by |S |, which refers to the cardinality of
the set S,,, the number of suppliers in the set S, to circumvent the fact that the value of
the summation decays at a speed inversely proportional to the number of firms in fund
m, despite no fundamental change in those firms’ customer—supplier relationship. The
summation includes all suppliers of firms in fund m (S,).® The absolute value appraises
the deviation of the supplier’s weight, which is mapped into the index based on the
weight of its customers. Since a sizable deviation between @, and o, suggests a low
degree of concentration in the supply chain, we multiply our measure in Equation A-4
by —1. This transformation makes the measure more intuitive—a higher SCCI (i.e., less
negative) shows that fund managers are making investment decisions that closely align
with supply-chain relationships. To simplify, we drop the subscript “m” and simply refer
to the fund-level index as “SCCL.” For ease of use, we calculate SCCI and post online.’

Concretely, assume a fund holds firm ¢ with a weight of 50% (®,), and firm ¢ is a major
customer of two suppliers, s, and s,, sending 50% and 20% of their final products to ¢
(Sale%,, .= 0.5 and Sale%, .= 0.2), respectively. For lack of any other a priori baseline,
we asshme the fund uses the supply-chain information proportionately. This leads to a
portfolio weight of 0.25 (o, = Sale% . xw,) to s, and 0.1 (&, = Sale%, . xw,) to S,
The pseudo-weight for each suppller provides a way to quantlfy what such a position
looks like based on the strength of the supply-chain tie and the fund’s exposure to the
customer. If the fund, however, sets o, as 0.5 and consequentlym as 0, such deviations
will decrease the fund SCCI to reflect ‘that the fund overinvests s1 (m >0, ) and under-
invests in s, (o, <®, ), relative to the baseline naive investment that i |s proportionate to
the supplier’'s séles t20 the customer firm. Moreover, in the calculation of SCCI, we trace
back only to the direct suppliers (s, and s,) of a firm. This process is repeated for each
of the firms held by the fund, which may also include s, or s,

While supplier firm size does not directly enter the pseudo-weight, it is implicitly
captured through the sales ratio (Sales—c): A large, diversified supplier will derive only a
small fraction of its revenue from any single customer, producing a low pseudo-weight,
whereas a small supplier dependent on one customer will have a high sales ratio and
correspondingly high pseudo-weight. This is the economically relevant distinction—what
matters for information content is not how large the supplier is in absolute terms, but
how tightly its fortunes are tied to the customer that the fund already holds.

Construction of the Industry Specialization Measure

Our industry specialization measure builds on the Industry Concentration Index (ICl)
of Kacperczyk et al. (2005). The 10 industries are (1) consumer non-durables; (2) con-
sumer durables; (3) manufacturing; (4) energy; (5) high-tech; (6) telecommunications;
(7) wholesale and retail; (8) health care; (9) utilities; and (10) other.

8While the firm components of S,, and m may overlap, no reasons to expect that both contain the
same set of firms.

°The author’s webpage is www.zaferyuksel.com/.

*°In this example, assume that, besides ¢, s, and s, have no other customers held by the fund.
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EXHIBIT A1
Determinants and Persistence of the SCCI

Panel A: SCCI and Fund Characteristics

SCCIq(><100)
(1) (2) (3) (4) (5)
Log(TNA)_, -0.033 -0.028 0.040 0.056 -0.031
(-0.51) (-0.48) (0.58) (0.82) (-0.45)
Log(Age)q_l 0.194** 0.188** 0.175** 0.077 0.209**
(2.01) (2.11) (2.00) (1.03) (2.28)
Turnoverqfl 0.078 0.194 0.015 0.057 0.067
(0.50) (1.29) (0.11) (0.41) (0.42)
Expensesq_l 1.241 *** 1.025%** 1.025%** 1.163*** 1.256%**
(4.88) (4.31) (4.43) (5.62) (4.80)
oz:fl 0.846%*** 0.713** 0.594* 0.715** 0.823**
(2.70) (2.23) (1.89) (2.32) (2.57)
ICIq_1 20.338***
(5.57)
R§_1 —15.253***
(-6.84)
ActShrq_1 6.717***
(3.83)
ATSq_1 -0.031
(-0.55)
Style FE Yes Yes Yes Yes Yes
Avg N. 529 529 529 529 465
R2 0.303 0.321 0.319 0.341 0.306
Panel B: Persistence of SCCI
(1) (2) (3) (4) (5)
SCCIq_1 0.940%** 0.865* **
(81.95) (38.28)
SCCIq_2 0.886*** 0.034
(58.37) (1.19)
SCCl, 0.853*** 0.048%*
(42.28) (1.68)
SCCIH 0.812%** 0.013
(38.45) (0.68)
N 529 557 507 532 377
Adj. R? 0.868 0.776 0.713 0.652 0.886

NOTES: This exhibit reports the results from Fama and MacBeth (1973) regressions of quarterly SCCI measured at the end of quarter
g on the lagged fund characteristics in Panel A, and the lagged SCCI measures in Panel B. SCCI is the supply-chain concentration
index of a fund. All other variables are defined in Exhibit 2. Style fixed effects are also included in Panel A. Mutual funds are classified
into size/value style categories based on a fund’s four-factor loadings. Newey and West (1987) t-statistics with a lag of 3 are reported
in parentheses. *** ** and * denote statistical significance at the 1%, 5%, or 10% level, respectively. The sample period is from
1984Q1 to 2017Q4.

A higher ICI indicates that the fund’s industry allocation deviates more sharply from
the broad market, reflecting a more concentrated—and potentially more specialized—
portfolio. To reduce the influence of transitory quarter-to-quarter variation, we average ICI
over the previous four quarters. At the end of each quarter, we rank all funds by ICI_avg
and classify those in the top quintile as industry-specialized (Specialization™*"” = 1). The
intuition is that funds persistently overweighting specific industries, relative to the market,
are more likely to possess deep sector expertise. This expertise, in turn, may facilitate
recognition of economically meaningful supply-chain linkages that span industries within
a manager’s area of focus.
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